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DESCRI PTI ON GATED FI ELD EFFECT DEVI CES AND METHODS OF
FORM NG A GATED FI ELD EFFECT DEVI CE TECHNI CAL FI ELD
waheos/12229@nt i on relates to gated field effect PEWUSHS5/019009
and to nethods of form ng gated field effect devices.
BACKGROUND ART Gated field effect devices, such as
transistors, are utilized in integrated circuitry,

such as Ioglc circuitry and nenory circuitry.

Exenpl ary nenory i ncl udemmom access menory

(SRAM, dynam c random access nenor gé@ and
e'?‘a

i T
Fri, " EMAGHD S OMLEORMINS A RATELEELD EhekG pEAEE

device, a conductive gate is received proximte a
channel region typically formed in lightly doped

sem conductive material. Source/drain regions are
TEEHNIGAH FIELBpposi ng si des of the channel region. Upon

appl ¢l i A iforfréidt f% Gatdy geiPeerplibatr st difd'® methods of

gate, an ectric i's created in the channel
ftlora;tg;nngrga’térflaflﬂliirﬁijSTt Ct%/u@ﬁﬁhg current to flow through
the channel region fromthe source region to the drain
region. Alternately by way of exanple only, field

have al so been utilized to establish

fiel @at@@nqg@ %%@FCHbVﬁzeQat §§cﬁ ObsChefdiftdrs SOArat idized in

between cCircuit ry nponen S wthin a senlconductlve
istelgsateslt eircwiryl §Uéhf%&:togj@\ﬁl@é'$”¥ gOCUMEMArY| @EayitrynExemplary

n‘?&“g‘rﬂgtlh&%dgét@tah%gfﬂﬁ&}ﬂda@éeslseﬁl%tm@@e(QR%W dynamic random

ric region interposed between the conductive
gaeesr GgemrﬁndDﬂz%Méerﬁf‘@onﬂgétmge asianriiroFagmaRie A read-only

&WES'P.%saG% m ”@ﬁhbnﬁé:%og@@ﬁbﬁhe%ﬁ h Ca GRk&d ifRlld effect

as been conti nu Increase i'n circuit
dberies t g condiuctiacgatenis reesived giroxireate ef ehamnelelagien typically

fgﬂ%ggoﬂnl él{tﬁpt:i'o?l Cog@rﬁl it 9d ﬁla?erﬁ&' NEoWh&E R rhiReregions are

ness o K‘/gate dielectric |ayers
reasiviedconeoprosingl sidenaef thaaichganelireaions, Yron eﬁﬂﬂ“lc?yon of a

%bge?ft sﬁwolqélv\?olf)a?%'f@ tﬂ%oBé@aéh%leéﬁﬁprﬁb&ghé( created in the

erna mat er ave beén utilized, for exanple
qhwmeatne@eomeeaabb&g ders Care iy @uskant tqqél%tiﬁmtéa*béhe channel

r%fg S 1 &nkabs i Rt HORioA & kHE! &Alid Yegion. Alternately by way of
example only, field effect devices have also been utilized to establish fields
beneath conductive gates for creating isolation between circuitry
components within a semiconductive substrate. -

Field effect devices include at least one conductive gate region and at
least one gate dielectric region interposed between the conductive gate
region and the semiconductive channel region. A common and
predominantly used gate dielectric material has been SiO,. Yet, continued
increase in circuit density and reduction in size of field effect device gate
constructions have reached the point where the thickness of silicon dioxide
gate dielectric layers has become so small that leakage currents, reliability
and defects have become problematic. Accordingly, alternate materials
have been utilized, for example insulative metal oxides.

Regardless, the substrates after gate fabrication are typically

subjected to a reoxidation step which oxidizes a portion of the gate
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subjected to a reoxidation step which oxidizes a

portion of the gatei medi ately adjacent the dielectric
waeokazre7at the outer edges of the conductive BEL/8ES2005/019009

material. Such effectively Xreates a so-called

"smling gate structure in which tiny bird s beak

.strugtures ar ornmed at the bottom corners of the

'Turediatelyk . a%ﬁ%@ﬂtr dbs; dig'eelhicc Sy rfraep ato thepavierdedags of the

¢ohdlithvech sfeCmanstisi | SGom é@&l@%@scfe%iééta' Q&-cfa I@H]“tsprﬁlmg gate”
nisotropic etch typically utiliZe form the gat
%f%%tw%nlg WAHCHehiny bl@bacéeahottr@wéﬁ oFfeddgrragat abrthe bottom

ddinehe dfanieCgaten r alg R, t e
gg t hi cknesgal of s?ﬁg gat e d.regfkégﬂ"?'g C;tnspgg) t@aﬁgsgg damage to

Bsf sdigane Sé'éfﬁpéﬁ s UWiirg Jeana. thﬁwﬁ@l&tﬁ@mheetch typically
Lﬁﬂ&@rdeﬁi forhf e gofe ét‘é\éﬁrérﬁg éshﬁ/e‘ﬁ' ?@&%Se%sr Bb?é%c\ﬁcﬁhﬂggradatlon

he sem conductive nateri al hée su ate

'Q&h?o%?\d?%ﬂﬂ Qnggationy iy eﬁ‘yct esjmwgeaee thpdbigkmess of the gate
dlewcddatdtGRe Q’éhé'é‘dé&eabrb’r%‘ﬂéé%ﬂtd"@?e %Bhltétﬁa%)f;ﬂ?énﬁﬁ(t)e. This has

ddreSS|n t he above identified issues, it
y2RRANENY; TERE! afhlowenhtherelestrim figld iwithiadthiey seméconductive

rAGEATEI 2O tRY stlpdkiiBe ast tHé %ro%llnl:é(ld‘l‘&rd'ég e¥v' thO reducing hot
interpretative or other |mt|ngre erence’ to the

%%%%PFlW?%ﬁt'o%nd in accordance wth the doctri ne of
equi \ghaatihe mVMYRGY \JQ@&H%@EHSQO?Hﬁ éé%ﬂf%%é ea%&ve identified

field effect devices,
issuas) BfiSedl MRWRLSO limitak |ﬁb|9erm/r$tnalpﬂom canlygdireided by the

afc'c%hqoéﬁﬁ%tclgﬁﬂécﬁs'%'rgﬂ?%ar er ho%?ufn‘t&/pi@dt{\]/e or other

i ons "havi ng a channel region t
"u”%' IngcEfered oprioxthgetrecifieatiomrmrd in agrordarsensith thbedoctrlne of
WHehey ain regions. The gate has a gate width
bet ween the source/drain regions. A gate dielectric is
received internedi ate the channel region and the gate.
sUMmaglye dielectric has at least two different regions
along the width of the gate. The different regions are
char %é’teerm‘t%ﬂl%y igeiupeseaatathtligld ag¥eoihdenicase and methods of

f&frhingt buted Gidef dmectt Revicwe. dijkf 85?”%06@%%2%8 haa\é%ted field

different dielectric constants
effest dpKineatichiiesaa rﬁ’h@ﬁséﬂfqﬁdfﬁlhgealm kavidgva cbannel region

thérelbedRscHenOghtd Wré’célbéétprmﬂn%tecfﬂ%t@ﬂé“ %‘icfn between the

dielectric over one of ate region or
SpEffAraimyediene ridy éﬁtQ) aghargade wiggh chetWasnathﬂ dobrce/drain

ré’@ﬂ%hs\’\hACég‘atteh&eﬁééﬁltc @F@éen‘?@cﬁ‘ﬁﬁte‘?hﬁ%%t el RLRRLS &gion and

deposi
the gate. The gate dlelectrlc has at least two different regions along the

width of the gate. The different regions are characterized by different
materials which are effective to define the two different regions to have
different dielectric constants k.

In one implementation, a method of forming a gated device includes
depositing a first metal containing gate dielectric over one of a gate region
or a channel region. The gate region or channel region has a width over
which the first metal containing gate dielectric is deposited. A width portion
of the metal containing gate dielectric overlying the one of the gate region or
the channel region is doped with a second metal different from the first
metal effective to form at least two different gate dielectric regions along the
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of the nmetal containing gate dielectric overlying the
one of the gate region or the channel region is doped

wondaol/12223econd netal different fromthe first PEL/EE2005/019009

effective to format |east 3wo different gate
dielectric regions along thew dth characterized by
di.fferent materials effective to define the two

Yidthesharacizized by diterant patgirishs effectivedodiafing the two different
ga@ eidlectri€ 98§ fo lﬁathauffétrEﬁf RO c%fnsi{bﬁsgw@t ®The other

81 on qr, the channel g?on is provided over

PRI Of jthe gatearegign %ro %@Paﬂaﬁh regifinoits pur@wsedvqavmlthe gate
arecmtmt eAl bir G M IRbe/®FinORegibRs C?errbme%ngmﬁﬁ'a‘i’@ 'thé‘ channel
nmet.hod of form ng a gated device include positin

f9941QP- gate dielectric material over a channel region

of a FeEneondIchUntatBA! AafRthdy ‘H?nﬂ‘r'ﬁﬁﬂ(\ﬁ’% gaieed device includes

terial is fornmed over the first gate

PR$IHIAG. aTHESE o9rigcdiglecis ematgrrli Mivers apshesnsbdregion of a
SmhesdidMRtbPslipsaee. gﬂtc%n@b%hvétbe‘até'%ﬂer%tlg foméned ors! the first

dielectric material. _The gate conprises opposin

g dislectaicymaéeninldt Rhe ranetistive gateTheterialsis m@ned effective
@ reetd gatdBWRYrl e Fisstl gef?él@@ﬂrilcywﬁattéhgp ffr%nﬁgﬂe comprises

| east. one side of the gate fective to recess
PrRQgingatidesidalieing acoate: widthl therebetwesn. | Fhstfirshgate dielectric

r‘hlatj@rléI(Jisliggﬁbptdﬁlygﬁkﬁed"i‘f‘cfrﬁratt B8 st %%fﬁeia‘%g' tlp% Jate, effective to

etch |n% a second gate ectric nateri a
recssStthe ffrsﬂgtat@&'%'eétreq awterial pattbei afl least doposidecs under the

dteM t RftBr LR ﬁ?&t‘?@élcgﬁ?eéﬁzlﬁr? ag%te ﬁhga?gc&'%gecgﬂ&ematenal

ielectric material has’ a er ent
RN from t1hen firstapats diglectrie gvag':mad i dleposited to within the

r@%b@é'b’ﬁnea‘i\h RALTgAE. SIEHH E@é&iﬁé‘lg'été %%IQEﬁfd %ﬁ%ﬁ%l s o different

he channel regi on

roxi nat e
ﬁ%{%ﬂc cﬂonfsé?"r‘ﬁ kghan gaﬁb@fdbmftr@t ioRte m@@cm@mmmgl aA pair of
soifisk/dbih FEYTBRE 34 @goxﬂesdqiroﬁmgétteethfee&ﬁ%&f Wg iginannel

reglon The gate regi on or channel region conprises a
wi dt HP %ﬂ?ulm'efﬂsl@matm od nedog af rﬁorcmmlghe gatedofievibe includes

VRIhE H %Gbgfrai@%oﬁﬂﬁm% d'neegbpré bﬁtem?églgq 25‘{[” I(’?hannel region.
ositing a first gate dielectric
ﬂlg@ﬁée pBEATAT hapRel igdieR @Imprieesrewidtht hé fg’&t@ortlon of the

wigeh @ e bhe cﬁhﬁl@ﬁﬁbté ?&Jﬂ%ﬂ o;n?ﬁe SHML F}QPL E:%]%aslﬁed while

the width of the one of e gate reglion or
shing @ Hﬁék@ﬁiempl@tﬂ@mgﬁetriahgavgr@@enqngancmnon of the width

o tBkesid igF tﬁ§t§‘ét'eaileg%r§ fo‘?rtﬁ@t?ﬁérm@lt:}é idh. rsltl}eggégond portion of

dielectric materi al "over the rst
the arifth Pf the opgeridihetgrteggauion eyitlom cbannhéremannelmasked while

de@@sttthg Hesddondt ga € M0
ﬁ?schagr acteri zedg wd@?%@%%%&@cb?ﬁr%gn&%n fﬁSt gate
dieleglieimaterigi avies thatfirst portion of the width of the one of the gate

region or the channel region. The first and second gate dielectric materials
are characterized by different dielectric constants k. The other of the gate
region or the channel region is provided over the first and second gate
dielectric materials. A pair of source/drain regions is provided proximate the
channel region.

Other aspects and implementations are contemplated.
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region or the channel region is provided over the
first and second gate dielectric materials. A pair of
W@ oWsaz2dr ai n regi ons i s provided proxi mate theCT/OS2008019009
region. O her aspects and i4mpl enentations are
cont enpl at ed. BRI EF DESCRI PTI ON OF THE DRAW NGS
Pr eferred errbodl ments of the invention are described
e h NENU| | owi ng acconpanyi ng

n{e%tsaof% AeniBAtdre de8&ibe@nRlow witirédéredce to the

dr aV\"PPé}érrecjf Efibo

device In accoré‘ance vv|t an aspect of the invention.
fdﬂoylngzaqcsmaawll@dmm&c sectional view of another

devi EL |§%C&%g?£‘ﬁﬁ1émé BebrpiRAEl OF a RS idMEBEESIance with

Fig. is adiagrammatic sectional view of another
adeaspestiof thedoveatie® with an aspect of the invention.

Fig. Fgg: S, a;di g‘grdﬁé;i@ @Cgbgﬁéﬁalv'\ﬁwfofa%d"tﬁér device in

devi c n accor da an aspect of the invention.
alécgrda:'nq&swahdaragsaﬁnhoi thesl@dﬁrlbﬁal view of a substrate

fragps, n:i sDrQC%asngg%rﬂﬁﬁerg@Eﬁg X t\heﬁfln ﬁs%thef device in

t he | I ew of the
asabmaraieewfth@mapeat obther ByessPng subsequent to that

depi (l"-‘t@d pyidi %Ed%gal%'ngna?c' SeBti¥hsw \gfewt hgx Férgoth@r device in

substrate frag rocessi ng subsequent to that
adeprddremd WhFargasﬁecFobth%Invgnaom ew of the Fig. 7

SUbefr@d o) %Igﬁ?&ﬁ/a‘%rEQtler%&ﬁﬁﬂangﬂéHp%?oéjeanbsWétéh@égment in

depi di agrammati c
psecéss:rraiacwr@kan@b mnbmasmmgfrtapenvea@%nt in

Elr gc?-‘i@ g Sacac%g@ngp t‘ﬁ% EganS %Pat@f fﬁa@ﬁérﬂvgmd Yrocessing

is'% YVi'ew o strate fragnent at
salbpequeastmmaﬂdmnqte@hbwﬁ)gt%at depicted by Fig. 9 .

9. 478 L Cbe RE Ei o ISUPS §aRniSAIEPTE tboessing

a.pr sdi hg Subg&quen |cte
skibgeqlnt o thati depiatarhby d,:l@e@ti onal vi ew of anot her

ggg:g 8L % i A0Ral b tREOEFbSS7' QuEGFRCIRIE ML Bt 3 processing

e i nvention IS a viewof th
slibssgbsnt &1 thdtrdepieted by Fag p? ocessi ng

Fig. 9 is a diagrammatic sectional view of another substrate fragment
in process in accordance with an aspect of the invention.

Fig. 10 is a view of the Fig. 9 substrate fragment at a processing
subsequent to that depicted by Fig. 9.

Fig. 11 is a view of the Fig. 10 substrate fragment at a processing
subsequent to that depicted by Fig. 10.

Fig. 12 is a diagrammatic sectional view of another substrate fragment
in process in accordance with an aspect of the invention.

Fig. 13 is a view of the Fig. 12 substrate fragment at a processing
subsequent to that depicted by Fig. 12.

Fig. 14 is a view of the Fig. 13 substrate fragment at a processing
subsequent to that depicted by Fig. 13.

Fig. 15 is a view of the Fig. 14 substrate fragment at a processing
subsequent to that depicted by Fig. 14.

Fig. 16 is a view of the Fig. 15 substrate fragment at a processing
subsequent to that depicted by Fig. 15.
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subsequent to that depicted by Fig. 12 . Fig. 14 is a
view of the Fig. 13 substrate fragnent at a processing

wGaaipsazpeent to that depicted by Fig. 13 . Fi g. PABUS®0019009

view of the Fig. 14 substrate fragnment at a processing
subsequent to that depicted by Fig. 14. Fig. 16 is a

view of the Fig. 15 substrate fragnment at a processi n%g
subsddaeht is @ dingrameptia sectignatiview ©f angther gupbsiyate fragment

Q P@&é@g@m L& SRshEanFkn ‘é'neél‘é&fct%'f%é ahvehtsSh T at e

in process In accordance with an aspect of
t he |ane|18| isna Wiy ofghpsFig. \iewubstrate fragnent at a processing

sg,ggggpggpgg {}%qrgrggﬁ@d %, RiQCEASi Ng subsequent to that

19 is a view of the Fig
substFrlat é9f tSagmélﬁtN af tbepF@ce%% isNg sEate dErR@ReNt @tt%&tfocessmg

s%%@%&h?gt Hyt t%e ﬁ g’lg 2fg shows a diagrammatic

i eW "0 ust ating an exenplary application
of tH"egpr%&eﬂhOWﬁv@ntdlégl’amm@tICZVleViVsOé sPEPMteN djratiating an

herb d of th
BBy BB P By b o el bl ock
di angam 021 afs eaethanldjagmemh@%@Q dPaftieyapnfeatures of the
ﬁﬁ{gp[)ggyd g.ﬁﬁ.ﬁe;:pegg chf @é,ent invention. Fig. 23

OWs a Si |a ram of an exenpl ar?/
deV| d:egaéc?.dejlowg; 0 hegh alS}b@lc lastk ﬁlﬁgrpﬂ“esﬁnﬁn electronic system

1) AR RED
?%%M éf'nhn’f-%)r odl m-:}-fnttgél |r§'{%§’%§5f ect
devi ddgi 23 rsdhoa\éﬁ ed sispdfiad| hloc |a@ram wift anr exemelty device
e{c%%%%l th0an bisal'%em%e@ﬂ |ﬁ§er§)ﬁ%ﬁ‘g formed rel ative

8 s exanpl e bul k
nnnocrystalllne S|I|con Al ternate substrates are

SEFARER GESERIPTION G HHESEREFERAED MBRMERTSES. | Of

ates or other
substAaitre’s;enmuﬂimﬂB@ttmteéxﬁ%ldiﬁ@e@rd?\éitceti@ inglicated generally in

Vql\ﬁﬁﬁ ef r'%ntcg QFaquO O‘CSch;hI S AQGEIRNLs Hdifg F6FMikd relative
or

em con rat e senm conducti ve
toud Htarsat subma@eﬂ?.né@r enamwsm baty maesry si@lling silicon.  Alternate

ﬁcq%:g?{é.et%jsp%rgerﬁo&? #]?ettt'e\é!e Wl%mﬁatsérﬂgo‘h@'u%%r bgitpdiPites, for

! conductive erials such as a
eeTh plen dremn icuad watiosro-giSiator abpbetraies wraothemisubstrates, and

v(\:/RQR\rejrséﬂgti%r}ﬁlygﬁfoe-ﬁleabévélgﬁéﬁpn)n the context of this document,

the term "semiconductor substrate" or "semiconductive substrate" is defined

to mean any construction comprising semiconductive material, including, but
not limited to, bulk semiconductive materials such as a semiconductive
wafer (either alone or in assemblies comprising other materials thereon),
and semiconductive material layers (either alone or in assemblies
comprising other materials). The term "substrate” refers to any supporting
structure, including, but not limited to, the semiconductive substrates
described above. '

A pair of source/drain regions 14, 16 is formed within substrate 12,
and a channel region 18 is received therebetween. Source/drain regions 14,
16 comprise highest conductivity doped regions 20 and 22, respectively, and
lightly doped drain regions 24 and 26, respectively. Additional regions, for

example halo implant regions, could of course be utilized, as well as any
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and sem conductive material layers (either alone or in
assenblies conprising other materials). The term
w0 suwbaenad e” refers to any supporting struct urBCT/US2005/019009
including, but not Iimted &o, the sem conductive
substrates described above. A pair of source/drain
regions 14 , 16 is forned within substrate 12 and
offiinsrUrceiljaih ragion LI GIBPYBANT Hi'EREMAELET Sxisting o Yet-to-be

r BP WaPsi eRakifgbeshly, th /d
dgg%f ugd?v?ﬁir ggaéggﬂ?eéﬁ%ns@m gﬁ 22a ngS ectyl \Y; e source/drain
o I

regianpi arghty ntor iRFIHAS 94 cgﬁals% f materlaYs other than
cBﬁéP@ﬁ\yélye&é(pecf‘%nﬁ|'08ﬁ6bcf|\¢e9'rﬁBfeneflOlbeemde |||‘|18éél'n|conductor—

egi ons, coul course be utilized, as

oasmangaipht&yegéubeéaaflaawqr %P@W%ksec%'ﬁﬁa%ﬁovﬁéf@ﬁm regions,
e‘ﬂ‘f‘etﬁnférnﬁi‘é 2 'aﬂgep"r?dlﬁhstQn@%tﬂé?'/%bﬁﬁggraﬂ:cﬁfs XS EN & of course

y way of exanple only, the source/drain regions
Cnﬂgﬁﬂpbﬁeﬂabrlcated to include or consist of materials

ot herthggn ff‘eq’@d@%bﬁgéy deoRed $E&MCERIMIES V£ §Bieer281| received

fornmed in sem conductoron- insulator Iayers
Pf@bmaiat@wftrtﬁld@ﬂmﬁ I8 BPEVRRREOHGER/CER Y 5?91°P§g1%n§6 A gate

d?élggtrﬂ ESHEQ'E@eﬁlganﬂ?érn‘i@tgb%‘%hﬁﬂF’ePF&%n 18 and gé;e 2d8 In the

uratrons are also of course contenpl ated.
dfepe:ttadefprre@trrepb erobpdiment. cOaie i 28s i PN 23Sy SOBIRIIRING two

cehaﬁbﬂ@é h&@?@n%yér‘égﬁé’%ﬁ3bet BREM r ggéiiisRs for layers 36

[ectric 30 i's recei ved
alnnlt éBnedEr &09 é\lmaﬁtrelmer @fido0PsAnaatrgatse ESPectvelye By way of

e(;(gn‘prﬁée%ngf ehRr & aﬁimﬂﬂ'rﬂ%%malg%le %d@ctﬁ)&‘)\’l@yéﬁreglon 36 is

rrsing’two con ti've material |ayers 36 and
cexduptively dopedkpodsalicdmrandyasy sxewpiay Pateral %@os one that is

ﬁh% rfipu%tlfmg HRAS af’lgﬁal rB%SRﬁﬁﬁ'tYl‘?lb)éterB)brV‘ﬁbhg%ften silicide

exenpl ary naterla f or “conducti ve
blealy@rbutew@remnw@scorﬁﬁi@t 2Sefgmaoises Poldpdinescargatgnyidth 35

b%@wgéﬁn?l)@fo\é iR’ téions ?5 q@e t@?émb%r?‘coé"ﬂl&@rand preferred

conductivit an nateri a w th tungsten or
lmsmggvenswl@mlldépbéefﬁg %taﬂd/\@%MrYﬁl bgencigrenesy by anisotropic

gSHW' %Bﬁu?rsﬂ%&ép@ fagg?é eZE?MadBE} ) b%?V@feﬂnﬁl%U'bﬁﬁy preferred

region ry optlonal and
matefrials mludg@mmmélm%mms@mértsldsz and 34 have

been ég{emé‘#ell%}ftrﬂf”ﬁptéd}ﬁf)ﬁsgé Ch ngaé’tb%}h %l'if?@%“ fed?bns along

gate y way of exanple onl preferred material's
wudtﬂn G8eotidaite 618.di Dhe d@ffsr@ntsrwe?aﬁ aie chaeactegiged by different

Fgrﬁa% r%f'f%gtglgc‘ﬂ?‘p(ﬁéf?ﬁé AlcH e@et dlet frEgIAHY tb eRARNdifferent

ate 28. The different regions are
obamcam epngip . dl|nfm1@rd3¢n|cted exemplary and preferred embodiment,

gate dielectric 30 comprises at least three, and only three, different
regions 42, 44 and 46. Further in one preferred embodiment, region 44
comprises a central region which is laterally centered along width 35 of
gate 28, with regions 42 and 46 comprising a pair of regions received
adjacent to and straddling central region 44. In one preferred embodiment,
central region 44 is of a different material than either of straddling
regions 42 and 46 effective to define central region 44 to have a different
dielectric constant k than that of either of straddling regions 42 and 46. In
one preferred embodiment, straddling regions 42 and 46 comprise from 10%
to 25% of width 35 of gate 28.
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materials effective to define such two different
regions to have different dielectric constants k . In

wo besdeprect ed exenpl ary and preferred enbodi mePCT/USRDE019009
dielectric 30 conprises at 1east three, and only
three, different regions 42, 44 and 46. Further in one
preferred enbodi nent, region 44 conprises a centra
regi dn ome cireferredt empiodymesht eiffateat Jegiansitie. 3&% And 46 are

rgéﬁgct?\ﬁal WnlaPag lege%efelg A rAOd fetdBHricSd gt tanPRithe@across in a

regr ons ecel ve nt to and straddling central
diregition Zalongn widgh p|3§f afr aptent’®i neht , opent@MRIagy oflternate

e%n%é%gfg nt2 a‘i'lfegg’f?h% gg;tﬁé'%kfe?@ﬁnrgélb%ropfche gate dielectric is

ng region effective to define
chenacterizedgbyrvariphle ﬁal@tﬁcoanfsé?éhﬁ ar@sscthg @ne region in a

ojr%ﬁlto%n Iglﬁgttﬂ@r\Nfdl?ﬁtof ‘r?,]' ?ié‘erl aneséf(@tﬂgkér?%rﬁsgﬁmt each of

I'n one pre odi nent, st addl
srcegiokblrmg Agiansg %mdnﬁﬁnseoffh@mexmb)@t@tas%q;fstwd?ﬁhss that of

trgaﬁ‘trggﬁ)% -l-lg QHeaéPa@éﬁ{artg%rﬁmmémnbacﬁ'JffsQFaQiHllng regions 42

re 1 ons ar e resgectlvefg characteri zed
dw:l 46 usiof dowedidiglectric corsiant arihar thakpégentiakregiog 44. In one

j I [ t g e4€X I
SR BRI Dbl SRt b RO aplar e same
qoegp asitonf ma‘terlght@djlcbe@@ltmq?cc¢@t§hhriact écceedingly by way of

e?é%rnka&%! fnelgtlﬁls%w inSt étgﬁ#% cﬁel%?:rtﬁ’ﬁ%o |§eclﬁ(§?'§cfe’1°'$¥e‘ainby at least

I'on al ong n one
tbresmdifierg nkmbgidnseaiong eddth 8b @‘tgaﬂtéoﬂs ?Lg'ﬂ?%fgfpfbﬁf@(?i’ﬂzlzed by two

cﬁ“ﬁg e‘hq HFelgétrn:' %Eﬁgiiaqi'terlng? rrélg ﬁ}gdha{ﬂlﬂ uhn@LmOEIielectric

raI an a tern |nen eacC
cg:tnsaainﬂﬂ kn[:herregcm p aaM%@Ohsatﬁng ovidth BBeloéaatec28. In the

qcegaqéttel%nbré?e}%%ne%dnﬂ;ep?eg%q 8hsr£&g'awa 46 ar'enréHé?vedarproxmate

nmbodi ment regions 42 and 46
sm‘urce@lrammegmfpoé At m:‘n mp@m‘twblmn@n% alsecesjghown, preferably

e%&gfi& ap é%wA‘é?ogrEﬂi y 1% F‘é‘s}%tﬁ/eﬂm y lr‘\ noﬁ’é’CBreferred

i‘nstance, gate |s ¢haracteri Zed
drehsdlrm@mteesmaddlern@nltegn@@s o‘h% b wa it rPfSQIfEﬂ‘fegét@mPOSItlon

r%%ter L ‘%{n% é‘&ﬁ%&%d&?ﬁt Py two different dielectric

erial's preferably having uniform
di el ela:lt one qoatirsed &mbhdireant ot leash ene eet itha diftargnt gate

n‘ﬁe Er|§5 |09§t ?s Zghif&g‘%ﬂf (geB#lCtaechrﬂfcﬁfT?r&l%‘ljectnc constant k

i ons e recelved proxi nate
thevea@bdsaim ae@remg)nlﬁlon@ ther awigtictofvéng, gated vhish spans at

|%§SF§@W” PR Sl yofe)fﬁgrgatteor ZI?\urtﬁS/ ﬂ’ihnt)rgtéc?gémplary Fig. 1

respecti vel rred e
embadihéemny qe@gnacbmsgmz %@Onstlm’fés it dinfef syeexemplary region.

conpogL iR FREET iRl 1RO «Bhek§HUdL RtbANtatove, source/drain

reoxidation tends to thicken the gate dielectric by forming gate oxide regions
at the source/drain edges of the gate, leaving the central portion of the gate
dielectric over the channel region at the as-grown thickness. In the current
state of the art, an advantageous effect of such results in lowering the
electric field at the source/drain regions, thereby reducing hot carrier effects
and increasing device lifetimes. An alternative, or addition thereto, would be
to lower the dielectric constant of the gate dielectric at the source/drain
edges by varying gate dielectric composition to provide an effectively thicker
gate dielectric at the gate edges even though the physical thickness of the
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In one preferred enbodi nent, at |east one of the
different gate dielectric regions is characterized by

w@2msiltnaron di el ectric constant k thereacross i PCHUS2005/019009

direction along the wwdth of the gate which spans at
| east 50%of the width of the gate. In the illustrated
exenp|. central region 44

a‘ % %ﬂj 1 enbodi nent,
9818 CiIgPHIC BiRY e WIRIRNEREnDISHSh ceyidrhaves the same effect of
’evarind eifle idleéthie fiBRCKPEMIRALr&SatA| n é’é’e’Altegrnately if desired,

é rce/drain reoxidation tends to t
'iei FHECr PRNHRAN R ¥rimategial emQQIfU@tltO@gPQHbi &e tutidized to raise the

sl aecdeahstadg B3 &in | doth |

ortion_ of tﬁzﬁgﬁféﬁg. g?@%tn%'%vﬁ@% e ?:h%r?%glm oré alorl?g some
g?rttorﬁ‘eoa@egg%’ﬂﬁnwtq{hckness In the current state of the

art, ﬁi&ré‘é’éfﬁﬁt&gGQH%a%ﬂﬁ@%e (Hlel%lé?rhc 'conY a;rgrégh be accomplished

Iomerln the electric fi the source

P)é@f%}wg'n& e éiﬂff/erle@(ﬂlﬁﬂ“’r*@o?ﬂbt)n daaﬁarai repiarst by,afod example only,
cgi&lhgaééﬁﬁedj%?%sl bf ﬁ’ié 'H%Te d“ﬁ!}l@%&ﬁ@%ﬁ‘éﬂe'n\é? e r example in one

dition there t he €l ec
mplementatien . sengjdes thabaeh;afmm aﬂdeﬁegaieLmetdodhnalaan be doped

\ﬁﬂﬂeélebﬁem%ﬂ YaR@n@he €& et ﬁw&ogﬂ?@cttll\;é %l ectric, rgnstant is

rprowde an effectively thicker gate dielectric a
Fuseddges &hadnof rmughhefﬁwrphysndem AltdroRtedg sbyofway of example

dhegaie aﬂjrﬁlrﬁﬁﬁrbﬁd@abapee diic %ngllggedsuﬁtl?\ %g%ggPaé} ﬁ%fnlum for

the same effect of lowering the electric f
ig6iRasingr tien ediggtive dAialeciit sopstantd&oim ethat doielaemhmum oxide

ABREL 33? w‘%g J'iaéﬁlhme Hﬂﬂ/'sfahﬁmd ¥ teﬁ(%“i@egqn I(le 'cﬁc?pqné(%antalum

rai se ielectric constant urce
%ﬁ%é"””'(‘)rn'%‘P'&'@W\A’ﬁ@r@séltolrmgasdnerqaﬁet bk ofet hieatgaf pure tantalum .

OMidé N sill o RPIMY &F h%?ﬁlﬁﬁ?ﬁi)ﬁ@ett%e rgaﬁégcl% 'd-Sm that over pure

constant can be acconplis rovi drng
hafpiusp @%td%@ﬁﬂagirppawmmngmf rb@guummstr@ymufrmmtmmberesun in

IOWeY k tHaRI that B8t rp‘%‘:‘?‘e rb%Q?uW%trIBEtlfJn?n%a[eted'(S+ g6t rrsleggpy dopant

materjal. For exanple in one ron
PIgAt Be hisPNA [ARtoxa ere pdaK-ty e euredpnpctm bedddpeenwmgw on the

o@sﬁ@@ﬁ@'m@dlﬁgéf‘blﬁn YR etfile%ﬁlvefbﬁeﬁefcftﬁétc Sffliel ectric

const ant i s reduce from ur e ha niuni oxi de.
Al ter ﬁa@@%rdsycwa\yltbfoe&amlen@ntqnorantrw differemt mdtdedielectric

rﬂé‘t‘e‘?la@nfo@etl‘i’@p@mé’?’bhp ﬁ]lagé.ﬁ%\t % IC cons é’q%eff’élr%etshat In one

i ncreasing the effective ect
iBPlemaniativn, GQPd@foFQfHeOWB?S\m]nnlﬂs@)l‘a‘wbly@zomhyere "z" is greater

tREEliZer@Nghq exangples, i OpI+Ag X ..th
ni, obi Gmtodrgsd%td f|Eyn %ﬁglléﬁ@?@agégo ”‘ﬁ over%% Frxtand -
beiR® drgaten dhavxicre; ki loneosxeowilaty (bmpi&atﬁantahomw he: dn‘ferent

o&fdése@Hﬁﬁ‘)r}%ef ‘TQ'NHS I@t WiYdle M fg Qﬁéaﬂb gﬁ(lﬁdeq’bt %‘?1% "x" and "y"

zi rconi um dop |n? bari um stron |um ana
ragge fiom @ to 1 with at least one of "x” and "y" bemg greater than zero. In

one implementation, the different oxides comprise Hf8i,0,, where "z" is
greater than zero, and "x" and "y" range from O to 1 with at least one of "x"
and "y" being greater than zero. In one implementation, the different oxides
comprise Ba,Sr,Ti;Os, where "X", "y" and "z" range from 0 to 1 with at least
one of "x", "y" and "z" being greater than zero. In one implementation, the
different oxides comprise ZrO,, where x ranges from 1 to 2.

Fig. 1 depicts an example wherein one different material region 44 is
centered laterally between a pair of different composition regions 42 and 46
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| ower k than that over pure bariumstrontiumtitanate.
O course, any dopant m ght be isoval ent,
wa@ewseprnre t ype or donor-type, and dependi ng onP€TES2005/019009
desire and nodification of $he effective dielectric
constant. In accordance with one inplenentation, the
different gate dielectric materials for the di fferent
refativei tol 9AtRy28ns Byomayi 8E exRM’ . only. ik 2 provides an alternate
Wﬁqgg}ﬁ%ﬁl%nttgﬁe@ fidiar epbcoybdiee TORAPILIIRS numerals from the

greater than zero, and "x"
firgt: dqssmg@q* esth@ iment %et ytiized sghgreoappigpriate, a\ﬂﬂw -dyfierences

bgﬁﬂpq]%@iﬁg?éoe%fm@ﬁ‘e %‘gffﬁ? L ONEr&EXSMRIGMY 44a is depicted as not

nentation, the erent oxi des conprise

bEingusgQerediaterally "batwegneatrair OhapgPOsg2a/Nd 483 arfdl course,
ng

o ST ok diot Uhniibital, o081, offerend ies and

odiefnttati e f@xu the depisted eraginssy dpclugig emoje g fewer of the

|Iﬂf§ﬁe§tgp tf]east Bﬂs aiﬁﬁirthér agadoify Wayrﬁr@)?aﬁ1b%’7bﬁl ®id. 3 depicts

béi ng greater han
aneakberria’necﬁrmbodnmemem@ldl tiald e @CUP'W'@Ieeth oxiigegrumerals from

LS Ti e n r ;

G885 BSTg TR S0 oifod i i, wi

diviéé reg cgs ebeig trrchiqaiza@lr with ﬁhQ;rﬁlefmplbén@rﬁt\attho%lffem@t numerals.

I—Férfef eéftgt d?@ﬁ%gﬁﬁz CRJFPid S&%E%Fd“@mﬁr&ll ﬁ‘efé ions 43
Cts an ex erei n one feren

amak 47 |caiarae@|rand4hy |dsffeeanteme©emai§e¢fé¢¢twqoé@ Wedinegtwo different

g@i Fagi faf f?é}ten?%ggfé%ltﬁé Abs ?Qﬁt%nﬁ 4Zignd deplcts rgglons 43

exanpl e onl'y
o4 T cies b@mgldfeﬁhﬂaserr@xmiihealﬂﬁﬂomlﬁﬂfhﬂ'rgaf'é'@nf3%“&1’ gate 28,

A M e TR dr i e
appr dpve abeyewlapiciidf txeewiay ewibegimanis diusdratptiher rRspective
gZé% diflectrics E%‘rﬁ% ??c{)ﬁ a‘ﬁ'? tﬁ'%ﬂné§s Q%d:il‘?éj\nﬁéthngf the respective

erng center er al pair regi ons 42a
gﬂ’ld84668y GFay oufr @e(anwlt%epnhlt eaehfﬁfarrﬁ%élntt@ciﬁﬂﬁss range for gate

oﬁ%lré égbgggggéha%@l& id ‘Frfo‘ﬁ{‘tzo ﬁ StréRd B 86 n@s‘tl‘?ﬂﬁs Further

regi ons, | nclu g nore or ewer
kyheralyl d:fuexamptﬁi onhy, degr dgilemists Euralt@ma@@nﬂ)@p@wrﬂfgated field

e%ﬁ%qréé?ev 8?'1360 @reim ﬁ?eog%i% ﬁ@le@hﬁ@ré‘%ﬁ%ﬁqmg'tmness along
ect devic e nunmerals fromt
therwtdthersfcthebeataanbloaenwmeaale fiem thedirghdesacribed embodiment
t t
SEPIARiAg ing S RIETERD TR g 8 o
shifek ¢t 1 Hesabgsts ditpeirized0of depicis diiterent fraataital regions 42c

é%’rtél \I/wé% gﬁ% éﬁngh?l;\e%%c?r Zggum’e/gﬁﬁefeergx@?ﬁ@ﬁ'@é‘h that a

erent regli ons havi ng
cmrfvfeentlelnbl dhiekeotdi rgiomsthane af kestFFtsg at 3hdepatet gdgeSISIdewaIIs

6Fgourse,46?ﬁly one of the edges might be thickened or any different variable
thickness might be provided along the width of the gate for gate
dielectric 30c.

The above-described embodiments depict substantially planar or
horizontally-oriented gated field effect devices. Of course, vertical, annular,
or any other configuration is contemplated, whether existing or yet-to-be-
developed, with the above merely being exemplary preferred embodiments.
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and 47 as being of the sane width along wdth

di mensi on 35 off gate 28, although such regions could
wo@Roosoem3e be of different wi dths. The above- de@I/Usmds/019009

exenpl ary enbodi nents illudérate the respective gate

di el ectrics being of constant thi ckness al ong the

w dth of the respective gates. way of exanple only

a pr atditianhliaspsote o4 than‘géef‘BP“g&"ée'ﬁl‘lp@t@cfﬁbir@@t'ﬁg Various of

t%ﬁ%bo@@d%éé&de% %hanaé P B L 85 8IS IeBRBds of forming

rthe exanple only, Fig. 4 depicts an
gatetObrd@Ylﬁeén‘agdllﬁ%rr&“yga-’d%l@qq elngledingctinderendentoof structural

g%g{%%%L&féSk@&t B¢ way 6f e‘kﬁfﬂ;ﬂ@'cﬁnl# hi (fh'Q?éﬁnbodlment

ate. Like nunmerals fromth
athgd afefatniibech gatediiderine iy degerippdedithneference fo Figs. 5-8.

F@cﬁﬂ@prde?ﬁ@ts W, t rELFHsftrfa‘féer\Tﬁﬁ'mQﬁ't ngg ngbﬁm%tr%ﬂ'ld\" tsBrmiiB8nductor

e, ate ectric 30c depicts
nditefiel B2t fwateaarrwlle roadk dngnqgrdSbﬁiHnazﬁj"ml neheefposes of the

SHRhGH tgegl é@s%ﬁéi{fc?ﬂgé 2y 59- Q?an%k'e%noﬁlé‘:@f tahébté‘ reglon or a

conventl ona kene regi on her eof results at he

chahvekdegions ivdtwal chanice! tQﬁJer54 dipg girpisted: he‘itézhgé@,glon 54
n{gygr}}otbearhh tg&gagg qam Y, el fcghﬁ% é{?raé’#ﬂ*\é‘d tdH pkPeSSs at all

thevvl ate for gate
déflebdctbtyl da‘@ﬂiel deea@tb'vd:@wiﬁrﬁﬁedateﬁbtﬁdmmm sinddpe cprocess.

? faeré it 8RAER 2hp 8T A0 B Ly BE s‘?&'elgfi‘f 8¢ comprising
fe evi @ L?ﬁ vfrﬂ{

ces. se, vertic annul ar, or
aamwtbtasewhmvvulguhana@dv be definedrrathedgaipdededee. A first metal

cgﬁiasm gec%p?ya eWé&n?eg@Vgl; Ocﬁ%dsﬁ@cf hhecRROYS PBgiBhY 54. An

preterre nment s. Addi ti onal
eaxepemaey dhickhes$ rfeeriayen 56oin drpna2@ Argstremsi iy 80 Angstroms.

A\@r oqu @faﬁaﬁ]ﬂgggﬁ?ggsﬂétgle%n%‘)gr dsﬁm:&ﬁ egxide¥i 8RS exemplary

ormn ated devices as
plreteered hyatehalsrred i ncluding i ndependent of structural

attr '&;#g?ﬁn%‘ﬁl @fr ?ﬁm%b%¥&POE¥rtYW 58 ofRORI & Mhdhing gate

afir a gated device is
didsctrib &b wivehyiref ehenoel regiingS4 bas b@?@ dapefbpiitlt @ second

Vboﬁff fr ﬁ-gl{ﬁl? tfll‘é IR Rl 18, &S BTG dé'ﬁé’ést two different
R i

er a k monocrystal line silicon.
glécbe cﬂlarq:lnsesre@ﬁorHﬁé&enﬂl b9i 6§ dlaneuysditn 55sulsighaeé least two

cﬁﬁ?rce%qp esd| f%%tl‘?é r%gg@rﬁi :5r%g'c‘Pl%rQEte?g%laa%geH|ff§rg'n9nmater|als
anne el ng depicte regi on
bt crtisrg hwodeflrw\@ttlwtc’fwd diff@rent nbtgat@@l%l@ﬁtmef@lyns 58 and 59,

Gg)e Lned . Qr g %ﬂ?sd%ﬁe&klc @%Eh{b%ﬂsbk | akgsidl Qﬁ){'@f‘g&g above

ndarles a € process. Re ar dl ess
eddeenplBty rmtserlbhelnmeltemasgu ae prefearede Fchngmi@péEd agsl by way of

x%'r%gl oﬂ%/, a single metal oxide might initially be deposited, such as
hafnium oxide. Any one or more of the depicted width portions 59, 38
and 60 could thereafter be doped with another metal, for example aluminum,
such that at least two gate dielectric regions characterized as described are
formed. Alternately by way of example only, layer 56 might be deposited to
comprise multiple metals beyond a first metal, with some width portion of the
metal containing gate dielectric 56 overlying channel region 54 being doped
with one of the existing or additional metals of a multiple metal containing
dielectric layer. Accordingly, the "second" metal might also be incorporated

in the gate dielectric as initially deposited. Further of course, more than two
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a wdth 55 which wll ultimately be defined for the

gated device. Afirst netal containing gate dielectric
wGeoosa2teposi t ed over channel region 54. An exROpUS2095/019009

t hi ckness for layer 56 is fltom 20 Angstroms to 80

Angstrons. Any of the above-described netal and/or

silicon oxides are exenplary preferred naterial s.
nRethisr miglat be WHiligeds, PeefeEred demingolor Pigiuss e fetcljbed at least

t\ggntL fgbﬂ%g rgaéﬂje%if"# Fighfe BYeahy bR tok IAPRAItaliSY] @8 phase

_ een ' h a Second ' netal different from
diffiesibnr pﬂaerreaamh@ser diffusientey ABY rAther Ieakhody wehether existing or
Pt gpriate Lt
e, BRS04 00 B8 a0 g 89 o of
dtoegmgmetar er m%tata:t erized by different materials

ef f eqlil ¥§mb G it ! n’i‘%é@h é%?étfhofd\/\ef %rfniuﬁbeaga@éd g:ﬁat\/‘?ce the other

di el ectric regions and 59, to have ferent
ocﬂ|tbéegate|r@gmms)lrahegphanne)\ggglﬁm |gn§,ro(yﬂdqq1@vgb(§% gate dielectric,
ane I 4F %f%‘?‘%ﬁﬁé}ﬁ‘?g rP?é@Bhé‘lasreaélgopﬁﬁfv%éc?%rof%ate the channel

exa e an e on , a SIn e netal
regiate nfight 7i depuam 9onb@u<zte/@osgattedlaygn§h3gsaﬁﬁf #8 upaving been

o%?gdAr% 28 Qate g?élﬁcf?fc LA q@@l’\ Chegk éii)thaﬂ@r%&ﬂe%nsbemg as

coul ereafter be dop e W|th anot h
destcaibedf aboex dnptanrealieinnwith mﬁ:rﬁlrwaesarﬂb@@mb@went havmg

55 o h 0 B OB SR BBLERS ciBpdeify biner @ aerne
thegmplbtedjgptislouémet baamgpsidﬂvarﬁﬁpawré ew@ybwbmexample

p?gﬁpr%tl it ga?mwdéljgl elgjt 1.8 g%ﬁnﬂeﬁf? Qe Plield8rfBBE 8bvice 10. Of

over channel region
dolirbej tige dbgsatibeid methedotoulde bex Uy m tor feravianyoshl the other

gabs ok gtH(;&théla%c? fl;«'é%l aéffecc‘?rﬁcg\h@éQQ @fl"ﬁa're;?rterféﬁed battrlbutes in

yer "ACcor ht al so
thacmepmmm‘dfamuqatmggmee otﬁvecpaeasfiltcsta@esqw dgingjude any of the

gqeog,%f_a%ggrd?%:#”étjﬁﬁﬁu%i e?g%héef%eﬁdm% %H’@%&Iary Figs. 1-4

i zed rred ng to produce the
atebodinbemtsat | east two different material regions

m ghte g By ga%o R 4PNk Py 8L hPBdidanAt RfSein the first metal
ha p%ase %H %

di ffus pl as ion or any other nethod,
wdmahemg @etetdIatpcarlcyetdetnﬁsbf@dd@‘#%'t dpe¢haang! uegionzi ﬁg way of

(;?ﬁnné &]W’At @%‘ ng_£ gb REL IRY é’ﬁferﬁ?%r?o% t@?né”l%t aémbodlment

pol nt n such a nme orm ng
gmsemtdervagment ﬁ@dot hike mimeralsdmem thegiii-dsscribed embodiment

%r:%grlllgl?ke& e\%lngp %Yi'a‘{igd\nmﬁerdlff&eer%tse b8 %&irc'a?ed with the

alr o drai’n regions are al so prOVI
quxi "oy o Mith (dlrféene@rt gt S gpsTateefspamant 50d s comprised

SPRYUCHI V& SRS 43 a3l D mBo P MErBLARRR Ve, semiconductive

and/or insulating materials. An insulating layer 61 has been formed
thereover. An opening or trough 62 has been provided therein and filled with
some suitable conductive gate material 64. In this exemplary embodiment,
conductive gate material 64 defines or comprises a suitable gate region
having an exemplary width 55. A first metal containing gate dielectric 56d is
deposited over gate region 64.

Referring to Fig. 10, at least one of width portions 59d, 58d and 60d

of metal containing gate dielectric 56d overlying gate region 64 has been
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deposited over gate dielectric 56, wwth preferred
attri butes being as descri bed above in connection with

wao b@sfizrgd descri bed enbodi ment havi ng | ayer s BGI/ES05/019009

38. Fig. 8 depicts subsequdht processing thereof to

define the depicted gate outline having sidewal

spacers, thereby, in this exanple, producin

depedplidh @ seepnd maetebdiffrient éféltffédh? |fk£156"\@rt?'g%ife%|fé‘(ﬁ ¢g form the

nfu%t a%dca‘%%&&;f tv&falffi&%‘ﬁﬁ 'g*é%‘éi df@é@ﬂﬁ: fYib s B dUnd 5B8d60d.

orm an -4, or other, gated
fiel dReéerrmg td efvige €Kl., aqﬁéﬁlcﬁf‘éﬂéh’fe@yﬁfﬁﬁ b"lﬁ’lsege?ﬂ dep03|ted
h f ti d c t rikd
S8 T8 L BRI BI T s 8o
sbame/dealncrﬁgu:fns 6ié ancehipl an? arehnnel-regigm68itherrketween.
F' gs. FuiifhI qo‘%va% Sekdfh Ey %%%H@%m\ﬁﬁﬁ?%@tﬂd?ﬁof forming
irst ne contal ning gate dielectric is osited
aogeiedt dlevnchaar@sqf@@dowﬁha;efwcw%limﬂé 3)84 yFIQFﬂgsdeplcts a
p e erpat i nen
ShbbelEP SRR BTN LT ST b somconuctr
suibstateldgcr Bb@&tr@mﬁﬁcﬂ gempriges aahainped r%'@tne54 for example as
prBBE'ajc}o% 9 Egnr‘?écgt cﬁ GRGESuRGHAE fré‘é%%ﬂ??rpﬂi; th tfrst gate

erent nuneral sT Sub
oﬁelagtrmtmsa;hals Tdorimas skeewf dappsited savet rehansidregign 54 of

sdhigbn a?ﬂ‘gto?r L{B@"cn’ét%wu@dn\/ﬁr t@%n%é:t%nﬁ\lé?éh%le7§rﬁgsobeen formed

sy An |ns ati | ayer has been

~ dver nfist tgaéeedxeactrlAnm@p@mlnmowvlth @ugmmrmé%y%ée% and 38 as

s%&%??av%yveer ?él'?]ﬁaa{\’\j?\& tb%iwcwlrrﬁrﬁbt% é@ne%’d%v%g &te material 75.

enbod%efemng dorftige tTidy ecagutustivat gateamasarialef r’f@§ been patterned
{Xfegﬁ{%h' égsfo?msé‘ Lok refnrs‘? a‘i’é‘ dMAVLRE g{éeﬁﬁgn?hardate 76 can

AR5 PSE- et a cont I'ni ng_gat e ectric
Hes coepasreddasvermpaisng aprosife. SI‘R@ ef§ iang t&P mejining a gate

wnlg?iplseﬁ%treﬁ’@ﬁvé)énw Bt b P Ui B gg%ngﬁé(}? Bf@eﬁ@@ anbodlment

contarnin ate dielectric lying ¢
frregl gat664dlbmtbeemmi]@e@|vm7t4h i9 9ettgﬁmedm@amnm¢m$terﬁé¢n with the :

aa[t r& c{ %%d?}?h@le 2k €Chia @rl%P 797 Ol bR d 14 ousfbhﬂt Gfﬁlst gate

er en gate ectric reglons
rﬁﬁté,rlai(ldl tRef:eITmrmg! taprrisgng 19idea §8ma@dn&ﬁlctvmwha9é$ latera“y

c&w%‘%gnp ggpé)@ﬁJ;Q?BS%ﬁ@ ébasreQSSEtl‘Pél Ceﬁﬁ%*\/er the invention

erne herw se fornmed to conmp
sioarafiemalatesdghving Sammar 8, ofmtatariehHnerer d crurce/drain

r&%b‘%’%&*@%ﬁ%‘?ﬂt nE%EW?r&cQ% N\ BBeeﬁ‘r%‘FgrltrggoéJténgnent Fig. 13
ales cieipiete tmetfhrmef.uenmfd@rttl@ d@@%d dmnlreslonsc% aneh26.

depi Cﬁgfe?rmg to Fig. 14, the first gate dielectric material has been
isotropically etched from at least one side of the gate effective to recess the
gate dielectric material on the at least one side to under the gate. In the
depicted preferred embodiment, isotropic etching of first gate dielectric
material 74 has been conducted from both sides 78 and 80 of gate 76
effective to recess first gate dielectric material 74 on both such sides to be
received beneath gate 76 within the lateral confines of gate sides 78 and 80.
Exemplary preferred isotropic etching includes wet etching. For example,
and by way of example only, where gate dielectric material 74 comprises

hafnium oxide, layer 38 comprises tungsten or tungsten silicide, and
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substrate fragnment 70 conprising, for exanple, a bulk
sem conduct or substrate 72. Substrate 72 conprises a

w@b@anezd270 egi on 54, for exanple as described apOwES1005/019009
connection with substrate flBagnent in Fig. 5. A first
gate dielectric material 74 has been deposited over
channel region 54 of sem conductor substrate 72

lzveiBe t icpaRyiRas iRRrad aPORSIIRAN. h&dn ?’Eﬁrﬂﬁ@rbvé?"tf‘?l?@t etching
&@rﬁsﬂ*yeﬁo%tamﬁnnamré & prtiuce the @%@ﬁplaapxedn@ywc&oa%f Fig. 14

as descri bed above being shown to enconp
Ie@l#dﬁétw%egcéwég vt HRaPr o %Pé'rcr‘r“ﬁﬂ 06 OtfvgetCEsW'th Cl, based

HAMEhd Y Bt G%&té@&@h‘p@'rat@e@@% feespo it t er ned
effective to f ormagate over first gate dielectric

mat erRefering tatkigreTearPtRy dBRsiITRIFRICaSIFURSr i3 $RCoNd gate
AERRLI O Steriad 86%4ifare FOrERT fifdtghta dlaletié qﬁé‘te5§l 74 has been

t herebetween. In the depicted exenplary preferr
dapnsdiederte, V\f'thﬂ%t “g%t'@Qﬁséleéctprr?\é'oHﬁ{yerfPHPeMbieé‘eath gate 76.

RS R e C@i@\?dﬂﬁérﬁta?eﬁ\élt @6tl},ecﬁ§¥é<ﬁéﬂk89 8§ havm% a different

conau ucthve gate material 75 effective to formfirs
dalestriacenstantkthan thainf st ggte slielgcicawtgrahdd- ghgain, and
%W}/ %rfeeiaﬁﬁﬁ%abhw %W‘Hfdt‘ﬁ@t a%@@—c&%‘bﬁb@kjdgﬁe%%léwdpreferred

rrespecti vel ver, the invention al so

metﬂr@iwcamel@e |uélﬁz«edug Exarap @y Arefesredie@imigvey fopthg deposition

{'n@l%d%o%rh%ﬁi idn A ro‘?gHgﬁésﬁ%nt rél\'n%i %%ﬁ‘n‘ic I 1ByEheg B OGASA - towards
n one preferre enbo I ment al so"depicts the

Aaieniniodhesienipige: 15pessfuling csimar 831 ons 24 and 26.
Ref ergl Ehg t'é Big. 118, EUSséélrl?ﬁt 9?6&5@5@ ‘?é:tcfe'y:ﬁcted whereby, in

mat eri a een i sotropi ca hed from at | east
o etkred wbogaﬁ@nbf%@wd@at@ ﬂ@i@@tgwt matgeak 86 has been

QLQE@S{dea‘FIY ﬁﬁé&‘l anénﬁ @ﬁsul@ﬁ% Q%S'e%ciodévﬁ%r sidewall

depi cted preferred enbodi nent,
smerr@&&a@@&ﬂ nfustheriang ulfipatedy QSe%lwwe, AreRalF of|sopgce/drain

rggﬁ:ér??@ﬁ Qﬁ@@ﬁchggefﬂégﬂ '?@Fnl?eé'ﬁ%%n?&eal’:‘ﬁaﬁr@elofedléﬁ 954 In the

fective to recess first gate dielectric materi al .
emronlatﬁm Hepifted spadpdipens retd) veryeress hlightle degped drain

bhe Argc; ebgl confdrIpf 4 enfdifias B %ncentrat.on

enp ary preferred isotropic etching includes wet

r@gmmgﬁi Fut 9Sxdrprectiveiy. bin s d@fplfétﬁénﬁn@ dafigjibed exemplary
Al é@mgﬁé’ﬁte meelfg%Fa'MBn”%ﬁ‘eﬁig%'es?“d&&é’ﬁ}r ieeeRBbBboHMregions 96

conpri ses t ungsten or tungsten

and 8Bdef Sahtﬂewwn IS VD25 85d Rehe tPSRAYIYRIY, dsrconghcted after
t?d(tﬁ”m‘ ah¥ HSOLiY QSSHBBI(P%tGMﬁ@ ot rdfelfe‘%irlcp%ﬁtéﬂﬁl 7%4and the

I'de to produce the exenplary construction of
ciemam@@ Q/f/eﬁe%itr@hgﬁtf sieIrctic gratprish §Ror Péogemjngdﬁ, of course,

éBér}rfrcpee a?tg‘rél'eé%é?e thgsg%mﬁ{g S kRS Righ@lsevVa@bgant concentration
regions of the source/dram regions is provided before one or both of the
isotropic etching and depositing of the second gate dielectric material. By
way of example only, other attributes are preferably as described above in
conjunction with the Figs. 1-4 embodiments.

Yet another exemplary preferred method of forming a gated device in
accordance with aspects of the invention is described with reference to
Figs. 17-19 in conjunction with a semiconductor substrate fragment 100. By
way of example only, such comprises a bulk semiconductor substrate, for

example monocrystalline silicon. Such comprises one of a gate region or a
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Referring to Fig. 15 , after the isotropic etching, a
second gate dielectric material 86 different from

wo peosti2nad e diel ectric material 74 has been depoFUS®AS/019009

to wthin the recesses prevwi#ously forned beneath gate

76. Second gate dielectric material 86 is

characterized as having a different dielectric

chartelfegen nihiamexsmalars ehaanel maped4 beingaskewal having a

Witith ABB For asagmwewdegcﬁsaapé@o@'.a( co%'?\séc%ntmh JEig. 5. For

above- descrlbed exenplary preferred materials can
RYTAGS2Ed OF Efhenptoatinuii e f dispussicac hailkgteater dragnhent 1oo can be

cernaéidasi ly r i L
t?Itom c Iaggréﬁgﬂg:ngqgnrﬁrt%gv\grf gﬁ)a1c %\q}?nég t ?@e%”w“ 105. In

Ecesricted | Figg ot empdinentRéret ppn@om d0Ri gompéises a portion of
W18 FEIENEN RRAELRYiBY 545 §ﬁm§§&90g’hﬁ%?@%/ hég]bg ﬁmaerd while

referred enbodi nEnt, secon at e ric m
Q%En%e%rf”éhlgaaé?r@'ﬁﬂ%%rlpy eMhald 118 ¢vemsensod aportien 105 of

e iC I 9
@uﬂlﬁelr%é%ghuﬁrna?e@nqsmg g?é’f%?r%os rﬁétéﬁm Ore any of those
tb@/dd?BPHer'@gq?QfﬂﬁnththM”Mh@l@Q Heembodimedt. An exemplary

drefeirgat ?e@thﬁ&ﬂ@' f&re%Qleﬁé anld td@pﬁé@l@@dmﬂeﬂgp'ﬁf includes

enbodi ment, such enconpass ght | rain regions
W%W96m%t@§6b011%ergenanatthrfyhestwmmpahotoresust followed by
RGNt rati on regions 96 and 98, respectively. In the

depi cted and described exenpl ary enbodi ment, the

f or nelR¢lenring ki dhigst1@opanendonedinn atorofr agdixbnn§59(bf channel

ré@%r9§4°f1a§°@:%%ﬁ/% O'{écf QP RES46 rﬁﬂg % Segond. gate dielectric

respectlve Yy, I'S con ted a ter
a6 pil €5 etdifierrntofrom efiesdt gate n@memotab mtandl ttid, which is

rd8eRet bisr ﬂfstSSGbe% 98k fdilv?tbtﬁ%%acffe% élarje fon 54. The first

Processi ng course, conte er e
b wegrnd QﬁtQ rﬂéefﬁ(‘éﬁ@sma&l@fp@!ﬁt 1&6needt 145 i are roé@lrautenzed by

di’ifferté?ﬁ §l%%&ﬁédé&‘né"taﬁf‘sg'kon§ﬁs S’%Hgaggr)p%fr&re? cF E\%é)terlals are

both of the i1sotropic etch| SI'ting of
thedAEgsgHbad cﬁtav(@cmrcmrmt@n \alth tB¢ Rigy 1ofmbadimpe ret.

| t
oy G R o e B 0n 33, (RS chaRfe! region is
PYeYidgoewer t 'Jé%efrﬁét any peegnd rg@dermef&nﬂrlofm{aterralsu,gaad a pair of .
sgat&sapsni Fé‘blbﬂs% Bdm%e Fhaeféptﬂ‘ét ?hﬁ&nélhr%gﬁn 4 By way of

i nvention i s descri ed W t erence
eXAMHIRj UHYt Fish 1R tdﬁpaCtééhﬁcf@hdl@atlon csmgaterdafueldf effgoedevice 10

otQfe BYeMBYar9f fiftad®l & %mﬁ&&u%%ﬂm@tﬁgﬁ e%i Qﬁﬁ)laﬁ)é preferred

sem conduct of substrate, for ex nonocrys
adfribugesn ar%@émmds%@%wlw re@p@@t o ttlegyiFogs.ot-4 embodlments

achapfgd TﬁQ'QO@epl\% Hbtatﬂeed@émlbaer&’mcalgimbesl of B% ARt2%hd second

bei ng shown g
portions occur over the channel region. Of course, this aspect of the

invention also contemplates maskings of the first and second portions
occurring over a gate region, for example analogous processing to that
depicted and described in conjunction with Figs. 9-11.

Fig. 20 illustrates generally, by way of example but not by way of
fimitation, an embodiment of a computer system 400 according to an aspect
of the present invention. Computer system 400 includes a monitor 401 or
other communication output device, a keyboard 402 or other communication
input device, and a motherboard 404. Motherboard 404 can carry a



10

15

20

25

30

35

width 55, for exanple as described above in connection
wth Fig. 5. For purposes of the continuing

waele®@suszion, substrate fragnment 100 can be conrCHES®AS/019009

as conprising a first portitdn 104 and a second portion
105. In the depicted Fig. 17 embodinent, first portion
ri ses portion of w dth 55 of channel regi on

B oA Res s 480 et en S BERse KD Sl 13 IeaSt one memory

depiesi 408y al\/fdnﬁé Rl AR CImbiesd %arlod'é) é’s\b%rcts of the
second pgrtl on of channel region 54. Exenpla
e

BP’&P&'PP CRHERS a'ﬂbe,o"z?re Merpopy deire 4965 6AN bRAmM ARG array of

rrrem@m vsid,i andvidh bhyFean te eBhRp/—d N aé ressing circuitry for
ary. referred techni gue for maskin
88%%%'?9 ng Hﬁi’%?'i mnemary icRES Ubethedapeyi t i thrmt dheamemory cell

adQy éé\@fde&Hoh@IéH R ¥ fcRJPBRE @ik %r%adfﬁg |q%\t‘§¢6€|¥\ he memory
etchin Referring to Fig. 18, second I on
6 IR &éeo@déﬁ%ﬁ*ﬁieg ABgi thad £ireaktreean ne kediags Ifer conveying

dﬂ@@ﬁaﬁd)rﬂgb@tmﬁﬂeﬁﬂir Gb@ic%chrdﬁmedrb%féaﬁ%% Such is

eret froinflrst gate dielectric nateri 110

F A9 IR & BIQRY diREANT pf dhe saptheshoath 468 as dhovatin Fig. 21.
m‘s@&wmk bRy rafh, Sthe J@@refs'sfr?lcﬁ'egltﬁ/gﬁgnﬁls CENE ag 410 and the

ectric materjals 110 and I15 are racteri ze
%'F%‘Hfrydﬁé“\é%ttr?ﬁeé’ g®dAdLants k . Again, exenplary

d
pref el §shrifBLRIY fds%)eélfse 6fh0cﬁ§ Wti&?‘? [ﬁé”%?\{ pewcgh 408 can

connect i on with th g. di ment .
RTFRSPU tiRe 3gdP@MOEY| @ﬁdé’lreth@%hshﬂmplfr,e@lrmiel :-line memory

rlﬂbduléiefslmmé) bRe dudish- Iﬁ%dm% dngatfed) L?h\ﬁﬁl&si'n?ay be used in

mat eri a alr of source/drain regrons

'H%W&é‘&%?fb%that é”t'ﬁ@ thardaarchinggi o theypigaendfinvention. The
B8 ATRY ed&ﬂbé cdmh be 19c&%%'r§l%% i1 éﬁprdf‘:?t\'/é’rneﬁ}f og%lte%?gns that

fiel ect device 10 of the exenplar
%ré?wﬁ% EFréﬁbHEﬁtﬁ@HF OfGeﬁérn%f(@ﬁblaadyWﬂtlegéprredmory cells of the

®Vicé bbb RS 806h ameIRSEN i@%ea?ﬁ\é‘% %Baer%?@f% ?H& I-hfge mode
Fi -4 enbodi nents. Fi
%Fb‘%@F'PB%d”n%QRﬁ% e @?f@efd Pyt ff@wmestb@dn@rf pgce:rsong a row of a

REMBTy QI afra§s CARNNEhd 699 %Bcegm@o&‘l‘rﬁ%‘?entt gb?m%’?sf’%? the array.

E?f the invention al so cont'enpl at es maski

FRSTLOHR 28 deRRAWRRRY CotMBiRigreriiproven tae geacand output while

th@gb@mmr{ o ag¥asgd £ anal ogous processing to that
depi cted and described in conjunction with Figs. 9-11

. Fi d\" 2Beratgstypsifdgdpr inthe extpndesydata extpmpi(EDE)t memory
that abdw@ﬂifatﬁfstbré'ﬂ bald RRMEY WQ?‘QQ‘W@ES b 12 SOIPIIE as output

asﬂy t?nrg Lalggreascs%%r %Iolnugmrt10h2?3n bae?en closed. This memory can increase
some communication speeds by allowing shorter access sighals without
reducing the time in which memory output data is available on a memory
bus. Other alternative types pf devices include SDRAM, DDR SDRAM,
SLDRAM, VRAM and Direct RDRAM, as well as others such as SRAM or
Flash memories.

Fig. 22 illustrates a simplified block diagram of a high-level
organization of various embodiments of an exemplary electronic system 700
which, by way of example only, can be incorporated with aspects of the
present invention. System 700 can correspond to, for example, a computer

system, a process control system, or any other system that employs a
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of the present invention. Conputer system 400 includes
a nonitor 401 or other conmmunication output device, a

waxeopbozx2d0 402 or ot her commruni cation i nput devPCEUSHNE019009

a not herboard 404. Mot herbdard 404 can carry

am croprocessor 406 or other data processing unit, and

at | east one nenory device 408. Menory devi ce 408 can
prosgrsos canchrasswsiategeorenery. t dertigpist syatedescqq @g functional

e?et%%ﬁts WﬁPHYngdSVb&%eéggr %@"érﬁﬁfﬁ%’tﬂcﬂ@gﬁd"uﬁftr(ﬂw‘c702 a control

such array can be coupled wt
uactd?@é,sang\emwrdudevgﬁef ghnitat@® fsidngn; w@,u\t,/o(gl@@tpt ﬁ'é%r‘%ﬁwce 708.

Cﬁe“ﬂérgll\él e%'&?ro%é%& (tjé:Mrf’@@rWIlltlli‘@vér%nﬁéMv&%ét & rricdns that

circuit for reading data fromthe
spenify ypesatigns Th@%@@r@imeldgoarﬂ?t? dudths peesessprcai? gad other

n’(r]ite'réétfo‘?%o@% HVt‘i%' é{fg%“%i Oﬂweb?ﬁé!\ﬁ%F‘y RIABEY unit 706 and

evi ce proce sor Such is illTustrated in a
tlmémdewagisaﬁﬁaf The cmttrdrwuh7@44corgdinaigsvl! operations of the

p?og‘e %o'? Shoh @%C%Eﬂ%\%an vncfh e7G6lLRGSIRY QO CdVikds 708 by

I S0 ustrate S e read circuitry is
cnohtmsbuaweqycamgmgouglm peet ofcenenatigepdbat caﬂsqe tigstructions to be

‘é%:&t | 28 nﬁ{gor%é:i'ﬁggpnpldég%ecaﬂ @eolrag‘%fpeiagcﬁt‘éda In various

nodul e.” For i ne nmenor
ermmbdhmr(tSI fiAek neamairyddiavice -6 n@lmﬁartwtriﬁdmtégmted to, random

AR LS PIRHARY dd LD PURAAN) GRBTIdIR! (KON Afovices, and

e presen |nve ion
p@eml”@ealcdewbemsunhr poraafledpy mlisk dnyecinc avmm@ﬁyt dfsk CD-ROM

qghSI grt?né hat ?PJI%hg%kﬂi fif qﬁ@”%rt"ﬁ‘lhgj‘ﬁ%eﬁ’étangﬁ%ﬂ% r£88ing and

cells
ommmenthenshrtgﬁetrpageilmjdeurggertaat oany P&je th@dgllustrated .electrical

er ari?nqgsa}@ &F%%I%A 8t eoe‘#r% ida¥ed hteo ffﬁ‘%meé ngAM or other

ng a Tow' o array ran
raemesys cags i fabepeiﬂnqﬁ)mﬁhn\@rmu&t ﬁ%p%@tsaaf th@a;rgsgnbfr@/@ntlon

at “Ei‘ ¥ ?sn?hg%;glo %qgélé%?éderg% %‘?%ﬁﬁgr qggelaﬁpganlzahon of

out pdt' WAl & unm 1S accesse t er nat
vayjpaisoferdbudioeents tdfe @xt exelwglarit £lecirpoic (SBDd)?m 800. The

PR BolhEs AR, sttt PRI, My of momor
ascbuswﬁn haddiesendetoded 808hi rsawmmeys cRifFUitiEr 838e cobipan access
Céfcéﬂ 'ésl%t % ?\Hﬁ?ed%omro?lch‘&WltWB%Eofotreéorﬁiz&lﬁﬁg operations, and

reduc
mquUtpdﬂtaarolBtrav&M abeee anemone MewWce 392 tirther InClUdeS power

al%ﬁi&ﬁ%%ﬁ%angébgrrgg%&amhng 14 réll:?gfsA‘J'\él'ot her Sf%?ﬁ@%‘lermmmg

valsetBRAM oremory cell is in a low- threshold conducting state or in a high-
threshold non-conducting state. The illustrated power circuitry 816 includes
power supply circuitry 880, circuitry 882 for providing a reference voltage,
circuitry 884 for providing a first wordline with pulses, circuitry 886 for
providing a second wordline with pulses, and circuitry 888 for providing a
bitline with pulses. The system 800 also includes a processor 822, or
memory controller for memory accessing.

The memory device 802 receives control signals from the
processor 822 over wiring or metallization lines. The memory device 802 is
used to store data that is accessed via /O lines. It will be appreciated by

those skilled in the art that additional circuitry and control signals can be
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Fl ash menories. Fig. 22 illustrates a sinplified block

di agram of a high-1evel organization of various
wepdsdazent s of an exenpl ary el ectroni ¢ syst enrP@D0S2005/019009

whi ch, by way of exanple onfy, can be incorporated

wi th aspects of the present i nvention. System 700 can

correspond to, for exanp a conputer s

yste
PppVideds a@érﬂwﬁ@rthsye@r@ﬁfy @ﬁVﬁ%ﬁ/BQ?H@s RGP SP SHPPHESd to help focus
RO, eg‘ug ‘ﬁceﬁ?%aﬁngnéso?%'eabl%e%ﬂp%ﬁ2 &t %?érh@Fy Gevice 802
system 7 has functional el enments |nclud|ng
cpnoctr@elsde or cappchiabt¢@IstBftionurnt a( meorpodeyce of the type

nory device unit 706 and an

d%%gh?%hJHEan%gﬁgfﬂﬂg$|ce 708. Generally, electronic
syst dhe7o@ripus| ilhisiatadnaystemssaf Biisi disclasireonte tipignded to
?Wﬁ'efé(é;%‘?\%égltbﬁ&‘érsttﬁn&ﬁgp@fr\flé)rﬁ aﬁﬁllgéﬁé‘n?)forthh% circuitry and

process er interactions between

spm«tte@sopfﬁbg pteﬁenfermlewtl@@w%i et nebdntaiwiacthdo| gejve as a

c@% Fes J&%r 1% Co‘?méflothémeltem7 sCQﬁ’Bdfe%%P& afl an_electronic
rations o the processor 702, the nenory device 706

saawmhssangormempaeSceles ipy ageatdangsudvith @snqaty of the present

Lof0 n tart QR A TSI HRAS tH

ﬁJg#“%@hed rgh§“ﬁﬁgﬁégkﬁlﬁhgg?ég 706 and execut ed. InVarlous

electronic syaieisnean He fa’mlq&tﬁ@rlp slegleceadiag REPERREING units, or

&%ﬁw bi J‘Q Ie 'E' Hﬁgoﬁauct‘b‘? Bﬁ%ﬁ' fEeF@JLYce( BaMsommunication

i Ces, devi ces, and

tipee bphweah tUe\nrgesswCancésh% merappydavicr(eki ve and a

conp RANL fi n kid lsvkfems f

Che ﬁpl alsh%ngq’gerst gﬁdéyeceI%Earnga ah% @l&)ﬁtr‘% ic 'syktéms for use

ic ompemioen dinmedules s dEsl@Bosdfrl\eefSt hQPW@rﬁy repdylgs, communication

raf %@é emeEl R&i, nand

pogeihe, HrleSact modgn MRD MERAAOR. RRARG GrPUURd. Neind may

uacludedmiglaMetr,h nyaltichis megetass oﬁutchecﬁlcég-é\htca“ further be a
E?r? ntFb8- a 27alisty? ofl BRdtfdrid Qilfl:[@)l‘é%éj' ggﬁﬁmagf ad clock, a

organlzatl n of various enbodi ments of an
tebeemmbar)a etk gthomsi, @ Pessenalsoomprtey, AfsedfRgobile, an industrial
hat has an array of

¢éﬁ%ﬁ%@§gﬁpgsggﬂ¥xgg ?ggsﬁaéé%der 806, row access

circuitry 808, columm access circuitry 8 10 ,

read/wite control circuitry 8 12 for controlling

operations, and input/output circuitry 8 14 . The

menory device 802 further includes power circuitry

816, and sensors 820, such as current sensors for

determ ning whether a nenory cell is in a
| ow-t hreshol d conducting state or in a highthreshold
non- conducting state. The illustrated power circuitry

8 16 i ncl udes
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power supply circuitry 880, circuitry 882 for

providing a reference voltage, circuitry 884 for
w@e@giteh2ng a first wordline with pul ses, circuP€TyYSB8H019009

for providing a second wordBine with pul ses, and

circuitry 888 for providing a bitline wth pul ses. The

system 800 al so i ncludes a processor 822, or nenory

controller for menory acces&:ﬁ%The menory devi ce 802
WSS M&meeqet rol signals fromthe processor 822 over

wiring or netallization lines. The menory device 802

is used to store data that is accessed via I/O lines.

It wiyl | bey gafl{oeﬁé%‘@@e&ydéﬂeé%oﬂwuéuﬁg in the art

that additi circuitry and control signals can
bepr avbaie®f sondce/dsein legiorsbRYiINgdic@nseh regiengberebetween;

si mply fq%@ aﬂoQﬁ'\l\Qtef Otggs Paninke Péb’%ﬂt ifiwebh tB8Skource/drain

one rocessor menor evice 802 can

regtoln@déhta g@égmnmmsmgrasgatﬁ;w@w gﬂtvae%ﬁbﬁ POHERR/BEAIpTregions;
e type described previously herein. The various

i"Mustrated systens of this disclosure are intended to

pr oviad @ake gdistacitic ureteiwrdriatermestiaigatheghannel region and the

gaa’?glse etatg L' Sie Rl tﬁ@%oﬁ*\ﬂrﬁih % @adt Q\?\/Bu&ﬁ‘fé?@lﬁ RdgibAS along the

i nvention are i ntended to serve as a
vodﬁplce‘t t.hajmieu, phieodifisreat | re@l'@%lttﬁ‘rﬁﬁt sharastedzgdirys different

n%te?{é &%&W%ft Sﬁ%ﬁﬁs g'fét JERIMEYerteldSioh8 to have different

accordance W th aspec e present invention. One
di¢leotrit nangtagik$ ki in the art will understand that the
various electronic systens can be fabricated in

si nglg- pac‘llﬁ?égedﬁ%%%estﬁi Ah H'P'1Swh‘é"reﬁvet'ﬂeorli|ﬁe|%rﬂg|r§g|ons are
sem conductor ¢ , 1n order to reduce the

reapﬂmwejmtqmacﬁwe@ebw\eetmlfm@ s@@@@womant kdhereacross in a
Jf};%lﬁo\(, Qg?qgctﬂgs\),[dtﬁ%qlthg%talt?ns for menory cells can

ude el ectronic systens for use in nenory nndules
device drivers, power nodules, conmunication nod
procéssor Thrldeuce 0fd ClRIBY ilc MheSRINs Rclaast ‘Pr%lLﬂ’fe§he different

r@p%r{@}’s 'cﬂ‘éké’&@n%ﬁtb)} %y%rlaﬂ‘é' Hit8ERicBENs BBt kSHEfbss the one

rcuitry can be a subconponent of a variety
regiag éb@rcb'fﬁcéloé‘y%‘Pé‘Ssthes‘M@ﬁh &5 the @Rk, a tel evi sion,
a cell phone, a personal conputer, an autonDbiIe an

i ndusf ri alTiconichvde DY NHM 1a\'i\}héké|ﬁrt¢1fet ga{@@helectrlc comprises at
ot hers. CLAIMS Wat _is c|ai ned

Igaqsiéthregé:{)ff@@ergd@,gm@ ﬁb)ngatt}fayvlndtgfofstg@r%%t,edqléqrﬁctenzed by two
diftgt<HISqiRpvdthe SorfdtanRnelatbRaiORed pUtRRS) WRRYg uniform dielectric

constant k thereacross in a direction along the width of the gate.

5. The device of claim 4 wherein a higher dielectric constant k of
the two different dielectric constant materials is received laterally between a

lower dielectric constant k of the two different dielectric constant materials.

6. The device of claim 4 wherein a lower dielectric constant k of
the two different dielectric constant materials is received laterally between a

higher dielectric constant k of the two different dielectric constant materials.

7. The device of claim 1 wherein the different regions comprise a

pair of lower dielectric constant k regions being received proximate the
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a gate proxi mate the channel region between the
source/drain regions, the gate conprising a gate wdth
whedsazn7d¢ he source/ drain regions; and a gate PCT/US2005/019009
dielectric received interndtliate the channel region
and the gate, the gate dielectric conprising at |east
two different regions along the width of the a(t%(e, t he .
sQufeIdERin regionss Wihn@ dﬁahabt%hei'ezféHCb;?oa'ﬁf%fgr ntregion being

rg@éigéb%{%rgw} %‘étt\'giégpttﬁedﬁiﬁne the two different

regions to have erent dielectric constants k. 2 .
The device of claiml wherein the different

are Bespedtiey8ryicenaf £a18Y i ZWheRINathgnPidieh %iggqltgg{s:rqqpstant K

r&??&%t RN dic i IRRPIIRSBetvibeh tHe Fﬁ_tri refatdleOttidgatd. dt h
of the gate. 3. The ‘device of claim1 wherein at |east

one of the different regions s characterized. a

vari &bl e diha gevige: o SRt WREEP oL hgahqfncgle?%cﬁpgnconstant Kk
refioh 4 &l RBred pngrainepsiviidh te bBR @ddtive to thelbate.

device of claim1l wherein the gate dielectric

conprises at |least three different egi.gns along the .
wi dtHCf (e gaviecRaeliTed | watr iy thdlitPTea E@ons comprise a

ghieltchigher CABRIANE saiRhhalks ré%@nerem@ Yebeivetdgproximate the
uni formdielectric_constant Kk ther eacr?ss in a . ved
SOUFRR/dTan HAceRS 1 il @ [RWRTdlielaririg foastant k ipaiopRaing receive
|9{ergl|@bg{\ﬁeé\n%§iﬁiﬂ hi gher dielectric constant k of :
the two different dielectric constant nmaterials is

received laterally between | ower. di el ectricg. constant
k of Yhe tWif G’ief"f‘}é/ﬁ" Q(ﬁtc %I'i”bl@cWSFEG'EoW?t E%Wefnétei?& eseonstant k

rBgiolR &enersd Mtechify Bedvadietied Pair ledative ¢ ehegate.C
constant k of the two different dielectric constant

materjals is received |laterally betwen, a higher .. ‘
el it ol oF St D WhsrainT e huflsaetie; gonstant k
r@ﬁﬂfﬁ RN ot"&é ek &dl Satertally heavekevitice pair @laiive 1o thegeien :
the different regions conprise a pair of |ower

di el ectric_const ant eqi ons, bein eceLv Laxi:

t hesoutce/ %idﬁvfceegpgﬁga}'g\mﬁ)tvﬁh%reﬁ? gﬂ%rgajlgecﬁglc rtrl%é i€ Gonstant
thkpleaBtaléng egé avidtrebfithe gatd.ved | ateral |y between the

pair. The device of claim7 wherein the higher

8 .

di el eciric.const ant reqi i r | Ly .

Dot welh t PR ARARR of I TwhErdiRThe" E4te! fiefédiiohs of variable
tafckeledsmldnatiee evidth béthe ghtey. di el ectric constant k

region is not centered laterally between the pair
rel at1é{e t'Phé hge\giggeof claim 1 wherein the different gate dielectric

materials comprise oxides.

16. The device of claim 15 wherein the different oxides comprise
Hf,Al,O,, where "z" is greater than zero, and "x" and "y" range from O to 1

with at least one of "x" and "y" being greater than zero.

17. The device of claim 15 wherein the different oxides comprise
TaxNb,O,, where "z" is greater than zero, and "x" and "y" range from O to 1

with at least one of "x" and "y" being greater than zero.
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10 . The device of claim1 wherein the different
regi ons conprise a pair of higher dielectric constant

wa20080202mes bei ng recei ved proxi nmate the sourcePdr/as1005/019009

regions, with a |lower dieléetric constant k region
being received laterally between the pair. 1 1 : The
devi ce_of cI aim 10 wherein the lower dielectric
const zﬁt k Thegfevicesot elaigy 4§ wheesial the Wiffewsonh atides comprise
BaISi, 0l \@hbpe 0 2 h exjnC fu,, €
W ryeléne the | o%)ve'r§ f%%%tétqpﬁé Zcegﬁs?gﬂlt% ?régl r?th]T?om 0-to 1
Wétﬁt%tr lggst apeof|"x Ky abet Wedrpinggreatier thanasiroe to the
gate. 13 . The deV| ce of claim1l wherein the gate

di el ecori cthe @vieenst aimt HBC\Wﬂgﬁénﬁn gjffél%ﬂ‘f\"d%{feé)fcomprlse

é e ]g? % 14. The device of claim1l ereint
& alkPecWheref xuam' ANtk Hizheee’s8maP dag! with ai lﬂast@fne of "x",
et £ bdihg-gréBee d@dnCLe@f claim 1 wherein the
fferent gate dielectric materials conprise oxides.
. é[g vice of claim 15 wherein the different
OXI de n‘fﬁ‘?s e Ay elaimpharwhetein thegdiftarent taxiges comprise
29D.0 ,witdre X xéngffégjfroyn 1rignge fromO to 1 with at |east
one of "x" and "y" being greater than zero. 17 . The
devi c | ai 15 wherein the different oxides
corrprf%e TERRLBY ICenp &laig T swheesineonenof ibﬁod'fﬁf@nt gate

disleand re(glohang@ tharadiefiged \M/“é G\In|+&?r§td%n§c e "dbnstant k

) ei ng greater than zero.18. The device 0
tgleé‘??grfésmﬁbrael re¢ionyigleng ethe ovidifesoic shproste which spans at

IEbxEb9@of eewRdthzof the gdteat er than zero, and "x" and
"y" range fromO to 1 wth at | east one of "x" and "y"
The device of claim 15

bei n%%re erdt han zero 1@ ¢ ) ) )
sher At hENG RN RAT CBIMGEwhasRiy fres Wea deferaniapaterial regions
admepdsé at Jedst twandiffezént witts f4161y Ohd Qidthbt théibaleeaSt

one of "x" "y" and "z" being greater than zero.
The of .claim 5 wherein the different oxid
conprl se r@demézr% Si'aﬂ'ﬂngé@efr?@rﬁhf twe slitferent mqﬂ%lal regions

abewpiise af carhmiom Widthexiehg thaaviath bhehglghierent gate
dielectric regions is characterized by a uniform

di el ri e copst ant thereacross iin a direction al ong
t he \?%Hdt hc]. © ?%e%ga?fkdmchcg'ﬁﬁﬁ@eg%yi @é@‘?m@@%d@ﬁ“‘%%e
wi dth of the gate.
25. The method of claim 24 wherein the memory device is DRAM.

26. The method of claim 24 wherein the memory device is further
comprised by a computer system that includes a microprocessor.

27. A gated field effect device comprising:

a pair of source/drain regions having a channel region therebetween;

a gate proximate the channel region between the source/drain
regions, the gate comprising a gate width between the source/drain regions;
and

a gate dielectric received intermediate the channel region and the
gate, the gate dielectric comprising a central region laterally centered along
the width of the gate and a pair of regions adjacent to and straddling the
central region, the central region being of a different material than either of
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22. The device of claim1l wherein the two different

materi al regions conprise at |least two different
wora@shs2al ong the width of the gate. 23. The dewi/U8200$/019009

claim1 wherein the two di2ferent material regions

conprise a common width along the width of the gate.

24. The device of claim1 conprised by a nenory
thie\dteasdd 7R repnseteitsstive &9 adeling m?ercarwetlhée%ﬁow have a
dQQﬁéﬁ?dgﬁeQR@%o anJE?hQﬁﬁﬁ@@opénﬁéﬁbﬂﬂﬁﬂsﬁﬁéﬂﬁh@ré@%ns

evice 1s further conprised by a conputer
systen1that i ncl udes a m croprocessor.

fi el @8ef f dbe druice of cbaipt P<iWaeredn jhe rst@ddélagrr@&/%'?%ﬁﬁe of the

| shid O0R Bé*fiﬁ'?\gm &H@% diQ8EQIE Ebstahekween; a gate

rOX|na annel region between the source/draln

reglons the gate conprisin ate width between th
sour @8/ dr dihe Kgyien<f ﬁhadlma%&at QI b isEr '@Evéﬁglons are

ré GFJ RN BhErddiEricdamyed uhfBlardidnsttiibeosdtant K fitergateoss in a
ectric conprisi atg a central region laterally
dwentlen@iomélhg\mﬁ@ thengate-t he gate and a pair of

regi ons adjacent to and straddling the central region,

the ggnt r"’l"herﬁg{/i%% B?'d"&in@@?amﬂ'iécrfaﬁf ené Jteddlingy ré@laali’ns are of
either ofthe strad Eare gi.ons effectjve to define

differepésemmositéen 6??"?63 0d dielgctiecentiaitdl ect ri c

constant k than that of either of the straddling

regi @ns. Zfe HWEideVdfcell @Cﬁi\ﬂhérélﬁmﬂfeﬁ‘ismratdtﬂmg regions are
straddling regions are of the sa

L oS
R Vel ShAraRteTges ac AHOrE § Skec a8 ConsiA i thgregpross in a

dfeRtiBh 2 onbaneiiather #ie gdel.i ng regi ons are
respectively characterized by a uniformdielectric

COnSLEL eSS0 et £ 38, LS recions

rééﬁ@&ﬂ}élmohﬁﬂis@ﬁom 0% talRb¥ebPtie aodmpost thicogate.
mat eri al " and di el ectri c const ant kK . 3 1. The device

of claim erelnt ddlin 0

[ espect | vgr V\gﬁ‘é'rcﬁcqf b‘ﬁy Sr?}ﬁﬁao‘ﬁ?}ﬁpﬁﬁ gﬁ?gdlmg regions is
&W‘éﬁ@rnéhéfeétheﬁﬁﬁisltmtsk ltmaratwhtr@rcMeocrerarajn@gwre wi dt h

of the gate. 32. The device of claim27 wherein the

gtS(r%agg It Egl' al?ﬁlrégfgfecagec?[ lhéé&%?% hzgtlltl{:egggégglggr%egions is

oZ loWwke ded |scBRCcbomstahbhi tmanaddt bfithe egnakragion.

35. The device of claim 27 wherein the gate dielectric is of constant
thickness along the width of the gate.

36. The device of claim 27 wherein the gate dielectric is of variable
thickness along the width of the gate.

37. The device of claim 27 wherein the different materials comprise
HfAl,O,, where "z" is greater than zero, and "x" and "y" range from O to 1

with at least one of "x" and "y" being greater than zero.

38. The device of claim 27 wherein the different materials comprise
TayNb,O,, where "z" is greater than zero, and "x" and "y" range from O to 1

with at least one of "x" and "y" being greater than zero.



10

15

20

25

30

of higher dielectric constant k than that of the
central region. 34. The device of claim27 wherein

we2wh/1z27¢ he straddling regions is of | ower di BCBUS2008019009

constant k than that of th&2central region. 35. The

device of claim27 wherein the gate dielectric is of

const 3nt thi ckness along the width of the gate. 36.

The dévi ce Ide epwicm ofclaiie2di wWherringtheediffiest ricatterials comprise
BT, 1701, alheré M€ kN @ssa @l ARAnt oM aHd 1 »of Jh e 8 S

The g(gvi ce of cl ,ai"?za? \{yher_gi n the éiljf e?éﬁt yngr%glgleaﬁrgm 0 to 1
WAt lsashipRal 9" apkkve being igsegtasdhen 2dran zero, and

x" and "y" range fromO to 1 with at least one of "x"

and "40. beirhg @&Bakeyr c,tlé"lfﬁ‘i‘ 237%Hereaﬁ-t_hgr@ff%gé/ﬁt?rﬁggérials comprise

|l aim 27 wherein the different materia nmp

%Qx#f&@?,& Wsre e "y 'angt eat @ngenfiamy Orte, 1 avith akfeamtdne of "x",
"w"'aﬁcangebérn@n?,%attgr that &yt east one of "x" and "y"

bei ng greater than zero.39. The device of claim 27

wher ei n th? different materials conprise Hf xSJyO ,

wher e41z"  iT8SgARVICE Of Rlaim; &Y owhgFrin the gifferept mases comprise
Tromhére st rahg8s atorh agtoone of "x" and "y" being

greater than zero. 40. The device of claim27 wherein

the differept terials conprise BaxSr Ti OB, where

X", 4 aﬁg "‘{zrf‘%“?%ﬁéé"?'i’fb ovherein e traddiisgstegions extend to
thle Sodirceldraimnggions. bei ng greater than zero. 4 1. The

device of claim 27 wherein the different oxides

conprjse X, where x ranges from1l to 2, 42. The _
devi clé of Ztgﬁi Igvge \Heflaim g?]é”g?rredﬂcﬂhien@akfe‘gﬁ ghigddling regions

@xhpride ttaot digfesent WRItES aildhd @ed Wi§th dBthel§stedevi ce of
clai m 27 wherein the pair of straddling regions

conprj se t di fferent w dt |l ong the width of the )
gate.4zft4. -}Ia'ﬁ% \(}?%eor}o?laﬁpa??n"%?er RrtBPnPaIReTpsirad@ling regions
aim pdsié iangomets o nddthoaiphi TR e av GBI Bhaigdikd al ong t he

wi dth of the gate. 45. A gated field effect device

f
conprjsi ng, l.r  of .source/drain regi ons having a
chann‘ie Ty e’%ﬁ%ﬁg&?ﬁg}‘gﬁﬁﬁggﬁ}”cg YHPRBIGi nat e t he
chanrebairesfi sourbetdraenrddiens dunvoed dratiahnied gegive, tHehdbetween:
e £o0 i sing.a_gate w dth between the source/drain
?:tgi oérisgggén?jﬁlj?zgumage fhe c%anne"? reglnon etween the source/drain -
regions, the gate comprising a gate width between the source/drain regions;

and

a gate dielectric received intermediate the channel region and the
gate, the gate dielectric comprising a central region laterally centered along
the width of the gate and a pair of regions adjacent to and straddling the
central region and extending to the source/drain regions, the central region
being of a different material than either of the straddling regions effective to
define the central region to have a different dielectric constant k than that of
either of the straddling regions, the straddling regions being of the same
composition material and respectively characterized by a uniform dielectric
constant k thereacross in a direction along the width of the gate.

46. The device of claim 45 wherein the straddling regions
respectively comprise from 10% to 25% of the width of the gate.
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a gate dielectric received internedi ate the channel
region and the gate, the gate dielectric conprising a

w@ewsnzd270 egi on | aterally centered al ong t he wdt/boSmwhH5/019009

the gate and a pair of regi2dns adj acent to and
straddling the central region and extending to the
ions, the central region being of a

sourceldrain re ] ¢ ) _
di fferﬁént eP‘g‘éﬂcet REF1AIN Her Whrereine the rsieriidling regions are of

h@ie@ﬁﬁe%‘cﬁﬁ@bbﬁgtérﬂ_l@ﬂf&imﬁla&f&ﬁtﬁ@'@én@#alrrégio%n to have
a different dielectric constant k than that of either

of ths S”ﬂ-gdl i gg regions, the straddling regions )

bei ng gf t h8esd 'C(?ogrf)_(?éﬁ"m it Wﬁ'@é?i”th%rﬁifa dling regions are of
fovereditionttiy coetAet Ieh e thdtoraneridiran idighdect ri ¢

constant k thereacross in a direction along the width

of thg gatt]n_ g(? .The _devi Cﬁ of claim 45 wherein the
straddPing P& eo\HEeP&CE%E} v eYRETEhh ¢ gate diglectitp isoof constant
hckrdsst Awnyl thiehwifthtdfahgafge47. The device of claim

45 wherein the straddling regions are of higher

di el egtricgconst ant han that of the central region. _
15 THY' delfaTfog of iR A4 erein the SAiP alialackae 's of variable

" dev

théciroess aloegathel witkth oditeé @eltéi ¢ constant k than that
of the central region. 49. The device of claim45
t thickness

wherein th e.dielectric_is of consta $ )
al ongé?'he ﬁk‘%t ol Pﬁg‘f@g{ %5 V%'E)‘?reﬁﬁgh%lé\}g%r@rﬁfmae&iaﬁ comprise
HUEANG e'i/merltehﬁz"giathgrdtgf ﬂ@ér}iiz@ﬁb,saﬁﬁ "Yard el I’qran e from 0 to 1
L C al ong,the widih of the gate. 5 1. e device
%Phcﬁﬁ?%&ﬁn%\ﬁgréi AN he giefrfgepé‘?ﬂtgﬁﬁ'?%'? Z&f% conpri se
Hf XxAlyO , where "z" is greater than zero, and "x" and
radge Themeyiteo of crith4Biwharesi tioadifférent maRdialy comprise

y
' gr WL rp. »2. The devige of ¢laim4s
ﬁam’guoﬁ’ %tg?%i fil%1 @fﬁ?a%éttgPPa%%r Oc GRS i*s @R x Xib 'epge from O to 1
wittieraé |€ast orse gf 8at end t'habeirey gre=dsdthian zarsl "y" range
fromO to 1 with at |east one of "x" and "y" being

gr eat t e ice.of claim4 erein .
the diff e?@ﬁ? %?Ceer ?gFlsaT@oAﬁ%&f egel_lif&'ﬁ)qg‘te,ren g}m%em?s.s comprise
HisSgleamdrerenai isegreatanthdnx zeemdatiy ™ xI' ange "' emde Om 0 to 1
YY) n QN foonx". and "y" hein reater than
V%'élﬁmgfili%%t #ﬁéggge)\gi %%80 é?@igng'fg%g}aé] %e&he di fferent

materials conprise BaxSryTi O3, where "x", "y" and "z"
range®4.r onfte devicenpt blaim 4eadtereimetia difigrent yataridls comprise

BLSrPBINY PRERL & hha eLo. T vi,ce. of .c¢claim .
45 whet e?’n tﬁe ?I[ff rgﬂﬁ %xir%i@ S rqj§°e1 Witf! at Tedst Bne of ",
"y" and "z" being greater than zero.

55. The device of claim 45 wherein the different oxides comprise
ZrOy, where x ranges from 1 to 2.

56. The device of claim 45 wherein the pair of straddling regions
comprise two different widths along the width of the gate.

87. The device of claim 45 wherein the pair of straddling regions
comprise a common width along the width of the gate.

58.  The device of claim 45 comprised by a memory device.

59. The method of claim 58 wherein the memory device is DRAM.
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ZrOx, where x ranges from1l to 2 . 56. The device of
claim45 wherein the pair of straddling regions
weopnezeo two di fferent wi dths al ong the w dt hr@f/Us1965/019009
gate. 57. The device of cl & m 45 wherein the pair of
straddling regions conprise a conmon w dth al ong the
wi dth of the gate. 58. The device of claim45
conpBPsed Ting methadraf eleimced veereihdhaengapryfdeyige i further
n ot r | B3t bl DRAMB0: sEidnd of
o3 R A i HE R s (e L S ior Rt
conprised by a computer systemthat i ncl udes a
i cr 8fr ocds@ethod of formimst :eated deyian fenIPrisined
devi genosh 'asfugé‘i denasithitong Jdtésﬂlelﬁiitﬁb over one of a gate
cont i hi ng date rPectrlc over one of a gate region
regloa ehanekannelgiegion t the gatee redignodr shaaﬂahmlone@q%ﬁrlsmg a
[F{’Bvérj wiich meddf:’stcﬁ'f@fal%hﬁlnmbegéier §Felé@ctr|%| is deposﬁed
alning gate dielectric i s deposited, gq
vvl dt IdOpmg aowdélﬁ ptdﬁtéomfathedaﬁ‘taémun#yng’lﬁ ga é!eé@?frficcove”y'”g
tl‘?getgrlné“é‘igﬂtn@ gdee rgé otnh%rgﬁwt(fe dh@in@n @gléﬁ‘%ﬁhaﬁn%cond metal

on with asecon ferent fromthe first
dmféer@InteﬁrtDmdh@Je‘ler metah effestivgs tto t ipsmdiat flepehitwgadifferent gate

dﬂ%l?kﬁ% Mo el be‘?‘lgaetﬁ?g willth Ved BRI art sy | dRtbrBNt materials

Fent “materi al ective to define the two
ediefctive ctot degfine tueetM@cdrfferenta@ﬁitmsdl@l@cmﬁ/ée@iomﬁetpeh@ve different

d‘%'él% fi5d Ebﬁst‘éﬂ'ﬁ'&s{(ants k; providing the other of the

€ regron or the channel region over the gate
d| eI eroviding dhel gsheviodithg gatpaiegion asdliccehamnrginregion over the

d'aﬁgdl%‘lﬁcﬂ'gco)% te the channel region. 62. The nethod

erein the doping conprises ion
i npl gowiding a BBr ofiseures/HErRiNndEIANE ATEiMajip dheichapnel region.
dopi ng conprises gas phase diffusion. 64. The nethod

of clgyg m fhe|a¢,ﬂplsﬂgmc€rem 188 Rb @ -‘
di ffusi onGF%eSW%e Oprec{ hod of claim6 1 wher e?ﬁ@h@mﬁ ses on

implantattenal containing gate dielectric is deposited
over the channel region. 66. The nethod of claimé6 1

wher ¢ t hgd ihethdetat! cedit 8hnivharet endi 8bgidlgr icenipggises gas.
deposited over the gate region.
phase diffusion.

64. The method of claim 61 wherein the doping comprises plasma

phase diffusion.

65. The method of claim 61 wherein the first metal containing gate

dielectric is deposited over the channel region.

66. The method of claim 61 wherein the first metal containing gate

dielectric is deposited over the gate region.

67. The method of claim 61 wherein the doping is effective to form

only two different gate dielectric regions for the device.

68. The method of claim 61 wherein the doping is effective to form

at least three different gate dielectric regions for the device.
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67. The nmethod of claim6 1 wherein the doping is
effective to formonly two different gate dielectric

w0 e@sore7d or the device. 68. The nmethod of cl aPer/6SM05/019009
wherein the doping is effeefive to format |east three
different gate dielectric regions for the device. 69.
The net hod_of claim 68 wherein the doping is eff
Lo°t G oniNe eBedcRt FIBNBRE GASISH! B1%EPping fgfigHUVE to form
Jrity thidR GigerERt g4k dI18BTRGEgind rthBtiévieat ed
devi ce, conpr|3|ng dep03|t|ng a first gate dielectric
mat eri al over a channel gl oa\r} 8f a.sem conduct or

934

substftt e;A mﬁthpﬁgbfd’oaam @'ﬁvéc‘?m?%mPHF'n(gver t he

firstyegrishinly & epdt hatdraiqbtlc naktiar dived 4 kdannel region of a
conductive gate material effective to forma gate over

seRicPNAYetgRUPSIadPect ric material, the gate

CONMPreh ihiHy Oé’pQéhcﬂchtWéjeg?“—at@efm&bﬁgl ao@at ahwl @ikt gate dielectric
t herebetween; isotropically etching the first gate

atErEdiric material fromat |east one side of the gate

ef f e‘HdtV&nhﬂg tieE eohdulkvEi gk SRtsrigl effestivé Gonavr aadate over
on the at | east one side to under the gate; after

thgcftrfsbga@ppg}eg’tr%mﬁengbFglag,gﬁtﬁgoygré%agoo%s(éng sm!]es defining
éﬂbg{eeﬁﬁathqhg%séﬂ“ﬁgerm fferent fromthe first gat e

difrelectric material to within the recess beneath

gat e,iseHepkatiyretcince the @F%tcg?‘iecd'ﬁﬁﬁf'f:amaﬁﬁ'rﬂjo@ "% least one
dyb iR Jﬁ@t éjcbeéf?éétf\)ectd?%b%s%ntthekﬁﬁs'i'%té hagietrid fﬁ%t%héiibn the at

gate dielectric material; and formng a pair of
|§@§?@@¢(§ﬂ‘é¢ﬁ°#@§'ﬁ6ﬁ§ey§@<§% mate the channel region. 7

1. ThﬁtéFEttI'i‘é’dls%ftro%'I@élm @cﬁnﬂﬁfrdéﬂwtlﬁgtée!&@té}%téﬁe dielectric
first gate dielectric’material commensurate with

pataria diffgrent freen toe diiet opte éié@l@cﬁbq aratgriabe él&llthl\l;\eg!e recess

Sé%éaﬁhmtﬁehegaftér She08b&otl ) fiet Hidle BRI ateribd KeNTRG | &edifferent
opposi ng sid which are |laterally coincident with the

Yatectye @@@stam k w thatridherfirst aﬁtﬁ dielqriEicenatenl and

| sot repineRd byt eRisBar&d/ahan reBford peixigate tiek %haﬁhél Eegion.
material from both sides of the gate effective to

recess the first gate dielectric naterial t%und

gat e 6t boflhe g@péhgql s clajs 7ﬁ’h%°W@trﬁHbg Jratigraing -/tbe Frst gate

&ieMBYtHe imstrrll tc@nﬁ‘r‘n@ﬁsbFéiefWﬂ‘tﬁtsaﬂ:&batt@rﬂngCéﬁﬂh‘é conductlve gate
materi al comensurate with _said &gté &of th
I§ ?%F'

RatRfiR!t Plfechue e torefiosm dhe efifdcop {T]?éef'ial'st{) comprise
S &sidh &i®sd WirGchatreNakalyoc6@RRIdriavith the gate sides.

72. The method of claim 70 wherein the isotropically etching etches
the first gate dielectric material from both sides of the gate effective to
recess the first gate dielectric material to under the gate of both gate sides.

73. The method of claim 70 comprising patterning the first gate
dielectric material commensurate with said patterning of the conductive gate
material effective to form the first gate dielectric material to comprise
opposing sides which are laterally coincident with the gate sides; and

wherein the isotropically etching etches the first gate dielectric
material from both sides of the gate effective to recess the first gate

dielectric material to under the gate of both gate sides.
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opposi ng sides which are laterally coincident with the
gate sides; and wherein the isotropically etching

wetwhaz2the first gate dielectric material froPeDUS1905/019009
sides of the gate effective@éto recess the first gate
dielectric material to under the gate of both gate
sides.74. The nmethod of claim70 wherein th

i sot dpi calhg @edhrthgot B sé&8 ooétefetrbhttwg 'S?HOPfﬂ?ély etching

IRINRL Ofvetlediing0 wherein the providing of the
source/drain regirons conprises formng highest dopant

concentration of said regl ons after the IS trogrlot\:“émg of the

etchif®y. 78 TRetheeh®f 2 ai’ 79hGHRIPei

sBru%’é/@t'ré“ﬂl ggléﬁ'@ c%ﬁ#kfr?s@sdfo@trﬂng Y T CEPEH Sfzentration of said
form ng 3] est dopant concentration of said regions

rggfqg\seafltwé %@Pﬂ'&ﬂﬂ'%%t”?%‘t‘%l ng. 77. The method of
claim 70 wherein the providing of the source/drain

regi ofgs COrpY i sRsthbar iMkibinghesl  dapasih CdrRCepiovadingn of the
of said regions after the deposntlrﬂ%o t he seco n?
QAN GS/GrBINeRgiPRS FRIbRTISAS, foralingrhig it ngeptragion of said

reRI Befohé tRe Q¥bHbpRan dibigingour ce/ drain regi ons
conprises form ng hi ghest dopant concentratl on of said

regi ons before h epositin secon

di el &otri ol hfat é‘?‘? Epg Gl*ﬁ@gm?ch §f€'8) aﬁ%ﬁt 7®rov1d|ng of the

JolirEBRIrarOraYib RS %nﬂiﬁé‘ég r@m.ﬁglﬂlgh@tmmttm@mmmn of said
gate dielectric material effective to

rBpians Aay fRe Areapiinoef theRskaNd ga%%teie%t\v@rmatenal

sidewalls of the gate. 80. A nethod of formng a gated
devi cgg. Ccm%i shétodpreviclang Fosulsikeréine thenppiciidigg of the

one of gate region or a_chann eqi the

SO ARSIy sis TSaPe SioheS dPkatt Contatragiop of said
rebidiis PefdreaRefepgditing df fhoketbrd aate @feltelomcgate&erlal

regi on or the channel region while dep05|t|ng a first

gat e r|c ial _over ortion

oty CFeS ofneBed: RE galE 7RoGRRG! BRwrLRiephitBtropically
dt@gil'@"1 thﬁastd:dﬂgd tgwtes eldmedtrtmrmémmwd)f etfdaetl\m dbh farfm t électrically
.one \ga ion or tc[;q CIT ion while

'BEY 'Vﬁ%g rHRVE" ST ‘al different
fromthe first gate dielectric rraterlal over the first

porti&n ofAnhetheidddhfoomindre gatedafevibe ganprisag:on or
t he chann

ai o1 dueo gt e S arbb ARgRREnE RO Bo B feyipn, e channel
rdigidrecthei gate region or channel region comprising a width;

masking a first portion of the width of the one of the gate region or the
channel region while depositing a first gate dielectric material over a second
portion of the width of the one of the gate region or the channel region;

masking the second portion of the width of the one of the gate region
or the channel region while depositing a second gate dielectric material
different from the first gate dielectric material over the first portion of the
width of the one of the gate region or the channel region, the first and
second gate dielectric materials being characterized by different dielectric

constants k;



constants k;providing the other of the gate region or
t he channel region over the first and second gate
waele@bsaz2ro ¢ materials; and providing a pair of PCT/US2005/019009
source/drain regi ons proxinate the channel region. 8
1. The nethod of claim80 wherein the maskings of the
first and second portions occur over the channe
.region. 82. The nethod of claim80 wherein the
maski ngs of the first and second portions occur over

the @rb@idiRPitRe other of the gate region or the channel region over the
first and second gate dielectric materials; and
providing a pair of source/drain regions proximate the channel region.

81. The method of claim 80 wherein the maskings of the first and
5 second portions occur over the channel region.

82.  The method of claim 80 wherein the maskings of the first and second

portions occur over the gate region.
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