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DEVI CES AND 5METHODS OF FORM NG A GATED FI ELD EFFECT DEVI CE TECHNI CAL

FI ELD This i-nvention relates to gated field effect
devi ces, an?oOt2eo¥metibds of 10form ng gated field effect Bewysassioiosoe
BACKGROUND ART Gated field effdct devices, such as

transistors, are utilized in integrated circuitry, such as |logic
circuitry and nenory circuitry. Exenplary 15 nenory includes static
random access nenory ( SRAM, dynam'c cess menory ( DRAM) and
fl oati ng gate programuabl e read- onIy i.e., PROVs, EPROVs

and EEPROM) . Inagatedfleggﬁg %E tlve gate is
recei ved _proxi mate a gﬁ Fgg'ﬁ%@ig y doped
sem condactl ve mat er e/ bg@g%&d

opposi ng sides of the channel region. Upon application of a sui tabl e
threshold voltage to the gate, an electric field is created in the
channel regl.'% hﬁ&ﬁﬁlﬁ@&,or causing current to flow through the
channel regl—on—li-rvrn-t'l're—source region to the drain region.

Al ternately by wdhinfnvendiopl elatesyto gatet dicdd fedferct devicees ahdvie methwods of
been ut |1b| zg? rﬁﬁgﬁgglffeﬁefﬁe% dsyrabeneath conductive gates for

creati ng 1s ween clircultry conponents within a

sem conducti ve substrate. Fi eI d effect devices include at
| east one c RYENGPART! €gi on and at | east one gate dielectric
region inte en the conductive gate region and the

sem(conductive cl@aipgl fiekyi ofecin donersn aHEh 38 eaGiRiPIRanery ulliged in

gate di el ectifiegraRbedit@litrNasudieen 185R%ircBtry aﬁ@%bﬁ%ﬁ’? diReitBAS ExbRplary
circuit density and reduction in size of field effect device gate

const r udfi ofReRale NAudeR Fitie TBaAAN ARessS f"r?é‘"?fm ERReM. synamic ¢apdom
di oxi de gat exdess eeigmenl ayBRAMBSaheCoTRting YMe ! prbgtarh®alRgeread-only

Ot i e b B £ EP S EL R AERRIETHY Epateg, ijecetec

i nsul ative rgevide, axicdaductive gate is received proximate a channel region typically

formed in lightly doped semiconductive material. Source/drain regions are

20 received on opposing sides of the channel region. Upon application of a

suitable threshold voitage to the gate, an electric field is created in the

channel region, enabling or causing current to flow through the channel

region from the source region to the drain region. Alternately by way of

example only, field effect devices have also been utilized to establish fields

{ -25 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

30 predominantly used gate dielectric material has been Si0O,. 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

35 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



Regardl ess, the substrates after gate fabrication are typically
subjected to a reoxidation step which oxidizes a portion of the gate
WO 2005/ 122270PCT/ US2006/ 019009 2 i nmedi atel y adj-acent the dielectric
surface atwighofithen edges of the conductive gate nater pal/usHosin9oos
effectively creates a so-called "smli2ng gate” structure in which

tiny bird s beak structures are forned at the bottom corners of the
gate stack. Such reoxidation can help to repair damage to 5

di el ectric dmeedipiedpnadigeeatdier éﬁﬁg‘ftf'ﬁgsfiffaﬁ?t Ak HRi suteosidgest @ the
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opposed to thengNbLEhdigatdetfik, e Suthi edvafatidie cappaignd eihactagiage to
| oweri ng the.eil e{:tric fi_fld within the sem grond ﬁtive 0 rr.atetrial of
the substraf®'gFlrihaNdotif'ERY FHUareadFay Pé’b3 ? URPIRPHoBtCh typically
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addressing t above identified iss jt,is in no way.so |im .
The i nventi oh e BBNfes i abeia®h, AR $Bet lisiyrFer i TiSRe s vLi pgte
wor ded, wit kdgiectrint ot ffreegatd vdges astdmrostd to the témigr péfiee qyate. tThisheas
specificati nd | n i trlne .equivalents, ..
SOMRRY  Tha'e RPDRrph Bffee %ﬁé@aﬁ”e%hé?ﬁ ‘g‘?@f fibid Wﬁfé’v % Seqfigonductive
met hods 10f 2Gateorihiafighgasekbifatel at did sourcddiajpseddes, ahereby reducing hot
i npl enent at i, &, Qébﬁa%dctﬂoﬁl. d effect device includes a pair of

soupce/ drai n regi onsThavi ng a channel region therebetween. A gate is
recei ved proxi matéhilehthe invandionr wgs dnotiaieddn adiressinocidedakeve identified
regions. Thesgale hag id A8t Rayl 96hnﬁeédﬂ.eemhéhi«avéﬁﬂéﬁ%daﬁawnm%oeg-the
A gate dielectric is received internediate the channel region and 25
the gate. TRECHRPENYING &RiPSe agaditefplly encidadowihppk irigrpiadativhsor other
al ong ths Wigifin@fretdien&at® thd BpesifitaRE®Nnd ROLOES dARBe GNEH Bd BhEFRE of
by different materials which are effective to define the two

di fferent r&GHBAERS- have different dielectric constants k. In one

i npl ementation, a nethod of formng a gated device includes 30

deposi ting a i }?Jf{ metal containing gate dielectric over one of a

gate region annel region. The gate region or channel region

has a wi dth over Thii otventienf incdudesegated dieidi effer) devieesi elnelctdthods of
deposi tgf. i.dt h t i I Nt AL ni j el ectri '
over T vi oy ¢+ MiAb"gRRY 1l Brrect AR, o AR amMpRBLE R SGAE e
with a secosffenbdaviceiintidenta paidmafsearda/deain 3saiongl having et ¢hanned region

format | eagleloWRedidh enefitediat @ cliveligsiokintatee@ie0ttarfle? Mg ohetween the

source/drain regions. The gate has a gate width between the source/drain

{ regions. A gate dielectric is received intermediate the channel region and

25 the gate. The gate dielectric 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

30 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

35 metal effective to form at least two different gate dielectric regions along the



WO 2005/ 122270PCT/ US2005/ 019009 3 width characterized by different
materials effective to define the two different gate dielectric
regions to have different- dielectric constants K. The other portion
of the gatworegamer the channel region is provided ovRET/U$RE0FHPMWO
dielectric. A pair of source/drain redgions is provided proximate the
channel 5region. In one inplenmentation, A nethod of formng a

gated devi ce includes depositing a first gate.dielectrig terial,

aver a ohanderl eHREFERRST bt rir RS ot bdigarent
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|
effective toreéecéss the first gate dielectric material on the at
| east one side tdnwrdeimplesmepetion Aptaethodeot swmmiopia glatsd eleyidenipcludes
second gate g [ egial gi ioff pt f £ -
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constant k tfan dibbtrd n{ahériélidf%e%hﬁuéii\% gatd nfatgRLFT aétter?\eaééﬁe&léfe

source/drain regions is provided proxi mate the channel region. In on
i mpl eneritfat it8rfoTE AAMEIOHKYT e Hisigategdielstdevneieriahe| Thrrgabe comprises
provi di ng -a gpsiddbRiceodaxish R0gMeewRfth A S2LE tWEEH OMTHRY ikt A8 Mlectric
reglon. The gate, re%l on or. ¢ anngl rf%g_hon conprises, a wdth. A first
portion of tRAEHAIIHISATIRICAIYHBICHRITTRIN File2$edivads ot e ealenpifgctive to
regi on i s nagkess whe Festdptesditictgrianidtesa) gatiee dit edeatoriec simt & idder the
over a second,portjon of t.he width of the one of the gate.regi.on or .
The. channel S8 orffoh S ESAbRBIY oishif. 08 s ket e ofid farignmaipril
t he gat el5r egliferemt fromm dhmariinet gaéyidielectinmsddedahis | depheiiesi to ngjtidn the
second gate di j eri.al -gi 0 g : .
dielectric %k%%gg%ﬁ%gteh?ﬁﬁeh%ét? i rﬂé %%éﬁ%ﬂgg mte?é&\r/{nt"é% %ttegg %_ﬁg ao%lgeé?nt
the gate redlieectic pnestaharknféllanrfé!g_i oh thalfiest batst dietectsiecvateripdt eA pair of
di el ectric %fu%éfa'raﬁn%sioqﬁasge}%%bagﬂo%éibfthsr&%nm RgGhric
constants k. The other of the gate 30 region or the channel region
i s provided over !PHROS iTRIEMAIALRROAIMYRCS off E7EUNS 7 JRERGARYICS. ingludes
pair of goungeling B s@EHANRE demPiiddy drié Bf axdaRt Rdite otrBABhne! region.
region. X her aspects .and i Iemfnt ations are conteJ’rRI a];t\?d WO
2005/ 122270 @ﬁ %Cﬁﬁ'@ﬁﬁogp%ne regioh comprises a width. irst portion of the
width of the one of the gate region or the channel region is masked 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. The second portion of
25 the width of the one of the gate region or the channel region is masked 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
are characterized by different dielectric constanis k. The other of the gate
30 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of

the invention are described below with reference to the foll ow ng
acconpanyi ng draw ngs. Fig. 1 is a diagranmatic sectional
view of a dewheenizrzmccordance with 5an aspect of the i pegaid 603019000
Fig. 2 is a diagrammatic sectional view of another device In
accordance wth an aspect of the invention. Fig. 3is a

di agrammati c sectional view of another device in accordance with an
aspect of t BRIERDRESCRMN JHEDRAWINGD agr ammat i ¢ sectional view of
anot her device i BrAGHQY HABGH,YL BT t%@.inﬁ:%ﬁ@cﬁ%ar@fdeié?i%ea BYBRMifiTorerence to the
Fig. 5is a diagrammtic sectional view of a substrate fragnment In
process in &dlevingaseenpanyingatiawsgect of the invention.

Fig. 6 is a viewrgf 1PealiflgrammshsealiondinaoNesita abvReNhURSPd& e with
15subsequent to that depicted by Fig. 5. Fig. 7 is a view of
the Fig.56 anmapest ef thaiveRrtioBt a processi ng subsequent to that
depicted by Fig.frfy 2 is a Riflgrdiningtia “eeWodl WMiewFiod. adofihSidedic® in
fragnent at a processing subsequent to that depicted by Fig. 7.

20Fig. 9 i saﬁc‘éﬁd&'@PﬁﬁWé'%?E %SEP@EF ghite WVERHSR- anot her substrate
fragment in procegrs i3n igceorflageenivatio aBcasRACi®l oheahdurIM ideRice in
Fig. 10 is a view of t.pg Fig. 9,s Pnstrate_fragment at a processing
subsequent PGPHINCHMIL AB CF:PE. ginvention.

10 Fig. 4 is a diagrammatic sectional view of another device in

; accordance with an aspect of the invention.
Fig. 5 is a diagrammatic sectional view of a substrate fragment in
process in accordance with an aspect of the invention.
Fig. 6 is a view of the Fig. 5 substrate fragment at a processing
15 subsequent to that depicted by Fig. 5.
Fig. 7 is a view of the Fig. 6 substrate fragment at a processing
subsequent to that depicted by Fig. 6.
Fig. 8 is a view of the Fig. 7 substrate fragment at a processing
subsequent to that depicted by Fig. 7. '
20 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
25 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.
30 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
35 subsequent to that depicted by Fig. 15.



Fig. 11 is a view of the Fig. 10 substrate fragnent at a processing

25subsequent to that depicted by Fig. 10. Fig. 12 is a
di agrammati c sectional view of another substrate fragment in process
i n accor dave@2mbmiezan aspect of the invention. FipgTndb2005819909

view of the Fig. 12 subsequent to thatSdepicted by Fig. 12. 30Fig. 14
Is a view of the Fig. 13 subsequent to that depicted by Fig. 13.

Fig. 15 is a view of the Fig. 14 subsequent to that depicted by Fig.
14. Fig. 16 is afg-eW @raﬂr@rﬁmati%S%%&r@éémmﬁf apgthei aubgdsie fregmpnt
fFig- 15£ ?Umw@ée%stﬁﬂtéﬁido@@@@!l\bﬁhra?i@sﬁdﬂbﬁ&@éﬂ\\fﬁ&?@ﬁ?nt fragment t
ragnmen ragnent_ a .processi at _a processin a processing at,

a processing V\otFﬂaola?al'gzazﬂﬁitf?%Q?oB@f 0{1785555"31% %agmf%ﬁ at7aRfogessing

di agr ammat i gubeequentab thbedepicteanpdy IFeg. substrate fragnment in process
i n accorgdance w %h a£ aspect of _t
i L%

e Lnvenjion. ~ _Fig. 18 is a .
Vew of She Fig S e o Rl ¥ 5Bsate ragertinted sheSoain
t hat depi ct edbbyqiterg.tokfiat depicted by Fig. 18.
Fig. 20 shows a diagrammatic view of computer illustrating an
exemplary application of the present invention.
Fig. 21 is a block diagram showing particular features of the
10  motherboard of the Fig. 20 computer.
Fig. 22 shows a high level block diagram of an electronic system
according to an exemplary aspect of the present invention.
Fig. 23 shows a simplified block diagram of an exemplary device
according to an aspect of the present invention.
15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first embodiment gated field effect device is indicated generally in

Fig. 1 with reference numeral 10. Such is depicted as being formed relative
to a base substrate 12, for example bulk monocrystalline silicon. Alternate
20 substrates are contemplated, including semiconductor substrates, for
example semiconductor-on-insulator substrates or other substrates, and
whether existing or yet-to-be developed. In the context of this document,
the term "semiconductor substrate™ or "semiconductive substrate" is defined
to mean any construction comprising semiconductive material, including, but
25 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 materiais). The term "substrate" refers to any supporting
structure, inciuding, but not limited to, the semiconductive substrates

30 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
35 example halo implant regions, could of course be utilized, as well as any



5Fig. 19 is a view of the Fig. 18 substrate fragnent at a processing
subsequent to that depicted by Fig. 18. Fig. 20 shows a

di agrammatic view of conputer illustrating an exem':)l ary application

of the preswotzoesmeeardi on. Fig. 21 is a bl oc{scfyhgﬁf,moog
showi ng particular features of the 10mgt herboard of the Fig.

conput er. Fig. 22 shows a high | evel block diagram of an

el ectronic system according to an exenplary aspect of the present

i nvention. other sopjcg/drain se@iaR of @lmﬁﬂﬂefﬁtéﬂe'@loé@W%h%@?é'ﬁrﬁag ogryet-to-be
exenpl ary depdveg orndmn@xtaﬁh ﬁ&pw e bh%ﬁh@@enbnwn\tﬁetwnceﬂoﬁam
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

enbodi ment JEEEADSt MiGRE Ber BbricaiRg (R '”§‘Hq‘?dPEa&°é’&'ﬁe%r"?aﬁtP9'a|%°ﬁﬁj than

wi th refereneadigiesigl ddpkd SeelicdSdwirpieC hedens, DRI FErmMidd MR hdnelcahiytor-

to a base substrate 1 e krmnocr stalljne silico
AP o s KRR 0 et L A T T
substrates, dtor sixanpte charheorElich® ananoines Woakiguratidist 8”8 @%b course
ot her substrates nd whet her existing or yet-to-be devel oped. In the
cont ext of tcr?g"BB%ﬁ?%nt the term "seniconductor substrate" or

"senm conducti ve ﬂdiedrarb&i” efectdfd ndelite rmaraoamns@@snﬁ rgml:rei received

conpri si ng sem C eri ud 25 .not

to, bulk sedl cono%gt [ ven\ﬁ% te%logl ngbueé %e lgt?fff%'rqdﬂe&' YV 14 ﬁer‘ g‘ gate
(ei t her 1@l orubelcptrlm3@sseerda¢|ve@ mt@mpledatﬂgslmnhef regiveridahsd tdade @8n) Ln the
and sem con It o] S

conpri si ng gjjéﬁ)% ed f%Fr'e éﬁ%‘g&'tﬁ?ﬁm d;ﬁ% ?rba[gg"%o#grgét Emhhgﬁ-.g two
suppor ting gomd@ptw@ matﬁaa thyiegs 3Guend@s. | Eneredanyathicknesses for layers 36
sem conduct iang Sebgtd %b@sAﬁastﬁj@l%%ré@@%@f&)%\ﬁ‘astroms res@e@ﬁi{élggf By way of

source/drain regions 14, is formed wthin substr
channel regl%ﬁ”’ﬂﬁel§"Wec%nvélﬂemﬁl-ﬁ‘ébé‘t%@ﬁ| f%ﬁ%&‘&*‘&?n'?@(’@ﬁ?”lﬁs is

16 conpiise cfalnaheﬁ&elpqrww bmygmceapaddrmbs?aﬁlfmyamdte’r?al 38 is one that is
respectively, aln r

epoct i vel Fr Aket BRaEUR, St ramrist A ite HARSIRLBT dHRosteq; BHiside

coul d of couwesey bituind ezethples Wehte @8 8Oiprises or defines a gate width 35
between source drain regions 14, 16. Exemplary optional and preferred

insulative sidewall spacers 32 and 34 have been formed by anisotropic
20 etching about sidewalls of gate 28. By way of exampie only, preferred
materials include silicon dioxide and silicon nitride.

- Gate dielectric 30 comprises at least two .differer_lt regions along
width 35 of gate 28. The different regions are characterized by different
materials effective to define such two different regions to have different

25 dielectric constants k. In the depicted 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
30 adjacent to and straddling central region 44. In one preferred embodiment,
central region 44 is of a different material than either of straddiing
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%

35 to 25% of width 35 of gate 28.



WD 2005/ 122270PCT/ US2005/ 019009 6 ot her source/drain region or
conponent thereof whether existing or yet-to-be devel oped. For
exanpl e and bg way of exanple only, the source/drain regions mght be
fabricated W9 ‘?Wé%&ﬂb or consist of materials other tharPCagisaesioIoped y
doped seni conductive material, be fornéd in semconductor- 5
on-i nsul at or Iayers be fabri cat ed to conprise el evated source/drai n
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itrid i f f
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characteri zéltﬂretwduﬂieféletrwmonmal@mgadnsltf‘eﬁﬁ ad taave 280 udidier cbaganderitetbby two

di fferent g%%ﬁttae@a’ﬁc CH s rﬁnxtngt Q [?lje‘?grtarb'lfalfaq;@ EE{Pltlf%rlJﬁ dieé%ctrlc

the depi cted exenplary and pr erre nment
conpri sd§ atcopstastt k Hheeeacspss dnl3 dt"ﬁ'tcéé“ aiongewidin Pedifoaated28. 44n the

and 46. Fur td'@%ﬁctba 5Hafe Pé & ePhB RHnmRAPOGTIBRY 42 804 OfE 4fe ﬁ"é’&m{réé?ﬁoﬁlmate
central region which is lLaterall centered along width 35 Of gate 28,

with regi onSOo4C{ARING MY i ntf argSREFtKR!YY @didoﬁésor &Serln. ppeferably
a?rjb agent tOe&fléthttba(idhrdEdeaﬁ!m fe’ﬁl?li£g14QH134 respeoteeIpr efigr baE preferred
enbodi nent, ¢ e s of a 2

oot r aaal | aaradifenk " Fo3aalina s eaing 44, i, o ATEc o efire et rainbnstian
t o have2a dintdteriehtindicidélectrid corcast lant k than that of either of
straddl i ng regio 4 4 I - fe i i
regi ons 42 and 4 coﬁ%aﬁgfeﬁ?%mgq'gg/ggg&ﬁb é%g/g%?qn%ﬁgt ng%eo?héegggj‘ Z%ge
WO 2005/ 12221@rCTicUS2@d8Ys0 iIg06baracterized  hyn @ngnifﬁemeudi&ielcfeinb@ahmm k
different 1 egbandds iffda ki ol EXRECIWIAE! Y R ge.&eemrmeﬂ Saf

unifformdi el ectric constant ereac 0SS in irection a

35 of gate ®astifP%nef dhenpidih yolathergmee éﬁb“é’(ﬁ MERtratge ?f%?'ab!he‘:'@f 1
the dif her eRimpRAens, SdntidigcgrineadlcehentitdsChiifone such exemplary region.

As described in the "Background” section above, source/drain
reoxidation tends to thicken the gate dielectric by forming gate oxide regions
at the source/drain edges of the gate, leaving the centrai portion of the gate
dielectric over the channel region at the as-grown thickness. In the current

30 state of the art, an advantageous effect of such resuits 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

35 gate dielectric at the gate edges even though the physicai thickness of the
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different oxides comprise ZrO,, where x ranges from 1 to 2.

Fig. 1 depicts an example wherein one different material region 44 is
35 centered laterally between a pair of different composition regions 42 and 46



15 oxide with niobiumto result in an increase of k over that of pure
tant al um oxi de, silicon doping of hafniumoxide to reduce k fromthat
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30di el ectric 30c. The above-descri bed enbodi nents depi ct
substantially planar or horizontally-oriented gated field effect
devices. O course, vertical, annular, or any other configuration is
cont enpl at edlp 20d5atipes exi sting or yet-to-bedevel oped, W gdr 000069
nmerely being exenplary preferred enbodiments. WO
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to define at'We&it NS eVFr ‘T‘S&ﬁ'tbe MWePect ‘l’c’dq Ths r§865ﬁﬁ'p\{ary
59, 60 to havefedied maéartialdi el ectri c.-constants k. Again, any of the

above 25 exenpl a'l'%fgrfi"%a lt(?eﬁ%”?t %Bh} Wil QFtﬁ:\f ?egf m[e.? l?éﬁ%‘?llnﬁgaﬁ'ﬂe

by way of exanpl e only oxi 8
deposi ted, dliglactic ﬁ&f nveerrhyloglqj@nnﬂhye@m @4 h@$ gheasn ﬁneede\mtbt@obecond

wi dt h p?bt i %aﬁ%xﬁé‘%n@%rQthoﬁlls@l rh@f%ﬂ eé#étﬁfveb?o W%t%égt ?\F}Qt g'i%rent

metal, Tor exanple alum num such | east I el ect
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copt ai ni ng §4FE |H?épecalrnrecat5lga5§, ‘T?ﬁ%’deﬂ 2 ﬂ@? @S?GHcﬁﬁngé\S égé’ﬁﬂe%?
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Furt her of esampde ondye at bingld woetal\O X208 S5h A2 2MERTY/ bS2dE5d HEM)ODuch as

hafnium oxide. Any one or more of the depicted width portions 59, 58
and 60 could thereafter be doped with another metal, for example aluminum,
such that at least two gate dielectric regions characterized as described are
30 formed. Alternately by way of example only, layer 568 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

35 in the gate dielectric as initially deposited. Further of course, more than two



11 nmetals mght be utilized. Preferred doping to produce the
described at |least two different nmaterial regions mght be by any of
ion inplantation, gas phase di ffusi on: plasma phase diffusion or any
ot her met hdtO 240Wa4R% exi sting or yet-to-be devel oped, REA/USL6USIOLNoMY
appropriate masking or directing of tHé 5doping metal or netals.
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exenplary Fig. 1A&S08H REHit iaatsh 2ineridostelctorming iaceated. d%’)"C?L'Sthe other
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e on - i C e e
Substrat o f ISR 839, 3% 1eaoninar Bl Prased v FlAsEb GuBRERET Y define
embodi nent  ére depldtetimta\mnbﬂaappvwr sidewallvepaceds, f fherancds thisi aggmple,
| ndi cat ed %"d«}c!? g,‘_t)lg e§5 Ty k tgeaoély%&%\aéjdtfd(aq 3'}&3!&1%@5?53‘/18«9 10 of

Substrate agrrent se su st rate
of one ®% m@pere@ontdmcﬁiﬁwlb%fbrwe:tbﬁdu@wldebanwlt;ﬁd| s dpmm gy of the other

materials. ppyd nsul at 'dﬂﬂer‘ E@éﬁéd %1&1%%@%9%%@3@%&%@&@@ AMibutes in
openi ng or trough 62 been provided therein and |l ed with sone

sui tabl e coH&ld‘E‘i"t\]ﬂédg%ft éﬂ%&aémgarhea@evw F‘ﬁllé'ste%ﬁ?ﬂ'%ﬁ‘{/ inglpdRi FRynef the

30 conduct i weogetdeserbedi altribdtedefd NRS fRIbricaliphi 6£3h@ Stirhake Mate 1-4
regi on havin an,. exe lary width 55. A first netal containing gate

di el ectric §gﬂj AEMEBYosi t ed over gate regi on 64. Referring to
Fig. 1020at | easFigme5-8f depitt hampaxenpiand @d)bdBaeandyibfairofthaeti@at metal

50051 122270 PER IS B oG 1B s M lept Py {eF hERifEhadf 085nr P B wdPor
fromthe fiesampd apnlyf f Bgsi vE-tlo depint t Ak ekeupiaryt edtcanateeagnbediment
different gafGstlhe! £SHHent 5801 ANRe IRGn &2 RBFh tHROfrst-described embodiment
( are utilized where appropriate, with differences being indicated with the
25 suffix "d", or with different numerals. Substrate fragment 50d is comprised
of a base substrate 52d made up of one or more conductive, 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,
30 conductive gate material 64 defines or comprises a suitable gate region
having an exempla'ry 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 58d, §8d and 60d
of metal containing gate dielectric 56d overlying gate region 64 has been



Referring to Fig. 11, a sem conductor |ayer 66 has been deposited.
Such has been processed, patterned and otherwi se fornmed to conprise
5source/drain regions 67 and 68, and a channel region 69

t her ebet weeWio 2005/122270 Fur t her by way of exanple only, anopdBUS2005/019009
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Fig 13 25aloi/aerdm@tfgta$etd1§|et~,mm$@ﬁaofr4l Ivgm lexe NS Hyard FeahaNsS8 as
24 and 26. ferrin ) the first gate dielectric

mat eri al hasd%@é‘ﬁepmﬁ}? 39|5;V°&{9H?e%m°rwﬁ'%t°?%§thsr@ teirertene! f fe
gate _eLﬁgct i vedt (Réfﬁﬁﬁ&fs td IFeg.0as, ﬁcdncli@jcﬂmbrgﬂe%?ﬁérﬁaﬁh?ﬂ)ha%h_&e@t pat@sied
one side to r ot at e, e i.ct eferred. e i nen

oot rer o o SHERE e G Foflf Cpatelrd B LM BEELELFRTTEI A, 1Eake 26 can
conduct ed f riemdooshleséd ess mnmrdsm@ off pagart @ ST@B&Ef?ffb(H]’lldVQOt defidogss gate
first gate r I u i

benet b gat WO SS HETRERER, 1 A8 AR CRembiey idifed S dihent,
Exenpl ary prfaf‘ﬁér@@t@ idiglectis cméteaing4 rgl Qé‘égrﬂ/ﬁﬁ errpmiengurater with the -
exanpl e, Aggehmmg Q eéﬁg@&tﬁveorga&e WiRERa0a s ShEIRe! thC iR &hisdl gate

74 corrprl ses af i um oxi |'ayer 36 conprises tungsten or tungsten
silicide, araatefgl 760t lM?GWPEPQ%QEO§W@§9§%93TQ 4ywhiclp are laterally

conpri ses dopgelciBehly ®ithi §448, sials X BRAN B reSPEEORIE HEMEVST, ﬂ#hem\ﬁetrrtwn
for hafnium OXI de &Hgdu e the exenpl arg gon trucr7| on of FI%

i ngl udes wet?/ge (%”&ﬁj“ S [§2\4PY SRRH 8L 0 ergl 74,Qv <L 1R Utrﬁe@r?'n
based cheni skhi@® af thed @uadteith treTpesaissr em ope tpreROKd ebfafdimehtoFigo 13
Fig. 15, _after the.isatropic .etchir sec .gate di CLELI

mat er i aI2586 7F fngbCﬁ?ﬂW g%"m"s“t 05%'5’3?%?%“23%'@ rr%%kog'ls?ja 2ﬁas been
deposited to w t Refetrirgg rtec &$g.esi4r tha dirst ygdter disdedteiveatdiegak drast.been

S_econd gate g?g(ﬁ%’éﬁy %t%g%oe%rbﬁ'{( ?%afs? o%gaglgf%?rtﬁéggtéﬁﬁggy %190 ?ecess the

different di ric ant t'hat irst gate ectr
mat eri al 74.gaAgadialectne material on the at Ieast one side to under the gate. In the

depicted preferred embodiment, isotropic etching of first gate dielectric
30 material 74 has been conducted from both sides 78 and 80 of gate 76
effective to recess first gate d_ielectric 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
35 hafnium oxide, layer 38 comprises tungsten or tungsten silicide, and



10 by way of exanple only, any of the above-described exenplary
preferred materials can be utilized. Exenplary preferred techni ques
for the deposition include-chem cal vapor deposition-and atom c | ayer
deposi ti on WoesdB22aAchi evi ng t he depicted recess fillingafuseengo1shae
Referring to Fig. 16, subsequent procdS8sing is depicted whereby, in
15 one preferred enbodi nent, second gate dielectric material 86 has

been ani sotropically etched to farminsulative field effect, device .
o dowal | spdRlredagtafetass dhpelom Nt | B FrIRSHcRRICE D artehing
of sour ce/ drchiemistrgifonbabRumnuki®d td pved lxecihef @rameplapy ornstatetiarhahfi). 14

regi on 54. I, [ [ .S S

| Font Ty dopdilyils WELRAnG GRE' 554 FESANORE Roio PUE NP RAGTRAR G agoed
dopant conceemnisires ateglevatedOBmpriadies upstee?¥G°eel y. In the depicted
and descri bed exesmlat i : r Welc o) i ghest t
concentrgti on regl_on?%%qgggqg'gqg}’ g%%rec_té?di%wr\&?%g%tgws Z?arfgeg'it? gate
respect i vel yielestitpAdietialdd@ tiféerepbfrenvfiratiaty sielpriibdmadetialopt bas been

etching of el RAER ¢o MHAT atheMe@ég%etsh%re@éuggp@éﬂnxwgb@ﬁeaﬁﬁcgaﬁe 76.
gate dielectric material 86. Processing is, of course, contenplated
wher e t he pr&ﬁﬁ%%@aﬁﬁ Ci'ﬂ_écﬁlcgﬁéﬁ?r'abﬁgnts ebaSkeizad BF hayingng @ifferent
the source/ didlelti&bRskant & tRAAhEEST PRk Yate ANBedirichabierpf 141eAgain, and
i sotropic etching apd dep?3|t|ng of the second dielectric

gat e

mat er i al10 B)PV\AWVOP EXamN'e PHY yanhdietheagbeyardeacriogd sxeairipabPyeigsred
desi:[] i bed ab@?ﬂ%riaﬂb 3@? mtgmad gaé@m}aﬁ}rv heefergs telzhﬁ(ijcﬁjﬁzoﬁid Gir TRE tdepo¥Rion
anot her exenpl ar ef erred net of. form ng. a gated device.in

Accor dance. PEHIEs BREECa)r VR HAPERKioBn ot LuRE BeXPrweERorPar terds
to Figs. 17-athievingding depicted recdds fdilisgmf &dmdlet or substrate fragment

100. By way of e le o . sygh [lses L.k _sem, condu r .
substrate, for 3 %ﬁ%gﬁ'}ﬁ 2’5ﬁ:ﬁ%bgr%ysstﬁgg??%ezn%s?rﬁcggﬁ'.ngsﬁcHg@g?repdr::i@gge%e'n
of a gatlé r egicoprefers®d WHRQHELEDL2 38 ORTT/GH2 0diB/crtd00Daletial hBdinfeds been

region, wt r nnel i hei h%:h RO A.:
w dt h 55, f%rn%(tg th)gs&ggg?r ir\gecfggﬁogg&?%t“?%nﬂg?tsi on Wi ta%é\}&c?eg S'g.ewa”
For pur pose$pParefhes anst PAuimy thersand sithnateltBs tsheve. fa RaiTeditsoruee/daain

be consi der gdgRnhsCOMMINGS b hael besh ORRdd Woﬂi%té%a%n%ﬁ@@?i@npﬂ.t ANthe
F%%. 17 enbodi nent, first l%%rstl_on 04
h \

105. In 5 the depicted,. _ )
conpri ses ae&&“ﬂ?'gﬁf CRIF 8L iIMeRin muichy S elik 496Ky pdPpegn drain

t her eof lzlmas erRihsWBMedg\ﬂhiﬂﬁe deppstiiieng Ehhrfd rllsighgat eddb@rhteCédrid‘elntration
material 110 _over co ortion,105 o annel .reqi on 54. EX ar
refer red ndeaiTm & S8 Sy FaPaLHEes: ain i Baa 4hS A gt eRe Biplary
W th the Fi @gmidodinend) reat forAratexempl bighest dopant concentration regions 96
and 98 of source/drain regions 92 and 94, respectively, is conducted after

{
' both of the described isotropic etching of dielectric material 74 and the

25 depositing of second gate dielectric material 86. Processing is, of course,
contemplated where the providing of the highest dopant concentration
regions of the source/drain 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

30 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

35 example monocrystalline silicon. Such comprises one of a gate region or a



10 preferred techni que for masking and depositing material 110

I ncl udes depositing material 110, then patterning with photoresist,
fol | owed by et ching. Referring to Fig. 18, second portion 105
of wi dth S5&oabesharael regi on 54 has been masked whil e BEPUSIONI/ 1§03
second gate dielectric 15 material 136, different fromfirst gate
dielectric material 110, which is received over first portion 104 of
wi dt h 55 of channel region 54. The first and second gate dielectric

material s 1F2ARAN BHOUr WIBHEN SEEEWIFULNAP ! FPRIANTY edl%EpPyE having a
cgnst ants k.widgabs, fewﬁgah?e/ afsreéemtﬁn%ﬂ (rjm:toeei il s%mattdmomhldegcrsﬁb%r
above in connection w the Fig. 1 .enbodinent. timtely, the
other of th&YRIES eo\év: &)r?'ne o?or{tﬁ\éﬁ%aq{ﬁ%ﬁ'ssr’%@'i &Hbfg’é’ager gﬁ%ﬁ"h}'&o {978 be
first and seoosidieged esdcemeeitmgcanbtepbaticn 18@8ddard pasécadfd portion 105. tIn
sour ce/ drai n_r egi I s. proyi ded proxi nmat he. ¢ el region. By.,way
of “exampPo ghfyeringd B B FEo N B AP A Sarieifees porisRor
ef f ect devi eddth05Dofich@nerbrgdian \b4f | $sth gesiten iszreofrhadibtment matkddwhile
exenpl ary pref 5 ri hut SGI V. Lt p

Lo the Fl g CepByfii, aofitch ' SRiAhACBnalliRg | (G BPREBO. JoltBRPRES o
descri bed nmbknngs retiarhed4.i r stxemplagecoredepedt intateristsciareowey hethose
channel T egi@Ronfld CHRen LEBNERRERiOind S| \EMIAMASAn exemplary
cont enpl at es nmaski ngs of the Prrst a_nd second” portions occurring over
a gate fBgi omefer@d drahpiascanar ogasiingr apdssiepgsitingt agtesoliepl @ tigludes
and descri bed ,lRitw@NI HA AN 198 t RnEh ggattgrrﬂiagf E}li@\- _p?f.%tbﬂelsw%; Lf%h@ﬁted by

gengeral ly, by way of exanple but not by way O Imtation,
enbodi ment &tCN@onput er system 400 according to an aspect of the

p{ ﬁsent i nventi ?Ref&ﬁn"{wttferz@xsﬂ&mséeenél Bﬁbugﬁi ggsmani\?ﬁnn 4K & channel
0 er comuni catl out pu evice, ., a K| alr d . or o e , .
oy oot akSiae 50 14E Bart Mesten W roSReIRg 49us Siih el arip agtac
can carrng amMeriaD0BVEL 2 ARTEVEIT/fHiBR00t 0G0 HidkEctic rmpteartes$tl, AMHcioris

Neror v devi Ceotes (e aBsb ottt 3o SEMuBs BT REr FhgBn Thn The frs

descri bed aladesebbmdrgatgediatectlio8 maderizloenyid @ sendinltdr raay olianvetasiaed by

cells, and gueleal ' AYetai REnSAUMRL 80 VAddIn AAKERHTEH9p R AEL  hbtd s are
those described above in connection with the Fig. 1 embodiment.

20 Uitimately, the other of the gate region or the channel region is
provided over the first and second gate dielectric materials, and a pair of .
source/drain regions is provided proximate the channel region. By way of
example only, Fig. 19 depicts the fabrication of gated field effect device 10
of the exempiary first described embodiment. Other exemplary preferred

25 attributes are as described above with respect to the Figs. 1-4 embodiments.

Figs. 17-19 depict that the described maskings of the first and second
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

30 depicted and described in conjunction with Figs. 9-11.

Fig. 20 illustrates generally, by way of example but not by way of
limitation, 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

35 input device, and a motherboard 404. Motherboard 404 can carry a



~—5—accessing idividual menory cells in the array. Further, the nenory
cell array can be coupled to a read circuit for reading data fromthe
menory cells. The addressing and read circuitry can be utilized for

conveyi ng Yvﬂfﬁﬁ‘rﬁi&g@n bet ween nmenory devi ce 408 and pr opegeStooc0oe
Such is illustrated in a bl ock diagram of the notherboard 404 as

shown in Fig. 21. 10 In such block diagram the addressing circuitry
Is illustrated as 410 and the read circuitry is illustrated as 412.
| n parti cul daricaepecesser 40hori efendaim Prerassing Helli aad #ddeaghone memory

correspond t@.\icdBIBH.Y WRAHGE: oFleceewmlcgn ébr‘ﬂﬁh@e' Patibing a"g%@ew of the
nodul es (SIMWs) and dual in-I'ine nenory ul e DiMvs) may be used

in 15 inpl dAEPRURN GRSCHRSE akqus: z&ﬂ‘?rﬁeryt QSE'ﬁPn SR FRYMBFE] et array of

i nvention. Them@ey@eylsdevidCeusarRg tae depes@iled with &datysHhg &ircuitry for
vari ety f desi gns t haf. Brow de di fe[ent t hods % readlt{)l% from and
witing RARSFHINGe NAViIgHal eyl c8lls dﬂet gueHaret hgdner: eMpHgey cell

m)dﬁ gpe][ at i Array Ieagebamtﬂj;ﬂ@@rtatam&sm ﬂlr@aDMW@dcﬁndedataeﬁohytﬁ&memory
met hod of accessi arra a
accessi ng di ’8re% cfﬁﬁﬁgmgg Fﬁg Eﬁarcgflrcﬁgfya C?Po ﬁtjz?cﬂ&dh%ynaﬁamg

col um i nt erisfcmiationc betbeen emetraorg davipat 408i laedtba:tceseburﬂﬂa S Such is

accessed . e ende dat
out put (EDo)lllustrateB ?hé?‘ﬁ?‘% g\}éé'r%?n[ gff St?%\fﬁ%ﬁei'bsoarg 4@3(tasasﬂwro§g,n gl % %‘l
to be avi@i | dblsuchsblogkpliagBn atheend diessiddeiesstd iedliustrathdsashddd and the

cl osed. Thi $e98 BIYithREs mgg{@ﬁg@ﬁg@ communi cati on speeds by

al Ingvm ng shorter access signals wthout reducing the tinme in which
ry output datld Partigan aanecth af nBRoiventien, anestory| devicgt i4P8 can

types of devigsrspong! sea SRBAMy D%d%WAMFo$LMIeVRﬁ%@qnmnEeﬁ\temory

RDRAM as well as others such as SRAM or 30 Fl ash nenorres. gﬁ
i | | ustrat es BOLYIEHIEIMMP) ASLRYS '&g'FW%WHP@%U‘Pé\lE’I'MM%dﬂ?& jyped in

of vari ogs aﬁmahaﬁmt@n@f thn @ﬁlﬁﬁ)ltﬁéweabm@éom %§)€ﬁb§@ht7ﬂﬂle\ﬂﬂbﬁh The
by way of exa Ieo can elnco Bﬂ ectso J1I s
present |nvéﬂ ‘%9'1‘?3 700 aR°k f"{%{) 8? V@)‘Z’&%I"é eglans that
conmputer 35 mysfﬁemhffar@rtonesrmdsom recddlwﬂbemndmvmmg o hremeystedi® of the
that enpl Y S%fice” 0%0054&:%2%129#1%-5/ LIJ§29'I%5/[J%JQ%OQ1$0&E§ operation. Page mode
operations in a DRAM are defined by the method of accessing a row of a
20 memory cell arrays and randomly accessing different columns of the array.
Data stored at the row and column intersection can be read and output while
that column is accessed.
An alternate type of device is the extended data output (EDO) memory
( that allows data stored at a memory array address to be available as output
25 after the addressed column has been closed. This memory can increase
some communication speeds by allowing shorter access signals without
reducing the time in which memory output data is available on a memory
bus. Other alternative types of devices include SDRAM, DDR SDRAM,
SLDRAM, VRAM and Direct RDRAM, as well as others such as SRAM or
30 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
35 system, a process control system, or any other system that employs a



processor and associated menory. Electronic system 700 has functional
el ements, including a processor or arithnmetic/logic unit (ALU) 702, a
control unit 704, a nenory device unit 706 and an-i nput/out put (I/O)
devi ce 708.wGameviatdry, el ectronic system 700 will have ap(f\ﬂiJSM@q(ﬁ%,og
of instructions that 5 specify operatimsns to be perforned on data by
the processor 702 and other interactions between the processor 702,

the menory device unit 706 and the 1/ 0O devices 708. The control unit
704 coor di n@resesiqr anérapsosidedf MeRWHr oelesyenicy gesterme Ok sy functional

device 706 andmkhss, lihduemyg E%OEQ&J}YOIC%WF%Hﬁék GM&I(Anm)t#UzotggBoﬁtros

set of operations that cause instructions to d from
memory devi ¢dit7GB4aAdMERERIYL RVICE WW%FP@U%“‘E#BO’@PHHHFBOUH Héohéiﬁﬂicﬁ-‘ 708.

?Ex:v)cedmfi 'G@ﬁé@ﬁg , eltétrontc BPstelm Moedilt Bavé @ndgm@%@&ﬁ m&:&mgﬁons that
evl ces [.ead- on evi rpnera evil ces
Coeh as Y { FRBSYY APerais S B RPNl s YRR Hosgs 70 a e pier
or di naLy Zkuhﬂeraa:ddﬁebafvtream lthe qﬂﬂeéswﬂa?z uﬂmqeﬁﬁdmgea(rju& |1151t 708 and
conprenendl n S | SC that, a the | trate e ctric
conponent s é&%t]&ﬁ%lcgs ?é%EI 1Yy F%VP'néFg OCWEI'I??!% S 5HaRPSI2 We?fathe
menory cel | $roaemnoﬁdanc@1ewmémmay|dmscasmmnd)f tHehel/Qr elwoides 708 by
i nventi on. . Fi.g. a,

i oh 1 evei sPQuRroleY syt InfuBiE ekt bhfreaRE s thAPE AR Insduptions to be
el ectronbc sSykhedh 0O Thbe20mepsremdddiced néldidenda emamutgddeviloe B0 us

that has an %Eﬂg%gtﬁﬁgrﬁeﬁﬂ&%e%g% 7@@%0%?@683183%9(%58?%91 eroOW) rfa

accéss ci rcwtry unmn access CIrcul e con
circuitry 8BZCEss WERATBHI (R)P\M)oéévlaﬁﬁorﬂgad-@ﬁﬂ' |rn@mmou(tFiQM)cdewses,ryand

814. The We%rrbbh%?mla?&@@@swﬁ thes fiop quﬂg@ dHQé"eJndCbch)lr':'lySéé’t cﬁ;@ CEKbM

sensors 820, such as current sensors det erm ni sg whet her a
menory cel | Sr¥e; n Qne Gf-AmRinaghot el dBnigc artnyills pader ?m#.nuaon reading and

hi gh-t hrgs h%%ﬁ?@ﬂeﬁ&'ﬂéuqmé"lgdﬁhﬁis@re Thmat | bt bat mi:, PAWRKraGEd CldiddtNcal
816 i ncl udes ovver % é) CII‘CUI'[I‘ FE’%\/ u é C&éo rowdln%1
a reference & Tec GRPRYISe 84 t?%‘F‘gp 'icaf#;t fne'yge d\"‘Fn%r other
Wi It h pul Seﬁ m@mbqucélrs/gggﬁidrdanpe Quthv avdp s samm@lb OW@bLé’&ﬁMIhVEntlon

pul ses, an clrc Q it ul ses
st o 800 al so. k1 $308 % ' ThaRficd b8 et bt o Fictlsteef 16 5&RE5 0N of

nenory accessiriogs embodimehés nefoay esemp@argO2iedomivesysm r 600.  The
si gnal s obr Oy LA BEACRRARIe S22 nRtAE iELRA 852 TRAAIASZEN el HEfremory

The nmendry deévice 2 IS Used 1o store data t | s accessed
lines. It widellsfamsidsesadaropr BRhoow gREeseGiCHIth808; calwan access

addi ti onal Q:'lrrcﬁmgf BY0 aPQaWﬁé@orﬁﬂo@Wcﬁitﬁﬁm@%r WEntrolling operations, and
2005/ 122270PCT/ US2005/ 019009 17 provi ded, "and that the nmenory device

802 has beednRWtHRHIPHY EHCYIEYNET - F BRB.MBROPMACYIeeROR GHINAT NUxges Grsaver

of the pr OCQ:%%QEtr)B%aBOFadHE@éh)éo&B\GZQe SR aarburﬁ@ﬁtud@n@or%amcubegrmmmg

OB Ao Bt S B BB e o B BLEAS S5 = -

i nt ended t o 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

30 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
processdr 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

35 those skilled in the art that additional circuitry and control signals can be



provi de a general understanding of various applications for the
circuitry and structures of. the present invention, and are not
intended to serve as a conplete description of all t-he elenents and

f eat ures of WQRWH1@2X70 oni ¢ system using nenory cells in apCoUskasseo009
with aspects of the present 10 inventllon. One of ordinary skill in
the art will understand that the various electronic systens can be
fabricated in_si e OCGSSI ng S even on..a,single
seni conduct &1 Eﬁ{]g’ ﬁat&ag& "Pcééfuce eryoéo'?nﬁ,uh tsl”BRP???riO @%ﬂ%‘é‘f“f‘s
t he processam amlm\twtmarmﬁ.y lechest icoe( of thab\pmcesabr@rﬁ?@ bomemeonyr gedet | 602
can include gle LC_.S f e
drivers, pov(\%r %%lﬁﬁleas? %%h%ﬁ?orcgépgﬁ'ﬁ%%é f ??@%@g%d&gﬁ%l%‘{hg B,rpe
appl i cat i on-dgsecibedprevgushshergini may i ncl ude mJI tilayer, multichip
modul es. gSuch ci rg RfaY:o%é”quH{r%{b%{( s@%t&nf“&cmon@%@ os‘ﬁF?aaﬁéarﬁt%Eﬁleto
electronlc systens, such tel evi sion

personal corgiavise, a gengialomsisirstanding ﬁﬂugtlwalappaé@ﬁm%forsty@t@mwtam and
aircraft, anGrnfiRisSor the Yaknt 9rn\¢ér?ﬁ<m3dah§ are not mt%ndédgt’%} %‘érvé & a

ef fect device co rising: a palr of source/drain regions having a
channel regi®RIR éiﬁaﬁ%@éﬁ“ Pof ai thg glamedporndnicatyige Ohadmeplectronic

regi on bet wegRidreuspgr @rﬂérﬁé@l @efl@glrpra‘bcoid%c@at\nﬁtm%ébﬁé g thelHPHrBsent
wi dt h betweenthe sou ce/ rain re S; ﬁ gate ielectric
e vedor ey s, D! ameey ST APe et il wnefbedBindo Mok tBS Varlous
di egect Ir’]I c @e@trh rbﬁlbr@saéngbmtbihﬁﬁﬂcét%gllﬁ{jﬁnglegﬂ@cﬁé@ Wdﬂebgm]fgfﬁrh\m or
gat t he three regi ons, bei ng char ize eas wo different
e erials et Pid PRRIRErREECRTT Sb B ot Yoot aiiie e ot RiHon
di fferent ditehetietween tins peotesskr attahememoryedevoe(gonpri sing a pair
of | ower dlelect reqio i r gxi

%E%Qﬂgb%r\}ér ﬁ'}eéﬁcgl]ry éile{ R&& Mé’lﬂdB 8 {F?ILIE é)};sg?rgﬁ for use

source/drain regl geLrie¢ constan
bei ng r&éei ved namenal mpdhéasedgvidee grvers, t pewir gieodwés| exrminginication
constant k rg a&mst gatroééésrbg E.%Bh?efsedauk@téﬂpﬁic Yoﬁﬂalp\é%ﬁrb i R8s and may

relative to t device o aim1l whereln eac

the regions 'ﬁ?'@dﬁe%éﬁlﬁwél V‘%WFJP%CWM%‘H byPUshuRirEWEM GBI Bﬁ'f'?‘?fc be a
constant k theceaodent 6 & diarieéf | &N M aRthit heytefish icH hes gaatcﬁack a
3. The devi ce, of clalmé WEEI‘EII’I at | east one of the rgrgo P?e

char act er i zd8'9s1aNy 8r$8lbPBOBRe P RGTFPRAL BROPHIR™ RNaBYY adhé"dusma'
region i2n a ddintesisyetens| angirtidt, windt sthefs.t he gat e. 4. The

device of claim 1l conprised by a menory devi ce. 5. The device
of claim4 wherein the nenory device is DRAM



6. The device of claim4 wherein the nmenory device is further
conprised by a conputer systemthat includes a m croprocessor.

7. The device of claim1 wherein the gate conprises conductive
material, the different materials directly contacting the conductive
material of the gate. 8. The dé&¥ice of claim 1l wherein the
gate dielectric is of constant thickness along the width of the gate.
9. Theggﬁvg f.cl | m_ 1 wherein the gate dielectric is of variable

t hi ckn¥¥4at % glaime vr’rsdth of the gate. 10. The device of claim
1 wherein the di fferent terials conprise oxides. 11 The
device of cllai mAP3tRE, ¢! ?ﬁ%chl P’P’@reeh‘fmﬁlsdl'@% conmprise Hi"

where "z" i3 Rpiafesournpidrainoregings haviggda-gha n%ﬁtg%eglparﬁh@re etweegs
with at | ea8tg@igeprsfximeate dha channsliregieon dateearhlie sedece/drain regions,
The dethegadé coraprising atgatei widthd aetinerarr B soxircesiraonpegioas; and
TaxNby0z, whaegaté dieiectgiceateeivedamteemediated the" chadney "regicgeafid othe
0 to lgetd hthet ghtaslielmotriofcdmpriangy ay'ledsli thoregr egionstdiangzitveowidth of
13. Thehglayatee ofe thpenrkQioherieeingt baadadteeizant xiadeastmwa sdifferent
Hf xSi y filaterias @ ffectivies t@)IdRAIrey tHdaRrderegiciyl t6 Haandt T¥ast angediffepsnt
0 to lgwdkbtrid cbRatdntane e threcafchiors :gﬂ'h REisti 2 phirt GRIBWET Biclectric
14. Th@pﬁ@fﬁrﬁekore icﬁtdnr%QeYW&f Ghrid i@t fﬁ@r%ﬁrd@lﬂﬁbﬂﬁ POHINsS Cwith a
BaxSryf i |§6t‘?[ ¥ons tant @R %ro% béﬁ‘%@fﬁéé?@dolatt&alll%bﬂmééglt?r%sbarr

one of i
devi ceth hihé/r E@ 7 G EHtt%e erent oxr Ce“te'}e.ds‘e vﬁttween
X rang 16. The device of claiml V\/nerer n at

| east one o] the{ﬁalr of. %fog s char acterl zed by outer
| at er aI Fs %V'Eﬁe Jer WNELRY 2£3Ch5 g tgfeQ'He'\ﬂp arhe
7.

of regf 2 en¥ Rt Wézﬁ?‘?rtté)t FedNEPEMy ’cﬁ%ﬂt”c cons ar!Lt RECREASSe!N
of cl aprfline @r‘?}n%ét‘ﬁ%’ﬂ  1od Bﬁrgat@f regi ons are characterized by
an outernost |ateral edge that is thicker than where said respective
of the pair3of rEgeodevicedodiedalnl § yhienein 1 lansti aperakdhat eegions is
r egi oncharacterizeg. byree vaeiabie cbelaﬂtacmqnwaertét acorssy theond regwpin @
of regdivastion albagalhteewi dtbdobiheagatait ernost | ateral edge that is

t hi cker than where said at | east one of the pair of region joins with
the interned at eThegledice of claim 1 comprised by a memory device.

5. The device of claim 4 wherein the memory device is DRAM.

6. The device of claim 4 wherein the memory device is further
comprised by a computer system that includes a microprocessor.

7. The device of claim 1 wherein the gate comprises conductive
material, the different materials directly contacting the conductive material of
the gate.

8. The device of claim 1 wherein the gate dielectric is of constant

thickness along the width of the gate.

9. The device of claim 1 wherein the gate dielectric is of variable
thickness along the width of the gate.

10. The device of claim 1 wherein the different materials comprise
oxides.

11. The device of claim 10 wherein the different oxides comprise

HfAl,O., where "z" is greater than zero, and "x" and "y" range from 0 to 1



19. The device of claim 1l wherein the three regions are characterized
by only two different materials to have only two different dielectric
constants K. 20. The device of claim 1l wherein the three
regions are characterized by at |east 15hree different material s.

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

12. The device of claim 10 wherein the different oxides comprise

TaxNbyO,, where "z" is greater than zero, and "x" and "y" range from 0 to 1

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

13. The device of claim 10 wherein the different oxides comprise

HfxSiyO,, where "z" is greater than zero, and "x" and "y" range from 0 to 1

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

14. The device of claim 10 wherein the different oxides comprise
BaxSryTi,O3, where "x", "y" and "z" range from 0 to 1 with at least one of "x",
"y" and "z" being greater than zero.

15. The device of claim 10 wherein the different oxides comprise
ZrQy, where x ranges from 1 to 2.

16. The device of claim 1 wherein at least one of the pair of regions
is characterized by an outermost lateral edge that is thicker than where said
at least one of the pair of regions joins with the intermediate region.

17. The device of claim 1 wherein both of the pair of regions are
characterized by an outermost lateral edge that is thicker than where said
respective of the pair of regions individually join with the intermediate
region.

18. The device of claim 1 wherein only one of the pair of regions is
characterized by an outermost lateral edge that is thicker than where said at
least one of the pair of region joins with the intermediate region.

19. The device of claim1 wherein the three regions are
characterized by only two different materials to have only two different
dielectric constants k.

20. The device of claim1 wherein the three regions are
characterized by at least three different materials.



