WD 2005/ 043625 PCTI 4 7 DUAL CAPACI TOR
STRUCTURE FOR | MAGE imm OF FORMATI ON  FI ELD
OF THE INVENTION [O ntion relates to
[ structures forisdel*id state imagi ng devices,
W?’?@%"a%“%% CMOS and CCD i magi ng devi ces. BAGKGROMNZ/06¥370
THE | 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.D@@%@ApA@tmRsmywﬂgﬁ R @32 lRi§ 1 on
for small size imaging applicati on?O M\s%’%]@é

i magers suffcr fromyggh r ~ef k. igq ges. For
exanpl e, they are susceptl I%gt%(gra |g?¢§2 damage,
they exhibit destrugtd i.me, they
require good I|ight ﬁ%ﬁ@i%ﬂ%ﬁ@ﬁﬁﬁ?ﬁge snear and

t hey have a hi gh power dissipation for |arge arrays.
[ 000390%BEE aus e Tk intratbnhdaento tdpatitatstrabiirdsToQoRY state

poss oFg it ded¥hGiphiee ThMigfagl ool imasrearmss ©

i magers have a nunber of'advantages, including for

exanpl e | ow vol {BYEKGREENIPOFEIHH QW ERWEON
consunption. CMOS imagers are also conpatible with

i nt eg fﬂaon- ip electronics (control 1ogic and
tim (24&; ge E‘eﬁ%?ﬂ&@béhﬂf ifgreal tpsh af senoerindgerotbhsed

as A DinfQRueis ' rgl}/éf | - al ndom access
to the | nage’ggctllgi,a%% %ng i o(\i}\cé’?cc? ta(‘ggpégtp?‘%? %8%1 yrays,
as conpdregt: injdchiot kieviconvd ybaddbcaCPRns biteR. CXDWabHen
CMOS pr ocelssi ng t.echni ques. can be used. A full

conpat i ‘BT Y 'TBRSHAUSEIOF 855! srabnisies @%Fﬁgi@@ﬁ-
| evel GHowRb&9CGHD @Ra@rs &frer E%ﬂ'gfn?gxrbgyo%ﬁiga antages. For
be benet 1 cial Fo

associ at ed processi ng cCi rCUI ts wou
many dicgRle.dpgi dre anscoprible fo raARLRACHRIE86REY cxhibit

PCT/ US%&%Q%&CSLYCQd 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 applicadons.
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[0004] A CMOS immger circuit includes a focal plane
array of pixel <cells, each one of the cells including

ei ther a photo diode, a photogate or a photoconductor
uRXﬁBJ ip a doped region of a substrate for

accunur ing photo-generated charge in the eeesloydangs7o
portion of the substrate. [0005] In a conventiona

CMCS i mager, the active el enents of a pixel cel
performthe necessary functions of. (1) photon to

charge conversion; (2) accunul ation of inmage charge;

(3) ttehsfler ofA CMOYenigr airbliORknaes 2 Bkiifisl Qhtap %@? el
acconpani ed Qy charge anplification; (4) resetting he

fl oati n@c”a’i Ll T t?f@ﬂ@lstuéﬁladlﬂﬂ owsherst pitogo Biskley eptdi@gate or a
transfe i1 5), sel ect.ion of I xe

for r ea%%ﬁ%?&gﬁgg?8;'&3%%95%%1&%{%IO ?F@Ef“ﬁfﬁfog?cc&mmaMg

si gnal plepogsentiedghiipy el &ﬁhﬁ{dﬁﬁyin%?@rt@?%f&ﬁc Albst-.
floating diffusion node is typically converted to a

pi xel ut voltage by a source follower output
trans[@#%; . Thi“ﬁﬁg’f‘ffé%ﬁgﬁlt@wselmﬁ%@hmﬂac s ts of a pixel -
i mger @ipRtois thd YREGAL YL & : eted p-n .
junction )gﬁo? odi ode Qr%%‘g}%@?fﬁé&g&dﬂ g%‘é%igféaﬁco%ommmn’
regi on Feneanhlatonpifonegratiargd¢8) phnfodt otegs to IMORing

| ag canghe. elimnated .by conpletely depleting the
phot odi %lgﬁm%np%%&gr ¥50HIG By oryrss H“Eﬁ/fﬁ?ﬂm) EEARTTIEHEE

types oflodtfi dehSionGRRREh h ¥nSwaEite B%lc%@?rahgcr of charge to it
conjunction with other device conponents for charge ’

st or agelS) aHeHtion of  piwshfongesiognandrbpoesst agl ahfifidiatsn of a
As a re e inabijit he capacitors to
fully oo | &%’Fg C{lﬁéxe&%e%r&? ehar Jearng fificisia node
oy the isptlipainitiid & 2p88; o GBI AINELBR L soUFIRIS wer oyrput
typically suffer frompoor sighal to noise ratios and
poor dyRaHISrr dhgehomsensitivereddnhant of 0 GMOSi imagdr piwdger s
may al s@osuf.f r_operation due to other.

fact or 38? hg{y cg%ﬁ: ! g{%lgekg? P C%E‘gl&u?% P H?rlf? de o 2 figgrinduced
exanpl edephsioR-regianbehcadey pR6toghtt. tHe phpeididkerahs 8188 an be
have dif.fer en.ﬁti...r equi -&errent s from N-channel devices in '
the actiVBSE 8% compleraly denrleting the phetogiedoepoarreadour.
capacitor may require a different capacitance (for

exanp{a063 hi gheiCCBPesid@nse bt Fintf} CLbLR
a capacitor formed gr_} t he peri phe ac% lgare ?g&a??@ﬁ(?rsg&
t echnol &gplerd iprcorismsden withj dtherdqyicovomeondromiey elargantorage

opti m Z&Qi/%? ﬁpﬁisfogf sgéna‘j BFOC];S%{nrgaghi'cqus.o 2 ggsxlﬂ\t/ gf th% inability of
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. Additonally, conventional
imagers may also suffer from poor operation due to other factors that can
affect capacitor function. For example, as P-channel devices in the
peripheral area have different requirements from N-channel devices in the
actve area of a pixel cell, an active area capacitor may require a different
capacitance (for example, a higher capacitance) than the capacitance of a
capacitor formed on the peripheral area. Current technological processes

fail to provide, however, an optimized process for the formation of active
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WD 2005/ 043625 PCT/ US2004/ 034370 and peri pheral area
capacitors having different structura
characteristics, which in turn entail different
< Qormance characteristics of the capacitors. [0007]
ngé%%é%"gl y, there are needed i nproved i magahE/Ez004/034370
i magi ng devices, which provide for inproved in-pixe
capacitors and peripheral analog capacitors.
Optim zed nmethods of fabricating a pixel array
exhi biting these inprovenents in capacitor function
are al sé%heedRhsl SgRVARYIQR HRMES IdKFENT sGNcRLOAI0BhraTtesistics,

present _j.avention provi-des imagi ng devices. conprising
i n- pi xédlh&én% t%‘glrcl p?ﬂlg%g?m%‘é%%ﬁ%fndggc ITRPSTPY G §apacitors.
used in peripheral circuits have different

requi Q0L s f radotdirgly thpicxet n@idedthb¥R 8 3R M S imaging
In one enbodi gr.ent , dual stack capacitors conprising
two di efERTSi which pegvidefayiopprovest igviitel daparitoot dnd greipheral

active Bhie chamaNd LS AShERNG & eRLER LG ACH.EN

| ow | eakage” and hi gh capaci tance. 1n anotner PX
enbodi merttbitiagduat imphioeteets e cpapaei 18ftidiBte R8o needed.
provided in one of the active or the peripheral

areas, and a singl e, dj el ri Ltor_is provided
in the other of thesgm& Qfﬁ%ﬁ%ﬁgas In
yet another enbodi ment, a single dielectric capacitor

is pro@0Gsdd i n Diod presdneimmehiiaepaie! HRadRE HPRELAomprising in-
areas, but the djelectric of the active area is
di f f er etk GrRcripRera) @pasitors. c T cappratqre niqdhiermeiiphembarcuits

The inv [ ' hods. of form ng such
capaci t E?Ic @?ﬁ%ﬁ%ﬂﬁggﬁeﬁ]ﬁ es mﬁL%r e rcg?aég?ﬁr &g one
and advembadesngfduaheadkapatiopscomprsingdvd1BieR caRNAf I thay be

fromthe fo Idovvi ngjcg_ﬁetai.l ed description that is N
pr ovi deB™ 9B RREL T GAT R RIKC (Fr8 A€ CBABERAcHY Wrini a9bis e

and i || us# [caked .8 8N @bY-ic.8RDOd

Cnvent i on 3 VD 2005 01355 T RSB B e
DESCRI Pmc@m@zarrmobmmm@wiaaﬂm]ona &f.thd aétdveaorttAp peripheral
viewofapgti ns.oI .integrate circuit

. arcag, and asin (%CI\/DSirrager \ t th I
accordi Ng 6 a firs SIS D 3735 R BEf InJfre o of the active
| nvent | @fperipheral areas. In yet another embodiment, a single dielectric

capacitor is provided in both the active and the peripheral areas, but thc
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 derailed description that is provided
in connection with the accompanying drawings and illustrated exemplary

embodiments 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 processing. [0012] Fig. 3 is a
LL cross-sectional view of the structure of
Wlé:?ggm?ﬁgsf a stage of processing subsequent tP&T{U$3¢04/034370

shown in Fig. 2. [0013] Fig. 4 is a schematic
cross-sectional view of the structure of Fig. 1 at a
stage of processing subsequent to that shown in Fig.

3. [0014] ,Ei¢ hemati c _cross-sectional view
of the str g&'ﬁ?@%&“ﬁi@.&NlO&TﬁEs@W@r ocessi ng
subsequent to that shown in Fig. 4. [0015] Fig. 6 is a
schenfioil0] Cr 0SS5 @GE i RIpakew bEWL 0 ' ber i

i ntegrated ci rcu%?t ac?gr di ng ?% gnggcon %ggl%glggrli}tcgraECd
embodi rfélistit a¢cording td niwntieomiafy @6ibGHirkérg .of Zhé Svention.
schemati c cross-sectional view of the structure of

Fi g. a st cessing subsequent t hat

sh own[@i()%i F g. g%ez F%aoj%gfmﬁcg(?m%'ﬁcgu%f‘ag il ﬁbé‘gf: structure of
cross- Segtl vhal alunelindoh-A il sl nuaidl Ra@foffiBeesfingt 2
stage of processing subsequent to that  shown in Fig.

7. H%%ﬁ Fig.. 9.is a schematic cross-sectional view
of the sttuct UF 8- 81 2 ERGAE Fesspesienghviey Qfrthe swsitar of
subsequent] 4tQ & F o j [ Fig...10, a
schemat i %] cr oss%ggtgcrzt§ f%%@g?ggﬁg%%g? I%‘at Oéﬁ/%éﬁ%)‘r%lg%rl: 1g.02.

i nt egrﬁ‘t}agd circuit according to a third exenplary
embodPReRt of Figet isasrbemitomcros-SWRi RROGLO £FGRE structure of
PCT/ US / 020]. Fi 11 is a, schematic

Cross- ?2 :i i %%;g%%\g/iog /6 *?ﬁéggfﬁqﬂﬁ?ﬁff’éh@fs oFngn Fig Ht a
stage of processing subsequent to that shown in Fig.
10. [POb2] Fi Bie. 13(a@xhématik GoheRBidR] GEWSTFEEGHLANAl of
view of the strucgure of Fig. 10 at a stage of
processifig BIEEHQERIOEENE KPS aHERiroi thatshgwniin Fig. 4.
[0022] Fig. 12(b) is a schematic cross-sectional view
of t1e0s3]r uct uFig. 6fs a Th@navklrdls-RcSBIG R oM OFRSS I AGrer
subsequent to that shown in Fig. 12(a). 002331 Fig. 1

i s a sCHERAEOCIEHEdEo5ERE [ohatcondeneoplatyrrenbodivenupéthe
of Figyedfo@t a stage of processing subsequent to
that shown In Fig. 12(b).

[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 schemaric 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.

[0019] Fig. 10 a schematic cross-sectional view of 2 CMOS imager

ntegrated circuit according to a third exemplary embodiment of the

nvention.



[0024] Fig. 14 is a schematic cross-sectional view of
the structure of Fig. 10 at a stage of processing
subsequent to that shown in Fig. 13. [0025] Fig. 15
“;I%&ﬁﬁagtes a bl ock diagram of a CMOS i nager device
RaVIPAG 4 pi xel array, wherein the inmager devR@RUSTONeOBET
conbined with a processor in a single integrated
circuit fabricated according to the present '
invention. [0026] Fig. 16 illustrates a schematic
di agram of a conputer processor system which may
utili 8030 i magFiey 1dévi LRemb®d cr6%aBRlRal BevMPShe structure of
i magi ng devi ce constructed in accordance with one
enbodi et OrtRRESE of PEETiHE, suDEW i EDUDESORWETH E1Y. 0.
THE I NVENTION [0027] In the follow ng detailed
descri[pozon, refgrencel -t yarioys .specific
errbodi[rrenlt)]s in o ey ﬁé‘ssf%‘gﬁicicg%“ \rértt%mgéei V3R Of Fsefucture of
These efibdlmentseaganépoessinzbeeuhd s uht lisbeAtn HRt ai
to enable those skilled in the art to practice the

i nvent¢ and & i 0 be, under st ood t hat . ot her
e rrbodit[dr)rée?inbt]s rrayi:lgéi%rbré I°6y éla‘?m%o“?ﬁﬁa'f“@f‘%emwé@wcmrc of

| ogi cal Fg. WDa206aE04B6RE:sHEE k520044 03437 L SHARIES. 'ﬂ?@é).
12t

be made w thout departing fromthe spirit or scop

t he 5 nt i .enilon. [ 0028] The terms "substrate"

and "hWarer" can Bel iSediomatsEoramersiaphlyiaw of Hee structure of

fol | owi By, desek isAkt 8R,AR; ' 8 0 Fi

senicondg%tor-basgd s?ruc?ggég%gﬁg%gg?%@?ﬂ?gwgﬁb&ﬁdl%gﬂ'

understood to include silicon, silicon-on insulator

(SO ) 19&4}j con-Tie- khpplvikenitis@B)ss-seatiopd dican b f trdapeshre of

sem cong r [taxiai .lavers of silicon supported

by o bac A0aFs o8t ofBoPeunAtiPaitn Snereg e 1 fig. 15

sem conductor structures. The sem conductor need not

be si [G@81- basedlg. Thalussees CoBelIghearCsu dMbS imager device
e

silicon-%prnaniug]:%gr nium or gallium arsenide. _
VWhen rePEF AR BTN HACTE R énaaspdevien Bay Rerpmbined with a

fol | ow p@ceRscinl ao:iilh%:lg h}t@rﬁgaQH&ipfagﬁgﬁéd asctc%Posim% [crtlbaﬁ'xc present

have been utilized orm regi ons or junction
over t hEVvVHs.

[0026] Fig. 16 iliustrates a schematic diagram of a computer processor
system which may utlize an imaging device, for exarmple, a CMOS

imaging device constructed in accordance with one embodiment of the

inventon.

DETAILED DESCRIPTION OF THE INVENTION

[0027] In the following detailed description, reference is made to
various specific embodiments in which the invenrion 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



sem conductor or foundation. [0029] The term "pi xel"
refers to a discrete picture elenment unit cell

cont ai ni ng a phot oconductor and transistors for
Wﬂ@{&%zgg el ectromagnetic radiation to an el ectri cal

si gha or purposes of illustration, a PCT/US2004/034370
representative pixel according to one enbodi nent of
the inventionis illustrated in the figures and

description herein. An array or conbination of pixels

toget her may conprise a photoconductor array for use

in a Cl\?&’%% “@@gei”ﬁé@é‘ﬁﬁ@evﬂc@armigyﬁn@mahkypirﬂ‘t@brs&diﬁtdf%

of all [m.?Séﬁgiﬁvcn%fona phot oconductor array w ||l proceed

simul taneously ina simlar fashion. [0030] Referring

now to the drawi ngs, where like elenents are

desi gRER&H by Thkermefmbenae” aMeraLS . FigS scd- 16

i1l ust rmatt‘:lechrreth ds for - inproving the periormance of

capaci tors i”}%ceﬁ%w th dollorpng fagFpEried ceg indndiiatyed

i N acceédrpsEIM I &dRedi ents _of the present
R eBar e et

i nvention. The break sy JrIRUEsgeuldobe understood to
r epr es éiudegilispatsiliabn-on epail abi @mlk@%ﬁfd@ﬁ%@&ggg#@&g(ﬁg)
annel 7~

region i th channel transistors and P-
devi ceé*gﬁ%&“”%mg@m frarcandusEIre Spisxal Byn® S0UELA 43R red

PCT/ USBQ@4hR34378ni0Q ' -5 jllustrate a first
enbodi nent  of thenpr eéfe%?g é|i%%\./oenﬁ |C?o?1t,hcr %C&ISPBSHC@O‘E yructures.
whi ch dapaicerdicas ne@Bn¢FbgsiicohsbabedarBhé MBI ror could

activepag _and peripheral area, respectively, of
sem cond%g?oélr %’ﬁ?%ﬁgwu@o?&gw arsenige x 8Vheregfapence is

58 andmpeét ipihersabstrh@ah Qe RUcHiE & in__ .
sem condugtor substrate 7002{1:?% Cgéx{r@%élépé?w%\ﬁpéﬂccés steps

oVos i ey etveibser gitliacd do éomne uigionvay junkchalbi be 8v@dhe The
CcMOS f&%&&@%g@op{&% S8 begins with a lightly-doped
P-type or N-type silicon "substrate, for exanpl e, or

[ ghtol((%{%{gdoped epitaxial silicon on a heavily doped
substd@be.  Pi e teroyimrel58etofs & WRBEEA! SichRe DG UISSic cel
corrpon‘_ecigli'tasinigf a gi xel .cell circuitry within an array

of pi xal SRR PEOTSaRTYEr and ErstosnoB Sonnatindes

r epr esdedufin ¢t e GOHAPRR t t.h peri phery of
the array, ,a\ﬁg enpl oygrg&?%é Q{Cﬁng%glggﬁde%o&ﬁw Scéro}[

r eado Ut BF2U0B; yitareseratomppiek etcoedihd o 0190 BHGRHAh &b the

regi ongydfiRh iSRS BY D

combination of pixels together may comprise a photoconductor array for

Egu.rcs and description herein. An array or

use in 2 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 elements are

designated by like reference numerals, Figs. 1-16 illustrate methods for
imp.roving the performance of capacitors in CMQS 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.
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i npl anted into substrate 70 using any suitable nethod,

including ion inplantation, to formlightly doped or

heavi |y doped source/drain regions. [0032] Fig. 1
“@Lﬁamkghﬁstrates transi stors 76, 94 and capacitors 84,

3 ich are fornmed in the active pixel regt©HUBG4aB70
in the peripheral region 59. Transistors 76, 94 and
capacitors 84, 93 each conprise a layer of insulating
material 88. Insulating material 88 may be a | ayer of

tetra . orthosilicate (TECS) forned by
conve ({’(?%Irlal de%%sszlﬂ Hrstpt e ss embofliorent ekdnpbresent invention,

t her mal ,Qx} 8 iLPh m cal, yapor deposition (CVD).
ol at g POt SERARE B, YER 4y Pt Ghrtes e aea
ni tri depndopdrgheraliea, (esed®ely] bf de8dondMPor substrate 70. Portions
(nitridezaxide), %\D%oxi de-nitride-oxide), or other

i nsul at PRRPIETEDT aF Ind powsFratregion 5 s doinddist seatiemdactor

phot 0seq®afat90iaPa tl}e Pl : j 8. Phot osensor .90
may be formed as a phé?ggﬁgﬁé%%%sg%nﬂﬁﬁﬁ Atehg Pyt may

gener at etifabhegle Tie GMQaMEerikbydangprpass bapsohichh8ightly-doped
substra#g@caos”g_e i ct.ed ir]; Fi gg{ 1-9. Photosensor 90
may i nct Ude, “'for EXANPT &P h SrsSemalr ¢nlighgyndogsd epitaxial
j unct i ofilidoRdn0Nhda0i akutSfrapen j rfage

of subsirate 70 7 805?04%?6259%%?7%%38%??%{%2%%%
convent PeigFs qoamoareis b pixel sfioircdinyevithitder Strapdf piak, while
the i he -pnvention may include a photogate,
phot oc oﬁ d{ﬁ%tc rgfr P O%P f g? ﬁlécﬁu#crsré@%m Foh %%OIEB_E% grmed g the
devi ce, pdriphbdyesf tiof artay Pt @EbiOgEI foR Sirdifaddidnle@bi or readgut of

accumul ato or photo-generated charge. Photosensor
may be ¥ tPm giechellpebrimes drna regper(noushioace) mby be
substr a;Bt0ed ARG sIRY, A Qnstructed in any .
ar rangenent ,mor i ent at |tgr{§%ssgl%paen?’asﬁl§abéce%l Ofly’,‘nc?‘b‘}gﬂ% ton
i nt egr aifdRnritcn, ot feem ligbripdnped sr héavidy GIEl GONRELTIOSn
devi ce. [0034] Although not depicted in Fig. 1, pixel

region 5 mﬁ%y conprise other N-channel devices (not

shown), and peripheral region 59 may conprise other

P- chaifieél ] devi &g 1(aiotillshais Jranfidtore?620R|a8d Rb¥&lors 84, 93
region 58 may_ include N-channel transistors
cont r ol VRGP BYF fgrpechinsthe pctiyspixeh prgion 58 and in the peripheral region

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 deposition processes, for
example thermal oxidaton or chemical vapor deposition (CVD).
Insulatng material 88 may be optionaliy formed as a nitride, oxide, ON
(oxide-nitride), NO (nitride-oxide), ONO (oxide-nitride-oxide), or other

mnsulating marerial.

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

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

7



reset gate (not shown), each forned by depositing and
patterning a polysilicon stack. The polysilicon stack
can be forned, for exanple, by depositing and
wpabds@ssbng a | ayer of gate oxide, a layer of doped
polysilicon, and a layer of oxide or nitri dep.c‘{‘%é%"éjo"‘“o
Reference is now nmade to Fig. 2, which illustrates a
cross- sectional view of the CMOS i mage sensor of Fig.
1, taken along line A-A and after initial processing,

but  prigrcdnQed Bl A Qk. & %lgﬁidsgco{gidc? 6(5%% ghait ﬂ{]ctdlﬁggcrs of

capacitors 84, 93 in the piX Ireqi

per i phéhy invegiion maﬁ@ldlﬁara_p@%&fgﬁtc@bﬁowbmén, ot Beher image
substr%ehm ma%v be a silicon substrate and may
e

i ncl ude® 8 SEF FRLETERE YR Fdidicn of p phpediors, i theasitplar t

of one.accushietol & Eph JiQWENES t bove. of he 1. ¢
i nvention has equfﬁ appl ears %ﬂggoﬁgqtﬁsecrmor 90 iy be formed

seni cortiatbercatubstupptsnrfade0f36hsthitg70, 2ndl & also be

il lustr nch i solation regions 128 forned in
t he sugg{lﬁ{%ﬁr% BY HRESRTBhtISREFopr Yers and gepmerty, to be

exanpl @tegheed wiehother tofhcHcnA b, CLAN be
formed by an STI processi,) é:ccoro?i ng tgld&éﬁfgﬁ%fcrenches

are fhgst, tched, [n the doped active layer or substrate
70 Vi[g&"g di reg{th?)% n%tdf'ﬂ‘icﬁ?@ 1B Fefs ds pixelbugghpna®® may comprise
React i weher 00 BRI 8l W.th 8 WD 2005/ 043625
PCT/ US2004/ 034370 alpﬂe eF%‘%h)aﬁn‘baﬁ?fép&cf%ﬁ%°‘é%ﬁ%ﬁ¥t
used t&®BPESF ¢theol icheuslidrsiceat ot Zhown). aForSéakB&%;Ei, Bkl region
depth,-ﬁg%g%r.alllé %b_ ut 1000 A to 5000 A The trenches
are then TiTTHed wit SRRESOROREOHed BY R afansfeipgate and
exanpl eescisgakd (5t sHbP¥], 8 (Sichd EON e st -
(oxide-nitride), NO ()ni tride- ox%‘éﬁ&%’%‘o’%ﬁap%mga

(oxi dePRViikiasestacsy i dw)polyFilieon nsw @hilrgormt&rbab-arniFiy, by

beforH&Q) var.i .chem cal vapor . de osition(CVf))
t echni queé%gc dfggﬁ%bn#gp@ég‘?uqua h%W%éI?aWéBE?OPCd
deposi polpnli{doP@wD) layki sftoxdRnsi diytidgl asma ( HDP)
deposition, or any other suitable nethod for

deposgpddsng an fnsulating material within a trench,

vy DGEL, PorRREE b PRuiEapdie o upeor es

by an SEtionoeesst the IMOU Qb sk Qﬁs&f&%gl‘z%&( B'L%nrgglﬂ% A-A

i sol atéogf egions 128 may instead be Tor med us| a

Local TiBHabrrogisting,anit PLOCTSjorprdae & ransistors 76, 94
and capacitors 84, 93 in the pixel region 58 and in the periphery region
59. For exemplary purposes, the substrare 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
1solation 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 erching process, such as Reactive Ion Etching (RIE), or with

8



[0037] Also illustrated in Fig. 2 is floating
diffusion region 125 forned in the substrate 70 and
acting as a sensing node. A transfer gate (not shown)

h phot oel ectric charges generated in L
%h@?@igﬁior 90 to floating diffusion regiof 252004034370
Trench isolation regions 128 and diffusion regions 125
may al so be doped after various fabrication steps via

amasked ion inplantation [0038] Referring still to
Fig. 24 Iaver 81 is forned over . the
surface of su stra crchant useck toaretyinge, the Jugstee 79000 a

E subsxaﬁuemmnh,fgewm DYEE 167 £ :0%00 and
trench jis (_nggtl on regions 128. H éctro@é ?i;@i?%i

be for m?é‘ é{‘ﬁ?l @W%Ué%llné medrendl rfodexamatle siliabn dioxide . smcon

i nclud n 0 y/
pol y/ Mﬁﬁ%pg}% 9%%% ST ilc\:ﬁ;ggmé?é é’éfcgeyocg\/é&g%ﬁ'o’@f@%%
opt i onakifg). ﬁﬁicphﬂthZﬁﬂct@ﬂi @by bd RARY 'erx‘rané’lﬁl ALY vapor

sui table pl.an ng technlque [0039] Dielectric
| ayer sd';znfgr 3&5@3 IWWﬁ%WC@@ﬁMBMW yhehmicaieaborover

el ectr h@M shown
Di el ec??ﬁs:l I a$ré$§ 1 glaésgrf aéréléﬁhﬁ%lﬁ %@%lﬁ%@a Yyy other
an oxi @eta Wﬁho%fard@posﬁr@én iRl fdr@emarBlialRithin T fefRh.

ot her nonconduct or of direct

or BST g ria or ,an
el ectric %%85705‘&@ segiprsT)A9SPa0as 6343AMyY 2T grrocess,
El ect “‘Dd{mdl@%eﬁn&?&ob§ tHfah ek s&ﬁt‘.{@rgrc o% flggel gcl%slgé%y

I ayerbg El ectrode | ayer 22 orne
sui t abPEMed Bipg ddecafdxetarigh of Smncrh (J]d(i)mg)&)qiroc&@i
limted to polysilicon. pon/T|S|,, pol y/ Wsi , ,

pol viodis7d W palj - and /| MoSi
El ec[t rode Iayer%}/ 210" (ryé @%"‘PW&-@
any SLfPFISm m thh IS@MHGWO irﬂr acaxgapi &nsﬁg%@bqu}anﬁ%r gate
Angst rg\gg 0 abou g @n gstrons. Layers 210, 21
218 an 35’ edé:ﬁmﬂﬁrﬁp grod 6‘6§|¢é¥$¢b9¢f&ﬁ%ﬁ%m E?kamsensor 90
t echniquibarihg elffbeliod Ge i G EPG C?Lcn%ﬁ‘%%[au%ﬁ@?&bﬁs! o LD

t echni %%es such as | ow pressure chemca

deposi I(LqBWE))l%Fnamagh betetopid yirgl asoas f(ab‘EB)lon steps via
deposit hfted A £L6611.CS used in the invention may each

be forrned to an St:tltll t'abl e t hi ckness, for exanpl e
from about, 10 Angstrorrs t o about 500
[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 isoladon 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 plaﬁarizcd 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 cach may be formed of an oxide, metal oxide, HfO,, nitride, AL,O,,

T2,05, or BST material, or any other nonconductor of direct electric

9



Angstronms, and with any desired shape and geonetry.
[00401 Fig. 3 illustrates a stage of processing
subsequent to that shown in Fig. 2 and, in
_particular, the patterning of the el ectrode |ayer
wgiﬁ%fc’g%z?hough el'ectrode layer 220 is. showPGTAURP@/03870
patterned with generally straight sidewalls above

| ayers 210, 214, 218 and trench isolation regions 128,
el ectrode | ayer 220 may optionally be patterned with
any other suitable shape and geonetry. [0041]

Ref er r i G Cﬁb\/\ﬁ‘?@tr@icgaycd 220 nstheAtdrR@d baytfiel&8ril fiyer 2 18
forrried to cover, pat E ed el ectrodes 220 as wel I
diel ectric i aeVF 221(2 may ¢ (PHERGARY pnspdpble gBcrrage beatanal
| ayer Oﬁclﬁ@h %&E A [iikd D Q

conventl onal gd/é/p{o& tion %f%c%:ﬂésggég &Wﬁ%@%her mal

oxi dat iR ePrlealV N, apoly /Gefiosid goby MEMD) Electrode layers
be forned as a

| | at4y! 8 t |1y
nlnf lrJ| 3e2 It)gaf(ﬁdd’\l2 b TS&%%E‘PHI}%BS%‘) suitRle thickness, for example
(nitri dombslafo AYokeXb d8odt L fciErRKhAe) 1 Lofs 3 182514,

i nsul atj g gat erial. Insulating | ayer
f or med AACtAIAAY cadsmaele dmm@gsanvanmam;echmque including -
10 WD

opti onahlMic formation

2005/ 04362531|[F§J 53%&?‘3& teihétﬂfﬁisusﬁs%l@dnwsqré
t he f orchericalvapér dclpesmaxsuuatlvmg Jr a}8rd.88 1a£ﬁ (E1HP)
pi xel transi st olglﬁ 76, pi xel capamtor 84, "perip ery

transi SFBPIEA: fgetrise ieghiBric suprtsintroay 8h &e éorfntdmdany

by pat tekabinGicknsks &b bj | ayers 2
214, 218 and insulati ng ailgglrr%%% t%éﬂ% Phioptk “tSbOO

The or@8FTems, the wihooe sissisddyispd i debimagl st or and
capacitor formation nay be varied as is required or

convephant for ess flow For
exarrgl emt he g% e g{ aStagf@ PrGIMIE Boperusnt g that

af ter, sloywn im hgt?f\a&n uﬁ bﬁ‘ﬂcﬁh@ P&e Eﬁcr&.@%@fﬂﬁ &i%ode layer
st ack capaci tors

capaci tjggs q‘ghe d

consi stT O'(’ﬁlb 8%‘?4%@‘323?‘40 ipshgws hipFig. BrpaRimedswith
provi dg ;Légmvl RAURYGd | C :

el evat 6d- 1 enper at ur e@\gglls\?gbg%]legéﬁagd gﬁls’oﬁbs L“?:Gg 8%51? gglation
af ter V#EeH i2ecirtaomtt lBec BAANRly apeishapDeHaemedivith dny

5 are fyld ¥m€a%ﬁcn%apc and geometry.

[0041] Referring now to Fig. 4 , Insulating layer 88 is formied to cover
patterned eclectrodes 220 as well as dielectric layer 218. Insulating layer
88 may be a layer of tetraethyl orthosﬂicatc (TEOS) formed by
conventonal 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. Insuiating layer 88
may also be formed with any desired thickness, and may be oprtionally

planarized after formation.

10



Additionally, the structures shown in Fig. 5 may be
covered with a nunber of translucent or transparent
i nsul ati ng and passivation |ayers (not shown) forned

£ i mage device. Such insulating and passivation
Wﬁ)é?gsr/%@ﬁzgy include Si0;, TECS, BPSG nitri dePCHR3004/034370
BSG or SOG which can be planarized. Conventi onal
processi ng steps nmay al so be carried out to form for
exanpl e, contacts in the insulating |ayers to provide
el ect rhga; congueocsti on Wi th inplanted source/drain
r egi one &nd ot het WThly 6 oweaiae of thydnmldtingdsycardd of Fig.
ot her canpieett@8sor Nst fi§! P her._.conventi onal
processi ngmsteps nay(s’allhgtol'Q e%lé%rr%’gan%flffy FAsEHR Btaad

the for RERGH GpaciuddBuiohahce oNPateihs and OfchE%ATHk
filterspand,lgnsges,,Jhe order of the %roceslcs steps%nS of
may be varied as 15 ¢ SRUITEALLS XEMPeni dewnfioFig 5. The

parti cubaer ofithe Gesss h@PWe -1 Figs. .6-9 illustrat
a second_exerplary erbod ot ot = Sbaer fabmag ey Be

i n- pi xel*EAPAEITEYHredgy coMegicnd forandrirata pheealiow. For

capaci tg{m%gg,thg%tgmggs n;a@ accordance with the present
g. d ’

i nvention. Fi epr e LY b e TEeOiKieB T jih betwten the

pr ocessitery foblormpry e cigaciter Maht QhalQfack FANSEGE 9159376,
194 andco%g aci tor_s1 184, 193 in the pixel ‘regi on"sg and
in the pert phePy <t3rKG F08tp cas628 BETF hiSRER46034EE8e and
regi on 158h efpabicfhce 9. The structure of Fig. 6 is

simlar I1n part to that of Fig. 2. to the extent that
bot ha@)hr uﬁt ures conprise the first electrode |ayer

210 4Phe tm’\ncﬁl%’la@@tfﬁmpcriaayedﬂve&léb mdfd 8so bd€nducted,

struct ue: Rhickig. N, di ffers,. however, fromthe
structure of ICEiLg? Ngar}dnﬁ t }ﬁaélt“dad‘m‘?&% Browgis Fig. Hase ipBoformed.

(Fig. M)ditinalpriredridules @b intie £heshl o 220
(Fig. 2{). 400 51 The phot oresi g]t_ ?avergyzsogi%é%fén@d
over and 11 COHERCICRE pHransprrerti infuatingiand Ipassantid Saves (not

al | ow pR&&EY MrRed 8fethe, digl ectrie laver 218 in the
peri pher al {eéi on 59, a?q% I%sg{cé'a 4Ud Poiasng ang paggivagion

sel ect il@¥&rsenshinpigde 81, TEASY BIPSGS nithe:, @3p088¢:, BOST@Which
d

of di el e Layer 218 in the periphery 59, and.
Stri ppiC%[gE%)}p &B 6%/%? XN EHCRFeProoSHNg 51§85 mey albe bagarried our

st ruct ue éoring fsh@apld, Bodthds in'the byl lﬂ{n 1 N8 btonds i

o eg[il on 88 of TFig e L %Da@gs to pi‘ov1cI11c electrical
cofinecuon with implanted source /drain regions and other wiring to
connect gate lines and other connections in the pixel. Other conventional
pro_ccssing steps may also be carried out to complete the formation of

additional components, for cxample, filters and lenses. The order of the

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

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.""9) in accordance with the present invention. Fig. 6 depicts an IC
device after inital processing, but prior to formation of transistors 176,

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



dielectric |ayers 214, 218 whereas only the single
dielectric laver 214" remains in the periphery region
59. As in the previous enbodi nent, electrode |ayer
A e formed of any suitable electrode material,
\%n‘g?%¥ﬁﬁg but not linmited to poly, poly/Ws1,PCT/US2004/034376
poly/ WWW and poly/siLicide. Dielectric |ayers 214
and 218 each may be forned of an oxide, netal oxide,
Hf O, nitride, A1203i Ta, 05, or BST material, or any
ot her nonconductor of direct electric current. Layers

210, 21458190189 pf Higy 9. Bdc depouic @Fipys anynibuint guod te that of

techniq i nc [ hem cal vapor deposition (CVD),

| ow pr eic,liggilr2 éﬂ)c E%L(%%f 8‘\?5'%1% S&%ﬁ‘&@ﬁ‘?%‘?@&ﬁé\;ﬁjt_e trode layrer
hi gh ded3dtayd plesnedi¢ictdR) lfdepogit 2 00.chd QAAGre BFBe. Sdiffexs,
|IIustrﬁtes a stage of processing subsequent to Fhat
shown i AOEFYE. from Sipeaktsnef Fig. £ he drattpdomresyt bfert23€ (Fig.
di el ect gi & HAYES ind; el ect rode | .220 of Fig. 8

is depos?ted éﬁ%méggﬁgﬁﬁélC%%ggﬂgFﬁﬁégp?ggg'layer 218

in the gixel regi on 58 and over dielectric layer 214

i n t hé0048dr i phefle B®romsistilayet BE0 pr fovhedisvarate 8cionbetwith

enbodi ngnt ;. .el ectro aver .220 may_be fornmed of _any

sui t ab rgfce?gg?t%ga Crdrfgltéetroi @Pvf’ RARETURE HEQ‘BLS{“S%'EEHC rferi @ e

to pol ysid pegipheraPREWn HIShs iilufRdrdyd J).\Aq:iég 6.PRkY/ s%ct./ich(t)ching
|

poly /W-1x, poly/ CoSi, and poiv/MSi,. Layers 21
214, 218G P200fHRy cHosaPp BoR B0 8IdA8E25ydr 2T8 in the periphiery

T/ -J3S2004/ 034 - sited any.sui tabl e techni qu

i ncl udi g@’ c%eS?nrzéc)péﬁl ¢ \S/Ea)l%oortor Selthgg}fct ?8R’ H‘fﬁfﬁ;mﬁégﬁfﬁlﬁf}%?‘o‘m
such asid Big. Pr &5 lis @aehe/the pixey ARMN S POBIt 7 Obmprises two
(LPCVD) o[ nigh densiti pl asma (HDP) depositi on.

El ect r of&lacHireryepndl4, 248 whismanopiitthe pingld dilackric layer 214
gener al i ' L ove | rs. 214 an

I15: hovevar Toleerreds TR 2s r B uPRigen

Wi t h anyleorédslayes Gilo apyeeshaped afchygemit ecrrddd Qeafdrial,

Fig. 9 illustrates stage o roc in bsequent to
P 2 bl Bl atlang ool BHEoRRS a0, SHRORHLS]
exanpl epoig/kiaMes. Dicidcedd 1dRkY14 2 b T9sidhi rﬁ%Itfc o an
is formed to cover patterned el ectrodes 220 as wel |

as di el 8¥idei Bephyade I3y, nigid:, AMQeTagd), ecBST eastriehiongry

and pat {,a(n inggco(Hductor of direct electric current. Layers 210,214,218 may
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 layer 2 18,
electrode layer 220 of Fig. 8 is deposited and patterned over dieiectric
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 suitabie electrode material, including but not
limited to polysilicon, poly/TiSi,, poly/WSi,, poly /WN, /W, poly/WX_,
poly/CoSi, and poly/MoSi,. Layers 210,214,218 and 220 may be

12



| ayers 210, 214, 218 and insulating |aver 88, the
resulting pixel transistor 176, pixel capacitor 184,
peri phery transistor 194, and periphery capacitor 193

r ormed, as shown in Fig. 9. The periphery
% %w%ufg? 193 conprises a single dielectricP@d52004/034370
mhereas the in-pixel capacitor 184 conprises two
di el ectrics 214, 218. Alternatively, the periphery
capacitor may be forned conprising two or nore
dielectrics and the pixel capacitor conprising a
singl e digdAGLE b and v
drive st eéii nay afso %gég%rtf or ug ﬁh%gm gfcﬂpvﬁl[ gﬁ% ﬁr df\?osmon
and P- ch&a¥e) t@émquessw;h@mw prebsuer. cHradae vdpiok Hyposition

formed. T Lru res .shown i may al so

covered W a%ﬁmv??gﬂ%gﬁgg #WWPUPFaﬁ§$§P§ﬁ4”“f7ZO
i nsul ati ﬁgh@@ﬂ p@@@rﬁlhﬂ/ Widh%nl:ﬁﬂ@ftﬁl gfdcv%m%))vc ltaﬁrrg@@L and
over the_inmage device. Such insula and passivation

| ayers n%%ﬁg Havearerd ele Sirgy, lasre @0 nw%panpmmdd\e;h B|B@ther

BSG or SGGpuhig 515 san %%m | anari zed. Conventi onal

processi ng steps nmay H°S6™e carried out to form for

exanpl e. contacts in the insulating |avers to provide
el ect r (@H7] conrggt$ 'dlmsmtt:ha kg (ﬁﬂ]ir@cd:sﬁrig,lﬂ’dbedquéﬁtaidlthat

regi ons nd otﬁ connect gate |ines
ot her cof g %Mn “’65%? 881%“\&‘)“29’85? @21‘36%5@““&"1
PCT/ uS2 OQﬂ@ﬁlﬂﬁtd (Q' Ed)@)oﬁ%])rrﬁécgt% col'pr p’laétcfrlcldl{%c 2’% as well

a third exenplary e di ment of the |nvent|on
const r ucts @plegtic |14Y£{§|3alérl, 2&8pafict slec@B4er¢tEng andlpa)ttcamxhg of

perlpher L, 14 t ixel re

58 and i n{’?rgaee’g‘%fﬁ?p%graﬂd %S”%ﬁné IQVi‘o%éE? Eég'émﬁﬁp’r‘é transistor
devi ce alT&rpikdlcigaairoPrDIC g‘éﬁ bRGy rRdistorP940bnd Beriphery capacitor
formation of transi stors 276, 294 and capacitors 284

293 of Fig? arefarmahaes shqwrinuFie. df T periphen epading 188
in part E&Tx%ﬂ&g Qﬂcn c' cgclccat.nthQAt »Uﬁc czg)giceﬂllt pl%%%&gl?%&{ |1184.-

structures onprls first el‘ect rode l"ayer
first drebpotes ingo deyerric@ PA4f ot meﬂlt@nﬁrvcm chel prriptxtitya@pacitor

with the first. electrode. |layer 210; the struycture of
Fig. 10 Q¥ & mw% PrHBOR s gng the pipgl cagacitor

in that eshyri9Re.dingleatlicdec] aver is enployed in Fig.
10 and, thus, the photoresist layer 230-(Fig. 10) is

formed _dir ﬁCt 'y over, and in contact
[0048 An elevated-temperature 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 nuumber of
translucent or transparent insulatng and passivation layers (not shown)
formed over the image device. Such 'thulating and passivation layers may
include Si0O,, TEOS, BPSG, nimide, PSG, BSG, or SOG which can be
planarized. Conventonal processing steps may also be carried out to
form, for example, contacts in the insulating layers to provide clectrical
connection with implanted source/drain regions and other wiring to

connect gate lines and other connections in the pixel.



with, the first dielectric layer 214. [0050] As in the
previ ously descri bed enbodi nents, trench isol ation
regions 128 and floating diffusion region 125 are
wbohsrdsd,fn t he substrate 70, as shown in Fi
oxide laver 81 is formed over the surface o
substrate 70 and a first electrode |ayer 210 is then
formed over gate oxide |ayer 81 and trench isolation
regi ons 128 El ectrode | ayer 210 may be for msd of any
Ssuita | ectr tenial . including byt not limted
to Ed) pol y/ Hgiél{‘/ chréﬁgu '?CW%WFEH bggiment of the
Di el eCt mmndlcmyfef t%nbtﬁuct@ﬁbﬁ@ﬂﬁ&@lt Jabfacﬁtef 1) éﬂgeﬂi) and

el ectrode. |l ayer 210 b a sui tabl e techniqu

i ncl udi RYROS. cappe 298 Ewldépvélppu@hrcgmneﬂ%mdmmhc

| aver 2 an-~oxi.de,. metal oxide,

O R I R ARG R el T Bt e, gy
ot her npweonductaonaff wdhsigels Feero4 hid GRELRR 284 JoBYR Fig.
of pho ?gl st 230 |§ then deposited for patterning

of the dfelBeiFicuesfdie 294s Sqnﬂﬂtlﬁ@alﬁé‘md}ﬁlﬁ@tfﬁlg ﬁegl o
59, as ak&f BV, Af

and renmpval of thegtgic'g%lgsea&g rr]‘ﬁ%% O?_gé . %rfzrllo “’I%efb‘:e&m
214 in @ihiécmpé‘wr—phleﬁr fpri5gd Ot’dfremﬂelsud)dthdﬂgmﬂi thd Grtle@ectrde
shown ip Fig, A1.. The re (L er 230 has been

stri ppea (ST Ry AR 85 et nlc PGNP STEom ghe structure of
Wl)2005/ HQB@ %m@gﬂU%@%eQ%@@r 1s[ ngﬁ&x]cd/ﬁ F?r? \Unandn
Fi g. & a second dielectritc r poSi ed
on bot hD¢ QO%WSM?QFW«W@&%% foi;'hnei mmcnmv&@w in2dtmtact

may be r ide,.nitride, netal oxide,

Al, 03, V%‘%@otggg’ég?“ ﬂHFtS)iaY‘form‘a‘my ot her insulator. This
dlelectrlc | ayer may be deposited by any suitable

t echrli%§&€] such Aasn QyretiDEYDcsatbddDih doidimans, dddthtithrion
to thes g§99§|t| n net hads. Di electrlc 215 is

di £ f er entoFT o7 & %%tfnlg P regjo8g- 25K fgrmeH ity substrate

12(a) i70,anstdver et 0y, esislod RYSE: 380 MQT&?Y@J Sirflle of

| east ope perlphery capaci tor reégion.
al t er nalP¥Ey 70 ppg aﬁf%é gode 1@}2}% 2Ry wenrfmuimefd @adr gmbmdc

that a la}d:'r S fcﬁclll %ofahéx‘? te grps 12%d E‘I,k?coﬁtqbig g@ may be

59, with appropriate nma steps,
deposi tfoomedbf avdisfriise ellattrcﬁﬁc&ln%hﬂl BchuBing Bﬁﬁ'noft &ai@8A o
58.

poly, poly /WS, poly/WN,/W, and poly /silicide. Dielectric layer 214 s

subsequently formed over electrode layer 210 by any suirable technique,

gP 10. Gate
FPCT/US2004/034370

including CVD, LPCVD or HDP deposition. Dielectric layer 214 may be
formed of an oxide, metal oxide, HfO,, nitride, AL, Oy, 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
erching and removal of the exposed portion of dielectric laver 214 in the
periphery 59, the resulting structure is shown in Fig. 11. The resist layer

230 has been stripped using an oxygen—conraining plasma.



[ 0053] Reference is now made to Fig. 12(b). In Fig.
12(b), the dielectric layer 215 has been renoved from
the pixel region using a selective etch which may be
wWe W8loafsa dry etch. The dielectric 215 in the ,
periphery region is protected by the phot or i SYSH U Pass70
330 and is not renoved. After the selective etch, the
photoresi st laver 330 is renpbved using an oxygen
contai ning plasma. [0054] Reference is now nmade to

Fig. 13oskH ectr 220, 1 deposi.t ed .and ,
patteﬁﬁeg ver g?ﬁ?%%%?ﬁ%b %%ia?i%ﬁVﬂiﬁﬁﬁnbﬂwgﬂlsm

regi on SRpasiddmnesortided geiphess dndyefay 2 Helbdinid B6er 215

peri phery 59 Electrodegfgbeﬁlzzo ﬁ%av Cbelfogﬁedaé?qux
any sui 1A @1 Wpridsd 8ithes, ardtal oxiden Al Tig CouBSGHFO,, or any

limted JQer; i l+con. | Y/ TiSi,, poly/ - o
g R PP TR Bl PRIy o
in the pedwipushyh deSYD, bEdeDbedHIENbS: nd: MgtiHeatd Akse
| ayer 88 is.subse uenth_fornEd to cover patterned

|

el ectr odjégosz%“ BERAEF Diaee &l wistdifferentalyan dickdticaid. Also
215, as shbkaet F%t ?g(a') & aﬁ?%cr %ﬁom[r%%g?alrﬁﬁe%l_f%‘eéogﬁ%l a\éfcast

etching and patterning o ayers
i nsul at iong Peaykary 8®acikdracgiosul ti ng pi xel transistor
276, pixel capacitor 284, periphery transistor 294,

and pephphery c: Ltor 293 are 15 WO 2005/043625
PCTi ugzoo /0343%%;@@%%@‘& PLOSCSE SR TR PRt sucpyat a

per i pherdjclcapasifirarnpp93 if MPpégReroso SHfP rdHilaaiddng
215, mherea%. he pi xel capacitor 284 ‘conprises a -
singl e SEPBITBLYFGCOVAWOsiRAR Of 2 idiffegeritiideleqwic inrpdrel tdgeon 58.
dielectric 215. Alternatively, the periphery

capaci[bos3j293 nayieRect RQrdRAmfbe 18012 MPY €, glel fEt rics
and the.%¥xel caSacftOEIZSE ﬁ%jwﬁé %&ﬁﬁeglgﬁ'fﬁgaé?g
nore di fHe5EnE lagrellédias bes. rehBOE6 FroAnthe pixel region using a

el evat edq: t UL rive step may al so. be rf ormed, ,
after mﬁ?%ﬁ”?%gﬁﬂwéﬁagﬁYéﬁgﬁﬁgﬁfa 8§§'§ﬁ8ﬁﬁﬁFﬁméﬂ§ﬁndnc
14 are fuatiplyery tapiored prdbacs bl Wed bl @S rSHOMRE: 380 Rhdis nkt

may al so be covered with a nunber of translucent or

t r anspar@ReVIh SFAthnif s palsihe hpenesisajaers3 Piptemoved

shown) mghggg(gygﬁl&ﬂﬁgﬁg%gﬁggﬁyice. Conventi ona

processi ng st eps” may carried out to form for
exanpl e, contacts in the insulating |ayers
[0054] Reference is now made to Fig. 13. Electrode layer 220 is

deposited and patterned over diclectric 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, insuladng
layer 88 is subsequently formed to cover patterned clectrodes 220 as well

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

[0055] After selective etching and patterning of layers 210, 214, 21.5
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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to provide electrical connection with inplanted
source/drain regions and other wiring to connect gate
i nes and ot her connections in the pixel. [0057] Fig.
wadodslohatss rates a bl ock diagram of a CMOS i nmager device
808 "having a pixel array 800 containing a plford 40870
pi xel s arranged in rows and col ums. The pixel s of
each row in array 800 are all turned on at the sane
time by a row select line, and the pixels of each

col um ?re sesl_lsﬁctively out put by respective col um

sel ect [9'RES; BSPREVRINEIE: Ads Theocripldre ctpaviedry29acbinpated
by a ro Iy Q14N sponse _t.o row address . ,
decoderwg %.chE} Cég%B}%n%Hcg% g@ pﬂ‘?lﬁ%%acﬁ?r:ggf‘eqoéﬁ’ﬂs?ﬁél sjngle
act i vat didlebyicep 1eio huthitth is Sife i GorBOR didlehESPENSArd-Qcively
colum gddress decoder 870. The .pixel array is ’
oper at el B PREVIRPAHE" Aht me% ve fgmediaf cup or 8%6; divlaigks and
controlgmﬁgﬂ irShesfd 70 for selegtd ng t.he .
appropri ate rgs\%lvﬁgﬁ%eg% %Eﬁb?%&tggﬁ QFWO pi X&re ‘%F@fﬁgﬁ BfEeerics.
readout . The pi xel colum signals, which typically

i ncl ud¥S8] pi xeln plewsed-simpradtute\drive sreamthyaispibe lerfb ARGE
si gnal o) r by a s |l e. and hold circuit
63 " asson aftheh B LEAE R deii R Ghoth b, L il

di f f er eforinad. Shgnalcds shown K 5. 15 xR QYBEHoRYed wich 2

di fferenti SI afrrpl ifier 862 for "each pixel which is
anpl i fi BYPEHPIdFGERF S @t Brnemsng gistleting gid adssicaiondayear(not

875 (A nl R&dRal Q.- di_gi.tal nverter 875 .
suppl i 590 0y hZF%i git i‘?gf#cqi“gggﬁg%ogc??ﬁ’ﬁ%%ﬂ processing steps may

PCT/ US208480@48cd Out i foeh, ot gRate,ln@brs ilB@ansulating layers

processor_88 ich forms a digital inmage. |nmage
processor? rgélgc%micﬁﬂc@&&%c%wgh aplanged spugeraidrain regions and

anpl i fi e@ki @ing @Wonadd eSS Ay un QUM addr es % Boivel
on,

whi t e bal ance, color correction, Inmage correctl

and dgoggg correction. [0058] If desired, the inmaging
devi c desciEbetiliatEyes aplptk disgrpecef 2 GMAS iglagdisdevice
may be g@grpi‘ﬂeéj- kh R - In ingle .
integrated cir ciaukgl]thC M%Yg.og%gifﬁ%%hpgﬁr%sw gﬁp%ﬁﬁ?‘%‘“ﬁﬁm
pr ocessiaws aoysobmug0 (Chwhincdls ofescitdw iiz@ray@00if@dl Mighed on

an | i 0 S SIATEl PR B A SR A Eoeh faims ac

o TR0kl o ST LSO 1 o
selectvely activated by a row driver 810 in response to row address
decoder 820. The column select lines are selectively acdvated by a column
selector 860 in response to column address decoder 870. The pixel array
1s operated by the timing and control circuit 850, which controls address
decoders 820, 870 for sefecting the appropriate row and column lines for
pixel signal readout. The pixel column signals, which rypically include a
pixel reset signal (V) and a pixel image signal (Vgg)» are read by a sample
and hold circuit 881 associated with the column selector 860. A
differential signal (V_ -V 4g) 18 produced by differential amplifier 862 for
cach pixel which is amplified and digitized by analog to digitai converter

875 (ADC). The analog to digiral converter 875 supplies the digitized

16



shown in Fig, 16, including CPU 901, may be fabricated
as anintegrated circuit for use in processing inages
formed in accordance with the i mger and nethods of
wld®opsLsent invention. [0059] As illustrated_in Fig.
16, theﬁgrocessing system 900 i ncl udes one %?“H%W&“¢“3m
processors 901 coupled to a |local bus 904. A nenory
controller 902 and a primary bus bridge 903 are al so
coupl ed the |ocal bus 904. The processing system 900
may include multiple menory controllers 902 and/ or

mul ti pl @st signaisrobnsmbed pigesssQORo Thieh PRABIYdigital image.
control&gg 902 andéﬁgp grinary bus bridge 903 may be

i Nt egr at 84> 2R O5S5 Y| 1) BYGBGuEE cones f9oeRe] ampkficaten ryw
cont r ol hedireQ0Z tSuRSAd&ESY i more_ _ menor
buses 907. Each nenorsﬂghs ’sgé%ﬁﬁgﬁghgﬁyfé8ﬁ8%ﬁ@n?¥éﬁ
908 whicerequeel Ulededict kerastioone menory devi ce 100. The
menory conponents 908 may be a nenory card or a

menor yg ul e. amli e enor y | es, i pcl ude

si ngl )e{ ?%l ne n%ﬁo%hh%%%%‘“&ﬁm@g%&%ﬁﬁa% ViR respect
menory ol &8 o(ERIthvbinbintenibke MBfotc SOTRAQNGHHEIS 08 BR Y, rcuir.
incIudeP.ongg?r more addi tional devices 909. For”

exanpl e, & 16 LIUSTTRICR AR FXEBIRNY Predssingdaistenci) wiiish impg uiize

909 mi ghi irheride GOl Ghlalh OB MBRRGY | 3 Bl
2005/ 04362 PCTI US2004/ 5343@0’ sgg? afm%ﬂggggnc%codr%‘ime%%gm

(SPD) nEMFEe depirs ceastoroyedcionicratiee vad) erfbydimzhsof B
coupl ed. cache el .LTq9€ .. The cache nenory 905
may be mttvg%@%“n‘?bm&%% Ehiga bt A o PriBe sissirpgic components

syst em stivireinrfag | Mg idtludi N er U deV IeE e fg@ﬂicagm\?\%tcvr ted
processors 901 may al so include cache nenories, 'ch

may f or RFRUCRE B TRiPspspsitgyimdgehfocmch e aveomiagcO8Eh tefimager

the processidigs SYst 0. incl udes peripherals or
control lers whi ch argﬂﬁﬁgtuﬁggxg?s or whi ch support
direct nenory access ( DMA), the menory controller

902 md§PiHpl enehtillasunsashie Tph, emcyroprssihgegem 900 it@ides

MEMDIY  one or more processors 901 coupled to a local bus 904. A memory
controller 902 and a primary bus bridge 903 are also coupled the local bus
904. The processing system 900 may include muldple memory
controllers 902 and /or multiple primary bus bridges 903. The memory

controller 902 and the primary bus bridge 903 rnay 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 IMEMOry COMPONENts
908 may be a memory card or a memory module. Examples of memory
modules inciude single inline memory modules (SIMMSs) 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 mighrt be a configuration memory, such as a

17



controller 902 is coupled to a plurality of nenory

“pd,l’s(es 907, each nenory bus 907 may be operated in
paf’é(?’f’ﬁ“,h or different address ranges nay be ed X
to different nenory buses 907. [0061] The pri n%g‘m“'“ﬂ"
bridge 903 is coupled to at | east one peripheral bus
910. Various devices, such as peripherals or

addi tional bus bridges nmay be coupled to the

" peri pheg(r:ral. bus 91§). These devices may include a

st or age "cONPFSFR%rdegact (SEDHirsembharidsckh &, 8ULE Ber 000
915, a agg(ggr&ggg% hys bridge 915, a multinedia ST
orocessor 918, And 8 4 Eght SRRV 708 i Pheerdcae endRy 9T88nay be
pri mary tusnibrid@en 983 ~"aYq-al be coupled to one or

nor e spsci.al 'pur pose hir’Jg]]?1 %%e%gccﬁwgéyﬁ??: Alpergatively, other
per sonaFeVigssnionerampleoproexadp 81 L6 sRecial, purpose

por t rrig,kgl%)cebe t he Accel erated Graphia%g) LE%IPfiC(:@)I?CmOHC&
used t o ESAITY IR yhrcherismanouvEdae idhoki R i o

pr ocesshndeSyst 9 0062] The storage controll'er

911 cou%l e%é%l%esfvzgg?m(n)%qoektc? GerDarseds cesoftrdlic At ivthid are bus

st or agembstsrs St vhiti0siid¥e PgL-LRNeral _bus 910. For

exanpl e,@:trtlgl sgé){ agfe IJg%nt ?%{: er 917 &GS Y& MASCEE memory
control ¢ At~ €t oraagepientges 243 - CSI _di :

The 1/ %Oql%_\(/)i c_eg(?;’m may be any sort Cg?é/r”gg? ?rp%g?oii ilp‘%(irmcwlory
exarr npl e, e & G&Piccetosd piurEiry b€ neech @G usdy §F cach

net wor kmémbgs §@cey7 %h@)cas an E~thenet card. The '’
secondary bus bridge > miy RS & paslilnpediffsrent address ranges
addi t i onat bdeMppes o/ ifeaRth toohbe processing ©

. system For exanple, the sec%%gg}rj?/usﬁﬁgbgri dge may be a

18 WP ﬁégf/ 043625 PCT/ US201) 4/ 034370 uni versal seri al

por t P contlfs|Armany ey M@Wi@c@%g%iaﬁgxgolny

Vi a t%chggcrglr&% | ng Sést em 900. The 1 media
processor- 918 nay ]Zte WG Ear Ychas pedpberaB P UG onal bys
card. dridgaymet BetohyRg +8f ia interface, which may
al so be Oql[lp| ed co a%di‘tt?ékﬁgggagkﬁr@e%u% Abcsssisvicey may
9109. Uiceyiojagdevnoeliend 1 f acg; Q20,1 0.

coupl e for exarrpl-e;@ac')ci(.:gg%%?)yﬁicgb‘cg’lﬁa

cy .devi ces, .
keyboa?%?ggﬁ’)c{f G bsdee P Ihe rpubimestia pepceyset ©TEOR0 o (oo
_ S legacy

device interface

may

920. The primary bus bridge 903 may aiso be coupied to
one or more special purpose high speed ports 922. Ina personal |
computer, for exampie, the special purpose port

Graphics Port ( AGP)

might be the Accelerated

| , used 1o couple a high performance video card o the
processing system 900.

[0062] The storage conrtroller 911 couples one or more storage

devices 913, via ]
» V1a a storage bus 912, to the penpheral bus 910. For

exampie, the storage controlier 911 '
ge olier 911 may be 2 SCSI controller and storage

devic 3 s i i i
es 913 may be SCSI discs. The 1/0 device 914 may be any sort of

e 1 = oy i i 1 1
peripheral. For example, e I/0 device 914 mav be a local arez

network j f: ' 3 L. Ti
Intermace, such as an Etherner card. The secondary bus brides
mav N ~ . . N . i
ay be used to interface addidonal devices via another bus to the
7Y ~

processing system. ex " iarv bus b
g system. For example. the s€condary bus bridge mav be a

18



[0063] The processing system 900 illustrated in Fig.
16 is only an exenplary processing systemw th which

WQ W8S/4392nt i on may be used. Wiile Fig. 16 illustrates
a processing architecture especially suitabl e HdyUgonao34370
general purpose conputer, such as a workstation, it
shoul d be recognized that well known nodifications
can be nade to configure the processing system 900 to
becone nore suitable for use in a variety of
appl i caers| serzoporX AIFH e ontRIN, on i ces L
whi ch require processing )rmy be ig%rcp%fggrneﬂpg%%ﬁ%g Kyicgs 717 via
si npl el &FCRIesing ¥siwh 8A0r SlhicanuloinaiiOBb Q5. 918 may be a

coupl edot o4 1 ry. conponents 908 and/or nmenory devices
100, Thood! U%?S%E;IPSREEP%% s OfayY PHel Udes obmediatigrerface,

not | i mMlOmbP 2138 Gle FoU essors.and recorders,
and digital cameras g}% g?mrg%c'éﬁa%?‘s.c"ﬁﬁ?ésw\mwm@@ds’.

devi cedhoflegahe dpries ginérfida\oen isReq led to a .

pi xel _processor, for exanpl e, n%‘;,%g&llﬁ%%ﬁgﬁgﬁgg\acqsnmr

di gi t aFgE%?f%*c?i@CfaﬁmlC@iKGle’mnarm Q0e &EE, S0 @RE pk&ERGAELSrem 900
Modi fications may include, for exanple, elimnatTon ot '

unne ry c nents. addition. of specialized

devi ces gr cio?ggipf%c,csgé‘?%fyﬁcrﬁ%o@gﬂmtrmd@tﬁ Fig. 16 is only an

pl ur al eteynmirydeyt€ase Q0841 the invention is
preferably directed to met ﬁgl&ks{%?n BeoPyrREen iy &F used.
devi c_egvhhhctﬁﬂg.dll %MUHMtcpnpebgﬁaﬁg%&Q{c%nﬁ—@%&%[aw f;@g}k for a
capaci fors, and structures incorporating such “pr Xef

capaci tors" &nPOHEPIEMery seelpaci worisratineg isKidul@de ktoonized

the arghawivkel! Kkh§ | that the invention can be used -
to formany t ypg’ﬁ%ﬁb‘lé%ﬁﬁ%?ma%’% Uemads to ROBBZWEitbnpuictdsing
one orsysmny 20(Pt®BeSsTh thdrO R ~S 1n.a _senm conductor, .
device. For exanple, alt hoqgﬁ&?kéer. Vet Y01 & applications.
descr i DEF aBeVe Myl Ussrdmic dcGMSvhitRGeqdSe YW cessing may be

2005/ Qﬂgggg PCT US2004/ 034370 - sensor, the Tnvention
is not Iimted torSHERIN JFelirgseure yerich neiimyn a CPU 901

sui t abloapiddB@enseRsPL l e, i mage sensors.
[ 006- 0] 'pl'he_last (gyﬂt%r&%}ﬁ% a%@goarn‘léoé@)‘:fpﬁﬁfqéﬁ@ehé@@- These

pr ovi deestrogénaetss ahayinkiakies b M ATAHLPH L S5INALS,
and uses a floating diffusion
Processors and recorders, and digital cameras and /or recorders. The

C . . ~ s . . '
MQOS imager devices of the present inventon, when coupled to a pixel

processor, for example, may be impiemented In digiral cameras and video

rocessors and ' ificari i f
p recorders. Modificarions may include, for example,

eliminac - .
limination of unnccessary components, addition of speaalized devices or
circwts, and/or integration of a plurality of evices
OO 9 . . . - T oA .
(0064] While the invendon is preterably directed to methods for

formine ; TR . .
fmung imager devices with distncr pixel capacitors and periphery

ApAcltors, and structures incorporating such pixel capacitors and

- pembhery capacitors, one skilled in the art will recogmuze thar the invention
can be o f ] levice for
used to torm any type of imager device for Integranon with one or

more 2551 1 cmi i ] € <
pfOC\.SSU:lE LOI'HPOD.CHIS 1 a scmiconaucror d.CVlCC. FOf \.XQIHD'I
vy

although the j 100 | 1bed
v , . _
ug Ivenuon is described above for use in a CMOS image

19



node, source follower transistor, and reset gate in a
simlar manner to the way these elenents are used in
the pixel of a CMOS imager. Accordingly, the pixels
\;@g&ﬁﬂ{gging the capacitors of the present invention
may be  €npl oyed in CCD i nage sensors as wel IPCAEISTNBE34370
i mge sensors. The inmager devices of the present
invention may al so be forned as different size
megapi xel imagers, for exanple imagers having arrays
in the range of about 0.1 negapi xels to about 20
nmegapi xetsor,[(BOB6¢nddn is houlidiragal Mchanadhgthet Rad in any
al t hough t invention has been described with ’
speci fi CUFEXCIRARE 565> L refefAmlcd 1 éBageospiorsi ng

di stinct .pixel capacitors and periphery capacitors,
the T1vees) on Mase Ri:0adeh) ARRIdGABE ket BBt
used in any imaging apparatus. Simlarly, the °

pr ocessé¥Iigeseritse sty ouapw stanals parfdewsend floming diffision

may be . gve description and. draw.ngs
iIIustr§?2g6P£ gﬁﬁgﬁmé%'dﬁiﬁ%ﬁ?@fﬁﬁﬁ%ﬁcuh%ﬂwﬁwgnﬁﬁ§fﬂ>ﬂm
obj ect s wal eladselEleme AR draadi¢a nd aﬁgﬁx&fof b @I@Seﬁﬁ@&. Accordingly,
invention.@xﬁgkgou h certain advantages and preferred .

enbodi mehft R*HaPEMBE SFnE dusscPrEtes albbeeresemoseersin nayce
in the @led’\‘ﬁc!ilin C@@Mﬁég?rgsgﬁtas%ﬁsats gdnl\gg)lgqggg%sécrnsors. The

addi ti ons, del etions, I cations ro

changes imege: devirmdé thevirteauinveepar toiainalsd be mMrtd a8 piffekdne
or scope._of the inventiqn. Accordingly, @ the invention
is not PPRIEEPES PHE™ S SIomRY Hagews NpYing ATB§a Hi range of

only Liapbderl Bt seoRSwPhothg 9&?1?.”‘16‘1_ claims. 20
21 n" C~NISE dains: 1. A nethdé of formng a CMOS

inagiqa device, conprising the steps of : formng at
| east ﬁ@é]phot oS ehQEe 2gun G otk trrhytiongpitke Invarrbn has been

peri phery, GapPaGh - I.sing.the steps of .
For i ng B Tr ot B Eet a5y ovars A Sp PRy fugoc
pi xel r @gicbmpantraandosriphtigraipicagisoie ihodntionthad bfdad&t

dielectric.layer over said first electrode |ayer, _

f orm ng aag%cég%‘%‘m%i B FSEE 1T AGleimagiRg ARpaTad st | Similarly, the.

di el ect pkscebsRY 8seriBlithbove are bur a few of many 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 advanrtages and preferred embodiments have been
described above, those skilled in the art will recognize that substitutions,
additio'ns, deletons, 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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10 formng a second el ectrode | ayer over said second
dielectric layer. 2. The nethod of claim1, wherein

said first electrode layer is formed of a naterial

sel ected fromthe group consisting of a poly,

pol y/Wsi , poly/ W W  poly/si]icide, poly/metal and,
metal . 15 3. The nmethod of cldim 1, wherein sai d-firs¥ISE

chigkectric layer and said second dielectric layer are
ormed of a material independently selected fromthe
group consisting of an oxide, nitride. Al1203, TaZ205,
BST. ,net al j,.d d Hf Ox, 4. The method of claim

1, wherei i @géhﬁgs?gg%'ﬁ‘&‘ge? E?é“fﬁg%aaaq'a%?v'% CPBPREAIGife Stgps of -
mat eféralingsat lexsdt ede bhotwsemargaup consi sting of a

ol ysilicon noly/TiSi ol y/W&i 2, ol y/ WNx/ W
Dol o TR sl P brsty BaRdtads Cisonrpompriancdne steps of
netal . 5. formingrefitsoeieofrods Biyar dverVgiRirateSiatidhixel region and a

phot &?}r | s.one of a 25 photodi ode, photogate or
phot gggn u {éﬁgn’& " The method of claimb5, wherein said

phot odi odéoriméngaa ﬁﬁhdﬁl@hﬁile%m@asaiafir%@legﬁﬁﬂé RYer:

device, ¢ i sipng. 30.a sem conduct or substraté; at

| east one%prﬁgr#gg%gg%o&%;d'%ﬁ%” '5iEYeR oY R8I TSl FiRiPESF lavse and

per i phery foapera sesoncicaigntickiengyer avér daid sedopeldi@8@ric layer.

| ayer over said substrate in a pixel region and a

peri phery region of said imaging device; | 1 v - vt
n477 a fir §hedm§th<§:olrdtmm aw:rereme@idsrastcblédnroa%_@Je;a%t foRHEd of a

ANE sel [ ctric.layer over sai irs

di el ect f@?tggﬁgyep; ggn éogjs'ss 28 a@P'éc??'Y{MI BV
Palyfisdicidecepimsitallapdtmétal. | ayer. 5 8. The device of claim

7, wherein said first electrode layer is fornmed of a

material selected fromthe group consisting of a poly,

pol yBWSI , TPheingthed af/claipol ywissrkinchadiirstpidiydtre iskr andlsaid

| dielctrid RS im 21 erein sai

s diel€et &

ohot _osen%gr hﬂ?g one @%Ofg%qﬁagg&aglgg’g@endenﬂy seﬂeged from the group
consisting of an oxide, nitride, Al,Os, Ta,0s5, 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.

8. 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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10 photogate or photoconductor. 10. The device of
claim7, wherein said first dielectric |ayer conprises
a material selected fromthe group consisting of an
oxide, nitride. A1203, Ta205, BST, netal oxide anq

Hf Ox. 15 11. The device of cl al m 7, wherein said-“-CYDwis
second dielectric |ayer conpri?ses a material selected
fromthe rou .consi sting of an oxide, nitride, A1203,
Ta205. BSFfrs %'SFtﬂeiava@O\eﬁwaHff@sgeneczaadmayerhe devi ce

of claim -é setBBH GidkcEal | Q)ré%‘?/gpg Iglfl%cftdl;e ec&;c Ia% r 3;1

f ornmed of armterlal ect ed rom

consi sti ng B39 § V@‘i’q '?W@V%QB@/S'EDQndzdlemtrwwﬁ 2,

pol y/ W\x/ W pol y/ WNx, pol y/ CoSi 2, poly/ MoSi 2

poly/netal and netal . 13. An imagi ng devi ce,

corrprl si ng "€ 98KIC5 ok Glgien (/atvbierein shigdisst eaﬂwophdny@s&rTSﬂﬁed ofa

T LR

r|S|ng a first electrode, a
flrst plurallty of dielectric |layers and a second
eIecbrodeThand 30 g | east one peripheral capacitor’
forngd in 458V FRREFAIM eyiheFridpaig Shgtosabstrnnbes of sahatodiode.
Pipepgber ahotbegndirtdpei ng adj acent said pi xel array
region, said at | east one peripheral capacitor
conprising said first electrode, a second plurality of

di el é@t ri Theldayiee of claifd 7S Ahdrses El '
A9 2314 fThe 3 cland oo 2“ Tsd 9 Gr g d?e%&u‘?éjgﬁer comBrlses a
CRpACTTance T8 189 uR congigtng ghen Pﬁde plitiee. AePadiat@y, BST,
miegal dkitie @aneémtfOf.r om t he capaci tance of said at |east one

peri pheral capacitor 15. The device of claim 13,
wherei n the capacitance of said at |least one in 5

pi xell1.capdbeé tevice 8f gaiatrewnt AN ski B%e@cﬁ’ﬁﬁ&él%éﬂ?l%‘?ag% comprises a

ri pheral capacitor
"R, Hec ik rﬁﬂ‘iﬁpow@%'?ﬁ“q Akar afdRintEAe eAlePs, Sk, 86T,
mﬁéésmdeﬁedkﬁ©;|pheral capacitor is greater than the
capacitance of said at |east one in-pixel capacitor.

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 eiectrode, a first plurality of
dielectric layers and a second electrode: and

at least one peripheral cabacitor férmed 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 piurality of dielectric
layers, and said second electrode.
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10 17. The device of claim 13, wherein said first
electrode is forned of a material selected fromthe
group consisting of a poly, poly/Wsi, poly/NNW _
poly/silicide, poly/netal and metal. 15 18. The deyvige,
of claim13, wherein said figst plurality of -
dielectric layers and said Second pIuraI:ty of
dielectric layers are fornmed of a materia . _
i ndeg‘gndeﬁ?? §¥v'g%P€@e'gu9+ M1 ¢ RENG FRRAS tBRARTY $eIdy ledst one in-
piael capadier isnditferiedetromltZd Bapatagdide ofBal atTBidlon@%kfSheral capacitor
and. HfOX. 20 19. The device of claim 13, wherein sai c?
second el ectrode laver is formed of a materi al

se: ei:ﬁ_l.__ed_ Ememembf \7\%¢laiup13;cnlnﬁ!/r§m ittﬁt%\c/:é&facﬁtav}i’@é hld £9%bst one in-
_ . , 0 I ol. V\NXT[ [ pol y/ W\x, _
p‘g%|cé§”i%‘§:’ 2, 9’%8{%}*1\%@%% _,Ca%lﬁ’%f‘?ﬁe? $5h AISHBL08F Pesipherheapacitor

device of claim 13, wherein said photosensor is one Ef
a2 hot odi ode ot ogat e or. phot oconductor. 21. The
devi Ese'pof %} 8?%‘%8%%?@@%‘3&[’ahepﬁ%?atf&%ﬂfeofi%ldaa%eaﬁi gne
pgrivoeaticankeitor Bredteetrdeweeamicitehal o sk atibas 8ha irsgikél
c%.arc%r plurality of dielectric layers is 30 different
romsaid second plurality of dielectric |ayers. 23.
The device of claim 13, wherein at |east one of said

first-plu Lty of . dielectric |layers is different
fr om5 Gne Jgﬁé g%\%/'agg]é%%'ﬁndl‘%Im}eﬁ'f‘ts?}éoﬁrsb?'%‘?t?@?ﬁ ormed of a
miateyiel sledteOYOMhSIgrocoddistiidnerf &l ewily ceo AN S| ?ﬂm\lww:
rej ' [T lurality of dielectric layers is
pé)?/r%?'?g?’ Ffoylggﬁ% ai’éc"g%%‘ plurality of dielectric |ayers.
25. The device of claim 13, wherein the imgi ng device

[ j . 26, A CMOS | er system. ,
compl si ndrS BB &1 BFBL I AT g 1oy o BB ilRsiicgyers anc
sale gecmdaiurplity obf tdeladidapsre ces somed Hhiath £MH indeRBEd&Hly

s @&E&ﬁor‘ﬁqg@r ir@!éﬁgdnsi’sﬂn&gﬁaﬁ%%@,dn‘ﬁ%%%,rAE&JE%E&, %;ST‘?tmetaI oxide

WiGe

east one pno ensor,
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 polysiiicon, poly/TiSi,, poly/WSi,,
poly/MWN,/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 pluraiity 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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an in-pixel capacitor and a periphery capacitor _
further conprising: a first electrode |ayer over said
substrate in a pixel region 15 and a periphery region
of said imging device; a first dielectric |ayer jouef v
said first electrode layer: g,second dielectric |ayer
over said first dielectric layer; and a second

E

el ecty ode r. over_sajgd second dielectric 20 layer.
57, {1e X?\ﬂ%egerrd%l i%m/rbgrelelsg‘drﬂrgéaﬁurmpépﬁl%cgpcdayers is

sipilectesist secoodpiuraigsofcdieleviricSafeps. si gnal

anplification, row addressing, colum addressing,

white bal ance, color correction, inmage correction,

and &ef ecThedeviezoi dmm 25 vidGereiA tiEODhdgrgiagede\d CROS imager.
conprising: a sem conductor substrate; at |east one

phot osensor; and an in-pixel capacitor and a peri phery
capadf t or AdOViPBiimiager sy3tkna, dammsisingt gct rode | aﬁer over

sai d substyate,i I X region and a periphery

regi on ofbgaidafﬁﬁ%5%3¥§é%ice; a first dielectric

| ayer ovefi)sai @ GNP§timetiegtdeyite doaylecli to aaiS@t?cha@lsor, said é:MOS
di el ectri e id first dielectric layer; an

a second g?%eggr%/greeé%gyﬁ %Oyri‘?ﬁsov{ér said second dielectric

| ayer. LL D -' Bswn8@nd2etopubsttage;devi ce of gla}n128,
wherein said fi l.ay is fornmed of a

mat eri al sel ectb{elgg?tredg%cér{?e&gernggrpgé%nsi sting of a poly,

pol y/ W&i , pol yAWY-Rikel qeokypitei dride piphpol gaparetarl furatnat

netal . 5 30n,[dyg . device of claim28, wherein said

first dielectric layer is formed of a materi al

sel ected fromthe gedug alegisidstiayeg ovdr said sxisttate in a pixel region

nitride, Al203gnd 32 Rph&F tegion 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. ' | ‘ |
27. The CMOS imager system of claim 26, wherein said processor

comprises circuits for signat 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 capacitﬂor 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 laver over said first dielectric layer: and

a second electrode layer over said second dielectric layer.
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metal oxide and Hf OX. 10 31. The device of claim 28,
wherein said second dielectric layer is forned of a

mat eri al selected fromthe group consisting of an

oxide, nitride. A,03, Ta205, BST, netal oxide andL,,‘ﬁWI
Hf OX. 32. The device of cl ai m 28, wherein said second™ "~

el ectrode | ayer is forned of 2515 a material sel ected
fromthe group consisting of a polysilicon,

poly/ Ti Si 2, poly/Wsi 2, poly/W,,/W poly/W,,

poI y/Z@OSI ZheRelité WShim 2@%B(érgﬁmts%l zﬁ"’rgfjelgg}@de Ia?égr is 'foédmed of a

em conpri sing (1) a processo
”‘é‘EFrk""i' n‘%g%\te%ﬂ REGIHEy %i%*@O@éa@p draiy Vi goly/WN/W,
PRIy RLeRsOpoly/Fddl aEhdiamgi ng device conprising: a
sem conductor substrate; at |east one photosensor; and
an in-pixel capacitor and a periphery capacitor

furtber CO'IﬁiErdbﬁlbél@f cldien 28 f\MﬁérE|neéa?ocﬁrEPcﬂ@lelct"i%qayeQYse{ormed of a
regi on and perip

te
mragegrlab ‘F‘eﬁ og t}“ Lﬁgcoa‘é\ﬁt'ea of an priggtnitiide) Ae®s. .T@azoc BST,
mety exideed HfaL,.d first el ectrode |ayer; a second
di el ectric |l ayer over said first dielectric layer; and
a second el ectrode |ayer over said second dielectric

I ayeB1 Whe'lheldﬁwaé of 38in 28sth&aR Rid %‘oﬁdfd'ié'léétrlc la layer is is formed of -
er and second dielectric | ayer

2 BT e BT KB STP By P G 2658 TEr fPog DR, BST.

metal foaiden athidfHfex.ent i n- pi xel capacitors and periphery

~ capacitors. LLOYD WSE 26 34. The CCD i mager system

of claim33; wherein said processor conprises

circakts froe devignaf claimpbs feereintdaid sWnad@d8E Ner is formed of
whi te bal ance, color correction,

2 R B PR e SR RBYERR Bt PEURBRON PTGy PaVWS:,

poIAYNAY, celyiis,, DOQVCDCFSlelFﬁ!}t/Mo@lz,S;%)ﬁHe@dI @nddhetheast one
phot osensor ;

33.. A CCD imager system, comprising:
(i) 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 é 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 Iay'er 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 dieiectric 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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~a first type in-pixel capacitor and a first type

peri phery capacitor, wherein the first type in-pixel
capacitor is the same as the first type periphery, oy
capacitor ; and 10 wherein the first type in-pi xetO7DWISE
capacitor and the first type @erlphery capaci t or
conprises a first el ectrode a f| rst plurality of
dielgctri AYeY a se ode; and a second
type@lpn pfx%l cagna%é? ¥Stem 8 {ﬂ‘r? tW CIEELSHR ProgpRsOr comprises
cifcHltiox elgnebgrapiiftoation. comadiessing; ad:dliur‘ﬁh Batreebifg ! wRtesaidhce,
IER 4 e ers. and said second
My ec{:}‘récc)tﬁMJ rﬁéé%éor?écngh o I%eéecg %%t'o "conprising: a
substrate; at |east one photosensor; a first type

i n- ptxel ga r rst type periphery

capaci tor, aﬂggkgdeQEQC%gﬁwprst type in-pixe
capa@:ﬁ'ﬂféﬁ*raﬁ% the sane as the first type periphery
capagiidfh one MRdiocuh&sein the first type in-pixe

capacitor and the flrst type periphery capacitor

conp? fiSéyPean-pixes eansicentanddefirsatybe r sdrippktyr aphtiyor Qi/herem the
fgt't Ertpikd LpYs ctrode. and a
OIS SPHEL e i e TR BBl el "o
W*&%{&th@ ffst typ\ﬁhé'rp@iehC@W@t@eajmtbetflmeyperpqnlpheﬁy da@patblrfcellhprlses
a fist EBBrGRAITR RSt Jili L &l G C't
and wher ei n tﬁhlé HZ%W%%C&%HSY&% alhggl éé%‘i 'ief%? eaﬁ'H

t he 38RENE typep B-pieelicphesitpr cwpamut tb1e oot typesn-piaeictapacitor
drhgirisbs SLRGHE Wt e fodiglectric
: a@rerg s%r se%g%g)q\ Fgé%ﬂtg@té% Ctr}ﬁwla}"?fﬁ 'Wgsa'd second
e‘ﬂ@(ﬂdé’e corrprl sing: 30 a substrate; at |east one

phot osensor; a first type in-pixel capacitor and a

first type periphery capacitor, wherein the first

t ype38§-n- pf‘RéFa@aﬁéé}”F@rCOmﬂsh‘e same as the first type
peri pBgsstraapacitor , and ~ L Vi Li y'yl I v C 27
wherein the first type in-pixel capacitor and the
firsteIPONBAPIASERS  capaci tor conprises a first

el ecé fiatlgpean ohict tagdcadiol ¥ ridt g@b%&%@#&%@%& Swhdin the

a second el ectrode; a secon

frs YAk I Ryke! capAeias; i t'?%%a’%%é‘éﬁ’tﬁ fdr;ib@p@@cnm yapacutor and

wherein the first type in-pixel capacitor and the first type periphery capacitor comprises
a first electrode, a first piurality 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 périphery
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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capacitor conprises said first electrode, a second
plurality of dielectric layers, and said 5 second

el ectrode. 38. A CCD i mager system conprising: (£QO¢EVWSE
processor; and (ii) a CCD imaging device coupled to

sai d processor, said CCD i 1ng 10 device

conprising: a sem conductor Substrate; at |east one

: ) : first type in-pixel capacitor and a _
W*ﬁ’%“?*é?ﬁ?e@%g{yssﬁ‘wksf@ﬁp@é@%nﬁd ¢ RhEPEIRETIPRRTY cRPagior comprises
a firgpeettrodei & dirst phypalty bDﬁieIigStrE:h%@@ﬁﬁd atss,ﬁt&f% &bt&%%det; ¥RE

eri acitor and 1 erein e firs ype
!On- p?g%:{o%gg aci T or e&"n%apf"ﬁ'é”f-iv\%'?(e'?;‘&?eseﬁeﬁpﬁv_f@r@pr 'pgery
capaptricomprisemyaid Siess eleatrbde, 3t se2bRE bILPSIRY ofdibiekFit layers, and said
sdRbig BlbfyyLf dielectric layers and a second el ect'rode;

and a second type periphery capacitor , wherein the
second type periphery capacitor conprises said first

el e ode rality.of dielectric |ayers,
o na g 00 Sors A B CLdh¥ndihg
(i) a processor; and

(i) 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 eléctrode, a second piurality of dielectric layers, and said
second electrode.



