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i nventi on VWOI240¥B227 gated field effect devices, and to nechudmosbtiood0
formng gated field effect devices. BAGKGROUND 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 nmenory (SRAM, dynanm c_random access nenory (DRAM and
floating gate progranmabl e read- onl yRERGRIPFTION (i o = PROME, EPROMs and
EEPROM5), In a gated field effect device conductive gate is received

a

proxi mate a channel regi on GATERIFIELD EFFEE] PEVIGESWAND doped seni conduct i ve
materi ab. Sour ce/ dr MRTHEBSHE RORMING AGATEDF IERD P h@EMIGES 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 fromthe source region
to the draiEEGHNIGH: FIELMbrnatel y by way of exanple only, field effect

devi ces have al Sg,BSR0oHELefshekOCSARRY Hisly LheLfgeoRRENGA b FUANGL ofe
gates for creating isolation between circuirtry conponents within a

sem confuctfovmeirgupstadchfield effectideffoest devi ces i nclude at | east one
conductive gate region and at |east one gate dielectric region interposed
bet ween the conductive gate region and the sem conductive channel region. A
common and BACKGROUNDART Yy used gate dielectric material has been Si02.
Yet, continued jingrease jn circuit .density and reduction in size of field
effect device ga({sa?edﬁoﬁ%ltdru ﬁ?%%sd%\é{\%s’re %‘Weda? hE ARSI Sun V' & t‘ﬁ@ZFHi ¢Rness
of silicon idteyrated cgatuirydisalachsilogiaygeesithaanbenenrg cicdmiry. thasmpeakage
currents, reliabilit and, defects have becone prob I.C. ., Accordin ,

ot erndBe aPETTY eluseY SRl SBRIGHT 14osBRS Ers aaRBM i er it
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subjected to a reoxidati ep: oxi di ortion o gat e
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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, 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



2 imedi ately adjacent the dielectric surface at the outer edges of the
conductive gate material.. Such effectively creates a so-called "smling
gate" stwocius/e22m™ which tiny bird s beak structures ar BCT/HSEOF0E009 he
bottom corners of the gate stack. Such reoxidation can help to repair
damage to 5 dielectric and silicon surfaces resulting fromthe anisotropic
etch typically utilized to formth?? ate stack and, as well, reduces hot
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invention was notivated in addressing the above identified ‘issues, Tt Is in
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channel reglectrandiezpatihogate. The gate dielectric has at |east two

different regio long the .width of t. te. The different regions.are
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the first netal containing gate dielectric is deposited. A width portion of
the metal GRSy gate dielectric overlying the one of the gate region or
the channel region is doped with a second netal different fromthe first 35,
metal effecyi format least two different gate dielectric regions al ong
the Uy

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



WO 2005/ 122270 PCT/ US2005/ 019009 3 width characterized by different
materials effective to define the two different gate dielectric regions to
have di f f W0e05/2&0ectri ¢ constants k. The other porti ot T(‘{PS{OHg(‘)Bg e region
or the channel region is provided over the gate dielectric. A pair of
source/drain regions is provided proxinate the channel 5 region. In one

i npl emrent at i on f.foramn e_i.nc es,,. deposj.Lin

first gate “&tdé‘i‘ ect‘t"’\;']%ﬂ(\':{lé e% ‘P%tld'fgévrg%t g‘%ﬂse? recg'l\lgrtoo‘#el*gne gheem%@&#dﬁﬁt
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the Channe' e§t%9' Oﬂftle$ F@K@Q%r%lda@ly @?&Qﬁ{;“é‘gs@coﬁ?d: eget@te@t@é ?ﬁ‘ﬁatér?al

mat eri al erent fromthe first gate drelectric material over the first
port i on15of Cﬂllfférwlﬂtft?f@f thendirsh@iade dirteqjeicemategpbris oleremitashdaneiithireghen.
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in one lmplementatlon a method of forming a gated 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.



WO 2005/ 122270 PCT/ US2005/ 019009 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the invention are described below wth reference to
the foll ov@ngpsacroapanyi ng drawi ngs. Fig. 1 is a di agrang@tiu$o0seeiopgnal
view of a device in accordance with 54an aspect of the invention. Fig. 2 is
a diagrammatic sectional view of another device in accordance with an
aspect of the |nvent|on Flg 3 is a dlagrannatlc sectional view of another
device in B& ] il X e invention. 10 Fig. 4 is a

di agrammatic se ect
of ‘the I nventi O‘Eféf.%”@h é*b%w'r%f&%*’*hgmeﬁ?*é* S yehorBRS LEGTER Ml
fragment |hﬂbmmmﬁzwgnpanWOQGMMMnQS with an aspect of the invention. Fig 6

hat depi cted by % 4155 SHRERPh AL RGNERk) Pled o 2 BETEET agsorBlRRR L | ©

at a proceas amgpecmd:fstbquementlont hat depicted by Fig. 6. Fig. 8 is a VI ew of
the Fig. 7 substFrate fragrre Cﬁa I’OCGSSI subseq nt t depi ct ed
[

a ti tog\ a 8 ha& g
by Fig. 7. 20 F é a“di ai & SECH r?é VT 8wt 28R ft’?\ SUBEL Mt e
fragment Ia@cpl‘dh)ﬁﬁéthm\ ag eapadenof thie ifvertiaspect  of the invention. Fig. 10

is aviewof th 93 9 substrate fr ag nent  at a;’il [oces % ubs(g%ent to
that depicted by & g°> & B Jiagemy i SREHANA h Y19 g of 1 NGk r 3¢ C'Fré@ment
at a proce%s;bagdan’& wutb;sgﬁ]la%rp)bct@fﬁﬂi@ﬁn\ﬁ@rmdﬁ ed by Fig. 10 Fl g. 12 is a
di agrammati c sectl ong i ew of ano%wazr substrate frag i rp gce,ss in
accor ddfice wit h Fd& a$pdtt 2ordiRBERAMMAG | SRFEHORY. VIew| © aa\'i'loé'i)\? fOBHECFI!Y.

substrate filcagr@stcelvith @ﬁ@@%‘é‘é&@gth@lﬂ)@‘@qmt to that depicted by Fig. 12.
300 Fig. 14 is a view of the 13 substrate fragnent at a Procesm n

subsequent to t 4@ @eﬂﬁﬁéﬂaﬁgﬁrﬁmt'cﬁecﬁ?@a' YW ot ay SeRsER qﬁgagip@n?iq
substrate fr86880in atcarddMeERfthneh a8pBECEL Y idvartitat depicted by Fig. 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 Fi.g. 15 substrate fragnent at. a processing 35
subsequent to that depicted by Fig. 15. WD 2005/ 122270 PCT/11S2005/ 019009
Fig. 17 i 3VQ2¢pdé¥@hmatic sectional view of another substhcaves2pesagpmnt in
process in accordance with an aspect of the invention. Fig. 18 is a view of
the Fig. 17 substrate fragment at a processing subsequent to that depicted
by Fig. 17. 5 Fing 19 is a view of the{: .. 18 supstrate fragnent at a
processi ng subSdguént’s odiagiamaealic seqt Bga”FY'SW 95anether syptfjgsragment

di agr anmat i€ pyb ¥ Hin 60BPKERIC WitHsd i abpaet enthecwe/dpltidiy application of the
present invention. Fig. 21 js a bl ock. dia ﬂgr am showi ng particul ar features of

the 10 rot herbcfa9d1§f s ReViEVY °f2@ec8|'ﬁbu rSubstateobagment at @i grrsassng

bl ock di agr’s@ﬂ‘s@&uéﬁt%ﬁ%{@é&@teﬁ’ﬁ?% agcording to an exenplary aspect of
the present invention. Fig 3 shows a sinplified block di agram of an

exenpl a?y devi cé:'gaé@of%anﬁ'% odnthes it 18fSubfdraeeiagmemvahe Broceassing
DETAI LED %ﬁ%BTEWt%J%EB{%:GEB&ED gEVBODI MENTS A first enbodi ment gated
field effect device is indicated génerally in Fig. 1 with reference nuneral
10. Such is depleged2%sSb@Wﬁgafdﬂ'ﬁédammaitq wdewt 0ty dgarieutenbstusdtating am or
exanpl e buld [ | ﬁ‘l g 20 substrates are

cont enpl ate I nc%é?hgkégﬁ’lﬁggmé?} o @st BgFes for exanple

seni conduct or - orFignsaf ai®r as bbeek ad@s;r@m ahewinguinartistis, featureshefhéne

exi sti o] context of this docunent, the term
"sem c?)gductécf)t?]tesrh gﬁfgfﬂ\’&ﬁ)&%g%mbc LBECU ve substrate" is defined to mean
any constructiorfigo® istiows semighn@yet ibleckratiagiah, of reul wdéstgonisusy @ mot
limted to, byl kin %&R%%%ﬁdl& n%SH Q#E»e Fé’se%% ifvSffbgonductive  waf er
(ei ther al one or n asse rirsing er materials thereon), and
sem conducti ve rfagerd3&lsHoawers s@mptllrmed alcm’rse dmgnann aefsarblaanplemmé\dbag

ot her materjals The r e any supporting structure,

i ncl udi ng, 5ee" %‘mtg tl% ?r'lt'{%e ec?'de’rE %tsrgsn?rﬁztdhgécﬁzyl 6e substrates 30 descri bed
above. 18 pair of source/drain regions 14, 16 is formed within substrate 12,

and a channgly PR WEJBRIPTIDRCSE T3k PREFERREYENBOIMEE S @' N el ons 14,

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 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



16 conprise highest conductivity doped regions 20 and 22, respectively, and
lightly doped drain regions 24 and 26, respectively. Additional regions, for
35 exanpl evhaes/12ap0ant regi ons, could of course be utilieedwsamsmoslobo as any
WO 2005/ 122270 PCT/ 11S2005/ 019009 6 otther source/drain regi on or conponent
t hereof whether existing or yet-to-be developed. For exanple and by way of
exanpl e only, the source/drain regions mght be fabricated to include or
consi st of q’fh@élspar%eléfwerretgmmorme.%@?vtetfg?raebw@eéw BUISdINGt PR ke inta-Bei al |

be formed ideefehe@NdetlOpxamPis | A5 B Aay 2CeRaniel SR Ctateeéohpcé:/emw se
el evated source/drain regions, etc. Alternate channel reégions and ot her

confi gur at i"6AKONE dnighd P ffabpgaiad teoMAHEE RegoNEstcof M aledials fatber viban
device 10 Wdc?i@%lyao%%te"d ggﬁl@&ﬁ(ﬁly&‘ii\/e RAIERL BeChanied ihegdm d&ﬁi&%?"’ee“

source/drain regions 14, 16 10 dielectric 30 is receive
i nt er nedi ato-HHBHAWIr laégrsOrbem@matgatf@ oemprigetelevatas spuergidediarnegions,

enbodi nent at rdrsd v Ll rs
36 and 38. eégénﬁltgﬁyétgh?%nessesgqggg aygggé%\gonﬁﬁn%?dasrgrg?dgAncgs%é%)r% and
400 Angstr eetemgdatecti vel y. By way of exanple only, an exenplary materi al

for conductive Ié%gp%grﬁglido %1 thvl ilgegfgfgdu%lgg% rg Red, pgl?yeSI %BC‘?QC aad an

exenpl ary nateria I'S one her uctl % Ferral
36, with thgxtrBata)phanngbvegnosn HBcbeiteveEtJmsngrctnfdramoregqanpl‘eda 1&at A e

conpri §es Q | ol r 4, 16.
Exenpl iﬁy o‘% ¢ ortllélt gs pre \é&? illtéltré ﬁﬁesdd?%“t %%Hgfad %g?pdm?‘ cer%&gzég énﬂehave
begn }‘orne?ﬁd:mcmdf smterfe)lped ﬂmMTnmerg i’ibetﬂ BT d&waﬂtjcmnf ggato@gﬂﬁlsluBg way of
ot de. Rl B RReriah g, T8 AL 6T S B Ry AR ekl BKE D Png
wi dth 35 ofarght38 28e Jbe ngsﬁtemmrst andgnbosAagetrohsr anfets@elczledlyby Biyfvf/eyeasft
materi als effectj t.o define su %éfferent

25 G o1 eot rPEATIBILATs B PRPTHEANe el et SR Rerdisagn o6 8™

enbodi nent ,cor@alcﬁlv@II)EIdegb'edl pol§8ilicemprarabanaéxdémpidryt ﬂnrae@nala:mi iodne thuteie,
different rge I referred enbodi

regi on 44 PoleeoatianiPatioagnatens b 0% dbepsiar SechreRte aibHge

wi dth 35 ofbe.ggt Buf 8w owekamipgs .onS a4 Zﬁlcbc#ﬁpﬂ%@rmsdﬁﬂnéspalgat@f wiégi a8s

;ﬁggg;’ﬁgn? gthe%Cneg%utrgea rglr?tr%gggAé nl%,“‘?&“%xermglla?y o4p4t|on ang gree%farerrca%ed
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 jeast 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.



central region 44 is of a different material than either of straddling

regi ons 4%‘,61%{)%922%fectlve to define central region 44 tg have a different
di el ectric constant k than that of eltl;ler of straddling rPéjJ/lEﬁ?g 39%8d 46.

In one preferred enbodi nent, straddling regions 42 and 46 conprise from 10%
35 to 25% of wdth 35 of gate 28. WD 2005/ 122270 PCT/ US2005/019009 7 In one
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g emonQ'nent traddPngpreglons 25

8 gf%t %re 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 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 physical thickness of the



di el ectric over the channel region at the as-grown thickness. In the current
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modi fi A8t i oRxige Witk HHPPBY;tPeres Wl & @A @CdSﬁ%?aFPft K overathadrefapeee f@nta!Whae
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mat eri al regions conprise oxides. In one inplenentation, the different
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zero. In one exenplary inplementation, the different oxides conpiise

TaxNbyO,, WRight be- isevalerht BFCERI-tYBROOT AfRNORtyPEdang" 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 Hf,Al;O,, where "z" is greater
than zero, and "x" and "y" range from O to 1 with at least one of "x" and "y"

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

oxides comprise TaxNb,O,, where 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 HfSi,O,, where "z" is

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

one of "x", "y" and "z" being greater than zero. In one implementation, the
different oxides comprise ZrO,, where x ranges from 1 to 2.

Fig. 1 depicts an example wherein one different material region 44 is

35 centered laterally between a pair of different composition regions 42 and 46



range fromO to 1 with at | east one of "x" and "y" being greater than zero.
In one inplenentation, the dlfferent oxi des conprise H xSiyQ, where "z" is
greater t ﬂzﬁ‘é‘l“é227&nd x" and "y" range fromO to 1 Wi t IPGI/USMesHU9e9e Of
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di ff t f
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enbodi nent s ustrate e respective gate dieleéctr onst an
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a preferred, {’{Bo‘fdgﬁgiﬁgi?g%ﬁéf urta(ﬁ Bgib\%llag]egwecrgnggﬂdﬁ‘ga and 30b is from

20 Angstrons . exanple only, Fig. 4
depi cts an al t erfize ébaviecdiépisted qaqe@mplfanelemb@cﬂmmtsdﬁvstretq@bevmpebnve he

O = A e B oSS oS ity oy R BB
appropri at egatept h By f Wayent esxdrepley dmiyli @atpedfetred thiekness 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 numerais from the first-described embodiment
are utilized where appropriate, with differences being indicated with the
25 suffix “c”. 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 variable
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.



25 suffix "c". Here, gate dielectric 30c depicts different material regions
42c and 44c having been subjected to source/drain re-oxidation such that a
convent i ortdP 204V 12R¥Med regi on thereof results at the gat ererigemvsiteal | s.
Of course, only one of the edges nightlbe thickened or any different

vari abl e thickness m ght be provided along the width of the gate for gate
30 dielectric 30c, The above-described enbodi nents depict substantially
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20 netal different fro he first ne effective.to format _|east t
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| east two patefdree@mbagatasdi el ectric regions are characterized by different

materials effectiyve to gleflg.ne at Ieast.dtwo di.ffergnt of g?te lelectric

regi ons 58 and ?errlng 0 Fig.” 6, some width portion 58 of metal contaihing 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



60 to have different dielectric constants k. Again, any of the above 25
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deposited over the channel region. By way of
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



exanple only, Figs. 9-11 depict an exenplary alternate enbodi nent substrate
fragment 50d. Like nunerals fromthe first-described enbodi nent are
utilized WiEr280%1332@pri ate, with differences being indi capetiusionsrotdoe 25
suffix "d", or with different nuneral s!2Substrate fragnent 50d is conprised
of a base substrate 52d nmade up of one or nore conductive, sem conductive

and/or insulating materials. An insylatj I 61 has been forned
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illustrated at | east twod f erent gate lelectric regions 58d and 59d, “60d.
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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 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



material 74 to conprise opposing sides 82 and 84 which are laterally
coincident with gate sides 78 and 80, respectively. However, the invention
al so cont eNPrYSE3227®8avi ng sone or all of material 74 overPGIHES204¢18¢09dr ai n
regions at this point in the process. ¥n one preferred enbodi nent, Fig. 13
25 al so depicts the formation of lightly doped drain regions 24 and 26.
Referring to Fi ectric materi
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of source/d regi ons have be orrre roxi mate channe‘1 regr on
54. | n the exemplary depicted embodiment, such encompass lightly doped drain

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
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110, which c.hﬁerent dielectric constants k. Again, exemplary preferred materials are
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
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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 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
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I ncludes, but ISFig(.)t2 | m tescljm%o?ﬂeEia‘ti)qlcci)%r(n 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
processor 822 over wiring or metallization lines. The memory device 802 is
used to store data that is accessed via I/O lines. It will be appreciated by

35 those skilled in the art that additional circuitry and control signals can be
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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
conmuni cation tinme between the processor and the nenory device(s).
Applications for nenory cells can include ggectronic systens for use 15 in
menory nodul es, device drivers, power nodul es, comruni cation nodens,
processor nodul es, and application-specific nodules, and may i ncl ude
nultilayeQﬂA@M$;ichip nodul es. Such circuitry can further be a subconponent
of a variety of electronic systens, such as a clock, a television, a cel
phone, a personal conputer, an autonobile, an industrial 20 control system
an aircraft, and others,, 1 AIVS: 1. A gated field effect device
conprisi ng:" a géjanﬁés%h?ﬁ%/%%g?g§r8§Vbﬁ§ RaWPhgSa"@hannel region

t herebet ween; & g&d £r PbOXisBREecl/N@ aghanRe]i Jregi i Peg Waer Hdighe ISOREGELATr @i N
regions, the gate conprising a gate wwdth between the source/drain regions;
and a gat ehfirghegtiwdan r ecei ved i nternedi ate the channel region and the
gate, the gateadi e aegéri rggrir}%glt%i ng at '&?&%nef hrgg ri%gi o%setaleonrg ttt_mﬁewi dth
of the gate, the three regions ei ng charactertze gy at 1'8ast” two

di fferent gmirerd almiref fresdiores f o wef | neadde ddmmpei $ ogdons tgabhavewaitheast
two different dielectric constants k, the three regions conprising a pair
of |ower ST itd & oTRtER/ 3oy BASIOR2te?Ved proxi mate the source/drain

regions, with g higher sdiglectnic ¢capgtigny KifegiRBqhekag Eﬁgei YEShnel1
| aterally between the pair, the higher dielectric constant regi on not
bei ng centmagEicdr atret atthy betepenhhehgapei diedleattinie dampthies igad eat 2ledde

devi f .claim1l wherei h_of th [ tivel ,
char act er | J8T by S8 LI of WY ef BEt FIG NSt Al % fer dder DS nr89HPFBct i on

al ong the pdidid eharhew@atieed. phheadevieasef €lai nirpbeegtn ghréeastsone

of the effective to define the three regions to have at least two
different dielectric constants k, the three regions
comprising a pair of lower dielectric constant k regions
received proximate the source/drain regions, with a higher
dielectric constant k region being received laterally
between the pair, the higher dielectric constant k region

not being centered laterally between the pair relative

to the gate.

2. The device of claim 1 wherein each of the regions are
respectively characterized by a uniform dielectric constant

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

3. The device of claim 1 wherein at least one of the
regions is <characterized by a variable dielectric
constant k across the one region in a direction along

the width of the gate.

4. The device of claim 1 comprised by a memory device.



regions is characterized by a variable dielectric constant k across the one
region in a direction along the width of the gate. 4. The device of claiml
conprised by a nmenory device. 19 5. The device of claim4 wherein the
menory 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 d c enpej gaf, l.ect rj.c,.i fs t ant

t hi ckness EQI on?ﬂt Sefl ggh%fmc} gﬁgétgﬂeggfqh @%§8§§f dgﬁlallc% % wher g,{sn t he
gate dielectric is of vari abl e thickness along the width of the gate. 10.

The deV|ce of aiml1l wherein the differ materials co rlse oxi des. 11.
The devi c€ of c*%ﬁn1 Jﬁﬁ%r@? ﬁé“ﬂléféﬁgﬁﬁﬂdkl&gf @SWﬁggke BV APy G5

where "z" gt &at %roﬁﬁlairvs@&r Gy and ¥mpudRd ¥y rt%agetm@m OnbQubeW th at
| east one of "x" and bei ng greater than zero . The device of claim
10 mhermnmIQﬁpRnd¢Qﬂ$ﬁﬁ oxi des conprise TaxNoyQz, mhere "z" is greater
than zero, and "x" and "y" range fromO to 1 with at |east one of "x" and
"y" being greater than zero. 13. The device of claim 10 wherein the

di fferent oxi dehe capricse HXSiN@am wher evher'eiirs ofigat egatbancaepoisand
and "y" range fromO to 1 with at | east one of "x" and "y" being greater
than zer o.CTWUGUVheT@dpitd@ lof cFAfm 98 fhkeesith tRetaFrfPésentd bk eesy

conpri se %rﬁfé/g-,r{lzr‘;@ M’QGE‘énd’écrtlv)é N iz rengendrgm @ to 1 with at

| east one of being greater than zero. 15. The device of
claim 10 wherein the dlfferent oxi des

X

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 HfyxAl,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.
12. The device of claim 10 wherein the different oxides

comprise TaxNb,O;, where "z" is greater than zero, and "x

and "y" range from 0O 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 HfyxSi,0;, where "z" 1is greater than zero, and "x

and "y" range from 0O to 1 with at least one of "x" and

"y" being greater than zero.



conprise ZrOx, where x ranges from1 to 2. 16. The device of claim1l wherein
at least one of the pair of regions is characterized by an outernost

| ateral edge that is thicker than where said at | east one of the pair of
regions joins with the internediate region. 17. The device of claim1
wherein both of the pair of regions are chgracterized by an outernost

| ateral edge that 1is thicker than where said respective of the pair of
regions individually join with the internediate region. 18. The device of

claim1l er ei n..onl ne _of th ir regions i.s _characterized b n
out er nost %Ie?%eae S&lgﬁato£i§lgﬁfbkg§ tlgﬂkﬁﬁér§%§ai§lg%e$§3§t Bﬁ%dg? t he
pair of region §oi Bs,3M,Th,dhe whatrer madi,at'e;'r eHdM z"19%ardde flesthce o ¢l ai m
1 wherein the three regions are characterized by only two different
mat eri al s Hid-hake 16715F °PRoOdi t'Ker ent " dPBfecEri BetbAstaRRESk. EBBD FREC devi ce
of claim1l wherein the three regions are characterized by at |east three
different materials.

15. The device of claim 10 wherein the different oxides

comprise ZrOx, where X ranges from 1 to 2.

16. The device of claim 1 wherein at least one of the
pair of regions 1s 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 claim 1 wherein the three regions are
characterized by only two different materials to have only

two different dielectric constants k.

20. The device of claim 1 wherein the three regions are

characterized by at least three different materials.





