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t Pharusrtion ua bewrderetecdcrreferense frfbeafollq We%eﬁceptmt%ken in conjunction with
the accdMPAERY @fawinkd) 6 WwhRh MiRcke £RAP hinfdds il @tifyiliRgeld@ncn®,GasH whidh:t he

sem conductor |ayer and formng a capacitor in the

recess. BRI EF DESCRI PTI ON OF DRAW NGS The inventi on .

nidgurds elatin diclenpiisally Bhpwr @fserpetinnel Yiewst plea foprvbmbiphah gemiconductor device

includird €sxeditP brddOH dc;c@nm% EdPacitOiin UNEdnbdfiondd fikhat BRRREABAPBINY Yeuiring a
whi ch I'i ke reference nunerals identify

“9MR??Q¥NQ1ZWE and in which: Figures la-lc
schenatlcally show cross-sectional views of a

Cﬁéh\lég rhta N s&gﬁgu%ﬂ? ARGt PLrotla¥diieRi vi2G! Jdi s@xglc&idﬁc%t' ' dH'léé including
decoup gﬁca pacitor in a conventiona

°‘f°““f3(:‘i‘5ﬁfa| dgenuehnﬂ aﬁm & OB PIaras GRRTEYTPH™ 4°STIgRI e s vveeﬁﬂﬂbeﬂwems of the
present divendore ar ea; Figures 2a and 2c schematically show a
cross-sectional view of a sem conductor device
including circuitry and a decoupling capacitor of
non- pl anar configuration according to illustrative
enbodi nents of the present 4 nvention; Figure 2b
schematically shows a top view of the device of Figure
2a;




Fi gures 3a-3e schematically show cross-sectional views

of a sem conductor device including circuitry and a
waelewopdltng capacitor during various manufact uPCTYS2006/019960

stages in accordance with illustrative enbodi nents of

t ntl r,ee- di mensi onal

c]hd%‘l"{)%ura %ugzﬁl{}g? 90% S%S& %leﬁigcu(}?pé“ t(:Ll?‘tg or is fornmed in

a process that is substantl ally conpatible with a

Cﬁ Y&k B@@&Amag@hfe sHR@tcEoRY dadtidgal pk@@&sasscmﬁb@m’t@&‘de% -iddbuding circuitry
emati cal

W a ClrosSS-Se onal
and a d?FPWg ?agaS?ﬁOé él%{ﬁu\g evFug/ous m?nu%ctanng § aé S m accor ance wx?ﬂﬂus@at&g anodxments of

capacl t or and
the presestamettion,sdiewin tnthest-figneesipnd erﬁg@hﬂoal@é ﬂﬁG‘PWEﬁmE gapgeitor is formed in a

process %Mstﬁﬁmﬂs‘fc@(ﬁﬂaﬁ(glé Rih NoReRBSal 2RE Uit gpb&ss Ur t her
lustrative enbodi mrents of the present invention; and
F| gure 5 schematically shows a cross-sectional view of
aFig@4a-die whawfically shafyi ackpst-deetiogad viowphd nigp mwafeqpmwl% of a decoupling

c:apac1toq)§:11;1&E DGt EBIQLH)Q Qtr&cb.l?e Py féjfohﬁba%ll AkdRHon! @MBfctirfhg process according to
accordance with yet other illustrative enbodi nents of

further #lpggratiie saladiments 0P ASERt VP2 he i nvention is
susceptl ble to various nodifications and alternative

§ure P s%t%glgﬁc 1('13}3 sh%\gp Q dckcﬁ?é%&tﬁn&l hekedf anh %Iedeb{%@ N SARIND Necoupling

raw ngs and are
capacitafeiench e h}é%davﬁulaﬂqnﬂwé% HFeyies wdstroéfteb@amtwa ipdjments of the
present i@ftiod.Ne description herein of specific enbodinents is

not intended to limt the invention to the particul ar

forms di sclosed, but on the contrary, the intention is

t Whitoheipvegtidn wmgqj:p}ftqb@gt Yagiops mo@égﬂlqu |a@f{ﬁlt§matlé(ﬁ fprms, specific embodiments

mereofﬁswe%@éﬁashé%afy vfm@'olf ERgpMiid Jﬂé Brafigs &P Ialremtareamdscﬁm pedenfl. It should be

i nvent i deflned he
understﬁg-l-l}gleY:eB FWO&Q ag 14°WE%DIF %% 1s| rlo i S??dregtﬁ)l h\x/nét the invention to
the pargibofbimsstisclosedS but prethé eoptn.itesrintemtien de eqverrdignqdificians, pqyivalents, and

altemat}vlgsefallllﬁg v%[hﬁr?tﬁe sgfnt £l @crobé ofthe Gl{%nn@ﬁ ds d@ﬁ@ﬁ by tﬁéap@énd&fblaﬂﬁ‘st ual

l enentation are_descri Lﬁ?ﬁ | $x® fjcation. It
Wi I | of cour BEIHLEDIDESCRIDL e ﬁrl Ofevel oprent

ofilvanvesuibdiinats uadhe Bmintah atmhicpbadlbnlaw olnghe interest of clarity, not all features
of an actqﬂl i glg %{n])noﬂe %f&gg“b'etﬁ hcthg %ﬁécﬁbﬁ&? m’lﬁﬁ ob @ouﬁ@@@ aﬁ;ﬁ’emated that in the

the devel opers’ specifi oal s, g_ bo made b
developssiiptf 2 e4sh wFtedh e@?%‘t“@ﬁ% PEPEUE 6‘“13 nB R SRELE. qﬁg’f‘%{’ts &Yyst be made o
achev&@d’&b&l@bx@’t @emﬁM'gbﬂsh suth bd compliayicef withrsystanereiateih hrelrbesitessttelatad constraints,

om one i atl%{x to a!n&r.%}fm %[éregvgr AR ?eca{pgkﬁgecf theﬁ‘gucﬁ Y Qébelopment

3éve op nen l'ex and
efort itebe gomlesnine glmewmsmwea t W plples e gerouing giferigfie for those of
ordmarﬁ QG R kit AY/ink @ bbRASE t@fdisatbddienar y skill in the art
aving the benefit of this disclosure. The present
invention will now be described with reference to the
aTheguéved inféngjer widl nowby desrigedswithueference &, thesaftaghedyfigugep §Various structures,
systemgﬁM la&es A4 ﬁheﬁﬁh@%m L4 Inned@Ninzt B pirfbsdseexghitibi@sy dndko as to not

B e O T A s
attachetl Gratvin@ee isdhided © destribe taikexplpin 111ummretcelmllee githe prggent mventmn The words
and ph%%eits %943qugregrsﬁg}fldqgesurﬁgrﬁoddrhﬁli l111‘!19%511&t<15cpto QIQV%CJ in@a%m@ B&sﬁ%rm whhe under-

ustrative exanpl es vention., .
sandingoF eseormeoghd AES T BeroREI M TERRY o MBS EBUoARGe m o
phrase, |z @1; £4dfniesraht s@ifkaviciom theadihangend onBimstyenvtning as hndelyigod by those skilled

in the ankxs Imlten%:d ?onbdl ngle? té Eolaﬁs?e%t % Q§ th@[égn W&%rerﬁy TB hl@ efent that a term or

evant peci al defi mhg}é g )
phrase i intended to ihan PeErsiel mee, . R T G P ApeTiooy Py Tl Lpsens se
a speclfalr RRhitiewirvd ieRRésty 86 dorthlS ﬁlﬁnﬁﬁd’ciﬁcimﬁm fndefmsiondd damst thacdirectly and

ptended to be inplied
meq“‘ﬁ%alé' SH3t %gstt}éerﬂ’ echag%eﬁlém%nfr}erttﬁ ﬁl]“ %r phrase herein. To

the extent that a termor phrase is intended to have a

“O'

which \gﬁ

speci al neaning, i.e., a nmeaning other than that
understood by skilled artisans, such a speci al
definition will be expressly set forth in the

specification in a definitional manner that directly
and uneqU|vocaIIy prOV|des the speC|aI def|n|t|on for

T . S ~ e g,



capacitors, which are required for reducing swtching

noi se in high performance sem conduct or devices, such
wW@200zRu41 ASI Cs, or any other circuitry incl udP@mus2006/019960

advanced logic circuits involving a lot of swtching

activities. The three-dinensional or non-planar

configuration of decoupljn cito nmy | .

sﬁeg‘?fﬁ‘? % BaREiey e et glageis DBvia ot freepRsan gepsplly amranged
capacita¢Ooiviggh clarzalcardectugek icamgbitimpwigett mrlslﬂ@ﬁlaxpémmaments represent decoupling
capacxto(fso ?f%.\'(:lgéfg %ﬁﬁn%ﬁ] for %ﬁ t&? s%ng %1@ llll m@ﬁ Ige%lfnlagc% @émlconductor devices, such as

Icultires In patterning |9 scal ed
CPUs, &6 or SRIcOSE Py e Py s O SR it obpAviching actvies
The thip@dilnfsionl @n Sbi-Wladas cafigaited ofidedoinling cébaatol’segti)o Bignificantly reduce the
hor1zonIah§ E %dsl% é"of I/eﬁ{f aln&cc}uglﬁngucg a]:;@orrsrmit ylangI ccﬁxﬁé&r&tfél‘%l wlgghcﬂay entail
Ot (0] sSe to the

hography proce . ) .
SIgmﬁc%éﬁféplﬁGSde B@h@é‘ﬁ#ﬂg SSHeF G BipcUp P B Scighly App Hpiform patien

density [sQfe&tE@ﬂiﬂﬁn 4 @e Ee@lﬁn %&W@Qﬁbdﬁ@g ¢ aforgS ,of ériticdl BRE and photolithography
I'OCCSSCS OVVI SttO tgé I Mern-%e %ent Q\;lgi' OPEh Ste hI%C resent I nvent I on \M l l
P T b Tn or e °detal $?gure 2a
schenatlcally shoms a cross-sectional view of a
SR RRRHUGE BE a@&hﬁa%g%%ﬁg@ ﬁ@ﬂﬁer&ﬂ%@dﬁ@@anbﬁ&ﬁbﬁtﬁﬁttﬂé@hﬁ&t invention
eVJ

The s uct.or
wit o b 0% 355 T 7y BT BORIa8 ST B By semiconduco
device 200yin appivepred atmisulipt stage- e Thesygwivomlgcter dsiibg 208 rroippriisks a substrate 201,
which r§a9k%§ Bfo@ﬁi&l in %esfé)rlﬂ o@ Y agﬁbﬁﬁtélsﬁ;s%e uefhd o SIS Bﬂl@gtﬁ’)stra@r a silicon-on-

ot her sem conductive or insulating carri
imsulaop (3QLY palnten AL SPUSERUSYS F GPUREE G R
formingStiseh andibseentiafly eryytsiticel deinfvends@eri lgyonzi0c tAsrthd eagemaj@ i) of Amplex logic
c1rcu1tr§clé%§t \éér’lélglilsnﬁél@é dyotlﬁf' degggmhc%mh Q&h&exclbgmcwcﬁl&y ’1s &H@J@ly FRinufactured

evi ces i ncl udlgﬁ conpl ex 1 ogic
on the basiy of gilieqny the segiceRugteriayFn 2 | HERLTCRET Y P SUo R ErRE epsligqneagt lave, which
may 1n<ﬁddb bﬁél‘rinatetmb]le sEREd @aﬁuﬂmﬁt edrboh aydethe B0 Typiyally et @feniiductor layer 210
con er_ar r
compnses acr:llaEPécé)nat{a ﬁo ant ¢o ceé%}r?tlg w%gcﬁc Q?%?}dloéea?%gl ﬁlva%rr@ll %ng rlqg;?n dléerc%on
the like. Typically, the sentconductor | ayer 210

cﬂmsdns&ﬁucaﬁ dam@ 0@ mayattemgc&pamse @gmerétrégaani DO ,mcwaing R plurality of
In a vertlical a re
i Pl 0 S B e ERE L b e 200w

further fompsge adecend digiegion 280wlichchmptisesg capaplltou 24l Haviye pliigh charge carrier storage
capabiliky’ %%ﬁéﬁaﬁfculﬁj eﬁﬁ@cﬂﬁléﬁ gé%pawﬂir 6l f@Ff)fseﬁtQB At cBEbliAd bagmff&t hsCis typically

unit, such, as U and the |ik e devjce 2
requ1req= | fuileng 1‘?6‘%’?‘%“%?@ dﬁ“@% EIE)IH g]ffasé SV}(I@E].P%EgI? %um%h {nCoHe 111ust1>a/1t1ve embodi-
ment, teaapcio @40 maapaettagiurdidDofrapacitng elméritgH0g [240bg @405 a240d éat may be
conﬁgut%ll QJ Iﬁ&ﬁd& g&h&& tv%ule lnrt)tl%p l%ﬁ%ﬁaﬁt? kﬂe@ﬁpaﬁﬁp%lrﬁﬁ‘?QBmprfsbﬁe elements

represents a decoupling capacitor, as iIs
240a, 21(\9&*8%?1(\9 a eaerttrélﬁmtw thed goppqaly faanihe IRl Ra) The(apciiar 240, e, in
the embbdiﬁtarm ghiorf) theadividuuii elefbritd 04, Q4bL2404, R40d) dofnyrised 4 ¥ir@PLinner electrode 241,
which maé/ br eotnrél%d{ of\égy %p%ggr?a:tet %Eyouftivg gggegzlﬁ,tasg?hcdesltdg dﬁélgsﬂg:g% ér’letal silicide, metal
mﬁﬂw?&@b 240c, 24cu that may be configured as individual
capacitors, while, in other enbodi nents, the capacitor

0 may conprise, the el nts 240a
glﬁorgogﬁ%& ff‘f}%?twgl gﬁ;étﬂc ]gyir %% 15 Pro Whlcl% 8?c%ic lﬁr g glﬁrsmglfy isolates the
inner el@#Qde 27 htonc @t ¢leptrod® 283, wherein, in fome tem@dewb@dhmm el@h@dﬁﬂ% may be

represertftéaeoyI tﬂéj hﬁft'ex‘fjalll %k‘ th@lsmﬁ&tozlg})@ 218%%un ﬁ:le d%ﬂz&yc layer 242 In other
nprises a first or inner el ectrode

emboduflaenea oWgr elerirds 213 Ry be Armed iRty eﬁ‘ﬁfl@? F%Priuctlglttc%maaged to the
semicond@ie chafedd] s the layar2]10, Witraih tslenikngke comtertnaity adycbetpineided lyean increased
dopant Mggegtpa\( &4 andf\%j:]gneaﬁprglga e\{lﬁteglll %}uﬁ‘ﬁg fi hﬁ&?xﬁpl%ﬁ% ohér lectrode 243 may be
ectri cal physical'ly I so i at es

the |nner el ectrode 241 frontan outer el ectrode 243,

wherein, in sonme enbodi nents, the outer electrode 243

may be represented by the nmaterial of the

sem conductor | ayer 210 surrounding the dielectric

| ayer 242. In other enbodi nents, the outer el ectrode

243 - may be forned of a naterlal of enhanced

o o N a o L . T e 1 Y




obt ai ned, may have an appropriate relative
permttivity and thickness so as to result, in

w@orniosasi on with the total capacitor area, i nP€TES2006/019960
desired target capacitance. For instance, a high-k

compﬁgmﬁgﬁlétg)% % ggyﬁz()%glh%egme(]&%ﬁ&fdp laymetal ang:dIC}Hb m@agl'lhg legétltlchayer 242, which

r terials such
significgjtly jdeterppings jih pdditiog &, thes pvesald dﬁcffﬁﬁet Srurfare agg 6f i @PRGiiRIE240fhe capacitance
obtame@,&n:iy@xa@bh&bﬁo;ﬁmﬁ|r@hw€ pEakivity Wel BokHasisBgs b&EsWE Gﬁl céokb@nation with the
total caﬂacﬂc?rra{e% lelﬁ élte rdgsugdot\%ré‘% np gtgncreﬂe) g(g‘rllés arg eeell %Fh—%ocje f?n%s usec? possibly in
combinptipa wiith gtaer sgacgrd mtsiala Wh pscsihigen digridst sﬂ{cprcoxyrg@rég @dicon nitride and the like,

50 as tESHALER In'@h @zfpa&th@ cEPRACHtRE B Qmer%QEtrcﬁX, mmna thelbu@helketrode 243 while

neverth!a"ia o5 Pré)g?%g A Wa?eﬁa[te ﬁ%h t'hlralglessl,c]) ?11 aye gg% ﬂ1er {&\E EucHa static leakage currents of
the capé;cemt%haﬁr@ngnpﬂdn bigle fraterigsy sugle as girechiwwhexidsi ziconiym siinge, hafnium oxide,

hafmune H@dﬁfé'aﬂ@%mm@ﬁ? th@flfeofni‘ﬁ tegedch]%éﬁ ﬂ's&ﬁb eﬁnbﬂﬁh@ﬂté hSorRY¥e of these
I .encl os

R O L L T R—
silicon dipxddeiaddthaliid. t he | i ke. Figure 2b schematically shows a
top view of the device 200 and illustrates the
ni ficant increase of capacitance that my be gai ned
f%‘ ““amg?"beé‘ﬁ“?i‘% shoys g EPﬁl"é’d 05)91@ Pﬁ‘é"e@%a‘& iflysirates fp spgutiqaon inorease of
capacitdnbxethd in@y begpined fo22@1verASealoScuﬁVd ant qapatchxe 2¢pistin thedie 240n 220. As is
evident Otﬁé:&BAcﬁér 2@6]?0%{1 & affBred B 1§ Hﬁ*ha@e@t h&hﬁxed %SJES‘%m oh:ﬁ g?va e having a

nventi onal device having a | gcoup nge capaci t or
decoupﬂgaﬁa%clt%oﬁf% GlaraatrEisUBtaRLsTPKge thres2@arfe dce Warld desl i @ reduced
capacitdn€&s tihdch iwlduld a[s& digﬁ‘aﬁ&n@)aﬁha&tehﬁﬁkﬁﬂgy tMin@t&aY\@#ﬁrdm@aﬁleper and a lower
electrod%I EY r11'5I ff)rI Jgs%n an exlpEu %%nce to thmgq;eclrtdrqzlo %%Pa eqt I Rc.g:ordmg to

per an
the preseﬁovmntamfowmeam@dal\ﬁprttw ¢eéffcelr> dayer4? end fhea @@pa@ﬂ@m thereof, which

may fodb@vehibncEbg bs@nddGo beAﬁéiﬁlEzﬂi tortdat bOhé Ezﬁe fEIEHRND 1 IMERE 1HR s1gmﬁcantly

eﬂarge% calpacgorgalre\';l elsn avigﬁa::bg rdﬁe g) tﬁet Xﬁ:% Ip I&)QF cor%%gtiﬁ)g#% ltl?%,rt{le resu%tmg capacitance is
significgntin %vehﬂr eBy warjjee the thickwess df the Wesleptde lydr 4d antidletdrm:alcpbmpda@on thereof,

an evergﬁEr@asgl' ﬁloa%ﬁénf:é ndbg giahﬁcaﬁlygrgéu@edl {Caka® SbEH 'mfaif Gé‘géhkeyed compared to a
ed ca C|t§r ar vallab e due t

conven | At FPOREORY | B e » RGeSt s ggesior 240, e
consumebgp@an thafie eegios 230 gy sfgnitigantly e rb‘dugd'deﬁ thatByore/ oy spagy it dveilable for other
comporsil GiERQSRcQbo t he dielectric layer 242 and the materi al

conmposi tion thereof, an even increased capacitance

and/or significantly reduced | eakage current may be

ak ypeyiedo. G ITPaT )‘Bﬂfohﬂn@the aevice 20O englowi iraFigdre 2a or 2b may comprise the

followu% é)l;o%&g% rrg&tbrdmgt] <%1 ﬁlu&iat}\?e e Hﬁﬂge%fch% trh’ﬁﬂ ﬂg;&é'{ﬁtg dmg:%tthe capacxtor 240

tance capacil
is obtaipe éy éirskiopeipg ¥icastip gmylegqogﬁqtquq;%rasrﬁﬂl i the pluslity o8 Hangigor elements 250
and subﬁeaﬁﬁlﬂflﬁl‘rﬁng t{h@%a&&m@ In&luéiyxaéelss&bénﬁe ftl(érgat@teﬂa&fodes 251 may be formed in
accorda?ce rvrvptg r\}veﬁ] eszabi)%hﬁ& Qgcegseesvlln\% gxgncse% 87}/ 4[1’21&011‘?l an&p bc? %§5fre|8i8e/\s/j%r forming
a gate mym@dﬁxyr Wsle atdprired thickasi -«mg motetad emsmonﬁa?cee figlingry devipe gepmirements.
Thereaﬂe} lh4St AGhtY Qe RBROFI B Mhay e h@pome@,rlucfhl S Ebﬂ% E}é@sﬁwbd’] by well-established

hec aci t X i ne irst formn
tow preiire Chcl Yo AP (NS oy RSl S EYe EHEIcroR matra
may be pittemned tiytagvagded plrogtidibgipdy ardleahrpeiinguSeheindheastidrsgep 2 tohybe exposed
to an etfcﬁ) Etmo&)ﬂere %r&?gﬁﬁaﬁtgﬁy go%ietelﬁeﬁlmu'fg 121 g&@ agcn%geg}nﬂgrzal &J&@e the die

at ect rodes formed 1n accordance wt
region 2&% ps Pé@’foﬁijﬁ’ exgﬁ@ad B-n‘e 6%Vé%c§<b;§1tterﬁegoqr%eﬁ@s forformping dhye gate electrodes 251 may
be sensifixd Ghathd patierariedsdy dbap @ddrd-loading @ectpast tholikef ar tatnky @chgatl @atterning
unifonnityﬁly)l @e}:enﬁ R k@%&g o%é Q&r@ce qx%g‘ bgcgpgedtdglt&m Rivor %Wmﬁ‘%st Rl Itoall)e formed.

conposition so as to neet devic ts.

Thereafter, a |ayer of gate electrode naterlal may be

deposi ted, such as doped pol ysilicon, by

wel | -established | ow pressure chem cal vapor

deposition (CVD) techni ques. Subsequently, the | ayer

of gate electrode material nay be patterned by

advanced photollthography and etch techni ques, wherein
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uniformty may depend on the size of the surface area
occupi ed by the capacitor 240 that is still to be

wo eoomwasidhus, for a given desired decoupling PCT/US2006/019960
capaci tance, the required floor space is significantly

Thus, fBrea%weg ﬁesﬁé&rgg‘%ﬁpﬁﬂ Lagacﬁangp By ?J&tlﬁeq @l%r sPJcé‘fQ %gnlﬁz{aﬁtmgcﬁlgéaqgmpared toa

erefore non-uni f Ormty 1 N
convena%ﬁlsplgwr pgangelnﬁﬁt, fufdt’.: &ﬁfef“ye F@o“f?&é‘ﬂ‘f‘}f’é’l%é?r by pft@mt frasity is significantly
reduceC @y folitabnvel@ishat devics €ee Egtgu 18, thedgby alsd\RipRRIhg 8leSOerall uniformity of

n mty of the patterning
ﬁwpm%&g%g%ws mHQ$1%W% gtlalﬂﬁe ga?g el ectrodes 251. After the

fornatlon of the gate el ectrodes 251, according to one
| Wbt Siter foriatiod o€ 1D @ad ElRAbdes LI 1ackdrd@inSlo eh@nusfrarvaamdannem the transistor

formaugn g%%‘%ss rrrgl‘a bc%ntl%gergit %Tvyyerndnngyresgec{l eo%rgllnr & pe\.frgel yeglor({jsr ny means of ion

lmplanka@vmtr @mﬁ@a@ce\w Wewtdbh%sct Ragslds Sisipep, whemlestsnm@eﬂmwall spacers may be

fonnedvye eﬁ ed abpkdaheamajﬁsemelmeral désawblloﬁle n?lctﬁé &dﬁﬁyal REnds@kBY. In other
r i at el at er al

crabodSns HretpRoe O AR e e TP it e PR R e el fF kpgon of te gate
electrodep BT dindribm pogess firev mayde eswinfed by famimg Hg caphatot 248N Siesedive of whether a

transistrfrnikadh PEcetll 156 BLhi BMBEdad Bl affeh @ie cela,lnafoh QR u{efgatemectmdes 251, an

ate eIe t rode 1 and the roc
approp aéerffﬂlﬁﬁ{? 3y b ?fg?’ﬁ-? ek fpbstautia] 6?‘?@?5329?6“5 ‘P?? ‘ééeé’@’é £30ile providing
the requifed whetohfer tha cdpuciisi4gyier, teaespativeandipdwc@psitdratmeaenOa, 240b, 240c,
240d. ﬁzggl{ dn%ﬂl?l@s& Ena_ﬁg%n aﬁfs&tﬁ)fnc te@ﬁprﬁ&%a?%e Qé?foglﬁedttMrng@otn%spondmg recesses,

el ectrodes 251, an appropriate resist mask may
for instgngg ity o0 & Henshppdr e berugepdrcterdyst e FYr hivrrgioss, tvlﬁ@SSdFCépes similar to
those kiioxg)ifi@i t]ﬂﬁ&nmdiﬂnloetrqasmvdlaﬂibmgmtthes 1hy (bt bide@ AA R the Biihatdo bf the respective

recesseg J;}Qregc%?sa&le l;e 15t n% rhayé)ﬁ emov%ﬂa%% gu%gegxge(f‘i{ly té &el?g ctrogegﬁtIB may be formed,

acl tor elenen
for instqng 'y corfeimslly depesiing mperﬁwr@mma@mlcsu@m highly éepedrolygiigongad the like. In

other e@lﬁﬂfn&ﬁt&&ﬂa sﬁx@ouﬁ&ﬁé’@eﬁ@Bﬂd@&&@tﬁ@hﬂ @f the ﬁ@& Sﬁﬁnayfaetras ufdssﬁtarueetrode 243

trenches, i.n m._cond uc,
w1th0utﬁr81er rﬁampu[ Ec]n or rﬁcr:eéso §e% ern%% %ngtﬁer per cess strateoF/ el oa uter ?lXc%:ode 243 may be

formedy ih gsverdkaso with $they ymbddancitsrsras jfoopntgf a meeln dior ingfericatif thformation of the

transistStlelcHEH T8 S sOBMnRBy bb3BEted Af it Sdvadcltfio B QLJTBL HRkh erfurhl'alefugh temperature
respecti ve rec sSses %I‘ trenches the re

procesiRE BRsUG * A SOE TR §oF RBRIFS B R o i e Tk, by
well-estateligheld @hfsalive chemfcdvapon ddpasitde tdoyniques) ivizareimihbnthelepasisdlf ang compound
thereof @vﬂh @p Md&ﬁ&ﬁdg%én%cdﬁ@&c%? Jn?tlenal ﬁ%v@% tlty Oggll e)fecg&ﬂ §Q3 Fort eﬁample when the

i con and t her enmbodi nents

layer Zg)usr %“Bﬁﬂﬁ‘ﬂﬁ"ﬁ Q"”@’é‘?ﬁdé’éﬁ’éﬁ%ta&?mﬁ%ﬂ“@?% fafftal &ificidqypay) bﬁ%‘i“edzll gpeordance with
a proces¥BYat@ bis i Slsd 6w fibre fhe Eragion 6lkactal 4iBcitd rediais in datdrelebi@ides and drain and

source@?&SRP&%&oﬁal%s%{o%&?eﬁi ng. Depending on the process
S er

tegy, ectrode 243 may be formed, in
accordance with other enbodiments, so as to contain a
NRbad illustr@fve Erﬂ&ﬂﬂﬁﬁtﬁcon&gpoddh@ nfe@rdilﬁfde &Elo&f in thB @ansistors 250 and the outer

S|stor el enents 250 is suB%ta ed or
electrodte ﬂg n‘% etam%gl 13 asfommonI proc V\ﬁ%,i g rebﬁl st nat%ct'nﬁléz re('li;gc)lnﬁ process complexity.

Thereaftee riipefhe&qcmc daypr2de any btsfoaneel byj dleresitianr apd/orgoxfation| denwlmb en the previous
process QI@@ OBk BAF th b eRSirolid e K f6rhed @ﬁﬁeasle&morﬁh@? %aﬁem&l lof tﬁ@!a%mz 10 or any

other offcanle o “ﬁ‘aﬁ et i T dy el Y Siifion, Rlovitt G R ovidving

temperalutreselcbmpﬁtlbla vaid rfiponmuiatthvéncetize wi thh thisstor pld@enitsy250g In other cases, an
appropr%%rﬂléi&%q{ﬁ{teﬁ)iﬁl xﬂ%[l%r&eﬁl)snapiyy wél ééﬁbl@ﬁedtﬂﬂﬁlcgysrec%amlcal vapor deposition

el ectrode or _exa when t he
techmq%bg?raa*ff@% fﬂ&woe g, §’%}6°“d¥m%fi pificon r‘?’*y“&“‘if’cfﬁ‘ &g Jiks iy by deposited by
plasma Bfthbrizkd GVID Gclihéueseoy thcbafiosfimetl khownaed@s. dRunine thal defosifion, the thickness of

the diel%?rggéltélz ?rﬁétslﬁaggbl géﬁtr@ﬁ;edlﬁ ac%(l)rﬁa%cm%mv kd g{ﬂrnlgﬂ&tsf s%rag?ot éb%,m the desired

e regions 1n gate el ec es and dr
and source regions of conventional transistor
el enents. In one illustrative enbodi nent,

corresponding netal suicideregions in the transistors
250 and the outer electrode 243 may be fornmed in a
common process, thereby significantly reduci ng process
coaneX|ty Thereafter the dielectric | ayer 242 may
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techni ques. For instance, silicon dioxide, silicon
nitride, silicon oxynitride and the |ike may be

waleasiiied by pl asma enhanced CVD techni ques oPCT/H82006/019960
basis of well known recipes. During the deposition,

high caﬁgaﬁangé%%@&ﬁﬁnt&f246 h@shgl!ﬂ@ L@ %)tre&&‘ted Y B fcg-éligno%y thp gielectnc layer 242 is

I n accordance, w devi ce requl rements
substangasllytdgf:o%q:dafpﬁl thqygocges dgr lfcgiaﬁl,g éqﬁpee%ﬁs e Psplatian s of Hhe gate electrodes 251
and henC&4nf Aéstr@l thiddbss aldimaadialsbropokidoratdyive edeat € fr hbditledirivdayer 242.

formation of the dielectric layer 242 is substantially

decoupl ed fromthe process for form ng respective gate

i ont dlpgtativeleabediment fhe dppesition o theidistestrio s 24%5mayznemprie fhedeposition
of an &R Ystog &@Ieﬂ' ®8lc Bihibk$ & $igh askl sdmtlﬁfyl vilh Iespeawsm% |nﬁf&nﬂal)§edbﬁr the inner

electrod%%lﬂe heatgj nf %{ces!:sh eatedalll ev!/h?c tmra (0} eﬁ on g’le reglo 9 during the filling in of the
atTve enbodi ne { he ep R of “the

electroctmnetee@ tfqr ithe eleqspé? 2424@3/ ﬁwlwé’tquvs@np ﬁ@sed@pwtettweﬁclntrocasq
etch stop Iayer whi ch exhibits a high etch selectivity

e HERRS G FPRE Bl R B St cons
polysiligpa, tftqu:bmgld)st@tmatlmmjeely fidigE tha c@@Epogtingi tragphesh @hdréalitbr exgess material may
be rechgd ﬂy@%el@étte&stﬂfc&gﬁcm&%ﬂ @Jorrgsg&ldInE @tol‘?étcﬁ‘aqu&qg% egsﬂre]a’relﬂﬁél removal of

be rell%ply renoved E uent selective etc

|
the el o T R e P2 SGTIS AT of B o Rigiode 241 may b
acceptalgk el maycheenZdprowatite tpability efestictiy insléqios bdtweg tHaiigpbd glecti@ipedll and the
outer elpcﬁloaesﬂhl &%%rteﬁthfé&@&ﬁé of %%&@Pélécﬂl;de)ﬁ4?gﬂpt>ee$r§4te\é f’[‘h!ar’eziﬂ@rg the further

he Correspon I ng trenches. hereafter, exc
processpR 05 Pomapetifg e Frosipienrlsien 283/1“%*( be gpngipterl g2 fiplfy °€’6?§P<§‘t11§$1 contacts in the
die regivhZ30 @hdthadie esgiot SPafiba Ghraéds RhadiDRell- a’ityiﬁfshd’c!@ybcﬁﬁl ﬁebltb@ nﬁy be used in

combma(tt%lt kvﬁgl o%r§%)%ﬂg?rg@ dfggneé\ﬁ'l% o?%ﬁg & ngstkg {o tg ebg feg% 1§hhﬁe re(éulred electrical

connectigpighopreiibe i lyldnsayape@toraee@ 29046l a4q6za%ﬁ0@v@ﬁhq qirgﬂﬂewepresented by
the plurklf€oft@hsis@bélémdn 266, €l ectric insul ati on between the

i nner electrode 241 and the outer electrode 243, as a

certain recessing of the inner electrode 241 may be

crigig Zsdchemitisallyghawes en illpdtretive gramhle of pvigeessisimg doreamecting the decoupling
capacitd? QAP kethb Mict dA6uitry éﬂééeﬁtﬁcp by ek eaER o250, r@)}{segﬁntﬁp RHe! debi&do0 may

RIS e R R N
corresponding -degt al [spgtredziprscod gge IebﬂIIOfifES)f nieyphydity s@glanbistors 250. Moreover,

[ d : .
capacitdy g(gpigﬁ ?%4h50}9 f&%édhmﬁnlggtﬁiﬁg%ﬂg lé&%l‘e %08 xglz%hgrg{%iﬂp;%wdte ﬁ:leectncal contact to the

inner el%eﬂtt 4100 5 FlesiodRt S nBEETORE. Bt RBBRIBALSPHY Yy og gptct 244
is 111ust1@ﬁ<ﬂ)ﬁn€ cdnbéctigy @ nertuer détbade 222 injch 240 8¢ asdded talbetin téi@act with all of the
individu] cle;r%glltotr ngr&%%pzr %S EA{(BB ‘%Q'%cbéhoé hhet o@t%r% %Hlét%tsorfeekégng‘p (‘?é}pasc}tor contacts for a

schema
leaht}t crflowfglt qlegirqdge24d %&Wb? povdded g Thy qepagigpr §@1‘?eh?é4 famectipmin distopiggelectrode

243 maj} N® leoRid@td t0Q nGdD Bl M @ rwhieft Gn tuth ﬁrch/@iei &hrealCokitsdd tol thy/logic circuitry
represen de% %r %%%%a‘@% ok%¥rans1stor elgrr?égtss 2?(% oé’urméﬁzlﬁ t{} %¥r£]lsf¥ gfuinneg ?l%cltro&eg 841 may be
connectedgyit @EHG@VQMtactV\#ﬁ‘*cth orggropmpry matelines 208, vahick fingfarin piogidé elgegical contact to

a spemf%@ Somibgl OME Qﬂcuﬁﬂ'r%&gntgd%ycﬂé tfrﬁﬁﬁt@pgérffitgts 5@ 43 r@a@doetrequlr?d for the
cer ectrodes, o urall

decoup IIPF ﬁ"ﬁ%ttog P rgtﬁescag%sﬁor E glb%?/"é‘fbe apRYpeAlsdihst the 8%%%%‘?“?&%”“&1‘? Kigure 2c is

of illustrfative matdre wily,rndhanly hterdinghuechor dognebting @ cd@tor 24 iwdth appeopriate nodes of the

mrcuxtryﬂgﬁéélergﬁ b?l tﬁeqraﬁélétcﬁleleﬁ%{%t 36 tmﬁg Be EJ@(? f? 4 r}g{anc% : &5 to¥ 191gr§ %f 314 ?ndlwdual

the outer electr respectively.
Capamé ﬁ’B’BEﬂ‘Sn%f‘Ht‘ 24 0e: 8 tﬂdymadnté‘ @Wt@fbwﬂzdﬁfw@ ItoFi‘fsu%tﬂ?ea‘t“éH“Y of the
transistof €léme@aBRFECt i Ng to the outer el ectrode 243, which may
be assuned to be in contact wth all of the individua
capaci tor el enments 240a, 240b, 240c, 24Cd. In other
enbodi nents, respective capacitor contacts for a
plurality of outer electrodes 243 may be provided. The
capacitor contact 244 connerting to the outer
el ectrode 243 may al so be connected to a netal |ine
219, which in turn provides electrical contact to the
Ioglc C|rCU|try represented by the plurallty of

o e P - Y




circuitry represented by the transistor elenents 250
may be used. For instance, two or nore of the

wo pa700dunl capacitor el enents 240a, 240b, 240rCT/BE1006/019960
may be connected with different nodes in the circuitry

1{] J@t%ustlf %' #l ansgtbre(gﬁtgétssﬁg %.9(1 tﬁg‘ a@&cﬂng chg’JtsyME] %? ge formed on the

e tranS|stor contacts 254 and capaclitor contacts
basis of yyglf- emsh%reflaqs RIS i Rartisula egnbgc%xmwéﬁp fcé‘gxfdaxﬁ [2jcerRep manufacturing
process.| B thip@Srp6sd Chn RBY stop 1yeB(nP@lidwng iibyee ceﬁ&&dmmmsuedbeer fe diveehions 230

and 22d %llg‘x}/eﬁ%w ndeg?qug%? Wr 1eQe%P{BV%%%1e 0R; w e CO #h%n YL Plgﬁe% or otherwise

planarizerb ff @s!vahéyduwp vay swﬂa@ telnoerapt@gﬁ @qgﬂezsﬁhaﬂﬁtelz EQ}TGFRS’P‘I“W“%%? may be

formed Exhﬁe Q@&O@Bt Wlﬂéh ﬂﬁy e béj biElee QKrdegH tﬂead(&r stc%QSyer V&‘Ii)rG‘hden&yltact to the
respechfn fefanPndUB T 1?%18 %Beaé nwap?)rgnplgaéea&o%?uec%ve l‘flﬁteﬂa? n}a%l %e t}iled into the
openinge tortheetyp &wvd ithy granﬁp@n Famgpsts %ﬂym@) de f:@me'dcomﬁct% Hé. Il‘%ey%ﬁer Abygretal lines

219 and/¥db Gy Mmleﬁ' B hcRBdableGIE el BEDUGH tt:&ﬁlqﬁ’és (fct} &R n{eﬁm@a{hon layers of
to proyvide contact to the respectlve sen conduct or
senucoqd@éx{)

EHESS Ther eafter, an appropriate conductive
material may be fil led into the openi ngs to thereby

fﬂfrﬂé {hp ?onhz[ti@ﬂl §f tﬁé a1 Qiﬂé’éb@@ bR 22& AhRR gre teB@edQéﬁﬂ@Qd atpgxrogrlate interlayer

contacts hereafte the metal |ines . ﬁ9 ﬁ
el gyl B o i eEgee A TEF S P DS b Py e ambint, durng
which [ﬂa@ﬂhmi@bte&nfagdf mfa;Odebh’S@‘vd’ciEtImphm@ait i famhiftdy edvancef semiconductor devices

having r%l% rrTr]l u‘}%%‘e stlzggz%{gs A d%% e&glile\rl\% ﬁlteigflglfe X rrg%d L) mQ;t be cbr‘ﬁpnsed of copper
or coppgﬂmyé ﬁl}ereajf @qqlrrnﬁgépqcxéig; étfate(gie%?vg& tp the spegifie F}}agptensucs of copper with respect

to depos'itﬂin%ﬂltefoﬁﬁg CF oﬁ:‘ E)@ﬂpl’é aettbppetased &feﬁlhkéﬁm Badd, Yie pedfidrdaedcenslapproach
is ﬁequexftlg use%sm W ch tge %eﬁ%er dlgln%cenqgté lérd %%te%m? attemed tolrecewe vias and

uce S erve I'n I CUl ar
iencheg, ohich |argmmy sibboameb e vi @Pmrc@roqopmévhl%s Dhraz\zu thgy patterning process,

plasma-[ﬁhﬁbbwmrfcﬁﬁﬁéér@ fr§du3rﬁl§ 08dervdd)Gn ﬁH?ﬁoﬂBﬂd&M@ ﬂle|cﬁﬁcSL vid B€h process. It is

beheve{rng 6gerrea£?r1 fgysggmf{c% F/g%g/ar %d Pvlafﬁ %g%ln%l ICt(s: 1sSc use«? l')éyeexcessrlve conduc-
tive aregiwif ugdetlying layerss pbich fuay indira raeiteni sfacicdring the @bwaswt@wtcll process.

ACCOrdIB?%Cp%gtSIgIU@CéA&P%{IJCH 8RN SHERIRG- ockBled Q%'QFH) h&ou §ifY capacitor 240
per - based netal | | zat i on leFaﬁ%/ ?Sléhe so%:ﬁa% bly reduced
comparg ORI B IR P Sy T B PR GHFCR peably reduced
thereby kld redukiay @ ridtifelaecplasing-indade@ ddnabe, sush dopples itiegland mdfer charging.
patterned to receive vias and trenches, which are then
subsequently filled with copper_ or copper alloys
BRaainrgfertipgeto Sguted it H’Qulﬁ ) E@?ﬁ‘atecbﬂlﬁﬁfa‘e?iﬁﬁﬂﬁlk}‘eﬂ dﬁ)ﬁ‘feezroo as shown in
Figure Zia:ﬂi@,gﬁ oth& emb&EBR] Be\forabs BY Mfdng thencamftdr&e(lubrajf tockotiingghe plurality of

trans1stotr elemenlgs 2%6 q—f‘ereb\é,laas@s}agtﬁ (R:co%?l%%%f thé éroéesss fBgl f&r%%/ A CE%F&&Q?%O from

i:

son tor si argi n
the prO@ﬁSﬁef?t orinine eheuetsitclearee 8] pay beo%%d{ pronaded rthak e ﬂpw or 240 is
compatﬂa‘l@ %ﬁ hiyinipg ténﬁylﬁt[u% prodies hathy bé fé@ﬂ-ﬂl@@foa{he fRhABNE teftfafgtor elements
Y Y CR G S N e
techniques; Chrpibe drovigling e @aasiseriP riga dapabit iosonpablec witptie é‘whﬁrocoaventwnal

process $89 & i Ql?éﬂlle tpakﬁé?(ﬁl releﬁl@rm 25@ U gt thi@ Burf)&@ %ﬂgﬂ @ éF @&et % forﬁlmtﬁm of any
antenna e her e

ct isre duced
vench i TCTAGVEN D PR S T SR ROHE B8 AR Sieeps tench
etch proads avel b eubsa@napi degositionl pravecbsefor foindmegherngier depapde 24 B ffa insfarvg irt the form of
doped ﬂf} ggiﬁgoﬁ 1%%16 1hﬁere§pz9)ﬂh\gt1@§ SRR s%fﬁic@rtdﬁtgortl P 2tdg con51dered mapproprlate

m conduct or _devi ce as shown in ure 2a |
Thefeaf@fa Hhe diclsiprdancndd gy byrped by idatisp af‘?f?rrﬁe?f’@‘ 1PTHa f‘lf‘&ﬁ%fﬁqntdtﬁ’f“de silicon
oxymtn2é|c9 si}IlEdn @ftride O Thedafidr e ideeelg@trodeati myy be formedhysiembitig polysilicon and by

0 r I : .

reovief SR ERAS ol 1§ EoE Ry SURTLLED L PRI b BR[Ol ctniqes
' processes for formng the transistor elenents 250 may
be obtai ned, provided that the capacitor 240 is
conpati ble with any high teafiperature processes that
may be required for the formation of the transistor
el ements 250. In one illustrative enbodi nent, the
capaC|tor 240 nmay be forned on the baS|s of trench
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etch process and a subsequent deposition process for
formng the outer electrode 243, for instance in the

wo evomoafi4doped polysilicon, if the inherent PCT/US2006/019960
conductivity of the seniconductor Iayer 210 IS

Thereaj “terqﬁe rgagtaggur&nn %%Qersflgel[} b@'fe@%me-g dtal%d dcggs{} form gll %g ts{stlmc elements 250.

The ﬁltﬂéf’r p@iaqeiﬁng qan @G‘i*ib‘ﬁ?"é%iu&deas ig rﬂpq éeecrilbmmtei tp If‘H’@ tegr esxict 2Q9cm shown in
Figurepd.tride. Thereafter, the inner electrode 243 may be
formed by depositing pol ysilicon and by renoving any
excess material by corresponding etch and chem ca
nGharierenad togtgures As-Prg I TwEjustrativhamibgdimentsTH dearesbenginyen(ionewill now be
descnb@@ﬁ%o?&&et&ﬂ' xﬁﬂreﬂtﬁf&ﬁ? Sﬁhé@ycegé?teﬁﬁ&méjl 20 1nko19dd 3¢ Ak&lbe applied in the
s.to form nsi sto

provio R PRt fg MR LR AR BT yEeglp Egres 4 nd 4,
as welldeEigwre Held thrlpovieustyslefcgbahembalingtmts) them@Octermg sfeoaares fonforming the non-

planar %&;QM{O? m%§3 be \éé&dﬁnédeénﬁfe@nﬁﬁ) tt(p ﬂ% | {Biafon (%aan?’ Qranshstr teteﬁt[‘ants or may be
ve egﬂuginents of ﬁr resent I nvention w

str ti [
perf"“??&\iiﬁ FERPS AR PR 3’ ith refRpRes QiFHEUTRIA ot PrPYyEs strategy will
be desqibalies Sn@tee}ihs fehesion bhibe narpthnamiz@upliag capagitoabys@ink @t least some process
steps, vapotilaiquo behb1dyREroPHEM IS &agﬁéa&wﬁ%@u& odi ments or in
he enbodinénts described Nater on wth reference to
Figures 4a and 4b, as well as Figure 5. In the
p e Vigrtl Sky a GamiCdnthized de«r&eostiormmbﬁses ta hsabsrme B B Gl fogned thereon a

semicoHc[th?rel%%F 33’[ 0f oreo‘9 [ Ttl‘elg)h 1so i1 n OP'E ltt@t? Eii2 n%? Bgﬁ)imtte t[ﬁ?yempc%nductor layer

310. Thy tzmedy 1§113<§‘?n 3&2@%??9@%% ﬁtﬁ*aiye TRgion;ap frem monéfdteétglqnﬁéo Furthermore, in
one Iuﬁseﬁtmateinmsui@ém aenﬁei BéHidnOthea St mga:itetihﬁiauw ta!;)er rssﬁ eltae NZ2Efoind on the

semlco?ciﬁlgtf)r layer %]1% :I)’n is em rdlomcegséte ﬁatcl; ggtﬁaﬁén lﬁ\{)er qe% m the 1rs(ti die region 330

or na 0
has a tm@wbieﬁsrt@t @apateli ttlamrthebvclmsﬂs nfthafirsd pedion 35§@nﬁ} ophem@s@ments the first

pomonsts%y ¥ Ve Ghmad £ ﬂ@sl sﬁt@e @milﬁmge Be thetpibeest Qé;ﬁ?otr bRRmAE 4R second die

region g@rﬁgr rg%g/g}% [aovgr%&ai nSbOB%TWI? érgre %c%btggt Cf‘%ff‘éor el be performed as
describkrbbelowgrithout the qbonttbte}ﬁéa) rha dewirei3eas dweh dr Fikay/ B md3 bl formed in accordance
with w@ﬁ)é’sﬁﬂ}éff'é’d'trel?chtié’oﬁp&thechtﬁgjeéle&ﬂngsgoﬁlﬁglgéﬂé’d%hgiglghdﬂgrﬁ}fh}b Sch, deposition and
formed in the sem conductor ayer The trench
planarigagios) teghniges. 302 may separate a first die region 330 from
a second die region 320. Furthernore, in one

i 131 e 55 @é Mﬁtcﬁﬁ%ﬁ s Hd! c%ncfubtgrg&evgg 56d gna %gl%ﬁ ac%fanc%d manufacturing

einsu atio ayer orne
stage. @rﬁeewa EQUEgyrises alye?h ey 360} wlutlmﬂvy betswsidrdie e formigéa graiptanask or any

other aprS}Spﬂaﬁtliaﬂil'imlasﬂy €Thet dichDBask O:reoredinﬂ,riaest  @lufalitysdt dtbrﬁmgﬁ 8g0R360b, 360c.
reater

Cones;{Oﬁ(Pm(ﬁ(rﬁCé:%sgs 06 ]ppegiﬁ.%s #4?:%, g ,S%i? elzreé i ngpgéna € ?eml ?%ct?ralayer ?1% The recesses
345a, 3¢3Pb Idr menhage the foem pf tregthepayany alrer @B Rarisiashansotchys, Howenade, shown in

Flgures% aﬁd'ubs Th &gﬁnsﬁﬁs qugéﬁés%% @4'5@ 14B8asH D GEBST ﬁlnﬁgsaré‘ lected such
t erni e, second di i on. 320 fo[ recej vi

i S RCh DOt S AP S BHA GO ~BREh Fre ks of
a capacg@P@brttiostillnele fraed) cihé penniessl maysbedigsand sive dr theyl nowyyvany et
the portion 352a The device 300 as shown in Figure 3a
i n accordance th mell-established

t T‘Er?&cii niﬂ%i%ffi%i* forrer hy &alésstat’i*ﬂitsi RiptphogEsBily teqhpigugp Ggovwed by well-
establispdd@hiedtiopib eigl RfHanes @t Sdin ttﬁ G@EBSds BiaN34and4n, anedin gradebsQtcipes may be

used th;t%l%%&ﬂglt}gﬁ}oseﬂs%l{gr%he%b% on.o teltr%nacll lsﬁ ati?'ort]l(gtaucture%% That is, depending on

whetherrgs motftecirsi Poriiep 352 éhe eqth emdew tager Boovidetpy thesssmicapyugerdgyer 310, the
gate indWRGH 13RP 35 1B sebTRY dlRGedidnOIh d:ﬁ‘@ ﬂerbpérfé@ afdOduBBe@fent® the semiconductor

materia{éig gr};}ﬁeﬁﬁg&?ﬁ%au&% }c%gogzggu%le g[:?i ?hﬁa/ ?68$tanga81§$$ﬁléa§ bgge%g?/ed by well-
360b, 360c. Correspondi ng recesses or openi ngs 345a,
345b, 345c are forned in the sem conductor |ayer 310.
The recesses 345a, 345b, 34%c may have the form of
trenches or any ot her appropriate shape, such as, for
exanpl e, shown in Figures 2a and 2b. The di nensi ons of
the recesses 345a 345b 3450 as mell -as t hei r nunmber
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ani sotropic etch techniques to fromthe recesses 345a,
345b, 345c, wherein process recipes may be used that
wae@7803til ar to those used for the formati on oPCT/H82006/019960

trench isolation structure 302. That is, dependi ng on

knoanWe? hg?' I'QSISt thé/ tetcltb? ugsI JrSaLy BAL s'elgalvﬁ gt@l? 1%£esste£1 hgr?{hg etch mask 360 is
al B rOV|de on t ntcoﬁ

P“WﬂV%?@PﬁBEQ“”Pﬁ@méate |nsulat|on | ayer 352 in the second
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represent an oxidation process f row ng an

thwlmee%af&e g@tﬁtrﬁulawg beei3h7 e b forpatianof theglicltrie éfy%f 13 sin ofer embodiments,
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filled bfy trenmmteriarof dIE layéré5ti @dnegtanilyc tHe dayer35B 42y bd depaitdderith an excess thickness
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nas Is
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the recesses 345a, 345b, 345c, thereby increasing even

nore the uniformty of the resulting pattern density

durlng the patternlng process for the ‘gate electrode
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sequence and after any ion inplantation processes and
spacer formation sequences. Thus, the device 300

w@ompiodes a plurality of transistors 350, of MIT/TK2006/019960
for convenience, only one elenent is shomn The

the electrofd\ %hltst 9 rb% elggxlg]cag)a ondeSd S%ﬁ{?‘%&)ropn%%m er, as 1&%fj?ed b%{ th? ﬁashed line 341a

s an
in the ﬂmrnkcé locWWts togPrVislp ﬁc fesispd elpgipical mﬁwtmgf teecspapifos 240.
i ndi vi dual capaC|tor elenents 340a 340b, 340c is

9,75 1 RSO0, 8 Lo 020 T COPRELALE s i
degree\gffi coripatitiilty Svdhﬁie@nmmqon@ mtosess ﬂg\y ahdgsenﬂgé evith ceferengp koyFigures 1a-lc, is
maintaR&d, Wi ﬁgzeffﬂefeﬁ ﬂr«hﬂ’du&a&ﬁuﬁﬁlnﬁ le\faﬁ’tgé:és agé]-to%e Bchleplanar configuration of the
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desi red ri cal conf I guration of e capacl tor

local 1gégcoanelctes§mntres fuﬁléasctgep%&left&ns %45 nﬁ;ﬁ)pe ?doc}uﬁ,%t %§ate patterning process,
therebydclricglly tcadabdtisg el inpivide sapadileCdlanictys 84a, 340t Beic in ahiflilgéfficient manner.
Furthex%‘o%r £8e Qg &cﬁ&ﬁrebtf th@ otltér eﬁectmd%sh&ﬁ E %onggg}gcﬁﬂatgpb%ﬂ?alte ogrﬂ%%gﬁssof the initial
ow, as esc erence to Frgures la-lI
dopingeReeRtEHtpTe 6F ﬂ\mierpeoq#m riesePs ¢ prevedicagos F@hﬂfﬁtl@aﬁtocess may be
perfomaddvxamt a@geﬁlaféuaset &nd teh@gynPN 1opdtiag a rdomaindpbdd rafth @R vaiticdl pertion of the
dlelect?ﬁgy%y gla Ptrasgd c%r%%‘mn%%g ina rcﬁtpe\r/e rb%/ a ct':o@r%sr?&? Eg%gsgss ga%lwoz h
t he gate eIectrodes 351 slgnlflcantly i ncreases the

u WﬂﬁnQéfEfkrIcé/ tofigutdl@a &ﬁtéﬁ)eﬁlﬂhed ﬁlﬂﬁﬂaﬁ%,embm&t%)&mﬂ h&®Pbe described, wherein
contribut.in ed

i cant) anc cess

e o o1 S5 pol B R ot Ao T SFRRD Gt oy Sl b cpeponding
decoupliemdaprcitrnes. Mor eover, | ocal interconnect structures

such as the connections 341a, may be forned during the

gate patternjn rocess, therehy electricall i ..

c bistreée |S?Ji’§mtt‘ﬁ*ég ﬁ?ﬂs\ﬁ 88?3156"8‘3’6%\‘} % 8'lr éﬁ“lé"r?é%f y%%ti&,“oo comprising a
substrat%ém)b Jha3(fornied tiarchn g ladnyicopdfcioc lagent4 10ra M respdet tot the subgmae, 401 and the
semicohductbr} efsngdtﬂ&;aw tlttyna%p@ tt 1 %sénséatvtlﬁtqgee&é% thessullastrate 201 and

consi dered | happropriate asl| s Init
the laygfdP-n fhecdsHese 0 eatprrises "otfen‘thh‘é"laslé‘?rf"&‘&thfﬂ (#6 &1 3 Bryedimgigpal gecoupling
capacit6r0440 &5 {2 Bealiidogductoinlayeipl oamh il @iboflimes, &Bﬁtrd’]liﬂylsdﬂﬁlon structure 402 and the
decoupFug; ca{)ac1rtroerql4(yvI oc:'[hglﬁl? Qg‘lcr)% (re:l!engén?él gsagd ?Eegonﬁ Q:%nlxg;% éM(%b ma§[1 have in principle,
substar@ﬁllytthpesalm @p@fapptb QOW@erntgmr@e trcwph ipqdatipp gruptige 492 ygyalso be con51dered as

a capa&iRf b16Mend 3Phd1BYatRE s@@wm Jay tid &@w&smedg m@armtb $4ch comprise an
ur es..

15°1at1°|g|?ﬁyffs4t6¥v v\?n.rc{} rée%fgrﬁ%e ‘? ?}tée%? lrﬁspeﬁtbve egge gs 1T ér} th% euaroun%mg semiconductor
layer 4\fh elfoe pxamplachef isalatian lapey 467 mw erfedmed gigiilinet doxidetand/ertsilicensnitride and/or
silicon bynfRRR LA lﬁgeeiryanﬂpagé ftHe edi84 18%r 469 153f!)1§1@d fr&ﬁ Eﬁ ﬁsulatmg material so that

correspondl coO ng capacitor.
the 1S°]§t(‘fﬁ éaﬁﬁ‘tétp%%qt?e&re dw@ﬁ s&%ﬁlgg %élbeftf H‘ﬁ éﬁlqm&'ﬁ Wlt}ﬂﬂg gharacterlstlcs as is, for
instance, @equ@iniit ¢¢nols 1sdlenmcseu0¢@@ 30pMoe iasd MY, & seMdsbly atseribé@ 1 Moreover, the
elementsqyi ngaf Aot pﬁlgg]anac)u§Pmcﬁgd}qu§ td(afelel:tﬁy ﬁgler éH‘f)and \M InHer electrode

resp ect tot stra e he sem conduct or
441. TF‘%IW arnjfeter ctleﬁgodg éﬁ% 4éblr1petyé)'z ifoémtaipffﬂnvheagmb fnétglilae) arsffoyl dlfferent materials,
such asdﬁﬁeﬁrpblbﬁd:oﬂ\hrﬂ fhenigé. eThe A RcttiOlajehel4S nibshercaigris20df amnddpropriate material,

such asI s?ixc%rdtio% sﬁ gcgl mtg(? Véﬂ‘fc%ﬁ fyg/gm'gg @Eﬂg%%ﬁ-k%& ¥1ﬁpé§sqt-e a?rgadeaésgﬁled above.
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device gﬁ)go #l% e ccg:nia éige(r:] t:g 1en|§}1§a21 n &fnddgg I I’b aatef el,le!ctsr de 4|5?.n?nnstome illustrative

prinC|pIe substantlally t he sanme conflguratlon.
Consequently, the trench isolation structure 402 nmay

al so be considered as a capacitor elenent. The

i solation structure 402 and the capacitor elenents
440a, 440b each conprise an isolation |ayer 463, which
separates the |nter|or of t he respectlve elenents from
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el ements 402, 440a, 440b further conprise an outer
el ectrode 443, a dielectric |ayer 442 and an i nner
web@chosude 441. The inner and outer el ectrode BEABUS2044/019960
may be formed fromthe sane material or fromdifferent
embodlgﬁ‘:a}tgfe rgxléetac}r ?118res g&g r@lgmeAl Lf%@? q4(80414}5€}8:q%c%r%§ns§ a c?rregpondm eIectroge structure
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as. ar r ead escr.i bed
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configuptierHag TR TR & LBl 15 4% é“Stﬁmﬁ’ai’t U e REHer o B g b lctod o
the capauiidr ﬂenga&ﬁ @40a) 40b.r Mdl@OV415 4s is kyidesOfen Figure 4b, the trench isolation structure 402
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followiggyrerpas$sesr }Fu@toq@rrp%mdgg trenghes fmay h@fog]@ﬂ a@pl@r@f asdn W{l@al trench isolation
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comy S e e r S e L T et wPeRe AP E Eoiaioy i v gy ma be
correspbridingiytincereied ¢ avermaOgatoht {ancriaet et Sectigds i, #4cund the dicletric layer 442

as wellc%nﬁlb GHdlaadd ﬁﬁ:? 48nd 1f Qﬁﬁserﬁ@?ﬁm@&s %ﬁhd%ﬁit B6latiofr Qench d1mens1ons may be
ance, stantially rect f§a& outline

approplgaée' rcatcg)&nqo mg gcod:rgigg Iig 8?pa(§}0é ar@&ver Zfﬁlffﬁtwe %'encl?es Or recesses
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to the dlﬁglsﬁﬁé &QheSJsJIH%ﬁ Hgn%heéogoﬁ&%ﬁes% tiehk% VQ@tBez € ln?ﬁ%ﬁr@ d@ the horizontal
hus defines a regionin which a transistor is

exens R B P R G R G 408 OB G GBS dspn ereent.

Irrespectuy@bﬁllﬁ difenl e 96thé individiaDélerficats ADX) ¢4 0k, H@0L] these canpbffitsaisty be formed in a
f

commoR SR BHadell ifhe ot i 208 tgsg nﬁgfa;\élé ERPRALES: S&Jangng Bhch M sructures

Therea rﬁlq qutyn logers ﬁ63m\}oé farmesh &r igstares oK Perogniag # 6cﬁ1trolled oxidation process

and/or Bf Qéiﬁﬁt%@ﬁan%ﬁfr@jnﬁle ﬂ@ﬂmg Qﬂ’atenhlﬂsu‘élﬂ AEsiRH AdkiaE RiliSon éxﬁ}ﬁtnde silicon

nitride %ngg%erﬁ(e OIGeixﬁ %}eﬁlgltl eél Sfor?}éa g 0 el rocl%sn 235 1s corqia 1¥n Fede%cq ?o{ 1nstance in the

conrigura
form of thighlyt deped A@Bilicfropr anyaethsr e:ondyﬂgc tnra@n@lhthw @tahprmnyte [far W1thstand1ng

subseq&&rlﬁg%&aﬁmdmmﬂrycessmg ﬁl@ﬁ@&'re&&ecﬁﬁ%ﬂmhﬁoﬁtl‘hﬁsmltcﬁ@@ufctu@d@dNext the

dlelectrgﬁaywé rl? l 1§e§'tbr€ ﬁd 5 Sdsbgq%élfi?tl(gﬂ ar}dg%/ gepo ta %g gv cferlﬁnel %% %rlgglousl?%}?plameﬂ a plurality
of diffeesnoakiriale nt ®aterat layechawagt be Hohetto it therqlired chaeeieristess Nepelythe material
for the Qﬁeracﬁw&dapsr 4451“ sﬁchfag ﬁugﬁiﬁ/gmg%ﬂc&gmﬁ% kO nhat ?%Q QébGén@Q thereby reliably

CapaCI tor elements reover respecti Ve renches or
fling (rOEBEYBEVIGIe f FETogie b R-Eon A APeEes. AHbAEANFEtY 198 or<e sl may be
removedi@ Eteing dnlifer CVIPrENSsintiRB midheTae of coff@ytion ) tremvk dselt@mrdoysses. Thereafter,

the gate 1g!u{a§irﬂgﬁgﬁ2 911212 lgg fog{\eﬂ%ﬂ ﬁ{h - BER o? (VCIL g%bllasﬁegll rQQ'iﬂeQ ﬂcludmr% highly controlled

omdathna P dapesition RECHEF | %ﬁt e ges( Flé%@ﬂeo‘??l grayths efore% ke flgpgsiting the gate
electrodt Qterifl 4ddéh as ﬂél@iﬂworﬁ&r)ﬂmlﬂ istfer f)attf:-ﬂhémm 8R6:an6d Wi soplﬁlstlcated lithography and

etch tec?ﬂ%uea?rﬁ‘s%%&\éwntts COI(I) fel%ioﬁﬁ pecnr &4 l(JJI %{eﬁgrletg E Snven 10 letes%ﬁues Xl}fdlg{ography mask

for pattérdidp the tchte slectrodnid mam 13130 Pmyddafer the pdwlednal ﬁel@tr@cb’hﬂolpﬁwet ¢Hc, 451a, or
451b, Witlch %@fﬁeﬂ Plovide@ AR BER bt (i&ﬁﬂtypﬁﬁngt tﬁl%attéi‘i{lﬁg pAGkds.
established for formng trench isolation structures.
Thereafter, the isolation |layers 463 may be forned,
for instance by perform ng a controlled oxidation
process and/or by depositing any appropriate
insulating material, such as$ silicon dioxide, silicon
oxynitride, silicon nitride and the |ike. Next, the
material for the outer electrodes 443 is conformally
deposited for |nstance |n the forn1of hlghly doped
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filling the remaining volune of the respective

trenches and openi ngs. Subsequently, any excess
woradogoakl may be renoved by etching and/ or CVPPCTIUS2006/019960

simlar manner as in conventional trench isolati on

Prrég%%’e Ség%P ﬁﬁ‘& gﬁirae 4%%166es§ec?ve atte g\}gﬁtﬁogeuslér?%?sq%{ﬁ £ 1prrov1ded may be
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elecmcgl%gmhxg%ﬁ%la9 Be Jsﬂﬁlsﬁk"’a% aSsuQifar 9%\4 %‘&Eéc%@ |wuﬁ ﬁf&eﬂ&ﬁo Fi lgure 2c.
Contrary to conventional techniques, the |ithography
mask for patterning the gate el ectrode 451 may al so
pItehouldebe fafprectalee thakblé shovsdrberibed| canbidiroahes pravide the tpossidity of substantially

Acompleéég']tfécou‘llﬁ% e fgl‘gnatﬂ’ogépg ces\é\,@clr gcnmggMletc%ygatopﬁ@vﬂ'ogleth@mMuﬂbtbﬂug process of

attern SIt}:lg urin patterning
any cifgpip glergegisAghilgn yevestheless o high d?ﬁrqsu ] lfio@pwblh%*ﬁéow@gtwéfétnr%ss flows is
maintag@l eMak®et 0dee Shbotihdatshe 45LR jsoldfohsfrudtifre mzomaydlﬁbchfﬁdﬁyy used as
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for decp@grpgg@mpqpewgl{eﬂw ethey embodipmepig the 4gi}_tb)nal T#paciy elgnpeats 440a, 440b are provided.
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provi de the possibility, of substantially Conpletely
decoupling the formation process for formng the
C Bip@e€ i5t sollemAdbAllyf §1010s b teossIm@EthA Gletir df gsepicoieas d@bicab)P comprising a

substrafg' 55Ph%{/&%gHe%{egbovwéehl%oﬁgé{&rlgyg%ll@ ShicR %slg%rgnteg £ §E sd%gtrate 501 by

0 conventi onal roces
a buneﬁamsn*etaand@@r 50 rle ppeieular wbgtbwwe ﬁﬁ@ﬁ%%ﬁp§f thepgbstrpte 4R}, the buried
msulatlbﬁﬁilsﬁgd)ﬁd'ﬁd g lseigitdnb@ ot Q@er%(ymbﬁreﬁfasfeﬂxt% 80! uYstids € Fhdevice 500 further
compn%eﬁg(a%cp ?plh cagﬁ%or é P mclugin%%rﬁ)e nfc%érrg?(r:ltls ?)%(El g{,&g QQLen&rr}%s%bndmg elements
540a, 54Qf kpresentfin rlnsdequamrme gtapuremegct%ng dropgh the eh@rconductor layer 510, the

buried SRAGH BRPSS &&ﬁm&ﬁ&h&h&@ &d1. @@&ﬂ&hé &rthe@o%Eﬁﬁcﬁl o@fh@ @apacitor 540, the

are provided, In sti]l
recesseg ?43?' éﬁ rg%rl gﬁelfme%?nrlﬂl@f $TF écgs g H% aﬁeglggfi when I])e capacitor 540 is
to be ferdned tnra drailar yonfigurito e @ dswriled abaoye mnh rcf;fmnca@ Rigures 4a and 4b. In other
embOdiﬁ’@IH@c&ll éaffa%ltcﬁle?e%ﬁﬁ 45da 4@9% q:>e %ﬁl@d lﬂteac@&@arngec{vﬁ{ ﬁlg cBrh@tt.lratlons as

mbodi ments descri bed ove are al so applicable to
descnbgiduthggfggqcp ko Fdgures #prde %%3qqsa|ﬂ&gth? }Sﬂ@lop &yerti may be omitted, especially if
the eleﬁEﬂﬁ)ﬂiOi’[ESﬂDtSaré@ﬁﬁfdéd)ﬁCh epirfte Hiefregicant® it enclobeg) by @8 ag@eptidte isolation
n S
structur%.afsae}gsacage fdaw }Ngééﬁ%a‘so/ lrégg se@lg%%{e}t&iegerct?oglg}% A nf{}‘g Ql‘iog Qlerge%YS 52@«1 540b.
sem conductor |ayer may only exhibit an extrenely
SR dev1§eh§00 ka5 tornted Cdépéih&m@ @M&Krl&l anld @Rk re@ifireMénts, WthCBllowing way.

A well- gﬁ‘%/r%ye&] an s%r y&ce gt%:l}t] IPrg)geessfj%'r]le rnred A gt(a)lg chutlgr{h(e: gs%mlconfiuctor layer 510,

whereirg the gatplyealremitry fpy b |019naedste efﬁcﬁntbbﬁﬁl émgid theeytied infulpsion layer 503.

Thereaﬁ?e;fl Q@elct're{n@f eté'ﬁlaﬁfo&)ﬁ o rbg@éiurﬁéa oﬁ)ﬁieelﬁgs bieziﬁ% oﬁhat@%’fc’h &Ekmistry to remove
nsul atl on Sups

st PPATT 3 Ay Bt SRRPTISIEA 97 AL febifmtly comprse of
sem conduct or device 500 conprising a substrate 501
havi ng formed thereabove a sem conductor |ayer 510,
which is separated fromthassubstrate 501 by a buried
i nsul ation |ayer 503. In particular enbodi nents, a
configuration of the substrate 501, the buried
|nsulat|on Iayer 503 and t he sen1conductor | ayer 510

e I e N . Y



enbodi nents, the capacitor elenents 450a, 450b may be
formed in accordance with the configurations as

walemanodied with reference to Figures 2a-2c andPGRUSHI&G®9960
that the isolation |ayer 563 may be om tted,

silicon %ﬁﬁfecshl%lr&té/ de re; Eelg&ts%lc ﬂﬁessﬂég’xp&bstr?é qpe Cfgrggettﬁlr pgfélngtgrg may be used for

a Segarate regi on IS enc
etching f5pHed B l2aere 19 wg i ﬁhefvbgiamek At a dgred P l%a&@é"ed’t%wh process may
be dischraiyied ahdBirthan yrot@fiipaRS e r&ﬁm&lﬂyeﬁ)nﬁﬁgetﬁé @6 6601 thel¥rm of an isolation

t t h 0
layer of ap %&t%::f e(?%trgciqulgln d§ ﬁ(ﬂ:lg) Z%n % oce?s ealg cFevwe re%ucf‘rgmgp ﬂ;a s%mf: embodiments,

epen e an roces ul renen
SubstanrlﬂIYtth?éalﬂwrpcew smjegmy bencagyis Putpis rabv/ describpf] wigt Teisishos teFigires 42 and
4b, wheddi®éiR S Smereyf ﬁ%le&eﬁﬁ &7 ﬁﬂmﬁba&@r ﬁfOGlﬂy Emeﬁgk@m asttifich 1solat10n structures, such

as the gtruggurg %5’ u?t sgou (]J ?ey apglfefla ed th\ell\{n x{en& hecf,]rr%%aan%mgt 1I§]o at]B{lJ rst?ﬁxélare into the

change &1 et
substrafe rﬁﬁu Imay p@ﬁamna@yerrot Beativelfpsiect aliet @nctlomahe of rt@rﬂ@hesmr@hg trench isolation

structur®. ﬁlctﬁlﬁ§ erﬂ%ﬁm@ﬁs El%?dé&? Qra%@y Bﬁ&ebell@ﬁﬁiwf%d afis ?éﬁcrﬁ&p{gﬂ?{efeﬁh&% to Figures
rra rom S

9 % m str E
a-2¢ a,g %a- eﬁelﬁssf egl’ ornix ttﬁ‘,éc ‘é “8‘6 ﬁtéiﬁ:&lfeé rmaiy Z’ﬁ é)Ftalgi ml asconvenuonal
fashions whikt thn¢ap@itéryelepentp F408 8 0o ey be Gomedasachs tdextendi lysd thatsebstrate 501 for

prov1du%0a1hl£heogﬁa@§a§&tv§nl@stﬁlr&éa\tp?ihé ) Bfr‘mﬁﬂnl énﬁ)gﬁl oP Hﬁf‘:lré‘aat"[ﬁe ﬁﬁtﬁl@:‘? rocessing for
sane etch, paraneters be used for etching throug i

complefijgthg dﬁSPéli’lms 92 PIP Y Wfsbbetpﬁl@r@i?@é fsdgebedgppve- Af ter a

desired depth is achieved, the etch process nay be

d}\sc‘ G %H'dlt rtﬁee gresgﬁldin\teg%%xrbqgvxcga 9 q? %@%Mablgg & ef%m gn Qy decoupling
capamtcpraygqupmg arsi afly apdued, digerge asp@paredd @p émeqtfguab mulanar configurations.

Moreovpr, B¢ &SHing@ MideeciMdntiGnal Mbﬂph@fﬁﬁztc&ors inNcoSpRE 1@1@%&1@3 @tlﬁgh degree of
ﬂex1b111‘§?fu {%Sftor?n%g semeXnducgor d?évm 19 E %na%t {nartrla% ymFa cMrEn% forﬂlatlon of the

escCri ed W referen
capacitey qiglegttic is pifbetandinlly ieslqpendsnt fqyy e ofmatipreof efreesnonding gafe ntShletlon layers. That
is, the &emegg @for %Qnaﬁmm Aaep&%h oned (ﬁ&icﬁoﬁ‘ eréfelstné sl at bdﬁ{é embod1ments be
e structure

stsed S M RS oo eGP T B 81 SSiE frg e g e s
insulatiggt fayres: U fire othert enbbdimernssy st foanagort 6f] thergryn-plaras tianttphag kapagitots may be

mcorpoﬂl%g q;ltb Vs@rkv)éntﬁflafl %FJcesE Ig@atefgié@ Q‘&| Q%é EaYe Qlfacn{)&estructures or trench isolation
trench i solation structure. In othe

coryr e ndaj n
struetur ﬁéﬁ“‘sﬁc 1Y PR e ol PGS FEgPIBEY Wi o P dipe senifcan
advantaQE@Smt‘hl ap edlanskd ghockse tngifoenigedit ﬂed—?ﬂogsum.ﬁfbn Mt&dﬂca Nde3athdeduced die area
consuthE %ﬁ&atﬁeaﬁ u)ﬁfJngﬁ};Tmh afrdif élﬁ'gig%fglot%rkn%a:l— %‘aget I%'t:‘%gﬁ’mg process

t al ne convent i ona
may bec%%‘éf’é‘l‘nlﬂb Fedageg h ey Bﬁe‘@n fagtheryredissd Beore pradinets gdien prresponding
electrode Xstrfitlesi 4 Erhddeovs k‘lﬁlfefpaﬁcﬁlgmﬂacft&rekfﬂfeﬂyl d&dﬂ@oxﬁllﬁlﬁlﬂer arcing issues

ile still

t
encountgrﬁ&) &f It};pe A end )&ro%eﬁses sual BXr nﬁ gthef f(%rmgnon (frp Ii(lfl;[qyza{_ %1 Iayers may

significgpdy @g mquﬁ@ d@eat'g g@q redycedy menpmyffcb:e o’f)élp fsggmﬁ@gd}a gma,llgr horizontal die area
occupicl B¢ dcbRglialkPiQorsAS a result, the present invention
provi des a techni que that enabl es the formation of
decoupl i ng capacitors occupying a significantly
r'’id notiailag¢nebodimerds dlrpdrabae e ilvgrrierniyoss e ipemioamay be modified and

practlceg QrmlﬂffgrUﬁt%i Qﬂ§alem{aﬁ&}@e&{ppargﬁ' tJ Q&BJJ‘ sﬁﬂleé ﬁrtﬁeﬁarg hz%@@scheoﬂﬁeﬁt of the
Ogl c circuitr

couplin agcitors in co
teachmgﬁ%@ d g g g'lﬁ ELICE5F It eP%,sean)rt}l d’LP?ﬁe ﬁbaygaé rﬂerafm o 3 ldlfferent order.
Furtherrol@; ino ignitht®n0fré éreadkd ts ithrcletailsi of commyctiontyaldiigneitten shb¥a€ other than as
descnbefd% {11@&5191@ b8£\¥ ; o% GRRRE %&Qt s %g)glruzma@ einﬁodﬁﬁém tdgasse(?l,bove may be

i ndependent ormati on cor respond
altered p wnified; 49 qllagpely ¥ariatignytarg eonsidefrd Yifiin fhp sigape é‘ﬁ‘i}lﬁmﬁt efhge invention.
Accordifigly, €& pdtection Bap@Rthérkio i a0fet o inGlRRAGIstbelbowdi el ectri c may

i n sonme enbodi nents be selected in view of enhanced

capaci tor behavi or rather than with respect to the

characteristics of the gate insulation |ayers. In

ot her enbodi nents, the formation of the non-planar

decoupl i ng capacitors nay Be incorporated into

conventional process strategies for formng gate

el ectrode structures or trench isolation structures,

thereby S|gn|f|cantly redu0|ng the total process

o o, . -




encountered in typical back-end processes, such as
during the formation of netallization |ayers, nmay
wa@k@niobilgant |y be rel axed due to the reduced aPCEORR06/019960
effect of the significantly smaller horizontal die
area occupi ed by the decogphfypg capacitors. The
,fartlcular enbodi nents di scToSed above are
WHA ve only, as the invention may be nodified
aihd pr acthiceducion debick {260,800, 449U500% qamprisih@nt nManner s
a I t he
991%{%?& tllagsmttcj?glgﬁexﬁéiﬁo %G%Gr g ¢ ghag %ﬁr%et Qg b ﬁ_pr%e

benef teachin t he
pf JeQurling ﬁ@}&%‘“’& 4405 810 %40a 5890 chariag = bt@np@var SpHfigeration. gaid decoupling
di f f er ephcitod (24BL 340 440,151 bEby @nnebted b kdid dr@iniefdmitar €
intended to the details of construction or design
herei n_shown, other than as described in the clains
bél ow. Thesemisondpriqr devine &2081A004A9. SONF cleited, wheardii wid] dagoupling capacitor
(240, 3&]]’!9@d540}3®h}'§n§§é 5@1%t%&8td)d@@@l\/ S41MBM ) BR adch R RBr AL (2@ ghff h@ﬁ' separated

o o RSBl RUET B B 100! Saf NG 20 L LRI oot o «
Senuco‘ﬁﬂ“%fﬁrémei @911 éQiu’@Ht 500 Y1 @) imaridon ahick edtid 4t depdt lnd trandisve clethant (250, 350) is
formedpel ow. CLAI M5 WHAT IS CLAIMED: 1. A sem conductor

devi ce (200, 300, 400, 500), conprising: a plurality

of transistor elenents (250, 350) form ng an

at-i t hnEliei semicawddctor devite L0080 40, i500) of dp@ad| wierein Bild@ecodlg capacitor
(240, 34b4£ho %ﬂ)ombﬁs\éé ale o@m&Q&EREt&Q%&eI‘&Q&EdAQH rﬁ%& 8”402 Sﬁb&" IB), each of which

l ng. cap aci tor 40, 440, 540)

“mmﬂ%%%%ﬁeaﬁﬁ F@“@%?ﬁ”%?WPhnetlc unit. 2. The

sem conductor device (200 300, 400, 500) of claiml1,

V\ber ei ﬁe%aﬁlgo ﬁl&:ﬁ)phl gO Gap Q?dzg&)s éia 1, v%éi" ein salg' at least ong transistor

nprises a first e e trodé
elementéés(fl)oﬁa QLRGeS IS nzsglgrtg)n 1213@;33524&@31}), g@pla(}lﬁqr@g avdfvasta)ne of a thickness and

a materiad Roniositidr fréhh @|mof-blana€ dleRMRY 1afe24242, 342 448 423) 16h3d in S Son-planar

d | 0 ectrodes extendlng into a
ccoupli o104 54 ‘P‘gysglﬁ (201, 301, 401, 501, 510) in and

on which said at |east one transistor el enent (250,

3H0) i Thefsomid®iductod- dek 5&9(2563 N6, Ofpd Uﬁg? gf del P qrm(}%p Qomp%ggg a trench
ecoup

isolation sgru%tllge %g%) tltag%)cjlpnsgﬁeﬁ }easjraaorqu 4)83 dé%ﬁ)ﬂ]?l}ng ggacg%gﬂtg? nor e
capacitor elenents (240A-D, 340A-C, 402, 440A-B), each

of. V\:hl’ﬁ,@ s mﬁﬁc‘ﬁ)@%e@cen@éb' @b@%5 %bfl)te%lgl%l fjérg%xegoggasmg a buried

.. parti 4. The sem conductor devi
msula“@g@fff %f’ 3) spag afige said Spripaaiygtos Ly (10) fremig pubgiFe Eyefiersingy non-planar
dielectrig lagergF13) (250 dec3dpling @pa{dri(SOBextendsahrough RSl bifedl @Buldtidy BFer (503) and
into Sald(sggggate @68A) . which differs in at least one of a
hi ckness and a material conposition froma non-planar
dlelectrlc | ayer (242, 342, 442, 563) forned in said
rfon- plAanakodf@amtigsi Ng capacitor (240, 340, 440, 540).
§1)rrm-|1-121% f?u?{fbr Qrgrlljs% 09 Elenqgl S. ( 55%?1[11 eaH% 00 gegllgcg?quggrol%yeg IZOI, 301, 401,

rising
stru ct5&9)esa'€@1921)lthOﬁmnSWif@r?bm@E@SQaﬁ50[) é@&srng & apithmtticomit;of
$ammge&ﬁ&ygh&99)ﬁaﬁ@&mk@&m&&%ghxmﬁ yﬂhﬁl%ﬁﬁhﬁ@ndUCtor
qev aca(pamtof (2%)0%0 805ﬁ%)5()spzdr 5?3 9/% ). 2, further ;
conpri SPAGa e dt Bteresres (3ye(©-(503) separating
sai d sem conductor [ayer (510) froma substrate (501),

\ther e'”ﬂHe heflO op!ﬂﬁﬂla‘y vmel%lneﬁﬁr[ullgcsa é/a mt&rSéﬁ) 96 ﬁ@l 5%)) céf)mprises

f %15 # % capaci t or 500) exten sal’'d
orming arﬁ‘é" PIEE 18R Pyt (50%P) Bigidirwes (%*éﬁﬂ?) §'Efb ?sa%a(c%wwe material
(241, 347, A4 D ommidnigedbetric bpqpi(d48,3AY 44K, 663 ng a plurality of

transistor elenents (250, 350) in and on a

sem conductor |ayer (201, 301, 401,

17



510), said plurality of transistor elenents (250, 350)
defining an arithnetic unit; formng a recess (345A-C

w0 poogaddd4seni conduct or |ayer (201, 301, 401, 5ROV/USZNE019960
form ng a capacitor (240, 340, 440, 540) in said

recess( 345A- C).. T ). of - ¢l ai wherein

{8 i ng R dSlr ifin 7, MRS o) My 1OBEE fucyre com) oy
etchingf qﬁem;}h@'ld dilligg sqibEeneh with %Vétpria( gmgtzgomng?gs, at Aqg,ongggf of igsulating material
(463, 4838 WhefeRGES fecdsSEHA-C)an@faill tARPQF fbrinBdin @ cQARGUEH bb€ess.

material (241, 341, 441) on said dielectric |ayer

(242, 342, 442, 563).9. The nethod of claim?7, further

c&Prpr i Sherepttfod pirlaiy 7futherqemprisingo| at i on structure (402)

bYor@ing h iﬁf&onﬁioh (S0 & ofadte finshibhdon gay&e(hﬁ) kor €438 BluMht_ty Bf @ansistor elements

mat er | t.c ri.ses. at | t .one | ayer of

i nsul a?%s%ég(ﬁﬁ{‘%??n}émgéf@g ,’e"?fﬂg‘?,? “h %r?dei n said recess

( 845ins Qyeca dorsen (312) pshetaieanselafoplayed32howsadGrpmtia@t(GRA) and on an
proces &posla@surﬂ_&%_f Wr@&g_(@fSA@),ashimseZondggﬁiB@ #2) of the gate insulation layer

conprising: formn first portion, (352 f a gate .

i nsul a??ﬁS@rg}mth%lB‘l re(c%g%fﬁé-g} represe mélaB}e Fiyig %?342) of%auli capacitor (240,
transi 340p#40g84@yrent s (250, 350) prior to forming said

recess (345A-C); and form ng a second portion (342) of

the gate insulation |layer (352) on said first portion

( 352) Theeethgd ofplpina kb Gyl capid&e of said recess

( 3epbsiting) gatSadcdods @refid (POYsb b0 fil SALrpceaf(345ReC)gat e

, BBl A PR A ol L 0ecB 00 858 )

C@ﬁraieg ga&elec:g@gs’ (33Yef saMraquf)tr_ansEP_r elgmpguts fomyaid gaje electrode material
cl ai m k@ By sdder conprising: depositing a gate

eS8 BESALN Pl 32L s B SAbLR) SphFER fom e e
gat e eflestrodeauiteripghdgyen(3H). | ayer (351); forming gate

el ectrodes (351) of said plurality of transistor

elements from said te.el ectraode material |ayer . )

(U i R b 7 i 00 (OGP s trovgh sid
semicopdusterlaye] (B arddduricg4dbylatoh layeri(ED3rthp agprtiey sa{d3d@iyonfluconiaydn €510) from
asubst@@{P1e! ectrode material layer (351). 12. The nethod of

claim7, wherein formng said recess (345A-C)

conprises etching through said sem conductor | ayer

(510) and a buried insulation |ayer (503) that

separates said sem conductor |ayer (510) froma

substrate (501).
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