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i nvent i onWQPNERR2{G gated field effect devices, and to RETHEAWSH1900940
forming gated field effect devices. BACKGROUND ART Gated field effect
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 @MCGSS menory ( DRAM) and
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channel region. Upon application of a suitable threshold voltage to the
gate, an electric field is created in the channel region, enabling or
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gates for creating isolation between circuitry conponents within a
seni cofHucfarpdng gaded diedd effiest devfgaset devi ces include at | east one
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Yet, continued olies ey i BEHS CblicdENsLhd, 289 TEMALND 1 eST iy el d
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device, a conductive 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 voltage 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 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, aiternate 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



2 imedi ately adj acent the dielectric surface at the outer edges of the
conductive gate material. Such effectively creates a so-call ed i ng
gate" stWQeen31d237h which tiny bird' s_beak structures arPgT(‘(ﬁzﬂ%éPlg 09t he
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source/drain regions. A gate dielectric is received Internedi ate
channel reglestrandegmdaiiongate. The gate dielectric has at |east two
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characterized b fferent materials are effective to define t I!1etwo
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the first f\l) Spataining gate dielectric is deposited. A wdth portion of
t he net al c arning gate dielectric overlying the one of the gate region or
the channel region is doped with a second netal different fromthe first 35
netal effegipfaky fOrmat least two different gate dielectric regions along
t he EE—

The invention includes gated field effect devices, and methods of

20 forming gated field effect devices. In one implementation, a gated field
effect device includes a pair of source/drain regions having a channel region
therebetween. A gate is received proximate the channel region between 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
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materials effective to define the two different gate d I< ggions to
have di f 0 2P 1828 ectric constants k, The other porti gﬁjr@%hioh@“gate regi on
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The first aocbsepeRdatntie gaed eqhel %d&i&gbﬁé gieldERiChRIt@GARRAE &0dMerent
different dielectric constants k. The other of the gate 30 region or the

channel re§IRCITE FPBSIAIEK &han t'ﬂ%teof f'?%tflfahaaé%@'é%'ﬁcgaq aatgriglect ppér of
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region. O her aSpeoCnteS Ir%rp])(ljerlnenta%mn?\ntgtn%gt%%dagfefgpnq}n%nglgét%(cj:i device includes

20 providing a substrate comprising one of a gate region or a channel region.

The gate region or channel region comprises a width. A first 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 constants 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.
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Preferred enbodi nents of the invention are described below wth reference to
the foll %A #8BeWnpanyi ng drawings. Fig. 1 is a di agr arurtuseossecdiiponal
view of a device in accordance with 5t an aspect of the invention. Fig. 2 is
a diagrammatic sectional view of another device in accordance with an
aspect of the |nvent| on. Fig. 3 is a diagrammatic sectional view of another
devi ce i n BRE OFTHEDRAWINGS he jnvention. 10 Fig. 4 is a

di agrammati c Selﬁrte'fé?F@'J eMb%‘@Btsad?%@W/eﬁt@h' &8 deBcriRRIARIRE réfefdhca o fPect
of the invention. Fig. 5 1s a diagrammtic sectional view of a substrate

f ragnent fﬁllowr\aé@@%npaﬂya@c@awm@e with an aspect of the invention. Fig. 6
is a view of thg.Fiqg étp%e dugnt to
t hat depicted b@'gF 1grs §_oﬁé$g%rh@$aﬁ éé‘\%%lo\?é\tvﬁ%pél g%%ésulgls?g;rgzrﬂ(t§ ragnent
at a pﬁoce@@uaﬁgectsgbﬂ“@qmﬂntmthat depicted by Fig. 6. Fig. 8 is a view of
the Fig. 7 subs -rat a C h icted
by Fig. 7. 20 B 8 5 & ariagramiufic Sase) MR tinotel cBey iR s o
fragment accqdeoessvitin ancaspettnufethei inkeatioaspect of the invention. Fig. 10

is aviewof th substr : a cessi S Hent. to
t hat depicted b§'gFl 8’ 3 a'agﬁﬁtr‘gégg\r}?gé\}'&%alt h\gé@i g&fs 1%9%%‘8& ?jat &5 r'ggment
at a processtarganzé vs!tﬂnsaetqamcttcm‘ tlhl&aihvdep’bnt ed by Fig. 10 Fig. 12 is a

di agr tic sectional. view,of another substrate rag process in
accor dﬁme V\nthﬁ'gn g‘spgct of AR ?Sﬁts el g.vigw i ?tg\ﬁr tdevf'i:ee F'in 12
substrate dcagoanteatitia apr aswsct gfgthesinbeatiornt to that dep| cted by Fig. 12.

30 Fig. 14 is view .of the Fi 13subtraefra t .a processing.
subsequent to L Hdg &t dassingic Becterg! “ah 87 wiatGrB! fESHE ing
substrate proageenh sAicord @hOS @EEH BY a@étﬁeﬂuﬁatmt@nt:mt depi cted by FI g. 14.

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. 16 is a view of the Fig. 15 substrate fragnent at a processing 35
subseque depicted by Fig. 15. WD 2005/122270 PCT/ 1Js2005/ 019009
Fig. 17 P‘;svoaz(a(c)ﬁ/;ai%ﬂgmmtl c sectional view of another subst¢HVE%P/AIA®nt in
process in accordance wi th an aspect of the invention, Fi g. 18 is a view of
the Fig. 17 substrate fragnent at a processing subsequent to that depicted
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bl ock di agswmesfuea teltbat deplotted;stftléugn idccording to an exenpl ary aspect of

the present inventi Fi g. imp| 4 L ock djagram

exenpl ary devi c'gré af:gg 7 |%§e &%?6 bg?”%tég%r E'Jsacgrcﬁ'e?%\?gnq i%ﬁcesﬁing
DETAI LED Iﬁﬁ@%@ﬁrﬂ%b@ﬁaﬂ&EpME&RE@ EIGBCDI I\/EI\FI'S A fi rst enbodl ment gated
field effect de |ce bs |hnd| cat e&@&gneral,{l.% i.n ]g @ erence nuner al
10. Such is dep| G efVaSNOMSn 1 AR i VEW 9 CodHBH e"sruH Y3iegting pans o
exanpl eI bué)gemprmlcra)mmbhbﬁeafsthgim@senAﬁermaine 20 substrat es are

contenpl ated, 1 pcluding sem conduct or substrates, | e

seni conduct or - ||'j‘gi ngal g?ota stlclﬁg‘f diaaragy %‘fch‘%'r“gsu%%r 'r%l%f {%ﬁﬂres\/\/rfgt HEP

exi sti1ng omoYdrbbardef dey Higped Colnﬁlp[ﬁﬂé@ context of this docurrent the term
"sem conduct or substrate" or "sem conguctlve substrate" is defi ned lt to

mean any constr i oh TR i3iNigh siaviet Rlatktdivaramt of i an | elrREenis Ry st

not i m teﬁlcéch.rth{d<aﬁeéne¢@@|du>¢talspecﬂat aid elrése,wqhveﬁnansem conductive
waf er (either alone_ or in assenblies co rising other materials thereon),

and semi conductFige Rt NFUP ? oBHIITEY thhesk ailaa@arar of AmsexsiPlagy device

conpri si ngaé&&ar ghlaaslpi-)ct oThﬁet;ﬁégb simehiidhe” refers to any supporting
structure, includin but not limted to, the sem conductive substrates 30

descri®ed above. A pa| r of source/drain regions 14, 16 is formed within
substrate @erAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment gated field effect device is indicated generally in

25

Fig. 1 with reference numeral 10. Such is depicted as being formed reiative
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 materials). The term "substrate” refers to any supporting
structure, including, 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



and a channel region 18 is received therebetween. Source/drain regions 14,
16 conprige highest conductivity doped regions 20 and 22, respectively, and
lightly dg/f?e@o%p&gw regi ons 24 and 26, respectively. AddPETEHRA050E9PONs, for
35 exanpl e halo inplant regions, coul @ of course be utilized, as well as any
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el evat ed SEIVE Jrg Pe Ia%ug;a?eciﬂg_ Inglyde gogﬁhﬁgn%{ ni’%tﬁi”@:ln% Cghﬁro&‘ﬁé‘r
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sour cePdr AHMEYPIHSay ks (he Tabricated WPocamerise:¢lrvatgy sourck/draiagegions,

i nter nedi ajte. CARBRRAtel €84 0Me 1 ABAs aaiE offer tBnfiferAiRHChes NsefEr E@Grse
enbodi nment ,q__fgate 28 j s shown as conprising two conductive naterial |ayers
36 and 38.€ @Fﬁﬂ'%ﬁﬂ-thi cknesses for layers 36 and 38 are 500 Angstroms and

400 Angstronms, GAERECtieME! ¥ffeBiveadedice EXRMBOR PRI RANgaKENPEany-aRER i al
for conductive layer/region 36 is 15 conductively doped polysilicon, and an

exenpl ary RF@XEPRLE cBANNE! spgionnAB batwedn wryres/dEdiRdlRAiPOFt 14t han freg@lei al
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conprises or defines a gate w dt etween source drain Tegions 14,
Exenpl ary 4gRirtathl Praferrgeefesnbedimesupate ved sisdesdwWnsgac@omisiagd 184 have
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insulative sidewall spacers 32 and 34 have been formed by anisotropic

20 etching about sidewalls of gate 28. By way of example only, preferred
materials include silicon dioxide and silicon nitride.

+ Gate dielectric 30 comprises at least two different 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 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%

35 to 25% of width 35 of gate 28.



30 adj acent to and straddling central region 44. In one preferred
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42 and 46. In one preferred enbodinent straddling regions 42 and 46

comprise from 13%endSpldteft Qpil A5 dhefite edondy200 Lae2 48 op
P e é |P er 25 44

PCT/ US2005/ 019 n one pre err ehbo eht regions
and 46 ar eespesm%wiwryctﬂfmtnma aeidoiyy ohel@nrtrﬁ@ucnndmité@theireacm mna Kk

t hereacro ' I rect al g 354 of t 8. e A
al t er nat e%ﬁ'éér%ggll rr%lr?t % \{Vﬂﬂgas o%fam g%{ét hgsdl fggr :onrfe rgg?rgﬁﬂae% X%Eéénjn%é e
di el ect ri @& o &inudrar, aa:tt Easteohd\ofviie differedit glegians @fctbllesgatﬁ dielactrds Sst he

one region,in I i on.al ong. the w f .the ne exerrplary
enbod gentnaadie e By, SRR G g Rl Chls By RaBEitonT oRErod e Bbee ) o
const ant litewiont almngothe wedthrcaﬂtheemten KWiond exem@Ehteendiceli@eipodeaehniof each
of straddlln i ons. 42 is o wer dlelectrlc cont nt t hat
of centralstliEH SaSions sfcndde b Bt AN HRIPHER CoSeEN Min togl ohs 40

2nd 42 ar l&e(hftratlheg&ﬁfm4 Clﬂrmﬁ)&lltbrMer@meU&heﬁf]deedjrebﬁétréddléﬁg):hégﬂiﬁs k2
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respectlvely, and also as shown, preferably tend to sourcel drain regions

14, 16, rdbprediffrept rPa'%ﬁea'ﬁﬂéf\@W@&5 @hsatﬁ %érft"thgfrcaaawtﬁgzeégfmﬁguz

and 46 ar ey rahitl HRIEBLricc QEPRBA %teagmr%trsférablmQ.M@lﬁﬁfdrhc di@l?ﬁétﬁ@t K.
In one preferred embodi nent, at |east one of the 'different gate dielectric

regi oné | SRR Keth8ACEESR 'ﬁnﬁ‘fQjFE?ﬁtmfblaé%'ﬂ@ i WitBn3% oot IRte t3fer eletBSs in
a directi %ﬁ&%p?é‘@rﬂécﬂb‘ﬂw&édn%tg%@o\ﬁ@' @ﬁ‘ mm% é?e rle@@ﬁlbd59r@>ﬁﬁ1att@e

width of the gate. In the illustrated éxenpla ? enbodi nment
central r&filusReUaibisgians d4. ik 6%%0%@b\fﬁ%xéﬁﬁl arsp r%glsbﬁwn paredesly bed

in the "Bagkgrgues" séﬁfael/@ﬂai@bﬁéfg%n§owace{@r%@ eERAN dat jno e le 1d Ped
thi cken the gate dielectric by form ng gate OX|de regi ons
embodiment, straddlmg regions 42 and 46 are of different composition
20 material and dielectric constant k.
In one preferred embodiment, at least one of the different gate
dielectric regions is characterized by a uniform dielectric constant k
thereacross in a direction along the width of the gate which spans at
least 50% of the width of the gate. In the illustrated exemplary Fig. 1
25 embodiment, central region 44 constitutes but one 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 central 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 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, woulid 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 physical thickness of the



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 3@ svae2omf the art, an advantageous effect of BGENSRW&OI8Y | n

|l owering the electric field at the gourcel drain regions, thereby reducing
hot carrier effects and increasing device lifetinmes. An alternative, or
addition thereto, would be to lower the dielectric constant of the gate
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constant can be accorer| ghed 90w I'ng the d
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di el ect ' .l t der that
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addi ti ona es include antal u n mto resu

"nan |+ nor@iye B g RuiSose: &5t e Hered el R BT

haf ni um oxnndeeéangedm@fkecftrmdné@tctwe&owéﬁt ﬂa@ifrﬂlthlm @fi deumien Zbxieieni um
dopi ng of bari u%st rontf umtitana resu | oner an that over

pure bari uAC8Er JRY WA PI EXREIRLE E%”agﬁﬁﬂ‘@ﬁ%ﬂnc’mﬂ@ ORRd taRiEA BNt |

acceptiy - t ypideOwitdomebidi PR, reddlt (iiﬁl%eﬂmd?@aeé R ovél fesi 6€parYl tantalum -
nodi fication of the effective dielectric constant. In accor dance with one

i npl ement af¥iR; SiheCri 99RIPEneT RRI\IYN LS ite reA s ikalfTEOmofhatheVar fRWient

material rgeinQNG SOB! A AxdSHREm bapm@eof banhﬁnsﬂbahuant.tarlr&ectbfﬁe@wnm
oxi des conpri se Hf xAl YOZ where "z" is ter than zero, and "x" "y

Fange fr omoyaik 13l HATAVaTdadte BARUBK STt itapaios Gpoy g aYedoRan’
zero. In opggex@ePligdvalbiP! aBBepRIritgPe bhedshbi-8fdt and depending on the
20 desire and modification of the effective dielectric constant.

In accordance with one implementation, the different gate dielectric
materials for the different material regions comprise oxides. In one
implementation, the different oxides 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"

25 being greater than zero. In one exemplary implementation, the different

oxides comprise TayNb,O,, 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. In

one implementation, the different oxides comprise Hf,Si;O,, where "z" is

greater than zero, and "x" and "y" range from O to 1 with at least one of "x"

30 and "y" being greater than zero. In one implementation, the different oxides

comprise Ba,Sr,Ti;O3, 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 {o 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



oxi des conprise TaxNoyQZ, where "z" is greater than zero, and "x" and "y"
range fromO to 1 with at | east one of "x" and "y" being greater t han zero.
I n  one iWPI28¢¢3L270i on, the di fferent oxi des conpri se HPEXSi¥Adps/bewe "z" is

greater than zero, and "x" and "y" rafge fromO to 1 with at |east one of
"x" 30 and "y" being great er than zero. In one irrpl enentation, the different
oxi des conprise BaxSryTi ZQ3, where "x" "z" range fromO to 1 with

at |east T6HRSIVEY to,gater2B. By way Orfe‘?W@tethnBr Ff'ﬁan'2 pépbldeﬁnaan%lternate

| mpl ement ahizeplel &RbolirhéRl GBle PNl SRRV 408X, LINECHBmE rBRNESM koM 1
to 2. Fig. 1 depicts an exanple wherein one different material region 44 is

35 centerétrSt deacdbeg eybodisrent pEG utbized where mPrieRpats t WHh ﬂé@r@ngeaz and
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it r ant aEor PRI bR A0t o8 ePFRSRER, o pRDF s SPBGRER TSRt
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being of the. sanme wi dt h 0 di nension 35 off t al t hou such
Peat one. caBBioT nabiit &R el g Pourants © THeOanoRERIES ESUaNSxERp! ary
egbognsentawd hVuairlﬁre%tctgetrreespmé iwidith gadeg duerltleodmtems.@elas]g offf gat:e:mtsant

t hi ckness ong.the width of t respective e y of exanple only,
a preferr htort@kﬁ'é%ré r?%‘ﬁ&écfodﬂ PP BeE be ?feg?{qrggt N‘%Oa, and 30b is from
20 Angstroms t oT 188 aﬁrmtdmted:wemmar;b;en\rmdmterﬁxanpls&awltue feispectve
depicts an Cgrrate errbodl ﬂgfl el effe&b erei.n the

gate di el eQ:et tygs \P&W% §°P écg(nglsérﬁ;fong ?}gfah@sﬁ&f’ VeLike
numer al s fgaest heB i wal - desexdrhpk eIpdiampréferred thrckness range for gate

20 dielectrics 30, 30a, and 30b is from 20 Angstroms to 80 Angstroms. Further
by way of example only, Fig. 4 depicts an alternate embodiment gated field
effect device 10c wherein the gate dielectric is of variable thickness along
the width of the gate. Like numerals from the first-described embodiment
are utilized where appropriate, with differences being indicated with the

25 suffix “¢”. Here, gate dielectric 30c depicts different material regions 42c¢
and 44c having been subjected to source/drain re-oxidation such that a
conventional thickened region thereof results at the gate edges/sidewalls.
Of course, only one of the edges might be thickened or any different variabie
thickness might be provided along the width of the gate for gate

30 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.



are utilized where appropriate, with differences being indicated with the 25
suffix "c". Here, gate dielectric 30c depicts different material regions 42c
and 44c hwwi2005/eem subj ected to source/ drain re-oxidatiparsseddsioiab a
conventional thickened region thereof 10esults at the gate edges/sidewalls.

O course, only one of the edges m ght be thickened or any different

vari able thickness m ght be provided along the width of the gate for gate
30 dielectric 3%dditivhal aispestsdof ¢thé hadeplibodiondamlakepiadiricatiog sativak| of

pl anar or o) itall I e e v
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region, with a channel regi on 54 bei n%&de pi cted. Such region 54 1 not ,

and tyBi cdPRY GPY| 2R\t tYRdeaBorpllealy DaeFPREICHSTY (Refingss °o{t PErpapPged’ r?é‘d by

lateral orgdfitdf hopoltdadll @ ndthi DRMdHridsn FthehRF GR/S-in Rﬁearp%eé§s the
ultiymat e channel region 54 can be consi dered as conpri Sing th 55 which

will ultieeaidlees didvg Hlignatsrchane)degiredi can bR ¢qnsiderast aﬁ C%Wﬂannm ng
gate di el eclyid@ 55 Wﬁucﬂa}?ﬂ’lsulhﬁﬂatebﬂﬁbe(‘cf&‘ﬂ% fdrecakeogg&at%ﬂ déVicdd @N?é"fprln%"téll

t hi ckness for |ayer 56 is from 20 'Angstrons to strons. Any of the
above- descqdieingt aptearfietctde | $@ois shanpsites) @Véke?’r‘m'a?%/' f@@@mrﬁ‘bd An

mat er isal s. e@{,grarrgng,,y&é:ésgfor61a?é}”§6VVIsdtn*bnﬁ’0éé '%s’iﬁoeen 58 ARQYRERIN NY

gate i electric 56 overlying channel region ped wth a second
20 netal diiy eelrihef abevehdedaribad noetal entliéen isikcanm oxdasanre e%@mmwy
di fferent Fg%?f%frga%ggrqég regions 58 and 59, 60 along wi dth 55. Such at

| east two erent gate dielectric regions are characterized by different
materi al s Referring to Fig. 6, some width portion 58 of metal containing gate

dielectric 56 overlying channel region 54 has been doped with a second
'20 metal different from the first metal effective to form at least two different
gate dielectric regions 58 and 59, 60 along width 55. Such at least two
different gate dielectric regions are characterized by different materials
effective to define at least two different of gate dielectric regions 58 and 59,
60 to have different dielectric constants k. Again, any of the above
25 exemplary described materials are preferred. For example and by way of
example only, a single metal oxide might initially be deposited, such 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 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

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



effective to define at least two different of gate dielectric regions 58 and
60 t& have different: dielectric constants k. Again, any of the above 25

exerrpl ary ELUVIBYE naterials are preferred. For exanpl eP%HSM’/MW%f

example only, a single netal oxide mibht initially be deposited, such as
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embodiments.

| 20 Figs. 5-8 depict an exemplary embodiment wherein the first metal
containing gate dielectric is deposited over the channel region. By way of
example only, Figs. 9-11 depict an exemplary alternate embodiment
substrate fragment 50d. Like numerals from the first-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 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



cont ai ning gate di electric is deposited over the channel region. By way of
exanple only. Figs. 9-11 depict an exenplary alternate enbodi nent substrate
fragment B&R0Y] e70nurreral s fromthe first-described enbBOT/HS05/0Ea069
utilized where appropriate, with difféd?ences being indicated with the 25
suffix "d", or with different nunerals. Substrate fragnent 50d is conprised

of a base subs 52d made f._one or re _conductjve, em canducti ve
ondlor T rsdpRee MRS MR (HETERt fiog Ras drebmatabefiachivs s dagm the
t her eover .illAstrapanNan B ¥t tioodigierEAt hate BrRfBcRIcNgiens Bidar ghd 58ad 6l0id. | ed wi th

sonme suitable coggjctlve g__ate material 64. In this exenplary embodi ment, 30
conduct i ve gat eRFIEPBalO d494dfi R SeMicOBARFIEaYET G thas @esat depegjfem

having an SXeRPhad Yoelfitdroeasséyf Idaiterﬁebabnaoafreérw,w @R dits! 86fipirfse>6d
is deposited over gate region 64. Referring to Fig. 10, at |east one of

wi dth Por t$e#eesbain 5%%.‘ﬁc57666d &3, and & cf@ﬂﬂ@durﬁgr@ gattbegeltaaan.c 56d
overlying gate F@Hh@PP?%QV"‘%f%B@ R 5@%8%%%5%&?%@4%8?%%% doped

with a second netal different fromthe first netal tive to ormt
i || ustrat edl gated gdgyice i deseribednvitaeéergnepdetfrigs. r1ég16nsF15862a¢i@IpWa 60d.
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1 duct at I
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first gat WEBIEo IS EhRPErnal 1945 SRRINEN R DB ARS8l P TP et
first gate dielectric material 74 is patterned commensurate with the
20 patterning of conductive gate material 75 effective to form first gate
material 74 to comprise opposing sides 82 and 84 which are laterally
coincident with gate sides 78 and 80, respectively. However, the invention
also contemplates leaving some or all of material 74 over the source/drain
regions at this point in the process. In one preferred embodiment, Fig. 13
25 also depicts the formation of lightly doped drain regions 24 and 26.

Referring 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

30 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 withi.n 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



20 patterning of conductive gate material 75 effective to forn1first gate
material 74 to conprise opposing sides 82 and 84 which are | ateral

CO|nC|deﬁWOﬁW?ﬁlégﬁe si des 78 and 80, respectlvely FbméV@WUSWﬁeMPWWentlon
al so contenpl ates | eaving some or al 1 %f material 74 over the source/drain
regions at this point in the process. In one preferred enmbodinent, Fig. 13
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et chi nm wi by Wy ot eh@m@k@rdrﬂy,aehg oPkhérabRleLhedbtibe @ &é}ﬁgm phaBr&ld | es
at elevated tenperatures-up t C. 5 Referrlr%jg[; to Fig. 15, after the

i sot ropi c BRENTIAG, C3N SecHHIFSsht EXempipucPretery @rqhé‘llq% % ther daposition
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previously forned beneath gate Second gate dielectric material 86 is

char act er | 2eRiexinhiha ﬁgp@twﬁﬁ@?%ﬂ'”'f& ef Bid-r1% constant k than that of
first gate diel pgieiimg™® ihaltel buseaiubn A0eL0shy WRYCPic BUAIBERON 1 any

of the above-descri be %El ary pref erre mat eri al s can e utilized
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recess f|| Referri ng . 16, subsequent processing Is
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of source/@]xtam;plary depicted embodiment, such encompass llghtly doped draln
20 regions 24 and 26, respectively, and highest dopant concentration
regions 96 and 98, respectively. In the depicted and described exemplary
embodiment, the formation of highest dopant co,ncentration 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



regions 92 and 94 have been fornmed proxi mate channel region 54. In the
exenpl ary depicted enbodi nent, such enconpass lightly doped drain 20 regions
24 and 26voe@spzeti vel y, and hi ghest dopant concentrati &T/¥R2H59H20086 and
98, respectively. In the depicted and4descri bed exenplary enbodi nment, the
formati on of highest dopant concentration regions 96 and 98 of source/drain
regions 92 and 94, respectively, is conducted after both of the described
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100 can bedeposisindemedteataicdnpri terg pattemshgpavith grhdiddesistl HoHeaewrd by
por tii on 105f Ln 5 the depicted Fig. 17 enbodi nment, first portion 104
conprises & %919 on of width 55 of channel region 54. Such portion thereof
has been maskedReffedring depfid.t 18y sedondtp@aion dios edt widthmdSerdfakchah@ebver

any of | noEIoRede R S eV E A oMMk ITREURTA FnaoErgY BUnnUM REHL: An

exenpl 85y Matpriaf errsed difesient girent dirstegaiendgliansttdepariteiing ned.ewischlid

el des SSRSPLA LB Lok 100, LISH B2 ML MAN PR LESAL, e

of channel antiegé&ind4ghirs digestrimskackridls| 10epnaai t15Hgare sarnadtgated by
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110, whi chdif& gain, plary p r
those described above in connection with the Fig. 1 embodiment.

20 Ultimately, 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 exemplary 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



received over first portion 104 of wdth 55 of channel region 54. The first
and second gate dielectric materials 110 and 115 are characterized by

di f f er enWQ@295@22270 ¢ constants k. Again, exenplary pref BF AR s are
t hose described above in connection Wth the Fig. 1 enbodinent. 20
Utimately, the other of the gate region or the channel region is provided
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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 sighals without
reducing the time in which memory output data is available on a memory
bus. Other alternative types qf 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



nmodul es (SIMvs) and dual in-line nenory nodul es (DI MVs) may be used in 15
I npl enmentations that utilize the teachings of the present invention. The

menory dewemosamztie i ncorporated into any of a variety @frARSh@ERIodohat
provi de different nethods of reading fisktomand witing to nmenory cells of the
device. One such nethod is the page node operation. Page node operations in
a DRAM are defined by the nethod of accessing a row of a 20 nenory cell
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Fig. 23 is a simplified block diagram of a high-level organization of

various embodiments of an exemplary electronic system 800. The

20 system 800 includes a memory device 802 that has an array of memory

cells 804, address decoder 806, row access circuitry 808, column access

circuitry 810, read/write control circuitry 812 for controlling operations, and

| input/output circuitry 814. The memory device 802 further includes power

circuitry 816, and sensors 820, such as current sensors for determining

25 whether a memory 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

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



access nmenory (RAI\/9 devices, read-only nenory (ROM devices, and peripheral
devi ces such as a floppy di sk drive and a conpact di'sk CDRO\/I drive. One of
ordinary ¥Q#05 ’Pr?z?('ne art will understand, upon readi ng BREUSZ008EH9PEhendi ng
this disclosure, that any of the |IIu§frat ed electrical conponents are
capabl e of being fabricated to include DRAM or ot her rrermry cells in
accordance ects of t r t ti.on. A a
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providing a second wordline with pulses, and circuitry 888 for providing a
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20 control system, an aircraft, and others.



10 invention. One of ordinary skill in the art will understand that the
various electronic systens can be fabricated in single-package processing
units, or even on a single sem conductor chip, in order to reduce the
comuni cation tinme between the processot8and the nenory device(s).
Application Lhopgmenory cells can include electronic systens for use 15 in
menory nodul’es, éévice drivers, power nodul es, conmunication nodens,
processor nodul es, and application-specific nodules, and may i ncl ude

mul tilayer, nultichip nodules. Such circuitry can further be a_ subconponent

of a variety-of EPEcIEIAPE SfstEflM suchPese i cF bRk Set reeied divors t iy |

phone, a pecseRak ¢HPULiS st kBt @IOPELEr i @b PAYSEAI %ronzqaoctqﬁtsri%essyoﬁg em

I
an aircraft, and others. 18 AIMS: 1. The nethod of claim3 wherein the

i sotropi cal tyeet ghtag céfehbesvehetdi rsecygat e el etirstt nmter i alidrombiot h
sides of the gate.effectiye to recess the first gate .djelectric material
to under th@aégféﬁh ot Eégg?d%gée29?Tﬂ8£hegﬁ%§ of*8 i m 3 wherein the
isotropically etching conprises wet etching. 3. A nethod of form ng a gated

devi ce, conprising: degpsiting a first gate dielectric material over a
channel regroen aRfeoerhosucde/dradith hreeiim e topdueprscaldiubsttrcdtiag

formng a cgﬁegggﬁgggygga%yﬁﬁgﬁ | over the first gate dielectric materi al

patterning t conductive gate terial effective to forma gate over the
first gate dielectric material, the gate conprising opposing sides defining
a gate wdth therebetween,_ the patterning of the conductive gate material

| eavi ng at Peast 2sBRENG PhelPFR PIgat @2 LEF fRELFRC RAFPBFLEA"Gver the

From at | east ong Braa ol e out £ off aartvaite Sretace Thefirs oare o °
di el ectric mhtenedl regitdre atd |@ast smerceideato ander ofhe gedrel @ndiuak of ear
the first ggh%sgkgkggtric
forming a conductive gate material over the first gate
dielectric material;
patterning the conductive gate material effective to
form a gate over the first gate dielectric material, the
gate comprising opposing sides defining a gate width
therebetween, the ©patterning of the conductive gate
material leaving at least some of the first gate
dielectric material over the source/drain area;
isotropically etching the first gate dielectric
material from at least one side of the gate effective to
recess the first gate dielectric material on the at least one
side to under the gate and to clear the first gate dielectric
material from being received over the source/drain area;
after the isotropically etching, depositing a second
gate dielectric material different from the first gate
dielectric material to within the recess beneath the gate,
the second gate dielectric material having a different

dielectric constant k than that of the first gate dielectric

material; and



material from being received over the source/drain area; after the
isotropically etching, depositing a second gate dielectric materi al
different fromthe first gate dielectric material to within the recess
beneath the gate, the second gate dielectlBic material having a different
dielectric constant k than that of the first gate dielectric material; and
19 formng a pair of source/drain regions proxinmate the channel region
within the sourcé&bdmang aseaairheofforsbugcd hera sOUNeefidmal npegifase the
conpri sing Lgrnin hi ghest dopant . concentration of said regions before the

i sot ropi cal CY2EEEhithG LA HetHoy BPUEFST AF3idnersen (he riqEtingdthe
second difgre0k /gakendi ebeGldd £ r@ér@ﬁkﬁé%n‘@o”@@ﬁﬁiﬂ'@X'Arli/%est"m%%%é'%ﬁ' I's
greater than zero, and "x" and "y" range fromO to 1 with at |east one of
"x" and "y" clomigenigreaten tlodh sgerd. fgildes netdionr of e mB wrisial the
first and second different gate dielectric materials conprise TaxNbyQZ,
where "z" 3 &t'er than zero, and "x" and "y" range fromO to 1 wth at

| east one of "x" and "y" being greater than zero. 6. The nethod of claim3
wherein the first and second different gate dielectric materials conprise
Hf xSi yOz, where The' nethpeeacdr ¢habmzeér dvherrin xthgndfiystr apgd fsoaPodio 1

W th at | east "X d "y i .gre r zer . . Jhe d of
claim3 V\he?itéLif?l‘ie‘rh%tl?i rgfﬁ%nd Qbs/leeci.(;%léggé|’g“f f glr%gtnetﬁ{g% 8 df:ge%fngcrzlrslec rr% eridl's
conpri se Bax8ey& @8, isvhpreat'ed”,than zaub,’ zand atge dnam'Q"t @ahgei tthoat 0

| east one of "Xx" "z" being greater than zero. 8. The nethod, of

"" X and W, 1
claim 3 wheFéith%étgiﬁﬁ% LS kefBfd Odi T ¥er R gate BP&NSctFTe Wk efPals
conprise Zr Qg gvhere x ranges from1l to 2. 9. The nethod of claim3
conprising depositing the second gate dielectric material over sidewalls of
t he conductive

5. The method of claim 3 wherein the first and second
different gate dielectric materials comprise TaxNb,O;, where
"z" 1is greater than zero, and "x" and "y" range from 0 to 1

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

6. The method of c¢laim 3 wherein the first and second
different gate dielectric materials comprise HfxSi;0;, 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.

7. The method of c¢laim 3 wherein the first and second
different gate dielectric materials comprise BaxSr,Ti;O3,
where "x", "y" and "z" range from O to 1 with at least one of

"x", "y" and "z" being greater than zero.

8. The method of claim 3 wherein the first and second
different gate dielectric materials comprise ZrOyx, where x

ranges from 1 to 2.

9. The method of claim 3 comprising depositing the second
gate dielectric material over sidewalls of the conductive

gate material, and anisotropically etching the second gate



gate material, and anisotropically etching the second gate 20 dielectric
material effective to formelectrically insulative anisotropically etched
si dewal | spacers of the second gate dielectric material over sidewalls of
the conductive gate material. 10. The netfod of claim 3 wherein the first
gate dielectric material has higher dielectric constant than that of the
second gate dielectric material. 11. The nethod of claim3 wherein the first
gat e di el ectiied eamat i almdasrliaver df€kectiniec camst anbrinhane I Bat rafcatliey
second gate . dielectric material. 12. The nethod of claim 3 wherein the

different fifStidhdVeseeBhaCHarRigrétectFenadt sttt thmspeseroxi aés. ths.

The nmethod qkcehal Mg3 cehergidy dher Pat tRINL PG, 0f Lhe,r CQRGUGHIME Jalf the
material |eaves only sone of the first gate material received over the

sour ce/ dr ai woadet ive Jidee neéhedief .cl ai m 3 wherein the patterning of the
conductive gate material |eaves substantially all of the first gate
mat eri al received over the source/drain area. 15. The nethod of claim3

wherein the isot mopi eldnod ed£hé ngi gt sheBetblenf khst faate dplecdidredmt £t al
from both sides of the gate effective to recess the first gate dielectric
mat eri al to aeRFidhe gt ehdBhBSt HRkCHT Hes congi@nftor fhap tHeseodndtiemat e

dielectric gsi gl %9 §OOPLLSE: 8 pakL,9f straddling regions received
|aterally outward B "The ??rs? éate Elgﬁecfric material, and formng the
straddling regions to be respectively individually characterized by a
vari able dielectric constant k theregcross in a direction along the wdth
of the gate.ll' The method of claim wherein the first gate dielectric
material has lower dielectric constant than that of the

second gate dielectric material.

12. The method of claim 3 wherein the different first and

second gate dielectric materials comprise oxides.

13. The method of claim 3 wherein the patterning of the
conductive gate material leaves only some of the first

gate material received over the source/drain area.

14. The method of claim 3 wherein the patterning of the
conductive gate material leaves substantially all of the

first gate material received over the source/drain area.

15. The method of claim 3 wherein the 1isotropically
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,
and forming the second gate dielectric material to
comprise a pailr of straddling regions received laterally
outward of the first gate dielectric material, and forming
the straddling regions to be respectively individually
characterized by a variable dielectric constant k

thereacross in a direction along the width of the gate.





