DUAL CAPACI TORSTRUCTURE FOR | MAGERS AND METHOD OF
FORVATI ON FI ELD OF THE | NVENTI ON [ 000 ] The invention
WO 00ae®23 0 capacitor structures for solid staP@r/usS2004/034370
i magi ng devi ces, including CMOS and CCD i magi ng
devi ces. BACKGROUND OF THE | NVENTI ON [ 0002] There are
a nunber of different types of sem conductor-based
i magers, including charge coupl ed devices (CCDs),
phot o di ode arrays, charge injection devices and
hybr i d IDSZAL GARACEHIORySTRIBDE RE EORIMAGHERS &ANDor
i mge acquisition for small size imging applications.
However, CCD i nager MBIHOD fOBRGRNMATEONf
di sadvant ages. For exanple, they are susceptible to
radi ati on damage, di gypgxhich rrae sy TENr ead out
over tinme, they require good |light shielding to avoid
i mage snear and they have a hi gh power dissipation for
| ar gf0G0 1 hys. [XH¥OdyeBamatedacofo ¢dpecitartsementres for solid state
limtations in CCD technolo there is an interest in
CMOS | Waaging deyicepdadnging @%%éﬂ Svle dmag 1565
devi ces. CMOS i magers have a nunber of advant ages,
| ncl uding for exauple:k BHING) HROPHEPATRENAR AR, | ow
power consunpti on. i magers are also conmpati bl e
wWith integrated on-chip electronics (control |ogic and
ti m'A;QDOi]Tng Arieee a&l Ngumbbtosdidaint egedof kanicogdsdichbased
as D conversion); CMOS imagers all ow random access
t o t he iimagyes, dadhadingnbiatgpve@uptadedevicad (CEAYs) i aso shiaglezpgrays,

compared with.the conventional . i nce stan

o1 oCos STIGES BUFC IS AT DT BEE O P RF A Poral e Bleoren
CMOS y ' i I .

e ogr ShTEE A AR IR By 08 gl hsins

pr oces gHgvedtr, ACDSI tsthulfer frenied heindlr bbdisadmntages. For
di gital applications.[0004] A CMOS inmmger circuit, .
i ncl udexamplecdiky preawwec topfadsitipa) damage, they exhibit

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

irnage 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 intcgréted 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.



cells, each one of the cells including either a photo

di ode, a photogate or a photoconductor overlying a
waleopsg4yeeyi on of a substrate for accumnul ati ng PCT/US2004/034370

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

randPBpali oo GRS aaarGireiisindidiadPoH TRsgerey ofpirc
hed h Lifi an- . .
Pl oat | qlaerm el ol B8 BTt bR AR o e BpE A Pigldifice or-

transf %Jho%co‘ﬁﬁﬁ&ﬁ? oV&lyitg a Geped ?égf‘i‘&ﬁ bPD sifstratedox &l dftilating
readout’; and (6) output and anplitication of a signa

r epr esaitiocmrgeimirxiet chhgede thd hedalyargpomiontdfehé bubatiang
di ffusion node is typically converted to a pixe
out put ngtage by a source f wer output transistor

| | .
The pRBPBLensi (i gsory@oRel 634%8mr> Hissivpelgmen g of a pixel

typi cal | ' a I =N | t] ' S
21 of ol pElrb R Ao S IELRoR oL B brsion:
For thQ?’Q&c@ﬁﬁﬁatidd'@fQﬁm%@@h&r@B; (@9 telnsfet BAtIREsd0 a floating
conpl etely depl eting the photodi ode upon readout.

[ 0006] diffusgEDpodeMdSompdniot! trgrchusgeesnplifichimgd A resetting the
capaci tors are_enployed in conjunction wth other .
devi ce fO3HPS AUTISION Rdeto-p lgeovat wgg@%%%s frapsferofrlagse to it;

a1 5y Hreehat agikd el Raohs fuf FEFkpRLafd Snprifiqagiop of e
the el efnhl epeReitdfy sivtl datd The thegphohesershd d¥Busion node

area, conventional i1magers typically suffer from poor

si gnal it typivellseonvatted o arpikad outputyioitageby angerce follower output
Addi tiognally, nventi onal, i ers o suffer ..

¥ om pbisibr SOF BoHRe HURGEDT 8kt MOSmRE el is

af fect ¢ i j F . - ’

et el ERR Bl § USLCA o TRCCRHANR BioRE oF a HeRMitluced
requi r elkpltidn frégion NeabahnglhdiegiteeFol phodoeicales,imagariegcan be
of a pixel cell, an active area capacitor may require

a di f f eliennatedprepmptnsely depletiag sahpphotoglidtlegipan readout.

capaci tance) than di e capacitance of a
[0006] In CCD, CMOS and other types of imagers, capacitors are

employed in conjunction with other device components for charge storage
and/or in analog signal processing circuits. As a result of the 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. Additionally, conventional
imagers may also suffer from poor operation due to other factors that can
affect capacitor function. For example, as P-channel devices ir 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
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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capacitor formed on the peripheral area. Current

t echnol ogi cal processes fail to provide, however, an
we@paosoisetl process for the formati on of acti veP@EN82004/034370

peri pheral area capacitors having different structura

characteristics, which in turn entail different

performance characteristics of the capacitors. [0007]

Accordingly, diere are needed inproved i magers and

capact ¢ BIEPhAGReral A B R B de iR R o Blaf s
et hodswpfch @tkE ahdald %fﬁr&itéﬁkfo%&x%é i bfideed of H%Sc%paqtors.
SUNVARYCE. THE | NVERTI CN [ 0008] The pr esent. | nvent

e present. i nvention
provi fed07]magi ngcdedingts tunerpre deded improsedd iargers and imaging
peripheral capacitors. The capacitors used.in
peri phe?““a‘flc"ét Wb{fhﬂgfowd@ ©rdmpreyesrip-piveliapasiiass and pegpheral
the in- ne _enbodi
dual ot biatSe siachls, SubfgRe bl e e TaBHr B T EoE s
nmay be LM dhks 19%&emt@9tda}s&@r>ﬁhc@6@§rcam hdled.
peri pheral area to achieve | ow | eakage and hi gh

capaci tance. | n another enbodinment, a dual dielectric

capaci tor may be pr SUMBARNOINEHN INMENMEIOMN or the
peripheral areas, and a single dielectric capacitor is

pYOVIfgﬁhg n the ther of. the actiwv ri pher al
ar eas ]y et a—rq £ REFSCRUHBYRUNBRIOvidey F‘H8$‘Bg cEicet fqipprising in-
capaci t ?ch‘ ﬁl(p%&}ﬁhgﬁg ch %@ 'Itﬂé%a Ctd: IS uﬁ&fj }?t,er Vphcral circuits

peri pheral are ut t electr

ar ea i shaliefdiffeent rch’m‘)rﬁhiche febre ltee tn- pﬁcctbf)r tdtdve capacitors. In one
peri pheral area. The invention also provides nethods
of for nﬁlﬁéodm‘?ﬂtcélpﬁétaﬁb ﬁap@mt@@tcerr@glsnﬁmom}hm% lagprg may be

ot her featu ?ﬁvanta es, of th nventi on, Wi | %1
mor e apRaP e CRT RSN R Bt shF EEPRhER st o Adhicve
that i sjRfRYk dandr}u e&é&e whtHotig @ﬁ@&ammwaual
drawi ngs and | Iustr exenp ary enbodi nents of the

i nventi &&l&ﬁlﬁﬁp@ﬁﬁﬁ%ﬂf%@kﬂﬂcﬂilﬁ obBAW tNESctive or the peripheral
areas, and a single dielectric capacitor is provided in the other of the active
or peripheral areas. In yet 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.



[0010] Fig. 1 is a top view of portions of a CMOS
i mager integrated circuit according to a first

wex@sphmwey enbodi ment of the invention. [0011]PEi/ysS2084/034370
is a schematic cross-sectional viewo f the structure
of Fig. 1 taken along line A-A and at an initial stage
of processing. [0012] Fig. 3 is a schematic
cross-sectional viewo f the structure of Fig. 1 at a
stage of p i t in Fig.
2. [0013] ??gﬁ?blﬁgcgfﬁﬁdé@hﬁg?o@@mnm Vi ew 0
f the structure of Fig. 1 at a stage of processing
subseuany] to tHat] SRawp viel &f Sortidns bPRY CMOS ﬁnag'ér lirSte frated
schemati c cross-Sectional viewo f the structure of
Fig. 1 atcui astadmgab apfirsicessiphyy sotbediuenttoft thetinwgntion.
shown in Fig. 4 . [0015] Fig. 6 is a schematic

ol ?ii@m 1:8?3!%'2? iy agclg%@%%f%%é%?%ﬁw} Ve Hstacre of
the i nvlqg' gﬂne Yl Atsan‘%nﬁﬁp&qg% biﬁi?roce%suéﬁ.
Cross- secti onal W 0 e structure g. a

st age of proceSS| ng subsequent to that shown in Fig.

6. [JOOTI2] Fi 9. Fgs.i3sis a seledmedriat drossedeosond itv ofidle stihrwi@ of
f the structure of Fig. 6 at a stage of processing
subsequdgit] #i then ofgieesssing sebggquent foodasthoryyin §ig.2. a
schematic cross-sectional view o f the structure of

A g\M{@O?g St ggge [48% igr i %{SI ) sssslébtie {1 b &P tﬁehs%}ucture of

sho

Cross- gggtj maétage @fvﬁr@cé(ssﬁ GMoRq h@i?tgt%r th'af‘mﬁ“ix?@lg 3.
circuit according to a thi rd exerrp ary enbodi nent “of

the invention.[0020] Fig. 11 is a schematic
cr os408&¢} i onalFig/iSawa efhengicsirossesectienad frieki gf thlcOstatctvare of

st age % rocessm subsequent to that shown E
g Jose 17 Bigait:

10. Fi g B AP ORSS I SERSARER COsHBS
Vi ew of the structure of 'Fig. 10 at a stage of

proceg subggas t

Fi g. ?19%5? Fggchgrarg%%éﬁ a{:{?ocsrégg\égttlél)%rl]g e%v?ié%vcglfl @%Zl%lagcr
struct umitegmied circuit according to a second exemplary cmbodlmcnt of the

invention.

[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. 9isa 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 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(a). [0023] Fig. 13 is a schematic
wa@e@sp4retti onal view of the structure of Fi g.PADUSL00&034370

stage of processing subsequent to that shown in Fig.

12(b). [0024] Fig. 14 is a schematic cross-sectiona

view of the structure of Fig. 10 at a stage of

processi ng subsequent to that shown in Fig. 13. [0025]

Fig. i tes, l.ock .di ag f [

evi BRI ng atis Qi SFstsgretonEIs R CORE oG bhayEre of
b . o ; . iy

" er aF 8 0 g eyl o B8 SRk b B el Spump gt

invention. [0026] Fig. 16 illustrates a schematic

di agr o] a COPRULLSIa)RY DSBS ERALic S16Ss-SRiVAAIGAeRWRS the structure of
utilize an i magi ng device, for exanple, a CMOS i nagi ng

devi ce EigndOratetstige iof paoceimmntbecqucnhtatiet dnbwdiindng. 11.

of the invention. DETAI LED DESCRI PTI ON OF THE

I T LTI —
enbodi By §0iaP 2 \WAkE %fbggcg%:{}}’%g%%%cgﬁyo E%? Elﬁé%'iﬁq«‘i'g. 12(a).

These entodi ments are S I cl ent

detail to enable those skilled in the art to practice

t he i 023]i on, Bigdl3 s 4 shetmatiberossisketishdotew hftthotinerture of
enbodi nents _may be enpl oyed, and that structural and

| ogi cal Ei¥ahf§as2 s@ge 9& PrGsing fubstaucat pairt Algorndmbisel 2(b).
spirit or scope of the present invention. [0028] The

ter ”BE(I}I]O%%SSt rat l%gn f‘? ﬁse:; %lggh%ragic (c:r%rs]s-?c%tigrslaq(%icw of rti_lae stﬁuaci/ture of

i nt erchangeabl y OW ng description a

i ncl udeFignyo aems@ga deptesshasfbs@fucHEtHR: sHB®n in Fig. 13.
structure should be understood to include silicon,

silicon-on insulator (SO), silicon-on-sapphire (SCs),
doped 3§ lundopig. b iustnits e thbrcs, diggrmandias M@pamsgof device

silicon supported by a base sem conductor foundation, .
and of NEVIBERPREREY: SHoGn dhe iager device may De combined with a
processor in a single integrated circuit fabricated according to the present

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



The sem conduct or need not be silicon-based. The

sem conduct or coul d be silicon-germani um germani um
w@eroogalicetim ar seni de. When reference i s nmade tBCT/H82004/034370

substrate in the foll ow ng description, previous

process steps may have been utilized to formregions

or junctions in or over the base sem conductor or

foundation. [0029] The term"pixel" refers to a

S kU AR T ——

el ect r grRanahiGidoadi ation to an electrical signal. For
purposes of illustration, a representative pixe

according to one enbodi nent of the invention is

i 11 ub@02&tled i nThéeermis Foutssramichndeseaférptcaarbdmededi n.  An
array or conbi nation of pixels together may conprise a
phot ocByiersRRgeably in fhe fgHowing descrptpamd magdnclude gey

devi ce.. Typi fabricati of all pixe of

phot ocone éég Cglf&(é\r)r[l?aesl(f/@\%rﬁ%ur& 0 Cesémsclt‘ffﬁlsbgﬁghg WgFrﬁtoé)d to

si m | ainchaghiledn, $RG3Mn Rehigdr(BOTNAMCHA - H18a 1AM RES),
where |ike el ements are designated by |ike reference
numer aflepedringsundoptd séricustuabs, opitdxod & vieer of sifixaavsupgorted
t he performance. of capacitors in CMOS and CCD i magi ng

devi ce® R BANFETEPIHHCRE &tnsiarie, W pthenbeaiceadustosptructures.

the pr?ﬁ@%ﬂiic&){&[gté)loﬁ%f:fia %b%rsﬁl%gxtl-ﬁ%gg) le?&é\é#“lbﬁ% gllflgtsor could

2-14 represents a spa separ

array beglicn-g&nntin NreManngl | drlcdRing LRe8iRNAWhen reference is
Pchannel devices in the peripheral region 59.[0031]

Fi gs. made 1q thesubstrate in therfollowmgattsorimto mfprevieup pasesststeps
i nvention, accordi) 0 i ch capacitors 84, 93 (Figs.

1, 5) ‘B%h?véfﬁ%f‘ﬁa “i“ﬁ%%‘i tq {ggmafrcé‘éméﬁﬁl%ﬂio@ﬁélﬂé?lr O¥fietde basc
feSp?Q&hM&thmaﬂc§§§h&&ﬁ9 ctor substrate 70. Portions

of pixel region and peripheral region 59 are formed in
sem conduct or substrate 70 at a surface of which a

CMOgooatiger i ritegreah cgiel™ @frd to@iisbecd ?Qrtthﬁ'éaatl@ﬁenfmﬁt cell

CMOs fabrication process begins with a lightly-doped

P-typ éOE}Faangfﬁé}%mqnélgﬁtog @b trraasietors for coxaemsing  or

I ght le\{'écgr%orr?adgn%tollc tra%)fe{u%ln to an electrical signal. For purposes of
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 elements 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.
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silicon on a heavily doped substrate. Pixel region 58

of substrate 70 includes conponents of a pixel cel
Ww@RoosiIeey Wi thin an array of pixels, while peptphszad/034370

portion 59 includes representative conponents forned

at the periphery of the array, and enployed for timng

and control or readout of signals from pixel cells.

Source/drain regions (not shown) may be inplanted into

PUBSUR81 10 U508 00 3O AR L cnin,

soi Xrc : ' O | i | _
transi S{cgélgh%!?&g%&gzcap %an)%ggél%’?rsg@é%sj QggP %Alljhciféc): E?Z‘t‘ active area

formed dndl shiriphaed hiee, Ripeetivdl@dfeemidndiétot bulish@ate 70. Portions
peripheral region 59. Transistors 76, 94 and )

capaci tafrpix8acgion S8 aaH peoipherakisgion 38 ave fofméchisy bemicapductor
material ,88. lnsul ati terial |y be. a Layer .of .

Lot r et HURTE 70 g hitech & s G ety intog R cifcuit may
conventy - oght | MAGESHES, %%ﬁg% t X d
oxidatﬂgﬂﬂgéagﬁgn?ggFQ@g%or de§§§#¥§§%s§ [».ﬁﬂlim%ﬁﬁydopc
I nsul atl-egperaatditypd sii@®nepstbee Ofok ierample yoif iphitgd dagedicpitaxial
nitride, oxide, ON (oxide-nitride), NO

(ni tri ddicerioged heaplipdepsd sdbsnter ilgféd ss@ige P8 of substiee 70

i nsul at.i material . [0033] ;Fig..1 .also.i.llustrates.a .
phot oo dhOaPea TR indarel el sty S b Sud of Bads, whil
may be ﬁeﬁ?ﬁ% ﬁértﬁ)nmﬁngﬂd@QFegﬁ‘&Enﬁﬁ(?@M ddM¥s formed at the
phot ogener ated charge 1 n an underlying portion of the

subst r gteeiphay afehé atreyd and chipdeyed-Br tiRind astasorrobOr reagout of
i ncl ude, for exanple, a photosensitive p-np junction

r egi on SFESRIFEEPTRPLEH cellsn Sqrrrery Heaiy prgipn shqsvgy may be

substrate, 7 nventional techniques. ,lt. shqul.d b
nder sasBlinps e SRMAARE 1 Bahs LRy ARMICR o, FgHuhe 80
i ncl udenRLRRA RIS EornP RO BLASIHICS HoaviBf d & AQb1IrBR LS afn0
charge converting device, ‘inlieu of a photodi ode, as

t he i nirtgiahs.accurul at or for photo -generated charge.
Phot osensor 90 nay be forned

[0032] Fig. 1 also illustrates transistors 76, 94 and capacitors 84, 93
which are formed in the active pixel region 58 and in the peripheral region
59. Transistors 76, 94 and capacitors 84, 93 each 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 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 acctumulating 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



at or beneath the upper surface of substrate 70, and
may al so be constructed in any arrangenent,

w@eiosoimwi on, shape and geonetry, to be integretBUSW04/084370
ot her conponents of a sem conductor device. [0034]
Al t hough not depicted in Fig. 1, pixel region 58 may
conpri se ot her N-channel devices (not shown), and
peri pheral region 59 may conprise other P-channe

devi cesyy gﬁ%@@lcchﬁ&{uc?xﬁ@ﬁbﬁd 1 ?&chrsrtéghocﬂaéﬁc dgers of

i ncl ude ‘N-¢ transi stors controlled a trans

gat e antleig&atiogdi® intiate & pPAvBIatcee pEBrdcBhHBEOBYOr other image
depositigg_and patterning a polysilicon stack. The

pol ysi [tosbargstcaokertiag dseicé,on tied of & photadingk ey they initial
depositi ng and tterning a |l ayer of _gate oxide, a

| fa)F/) er GECHppRtoer hEsvr e rat aagfr-al;@?toaef{lsak OGandy be formed
ni tridee of BO3akn B & Sl‘frﬂ(]% o@gﬁbﬁg@zggan': ; y%lso%' ch

illustrates a crosssectional Vview o I mage
sensor cohsthi@ed in &rBKEMNgtMBEL, loriBerafioA dafe ahﬂ;%fcomctry, to be

initial processing, but prior to formation o
transi $t§BEtEbwVithothercosensmentsofs semicopguitprtdryvioei xel
region 58 and in the periphery region 59. For

exe purp S he substrate. 70 may, be.a silicon .
st PG B’ ARG Reabu BYEREEh Bl o R i B e Fomprise
treat eduigNeidRadSel RRVkesAhoP RowWHDSAd ﬁ&ﬁ%hc_'flgl\’\ﬁéﬁfn 5% tnay

not ed above, the invention has €equal "application to

ot her sempcisndtict & clanbesltdeaices(ndt GR36H). FEgr egamapls ppixel region
iIIustggtes trench iaolation regions 128 formed in the

subst r aben3oinglpds Neamen tansstopoaselicd pyra g gate and

the tr ' on. nedgi 12 be. f or med an

st pr sebb et T8 s R R o e P T P o
tched palykificodOREE THE bYBsili@hLIad! caBURSIOEREE, I} Shpfe, by
di rectional etching procéss, such as Reactive |lon

Et chi ndepdRitis)g amt paticerhin@za lpyarfof peret dxddle, arapat afatviped
etchant pused to etch into the substrate T to a
suf fi cPelpligpRd ayayd oxde 5 auEiden00 A to 5000 A
The trenches are

[0035] Reference is now made to Fig. 2, which illustrates a cross-
sectional view of the CMOS image sensor of Fig. 1, taken along line A-A
and after initial processing, but prior to formation of transistors 76, 94
and capacitors 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 Ion Etching (RIE), or with



then filled with an insulating material, for exanple,
silicon dioxide, silicon nitride, ON (oxide-nitride),

woedoS0itees de- oxi de), or ONO (oxi de-nitri deoxi deQT/UI1064/034370
insulating materials may be fornmed by various chem cal
vapor deposition (CVD) techniques such as | ow pressure
chem cal vapor deposition (LPCVD), high density plasna
(HDP) depositi on or any other suitable nethod for

deposi Gifgre A hiNG W ol g[&get%h%%e%i to élg’ %%élﬁ? r?rﬁgo toa

VWhile the trenc tion regi ons

by an Siificienodgsh, gdneralhapbe: Ixmmﬁqg%mq@@ Théttrehafes are

i solation regions 128 nay i nstead be forned using

kloc al ld?@fd@iqddwdoan &sulaung n(almmlel Spr pxm%Sﬁmqﬁwaﬁlde silicon
so illustr is floati i ffusion

regi on T‘Z @%FM qﬂ\trt‘%é» @%@V@Fé’xﬁ%)aﬁﬂoﬂ@l (pgcersnigride-

sensin t sho t ransf.ers

phot oelg)él((;l te }r]I |e£hc gﬁ@‘? S{eaﬁ%ir%%stlg%' DTN ARE ?Rf“?lﬁ“l vapor

floati d@cﬁitfd‘rﬂ(ﬁm) tfe@BhiqOeslArRh ad I&H g'ﬂts&tﬁg l-&émRal | vaporx
regions 128 and diffusion regions 1 al so

doped @¢RasiiapLiP6UEDY, ditgli dertsity @lasnmr(HDPhdepm&Inedr k@ other
Referring still to Fi 2, a gate

IoTu) gﬂ@{;@f fgi‘ﬁﬁogés‘]oﬁ‘?i?é)am&%ép Ipfatng makesl Wltb:@t?sﬁfiﬂaﬁ’é
70. A WHigthelt ﬁ{}f @&guéq}[% dr?slﬁg Bb% e ue({] ﬁ%’f{)ggocess

over gate oxli ayer tr en 1'SO

128. Hrektuldde dnaytoctlBafEe iRflatied F@‘i’orﬁflzﬂqﬁ‘lay‘ﬁ Wstca Bl e
el ectrode rraterl al, including but not" limted to poly,

pol y/ Visrmed gsineariasal Quidagon pf §ilicow (HOCES$ pptocase
| ayer 210 may optionally be pl anari zed after

f 91, t | anari zi,ng techni qus.
[ 00T 5B er et AR RHERE 30 Aoin ol o 135
consecitiye hrytHe%Hﬁgateve ranﬁ'a@ﬁ%?sdfiéﬁ%% Cf?%o A eaﬁa’s Qate

shown in Fig. 2. Dielectric

may be(nbo sl Jofaraferoptiatecle it aha@xs generkie®in phblokd8sor 90
Al Ta O ﬂ%a BST material, or any other
nonc oﬁaquaapg&f lqngEgios ]e?cst r Fieagh iseationgegions 3% and

layer g#gibs réghc?rﬁ f rmay alSo B dolpgch eﬁct:rrxlza%olu? ¥a%rrlca12t10§1 steps via

a masked ion implantation.

[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 material,
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, ALO;,

Ta,O;, or BST material, or any other nonconductor of direct electric
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El ectrode | ayer 220 may be formed of any suitable

el ectrode material, including but not limted to
w@oelogdidseton, poly/ TiSi , poly/Ws , poly/ W /R¢T/US2004/034370

pol y/ WN , poly/CoSi and poly/MSi . Electrode | ayers

210 and 220 each may be forned to any suitable

t hi ckness, for exanple from about 50 Angstrons to

about 1,000 Angstrons. Layers 210, 214, 218 and 220

h be_deposi b i tabl e techni que,
el Ut Mg e ReaPAS e 2Lt ke cvdleceiim1s.
h j gal deposi i LPCVD
or i ore R B P20 B e By SR ek rrattrb,
used I findlf€inkbue bt RMiEBYo PRERILPEN, Opal;l}ﬁdsﬂ bRIWS1,,

m

suitabl e thi ckness, for example fr abouf’

Aﬂgst r @Wéy/fV&}Na,bWupOE't[mVNg goly/60Si, mlﬂilcpohjf,t'Mosgy Hlesiro ésllayers

shape onetry. [0040] Fig. 3 illustrates a stage

of pr.ogggsa%ﬁ Lﬂﬁéléawﬂaé flpémtf 5 ashyable thickaess foaregample

I n parti pat t er ni f e, el ectrode |ay

220. Aﬁﬂgﬁ’g%g‘?]“te#dew‘g‘i‘b%; ™ té)yag)?)ug%éf():bm e Slp, 214,

pat t er ned antt200Q60 hith bt &bty siydawabik %e&fﬁﬁﬁﬁ:, jagluding
S )

| ayers 210, 214, 218 and trench i'sol’ation regio
el ect r sbemicalyapopdepasitiono§t VIO adchyignes pahtae lave Prasistife

th i tabl h d try. [0041
oy o bt 2 180 A0S AIRPTELLY L0 e
t . : [
0,00 1 DR ASSLLETER A0 0l pegompe v any

| ayer afitadbid thaekinbys| freichnpld fk@ata®old EPRhg S HB S Mout 500
conventional deposition processes, for exanple thernal
oxi dat fBEstEPme Radivdth ayagesired eharsi anidarofrEu®) .

Insulating | ayer 88 may optionally be fornmed as a
itrige, i dey.. . ide-nitri , NO (nitride-

P e T P AR o NN o,

mat er i @lowd NSEiLaY LAY, el 8 [‘Iﬁ%pa‘ﬂc%??% (r:‘c])g1 Fﬁ/&?&r%& Elyer

any desired tirickness, and may be o
pl anar 2z@dAkhbegh tlermradé biger 220 is shown in Fig. 3 patterned with

generally straight sidewalls above layers 210, 214, 218 and trench isolation
regions 128, electrode layer 220 may optionally be patterned with any

other suitable shape and geometry.

[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 orthosilicate (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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10[ 0042] Subsequent to the formation of the insulating
| ayer 88 of Fig. 4, pixel transistor 76, pixel
W@ apaoiices 84, periphery transistor 94, and pePCPOSI0Y4/034370
capacitor are formed by patterning and etching
portions of layers 210, 214, 218 and insul ating |ayer
88, as shown in Fig. 5. The order of the process
steps for transistor and capacitor formation nay be

b oc ae%%] o, " Pubbqitah BRIKEM IR oL Bk fubiiag 1 Ss of i
formed pefigdl anﬁﬁto@%,eﬁixel‘%rapéd‘ﬂto? %g%"g%&ffgggtrﬁs?s%r é%,zfand

form ng the capacitors. The dua acitors

93 congiiphny @padice|%Scire farmeA sy, pabkthisg anth cichidg ortfons of
pr ovi dj | ow, | eakage and hi gh capacitance. [0Q4§F]dngn
el evat e¥reibbridurd Santirsulatiag laisy 88) ssshbwndodigich e d he

ft | N and_P- l. .devi h in. Fig.
5 are AR PBE el e D Ry S LS Be A i Biay be
i N Fi g.vafedBYisReqeiREs EDnve ith o F%’l?t'c'uﬁf pFJc@&Sﬂer.e "Hor

or transparent insulating and pass on-layers (not
shown) ckempied thevgate staeksi maglee fhemied defoBelcdt dffesdrdhib@ween the
and passiv tifon layg}rﬁs may include Si O, TECS, BPSG

nitri dé?cprbgé OHBE e apastRfs chhccdin! Baclhrapasitors 8¢, 93
Convent,| : ' al carried ou

Co 1 or oy ARSI b ARERSIG 0L 2% T nae naafoatd i (Pikage and
| ayer's high @ipavikdreel ectrical connection with inplanted
source/drain regions and other wring to connect gate

Il ines_and ot her connections in the pixel. OQher

convefP4dhal pAscdesiaytesipspsureadrivalssap ey elso b edndutted,
to co ete the fQrmation of additional cqupanents
for ex h‘fﬁ ‘g?lcgitpfggn‘i)h&ﬂ%gﬂme?ﬁ oypde Fip > pgdully formed.

proces g dteRBlPte Q?ru,yﬁ%s%ﬂo@ﬁ ih %é% %?x:ﬂg)gvgg fg‘%ﬁi?ﬂ Wﬁhg% .

convenient for a particular proce

6-9 i | hustbeabéransecnndr exsipalcit ynsabiagiaig PasshatiohN8yers (not
formati on of in-pixel capacitor 184 (Fig. 9) and
per | phél}%ﬂfn)cfglgrggdmgr thgamage device. Such insulating 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. Other conventional
pro“ccssing steps may also be carried out to complete the formation of
additional 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 capacitof 184 (Fig. 9) and peripheral capacitor 193
(Fig.ﬁ9) 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



(Fig. 9) in accordance with the present invention.

Fig. 6 depicts an | device after initial processing,
whedaospuices to formati on of transistors 176, 19BCENS2004/034370

capacitors 184, 193 in the pixel region 58 and in the

peri phery 1lregion 59 of Fig. 9. The structure of Fig.

6 is simlar in part to that of Fig. 2, to the extent

that both structures conprise the first el ectrode

oo RS i S SR G ¥ e e o0 o
structu f. Fig. i resj Y/
b 2 2 sy el Bl SR L e eyer

(Fig. 2210 hROAR] wihéicRbBR1casRSS 314, 1288e thelstflicdnsre 0B FFR @ differs,
over and in contact with the dielectric layer 218 to

al | ow plaewesenifrgmshe stmectdicedfdig.r3d i thay e phot@esist {dyer 230 (Fig.
peri pheral .region 59, illustrated jn Fig, 6. After
sel ecti¥ Sé??ﬁ%qﬂgH5H6ﬁ§5ﬁ6@9¥oéﬁlﬁﬁW %9%6@% portion

of dielectric layer 218 in die periphery 59, and

strippjoagiof p hSde; r Lhey [ :

str ugqaur e]i s s@vﬁgﬁk’%&‘é{ a¥& Zl%ﬁ‘?ﬁ? s rra%‘ﬁezlrd%la Hl{lgontaa with

pi xel rebgiditlecfic Ryg: 218 eonipyw paserhity 6l thk eledldctite lapyr 1S in

214, 218 whereas only the single dielectric |ayer 214

r emai nsthe petiplecrpkiceisiie?Ss s dhyisoatedan Fig 6. nAfiteselseavd egyng

enbodi nent, el ectrode |ayer 210 - be fqrne f an :

Ui ¢ abl BB P R PR PGS (gL S 17 TS Regip ey

to pol YSQ,QBHX&??m BPH YA WRYsNY laZE}dZEﬂp,ltMé §éshlt’m%%tructurc is shown

Dielectric layers %14 and 218 each may be forned of an

oxi de, indtigl7.oki des mkdh6er, th pikéldegioAl58f Figa7 Ebmpises two

BST material, or any other nonconductor of direct

el ect r idiclegiFie dayers 31y el § vohqgeasopdy threngledidgstric layer 214

deposited by.any suitable technique, i ncludin .

chon cdrr oSl e uT R FA B S i tirSonesimesr

vapor. md'é'l%ﬂr 01 BV bOfokmBl O afe BifitdbYe QEARIR chiteRiL,

deposition. [0046] Fig. 8 illustrates a stage of

pr oc es Sindgdmghseque hitmiteol tohaty, pobupWVEn pBlyy WX /W, and

Sub t [ tt [ ft di el ectri

15’ Sequp%rl]y/ sgli%icijcl. eDB’, c:ctr(iecr a;ft?rgZi)él an(qulSI e%cg ?narylb% tJoz?an?J ofan
oxide, metal oxide, HfO,, nitride, Al,O,, Ta,0s, or BST material, or aray
other nonconductor 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
shownin Fig. 7. Subsequent to the patterning of the dielectric layer 2 18,
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, poly/WN,,
poly/CoSi, and poly/MoSi,. Layers 210,214, 218 and 220 may be

12



el ectrode | ayer 220 of Fig. 8 is deposited and
patterned over dielectric layer 218 in die pixel
wo e@some28 and over dielectric |ayer 214 in di BCT/US2004/034370
peri phery 59. As in the previously-described
enbodi nent, el ectrode |ayer 220 may be formed of any
suitable el ectrode material, including but not limted
to polysilicon, poly/TiSi , poly/Wsi , poly/WN /W
pol y/ WDN , poly/ CoSi and poly/MdSi . Layers 210, 214,
218 and @3siay bpenyl Adepisictieniqby, indydisgichainica!l vapor deposition
techni que, including chem cal vapor deposition (CVD)
t echni quésVR)&erhaiqyes widr dewricswisrabemical mpor deposition

deposi ti D)..aqr (high nsi | asma. .( HDR

depost {1 G CEPELP Mo L pRSs (HD B, ARRbRY Biscugele laver 220
Wi th gengrRby §&éﬁea%d§g&%wﬁlgﬂ sBrafpeVidleWAkEIbDvE affedE 4 and
218; however, gl ectrode | ayer 220 may be patterned

wi t h any2I8;Heweser, ehotreds hpe2 2hohag ko pettenped [vd0uatly other

Fig. 9 illustrates a stage of processing subsequent to

that showiable shape angd 2¢qf8¢at i ng | ayer 88, for -

exanple, a layer of tetraethyl orthosilicate (TECS),

is for 0 Co :

i el odtPZI ayerdbod GBS e Fr BEERMIRIARIRL Lo B
and pat tsoRinnia Kg. 8§ ayeusatidblaye? 88, fo2k8arapld, 4 byl efttengethyl
| ayer 88, the resulting pixel transistor 176, pixel

capaci t corth@flicapefTHRS),ys formadite cover parterngdctlqseiofgnd?() as well

capaci tor 3 are for ~+aS sho in Fig. 9. The .

peri pher?d %‘%ﬁ%ﬁ%’rﬁr @q@&ﬁpﬁgg“éé\gﬁc%"leﬁ‘gﬁn@ F%(;B%:tffﬁnéng of

214, wh PRy ) i i . .

i ol ot e 34021y PG BARRG Rler iR SCRRERRE P AMransistor

capaci t or761gyxddapeitoE 884 oFapiphsiyneadsiseor A9 4gmiid periphery capacitor

dielectrics and the pixel capacitor conprising a

si ngl e dl%3 ewstfpimed,[6646)n An Fig. Sv akhecharphperapiier 193

drive step may al so,be perforned, after whi.ch the. N

and - cHanPEtgoteleicRgirs S pgftay i g ki 184

f or med. 9?13? bRgFi el &l iBR i

covered W I§StaCE %Er)rgﬁee?&ct)?&%’ N8 erth , BlefRrpRery capacitor
may be formed comprising two or more dielectrics and the pixel capacitor

comprising a single dielectric.

[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 number of
translucent or transparent insulating and passivation layers (not shown)
formed over the image device. Such iﬁsulating 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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transl ucent or transparent insulating and passivation
| ayers (not shown) forned over the inage device. Such

w0 p@aloadeehig and passi vation |ayers may i ncl udePSi/062004/034370
TEGCS, BPSG nitride, PSG BSG or SOG which can be
pl anari zed. Conventional processing steps nmay al so be
carried out to form for exanple, contacts in the
insulating |ayers to provide electrical connection

w di  fgmloant ed sQuUrge j ' (Y)Y o

Lo ol o o B EAEHRN RS0 8 B A IF etk of the
pi xel . ihvéld R tht 86nstrhiBrdd of Inl-pistIr@apfinre8a (Fipl 14) and
exenpl ary enbodi nent of the invention for the

const r uedripbarabcapagitpr 323 (igpkk) inahe pB4l keBiog. 581 4)d wntdhe

55 and TRRRE gr FEnADycast # 15 dhcqris? aulaliossesie, but
For mat iiorap (PR pRFARGRH g, M ARl LBhcikts 24 203 of i

293 of F4.9Thd 4erudine: SAFiECIOsQirAflarfth Part kO th& oFiFm:.| @loithe
part to that of Fig. 6, to the extent that both
st r uct uréesntdbapbdtbetriictusts wingrise Gdk cleayede Ryer 2Handhehe first

first djelectric | r 214 forned over and i,n contact

wi th t HSEFS fagr di Tomed %‘S‘Féﬁnngifb,m%fé“é‘ thettirteclesgrode
Fig. di HS (. f t1hey: [ j
Thai onriF20; RRMEMRE e oF RID HBUALE MR, Borf ki sy of

and, tIHig, 6 tthehapbatyosesdislectriayeer B¥hflbyedl in X3y, 1Gand, thus,
formed directly over, and in contact with, the first
di el ectthf phpegresistdaver 2p0(Big) 1Asisifarmerbdiseaslyiaygs lapd in contact

descri bed e di ts, tre i sol ation regions 128
and fIaggﬁﬁggg¥$gE§?59CF@&?@EL125 are formed in die
substrate 70, as shown in Fig. 10. Gate oxide |ayer 81

i's fgppBg] over ANB BLpirRsHidesuRir & dlBefRdréndH ESthtion
el ectrode layer 210 is then'forned over gate oxide

| ayer 8dgians128 endHlohsng diffusionrregionrs 5128 formceldhrhel eubstrate
| ayer 210 may be faorned of any suitable el ectrode
mat eri &Y 2§ HIAOWRIIMEELLY- fweEc pXids tager § bisderped guryhosirface of

pol y/ Wy, Wer-R090RRLYY & d1&)Ske 19}:? ALY %h%nlfgyn%eerd 60ct gia’?c oxide
layer 81 and trench isolation regions 128. Electrode layer 210 may be
formed of any suitable electrode material, including but not limited to
poly, poly /WSi, poly/WN,/W, and poly/silicide. 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;, Ta2,0;, 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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subsequently formed over el ectrode |ayer 210 by any

sui tabl e techni que, including CVT), LPCVD or HDP
walepspiicedn. Dielectric |ayer 214 may be for neRCDUSZNN4/034370

oxi de, metal oxide, H O, nitride, Al O, Ta O, or

BST material, or any odier nonconductor of direct

electric current. A layer of photoresist 230 is riien

deposited for patterning of the dielectric |layer 214

inth i pher al ' , I I ' 1Q.

0 LSgBSL] Pl 8l he0h 2R3 1085, BRI DLEL D) o

por ti on depoditcal RCBSthGht p¥B8phed4nd Arra .?E@ﬁédtﬁ@ﬁ?é’r D% may be
the resulting structure'is shown in Fig. 11. The

resi st Ifoyerd @30 drade, beeiles tetgd paileudi,nyg, dm0,;, BST, HfO,, or any

oxygen-cont ai ni ng plasnma. 14[ 0051] shown in Fig. .
12(a), &UaEBHEREs- oL 6 hdlectris JAyFr Dk F slepesisd iby agy gwitable

both th | pher e i el ' ef.

DOt NS REIARILY 01BNy GIARH 6 | BURRLS B

O, BSTdepbsiRion Bletldbdd. THiBREtriBIH Bl eredthdim dic@dR6d 21£. Also
| ayer may be deposited by any suitable techni que such

as CVD, sh®aviD Figr 1RGP ibatothet phatprassdlaya 330eskich covers at least
deposition nmethods. Dy electric 215 is different from

di el ect PPE PSHRDCTACYRCURBIGFh Fig. 12(a) is anot her

phot oresi st | ayer 330 which covers at |east one

perip i‘@@ g21cap aCMthrbnélEﬁn%g%e é%g%g%;ccﬁltgt% g@g%o\efﬁﬁcﬂ' subR®hat a

process steps may suc ectric

i's firstickqpli¢ 8dirdcpphied pethicpreibiieyH9, withhappp@sriie matléng
maski ng steps, followed by deposition of a different

di el ect pices,ifallgrsckby deppsistorsgt a lidios3ir drd¢csrieincrixglsegion53.
made to Fig. 12(b). In Fig. 12(b), the dielectric

| ayer has bgepn renoved from.t ' egi o [

a sel @@%/]e et cﬁe%ﬁ?%ﬁ lsi'&?/wﬂ%a t\%g‘ielggjri(@l)dﬁ%ﬂgt @%H)S)Tﬂ%

di el ect HiefecadOlafdt JIehRYckRRENYVEELERNHe DRI RlpeGt fFndY

the photoresist’layer 330 and is not renoved. "After

t he sel edtdtive eathohhich meaypieod oeest stint ayker TB8@idlsctric 215 in the
d usi t ai ni I :

renove plcjrsigl)k?c%y ?cngi(?r)l( }/sgpergte%gerc]l ba; trHenp orgor%gig‘galayer 330 and is not

removed. After the selective etch, the photoresist layer 330 is removed

using an oxygen containing plasma.

[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 electrodes 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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[0054] Reference is now made to Fig. 13. El ectrode
| ayer 220 is deposited and patterned over dielectric

wo ays043231 i n the pi xel region and over di el ecPE€T/TS2004/034370
| ayer 215 in the periphery 59. Electrode |ayer 220 may
be formed of any suitable electrode material,
including but not limted t o polysilicon, poly/TiSi
poly/Wsi , poly/ W W poly/W , poly/CoSi and
poly/ MoSi . As in the previously described .
enbodi mEREEd; ahgra in e ]a‘%»eifﬁs864@%6@@@@@&9@6%1)%65 a

f d t. | ectr. 220 [l . .
i e cot PREEREcRe o & B Eesh BE' RS Babite: 204 piieF g sinete
14. [ Ooéi'élecﬁ‘fctﬂéL,Sﬂii&ﬁsicﬂﬁ’cr@ﬁ@ﬁ‘&?&h_@ﬂﬁl&@ﬁé 19 AbeRhitively,

| ayers 210, 214, 2L5 and of insulating | ayer 88, the

resul tithg perripbtrytoapasics 293 @F6be furmet of awa oir hoore ABAectrics and
peri phery transi stor 224, nd. peri phery capacitor 293 .
are 15f Bictie! capactpp g4 maypicgformad off g0 pepioshdifigrent dielectrics.
capacitor 293 conprises a single dielectric 215,

wher e e pix i apr. i

G ol caRRel® s BB pp SR FRRP R Ba ) BOformed,
215. Al ifesrraticly geyN dnldeP-pRirnehaéwc s siRaeh 110Fig2 93 ar@bilbe
formed of two or nore dielectrics and the pixe

capaci tiormeg4 Tigytisetufres shosvnofr Kigwol omayrplse bdicbfardmith a
dielectric .(%9056 An eIevated-tengﬁtatur drjve shgg
may al s%ungerp rFOPHEERE & FUFPRITPERS tiARO SRR B R REFrs (not
devi cesgghgWioifed beby (fié 1@%}% ddttdey dcﬂ)érgﬁtgona]- Pgocfc\s/\sﬁix%%stgps may

structures Sshown in Fig. may al so be cove

nunber dfo be earstdioanto frnt, fans@aIph) cohfastliatha@sabtng layers
passivation |ayers (not shown) formed over the inmage
devi ce. toayrvidatclestridal pernesten mathsimmpantediyourrefdrpia regions and

car b il 8 P RETBL G SRSt el

witli inplanted source/drain regions and other wiring
to cqmm%cg) gat ik i 12813k DS CRIRSAIIFANSMOS I ser device
pi xel . [0057] Fig. 15 illustrates a block diagramof a

CMOS i ndfehaviiey i pexeBOBa3h3O0 nontainpigkepluaalivayf BOls arranged in

contai nriogv% a?ldpco urrr?rllsi.t'¥hg ];Jings Xo%lce?charroizvaiggaergayi 8%0 are all turned on
at the same time by a row select line, and the pixels of each column are
selectively output by respective column select lines. The row lines are
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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rows and col ums. The pixels of each row in array 800
are all turned on at die sane tine by a row sel ect

wo 2ovs/ 04328l t he pi xel s of each colum are sel ecPCTmEE3004/034370
out put by respective columm select lines. The row
lines are selectively activated by a row driver 810 in
response to row address decoder 820. The col unm sel ect
lines are selectively activated by a colum sel ector
860 in response to colum address decoder 870. The
pi xel apixesigmlsapendmage byodekser 8B Miwlgclaftims andigiod] image.
circuit_850, which control s, address decoders Sﬁ&%,870
for se|%%%gq@%%éora%%§]@a1lﬁgﬂ Cr GRRULH EPTSH plifiragor,gpw

12 Pl A .

pi xel i gneedshgial dédooreéor ead by a sanple and hol d
circuit 881 associated with the colum sel ector 860. A

differential signal (V- V) is produced by
di f f ef0938i al anifidesiiesk t8omapory devide §18ddscubdcibave with respect

ol e gl zed by, analog Lo di gl Lol i oner el
suppl i eg t he . digltd i ignal ' .

o ooesoaf Bad hEr ik S AapaRGroRt R fubd A WARAGay wilce
pr oces s infhdrayvitd) hriempld, 6 CMOS @iagsi §08lincorporating an

anplification, row addressing, columm addressing,

whi t e Halagitsedevies] @nsgbeted it peardangagéthconbedimests, ofahel

def ect .correct.i.on. 058] 1 esired, t [ in

dovi ce ‘BOEGELNPMEE BE e 4 JPHaHisct! 16 CBr oy mpgnents
combi nefioWl i Mg Pl OGRS PG ANNGLE HMEKAEL an integrated
circuit. Fig. 1Tlustrates an exenplary processing

syst em @fQitvibt ake imgyrocdssihg rdagss formed imgacdendaqes withrthe imager
exanpl e, a CMOS i mager 808 incorporating an inmagi ng

devi ce @6rBencs of thaprseosinighEenwi t h embodi nent's of

the invention illustrated in Figs. 2-14. Any one of

A . . ' S Fa 16 inekudi
o SR8 b 1 46rMESPEE B FOYB, 108 sy syl 0P Pfuces
use in JHOGEHSEPrdctRELD 0N UOIBEAI 1B AI6EATHB IO, VA tfknidie

et controller 902 and a primary bus bridge 903 are also coupled the local 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 components
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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and nmet hods of the present invention. [0059] As
illustrated in Fig. 16, the processing system 900

WO p@s0d3s35 one or nore processors 901 coupl ed tpCEHUSO®D34370
bus 904. A nenory controller 902 and a primary bus
bri dge 903 are al so coupled the |ocal bus 904. The
processing system 900 may include nultiple menory
controllers 902 and/or nultiple primary bus bridges
903. The nenory controller 902 and the primary bus
bri dge 004 presgDefedstretd§P it dacmerva Erngicaage goteoltpp 02 may

0060 h |1 902 A | | ed
one. or 6% R CELeE g5 RIESIR” rrors b HenEE gy be
menory tﬁ@\[}?@'@@ﬁém@%&‘m afe ﬂrB@és!ﬁﬁg rs;?sttcﬁme %&r&ﬁﬁ‘rel%,e otgcr

menory de e 100. The nmenory conponents 908 nay

menory deaices, fr exampily pyosesaiud 201 Exgraodaclofle o myemories,
nodul es include single inline nmenory nodul es (SI M)

and duarhi¢hhmay éotme Aspsherfigiardiy wigh naghy merpery rly the

conmponents 908 Lagl.ude  one .0 re addit.i onal

dov codresmsTog oty 9B SR T Bha st BRfippe Raich ac bus
addi t i gRRlerdeMvERhAABpHit W c LA 0T M de SUTAVTAY NchETREDH

such as a 17serial p?gséncecdefeégy(SSD) neng?y. The
menor y contrbial 908 maP dnpleyneat s eadie w@hapney ptaroeolcdfthe memory
menory 905. The cache nenory 905 n%y be the only cache
menor y PRIl Hhoie 684plag tQ ¢ lwrhityQlirasmmary Rusesy 2 05 tcaet

devi ce for ex I [ rs 90 i NGl u

cache ?rnecrrné(?nyebgs (Wi Iﬁ?y Er%\)g ﬁ ?%?C% 3R 51% eg%ﬁ id?rfezg%tha? %\5\(35? ﬁmgcs

cache Weym%%%d tof diftBR NP HRERS§IbAGesIYHt, em 900
phe

i ncl udes "peri rals or controllers which are bus
masters or which support direct menory access (DWVA),
t he Bo®kly conilihelprienarg®es heides APB enentplesl toaashenst one

coner ench RLARES g LN FEer Y Sont O LT, 002 4

gF??Q’gﬁtHE%sg%rZ}é gg)ﬁr)gﬁég 28 bR S8ifHR BRI THEe devices may
include a storage controller 911, an miscellaneous I/0 device 914, a
secondary bus bridge 915, a multimedié processor 918, and an legacy
device interface 920. The primafy bus bridge 903 may also be coupled to
one or more special purpose high speed ports 922. In a personal -
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 couples 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 I/0 device 914 may be any sort of
peripheral. For example, the I/0 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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may be mapped to different nenory buses 907. [0061]

The primary bus bridge 903 is coupled to at | east one
w@eoospisseal bus 910. Various devices, such as PCT/US2004/034370

peri pheral s or additional bus bridges may be coupl ed

to the peripheral bus 910. These devices may include a

storage controller 911, an m scel |l aneous |/ O device

914, a secondary bus bridge 915, a multinedi a

processor 918, and an | egacy device interface 920., Th% )

pri mar yutiversd serkd @os03) Haycaatsdeheseddapoaplet @SB eviers 717 via

|, al hi d ports 922 |
por Sonci® HaRBITERE Pofer VAT E PHE PR Sk may be s
t night . b t .
5g;d ?L coﬂgﬁgigqﬁ$§ﬁ5%§¥ g%%ﬁﬁ%e v?%%gaggfa to %ﬁgmﬁwq

pr oces sivhigh Syt 490 BOudl@DE2dncTiklisémil dgeicecnth af spenkers 919.
911 coupl es one or nore storage devices 913, via a
st or ageThulsgayAevics intsefagre?? hisared togeume gappdevices, for

exanpl e, the stora ntroller 911 may, be a SCSI
cont r ol ?Xé‘lfnpien @5&5%%@&@{@9?@@@@ i%‘c‘?IéQyLB%p%S% ygm 200
The 1/ 0O device 914 may be any sort of peripheral. For

exanplgesthe |/ deNIcEQind stBRO JRLillastrded 8l FRI 88 is only an
network i nterface, such as an Ethernet card. The

secondagxeniplsy procigengraytdoe wirtherhit o thaingedtamemay be used.

addi ti onal_ devices via another bus to the processi.n

syst em Witde Feg dipillastrateen Bees gy irs e ceRfs afg yuifpdle for a
an 18universal seri al rt S I .
coupl © BB BVRERE Blpptrys iy 3P p FARAGUATE HASEpL Reognioed

900. Th@ ikl kiB#hanMiBERFTRCaP b8 Y B oafisddtHe pRdssing
a video capture card, or any other type of nedia

i nt er f asyetemPdQ o begonad sErbenitblagioe dst m oveicgial appbaions.
devi ces_such a speak?rs 919. The | eqacy device .

i nt er f 2B TRTPIcs TAECEIRETO0MHVEP BRI BT DRSSy may be

T L e

900 i || sipict ®dmemoly ompéndrs 908 ¥n@/or memory devices 100. These
electronic devices may include, but are not limited to audio/video
processors and recorders, and digital cameras and/or recorders. The
CMOS imager devices of the present invention, when coupled to a pixel
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

19



exenpl ary processing systemw th which the invention

may be used. Wiile Fig. 16 illustrates a processing
wa@e@hkiotimes ure especially suitable for a gener aPCpPuUsOEE34370

conmputer, such as a workstation, it should be

recogni zed that well known nodifications can be made

to configure the processing system 900 to becone nore

suitable for use in a variety of applications. For

exanpl e, many el ectronic devices which require

pr oces SRl iBentieplivRehiintcd & mFheang may e used in any

architecture .which reli.es on ﬂj 901 coupled to

menor y SCEAYEABASS G gc}foﬁﬁ%{llpﬁe #9 HETT &€8°P00. These

el ectronic devices may include, but are not limted to

audi glhgggeo pr i Re) St8LOHTECED aRshetiedidrarovides

caneﬂggﬁgﬁd/ or q:}%g%?éétﬁ% El>The CMS i mstgefk devi cgjs of

t he presqudntiahpieeltsigm]s astoempuwcigriabsg atd usespi flealting diffusion

processor, for exanple, may be inplenented |n_ digital

caner adiosisdsurerciolloree Hanvster, apd ressk 8rigdn & similar manner to the

Vodi 11 SBL) 0% ARCAOSIUAE f Pl SXBTRonRYS ThARL! Acibingly,

unnecesvgaé’r onents, a of Specl a

devi Ce_Sth@bb&lsrfgﬂﬁééusi@?ﬂ{eoéaphﬁkﬁ‘g bAHiOPkeht anRhtb@mdyybe
of devices. [0064] WiiTe the invention is preferably

di r ect eunployereinHedP ifrage Sarsorag WallbgeT MARY inpegs sghgds. The

di stinct pixel capacitors and peripher apacitors,,.
and st rBRetr gé'lqeﬁegéﬁd}rgqepﬁgwg{mﬂﬂ B?Wé‘?(so eped psdiffent

peri phes{% rﬁﬁ%@%{ct}féﬁ | er R .c‘cﬁéﬂnl(}:)geﬁiq%a{ggrst lt]agirt?go &rféyﬁ Iul the range of

recogni ze veénti on use m any

type ofabiolRer me@ieds footboulDeghétapditls: Wi t h one or
nore processi ng conponents in a sem conductor device.
For exanpl e, althoﬁ the invention is described above

for U986Ph a CNDSdwdaerin dsaesest that AishowglbHie brentionms been

[ S A0 R S e A L OB

soquent ] e R and Ty B i IR R nRo b e,

f | oat i ngptedtilitgiand may be used in any imaging apparatus. Similarly, the
processes described above are but 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 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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node, source follower transistor, and reset gate in a
simlar manner to the way these elenents are used in

wo b@spidees of a CMOS i nager. Accordingly, the PCREBR04/034370
formed using the capacitors of the present invention
may be enployed in CCD i mage sensors as well as CMOS
i mge sensors. The imager devicesof the present
invention may al so be fornmed as different size
megapi xel imagers, for exanple inmagers having arrays
in the range of about 0.1 neg@éﬁié%% to about 20
megapi xel s. [0066] It should again be noted that
al t hough the invention has been described with
speci Wint isef#medae nt® andaBhifg deyd fR%cceQIBY Le#thd Patent of the
di stinct pixel capacitors and periphery capacitors,
eyt jon has broader applicability and may be
useg in any inmagi ng apparatus. Simlarly, the

processes described above are but a few of many that

may be us:g. %ﬁe ahgve description and draw ngs ,

i 11 Ustrat e preped P rmai%&%lmwr@wdwmf@mgtch&cmnt in-
' . f . f th t

e R L G LS Lt A

enmbodi nents have been descri bed above, those skilled
i n t Hermidg atiltdst b€ plydiosdsbhat " substituti ons,
addi ti ons, deletions, nodifications and/or other
changes may be made without departing fromthe spirit
or sdBPBIGT2 finseclpeiyeds layar. ovaced sibsthie, intamxélnvent i on

1 S: No | mted by the foregoing description but is
%%F§I%$%%E%H§E§y q%&“&cope of the appended cl ai ns.

20CLAI M5 What is clained as new and desired to be
pr ot Q"Girﬁﬁgtbym‘s@&i_%@l’:&icﬁ%ﬁpc@ e 0daid ARe Mol &gb J%}é?t es is:
av

A nethod of formng a i magi ng devi ce  ng
different inpixel capacitors and periphery capacitors,
conpipEning atsheonst digksctic lafaavengpic first dadtctronlieyer; and
phot osensor ;

forming a second electrode layer over said second dielectric layer.

2. The method of claim 1, wherein said first electrode layer is formed of

a material selected from the group consisting of a poly, poly,/WSi, poly/WN /W,
poly/silicide, poly/metal and metal.

3. The method of claim 1, wherein said first dielectric layer and said
second dielectric layer are formed of a material independently selected from the

group consisting of an oxide, nitride, Al,O;, Ta,0;, 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.
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formng a first electrode | ayer over said substrate in
a pixel region and a periphery region; formng a first
waoele@boeioes c | ayer over said first el ectrode | ap€r/S2004/034370
form ng a second dielectric |layer over said first
dielectric layer; and form ng a second el ectrode | ayer
over said second dielectric layer. 2. The nethod of
claim1, wherein said first electrode |ayer is forned
of a material selected fromthe group consisting of a
pol ¥; pol yFhaginethssi gf i, whersin stifliphiotiediogoisyy prat il
nd netal. 3. The nmethod of claim1, wherein said
R%WQ&%QFEI ectric layer and said second dielectric
| ayer are fornmed of a material independently sel ected
fromthe F S ; Lele, hRtdo bt s i
Ta & Bt ANy EP USRS m B U i bR il Belcrric
@paditbrsland\tied] eiidle @ dik dapmeieomn frhe mahod denpaiymg the sfeps ofd
of a material selected fromthe group consisting of a
pol ysilicon, poly/TiSi , poly/Ws , poly/W /W
pol y/fowningag l§psicas; PhowengombSi |, pol y/ metal and
nmetal. 5. The nethod of claim1l1l, wherein said

oot Saondac 5 ADGee R bR per RATL AR cliion and -

p;@jpﬂleg,hegggli;ode is a p-n-p photodiode. 7. A nethod of
form ng an imagi ng devi ce having both single

di el ectric capacitors and dual dielectric capacitors,
t he hemhiog adonpdickictriy layee oserepisl fost clearedalayet | east

one photosensor; formng a first electrode |ayer over

sai d substrate in a, pixel region.and g periphery

¢ ogi SEIPEATERY S ARl Tayes oger ks ek o
first electrode |ayer; formng a second dielectric

| ay ereQ¥eihgSRidbelbfd Hiete8lc%fek i€ oh@¥e8aid pixel region and said

periphery region; and

patterning a second electrode layer in said pixel region and said periphery
region, such that one of said pixel region and said periphery region comprises said
first dielectric layer, and the other of said pixel region and said periphery region

comprises both said first dielectric layer and said second dielectric layer.

8. The method of claim 7, wherein said first dielectric layer is different

from said second dielectric layer.

9. The method of claim 7, wherein said first electrode layer is formed of
a material selected from the group consisting of a poly, poly/WSi, poly/WN/W,
poly/silicide, poly/metal and metal.

10. The method of claim 7, wherein said first dielectric layer and said
second dielectric layer are formed of a material independently selected from the

group consisting, of an oxide, nitride, Al,Oj, Ta,05, BST, metal oxide and HfO,.
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renovi ng said second dielectric layer in one of said

pi xel region and said periphery region; and patterning
wW@2@80ewas el ectrode | ayer in said pixel regi onPE@uSma4/aB4370

peri phery region, such that one of said pixel region

and sai d periphery region conprises said first

dielectric layer, and the other of said pixel region

and sai d periphery region conprises both said first

dielectric_layer and said second dielectric | r. 8.

Thél et hod hemethad @f PlanyKeVarFin gid SqeoPdelegirane By i formed

of Phidterifarhond Gom g B0 W feRER DL PR RRk: bE T e
pbBYAVSE Spdif WRE /o, hIfAVEL | /g@bg%mlfv{?mz,‘p@y/%&ﬂmd

sti'ng 'of a poly, poly/'Wsi', p
npably/ silicide, poly/netal and netal. 10. The nethod of

claim7, wherein said first dielectric |layer and said
second dielectric |layer are formed,of a materi al

i n2penderteynebed of sldin /oy $1d BRCISHEPEEI Mg B an
xLd itride BST, netal oxide and Hf O

pﬁogﬁgc_i&fhgko,%{%% pdgf)toccﬁg?i‘rgn)ct?,r' wherei n said second

el ectrode layer is formed of a material selected from
di @39r oup Thensdthbd f clafm a2pehy&id sddphopaigdetis Sp-n-p
oly/Wsi , poly/ W\yW poly/WN , poly/CoSi , poly/MS

pgchyhﬂétal and netal. 12. The nediod of claim 7,

wher ei n sai d photosensor is one of a photodi ode,

h d .13, Th di f. ¢lial
Dthone: oo RS PAR St o RSPl L
cél; rig&ddg%tefesgkaiamgpmgsei n renmoving said second
C

I electr | ayer conprises a photoresist masking

process. 15. The nethod of claim7, wherein renoving
sald. secofthednehedtofickin Fy sheoampriedsg aaidesecosd diglgctric layer

et ch process.
comprises a wet or dry etch process.

16. The method of claim 7, wherein removing said second diclectric layer

comprises removing said second dielectric from said pixel region.

17. The method of claim 7, wherein removing said second dielectric layer

comprises removing said second dielectric from said periphery region.
18. An imaging device, comprising:
a semiconductor substrate;
at least one photosensor;

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
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16. The nediod of claim7, wherein renoving said

second dielectric |layer conprises renoving said second
waele@smeetses ¢ from sai d pi xel region. 17. The neRdDUSWN4/034370
claim7, wherein renoving said second dielectric |ayer
conprises renoving said second dielectric fromsaid

peri phery region. 18. An inmagi ng device, conprising: a
sem conduct or substrate; at |east one photosensor; a

firsty @684 e&@&oa@mz& NLEaid %&Pa%@autﬁt Gybd) @ pixel
h d 1 ey

regi on and a periphéry region of sai I ng devi ce;

a first dielectric |ayer over said first el ectrode

| ayér; a sSEeoddidi el daitr 18, Winyen sgddirstsedcttotle Itr is formed of a
dielectric | ayer; and 23a second el ectrode | ayer over

aaficgakssles gt Bpm| tisé BFOUP FRBSBHNE DH2 PPYe palkyy V%, Raly VAT AV,

ein,said first electrode |ayer is forned of a
éﬁkéﬁ|é§q§§h@??%ﬁh¥F%WF?%e group consisting of a poly,
pol y/ Wsi , poly/ WN W poly/silicide, poly/nmetal and

mepel . 20 . Theh@evile\dreRimf1 & hierRid §aid WASEREM0F & She of a
phot osensor is one of a phot odi ode, phot ogate or

Phlesediedndititogate 2t phdtreodduitoe of cl ai m 18, wherein
said first dielectric layer conprises a nateri al

selhected fromthe gropup .consisting, af an oxide, .
el de, AtRents ol g ShEa g Rrseliaetiic i coppriss
} . Lai . . . ol et L ¢
AR E R T PGS BeARhReESR Afhag oS BT,
ncaralsoxddé mod ffOgn oxi de, nitride, Al O, Ta O, BST,
metal oxide and HFO . 23. The device of claim 18,
mhgéein said second el ectrode |ayer is forned of a

materi al

cctevisg of clarm tlSe whersipsaid pesoalidinjecsfic yer comprises

TN R ML W
BST, metal oxide and HfO,.

23. The device of claim 18, 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.

24. 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
24



nmetal. 24. An imaging device, conprising: a substrate;

at | east one photosensor; at |east one in-pixe
weapaoiies formed in the pixel array regi on of PERUS2004/034370

substrate, said at |east one in-pixel capacitor

conprising a first electrode, a first plurality of

dielectric layers and a second el ectrode; and at | east

one peripheral capacitor formed in a peripheral region

WnegRriphstab sipagik & cordiri : . . i

adjggggt sai pixef%girggg%ggﬁggekggﬁgLg?cﬁgggguﬁﬁgﬁg

shelegstie tayersc aphsiid sacondefecirsdng sai d first el ectrode,

a second plurality of dielectric layers, and said

second el ect rode. ZE._The device of claim 24, wherein .

t he?Tapaci LaRdevigs okdnig &¢, Vhersin s sapasprnes ofsaidz lqagone in-

' I e_capaci t.ance of .said at | east, one
pEceFpa Sl dlfefRe 125 SEPACHLBRES ofinid B ipd ope PiTionctd
wdpeeeom di e capacitance of said at |east one inpixe
capacitor is greater than the capacitance of said at
| east one peripheral capacitor. 27. The device of
cl A 24, &h@ devier efcaimadhorhadoshotamaitshatoflsadsit loastone in-
eri pher.al .capacitoor s greater than the capacitanc
BROLEPH G i Blsater Kl o6 pscBnocefaarkasicasnghe peppheral
epygkies. of claim 24, wherein said first electrode is
formed of a material selected fromthe group
consi sting of a poly, poiy/Wsi, poiy/ W W
poldyl si | i cThedeypal of dietnad 4, avicreitrht capa@itanda@rdadiac Ragfone
clain§34, wherein said first plurality of dielectric
PipbeRl spRpcKar i sseceidan e eapatiganse ofifad at leastonecayois!
éﬁ%ﬂ&ﬂf"Ed of a material independentiy selected from
the group consisting of an oxide, nitride, Al O, Ta O
BST, netal
28. The device of claim 24, wherein said first electrode is formed of a

material selected from the group consisting of a poly, poly/WSi, poly/WN/W,
poly/silicide, poly/metal and metal.

29. The device of claim 24, wherein said first plurality of dielectric layers
and said second plurality of dielectric layers are formed of a material independently
selected from the group consisting of an oxide, nitride, AlL,O,, Ta,0,, BST, metal
oxide and HfO,.

30. The device of claim 24, 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.

31. The device of claim 24, wherein said photosensor is one of a

photodiode, photogate or photoconductor.

32. The device of claim 31, wherein said photodiode is a p-n-p

photodiode.
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oxide and HFO . 30. The device of claim 24, wherein

sai d second electrode layer is forned of a nmateri al
w@edososses from t he group consisting of a pol ysPET/U82904/034370

poly/ TiSi , poly/Wsi , poly/ WNWW poly/ W , poly/CoSi

, poly/MoSi , poly/metal and netal. . The device of

cl aim 24, wherein said photosensor is one of a

phot odi ode, phot ogate or photoconductor. 32. The

devjge of ai,m.31 erein said photodiode is _a p-n- i
pho#fodi odeﬂng%‘g?e %ﬁgﬂ’ez%’c‘éh?ﬂméﬁ'ﬁ lit‘fftZQll}lr aiﬁé?fé‘ﬁﬁlegtélF yers 1s
i : i el i: is different from
GfeRin Bl i o O e R, L 5 e

device of claim?24, wherein at | east one of said first

pl W4al i ty Te divideesidldit 2B FeinSt Wabd Qs saldr F50 sgﬂﬁt%lity of
of said second plurality of dielectric |ayers. 35 The
disleceis lafercs diffarent, fromennei of ssigli sdcdnid plrabiuodicleytrioflayers.
dielectric layers is simlar to said second plurality

of gielectyic,layers. .36  The devi.ce. of claim24, . .
V\heér‘%éi n iR Wgﬁyen‘&s%aé% B Wq?f%l“éwgﬁfftrﬂ ty %fzﬂld%mc layers is
%ﬂo@wﬁc@y&pﬁmtg%ma&m&h &) @ processor; and

(ii) a CMOS imagi ng device coup?’ed to said processor,

said CMOS i magi ng device conprising: a sem conductor

suld$t r at e;Theadeviceasftclame? 4 vdicosrnsoimaging dewte is a CMOS

el ectrode | ayer over said substrate in a pixel region
IHE“Q periphery region of said imaging device; a first
dielectric |ayer over said first electrode |ayer;

37. A CMOS imager system, comprising:’
(1) a processor; and

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

device comprising;:
a.semiconductor substrate;
- at least one photosensor;

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.

38. The CMOS imager system of claim 37, wherein said processor
comprises circuits for signal amplification, row addressing, column addressing, white

balance, color correction, image correction, and defect correction.
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a second dielectric layer over said first dielectric
| ayer; and a second el ectrode | ayer over said second
walt@smeioes c | ayer. 38. The CMOS i nager system PET/TEZN04034370
37, wherein said processor conprises circuits for
signal anplification, row addressing, colum
addressing, white bal ance, color correction, inage
correction, and defect correction. 2639. A CCD i magi ng
devi ce, conprising: a sem conductor substrate; at
| eas®. one PACBemaghg device f@inpelsegrode | ayer over
said substrate in a pixel region and a periphery
region of said imging device; a first dielectric
IayeraoW@mCQﬂﬁudKﬂﬁﬂbﬁﬁe%ectrode | ayer; a second
dielectric |ayer over said first dielectric |ayer; and
a secon %aelectr e Iager over said second dielectric
Iayer 8°%%f claim 39, wherein said first
el ectrode | ayer is forned of a material selected from

the gnguR SereddRtARY REr saldos%ytrate% x/p\egl regfOh YAYW W
poly/silicide, poly/netal and netal e device of

gleaiphre 3% cgininerienid iswmigihg davse; di el ect r| c | ayer is
formed of a naterial selected fromthe group

consi st an OXIde i d , BST
net al acﬁ(‘f’to% SFEC IS OVQF?m ngfét %WTC@&?&“CI ai m 39,
wherein said second dielectric layer is forned of a

mat er Lakecid &Ek@émf%%mo%}%agf RUYPIERRS 1%&

oxide, nitrid , BST, nmeta e and Hf O
. 43. The device of claim39, wherein said second

el ect nod®ndaglertrads yarreer afd wcomd didiahriskyect ed from
t he group consisting of a ponsiIicon pon/TiSi

PO| y! met é[ﬁxo' Cﬁé{fg\falrg %|9),/<fo1\’c\lrc’in Eald ¥i{'sct:%§éctrodc ?a;%r 1M%ormcd of a

material selected from the group consisting of a poly, poly/WSi, poly/WN,/W,
poly/silicide, poly/metal and metal.

4]. The device of claim 39, wherein said first dielectric layer is formed of a
material selected from the group consisting of an oxide, nitride, Al,O,, Ta,0;, BST,
metal oxide and HfO.,. ‘

42. The device of claim 39, wherein said second dielectric layer is formed
of a material selected from the group consisting of an oxide, nitride, AL, O;, Ta,0,

BST, metal oxide and HfO,.

43. The device of claim 39, 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.
44, A CCD imager system, comprising:
(i) a processor; and
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44. A CCD i mager system conprising: (i) a processor;
and 27(ii) a CCD i magi ng device coupled to said
w@e@mseswes , sai d CCD i magi ng devi ce conpri si ngPCHUS2004/034370
sem conduct or substrate; at |east one photosensor; a
first electrode |ayer over said substrate in a pixe
region and a periphery region of said i nmagi ng device;
a first dielectric layer over said first el ectrode
| ayer; a second dielectric |ayer over said first
di el eGit)ri CCDaymgingdeyice @evcp&métoeiaétpmdﬁom sjér over
gghg,second dielectric layer, wherein at |east one of
/1 imagiag devise semprisingayer and second diel ectric
| ayer differs between said pixel region and said
perip - ' mdifferent in-pixei capacitors
and pgg#%ﬁéggkggﬁég? %%S. 4 . The CCD i mager system of
clai m44, wherein said processor conprises circuits
for sitdest oaephotosanbi;on, row addressing, col um
addr essi ng, ite bal ance, color correction, inmage
correction, and defect correction. 46. An inaging
devi celirstelipreds lager ovesimd spbstiate gt pigelgegignand a
hot.osensor first .type .capacitor in the array and
B%W#H%V6¥$¥bﬂ§?§%”%%%?%5%“%%e first type capacitor in
the array is the sane as the first type capacitor in
t he pefilsphRIctiricARetr\er Qidfifkk eletirb8é lfyRe capacitor
conprises a first electrode, a first plurality of
dielectric | ayers and a second el ectrode; and 28a
secoﬁdﬂxy@édkéva@ihvﬁ<Nﬁr6ﬁ@ﬁaﬂﬂéﬁ¢ﬂﬁhéwgkﬁndhe second
type capacitor conprises said first el ectrode, a

S€co nsg s c!)rliI gﬂclcttrgdco faygrl .oevlc? (S:gl:l(ri Isgcoln%ya%crﬂ%ttrlecl 'P%eﬁa' d second

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.

45. The CCD imager system of claim 44, wherein said processor
comprises circuits for signal amplification, row addressing, column addressing, white

balance, color correction, image correction, and defect correction.
46. An imaging device, comprising:
a substrate;
at least one photosensor;

a first type capacitor in the array and in the periphery, wherein the first type
capacitor in the array is the same as the first type capacitor in the periphery, and
wherein the first type capacitor comprises a first electrode, a first plurality of

dielectric layers and a second electrode; and
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el ectrode. 47. An inmmging device, conprising: a

substrate; at |east one photosensor; a first type
w@apaoiies in the array and in the periphery, PMIEUS2004/034370

the first type capacitor in the array is the sane as

the first type capacitor in the periphery, and wherein

the first type capacitor conprises a first el ectrode,

a first plurality of dielectric |layers and a second

el ectrode;,and a second type caﬁacit r in the arra

y
and 137! BRFICHRETT MWrALay, Wi w5 secangipape capatitor

. - . £ v
IR Sl e\ B Y pind DR ARTRE BRIGHE, RS kR ccond
dlyqpeodeapaci tor conprises said first electrode, a
second plurality of dielectric |layers, and said second
el ectrode. 48. An inmaging device, conprising: a
suli<t r at e;Amimiging devdens cpmptisisgnsor; a first type
capacitor in the array and in the periphery, wherein
die fir %rExpe capacitor in the array is the sane as
the fi'rs 2iy’pe capacitor in die periphery, and wherein
die first type capacitor conprises a first el ectrode,
a fi nsteaftl dHeaqlHdt¥sc@bodi el ectric layers and a second
el ectrode; and a second type capacitor in die
periphery, wherein die second type capacitor conprises
sai d affirstdypetapatitedia, the ager emdiinpthemekiphyryotvhdicst gt firsictype
| ayers, and sai.d second e|ectrode. 2949. A CCD | er
aBdgioRin BisFds KR sagng o LB it 8 csapacicy in the Berghs, and

| , s

x?ﬁgg?%c dRY s %@ﬁ%&‘?‘gﬁ"@fg@ ARRE OREISRL, -2 & Huft of
dielectric layers and a second electrode; and

a second type capacitor in the array and in the periphery, wherein the second
type capacitor in the array is the same as the second type capacitor in the periphery,
and wherein the second type capacitor comprises said first electrode, a second

plurality of dielectric layers, and said second electrode.
48. An imaging device, comprising:
a substrate;
at least one photosensor;

a first type capacitor in the array and in the periphery, wherein the first type
capacitor in the array is the same as the first type capacitor in the periphery, and
wherein the first type capacitor comprises a first electrode, a first plurality of

dielectric layers and a second electrode; and

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

electrode.
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a sem conductor substrate; at |east one photosensor; a
first type capacitor in the array and in the

w@esosphsey, wherein the first type capacitor iPCT/H82004/034370
array is the same as the first type capacitor in die
peri phery, and wherein die first type capacitor
conprises a first electrode, a first plurality of
dielectric layers and a second el ectrode; and a second
type capacitor_in die periphery, wherein die second
t yB&. capadt E60 Hogst SEEENsOPHSIRSt el ectrode, a
second plurality of dielectric layers, and said second

el ec t({)oad;?rbcc?’sgor; and

(i1) a CCD imaging device coupled to said processor, said

CCD imaging device comprising;:
a semiconductor substrate;
at least one photosensor;

a first type capacitor in the array and in the periphery, wherein the first type
capacitor in the array is the same as the first type capacitor in the periphery, and
wherein the first type capacitor comprises a first electrode, a first plurality of

dielectric layers and a second electrode; and

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

electrode.
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