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BACKGROUND ART Gated field effdct devices, such as
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random access nenory (SRAM, dynam ESRRIOH cess nenory (DRAM and
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sem conductive material. SOUrce regi ons are received on
opposi ng sides of the channel region. Upon application of a suitable
threshold voltage to the gate, an electric field is created in the

channel rng-@@Hq!mbhEEg or causing current to flow through the

channel Teq L) source region to the drain region.
Al ternately by waysdfiventiompredaiasl ip gated| ieldfdftast dewidase sridalpemetivads of

been utid i zgghify §8{eRlid|I§Rifdcflddsjcesbeneat h conductive gates for

creating isolati'on between circuitry conponents within a

sem conducti ve substrate. Field effect devices include at

| east one cgRAKEROUNMARE region and at | east one gate dielectric

regi on interposed pbetween the conductive gate region and the )

seni conduct i ve chaifRellielégrbRct AdRViR®DN SHFE 36 SraWdsicrant’y yeilged in

gate di el ecintédratedt eirt@lryhascihegno§icOirc ey , artPAenbig deitdiftr@asemblary

circuit, density and reductiogn in size of field eff Etﬁégev%cegﬂate
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i nsul ati ve tatiad, axdoasictive 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 ulilized 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 channe! region. A common and

30 predominantly used gate dielectric material has been Si0.. 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



Regardl ess, the substrates after gate fabrication are typically
subjected to a reoxidation step which oxidizes a portion of the gate
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surface atwohesaeer edges of the conductive gate mat e®CAIUSZGEOR00?
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The invention i1s only limted by the acconpanying clains as |teralgl y
wor ded, wi t Higlactiinadripe ade ispgesraoPaResad to theiceniy fether ealge Thist has

speci ficatigr appardi S@HaABGR gt thel BR cHOS tield Qvilin @ABI ¥&hRBMSuctive
SUMVARY The |nvent|§n |ncgudes gated field effect devices, and
met hods1®f PEIRHRINPhIGSLedirpiery thet sRUreaklipiie sdops, Higreby reducing hot

i mpl enent at éRBtron BRfredafiorel d ef fect device includes a pair of

source/drain regjpns havin channel  regi on therebetween. A gate |
recei ved proxi na%“?h@%'ﬂﬁ%ﬁ@?” MERY B‘Rt'ﬁaﬁé%apﬁ@es@mﬂ (Ttbgi"% ldentifled
regi ons. Thigsgaseiths im rgatwawisdt imktetive dmet vevespionc ey enhdyt Nintiegd BIS the
A gate dielectric is received_j r edi at he .channel regjon_and

the gate. TREAnPANTREIERITE cat, LI wRkfeq (v TR cRisPtHeilne! her
al ong tte winditmoofefetemcgdbahe Bpecifidafiencandrivgiconsdaroe withrihe tdewitime of

by differeng mra%rnitéals which are effective to define the two

different regions to have different dielectric constants k. In one

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

deposi ting guimisdy netal containing gate dielectric over one of a

gate region or a_channel region. The gate region or channel region

has a wi dth over ThilgreRtRn fAn¢isdesegaifdcBtdaPiierl dpaieesdi @t cnpiitodss of

deposi tadl. wrifisly haned tAiqa efedtheewetal 0oWMRI MpRnesitatidhelLeghtdd field

overlying th@eon of thcﬁ c?ate regi on or } e. channel re.%l on s doroed_

with & seconteSACinguien RO THICP(qIEln regions havilg 3 channsl 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 constanis 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 aiong the



35netal effective to format least two different gate dielectric
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conpr|5|ng one O on or a channe e redl on
or channel r@@nsertheo‘rrpt gs&dwlwtdt: tmatariai pgtthpmtt leant ofie tsike 1% dnHebthe

the one of gaAﬁeF %bof’so‘?? gﬂéﬁl C%@&ﬂﬁ%)aae%'e‘aenhsgg%s'ﬁ?geWH ‘?nate][:ai

dep03|t| ng first gate diele mat er over a Second portion o
the wi dih o@lffﬁh%nbﬁ@%fth?h&r%a@%eré@i%ﬂ@rm?wél%!h@nﬁem?! da. withia@ the

second pOftié&@sgfbe%éattH@h%ﬂi@ Theld2@oRBQ 0 didl8cHR! Aaldt HasO4 diffrent
channel region is masked a secopd gate dielectric

material di FiREEHE %Fﬁﬂth*é“??r} giaqg%ft% fc"réF Sale jdlelggiris materdgler Aadr of

first portiesurek/dram védlbhs af ptdwemprdxfmhfwtm&ieaﬁmlr@@mﬂr t he
channel region. The fi ectric

; d t e, di
Charnct e ged bynisn dmie R AR EREE, A metie Ok TpEtine § Rt naicy Mudes
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provided proxXi anne regrron er ‘aspec
i npl enent at wistib ca'r@ecgn@eﬁmhgt@@te region or the channef region is masked while

depositing a first gate dielectric material over a second portion of the width
J 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/ 122270PCT/ U82005/ 019009 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the invention are descri bed below with

reference to the foll ow.ng acconpanyi ng draw ngs. - Fig. 1is a
di agr ammat w0 mewinemal vi ew of a device in accordance WpkfydihodeR6mt
of the invention. Fig. 2 is a diagrammuatic sectional view of

anot her device in accordance with an aspect of the invention.

Fig. 3 is a diagranmatic sectional view of another device in
apcordance_ﬂﬂmW@FT*ﬂEmmﬂﬁﬁ)n: 10Fig. 4is a _

di agrammatic seqikRRABY e¥iRWNRntAR MdRleriBl bfeddsBrigOUIARRAR rdbbieRcdd the
aspect of the invention. Fig. 5is a diagrammatic sectional

view of a s@lﬁ%’@%@@%@ﬁﬁ%?@“ﬁ?%r oi:e.ss in accordance with an aspect
of the inventiorkig. 1 is a diagramfidlic $&dtional VieaWooh dd\BciacBordance with
substrat e fragnent a}t a _Rr ocessing 15 subsequent to that depicted by
Fig. 5. ° anaspeqf oiihpdhyeqiioly of the Fig. 6 substrate fragment at a
processi ng subseqgent 9 &halagiepingdted ducildng! Giew of andther &evie Ain
vi ew of the Fiog. 7 subt;trate fra&qﬁnt at & rocessi ng subsequent to
that depi ct&FPFPHGWIR aDBEPEL! § vV Eﬂfammt ic sectional view of
anot her substratrigf raghens diagraseesti | seqiooal daieee o tandheAspedte ofin

the invent Iaoc?c'ordance with an aspect of the invention.

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 secfional 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. 10 is a view of the Fig. 9 substrate fragnent at a processing
subsequent to that depicted by Fig. 9. Fig. 11 is a view
of the Fig, 10 substrate fragment at a processing 25subsequent to
that depi cOPNA287Y. 10. Fig. 12 is a di agr ammeRGHUS6eY¢ie009]
vi ew of another substrate fragnent in>process in accordance with an
aspect of the invention. Fig. 13 is a viewof the Fig. 12
substrate frag -a_pl: | t |

Flo 12 30F g 14 1L 1§ aliggfEannale YARRERY bR drtithe EREELEE Moment
processi ng iSuboegsreiit aceprdhace dathi 2n edpost afithe ingention. Fig. 15is

a view of the Fi ubstLat ®en Rsigth S .
to that depict ec]qg'yjiéi é. Qi\ﬁé@ & H@% w%}‘”é’g“%@ﬁs a ?/l?te\%vpgf B%@Emg
Fig. 15 sub%vttrsﬁﬂéeﬂ?'ﬁ&g&@’ﬁtdeaic'fgd pvdesd7ng 35subsequent to that

depi cteds by Fi g.Fid549 i\é\l%%ﬁgﬁllé#@r@@d?. 18/3289RAH I ment at a prddelsing

17 is a diagrammalic sectional view of another substrate fragnent in
process i n BHEGAYERLY thatWericted p¥t'90#8t he i nventi on. Fig. 18

is a view of theifi Ro lohswdsd I da@rampdiRNividdl 8f PEQARBSRINQlustrating an

subsequent to that depicted bfy Fig. 17.. 5F|§. 19 is a view of the

Fig. 18 sub¥aariant RReiaiionl thefiigeeatinig embsequent to that

depi cted by Fig.rigd8.21 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 DESGRIPTION 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
fo a base substrate 12, for example bulk monocrystailine silicon. Alternate
20 substrates are coniemplated, 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 subsirate" 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 subsftraie 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



Fig. 20 shows a diagrammtic view of conputer illustrating an

exenpl ary application of the present invention. . Fig. 21
is a block diagram show ng particul ar features of the 10 not herboard
of the Fi gWORH¥BAPOt er . Fig. 22 shows a high | evet/ubtiogbaisoos

di agram of an el ectronic system according to an exenpl ary aspect of

t he present invention. Fig. 23 shows a sinplified block

di agr am of exenpl ary..devi.ce accordi ng.to an.a t of. the present
‘nventi on. TACDETACL LR GeTert Rt Rrid Wesier BrstiEgyet-io-be
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substrates or ot lPéthe r 25 sﬁé?é%?‘%@ whet e'?ﬁgg?_ge{@?\%@%?h%@%ﬁﬁeegmns’
devel oped. ata. thiersete ehanopl redigng@hdretier aondigueatinnssars atsrdatcourse
substrate” Qneseigte@nductive substrate” is defined to nean any

construction co%lpy ng sem conductive material, including, but 25
not limted to, R dield ceffaciive véevigeerlDalcompuiaesas? agate 28 received

sem conductd ¥Qimgkeshdiidi NehicH 98D &veleh SSHEERIrLES réBRS !ﬁ.nﬁS.OWEEte
mat eri al s thereon) d sem caonductive material |ayers (either alofe

or in a@serﬁdﬂee&rifcéﬂgg irsreiyedt nermegiate; ghagnel Tegiop ctéand gsde 28 efn the

refers to ampistepP@réfeNtctdHBbdinfanti Ngatddizeg is bkowRt aki BbkRfisi®y two
t he sem conducti ve substrates 30 desgrl be%| abov

e. . A pair o
sour ce/ dr aiGPNo¥GHY¥R N AteTIal fayers 3G ARY [t MEAMRIR: thigkhepses JRy layers 36
channel regirmn 388ais S0GCANYEHoIne BRE A0® Ahgshouis; efedpatlivel§0i @yswhd, of
16 conprise hingrﬂest gonductivi ty d ons 20

oped r.egi and 2 . .
Fospecti velStAng” Prbit £ HspRaTay ol HgP JRE osndiavsg Tayeriregion 36 is
r espectiivelopndigtively cdaped pgiveiieoni and3sde exapiptadyamnatengdl 3his pegitbasjs

(2:83!5?18;2%8#@@?%22%&?}%?8@6&%” V}ﬁ!a{er?aﬁ C?Eﬂywitmungsten or tungsten. silicide
being but two examples. Gate 28 comprises 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 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 dieljectric 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.



ot her source/drain region or conmponent thereof whether existing or
yet-to-be devel oped. For exanple and by way of exanple only, the
source/drain I’eHI ons m ght be fabricated to include or consist of

mat eri al s WPRYF1EREh conductivel y doped seni conduct i ve REATE2#0/0190p
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35 gate dielectric at the gate edges even though the physical thickness of the
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35 centered laterally between a pair of different composition regions 42 and 46
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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-io-be-
developed, with the above merely being exemplary preferred embodiments.
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35 in the gate dielectric as initially deposited. Further of course, more than two
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. 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

andfor 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,
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having an exemplary width 55. A first metal containing gate dielectric 56d is
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Referring to Fig. 10, at least one of width portions 59d, 58d and 60d
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74 corrprl ses 3bhaf ni umoxi de, [ayer conprises tungsten or tungsten
si lijci de, #go contemplates leaving some or all of material ?4 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 rmaterial 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 iateral 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 fungsten silicide, and
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chemi stries at elevated tenperatures Hp to 300C. 5Referring to Fi g
15, after the isotropic etching, a second gate dielectric materi al

different fy LI | ectr bee 0sit

to within t'ﬁgg]f éées%tgggﬁ wcgol?eldy 4 ¥mﬁeneat% a‘?lg“% 6?1(1‘3%2'{%9
di el ectric eheristryl fosﬁafrnumh@neletterpm@@lcsawehammllaay a..tpﬁ‘o‘tmemn of Fig. 14
dielectric t Laf e,die Ral, 74
Agai n, and %8%@%?/58#&?’%3 eHgn?'fMégrfmﬁ: ﬂh bpg ove %@'ﬂb@ bdded
exerrpl ary p@ftﬁ‘rékﬁifé%ﬁ ﬁh@@ﬂﬁﬁ%t&r@w&@@feﬁlqﬁ iZile%IOC‘”I’E?xerrpl ary preferred

Lechni qups for tReriRgsld i, 1151 uier REMANoHEPBIFPOS WelBnAnate

atomc layer deposition towafds achieving the g cted Tecess
of Fig. 15.diRlscsie mgjetial wgilffqr@n%mélqﬁmmp% cYig n@teaahéﬁlf@ﬁéwen

wher eby, i nyely 91 %emrrﬁdth%ﬂbeééggw ,praﬁegag 98frRedi BEREAIH ate 76.
mat eri al 86_has been ani sotropi cal ﬁetce forminsul ative el d

ef fect devitRCHIHSAE diglsstiy gn%tsr'a $69ip ciﬂarqcﬁ%w%omh@wm & ylféﬁgent

shown, a paﬂuéle@tné@uhgﬁh@lk&hanrtﬂgt BNfirs14 A0 HiQdchrRY @ RA8eAN 701 MRQin, and
proxi mat e channel re 54. In the exengLBﬁ dep |ct d enbodi nent

such enttbnpRs¥ay @ﬁtq ”&B%e‘lf"}ﬂ-r anh Yothee d?&%{ﬁﬁ sgremplary preferred

respecti vel pateaids Iwagft%S&tilihmﬁnExémlﬁCzﬁptﬁr@fdrfﬁﬁ ftindfeOforand cfé?posmon
respecti veI I n tge depi ct ed aﬁged detscrl bed ﬁl ary enbodi, ment
aTet ?rB fa

formation dPWdGhELEMIBEaNEP R &M & £P@§Itian towhids
sour ce/ dr a|arcmevgngrthesa]%pmdd94ce5eﬂmegtof\F&¢|y15| S conduct ed after both

f the d b t ol

85 degos?tsﬂllg gﬁ?'s%g}rﬁé’%;ﬁig gl elsg'é)g?qge'ﬁtaﬁerlﬂ %"@6 'CéSS|Vﬂbereéy n
of courte, wentreafsrecembetinente sprond diatg (;blfeletdtschmgtﬁsal 86phas been
concent at ! flesGabRARY Obidla SeurEFNATALNEES! AR | SHBEC\IERLe DEIFan

one or both o e 1sotropi ¢ etching and deposi t he
gat e di el eciHacersdBeanhPO. HyuRigr an @ktaﬁpie@ @mf;hovm hee P ait o $pucesirain

are pref er aabyoras odestd gh%@%snlfarrﬁgd qﬁakmbl&{hﬁﬁen he%;hfh B49Sin the
1-4 enbodi nents. Yet another exe gre erred neth o formng a
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seni conduct'&P
embodiment, the formation of highest 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



35 exanpl e nonocrystalline silicon. Such conprises one of a gate
region or a WD 2005/122270PCT/ US2005/ 019009 14 channel region, wth
an exenpl ary channel region 54 being shown having a width 55, for
exanpl e asy@emsiizbmd above in connection with Fig. 5. [FOT/USetopowess of
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as conprising a first portion 104 and a second portion 105. In 5 the
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P ocess: ng QeI IR SR e eoaeT e N e, Anderan AR Rsgae
9-11. Fig. tkoseldesstipatebogeriecahhgctidny witythef Figxdrguhisodivtentot by way
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aspect
pravided 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
p'ortioﬁs 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 fo 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



of the present invention. Conputer system 400 includes a nonitor 401
or other conmuni cation output device, a keyboard 402 or other

comuni cation 35 input device, and a notherboard 404. Mot herboard 404
can carry wo 20012005/ 122270PCT/ US20051019009 15 mi cr opPEEREAEF014808 or
ot her data processing unit, and at |dast one nenory device 408.
Menory device 408 can conprise various aspects of the invention
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types of devices, i ncl ude. SDRAM DDR SDRAM Di rect

M
RDRAM as weP$rahiengiife? PRivhags dSiﬂRﬁ/Po‘?V é‘ﬁ)ﬁil"&%tHOHe%??'%%ssmg 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 pf devices include SDRAM, DDR SDRAM,
SLDRAM, VRAM and Direct RDRAM, as well as others such as SRAM or

30  Fiash 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



Fig. 22 illustrates a sinplified block diagramof a high-Ievel

organi zati on of various enbodi nents of an exenplary el ectronic system
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of the presaioosmuenti on. System 700 can correspond to, %ﬁ&mgﬁquhﬁ

a conputer 35 system a process contr@f system or any other system
that enploys a WD 2005/122270PCT/ US2005/ 019009 16 processor and
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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 B86 for

providing a second wordline with pulses, and circuitry 888 for providing a

30 Dbitline 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 1/O 'Iines. [t will be appreciated by

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



30 bitline with pul ses. The system 800 al so i ncludes a processor

822, or nenory controller for nenory accessing. The nenory
devi ce 802 receives control signals fromthe processO 822 over

Wi ring or NQHOHI222%0i on |ines. The nmenory device 802 i sPOFER00H019000r €
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15 in memory modules, device drivers, power modules, communication
modems, processor modules, and application-specific modules, and may
include multilayer, multichip modules. Such circuitry can further be a
subcomponent of a variety of electronic systems, such as a clock, a
television, a cell phone, a personal computer, an automobile, an-industrial

20 control system, an aircraft, and others.



What is clainmed is: 1. A nethod of form ng a gated device,

conpri si ng: depositing a first gate dielectric material over a
channel region and over source/drain area of a sem conductor

substrat e; form ng a conductive gate material over the first
gate dielectric material; patt &8ni ng the conductive gate

material to forma gate over the first gate dielectric material, the
gate ¢ rpsin S N9 sides defining a gate wi dth therebetween;
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"y" becompgrséag efortting highest dopant SonTteetradidrodfosaid aegiohswahdleei the
t he firssttrapidaleceteting f tles enghegat edabaitecontentratien aff sheospursgdrain
Hf xSi yRirgionBebein'd formedr dafere tthandepositimnaf” th'e ardond' gategdidieome
0 to 1lmaittflapt | east one of "x" and "y" being greater than zero. 19

2. The method of claim 1 wherein the isotropically etching
comprises wet etching.

3. The method of claim 1 wherein the first and second different
gate dielectric materials comprise Hf;Al,O,, where "z" is greater than zero,
and "x" and "y" range from 0 to 1 wrth at least one of "x" and "y" being

greater than zero.

4. The method of claim 1 wherein the first and second different
gate dielectric materials comprise TayNbyO,, where "z" is greater than zero,
and "x" and "y" range from 0 to 1 W|th at least one of "x" and "y" being

greater than zero.

5. The method of claim 1 wherein the first and second different

gate dielectric materials comprise HfSiy0,, 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.



6. The nethod of claim1l wherein the first and second different gate
dielectric materials conprise BaxSryTi 303, where "x", "y" and "z"
range fromO to 1 with at | east one of "x", "y" and "z" being greater
t han zero. 7. The nethod of claim 1l wherein the first and
second different gate dielectric mat ef Pal s conprise ZrQ0", where x
ranges from1l to 2. 8. The net hod of claim1l conprising

deposi ti ng he Sﬁé?”ﬁ]eqtﬁ L8 %e‘il%ﬁbr 3}'3 ﬁ?e] %]g §@é{éﬁ% @'f‘t nt
conductl ! 2l TR n
bebetia rera e?qq ﬁhcsstf) gﬂ%ﬁ%%e e&oi:; &iﬂ#eﬁ ?'?&9" §%@P£erev§f

sidewal | s of the conductive gate mater he net hod of
claim 1 whefein THe Metgpdy Q?e‘?'airél éc‘t"hieée'r'f'att%ﬁféTSthﬁﬁdhﬁgh‘é'ﬁd different
di el ecoate %@@@ﬂeﬁtm@tﬁﬂﬁlﬁmmaflse%r%edléhelregatrenaueel feemr ildondt eri al .
10. The method of claim 1l wherein the first gate dielectric materi al
has | ower dBel ecThecmedhetianf daiam t katmpfisirtte degeositingdihe deebadt gate
mat er i dielectric matérialhevertdiddwaisclcdi ihd wbadectivehgade f freatenital, and
first aniccespinglgattehihgliostsdcontbyete didectripmisteriatitddsrm electrically
12. Thingwhkhed cinisb@bpidalWhes@hed hsidehannespdegisonofcamer i sasond gate
si | i comielectric matdrial bR oraiifed a0 &f facdnubenes Lgétb%@t@ﬂ@lel region
conprises bul k monocrystalline silicon. . The net hod of
claim1 whegein {hg ﬁ%&ﬁoﬁ?ﬁﬁ&!ﬁhﬂg qﬁ%ﬁ?ﬁmﬁ@yyﬁé{;?a\fsl ef’é’d}?i@ material
dy t

polysi },bgOmpy her dieldetric! % Cdielectric
x:1p ? I ses conduct1 vely dope yS| I'i con an ano
material O

hi gher conductivity than the conductively doped
pol ysilicon

hod, of . cl a
pai o1 ping 0F: TN h&ﬁ%??@*’m B ppet %%%ﬁh?femea s f'c&e@ée“a'
di el ec 0 P!ﬁc f'ﬁaﬁoﬁ%taf' Y 9 ¢ 7 con g RiPif el aterial
| ateral ly outvvard of the opposing sides of the gate yet | eaves sone
t hi ckness ofl1¢ heTher Wtbaﬂeoﬁlféﬁ%t?l‘é’h%?'@r f"’é‘P ‘ﬂ'@f@éﬁﬁf Agsbvaitd tgreond
sour cefakaiielgctic materials CosoPlias Pdfeshe opposing sides of the gate
after the patterning; and the isotropically etching al so
renoves t hel2emal hénmeshodhef falaign bHawkerkial Bue ratanmatlerégibnf comprises
bei ng siéiceinved over the source/drain area laterally outward of the
opposi ng sides of the gate.

13. The method of claim 1 wherein the channel region comprises

bulk monocrystalline silicon.

mat er |

14. The method of claim 1 wherein the gate material comprises
conductively doped polysilicon.

15. The method of claim 1 wherein the gate material comprises
conductively doped polysilicon and another material of higher conductivity
than the conductively doped polysilicon.

16. The method of claim 1 wherein,

the patterning of the conductive gate material also removes first gate
dielectric material that is received over the source/drain area laterally
outward of the opposing sides of the gate yet leaves some thickness of the
first gate dielectric material remaining over the source/drain area laterally
outward of the opposing sides of the gate after the patterning; and

the isotropically etching also removes the remaining of the first gate
dielectric material from being received over the source/drain area laterally
outward of the opposing sides of the gate.



