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CMOS DEVI CES AND CAPACI TORS AND METHOD OF
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i nvention pertains to transistor devices (including
n channel nmet al - oxi de sem conductor (NMOS) devices
E channel netal oxide sem conductor Tgyg;lvos%
ziMMIC%“BR?C YOS, 4GS PHP et dPYANERCRF - 50 BB AT RING THE
(CMOXS) constructions. The invention also pertains to
nmet hods of maki ng capacitor devices, transistor

T@HM@%L ARODCMOS constructions. In particul ar
ts, the invention pertains glo menory stor

fooo1 ]C o,ﬁ;}el |ng5\§oq\ pgﬁgmgfqﬁra%ypré@glces gﬁg@pg Brchannel ?rge(?[al oxide
semicof@RErINMOD ovRBE ARY p%@%@&l’@xlo@%enﬁ%db@toﬁ%& devices),

aspects the invention pertains ynani ¢ random

and co@glg@ggt%%WO(lthoopﬁu%gr(gW)aqongg%@pg The gvention also

pertaind IVMAhb&SoMAAKIAY BSpdcflor &VvREENPHHSEIGYRVRES, HAMTNMOSI dddstructions.
capaci tor constructions, transistor devices and/or

In partigiiasPeds dfis INVESLOMERR RGOS e8!y PRI AIRATSEN [a55t53gr devices,

capacitdM@hstrGeidn® ﬁn@/@V BMOR 8SscALHOS, Ianties stk Risb&tEs the invention pertains
utilization of h%fy@é%ate dielectrics in vari ous
r

to dynagigeRepiACESSS 118 ANBndn PRiEVIgERSRECS Hie iRvesiign gertains to

electrofié 8yk3rid B6mBRYhE BSpRAGH CORBRGIIHAS, trafeiétc? @Bvicdd Aityér CMOS
diel ectrics are understood to be dielectric materials

assemMifggi ng a dielectric constant greater than that of
silicon dioxide, and can include, for exanple, Ta205,

Al 203, and _nuner t materials. [0003] There has
REKAO QFJH‘B%WE{\?Q npting to integrate high-k

[0002]d| ETREd EArCbEBERINIR)cS askidifted WRR aed ahilizdiidh (5f|rﬁ§M—k gate dielectrics in
wever, such presents veral diffi cuI t] es

V&rlDlB&@mlq%QHd[PhCOl’@ Hftimét lpBnglw,ter erpRle, faosis ogljgte\éoes and capacitor

dewcese| mgﬁ-k @@&tﬁd@%r@@ncﬂ@n&thé ARMotitChbRAgls hElOihg a dlelecinc
ance, direct deposition of S|I|con

CO“Stafé%‘*‘r%?féhaera%fr%)%‘ioﬁl P3RS, 8¢ Fbiplugs: TR Ef?? %aﬁaéo& A5, and

numerddzb%kt%@h‘dt@naﬂw ns typl cal | y results in a reaction |ayer
interface of the silicon an

[0003]%1 eTf}eé%E%E'r BPFN SRIB? INERStR AT MRS 1R é"t?ﬁéfétesh'gﬁ?'lfg‘%ég“% materials
into stafl@RATNOS fﬁlo}/va{}ﬁ:lvwved SOk qu‘ii_ﬁrﬁlg %QV@BIdIfﬂbMIﬂ&; Wﬁém@tﬂi@b?l e
anneal 1 ng e S con. i I er erates
conjundifih b s siiron oite Plse SR HPIR] oh GRS sy T nsadan regce,
direct d@pbsmahrbf aiidot h@:cﬁl i2e) ff@ﬁ bie{r@pl@ﬁig@fdﬂalllnﬂhli&:ohﬁérehbﬁ&l Rhe
ces he effective i el

dielectrio g EIcaly Foous (L feac itV arad e ercs REDe U ANd Ihp
dielectr®{ Thbeeadliof @@l tag ocdt bty thetshigon BEed iR alhd/br&!i&fngcsabsequent

oo 5Bl o I FRob FREHIROA Ko SOt oSl
such adl& em@eharwééram@i diligbih bxe thechi@e@eic aiteriadeTias ireetaathl Rier reduces
the effegﬁ\{erq g’eFtHC Egltqﬁ tsq?%\edg elec:’tclr:lgrs]’rarcﬁ,sayrldI thlIan hr%lrt]sc scalalo‘?g/ o? the
dielectric. Further, the interfacial layer can be a source of charge trapping/fixed charge, due in
part to metal-atom d states and charged atom defects. The charge trapping/fixed charge can
be affected by post-gate annealing, and can result in unconirollable shifts in a threshold
voltage of a transistor device. In addition, the threshold voltage can shift due to boron diffusion
from a p-type conductively doped silicon into a high-gate dielectric. Such threshold voltage
shifts can be particularly significant and problematic for high thermal budget processing, such
as, for example, memory cell processing. The boron diffusion through the dielectric can be a



vol tage of a transistor device. In addition, the
threshol d voltage can shift due to boron diffusion

wo p@aioseops t ype conductively doped silicon i nt oOPEI/US2004/006584
hi gh-gate dielectric. Such threshold voI t age shi fts

bt 3G AL e B AL b CRBLe RO BB LRl o

Permlﬁl\rlwmlmy cell processi ng. The boron diffusion through

ro004 . Ep S B e iR BFandvt PILGEE R Incvmicnamegethoss for

incorporiating kigh-é dnélectth@matematsomu @l\ﬂ@ﬁ‘.s‘tmw aAdeiitionalyn since Ihighalt Hielkctric

. of hi OOO
LTINS T —
would b eesifabye ih e methbdalsgiéocould be applaablei to gther gbmiconductor fabrication

besides SRS o frd PRyl B0l e el avair S5 abp P38  Rrpector

device fabrlmatloraaemso,ohduaiﬂ be deeinaiile i thid wBthobisisgide sodMIBE applied not only to
[ d,be desirable.if the
i R R B s Ol Bl R R Bt ner

senm conductor fabrication besides CMOS fl ow, and

SPRIBASY G e W kRiEgIpL hodol ogl es coul o be appl i cabi e

capaci tor ~ devi abrication. Also, it would be
[0005] de i @M@emf thehiBvardibh edobrogassss aowdthodef fappihg edirooit device. A

; : | aI s,. but  al
solecif e bR K ELEF 26 ST Al Sl ek o
exampld, @00&prial rompdsiag pbme,ntal Inrezatalnmetw sltmde ramdj_‘qn assalsiteide; with the
metal b%ﬁ’?ﬂ% Z@ﬁelxgﬁr‘pf oﬂé Bgm%re%fr tﬁﬁdbstt?nd F énuna tantg%'megneac ttltglni%m) is formed
directly @Etl'aldiejmttitaiamem gTh@ahehal edntdising Imasrjal fsdormexkmngpihicknass of no

more th%ﬁ%ﬁdt %bA ¢ §P‘8£édt%r ﬂ@/é %Eﬁﬁ[ﬁ:ﬂ%@%—g%ﬁ%%oﬁﬁ%ﬁ;@% :dk%:tg/ on the
metal-caskainipg mat@“mb One dimué defrice eag bk gy exeafipié, Lemrartsindradeviee or a
capacito?ﬁgvif:é.t anium) is formed directly on the dielectric

. The nmetal -containing material is fornmed to a
[0005] t hircdodss agpeaiahe ﬁrmeeticlmmcoatmaa‘sesﬁ)ﬁwtiﬁdhﬁ éayond 4 Yransistor

doice. JBAYSIAFIN: ARRETcolnd G0k, 21 B0t Bl L omer
over thefdigleasia myithdhe metai-&nstahiﬁngrﬁd!er,iald:@nmfoanect@pamldkness of no more
than abcﬂﬁ‘éb&.e COBQ&C%%I}(,}I??R%%&E&{ ls%rﬂ%‘&tdve{ !%% Stegt alragg/ maéenal and

enconpasses a ran
subsequanijathe ragtel-cantainiog mstdriat aﬁdﬂc@m@cln&l;&dﬂuﬂjmﬁcen ake patterned into a

o P S AR S 6L A e e .
[0007] f olandthes agpedh tbk nyestiasf envonmpasses a 6M®83b'fhﬂ CRIDS includes a
:helectn&l%?éirl'&}& ¥ el ¥siepes P‘i‘\}ld)i‘:‘, g?{é A ArPRS & %‘{S B t&?er T the dielectric

| -contalning materi subse uen
ayer. Amtmet@'mwmlmnmg?atmlabls|V\aﬂhlraﬂ1e| Pt getei arel qwedtqu@e:ﬂelectnc layer,

with the filst reRILcBhBINPRLIhEERA%S gﬂln %tﬂmkrg@stseofﬁt G- th%?%& @ Rba

regions are tnen provi proxi nmat e egaestac
ypically [gwdﬂ]thatw ot heecansipeetal-cartiining vereriad is vetmmmm% gate and

ver the@%n IQ?er%w%“e'cU%&e?al cghtgh%bt%{lél%%rng%vtﬂ ckﬁ%ss of less

substrate and an
han or ggjual ie@bpii20A. A first Iayer of n-type doped smcon is within the PMOS gate and

ver the first metal-containing material, and a second layer of n-type doped silicon is within the
IMOS gate and over the second metal-containing material.

[0008] In another aspect, the invention encompasses a capacitor construction. The
;onstruction includes a first capacitor electrode which comprises conductively-doped silicon. A

lielectric layer is proximate the first capacitor electrode, and a second capacitor electrode is
2



ayer. Afirst nmetal-containing material is within the
PMOS gate and over the dielectric layer, Nth the

wo poogisaeet al - cont ai ni ng materi al having a thi cCReEES2004/006584
greater than 20A, and nore :ypically greater than

across th%&gbgcgec Ig gronggmgﬁlr?tﬁzggéq é@?‘r?n%é.ﬁéb%lial C\Rmawquq\ga er|a| is
betweers’ehemmdducﬂlvaly dopat alllmmq thafiest capacitavélagroaletandchediscdic layer.
o mel 537 BE B £ PP RS SRS A o,

[0009]t h&he |vasd>usmmnatruccmne af tmermg/emmme tarabe ingorboratse mmmory

t within t h NMOS
devncesa?%% oe@e{or Fhﬁglgcgﬂgﬁlﬂ%%vgest \@éloH%P rgFtlon[s(?(f)ggﬁ present
inventioh caabetiferpaated dito eteh&omnwymémen ‘enconpasses a
capacitor construction. The construction includes a
first capacitor el ectrode which conprises
BEWER DESORIPYIGN DETISE DRAWINGS |iel ectric layer is

[001 0]p %X%ffe{rg etg]lgggmeggst qg@ %9'9@%%@8%%%%(%%63 ’be%rv]vdwiﬁw rse?egrgrqge to the
followin@6d¢ddg200hyAbakiads. across the dielectric layer from
i tor eec rode net al

he. f
o011, o Fig 15 BT B BrRE It BB AT S ua S Rt s o
construdtioas tomptising p@eiit Eyeedepobitent@Lan ditdnien ditleastween aluminum

oo ol TR, 2T PRSER0 bty B4R m o
inset of tenpaphuathidniadiofies legheérrantoi tmainlaranam wian cpmqeot dtzed particular
such

number 8?&? DTYORE Y S’ﬁ\!/ljlﬁé {s/hfP fmifd a%imlﬂrp g{'%f%ﬁg @Rﬁamoi\ thick
titaniumpnitéde Iuyer |srprmt oBadhedl b eydle careepoatietd 4 gnrtowtletaee: birthanmiom
e ﬂfﬂ ON OF THE DRAW NGS [ 0010]
nitride Oé rér%-nea{,tg?gt (?gﬁg_ 8%{? of the invention are descri bed
[0012] belF@n2uis & hliagedremetic drapmehtagy vibwldf avsengocmcloanp\wfyer ogonstruction at
11 F r apacitance (in ..
a pretir i Ap988 e Jadd. sl Futags b’ § BRoBlee S BRI Rarbirotion.
[0013] cofffy. iB9% Agyieat m‘rthe Flgag evafetd posicnedsH{oMnD)t at procesisingstage
i tri . n al um num oxi de and pol ycrystalline
Sumeq%ﬁ‘@c@%‘. 8%@6%eh| ckness of the titaniumnitride |ayer
[0014]i s Firdds alvev ofrthafig. Rrsddr faigndnés graaphgt awltoedssing stage

' ther that no titaniumlayer was present,
Sumeqﬁ'ﬁlto tﬁglg%r'ﬂ; céqul ar nunber of ALD cycles were utili zed

[0015]i nFobns agicay ofithaRigutwaifdrr fagenelnéyghrownaat atratesaing Glle

[ itaniumnitride |ayer is present. Each ALD
SUbseq%J&Efbéh%{)(%frﬁ@%nds to a growh rate of titanium

[0016] ni Fig. s aiview dfithaFigu? WaieAragmentmsitond. st A proGBSRY skigy.
subseqt?en'tﬁntﬁadé Eﬁ%%nmtl c, fragnentary view of a
ct

rwafer construction at a prelimnary
[0017] pr b3 d$ agisragmatianagmehtasy, catsssseatigel viewfof rsagriemusctor

wetr 15, HBLR S BN ook BRRPH Pl et o LBV BL
DRAM cell.

[0018] Fig. 8 is a diagrammatic view of a computer illustrating an exemplary application of
the present invention.

[0019] Fig. 9 is a block diagram showing particular features of the motherboard of the Fig.
8 computer. ‘

[0020] Fig. 10 is a high-level block diagram of an electronic system according to an

exemplary aspect of the present invention.



subsequent to that of Fig. 2. [0014] Fig. 4 is a view
of the Fig. 2 wafer fragments shown at a processing

W@ e@gmes208ibsequent to that of Fig. 3. [0015] FPQI/US2008006584
a view of the Fig. 2 wafer fragnments shown at a

o021 SFBEH] B9, S B o b3 i 9 Sorng

anaspaﬁoatl"@rmemﬁimgmﬂinage subsequent to that of Fig. 5.
[0017] Fig. 7 is a diagrammatic, fragnmentary,
cross-sectional view of a sem conductor wafer

DE'E@IIIEDtDE%BkFU@@N&IE$HE RREEEWRBIEW@DHMBHFS of the
vention [0018] Fig. 8

t rat es
10022 £ G% et e invelifat R sros SNt fan Reb et anlaggodio
lncorpoeatte rrhatalcantaihing atdteial 8btweeh @liddsembtdriMat éd?n’dluctlvely—doped

scon P50 sl R iR R B BNl oz

that it obﬁ(bé@z]dvﬁﬂggeol@ ifi the Endidigdnla@iie mb‘te‘hﬁkutﬂik&gfnetﬁé e deVIces is
to .an . exenplary aspec

substar?t‘,?ﬁy B’pc%g ﬁ@?\%ﬁ%@%ﬁ?—cﬁﬁgglﬂ\%@@@g} Uilizashg the NK/IOS deVIces (TNlth the
metal-cBAEINIGRDA®HANR WPMEﬁ)ﬁé\ﬂinllﬁvméJa thﬁakﬁ’es%ld?@étbtf ih8H 204,

o T L T AL BED BolL S e
containbig Atk FAD uBESCHRh BE W@d%swm@n%@lwﬁm%atenal utlhzed
PSS e T TP i
even leaethah-ot eqtialite il Oy miéralatl\ﬁly bwisiveadt, Heenewl- E:d)rﬁalwogﬁ‘ﬁét@hal utilized
NI e IR T o
cycles, l‘reqmgﬂllyzm tharhsa ALD cyels, wdmamsagm éi[lz))t'\(;?gesa evcfhctgglcal

AL uilEEh AR Piesen 4 an o Rersita areeeiton A om about
0.3to0 abalnte] 4 ahgsitoirsi pee dyéla. tthetoNMmddestbak fotvsidrhthiahie invention can
T A
cycle. Ti@wMetabnchiamiag gy atieredtimee MOSHERIceb @aﬁ-ﬁ@ﬂ)scomfﬁulo@s due to
the thinhgsvs %gs 4a¥e Conigtlll%?ggﬂtggt;f&! @alrﬂl%lt]ql,{! qlpé cgﬁylpgsl; %)gtﬁe invention.
[0023]ut i Thezeetal-camtdihiag MAiSiatl exn, ¢ partisulbysdpeais| %or?grl@f tRati@h,

A LA TN A AR Je N SR
essentiglyrod; Cd@loesist df loae wetralre obgitabnianiganaing eleflentd haindes elemental
tantalum and elemental tungsten; and/or one or more of nitrides and silicides of one or more of
titanium, tantalum, hafnium and tungsten. In some aspects, it can be desirable for the metal-
containing material to comprise, consist essentially of, or consist of one or more of tantalum
nitride, tungsten nitride, hafnium nitride and titanium nitride.

[0024]  In particular applications, utilization of a metal-containing material between a
dielectric material and boron-doped polysilicon can alleviate, and even prevent, boron out-
diffusion into the dielectric material. Also, particular metal-containing materials can be chosen
such that similarity between the metal-containing materials and the p-type silicon work
functions result in a negligible shift of the threshold voltage of the PMOS devices, (with
exemplary suitable metal-comprising materials being titanium nitride and tungsten nitride).
Further, utilization of such metal-containing materials between a high-k dielectric and a

polysilicon material can alleviate, and even prevent, formation of a silicate interfacial layer,
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in the NMOS devices is typically fornmed of no nore
than 70 atom c | ayer deposition (ALD) cycles,

WO e@guog03 y | ess than 50 ALD cycl es, and even PEBES1008006584
40 ALD cycl es; vvith typi caI ALD uti I [ zed in

such aé"Q Qlllbgt%t Ihgpéo ?c; ot r o8 Ienéll r rell 3 i%e%lielectric
0STtlOn rate ? B i §° “f SV
ma’ferladmgst rons per cycle,. I t isto be under st ood, hovvever
00254, A B0 RO 8 ST Bl 555 copec
silicon mrglse emaﬂerptéor utitiyation.in PMOSrghtak-the mogu fuh &bk Y elich rgetal-
compn#ﬁé Haﬁeerggén b S%r%ﬂ%lq @@@rscgag be qulr?sr gr?ptgl E%ﬁ{@bmlg%e is a
metal-compripiag materiz haeipg hiveeai funoBoroginfilaeoiprlyea tbssY sifdA231d a thick

v o SRR I PUD B R R TSP b hbon vt v
to a gaIledargmge’nrtanlEIXBmprar Yhisptatllemn eah ak RivoigedBY afiliz#lgsa metal- Comprlsmg

materiaf ARE NiFas 8RS Wl et Rnfeoho i unrdin dieniar il e PMOS
gates Eloweeert, aletal$ with wv\umraridncﬁlbasmm’ﬂai wbwlo @@%ﬁﬁabl@@ﬁ%éﬁfut@sﬂ%r n-type

stcon, 8 TBRE e AL 58 R A 47 S B ertr
unsuitableferctysicalitheromh piveestirg calblitions atilizel @lurieg 8émicendictiriticte

terial to conprise, consist essentially of, or
fabncatIB‘?I sist of one or nore of tantalum nitride, tungsten

[0026]n| t@mQIe$peI¢atbfrtheI presentrinvkatian s mtlhtz@tmnwmmew thitemelaPB&thining

materlalrr%rg?rr Igg&%gﬁﬁrﬁgr%n ag(tel gﬁﬁ%s&%k%m |n a? &RLQ? fpyce, with the

materiahfgaving awosnidnttoncubstapiiedly piffeysitltharothacsfm-1gbé eMédt. EThe metal-
consa G480 25 o D01 Sy A LR e 1 o
dielectrigdike plugmisuro amldb)e frbesaty tIsaunhtat—bmtlalﬁmglnhaéridl '3 thﬁhté‘I@@Qh to

avoid cérﬂﬁl&f@ﬁ% %clnrrelﬁ r@'h? é:gtﬁ &ﬁ/roglg h@aﬁ fBF%nEm%/%) |I08f‘l apﬂéhe metal-
contalnmg negs eidel cangofet agfécientlytthiek RMD@viies, Iameseverﬁ debnt reac’uon of the

siton NEHELRIc R AR (PRl TR 2 DR gt Bt
materialy giprioy att mepIemﬁ obclahgares@lingardrainteifage oBthe kiliedrsafehipB&n
dielectri# ﬂl@ﬁhl%‘cgﬂ Sé e%éeoﬁmﬂ[egv%ﬂtrﬁg?giflﬁlgir%%pldga tII,?gé%} I*%}EMOS
dewcesmmremam!@u I ayer 4 WO 2004/ 082005 PCT/ us2004/ 006584

[0027] Su%e%ﬁ in ?nestéll doﬁ%rﬁ%ﬁwg{e‘etnaﬁg gr I%?eg'l%rg eldl in %Ceniglg/lgé %evnces can be

con direc {5t 8d 1
formed pm@%gsumbtermg@hd riedliading, dompmiasiphe ababie tdyak Se;hmtionqmwr &nd/or

t i l.icon ca
o B DRSS WA O3B SRR Rt o o
enable gxgalant enatraof thedhicknesaland cioifgmityioh g‘lermeter ¢caItaanm§mnabérlal and

also carpél%ma?r%bl Cevéﬁ‘ R@I/Qﬁ 9:%15?9 to a(Hd |hﬁ?§0§\8§ﬁﬁtﬂ%{ﬁt ﬁ rgaqenqjegectnc

i SIng
which ISflrlymfecpt(pﬁygpahopatactthrptheymmaldzmpmlhlsg atapia). and a thick

[0028] | aﬁéﬁ?{%’tfatdoh rgdgthetnél Ig ?yé)\)%aé rrg F‘uefdtd { oqugsglleéeqt%matenal.
The term “directly on” means that the metal-containing materlaI is formed in physical contact
with the dielectric material if formed by CVD, or that a layer utilized in formation of the metal-
containing material is deposited in physical contact with the dielectric material if the process is
ALD. In some aspects, an interfacial layer can be formed over the bulk of the dielectric
material prior to forming the bulk of the metal-containing material, and the metal-containing

material can be formed on the interfacial layer. The interfacial layer can comprise, for
5



to a gate lacking titaniumnitride. This problem can
be avoided by utilizing a metal-conprising nateri al

WO poottlog20DVOS gat es which has a di fferent work PCRUS10041006584
than that utilized in the PMOS gates. However, netals

i t. h d-be suitable
examplt! 4 Rice BB 45 TS och R Mo TRE st Gafe formedt by, for
examplgj fgmdytlQm@‘taa&Jr@catpaﬁicelaadletdactr:enpﬁeaalslr es. Such netals

h
00298 AR g3 bR LR il By o
SUItablaj@eth@é Incla(dmg,dat examplé, Omé&]ca(r@oaslpp@értmf ThaecopteaR M-

onnenlBELAR5 8L AEOAIL B AP B, o o s
implantrigivwlingythe sleposifi@ss t hi ck) wit hin _an NMOS device, with
[0030]:jh?:fort[ﬁ§{1 {)fﬁh% g@# n&r tlyv:?){)b‘bg r%gfal I ﬁf?]%%f{tgéa’t%%lgwgtmhe term
“directhyconitiedicdting teettiesr mhdonl is fqzmlned drdpﬂnﬁtoaeecmtédt wiite @Re AfRekl-@ontaining

materlagllf mr%epﬁéc%sg)(%%%m%lvggé ui%og% ?I’ﬂe F'eég‘:"‘]g{ﬂ‘?&ﬂt zg.{lajcmletlalli

contamnmgtrmterﬁl to seacttiorforema lcghnpbsne ragtetial coptaMieg Mleal and silicon, such as,

for exarqﬂP %%&%ﬁi&é@ﬁ%ﬁsﬁ)@b’t‘%‘ IUI@oH rgg%rlfl a@é ﬁlﬁ (ltl' éhﬁ Ely,a\ﬁlaeréé(tand y are

greaterﬁlﬁnfzem)ehafhgam Imt[dgfan _andlsihmn anrfg,sta]ndltlegemam SlEIM; or tantalum,
nitroge%@ﬂf% ‘lc%'ﬂ cl’l‘f‘[hé %Sm]pgéi{qe' ?tg og}ﬁjrls?s !ﬁglug"c}:’]{'{l{?gﬁ%hg silligclrf, such

eviation o
materiab¢am| heye @i work fiwrtation iIiterrrwdpute hiat afrtttarpumb:illerd:\\em‘ndqw @R nitride.

. i r ' f I . hj gh-k
e el PR AR B TGSl oY Sl A i
nitride arér i thia rangles lofl 3:631t0 46 ectioherokivas Ad8H a5 dIdt®n volts,

trolled. [0027] The thin netal -containing materi al
respect%?l rier layer utilized in the NMOS devices can be

[0031]f orﬁ@d ihystrate high frechleecyredizoitandenoliage ﬂ@a sﬁGngXt@dﬂ'@ﬂf@,t of
atomic l%&&@eﬁoét@ﬁq aé@%ﬁ %ﬁf‘ @éo ?né}ggﬁlﬁ%lpgsggoggiqtp v@%gel%@)) Ji’he 100A

thick lltqgswwgm pitidechariigr exhiits shechorgdumctionabbak dveniin rintde and had been

shown |R?Iaéwciﬁtwgﬁmgﬁg th'H Ec%rtme E\Mc% %e%ylj]d \écrl t2ge; g{u@nmg of the

tutamummdd@fﬂgnwpmmpyclem(reageamd tcabel appitoginaatéliy 6A taiabbuta A thick)

di t
shifts th%l(\‘)/ﬁ&g%gﬂ V\?alﬁ/ G\Jﬁ)%% h\/&I Con gllilér)ﬁ? nlg\l?fl%&‘#-@i’e n%gy Be ?’Bﬁf’}@f W-FH éurther
thinningreé the ul@rmwmmltnde]gamnat eThl@datasm Figpi SMWchbDﬂvmd/cwsr&atano layer

deposﬂé?ﬂﬁérh@m%tﬁ&@ﬁ% h& taggﬁjeglgblgle‘ffect rjé%tl trrqjt allgét{ogcqti Hi/en)‘ﬁampw nitride

contai ni ng
on alumispspxdd. lodastatbe Cam(tlhn@dﬂml’agelcen/tardf titamanenitriade fofmed from three

cycles aﬁ@'ﬁﬁﬁ%n@%t @Qom‘?éd ﬁ'&ﬂtflv@c eéretl' ntlcalgg Hbag { ago an?ﬁlhcon gate

- contalnln er a 'S
formed gifpgtly @raﬁlummrawdwwmoum idiealepirigriitaniomtrdridabariribr. t Tres

stretchel oRF R Rptdhoobltins Urfe RBICARRE Tiredh LG icordisee TS along
with red%qt'qoa,m gesuntliationgapaeitabas, Lsupportswermattcml of(aornmtarfamaﬂglllcate layer in
the abséfﬁ%& ef ixtéhlu ﬁJIdEBh(% H?{eaf)re L3y ﬂfaﬂm : r?%er f'%ecqc ) rom fi ?\é&g; fewer

for med elnte aC|a aer
ALD cyc@gr{wgl@ﬁmsk@@m Ald} cgles correspondmg to a growth rate of from about 0.3A to

about 0.4A of titanium nitride per cycle).

[0032] An exemplary aspect of the invention is described with reference to Figs. 2-7.
Referring initially to Fig. 2, a semiconductor construction 10 is illustrated to comprise a first
fragment 12 and a second fragment 14. Fragments 12 and 14 correspond to an NMOS region

and a PMOS region, respectively, and can be together incorporated into a CMOS construction.
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WO 2004/ 082005 PCT/ US2004/ 006584 exanple, a nitride,

such as silicon nitride or hafniumnitride. The
woeaoniog®ozan be formed by, for exanple, nitriBel/Us0040606584

a surface particular dielectric materials. [0029] The

1 he netal -.cont aj nin terjal can
005 | G RE N A BB AL B el ok 555 onea
NMOS &sgiopl 2 and hnetprpee:dd)panbipﬂvl(]gs W@@gﬂi hfn.nﬁyﬂ'émat@ of _df)@bbr\ﬁbﬁéé‘, for

n {.C f.orne { the silicon
oxam 8BRS MRt 43 15 ETERLL Y Rablins s f i, e e
"semicgrslubiive sustrate”’ arebiesiridonductpPORR}rafed areddfinsd &f rrfealﬁ? any

i . he net.al -containing materia
consrsSdl S8l G koA BHR. mEREL A1 NG PRk b
semicogdudtive matesiafscruck ds iamqnhgf@”:dmaifiveamfteﬁ@ithw dibhd 6\62 assemllalies

. - [l terial.if the process is chem ca )
comrif 8L AP0 24 b PSSRt (earbne o i
assemitien tanpiisiny othtematkiaksh Tlleaatzatrrgt"mtlfs@ém" @ef@@f’t’ﬁ@ﬁy%ﬁpr%orting

ter i i nLn tal and si)icon, such as or
S"”"f”rgﬁéﬁ'%{’@?’ SR ReflitorBr Femiithg Sotve SR escobehatame
[0034]si |1A diehac’(rl;cinm%iey 18\sinnes )ova’(rjlsdjbytlraée 6. WigladtBE nial@al 18 is shown
- ' i trogen an I.ljcon, tungsten,
to compﬁﬁé %)cpgaéljrﬁ g%ﬂé&f'gﬂlel I%&eés”;vﬂﬁ}a ?DX’P?{ g'llrb Ifhyer %ﬂ teqnaggaﬁmgﬁglrecﬂy on an
upper sgifadecefrsubsifate e and ap apperethithedayal22aeiny fofesd b trﬁ?ﬂiaﬁéfﬂ 20.
; ' Sili such material, can have a work

Tin o .08 B ke R Ui B4 54 g5 PRt s,
correspeind tre pativaiokidedermedTdver b tuppat suriecé oih aahesrystmihe titsstrate 16.

; e r t.ions o i t.aniumsilicid nd
Dwtecr SRR LB A el A BBRHE A 5odPgr campie
a high-kedigleetrio maiesial. sLayed 22 c88, fboexhngfe, eloaphis® by 6} fndre oxides, and/or

I\ e : -19. 1 .illustrates high frequency
one o ESRSEHLA e A ot bl SN el e
tantalum, \gériurd @pd @lurgourni Thailayer nam,rfcbrobxa.lfr@re{,1 ber{?ptiéé &K B=8s oPRntalum,
| : The A _.thick titani . -
B e e, L W AT
and in spinezapplsationg ardesmpise rhallapesiof difbewimateriblsasdt example,

IS ' t tch the PMOS t hreshol d | _
ALOUHIE 08NS FREREARSEITENN 8 16 Ikl YhEn PR R e
material 4i8[bs shewresonprisingnmospa ;atd Byaspit txio metiekdyrdvd Baethe wWaterial

i i t y _negative 300 .
can oom%ﬁls% ? \fﬁ@a%&a?#&é (ljji c{&?ndan ,SB g}?%y? gwagﬁl ]otse%r)?§eol@y%rgs é‘? pqrticular
processifgt $iliGonrdidxéde laydrid®rmandpeodmitthe, arictzamghHadidiédtiic@aterial can be

ili | £ - ' e ows that five cycles of |
oizes P16 oy a0 18, by BBy SR
material ggp bespatsthingestheicthan blghtk meterial, atdH asz &riesampfe, tifleon dioxide.

ti ' kLl : j ide. In.fact., the,. ,
T N T T IMENT AT e
the shovi grpedimeat is égymied phusicallyi agamistidielettricinteedad ap6t if btar words is
: o (=3 [ t , ol ysilicon
omou iy 614505502 it ekl Bl Po POV BL SRR 0 o
thick me?ﬁr'r@@mt@@mgﬂgyetu ranfirahmeial-cordeiningriayieerto ditirguist lagechetom a

- ini i s _ap.i.ncrease in
motakodPMinA RIS LAOY B ARG Stk Gubdlh WA E3oBBIRS 2 oo b
formed bycanyhyitelle methash ineludinge tor esappler ¢henfical vaporadepotitiam The metal

of layer 3NEHT EAdrRb, BF LAFANIE, thaMEh, taltaum, tungsten or hafnium. In particular

aspects, layer 24 can comprise, consist essentially of, or consist of elemental hafnium,
titanium, tantalum and tungsten; or can comprise, consist essentially of, or consist of nitrides

and/or silicides of one or more of titanium, tantalum, tungsten and hafnium. Layer 24 is

7



t he absence of titaniumnitride, or in the presence of
titaniumnitride formed fromfive or fewer ALD cycles
w@ pdotios2ob®e shown ALD cycl es correspondi ng t o aPQr/oston4/006584

rate of fromabout 0.3A to about 0.4A of titanium

oL LS ANy PP P Bl e

than 10RAf suahi asgfdrreb(annpjlel ¥ thicknkbgof Greai@dr SRAIF @HGRI Qé <1>50A
ust nprise a_first

rooss1; P RARHFb IS igne s dh i ataeihan thet e Theiagaian aven o4 lyer
PMOS negucnom @sp antoved wowncék;ﬁr{ &R ?lhﬁve p@tjmlmag BOr e r’;zggf:oﬁ?% thae material
e e er )
oo ESIRELLNELY oy SIC R 8, AR ST LPEel porat e L0 -
photolith@aphic mmksmgtd form AQagomet iphofrésist %ﬁtﬁﬁ&ﬁdt%hé@n ) Mk layer 24,

o stk P AP B B R S o 52 aven

stripping ofrihei hetorésist maskaTi proceBUTe Ghywh & FIQQQt &?cd (|B lﬁéclﬂrt oné® of several
ol | ow,

metnoof b g T Torna Saupatecv NG erto ok APel R epon of layer
24 remamnbgurr Bige3d) tarbe avef Pme)$ ﬂeguolmaainar@mbt o@@mml gsCrbg@H 12.
in
o8 05 PR AN R kS B S
12 and BMOS oayihuct4. \A&aymB@borhﬁmsIéa%r maiaﬂﬁﬁlt@ihmgrﬂné;l@ﬁeﬂ NdHd i8$ormed to a
U TR TRt I .
containiag $ayebld distirgoivprthe iapgr fedrh ﬂfe firet rastaptShtainih ayle€ M In the shown
S T TR e M
NMOS wghvsit t2aeeg Isd‘esmsd bredicalhoxrgaingt @%ﬁetd%—odhﬁirﬁfd l/&r 24 across
ends oveéogub el ectric

|
Phi0s (R4 Ml ARG ¢ [e€dy Bicior otle piriodaver
depositibaymtbcanvhetfbrmed oveethickhess df&e}%ﬁh&@org@jﬁgtofwfgﬁ%lﬂ\ and in
prsonfl 8 B W PSR BER B bt e s and o
alternat‘Vhlynthleé@»;@r cabbe &onmed m@mllée&;,thé@br @qmnrw @ouﬁﬁd) RLDIEycles, or less
o o S R0  , BORLL S ARG 23 e
compos#iionfaadiest ofetal-cvntairimy aiyed 24, KDEaﬁuffEBérft@bmpéﬁtlon Dinelap6dritaifing
v B Gt SRR . A PRSP
layer 30phy eeight, oan@yeltanﬂﬁn aiige) f Meteﬁécamairﬁqg Ie@STB0 SB dMaehafively

at e

e or, nore sili

predomm{e& ol pg'fs% é%rﬁgll mi ltng% qunq;sail%ptrﬁﬂf %qa nl%ﬁlﬁgq!les enagicylar
aspectsnlgy@ ¥ cant contpaiise,gonbiaf of, ancanstt asaentiallyrof, dHeeorinayr@lof elemental

C r an _oxide of tantal ul .
taniumy gl GG TR 436 oF PR Rondd ehentEly g consis
of nltrldesaanﬂ/cumulmdeel of aqubrononreaﬂrmtammrsutlamtamm *tungefun\ ariﬁi Idirem.

ap [ ferent

[0038] EL\){&%{Z c%?rfpng@g]é )?QR%S e‘gg@ﬁ{%k\g? of con%célvely doped

silicon (sughtasl @yex@nplanccmeluctfvefy cb)p@n‘pinmrphrtmscdllanm bat@muctlvely -doped
polycrysﬁillméoéill%nf“ Iﬁltﬁé: éﬁdv\% aéﬁ%&teéf tﬁé ln%%nti?ﬁdgp%o(no@a\%(n;ﬁag Tc'atyﬁ832 is
phys:cal}yai%zmsametal contalnmg Iayer 30. Also in the shown aspect of the invention, the
same conductively-doped silicon layer extends across both the NMOS and PMOS regions.
Accordingly, if conductively-doped layer 32 is majority n-type doped, such material is utilized in
both the NMOS and PMOS regions. It is to be understood that the invention can encompass
other aspects (not shown) in which a different conductively-doped material is utilized for the

PMOS region relative to the NMOS region, or in which conductively-doped silicon material is
8



can conprise a single layer, or can conprise nore than
two separate layers. In particular processing,

W@ 2dosoga003li oxi de | ayer 20 can be omitted, and BCTUSIv0k006584
dielectric material can be utilized for the entirety

omittecfforf pBe §Ftoe dBuO BERG RS piST WP Bortks IR BttRch of
inventidrneem be gefdkrenpinehatdl c;ansemﬂi.‘Jll|f};’zilﬁrocfes.§1=.lr in@i 8gdefne Sdriduc®ely-doped

silicon %&?r dgqor?%q}og-ﬂpg l{{]@ nai%j‘{l@%trg&%r?%ﬁ;?qtbgtrgg and in

[00391 heLas/bDM cambordptigznoriexamplelme@tdd Be/oe metay aR®gbAG in particular
ric,material 22, or in other words is forned

aSpeCtSdeﬁ&?mp))S%wngFt@Pect ric material 22. Metal -contai ning

[0040] ayletyePd6 camcdraptisef £1 lectritly assutivé bag,ksuch as, for example, silicon
met al -containing layer, or a first netal - cont ai ni ng

| ayer, to distinguish ayer 24 froma
[0041]net Réferipgttairy. Bglaley a0, 3hisatane 36 arb@aft@rfn@@o form gate stacks 40

w3 SRS Sk T s S e
stacks 4¢haind ¢2abary B@ mfenal@cptmsast ﬁr@ﬂhnd‘@é@oﬂiﬁ?hﬁtena@ rés@}é@c[ve@AtoCcﬁé’cmgwsh
the maig TR inr PP L Heghs: ek EiAEe. P pelomp SO faver 32 can be

referreccongsrfirsiesilicon nedtetal essteck 4@hnd/a éécondrsHE:Qfﬂ gieﬁérle@fnt stack 42.
el epent 1af ni u tita and. tungsten; or
oosa, SRR U B R 0 LA SR By
thin metal-bomtelemg raatetiarof &yt 80 deisveeh c@ﬁ@cﬁﬂel@b@e@émédd Ié}Vérlwland
tantal st en.and, haf ni
cistotr 3B P MR GRS o OB AN BRRon NG RelseAkedaver 24
betweeoﬁhagmc&mmelrvetyharpeﬂ&mcoma%t Ypasdtteydisbdttic bratdral o2dn bedifon to
s_.of n 100A, such as, for exanple,

the thln m t%lkc %ﬁ i reaie{I et
a'¢hick agggg Pegt'8Y"tWan or equal to 150A. [0036]
[0043]RefFerefe|r:Itgjy ttioe Hega.l cBntain&gg&hat@Aallb@W@ﬁri @maaﬁq d!cfp@bl sliibén layer
a2 and JR1EBH a8l 2R 0o S S et Hiighar habpatorsdinegpigr oate
stack 42 seequiviakent & thaodt llhmpudeay]etal ¢antaoniag ladedal aBueh In contrast, the
b or ex

o AR o SRR b RSy SRRt s v rctor
of stackpiois ooethiatof pmsmetai@bnmhmgﬁ\amwelr blitdysiea® i, modulated by the
conct S QD G50 Pyh e B BTSRRIl 9er o
preferalpih highhwtonge so shat rﬂm\kzork'lfthpn o€ sidult 20 Fhwmihdi df firgSonductively-
R T AT N Y AT S M—"
containifg heatedsl and theoguré ayneduotnﬁe’ly—demﬂ $1i|da>g ihm pEtitlgulaBéspieOtsbe work
functio O%%éiﬁﬂ\@g?lg?i Q@SA )gerr??%.tan tﬁ«f, &on gv*ég{@aéﬁal I%r 30,
togetheBim NIMQS3gadkstOf @rs’na‘tiedomeztlvé\lkme medt fonctichd cittte ddvidictively-doped
silicon Jﬁ@?‘é&?{?l{ﬁoﬁalﬁﬁé{ ?r{at%r%l ﬁnE%[R% Ifo%‘i‘ns a?%lscqtpﬁLeQ Pogﬁta e\&(,grglfmnon of the
metal-cwaiemaahétenalabpum f@@mby htdgast SBOnitiavitdhe referred to as
ooaay® SERRA TR L BB BH L o ol AR oS
contribugibio finm cesgedivelyfdopké silinereoft layer 32| tngenajstty idepmartymdof material 32
will typié%'ﬂyﬁb%gtk/ﬂ)é( agai nst dielectric material 22 across the

nitride.

[0045]  Since the work function of PMOS gate stack 42 is effectively that of metal-
containing material 24, the conductivity-type doping of silicon layer 32 is irrelevant relative to
the work function of the gate stack. Accordingly, PMOS gate stack 42 can comprise either n-

type silicon or p-type silicon for layer 32. It can, however, be preferred that the gate stack
9



NMOS region 12, and is fornmed physically against first

net al -contai ning | ayer 24 across PMOS regi on 14.
wokdalswent ai ni ng | ayer 30 can be formed by, fBPCT/US2004/006584

exanpl e, atom' c Iayer deposition, and can be forned

f th bout 15A,
iz o8 g B0 R Sl L S0 Bl o
single éte}swuﬂh hmrslltgbn;e)qslabk 1o, Mnln%pro%sisﬂfgrtﬁﬁ gal y,b tthe

u ou
BTN T AT N RER R
be lncocgardaml of Seteruls ofeduah -Iafty@r’é lﬁtd’HimMCfﬁ/QE:’te 3facRASIAIRME, ﬂzwg%rmatlon
t ont ai,ni ayer
ot P BT 20415 4 TS S o
materiatsaof qmr:lethymMa/mtdf E’MC)S@Htes;@ckl taniumnitri gg (i.e.,
9 tal - ta n er

ST TR N

mventndrayﬁ&rrécotocai;raramM@@@étta‘v‘@gjlyn afd 8 PMOS) Qél@' r}égl@ﬁ nﬂéébfcﬂﬁvely Also,
um ni

{ |t d
the iefp b kel 2 artEon hetdin Gotcidds 46 2Rt 4B e beongigrends be a
gate dleléctnmrayéronﬁo)aﬁtculesaaﬁdtéibﬂtye fventme or m)fedOL f
nd haf ni

ooas) S B0 b B0 B oS00 O DAL i e

metal-cohtaiminig indiegialdn déMUsSHépbcﬂsdﬁmeQﬁvébﬂs? €@ foffa ra&:dgrgpgsmﬁn comprising
t af.ni um ayer

e, oA ek 0 i, LSS R i

materiat oBalthcddnyeisifiod cpe dav@a|wwwmn6mﬁfzhte&ﬁed|§@fthﬁ>tﬂlﬁﬂh@tal silicide and

{ on, or ,

ameia QAR YEI/EE3R5 ARSLEERYBeTOSRLH0 cup worrfupsnco

ultlmatest)hmﬁuemnb@totajmwmmnbfmemth@gatesétédkcon cont ai ni ng

e T LA e et L Ap R

stacks 4amd @nd&[xebtl\xw} ySichneesl46 ahd ¢® Barﬁ &Mﬁ;ﬁn@@tr@rﬁdﬁalﬂé iSiftive

NVOS cor

materlapigcg,! e Oélegfa@@%ean%/%%?tﬁg&'ﬂ&”ﬁﬁ? ag ap Swg?%jﬁ@x'a%p?é}ﬂi can be

formed sycthr axamﬂe alepositiart ofl drzggpropriatdoateriaheldNéaopan aMbE¥opic etch

of the ﬂaqgﬁaigs It is to be understood that the invention can

ass other aspects (not shown) in which a
[0050]di N~ B&per&sbumetddwnWeglms,/saim'@ddrnﬁmi\ﬂlthnaéubﬁratﬁ id pmﬁnaﬁ:@ bate stack

40 1o o et TYRIBED! SUN) RS bbbl oeaR. R BN qlecesSiip rions 52

are forn2@DUt08 zmmmcna hiSRidié 0aBStabk mtcbemble‘té faiiinatieh @ffa Pli©S

v NS FNERLBOL S SSRGS S5A5H 0t

including; ﬂmpbxefryplp,r\iauesslnnmamté otherisabafoeerdiar tafte efoymetgest sidewall
spacerssdéér?ooﬁh's formed across both the NMOS and PMOS

ions of a substrate. [0039] Layer 34 can conpri se,
[0051]f orAI’rd;wgi"pilhe Promessing ahBiger 2-6tt déscebédyith eaferente to formation of an

w05 PR PABRSEL S| o CRTRHI o AR el PR Pl o
understgot thatiggriotie aspecispl tbe isiehiimocan hrB twtilizelefor formation of a single
transistor. For instance, an NMOS transistor of the type shown in Fig. 6 can be formed alone
for incorporation into various circuit devices.

[0052] The processing described above for formation of the NMOS transistor device can
be utilized for formation of other devices, including, for example, a capacitor device. Such is
illustrated with reference to Fig. 7, which shows a construction 100 containing a DRAM unit
cell 102. The DRAM unit cell comprises a transistor construction 104 having source/drain

regions 107 electrically connected to a capacitor construction 106 and a bitline 130.
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[0041] Referring to Fig. 5, layers 30, 32, 34 and 36
are patterned to formgate stacks 40 and 42 over NMOS
WO e@ito8200®2 and PMOS region 14, respectively. TPEI/US2004/006584
patterned materl als of stacks 40 and 42 can be
r ef rred to as rst..and, secon
[0053], es-g 8y’ ?'\%??PS rf'%t'o& 0 gogwnas ?'Pl M% 8?“%'!“5“% tAGGRripY,
source/deain regidnar OS’taa@: hSypeFdUpeblrIsglam eThé étﬁjr@#tﬂrtaﬁ?f r’@gidn§ bkieh@® Ehto a

e R4GR 08, SRl “BhEan Boupfr i siBbieansifen dedudng for
exampl{améﬁc])crylstaimmllc@ndIﬁémmvhﬁtmemlﬁraﬁhﬁné& @Bshdtive gate

10 sl Sohe5 P b L Al 12 oancomars
any suﬂablwua’tenalelnxtmdmgefd)r sxémp‘lé,rslllc@)ﬁef oxg%héﬁmﬂor I"Lﬂgrﬁk gReldctrie materials.
ate st as

Conducllly GhtTuaEG A TH G domP i 2t 4 apier g el R ige of materias

In particdardispbcty ethg{\ﬂimdaﬁm‘atbﬁdé\/lééi@ﬁ?lg %wﬂ@drréé&ndlt@t@ﬂlf/l()s device
-contaj nin

shown {fi79. e geeqrtaf Sty | Rl SpmenSs bieimiegs S and 81, T Sher

aspects*rgla’@l H@maha:ompnge mbavermbnmbmmn@@nduct i vel y- doped
con electric material 22 |

toosa1S, APy o 1 SR S8 bt gsa pishat | B 6 Fouiatve

S|dewalgsxla&'er$ﬂmd¢e4l(?rmesl atag siddvediis of metd?oatju@fvetghﬁa rlﬂafeﬂal Cap 114 and
ontr ast

spacer Flch SN RAaRg oS!l ol £ Bhdibuge ot ofscon
dioxide pndfséicabhijridehi n enough so that a work function of

[0055]%?@; ® g%rié%lg?ﬁs}u}éip%h@?fr@? ﬁi@ 81"‘3{‘@%6\%5/0" %a @Pgurr]}% transistor device
104. Insmatm.ecmméehlyw&a}aeabomph'iis@ one ]?f Enloww' tgglé_ mddbmy,?hcludglr@, for
ter r IS referably
exampl M cépho (gﬁ%”%é%gql?%t(gibﬁ?)v\grk ?ﬁﬁcti on of gt ack 40 is
[0056]notArt dyzenirgf experrds tiorongh man:e/rgll y18 thapecbfsihd saote/Oain @yohs 107. A
6 ith ut t ead {
conccfp O8] 2Py SR R Bt R Lo

region. ddwdwotiuctieb pedesa tasicbmpeise arhmsqﬂ’abtel cblml:iadstlva&maleérﬁél »inéluding, for
con | ayer 32

oxamo SR LEDy Sl SPRME: o dBRES ALbygor | aver

[0057]i n QdiviaSitetcaostrutfion i1 86 alsb felktids wln:amuweommmgm iNgdtive material
118, an& lé[é%?ﬂog[}ﬁ?og{nreﬁgt%%lt%oﬁgaﬁéliv\é %lﬁé%%%lp‘&go r(_‘i«?ﬂpagl cpgsn(gﬁ uf)q éﬁ@

comprises @rattrage nwoaddk i 22.; rac:tlelea:'tn@fnaltdfrml 12vgtaab -aoﬁélthad:dhtﬁiglng material 126.

ma j ' rm a t 50 [ 1iv
[0058][ Otﬁéﬁaﬁ% Hbg%g i car{ o g | i r\S(/hs ﬁ‘%ﬁ? RENQug 'Y(e ‘P“a??élﬁf Sigluging. for
examplé\osdgpdively stopedk ru@ed sifipon &eish as, fooatanietHeatisfhedical grain
conducti vel y-doped silicon of layer 32, the mpjority

s'“iccm)'dopant type of material 32 wll typically be n-type.
[0059] [ O USectdt metertah ®24/\x:ﬁrkcdmmcse| a0y softatd/Etayat, énchidak feF2xample,

. P . t | t ter 24
high-k O:ﬁzeecﬁlfl:é f {én%@ \;¥L€c¥h¢% fo? Oplc%gthgfcn?@1 l? E %ls é;Prlbjeg qbgvé for
dielectrip regivpre V@iat Flgei)aamd/er Sllmontdrm(ldm akd/buacoinbinatidn fetlicgatixide

- sk i hal 4 can co

and &hcéb?‘ﬂé?e.ﬁﬁ%ﬂ%g%g ia)rﬁp cP évg?el&%ct‘ m%ee%ér eah Cfog?pr{srgﬁynlglfn oxide
and silicon diqxide, Wishveesiljcob eliqidkef lmlmgeal thil&tyet (rmet sfadven) bbaeden9
conductively-doped silicon of storage node 122 and the aluminum oxide.

[0060] Metal-containing material 126 can comprise the same composition as described
previously for metal-containing material of layer 30, and can be formed by, for example, ALD

or CVD.
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WO 2004/ 082005 PCT/ US2004/ 006584 wutilize n-type

silicon as the silicon of stack 42. Silicon of stack
wda@2o0gase00hen be formed in a single step w th PEEUS2004/006584

silicon of stack 40, as shown in the processing of

The formation of gate stack 40 f
10061} Jagrgoiey 1aptod 435 e Sgmptie, Sir S3elepavchply Haped sifoon,
and sudhnezorgEosithiet pypef ddmtjerr inalse @dpesiu gt dica/hﬁfa@elo:‘lhﬂlz?@ thMFﬁn layer
mat i on e.stac

of metef Boiifing Spaey 1253 edpbialipriil SrnapdiveRes dGHS G0 Sloarsotor
plate 128cdmeotoppnblei c@htrolfandrmérﬂpmlaﬂl@ stfthe Wwekk fupatRhSf aRt@k@omprising

st ack. [0047] The regions under gate stacks
matenaﬁs()% can be, in particular aspects of the

[0062] nvAgihougn metacentadihg Marsialr2eB/Eowabetwees dleodittnaterial 124

anctse AR DTSR S B S i eeris

could aleneipis), ded/edaddiidiRllg begaintedbaWesi fHeCdibladas maferial and the
articul ar o & ects of the invention. [0048] The
capacngr ?t?régﬁ ngge % 32 which contacts metal - contai ning

[0063] ayetircit degite lcmptising higgteh %erriiﬁbhdbct@norlﬁbféhﬁll fB8ndhekct&dance
ects of i nvent |c?)n to

with meyheFioh B B OB YRR S ST PP psbieg jnoluding,
for exampler cgeputeradystdngs antt @‘thém&tl@hlddﬁ@teﬁnd icon and t heh
oo 3 N Bt ARt SR PSR D SR o
embodiamedt ofaa corh@RltecBten momgccmadueg to2dn agpedt bfthé bﬁaséﬁﬁﬁvéhﬁlon
nction can

he N 40, ' k f
compuefBraiena® il #07 brefPEre BruiRRtnip @ikt o
keyboa[cOﬁ)Qgc}r o?ﬁr@bhirﬂﬂgudaﬂ:oﬂr@ut Bevics, dathalrhoth@B6&Ids4046 MdlberB8ard 404

can corfl € medomgrsr o Wb e B s SGoat sy E i estany memory device

408. Msuiotyaddvizel Waatdomnsﬁaalﬁﬂ%aispedztﬁ of thei uﬁ@ntlélﬁ) deéi‘%l@&’ﬂ) bBove,

, ione 9 or_bagth of si ?%q nds n. di oxi

nolucing) o BLamle, ori e e e oS e et cagrotor

structuraf.) pnd) PRAM enitedier iMdmdrg Idbﬁwdo@yanaaora%Mrr MyCof@‘tﬁe&hbry cells,
terl N-type .source/drain re

and suyegl ) SeRs G hP AV B leehne PR Y Bt et e g dpemory osls

in the aﬂ@y t Burttenpthe heerfiary rall a10ay afn BencdWided braaead siralit fdﬁMEGIﬂg data

rom R0, S g P LTB8 oS B U

informaflam bettveem meinay BMIG: 408 anr&pmb@ersod a96.c8uctSeulneraidt ai the block

: ns..> an b ny suit a h
ciagran §e 2 ARxieh @ 494 R Mgl o8 BEPK B arpi i pgaressing
circuitryds dlustratedjabdfl @ and &madfead ciduitey isfillustratedas 40P. si dewal |

sp d 48, 'E,Og %d Althou t he ocessi ng of

rovesiz P BEgeilS Eitcbly riehvaiieh MERURES BerGRiRr P o
memormolelMBot emmls,tsm‘rglamdma nﬁ@vﬁﬁytrmmdmss(SWM(s)' ared dual in-line
memor;f r(ﬁ er s% Qﬂw SI%at var 'i‘soeﬁjsfH sp@giégneﬁathﬁ‘ '?ﬂ},‘étHlF?g}? teagnings of
the pres*@et uvédtione d heanerhanyevice cawbe éncorpughied into any of a variety of designs
which provide different methods of reading from and writing to memory cells of the device. One
such method is the page mode operation. Page mode operations in a DRAM are defined by
the method of accessing a row of a 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.

[0066] An alternate type of device is the extended data output (EDO) memory which

allows data stored at a memory array address to be available as output after the addressed
12



transi stor. For instance, an NMOS transi stor of the
type shown in Fig. 6 can be forned alone for

WO p@eognRt i on into various circuit devices. [POBRH2005e06584
processi ng descri bed above for formation of the NMOS

conmnl AR el MR Btk 35 Sk ATAh e by aowing
shorterdevessesigrBilehitictit raducingtthetiee invivhioh hednesrg Ba Lt @atEllsgavaYIable ona
memorf 1" 55 e BB 4 e S0 Bl o SHEN A
VRAM anch @tremtd:tmmwl@slwbmus BthefOsUChRISBRAN or FRGHRSMIrE. 106
L S N I T T e .
embod[n&@ﬁé%d)f a'ﬁrea@mmdrp elechomit Byén a0 ihd em\rm/eaﬁorarey&%mo
cons cor source/drain re ions 107
can coff A IS ko Bhamels” PegMiHer sytEm D BRoPaFANTD PGP any ofher
systemeb(atemublwsta)pracessot amaMﬁdoarh@meB El&ﬂhﬁfﬁd @}Is%nl‘?@o Rad)

o TR bR A B e eSS S g gl o

704, a mamofme\ﬁmrurmmmprar@@m .apmwmdm(uclxoem@beroslGbn%%m@r@é&f&mo
elegtric

b 10
system RBTUERRRA §45e Saho QNG el spegli phtiedoriio bFivaiomed on
data by| the prutesmr 70D ane wanpirgerastidns Getwatinaké geocaBshran2! h’dh@ IFné‘?nory
s PN T B, RSG5 P8BS Ao
processta {762, thé snemdry desacé V((tﬂuhﬂd thed(BeaéBeest 108 N\ﬁaﬁtlhlﬁc@@@l @bmfg
rresp

T TN TR T
and exexoiteal ils eatidus dratyeliraei@s, thsﬂnarﬁtdy aéwcelk TO®IndRIes ftﬁ@%ﬂo% limited to,

[ tiona ruction
N IR U U,
devicesgatch amatfleppybist Hfye andla icosphbétdiskeCD R OiawRive. Qﬁ@@ebﬁimary skill in

si,dewal

d e .conductjve
v r g8 B8 S S SRR U550 o
ilustratsd elealiobal Cm:meneraé are tapablaecif ggmgff@hsnoalwmhrﬁ:éudb’kﬁggjé)g]ents in
di tride
accord%%EWtﬂ Vtar %%nc S gﬁ“ a’?reisl%nqr‘fﬁ’t%b{“!?rglonlglfs ext ends over
[0068]andFigrid uad stmpziified! Stcok dté@vam ef a hid- Ie\}dnﬁtdaautziatl@n sRibLSa
r ial s

C e or bl e nat
embodn]n:gﬁ o?%n %%rrgélla %Ie%F%]lc Sys 8@4’10@3 Bstern 8 ](_)éncél.ll%§§ memory
device @%@ has[e@%Eﬂy oﬁ\mn&m@‘mloeﬁjs 804, eddiest beaisgh SU&treWIa@besb]cﬁrcwtry
0 r in_regions
808, cofu?n dnee&%e% cllgzg%ryséq&j ﬂwrﬁ% 80%’:612 ﬁlr%ryagb’:‘ fé)lr 8%'ft r\@gﬂpﬁratlons and
lnpuVOL&@memlmstzb Tltmmscmnceéwtreasoz furtiegyi uwudeﬂm\m Rty 865, and
I ultab e..conduct i
sensor LS o leiC Bisb o E e BYlhARB B RSPy ey i g
thresholsj QOindmii,ng stettabr lnmldgb{thrasﬂcédi n@nnqmiwnﬁiﬁg stef¥05iHe illustrated power
circuitry%al%elﬁélﬁo%rs r{)%%?&{l%&ﬁ)? EP&]J néloi% ?c%it(reyxééaé’] f%?pl\'lngiqr%gna Fel?grence
opening 1 n insu
voltage, circuitry 884 for providing the first wordline with pulses, circuitry 886 for providing the
second wordline with pulses, and circuitry 888 for providing the bitline with pulses. The system
800 also includes a processor 822, or memory controller for memory accessing.

[0069] The memory device 802 receives control signals 824 from the processor 822 over
wiring or metallization lines. The memory device 802 is used to store data which is accessed
via I/O lines. It will be appreciated by those skilled in the art that additional circuitry and control
signals can be provided, and that the memory device 802 has been simplified to help focus on
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118, and electrically connects with conductive
pedestal 120. Capacitor construction 106 conprises a
wWGetmragpohode 122, a dielectric material 124, BEMUS2004/006584
netal-containing material 126. [0058] Storage node
SU|t§2Ie conductive nateria

. 122 can
the Inver o, A 1555t 5Ot e TSP E50" B BLCBITPE JoNKGHA iygelie a DRAM
cell, CMOB| eapacitsrur rapsistof erthemmde%cn Irevibesly Pathis@Histiddure.

el ectri rial 124 n co ri se
WWO&J@%Y%QHL dbRg e ygtoms ok i ﬁ@OS% preIRigRAPQ [0 PIRYigh ageneral
understﬂ:lnﬂing@if VarougRipplidaibhs {08 itt(‘efbl@&stryfdhﬂ stri6tUARCH thd PR sBhtGivention,
qa rla s descri bed q oV or. die trlc region 18
and ar%@o ,4_41’(8 to SENE/asra SoMP g@rpe%p%%oaé)f a /%ﬁamgnts and features of an
electronio @%tét&tuSﬂ?@ reémé&iyl deﬂ@m sﬂdc@?@laﬁ@e wiielsisddid 6/QAe gkés%hﬁﬁventlon
can

art r as ‘S glectrlc materi al
One °f854+%ffV§ S18EG M 19 YacoR® dlesipre SYSPR cambe
fabrlca@dhm §|ﬂ§le£ba@l>\<agbeprb@ésl%mga1rﬁtbl &t dvad eh a(shetfle §é\ﬁ)&8hdl§2ﬁér%ﬁﬁ in order
ducti vel y-doped silicon of stora e node 122 and t

to redug fii oA e ImsdsdyefbingIProass el HBGWQPV@%@

[0071F anAmBT@trdnS@ort réms /11§ eam Peiutlk @bcasnid %?Qémb%lr use in memory
materia | ayer 30,

modmé)ﬁk'ou Bé for netal-conta|n|n
SnePVSELrYErSs BPWRIMBYUIeS: G fign n]&@gnsopm@g@or mpdies, and
appllcaﬂ@rﬂépﬂébﬁﬁ(?ﬂ&dMéh@ﬂ%‘i/\@&%t&élma&&oﬁﬂltltﬁﬁﬂﬂ@dﬂlﬁl@é Such CIrcwtry

o g R SR S B o s s lovion,

a cell pherte) pepetap@ticampuiet ¥nauttaRdile, N inawhtd caditol @fstem, an aircraft, and
utilizing the thin layer of netal-containing materi al

126 in conbination with conductivel y-doped silicon of
capacitor plate 128 can be to enable control and
mani pul ati on of the work function of a stack
conprising materials 126 and 128. [0062] Although
netal -containing material 126 is shown between
dielectric material 124 and second capacitor

el ectrode 128, it is to be understood that the

netal -containing material could alternatively, and/or
additionally, be formed between the dielectric

material and the capacitor storage node 122. [0063] A
circuit device conprising rugged sem conduct or

material formed in accordance w th nethodol ogy of the
present invention can be utilized in numerous
assenblies, including, for exanple, conputer systens
and other electronic systens. [0064] Fig. 8
illustrates generally, by way of exanple, but not by
way of limtation, an enbodi ment of a conputer system
400 according to an aspect of the present invention.
Comput er system 400 includes a nonitor 401 or other
comruni cati on out put device, a

others
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keyboard 402 or other communication input device, and

a not her board 404. Mot herboard 404 can carry a
wor@dogroetessor 406 or ot her data processi ng uPCT/USZNH006584

at | east one nenory device 408. Menory device 408 can

Qﬁgl\%é se various aspects of the invention described

, including, for exanple, one or nore of the

t r ansTisd iaverdiewictaraed BMOS struct ures, capacitor

structures and DRAM unit cells. Menory device 408 can

conprjse ap array .of nmenory cells, and. such array can

be co{u'pl e Wetﬂi;]od;%{g?rgggg ﬁﬁ%{%lf'tr%qﬂcter PR cessi ng

i ndi vi dual formingmydialedttis layenovehe sabstegte; Furt her, the

menory cel rray_can be .coupled.tq. a read cisrcuit for

readi ng daHP 5{%”9 FJH??E%OW%WBQ &ageerﬁt' @'.VGGFM@“%% phggegirwdayer, the

raatfdd—cezr&ainm'g mgmémm }aeingr‘iorh&edﬂd) ial thicketbsk @f n6 grlibrémamgabout 20A; and

informati g et ween r vice 408 an rocessor . .

406 Such Ty FGEdYcRvRaPRed o ety o b ronaiaing

matehielr board 404 shown in Fig. 9. In such bl ock

diagram the addressing circuitry is illustrated as

410 dt [ ' is.illustrated 412.. .
50628, "l RRcft S Ui el R AR S oy
ywecepdd8 can correspond to a nenory nodul e. For

exanple, single in-line nenory nodul es (SI M) and

dual 4 n-1i | . L

the. ip] e aTE0 of AHBE Y VRGP bR A SO s vpe
qaredeand Whereints work faiasiomehtheycoddudtively clmpedsilicon and metal-

' ; j riet ' [ .
SEARREIALTE AT Bocobal Sl R o MR Elguomen
apefweitioey andinesneipl-cantaiing imaderiaDinepurs Earin, aed Fsodhiftes! ftdme the

SRR S S PRIE, BOEIE1 Y 4y e

rrem)% cell arrays and randonly accessing different
col urths of Thenaetapd gjclaibhi avhstabred at the row and

col um i nttﬁégﬁ&}itic%mc %%%?pﬁgg?%gu&%put whi |l e that

colum is accessed. . | ternate type of device
i s the extiBpadeptigia ecroprissae frepGciiaehoede oitihe hapasitbionard

data stor ) : iy |

s out put 8 Ce R b B B oRRlrRal node
ety rsbsisdrical ordehy Bhlsapden delesyisdnat®tipls nmenory

can i ncrease some communi cation speeds by all ow ng

short®r acgRSHetbb8BREISIM WRekin:r educing the tinme in
whi ch nenory output data is available on a nenory

bus. O herth@piytlaviceds a{iBBYSIEY, devi ces i ncl ude SDRAM

DDR SDRAM thShigReMc is YoMistathyd &6 ididaiMangs wel | as
ot hers such as SRAM or Flash nenories. [0067] Fig. 10

i | | ust r at 688 gordusyaly-ferRedtiiseRr iIneeaprised sy addiegh- | evel
organi zati on of various enbodinents of an exenplary

el ectg.oni cTreyAéRGY 608aitf 1 WABre RFAIMY théWEHHUCRRIy-RYSdiNcon
. can cor,resggipd to, for exanple, a conputer

700 . €, I :
COUBYIaRT dePISIigR Q5 Sl e ragralGonfaigRg Higlerst iRef wherein a
composition comprising silicon and metal of the metal-containing material forms at the
interface of the metal-containing material and the silicon.

7. The method of claim 1 wherein the dielectric layer comprises a high k
dielectric material.

8. The method of claim 1 wherein the dielectric layer comprises one or more
of tantalum, hafnium and aluminum.
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system that enploys a processor and associ ated nenory.

El ectronic system 700 has functional elenents,

WO pakighony) a processor or arithnetic/logic uni PCT/BELP4/006584
702, a control unit 704, a nenDry device unit 706 and

an i ut/ de

el ecttoni c tlhé ’%6‘"?/\}/?"4%‘9% edne]tg ?%a é@? mgterial comprises
dnesdrmutsre |oomanmhatltr@p,etehtawn® iR, hamtunt Aitde Hrrthags@tnitride.
on data by the processor 702 and other interacti ons

bet we roce r, .70 t he nDr vice unit 706

ond i | B REREIEPomAT T et T ot sanian ag mtterial Efprises
aneairthora oéttaniun sijpidentdntalemadiicideghafpilacsiicsdy antDRingétbe silicide.
menory device 706 and the I/ O devices 708 by

cont i nuou n h.a,set 0 erations

causeﬂl nsﬁ%&‘fg‘éﬂé ?%a' t’vg’tg{:%@efrp%tﬁ( ?fﬁ ?‘%Wnta'nmg material
abenprices dbor mnet @ iemitngdundsteny dnfriws aadtodilornt s, t he
menory devi ce 706 includes, but is not limted to,

E ;%O@d 2\3 F@Ees and }F;Celé whgfe'“ @‘%JT‘%%F&S u%%leg% n§nta|ang material

doheipisyesderstiallyl bf oree @mdora octmapaxcrt tohgskenCBafRDkh dnd temtal@ne

of ordinary skill in the art will understand, upon

readi 14 anﬁwectﬂ b& BF&?IWQ wﬁﬁgte‘?n ﬁ’te%ﬁé ?Isétrtﬁe m%%?%gr?tg%lrg material
t he |IIustrat electri cal nponents are capable o

dosbiaty of @be ioc aoeiofttbanivro] wd@S’tet@,r’t‘mﬁnwnt&mdltmtalam or dance

wi th various aspects of the present invention. [0068]

Fig. {4l ispp rﬁetﬂ%l bf &i&ith pl/\/ﬂ‘ét‘e ijth%%@me‘%g ot rg&ai -Effthining
organi zation of various I ment's an exenpl ary
r@@"éﬁ@'ﬁ%ﬁ'ﬁétwg@ﬁv@@@abwe5§yst em 800 i ncl udes a

menory device 802 that has an array of nenory cells

804, @ddregs rﬂeﬁeeiefcléﬁﬁ wh@té.@ﬁe%ﬁekrtésg %wrtewetaﬁé@nammg
columm access circuitr R read/ wite control

eateddliig legs Hep q@ﬂ“%‘éﬁ%@g@ttl‘ii@ﬁg operations, and
i nput/output circuitry 814. The nenory devi ce 802

furthe i nchiedRs BPeMIingd frandidtbydRAR, caisigBnsor s
820, such as current sensors for determ ni ng whet her a

menory celfPrmiag pgate qiglgetrie [pVeEpvAr@ LbstRIet i ng state or

in a hi 9h'fbl'?hﬁlﬁ@B%éﬂal%ﬂt&‘ﬁﬂﬁ@%ﬁérﬁ%@r%ﬁeedleIEBt?c layer the metal-
illustrated power circuitry 816 includes Eovver upply

coneEing mgtegigoheieg fogmpe wyn 8‘82“@8 thasy RAVET P GLR velesr ence

vol tage, GbinGikg bcﬁﬁﬂu@%lﬁ Sdpder éﬂ}bbﬁloQGr th@@nétélfo%htamm% material;
wor dl i ne W|th pul ses, circuitry 886 for provid

second wort ?H@‘W? W%@T‘?@?'”'%H‘a@rﬁab@"‘q ?%PdSBtB’efyo‘i'Oped silicon
bRVl e B@ck:R@dbi t1ine with pul ses. The system 800

al so includes grocessor 822, or nennrg controller

for menor )Pr%‘G‘@B% PGS/ FbEF O IECAIRAISE gaiFi $aekg02

recei ves control signals 824 fromthe processor 822

over 17vvi riThg rosthos bidlhinz 68 wikreln the SondUteverpapped siRscndae
to store data which is accessed via |I/O

i tuseaﬁ) )
W?Jﬂr&” Ve W¥H9% be appreciated by those skilled in the

art that additional circuitry and control signals can
be pridvi delthe rasttiod bidlaitns wherelhythd evndueti@&2dbped sikem is n-type

o%h%?l RN f%ﬁ heL{E fufn%%gns ototﬂe C%r:;’dt}{)\@ve%)(l) %g';/aeds snpcon and metal-
containing material together is shifted relative to the work functions of the conductively-
doped silicon and the metal-containing material in pure form, and is shifted from the

work function of the metal-containing material in pure form by at least 50 millivolts.
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the invention. At |east one of the processor 822 or

nmenory device 802 can include a DRAM cell, CM3S,
w@apaosaes or transistor of the type descri bedPCT/US2004/006584

previously in this disclosure. [0070] The various

R R B T R e M e
@pprisesitiemoitioharf it m;jmeunétayccﬂmimag mmér:;al @d@ﬁhdréiﬂ a

t. are 0 se
BERREba CSHNO Prean B BFR ibe R Gy HRlEEL BlinSa the
ioterface ofethe otatalftontatiygg @atedal argl thesticon.cel | s in
accordance with aspect s of the present invention. One

of orgj nar Skl u erst nd t hat

var i oéuBs e|ﬁket'if‘8 od E‘f}é ﬁwbgrr?'rbe‘e CP% %rocon}Pr'S‘asah'ghk
delegtienpéarieige processing units, or even on a single

sem conductor chip, in order to reduce the

co I cat C the .

ooy ot ape o8 pb A PP R hBaESRls Al s prioes pre or
roane df teyitalde, kéfeicinr @ @uwisirens f or use in nenory

nodul es, device drivers, power nodul es, contmunication

node pr . l;cat i on- kg .
roder: PrARFREREa PR vRB AEPhAGEL|RRHRAL f comprisc
aneduiInease osufehlum nitidet teptalusa nitdde; haleiun eitridesanddongsterenitride.

of a variety of electronic systenms, such as a clock, a

tel ewissi onphe AehBh b ARAD Wﬁen%ﬁfﬁﬁ@r?ﬁétalc&'ﬁpéﬂl %ma?é?la comprises

autonpbil e, an i1 ndustrial contr system an aircr
P NeArp of tanivm wg'cmw@e‘z@@eldpmfwsmmmmngsten silicide.
CLAIMS The invention clainmed is: 1. A nethod of

formmng a md mbthbd 6EMhiRe16 HRBRI Bk Mbtal Ji HdhB&I-Bontaining
di el ectrlc | ayer over a substrate; formng a

Teledg! %WP%PW@OW@% HANiEM ect |y on the dielectric
| ayer, the netal-containing naterial being forned to

a t hizggknesgheaheted BPEISINT TRnaRfHhe 290l cﬁ'ﬂﬁe mERI-BdA8ining
conduct i vel %/ﬁdo ped silicon directly on the

Priede! PrrnDaelgomMpasRs AU, The method of claim 1

wherei n the conductivel y-doped silicon is majority

n-tyms. dopmi» méthod BEclaBt TeehekirtthainBidi oMy @bial- &cﬁ}ﬂalnlng
condyct i doped silicon is n-type doped, and
MHER ﬂﬁe%}rﬂ}%? RV ICORPFEH BRI UIhe conduct i vel y- doped

silicon and netal - containing material together is

shi ftard r elatmstaod of didien YoOwkerbliniat ingnsl Bihd hetal- coniamllng
[ con[?and t he net al - cont ai ni ng

nﬁr%[ %EIH pé?alonﬁx?}ﬁgggfnﬂ'ﬁ‘?s WAYSPL shifted from the

28. The method of claim 16 wherein the metal-containing material has a

thickness of less than or equal to about 20A.

29. The method of claim 16 wherein the metal-containing material has a

thickness of less than or equal to about 15A.

30.  The method of claim 16 wherein the metal-containing material has a

thickness of less than or equal to about 10A.
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wor k function of the netal -containing material in pure

formby at least 50 mllivolts. 4. The nethod of claim
wa2emhes®)fn: the circuit device is a capacitor PCT/US2004/006584

construction, the substrate conprises a first

el ectgq cal , no C idar.. and, th . .

Conduit (o tocdls in g BRRS Bbyie Rl 47 By devies, gomprising:

el ect ri cal pmuidiag sspstradel comprisindre PMOS batel regibn andlan INMI@S gate

@%ioﬁt | east the dielectric material. 5. The net hod of

cFaim 1l wherein: the circuit device is a transistor,

t he di el eciormiagiagatodiplecsiedayiey overght €MDS hedt NMQS gatedegions of

ctively-doped silicon is conprised by a gate.
té?@ﬁdﬁs&%ﬁ%t hod of claim 1l wherein formng the
conduct i vefbymidg pehick metat-eontamimpmetees! idepaset hePMOS gate

b3 BT B SR T TS I S

fombed tocoihickhessnof gnedterthanh 20&r ns at the interface of

t he netal -cont ai nj.n terjal. and,.th ilicon. 7. -The
mothod of Brang e h gt hiting Matedlioe 9] Bie PMOS Ehd nmos

giepEticestha thinghetid-codtadiieg tataiahbsiey fauned & a THieknees bbidss than
f i rej he. dielectrjc.layer. conpri.ses one

B eafifth Bodo S Sl b oth ) G ib i R E PR R G5 Eral over

RO OM@B goe5efeny US2004/ 006584 9. The nethod of claim

1 wherein tal - talning material comr.i Ses _on

or nore offgpﬁ{] g%i'%’r%rﬁf?ornlada(ét,'veg'é%?paeldfmo ?Fﬁgg%',ng ﬁlgtpﬁﬁﬁ}ﬁPMOS

andtNMQE gatel regiomgsindrovai theitlile metdlGcontEhengreiatenidl; of cl ai m

1 wherein. .al A inina material, conpri se one. .

or nore of'%&?%%@ﬁhs%?ﬁ%@hglgl'%? %ﬁ%{”é{lgdﬂ?tﬂ'f"r { rae?al-corr&ammg

rhatbralamdsiohddtislely-aloded sitigrst ivte & PMQS dansistdr. galdhstaotedbvardhe
fi~el ai A in the netal of the netal -containing

ﬂnvé?g’ﬂ%gﬁejgéoyh%ﬁ(?ses one or nore of titanium tungsten,

haf ni um aridcdrperatimgime i@ metdlecometiiogmaferial adedhductively-doped

' of [ - i, Q1 i al
L350 Pl oh BBTR 1Rl b8 BNy oF R RO BT, ©
tungsten, hafniumand tantalum 13. The net hod of

cl ai @21 whidheghethpthef claited! wherelretherebadiuatively-dbpedgjlicon is

L& i@t#4 '_sts of one or nore of titanium
nF%nggtne peﬁ nifum and tantalum 14. The net hod of

claim1l wherein the thickness of the netal -containing
33. The method of claim 31 wherein the gate dieleciric layer comprises one

or more of tantalum, hafnium and aluminum.

34. The method of claim 31 wherein the gate dieleciric layer comprises

aluminum oxide over silicon dioxide.

35. The method of claim 31 wherein the thin metal-containing material
comprises one or more of titanium nitride, tantalum nitride, hafnium nitride and tungsten

nitride.

36. The method of claim 31 wherein the thin metal-containing material
comprises one or more of titanium silicide, tantalum silicide, hafnium silicide and

tungsten silicide.
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material is |less than or equal to about 15A. 15. The

met hod of claim1 wherein the thickness of the
woredoalswent ai ning material is | ess than or eqeRal/US®04/006584

about 10A. 16. A nmethod of forming a transi stor

devi ris formng a.gate diel er . .
over sugg{)rrg?t Qgﬂﬁ" \gg?rrg{n%ﬁg&%?lﬁf émrm?t@?f?cg]tammg
roaterial ohedoeniedtelytoompribes/@re ortrherercé titdniung, aartalumi, ighgsten and
h"?ﬁ rial being formed with no nore than about 70 ALD

es form ng conductively-doped silicon over the
met al -containing material; patterning the
nmet al38c ontTdiemeipodmat aﬂai'ma'm @hereiahd ditckness gt itlo pleid metal-

c?;lgga;kng@ma{e%f),ﬁa?sgq@%e 2 ”S{%‘%%RP{%' di ng source/drain

The nmet hod of
claim 16 wherein the conductivel y- doped silicon is
maj or3% y nFheypethdd peclaimlBl whgreintbe titickneks of thi thid Gnetal-

gﬂ%‘f@%d"mg Tia 18?%?1&;&6@%%’@%;38&‘3'10% licon is n-type

aunctron of the
conductlvely doped silicon and netal - containing
mat erdilal  thogethedrof farmitt 4 candcites cansirectioo, edmeprismngk

functions f8|fm|ﬁ g o?é?mlg#/é’redvgr aggﬂﬁpﬁéthgﬁg%oagd the

met al - cont ai ni mat er | 'shi fted
fromthe foriRg ammﬂi@l'rcz@ntammq m@tenret aver thendialepiiindpyer, the metal-

SR ShuAg7 45D L g fes e

cl ai m 16 p@tieg poridyctivahgdenes sdisad wyei he Inystelmostiining material.
silicon conprises deposition of silicon on t he

et algycont@ieth&8odet QhjPdo Wﬁé@m"mgrcShcﬁhcﬁ ;tS’eQd iR is
conprising silicon and netal of the msta con al ni ng

PRIeEY NAVPE 8eRes- at the interface of the
netal -containing material and the silicon. 20. The

rret hog. of 1Heahsmd of’\fl&ﬁwedfd‘wﬁé]@lnfmé|dfe¢éd’tr‘iccla§/é'ff36%hpnses one or
onprises a high k dielectric material.

W?I%E?“Eﬁ'u'@l RATIUTERRRAYBINE™: he di el ectric I ayer
conprises one or nore of tantalum hafnium and

al umgaum 122.mdthed Bfélélﬁmmfvh&bw At hethehidng ﬁ*ﬁterlal comprises
netal-con%alnln npri ses. one or. nore of

NP CAAURPhiRRIH Nt ng%lﬁ?%tﬁlh'm Wirde; ERMUALRIKIdE ANHityngstrn nitride.
and tungsten nitride. 23. The nethod of claim 16
wher eidn t iemaétabd 0GR 40 WigerdmitBE inddtal CORRIMIKEaterial comprises

one or more of titanium silicide, tantalum silicide, hafnium silicide and tungsten silicide.

45, The method of claim 40 wherein the metal of the metal-containing
material predominately comprises one or more of titanium, tantalum, hafnium and

tungsten.

46. The method of claim 40 wherein the metal-containing material has a

thickness of less than or equal to about 20A.

47. The method of claim 40 wherein the metal-containing material has a

thickness of less than or equal to about 15A.

48. The method of claim 40 wherein the metal-containing material has a
thickness of less than or equal to about 10A.
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one or nore of titaniumsilicide, tantalumsilici de,
hafnium silicide and tungsten silicide. 24. The

waoredohoskoos cl aim 16 wherein the netal of the PCT/US2004/006584

nmet al - cont ai ni ng material predom nately conprises

of £ Moy ATt o TR e Shp B Brshubibiy fofadgfe: ™"
conpri ses foemmglaumoaﬁﬁ)r elEezodeetdroprisidg edraiuativify-adpetieilidon; and

t he net al nt.aining. eri .
pr edomi nat'eP Vlglmgn’pr |§ %&ﬁ%{@ﬁgm@rﬁ%%@%? RRpcpr electrode
aridzd capbeitevnielectric tayer, e mbtabtorithiaingehatkrial diatiay fai thigkness of no
m nately conprises tungsten. 28. The
rﬁ&{eﬁé%%l? ‘igﬂm 16 wherein the netal -containing
material has a thickness of |less than or equal to
about5020A. Tizomeihiod ofrelainndd wheddirathe cbBdudtieeigidoptdieilicon is
G Lnihg material has a thickness of |ess
rﬁﬁgﬁ&or@%ggﬁ&?o about 15A. 30. The nethod of claim 16
wherein the netal -containing material has a thickness
of | &8s t hEre methedwhtlainn4@aybearteirlha, didgctigag0bh8R696ne or
Bsvie) 0 hod of form ng a PMOS
rgewoce a%g{n ﬂéﬂ%&aﬁ?}u@gﬁomn sing: providing
substrate conprising a PMOS gate regi on and an NMOS
gat e 5% egi B¢ metbpmogg'a@ @%wéemlreih@ctele@rw layerrcapymises Bleiminum
ddeS and NMOS gate regions of the substrate; formng
a thick netal -containing material to be over the PMOS
gate _region and not over the NMOS gate region, the

t hi clé3ret alhecBathas of Agimée whetsin WQum@al of hereatal-gorfaining
rhito B PeSForfhat@lyedh®istdamk S0 Aore d?rtlfﬁrﬂgn afartntalu?h hafnlul{ln Me%d

netal -containing material to be over th
424N egi ons, the thin netal - containi ng mat erial being
fornmed to a thi ckness of less than or equal to about

20A aad ber H&néﬁbﬁ%ﬂcl@i\ﬁ?ﬂ&) WH@re‘rhl‘h@'?néfﬁltcﬂJnta‘Frﬂﬁ‘é ﬁia‘ﬂérﬁgcompnses
mat eri al ver region; formng a |ayer

BF LGl e taewugﬁ ratﬁfﬂ@diagia e Biiex bRl B itersupgRien nitrice.
PMOS and NMOS gate regions and over the thin

met alsscont@iaha@otat 8aidd9 wherein the metal-containing material comprises

one or more of titanium silicide, tantalum silicide, hafnium silicide and tungsten silicide.

56. The method of claim 42 wherein the thickness of the metal-containing
material is less than or equal to about 15A.

57. The method of claim 49 wherein the thickness of the metal-containing

material is less than or equal to about 10A.
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i ncorporating the thick nmetal -containing material,
thin netal -containing material and conductivel y-doped

W@ 200082003 Nt 0 a PMOS transi stor gate stack ovePCT/li82004/006584
PMOS gate region; and incorporating the thin
met aI5- conﬁ@t{ni ng terial and conductivel y-doped
silicon i ALFSRIMR'SEr SAER'SYF gate stack over the
NMOS gat e a gak aielecd: lajdrevers basstafie;cl ai m 31 wherein

t he conductivel y-doped, silijc i,s . mpjority n-type

doped. 33.29%8 S@?ﬁgaﬂa? g@ieacﬁ‘fr‘lf"%ii'cm@k@inﬂ the gate

di el ect r i csousetdrainospiohsE®XiaRte thergai® sckfantaitisain e gate
haf ni um.and al um num 34. The nethod of claim 31

AL CMPPR% gate dielectric |ayer conprises al umi num

oxi de over silicon dioxide. 35 The nethod of claim3l
wher ei n t he t hiameei-abnteiomganaterts avet teidiklectéoBpsn, $@smetal-
one or nore of titaniumnitride, tantalumnitrid .
P um o PO A A2 bR B et i gpAs anc
of clai m 31 whex edrmiutiheltddpedrsticah {ayenbedrthametmtefithiming
conpri ses on(%olr nore of titaniumsilicide, tantalum
silicide, NaPHfum silicide and tungsten silicide. 18

WO 2004/ 082005 PCT/ US2004/ 006584 37. The net hod of

cl ai rh931 whrerteinsistdreleniee af claifn S eheteimthe conductively-doped silicon

: = Cont al ni mat eri al predom nately conprises one
SPRREDCPYp PRl

anium tantalum tungsten and hafnium
38. The nethod of claim 31 wherein the thickness of
t he t88i n nidedransistortdeling ntclaiat &8 ivherdirstheatisdedttialayercomprises

&glb?lnh&rgo?ﬂﬂ%ur&,ﬁﬁgnigl%'anaréﬁ;rmﬁpﬁpd of claim31l wherein

the thickness o e thin netal- containing nateri al
is than or_equal to about 10A. 40. A nethod of forming
a capdei t drhedmisisiaicierien of deimp®s whergin theslaleaide layer comprises

Aighestdddse. | ayer over a capacitor storage node;
formng a netal -containing material over the

dielectric_ layer, the netal - contai ni n% material being
f or méd- wi tihel teasisiaigleviee obRjainl 61 whallsiLhe Testalioniajring material is

p?a?gcalfy%gmdégth%%iﬁhhwﬁédé: doped silicon over the
net al -contai ning materi al .

63. The transistor device of claim 61 wherein the dielectric layer comprises

the aluminum oxide over silicon dioxide.

64. The transistor device of claim 58 wherein the metal of the metal-
containing material predominately comprises one or more of titanium, tungsten,

tantalum and hafnium.

65. The transistor device of claim 58 wherein the metal-containing material
predominately comprises one or more of titanium nitride, tungsten nitride, tantalum

nitride and hafnium nitride.

66. The transistor device of claim 58 wherein the thickness of the metal-

containing material is less than or equal to about 15A.

67. The transistor device of claim 58 wherein the thickness of the metal-

containing material is less than or equal to about 10A.

68. An electronic system comprising the transistor device of claim 58.
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41. The nethod of claim40 wherein the
conducti vel y-doped silicon is nmjority n-type doped.

W@ 2004/080051et hod of claim40 wherein the di el ecP@T/TS2004/006584
| ayer conprises one or nore of tantalum hafnium and

al um gum e nethod. of claim40 wherein the
nmet alébéontéi%M%’ FRREPING: conprises one or nore of

titani um m tieledtic layEnbadnasutistrategle, hafniumnitri de
and tungste (dride. 44, t hod,of .c]ajm40
ahor i not HEP MRt Pl Ene B iS dlR Yl Bl P e e
or nore ofa fiist aetaloostainingi rdeteridlavithal thePVIOS giatkeand over the

L ilLiclde a t ungsten .si.l.icide. . 45. Th
PRGBS BB R o kSl Bigia thfest o greater than
20 al - contai ning material predom nately conprises one
or nore of _titaniu tantal um_, haf ni, um an tungst en.
46. The rre? ﬁ%c(?ng]a‘n 'gﬁOHFaA,rﬂan,\ﬂ‘é‘Feé'ia W[ﬂ’Ha the IQMO§'I gag(e ang over the
dielbattie taynt, ahansevgndaictalicdhtairiiey materibi GdUTesS thidknb &S6F less than or

. to about 20A. 47. The nethod of claim40

t han _or e
‘?ﬂ%‘gpt&ﬁ?o{»’ﬂ tal -containing material has a thickness
of |ess t hafirsolayepiatypededeaidilicdh Avith#Bthe FIMO Bglteashdadver the

|al 0 erein.the netal -containing nmaterial has a
fﬁﬁtﬁg%ﬁgcog\{\%@ngg}‘ager{ aat'?dor equal to about 10A. 19 WO
2004/ 082005sd0n4 Lig20 641-0/p65Bged 4ficorwith redNBIDS gateang over

itor, ruction, conprising: formng a
t@%%%goﬁ oér]gtg‘ cgog{t‘?%@é@ ”1:%%‘1’1 si ng conducti vel y- doped
silicon; and providing a netal-containing nmateri al
bet wedh t hEheacGMAS ¢falaiml6Sothreneip thendidleatricampet comprises one or

i el ihc | -contai ning material having

o St AR AREa DRI 2000t "20A 50, The et hod

of claim49 wherein the conductivel y-doped silicon is

maj ordity nFheyeOSoPathim®e. whEhen et tieldcit l@yleaicomplses aluminum
rein the dielectric |ayer conprises one or nore of

tantal um haf nium and al umi num 52. The nethod of

claim49 wherein the dielectric |layer conprises

al unmfum e @dOSsE claihe 1rvitetieitl thast firel anichsetondumstalicantaining

heridB A pifsichPadBiRknE ADLRU S8de.

73. The CMOS of claim 62 wherein the first and second metal-containing

materials have the same composition as one another.

74.  The CMOS of claim 73 wherein the first and second metal-containing
materials predominately comprise one or more of titanium nitride, tantalum nitride,

tungsten nitride and hafnium nitride.

75. The CMOS of claim 73 wherein the first and second metal-containing
materials predominately comprise one or more of titanium silicide, tantalum silicide,

tungsten silicide and hafnium silicide.

76. The CMOS of claim 69 wherein the thickness of the second metal-

containing material is less than or equal to about 15A.

77. The CMOS of claim 69 wherein the thickness of the second metal-

containing material is less than or equal to about 10A.
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mat eri al predom nately conprises one or nore of

titanium tantalum hafniumand tungsten. 54. The
woredohogkoed cl ai m 49 wherein the netal - cont ai ni POI/US2004/006584

material conprises one or nore of titaniumnitride,

t ant tr f ni itr. nd tun e .
nitr ?} 8. n? q.ﬂngSré}a%%ra\L@w efr%'ﬂgﬁﬁg" Sf‘segﬁh? ﬂree,t metal-containing
metedidl-is greadarhargomsuel toaboooig®A. ses  one or nore of
titaniumsilicide, tantalumsilici de haf ni um si | i ci de

aner choh ¢ nk Gl G, o%ynet O fF RGeS ofth R bt contaning

matedaliiabraater tiemsort duymnl orabeqitd0At o about 15A. 57. The
nmet hod of claim49 wherein the thickness of the

ebout®G a8 T eBbuidoHs i8R GoREHR! mefi-ontaining
maigrigliis geatatévdrcer, equehtprabsintfi0Aa agad ivbedbirethedhickreess af e second
4o te?ﬁthﬁtrﬁeﬁél%l lsaie %n%‘* 85l Y 8ot 180t €
el éc cérdr

ric’layer, ai n"regirons proxi mate
t he gate stack; and V\herel n the gate stack conpri ses:
a metdl - con al'reﬁflrmjc astem icainpuisieg theHeMDSedfetaimi6®. | ayer ,
the nmetal - containing material having a thickness of

no noge th@@aﬁéﬁ%ﬁccﬁﬂgﬁud%ﬂd orﬁ‘%r%?’ggdum | vel y-doped

silicon layer over the neta Ining material. 59.
The transiafirst C%@I"@@'Qﬁﬁroéﬁ Aherfisg copnsitel ele¢trpgle comprising

mag&%pyyo%l ¥admp&s silicon is majority n-type doped.
60. The tranS|stor devi ce of claimb58 wherein the

di el ect ri c@ fliglpelricdaiep proxbmate refirst capgeitorsfectradesal um
haf ni um a@sé&o\ﬂ\ﬂ‘cﬁﬁéﬁﬁoﬁélectﬂb% éd’r@s%sthéﬁge%\’ih%? #Rfm the first

cl aim 58 wherein t dielectric layer conprises
CRPASHOR EIRACERIRI@Nd62. The transistor device of claim 61l

V\her ein t hemaei @bntﬁﬂ%%&bﬁ& b'é%@erd Ak Cbﬁduoﬂwf 'dgﬁéci dilicon of the

ai nst the al um num oxi d transi sto evi ce
ft5$ @pragiter stectipds @’ldwthﬁr%el%nt@ @M@fs tf@ Metpkgonidiipeinderial having a

thidRn &k W RY M rdRuamMs ansid Jggon di oxi de.

83. The capacitor construction of claim 82 wherein the second capacitor
electrode is a storage node of the capacitor.

84. The capacitor construction of claim 83 wherein the second capagitor
electrode comprises rugged silicon.

85. The capacitor construction of claim 82 wherein the conductively-doped
silicon is majority n-type doped.

86. The capacitor construction of claim 82 wherein the dielectric layer

comprises one or more of tantalum, hafnium and aluminum.

87. The capacitor construction of claim 82 wherein the dielectric layer
comprises aluminum oxide.

88. The capagcitor construction of claim 87 wherein the metal-containing

material is physically against the aluminum oxide.
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64. The transistor device of claimb58 wherein the

nmetal of the netal- containing material predom nately
w@oimpnsdes one or nore of titanium tungsten, PCHOBZNUMG6584

and hafnium 65. The transistor device of claim58

uher G4 T30 8y AR 4o PR AR Gt

mamrlaldnedctrmnaialymmmlses pole oamdrehatftitanium nittide, dentalGo nitride,
T nsj st clai m 58 wherein the

tPE?% rﬁl@é}?eo aﬂﬁﬂh z(f'&gcont aining material is |less

t han or equal to about 15A. 67. The transistor device
of . cl . m SBhevtapacitar cohstrudive khesis 82 whaeimibe ahetal-containing

Iﬁ%l%héﬁ%@é%lﬂ%ﬁ%@&%:oﬁ rﬁsgs l)ﬁéc' e%nggeonplﬁanz&ﬁ% |I?ih§, t%?’(%HJtm silicide,
tunggien siticide arolhafeiuof srhmm m 58. 21 WO 2004/ 082005

PCT/ US2004/ 006584 69. A CMOS, conprising: a

di el Qﬁt ri THeaé’a%Eﬁl%{'g% ?\é C;ﬂ?ﬁé{ ﬁglﬁn BQWE% tggttlﬁcla{égs %P the

NMOS gate over 't
metehtoniaininginsteripl isdees thah omeqlhalrtp abmt PFAS gate and
over the dielectric layer, the first netal -containing

mat erd-al j ; '
Lot oo SR AT o0 o st
raplal-epnggining énatefiadisdess thenoa gaval tq ﬁléouif,é@énd

net al - contai ning material having a thickness of |ess
than g eqp@aM QOIﬁBI%'I‘ig #@RapAciol E%stﬂu@ﬂﬁ ofiaif ézy
doped silicon within the PI\/D% gate and over teh

nmet al - cont ai n| ng material; and a second | ayer of
n- t yp¥- dofiuelestionicsysignn GPmptisied MecRyMts clzia 98ver
the second netal -containing material. 70. The CMOS of
claim69 wherein the dielectric |ayer conprises one or
nore of tantalum hafniumand al um num 71. The CMOS
of claim69 wherein the dielectric |ayer conprises

al um num oxide. 72. The CMOS of claim 71 wherein the
first and second netal - contai ni ng

first
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materi al s are physically agai nst the al um num oxi de.

73. The CMOS of claim 69 wherein the first and second
woredoaloswont ai ning materials have the sane conmpOBUE20041006584

as one another. 74. The CMOS of claim 73 wherein the

first and second netal -containing materials

predom nately conpri se one-P;/ re of titanium

nitride, tantalumnitride, urgsten nitride and

haf niumnitride. 75. The CMOS of claim 73 wherein the

first and second netal -containing materials

predom nately conprise one or nore of titanium

silicide, tantalumsilicide, tungsten silicide and

haf nium silicide. 76. The CMOS of claim69 wherein the

t hi ckness of the second netal - containing material is

| ess than or equal to about 15A. 77. The CMOS of claim

69 wherein the thickness of the second netal -

contalnlng material is I ess than or equal to about Rﬂ

10A. AND—2-004+082085—RCH-US20044-006568 he

of clalh169 mherelh t he thlckness of thé flrst

met a -canrarﬂTT@rTng¥§GH§ is greater than gr equp
about 100A. 79. Theg of claim69 mhere.

thi ckness of the fi met al - cont ai ni ng :

great er thaﬁ; I 10 about 150A. 80. il S of
claim®69 %pEthngfﬁ@ t hi ckness of the fip¥

met af - contaili ng , FAtefial is greater th ual to
about 1p0% <@n @qé‘rel h the thickness fthe secjond

net a -cnntaumlng mabertal is |less than / equa
abou 13A 81.'OA efectronic systen1Covoh sing t
ngyjijucti o

CMOS| of anI@QI 2. A capacitor ¢
conpfis|{ng: @ tirlst]capacitor electTade// the firlst <
capagi t pr liect r dde coppri si ng condﬁgf'vely doged ™~

si | i pont—a—dieleet+e aye proxkﬂape he first
caparitor el ectrode; _a ecgnd/capagy
acrops the diele I C Layer frcwﬁf“e first capgc
el ec mat eri al bet wgen
or

[

cond first capacit
el ec rC | ayer, the _
nmet a havi ng a
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D
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thi ckness of |ess than or equal to about 20A. 83. The
capacitor construction of claim82 wherein the second
w@apaosios el ectrode is a storage node of thePCT/US2004/006584
capacitor. 84. The capacitor construction of claim83
wherei n the second capacitor electrode conprises
rugged silicon. 85. The caga Eior construction of
cl ai m 82 wherein the cond Vg | y-doped siliconis
majority n-type doped. 86. The capacitor construction
of claim82 wherein the dielectric layer conpris 10
one or nore of tantalum hafniumand alum num 877 The
capaci tor construction of claim82 wherein the
dielectric layer conprises alum num oxi de. 88. The
' of ¢l ai A 87 er i IYE

vy

— A o
Ol 11at €1 y LUITptT1 §E§
antalumnitri de, 20
itride. 90. T

or nore of ltitaniu
tungsten nZride and haf
capacitor construction o
nmetal -containing materi
br nore of titanium sil

ilicide. 91. The
f clai/m 82 wherein the
contafning material is éss

capaci tor constructi
t hi ckness of the al
than or equal to about
onstructi | ai m

construction of claim82. 94. An electronic system
conprising the DRAM of clarMm 93. 24 WD 20047082005
PCT/ US2004/ 006584 1/§é?4i.' HH —
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