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WO 2004/ 021424 PCT/ US2003/ 028219 TRANSI STOR ELEMENT
HAVI NG AN ANI SOTROPI C HI GH K GATE DI ELECTRI C

wWORUHNRQAL FI ELD Cenerally, the present inventPOW/US2003/028219
relates to the fabrication of highly sophisticated
integ&gted circuits 5 includlgﬁ&tran3|stor el enent
wi t BRANSISROR ELENENTHAY NGARD ANBOTRY &H@P&%GAEH&’IELECTRIC
nore particularly, to highly capacitive gate
structures including a Er %Hm]th a thickness of
an oxi de capacitance eq UIV ent t ness of 2 nm and

| es sCenaalTK BROURND Rmﬂlanfelﬁ‘ﬁﬁ@rtﬁe fapricatipn f dighly jsprbjsiqaigd integrated circuits
indKldRk R slof Abkn e vﬁ’th Zlﬁﬁmlﬂﬁ Rathik 8Bl df ¥.1G@CHE &Sd, A, A6 part1cu1ar1y, to highly

ca Elgzee#els%ucfuﬁég mﬁgépg 3 %}f fng Wl%rﬁn tl{vl\nﬂctggﬁ%th "W g ] OS aéﬁgglce equivalent thickness of

2memapdlesst ered in steadily decreasing feature si zes, one

essential issue has to hadiRgMasake all ow the

further scalln% of device dinmensions as_wll be
expl BiTHddn inpetalid cY SIRYR TpPEsBR TS steaihedegrgisine and presently approach
0. ITBIJnG{'lthttHe Qlfospbcfﬁtoegl()&tpﬁﬂm&hd‘ fiddi fusur@r ef hﬁSﬁﬁly Pioblsind Er@@Miered in steadily

subst ant ted. a # [
fd di
decrgqmlng h’ﬁ % SiZgs o on ess ng?lés(% egllgs 19 < resolveX IPIe S )iZurt)e{ér séalﬂlgg of device dimensions

as g/git kha@pqédneg up(then@llowtutge Piespntly, gxgv%s@aqjglty (ﬁn@egra[tqd[@‘r@ﬁbqr@based on silicon, due
to Shsta®RIly Wilitnkted ﬁ/ﬁﬁﬁblﬂtyt 16 wemifRErstadd c‘ﬁﬁra&d’ﬂﬁtﬁc@ @ndf 8¢ efpbﬂieﬁd’e%athered during

cuit gene 15 reason.fo
5 s Bt PSP V) "B e o SOt g aemraions. e
regav ifaete | ®minhe Bppenceopf sititrar @mc fabridating emnicfidugtor devices is the superior

chﬁ%c!tér&iﬁ:@ /oisz{ 411'ic919ﬁ11c‘Jﬁ ﬁﬁklgeqn&ﬂc@{hgtaaﬁ&vs rgﬁtﬂe @ie&h@éﬁ@mgufaltlbtﬁﬁ ldBferent regions
el ectrical i1nsulation of djfferent % ons from

T A LA v e TR
pe&fbrmhlllcg hof tsebiRgaed¢na high esnparaitke prdeessss, &l droveguitedefor example, for anneal cycles to
acH\%{e d8£aﬂ§ Do %e Q?o%&g%%th%’yt &t}%ﬂcﬁgﬁl@ El@waﬁchﬁgﬁ&@tﬁﬁ §t%he interface.

as are rGQU|re or “anneal CyCleS
act i Ma¥ &g aﬁs@te%ﬁ&uwoemse aélfl%ﬁslwglPer P el ST Ffﬁlalﬂ?fs wherein, for the
re&a6 Ipbihie€ bul @bdvh Qiliednekdxide Es&}lref@&b@f Bel Bhigst imSdatidoh laydt@eparating a polysilicon
ga%en;ﬁeec{rf (%C§ol% é ?sﬂ%:/?ns %;ha p ?eg}ol;\ ? g{ gqmgllto{(;;?% Idév%ce 33%%511%? of field effect
trefagitors, Welengﬁle‘ﬁ§]€35h dagyel fegierghap gentissihebeer Fl?creé%ﬁ VY @V“idﬁmg speed and
driR€ %ﬁ@hﬁ@p%llﬂﬁ e@m@esthél t@Rls@r béiithaate i@moﬂtﬁ)l&lr byS€ p@fa@ duﬁgwd to the gate

el?cggﬁg t% 1anrh ﬁlg tsgg fe th(-':e cheal(r%nze):g ]i%dlgn I I‘é) mft%lentl A 4;1% gharﬁe %enm for providing the

defifed |cukranf fore givent aumibsvosktmr g certgin Id@lﬁgtoti C'@ﬁcﬁm |C§1pb¢ganlﬁeiied by the capacitor

foﬁ&g|b9QhehQa§a &&H&de nl‘HQ bisthiél REBA oL GE SiBSA dlidxRe | |dﬁpcfs§&/ ﬁerebetween has to be
switchin drive ci[rent capabj it

Ny SRS D BRI PA CnL Ca POT EP By 9 Rigarping o avid
ths sieqallédestiort chatrlakbetyavior dR g ehsistor ogbertioro  The\skort chfyel behavior may lead to an

m&ﬁag{dqgaﬁ Cﬁgfcm]i‘éﬁﬁ arid Q@Q G&Jenc{el%g 'op{ﬂe ttlﬁ’esl?ol@ wltfaéeCanﬁEt (!h)(nn@l' IQEth Aggressively

nsit for provi desired current
sclecgrpTPr St YRPEagE, B ol aprbrsdeuest! ﬂE%ibOA%YQF?gs gy, therefore,
su@féi‘lﬂbhll aﬂ @xpofhal indede bijthe lhaﬁag@ apeat sb ot thd @patitice doyplihbﬁ the gate electrode to
thgc 1anne el(%lt hrag &j)%b m{g%o&ﬂ% crea!eg Qi’]sg&taﬁtnﬁ% L\t?) tﬁ’é Jhbr? &an behavior. Thus,

I Spose ere
thp 1th1qu|qssh of @gtsﬂlquahoxtglg éqygral@p ﬁgbq prErePRERISH depr@qq@it qq prov1de for the required

ca?ﬁ‘ﬁéh'cé‘ Btwedf te 136t BRSO HARRAGEb. VEor Gl 08hahi2] ARG 6F 0.13 pm requires a
he so-cal |l ed short channel behavi or during transistor

sikiggre figrideghicknas & thaaee OLRBIHEMCI &R AW B 2 galy ePengf 008 Happay require a gate
did€iricngdde asgiitoh @iak@gs an by Hpbxiandy i1 Q néh. dament @aeallphigh speed transistor
elEAme%ts thgvn?g\s; gqoexgrergcgyé Fho%ec ?ong?]l;ntl]ae Cg}c?rg) \e/{)ec {ésggl \%Ig rLF‘Fh speed applications, whereas
trqneqstgt qlayr@my w[t]@ Wloggpp p]]layne{, HRY l@@g,\gedafﬁﬁleqs Istiical apghiretiqys. such as storage transistor
elbrn@ SthOle RN Q! High 3RKdITR Yurrehit RQI QS 13T direct tShMlihESF chdr@basirs through an ultra thin
exponential increase of the | eakage current so that

the capacitive coupling of thelgate electrode to the

channel region has to be correspondingly increased to
substantially avoid the short channel behavior. Thus,

the thickness of the silicon dioxide |ayer has to be
correspondlngly decreased to prOV|de for the reqU|red

~ - o - a .
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40 el enents, the relatively high | eakage current

caused by direct tunneling of charge carriers through
wanoulera4thin -1 WO 2004/ 021424 PCT/ US2003/ 0R821/92003/028219

silicon di oxi de gate insulation |ayer may reach val ues

for _an oxide thickness in the ran of. 1-2_nm t hat e

siligejt dioxigle @l fRABIE YT TRRIR G ARA 8.28 ’fléfetf;fdefﬁs i gnee of 12 i that are ot
ackpieblefoopeefprniagqoldeiennigeusis. | i con di oxi de as the nateri al

for ﬂl@ltefé)g!r Fl%ié%ﬁé Llﬁ)&ln |dﬁ)¥ﬁ£ 3s tﬂ@ﬁla@&ﬁ ri}orcéafasiﬁSQﬁﬁ(ﬁqayers h{ls been considered,

particu or extrenely thin silicon dioxidée
paftigyfastyor PG Sl SHFAE PR AT iietiHv geria® inclide materils tht
exhibit & $igraficantly Aiher plrm@dihity Bd thata pBysigallyfhighd mtidkyeshofgrerespondingly formed gate
mslaﬁ{lon 1£ I ?\;rwﬁés by la%!})?&tlv% %muzﬁ tga‘il ILNIﬂ%i?J P% %Fl%%d ?);' !mC&{}S‘r?e%/ tR]L silicon dioxide
la)fgr ogqmg@(gl A3 @Ithl‘éinfﬁsaf?&@ie@ ifq},‘@c}gqy@p |a|sp@1ﬁpch SAP2SHEE |cgppb@ with silicon dioxide is
rei@@éd&b E&é@e@kan@ef‘eqﬁ%ilé’nﬁilﬁﬁ:kr}ésst @EM). Sihld, eQrrird |g&i£dedleappba'ﬂsytﬁ2[t simply replacing
the %lécgn ?10%%@ \%131 |Da a t i Vie?lélglﬁq ?ﬁa?%tgor&%% U sy ‘1"."%81% agapacnalace ecilulvalent thickness
in fhefaegsr @d nmond bssc Spawiproatidethisqripegdh b intredyitiok nbuisogttOEP p silicon dioxide

la);Ep H)Stheré;y iferdakel t8d dlgllec@ﬁbcc%nstd& akikea! §11$ﬂi}a§1ac§igmo§en into an extremely thin
the silicon dioxide wt

acin
el s St RoME el 1 ooy il SRR Bt ot vy
pregjsing/ M@ advert hirgkiciesstraben inte thehsdicoradiguile aifcreses the haral ghme ssthat for a given
md M ARRER 3G Rnd Lhiy J}lmcﬁlesq: BeRRE bt tﬁeSgaJe ba%aaltmcg ﬁa%ta&meoof

nltrogen into a silicon dioxid 1.g%er to ereb
| ncrbHsbus, HesRbIEg R b Rié%‘i‘“ty P’é‘F‘i“’éso%“SP as tantalum oxide
(Tp)zloa)ommg Kof appok@itely t5Gnd Btrodiiint @Iy oxida (S TiCE) ﬂatnﬁ@ﬁ]k of approximately 150.

ﬁagﬁg u@t}/ﬁ | 199%{‘%&?{%? ;ag %ttel cpegec& |2 Qt tldﬁg \gll[t tﬂé Bddition to a plurality of

reg roach not
prw@m imgobygfd mN@P%% fhe haqﬁltma:‘amleﬁm@atwats g @Rll-pstiplishedrpsocess sequences, the
cafilel MBIty b @¥i HMnél eag,n@als egmﬁ&etwﬁﬁdecg@pmess mlghnaﬁm&mry @aterials. Thus,

e curr.e on % nc rea
altg?ug?ﬁhlgh C aecﬁ}é'}% cogelmga 6%,1% dev6ce ‘pem Lqrma ce cg rﬁ%ﬁg aPstls ar elemen?é is degraded by

the paduced sqggembélﬁ/ theyshxa et leagt Bartiaihc eﬁse@nm\e diévamagehoblfﬂugﬁ by using the high
Imgﬁﬁﬂﬁ}ﬁ*&hﬁy materials such as tantal um oxi de (Ta2C5)

\éleIt glé %tl K Of a?a? ﬁ’é@’] rgn%scélmégf tg%%?_tosa% e%;grit:tsle % ﬂ’]gﬁ g@acnuv%ouﬁlmg is required,
wigppl, yi theotbay bimdhhgdarrpemebility dajdrnipingrthe énveaulsena@p@ameof the transistor device

ls%tﬁhﬁgtngéagvefyllﬂﬂug&gdﬁs out that, in addition to a
plurality o probl ens i nvol ved in inte rating the

handl i ng of these matBPFPRUREPEHMNENTIEE: abl i shed
pr oc@@mali}eqlﬂerem‘u‘,mvehﬂhm is leaaddran atre imwigork’i finding thatt atégh permittivity of the gate
dlé‘i&ﬁ[&n&hse& Eygdvé%ﬁ 'b(ﬁm& E}F@eé leﬁﬂm)fl e cﬁJlefcﬁll% 'in%grlg Xnak Iaﬁésﬁvew 1Y) IiJestncted to an

permttivity materi a ough

ans%lea&ge |Subea%e%ypwmgdlqu§r 5y G flere &Heca@wf dle aes meéh Eheofhannel region.
Sihd3 @i @apatidtSdosilifg bebl e kge electrstegﬁcatﬂe chaling] regibieis Ewbeturgiel determined by
the %%c%b%%%n%q? %%&léa{_%?/ftatﬁete % K (l))g‘%ﬂd cﬁag tcﬂ)cﬂﬁg \In{haJer%%carrliqersg ia']n inversion layer is
effgetively gftnr«r@'ie@ Wheress @ fated] coup}engwﬁf@%chaqsp eeuds lnttlF?&l*elelc‘ﬁlF withe charge carriers in
thé gﬁluleleegs&lag mﬁga&ﬁ 1dw ansi stor el enments, a high

Pk Bk B SRR R BT 1694 S comerss
gasLinsulstirn lgyaptatmiell poye of actitegedimandingdirg adughikodielec®, Wisrematpermittivity of
th¢! ngﬁji( Mlelg&gcaﬁelfp\éﬁjﬁﬁlaf ﬁftﬂlé@{lqgsglano@l12§Q—1@§Bﬁthg:a ﬁé}ﬁ{ﬁw g}‘ﬂlel to the gate

General ly, the present invention’is based on th

ingulajen®Sk s finding that a high permittivity of the

gat eAccoidia &ch ffirther ihauSEd elbyodineaki yethalsfdoatgrQieigh-k gate insulation layer

O [

ab?lé S%J %ﬁsctl?% d:&g%nsgs e%lteg(%g% Igl%wﬂiggaﬁ érg&g%mg‘lﬁc%?ca %&fayﬁdlv%g Qqﬁrs‘c permittivity
al@@ra}cﬁ;ﬁ dlireqtipmy pndtacse¢opd PEMEYItY plprgca seemmd @Rectione w&eﬁeéli& alé second permittivity is

carriers in the channel region. 30 Since the

capaci tive coupling between the gate el ectrode and the

channel region is substantially determ ned by the

el ectromagnetic interaction of the weakly bound charge

clouds with charge carriers, an inversion |layer is

effectlvely generated mhereas a Iateral coupling of

- .
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insul ation |layer. According to a further illustrative
enbodi nent, a nethod of formng a high-k gate
wonsuloat42eon | ayer above a substrate conpri sesPCT/US2003/028219
epitaxially growi ng an ani sotropic dielectri c mat eri al
having a first permttivity 40 along a firs
higher, thany ey frsLRegnitVile AFrigrstAuF Froet thea}Sdﬂﬁtogedst% 4y the second direction
subltanidly p@pendivited koaa sirfidchief tieaastde. perm ttivity is -2 WO
2004A0Qgrgh%§flo zP gt-lltér Ldiﬁlgtgag% Ql%%g&lgnt %f ﬂg' eresehtmn&onea rtlétﬁo% of forming a high-k
permttivrt one process’ par aneter
digleshicege p}é\aatyloyé) la&g Jcmnsets REOViding @ﬁld)stgﬁterl@@pg fopmed thereon an active semiconductor
regibtbshﬁﬁﬁld:o&b}hcy dipReétpenstériU isatient dép(ﬁltﬁub ffamea QilednitClayer and the substrate is
S n%l rgfy%%n%%leﬁ C&t%ﬁg egprgcgss tparglﬁ%% 0 leaé‘t%}ler td%p‘és%%ng aFd annealing the substrate
is tentrplled do adiwst ghny{s@allu@wgpl@e@lpm pueh Q’ﬂ‘t eeﬁqsq'@glplﬁl{vwoqqleptg@mraﬂel to the dielectric

layePRREI tBAS s&Bmﬁeﬂthtﬂ@ty@nm%trbaltiﬁulma/ﬁla@el&@rcr@@t t her eon

an active sem congquct ar anl SOtI‘O

di el @€t \Flhi“% PrafieFiO%F f ‘gb"f"ﬁlé‘?t Gg‘bg‘?f‘t ngowgf BiERT d“s“la““‘ layer baving a
caphciénexcquivgerit Eyjakmesapfdless kien spposdnratetye? g couyis® Gelesting y crystalline dielectric

ha@tﬂé]g@%ﬂ@rgnt ﬁmth@l@% atqal@c Wb 9@@1%1% dG&:EléHe tTﬁJ leflod%rmteleﬁﬁ&des determining a
one of depositing _and annealing the substrate

S
PreEg FBTIEER) PP Oing M Al | it | Aot AT, g that a direction
cotrbspéndiag fd thshigheepemitiivitnis supstowialppbehdjpalirad b @irfate®f tha@ubstrate. Finally, the

orfHlafthE &L is ﬂoﬂ}égfn cbxffo%nft?%ltﬁ cﬁ@ﬁhdpﬂaeﬁ d per m tt Pvity

oriented perpendicul a aye
AccC o@@prﬁ;gg ttcbsttg,l@t further {REAtvE I‘?B’B?ﬂuﬁe@h?f theaprﬁSéQt H}gﬂntl@p, a field effect transistor
cofnPrfis®t Nghtedin@Aticr 1ayasmlv1ag b eepaditaye Equivalnit @kaess cfQess than 2 nm, wherein the gate

msuﬁp gn 1|X3;era ngleiies ;ieYeatrlce ﬂit ert !;ll r%til(ono aS OfliilVlg/ perpenl'c]hctr}ll@ratf) Ithe dielectric layer to a

r Ses sel
Ped’illéll‘”é)ﬁtafdﬂ@ to thepdiglestic davefiif kel toror higher i k4 vity in at
| east two differ @RIEEDERGIPPION OF heEDRAWNdSUr t her

:c gflm %eﬂ?VC eo% §{a§ nmnlg%stoog t& regcrgnscs i @ Ia’{l;rog dgscS%t%)h?g ant% conJunctlon with
thsmqmptarlyag daiwetlgm @othich fike refenence syeeradh igrytify Gke chesnests, gildin which:
per ni"létiré \Mh ts}{hefn§t1c§ll—jlb§1'b@§“a| Rbsh-YecRBEIPAEH 08 Wl Beid tefec transistor including an
surface of the substrate. Finally, the crystalline
PP SEF 1SS f ormed in conformity with the paraneter
set t Figye 1blsBhepetivaliydhavg a simphfied mloded off therantsetropic Hielagtia; at | ve

enb Oﬂéﬂf@ﬁtsh&fs atsﬁ@hfﬁ&l Gro&be o c@%@ﬂfoha@ Hl’bstﬁltlg.l y%oﬁiop?cf (fl&&){rlc
transi st or nmprises a q%at e insulation | ayer havi ng a

capacp¥ %@@‘Cté G‘EI?IWP%WFE’D( P iiRpipg diogfe sk atdhgn 2 nm

wher Biguie § héheaicaly shavws wl fitdi edfiact tansitor havink W@ dilectric according to a further
B ECHELG b AYEE el O @ permi LT vity

perpen lelectric layer to a

per th \ﬂtet ywisla?rallq Shscqpble He Wrigisempdifiatigngyasd gltgmatiye gforms, specific
entbodiMEntd thegddE havt BRA shbwe by Wyl oE&aBﬁSﬁ@ldzﬂwaﬂgs & afetlerein described in detail. It

shoul eerugé%%oogol%ugvelr r}lvf tPt escrlggoa esrénrn oy ?pg eﬁ eim O(gmerXs is not intended to limit the
mteomnuﬁ dhei rortiowlirt frms diselosed copa iy .cwgram @wmﬁﬁg\son o ehtbrol modificaions,
equivAi&his! BIaOIERARes TR Rilhsh thél 9kt ahy sdopd&F 18 BPBINMnSas dBMEd b the appended
1vvhlch Figure 1 a schematically shows a
“Crbss-sectional view of a field effect transistor
i ncludi ng an AODESIROR CARRYINGIDET SHEANYENHOQNre | b
sch emﬁstttlatg\/@ leﬁmﬂodﬁﬂ%f tfe 1§\}eﬂﬁblnla1feld€sgr13¥9 g&;v‘ll'] % b Hl?erest of clarity, not all features

ani sotropic dielectric; gure
ofean 3l ARlemeBHRY areo?es‘élb%fjoﬂ\ﬁé‘h fHeEiﬁ“éPons u‘b§’t”a‘?ft°i°‘§Fe| Rp appreciated that in the
delvﬂ@i‘nfeﬂpif (an)d bueh e@dal brfhodimkehtghlin®rods ﬁt@&hﬁﬁtﬁmﬁ-ﬁpeﬁﬁ@lﬁéﬁbﬁr Hust be made to
acﬁ1§ e tl}?g e\I/eC %I‘IF sﬁ&w&éa‘i’s' glxﬂ %I%g&geﬁ t1th ¢ 5‘%‘&% %%mess related constraints,
ng%ilt‘@ll drefree Pliel I@Plge@@tlm tﬁ ghother- Marepvernigwill b Pmpmf;tateéthiat\ﬁech a development

enbodi nent of the present invention. Wile the

invention is susceptible to va¥ious nodifications and

alternative fornms, specific 30 enbodi nents thereof

have been shown by way of exanple in the draw ngs and

are herein described in detail. It should be

understood however, that the descrlptlon hereln of

L ) _.J__.._A_._L_ L,
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clainms. 35 MODE(S) FOR CARRYI NG OQUT THE | NVENTI ON
Illustrative enbodi nents of the invention are

wdesaroebed below. In the interest of clarity, ROT/USRAI03/028219
features of an actual inpl enmentation are described in
this specification. It wil| of course_be appreciated

effor, anight Re eqeplex fad W@Eﬂ‘i‘@‘ﬁ’fngon éﬁqkﬂd Jpyepheless Ppqg routine undertaking for those of
ﬁﬁ@pﬁtmrmm&art}ihdiﬁ@ﬂleb@eﬂtmhlemiaﬂﬁsaé| on-specific decisions
m'IStTh%eprergg‘ mven%on no%vbee &esc?l? %e\yﬁr r&@l%flc%t ﬁ'lg géctlédgﬁgures Although the
goal s, “suc T Systemre

vabderrrgeeeaqderr@tueqa OEW@ECP%Quﬁ?rdeWWPWdW ‘rhr d%!ﬁ%ﬁ ap payfpg very precise,

shQ'B %oﬂﬁ@iﬁétﬁf@aﬁiﬁ o) tHo srined ik @e .art Mab @0 Gfat inl &ath, thbse B@ions and structures

;sf?gfg%% /@gfftig%léef ag?}]lgg evcginglpagg nhe relat1ve sizes otﬁQeA'v/arqgﬁg' ﬁ:atures and doped
regipnyplegaeusiu the rdgawurgumamwmggmvecrrtrmreégs cdmpargd foothg iggent those features or

re%l&gednt ﬁlgﬂcﬁgi fced NRSBrHRTess, B AheRBE drﬁ\lﬁhésl aré Fheluld@ 18 rdbscribe and explain
avin benefit of this_disclos The

AR CFER S P FEP Rt o TOBOS R8st BRuP U pundersood and
in@ipteed helthvé & greuhmg conbibterin @ity the tulvlerstandiirgi of theserveogyls @mispheased by those skilled in
the eqevr%{ W SRo % ecidl dﬁtﬁmoﬁ 9{19&1% &' hg@/f é: & c@fnﬁtldlqpét ﬁtdﬁﬁrehtn&om the ordinary

raw ng avi ng very reC| Se
ané qunﬁurnéfﬁ‘?w %ﬁtoﬁ‘# thesg §kﬂ e Hb@%arg 'y IPtFrélﬁd TIO rli’e {nppliedsy;consistent usage
of tRCEOEUr pRrademarkin. ITH the @adnit thytt, a tbifies @htie@gd iatRsded fochave a special meaning, i.e., a

m%atnlrng\noth Wh&R %r 5 err]sg)()tod ?}? skitE (f %15%1% §r} A {;gd.la(f ﬁéﬁﬁgioﬁ 1llth r?xpressly set forth in the

|ona Izes o
spe@ﬁqamysn § definitionebmanpr tha@yedly ardergfoewgcaarerrme@eé the prqeigl [gfinition for the term
orha¥d Ngs nay be exaggerated or reduced as conpared to

i ze. O on f.abri cat ed

the g'érgmﬂyl\lé\?%t e&s Ia at ur ege fin t%%a(?sdzﬁlo éhe Te llacement of silicon dioxide

devi raw
anidfoc bilide dxynitridd ées ehtditbe caamarm(gﬂuaalmt thiqkhagss efy 2armi gnd beyond as is required for a

ch%ﬁémlllgﬁrsoﬂf 1 ﬁxﬁ] Qndplgsgsgﬂﬁurél Sithdd®iAtes KRVE b¥iA ruﬂﬁtlfﬁ&]go far, such as zirconium
rases used herein shoul d be understood and

oxidse BB g By 8% AR - cHrever e 1, Sipfgment of tese high
mhtﬂﬁhﬁfs&tnﬁmdinm@ata)ﬂlattahﬁmﬁtam reqiﬁva&mdhlplhﬁsa$EEss biyan 2 meisEay be achieved without
t 48 hs ﬂzPEBhRiEf duced
m§rkz{s]n% ?hq lgaﬁl%ﬁ% cnﬁen{ % &)éé’%ﬂ tha% Ierlr\]{?rtlal‘fg %aﬁles (F tgnlﬁ%f z ol n for reduce
CaFTreeWP‘Ilﬁémdlredﬁ%’ila?lfﬁgm&nd cust omar y neaning as under st ood
by t RSRessikiive@n i) tHeld@rebdsed brSthé Bdneepd 6fliakite @ dcegahtj Mchddition to an
{; asg Ssl)lrslteerir]eﬁ‘étélvgrgﬁheer 8;{ ot‘éorr]la trgé gﬁeo erIHllPt ﬁ)ago I(}% egyll Qi’gmig&nﬂy affect the
mg:pae@qn@f therglarge n@rlerq, sush as e@ctrqq@ iith ’plpg d)@leﬁréq- mqtcﬁrghw}{ehgpvmg from the source to
thel BB L&fp0d by Skl Il'ed artisans, such a speci al

def i ssl forth o
ot L 3P e P RSt R el 5 B st n
deaild Tnfeguei ot f¢1d yifeor owiidesl09 henpsipre @i sabstreje fl @ Inin¢liding ah @¢tive region 106,

tygt‘,]ﬁly aesﬁlm)n-lgagedR%l@&@uctopﬂ{a{eﬁﬁt lEYn cofeRidtice, &hd 92[n§1§toralr0@ is 111ustrated as an N-
elngpna eto find naterlals al |l owi ng t he acemen

chapnelivps: clb PeFsegsirTrationgpRiiet o Fsshpingldtin Snrstvre d orgve @ Source region 102

ar@lbit dihilregiot a@aame forued én € utitivategion 106hiACkaredstralt 104, fomesamgle comprised of

pgﬁgg{;hdor% (}&E‘er F@%ﬁl{t@gndu tqvg an? %Zitg gbgrhedlae\e}ge}gﬁeggﬁfe rc%mr]r 168 and is separated |

pigBeme PY A el SulNten laygruleﬁ comprmg b piigHePIOdielseriamateraly fichyAg @ crystalline

m@t)cill-daﬁamlhg bam dﬂmh@éﬁd dﬁfeﬁﬂ-dledtﬂ’tﬁmitérfﬁs orHpuaIre iniso@dpichadigials, and the like.
he.e t hese erial I
e SRR b AT Platrdish VB ele™ Br SERER b G it is orieed

sdbegslaltyhmllﬁl tarthe ﬁﬁfy inyelatige Hryelvw wid hd@ﬂond PHRItEHY M@gonal in a direction

s%ﬁ%tlhl@%@%m@ﬂ%tﬁ H3teate inkul AP BPdr 303, Rlbreif RNYE RUSWRPAEN Korogonas, as indicated

pr oaches _do not offer a solution for reduced

b% FrrEreibi ity in the channel region. The present

invention is, therefore, based on the concept of

taking into account, in addition to an 25 increased

absolute permttivity, the directionality of the

permttivity to thereby significantly affect the

interaction of the charge carriers, such as el ectrons,

with the dielectric material when noving fromthe

source to the draln reglon VVth reference to Flgures

oy o " oy
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channel type. The present invention applies to
P-channel transistors as well. Mreover, a source
woeg4mni14@2 and a drain region 103 are fornmedPCH/uSk®3/028219
active region 106. A gate electrode 104, for exanple
conprised of polysilicon or any other approprlate
cond{cPRsREen At VQF‘?g&I is applieds {9y thip gaLG Flafirofih d04qend 1 dhey %’ﬁYeo’ﬁglon 106. For
cabdiendadit is Sss&rﬁqﬂahiaaﬂle eburct kegtos fl020imi By a@iveg@tien 100Si#l tid toGrvommon reference

pA’[QlYlﬁrso %l%? E\Il-cﬁénﬂg u%ﬁlslsﬁ)gllﬁ(? E 9/13 érf: ngﬁrgllg Ct sﬁve volt e may lead to the

, as a crystal
ffmaﬂalé O%fr C%lﬁqcrltea%l@meldps ﬁfeﬁh? Buegfhos e thangaly m%\llla{éon la)fer 105 and the active
re@joh 102 bye taﬁlheslﬁéhr}ﬁbﬁmﬁlviﬂ;ﬂltoﬁ,[g&@ﬂ& gaanﬁkutam lhyeK €5 prdviidRs a high capacitive

cc%gllgasgo thep%i% eqecte}?d%(:ltoﬁ to_the chatnile? lg%’:l tw le I{LSL” at I gnﬁ S{CXI tBlckness of the gate

rst perm
m@#atlemaw 10& gpramaged tto ﬁllelcypaplamcal elq@ValqnthdveeSSg@ft%mn and less maintains leakage

cirfdsisHrédh 1he BhahRY B8 u&(ptﬁe ga@erb@act@odg €600 6h d@%ﬁbl@ feball $idce the permittivity Kyeaner is

51k Of:ict Igﬁg?vgeglhgri {111? genpil]‘c&let% gclt“vgwnfl o b nt ! ﬁﬂeab%vy dufﬁtg)n of the charge carriers, the
elvdlxem@nﬂlckspa:im toglie gas dictreidc 1stskga1|ﬁcdntby Ioh@rgm thalflow algection, as indicated by the

aljrcﬂxdbg aag @ﬁ’l be Qﬁécugs@é ﬁ%ﬁ%@taﬁ;%ﬁﬂef@g&e to 144 u\%@ll%}gz}é 02 1424
CT/'US2003/ 028 In operation, a Vort tage 1s ap

Dot REEAb 08P SrPEHA Mo0H ohh thricy of HE SHe Sy YRGS, Tn this model, the
gdtOipsulali@n layer 00 Viedhidéng e, anllsd:tropls dislssHiyR teptebemted bn£twe @iniefonal grid in which

laﬁ%gisﬁ)% aljqupreggl%dtby gotéllcltl ﬂ}éﬁar% &Qfalgc{]tﬂ lhg %ea?%ﬁ&ghb%g'\b&gﬁﬂlﬁs 11P in the vertical

erence’ potent
dirqelignnd bxoars1idd indhroiRrizonial diregfigp eR?péesenan%%mlvlémw&haneégéhe inelastic bars

1108y sél@ad fbrocohVeBienck, 06 MRt HRidGhe Atr€RERH G twoedifdian Bpbs ot@&mgs having a

dl?fter ttrs]eeélI agﬁ%"g e ng)'fe\é\l%t% f%\ge%er%-]ztiéc elklr,]a,? Fl:l”maa%{' eo ﬁr%l,prles% teec{ by S onger” springs,

lqd@attm tessi sprisitiyitikto r«‘}stm@ elpcifomagnptis fighds: eTheseringat 1|0 @rf theasy 112 are to represent

chhfle c]@ﬁc@\éhdjﬁ§ cotredpoithg @@iﬁ@% tnteM€ wihQURAr) eﬁﬁbalﬁéle t@]ﬁ)ngﬁﬂl@atlon of a positive
ect rode chann e incre

FRGP R Serle e °f>fﬁeép°a$1f1?espﬂf*%?v‘(3 B 58 e couds it b

ugekped, edthiten tlharor & pireitddand i tietfoithe ahaeml region ¢08n &gwn pfoli@ge is established

b%e@ﬂg sbt@&%nﬁ@ﬂaﬁt @ghcﬁsthé a@éﬁélg@ﬂl Rk (RIAE Be fnﬁ@am,etd? €his electric field and will
108 into t ate el ectrode 10

channe
mR¥CR :’}l“‘ﬁﬂlla“e?mi BV 110&3?%%% e FECRa TR i© Pfe9 t%’;‘}%\?‘"’é‘i jrgyatiprglayer 105 in the
vaiighilifecigrmnt $iycel thavbars 1 Hade hbkeallperany tdefomdation, lkioketst o gindrhplified model,
s@?t&ﬂﬁ@qﬂo Q:Hlpﬁﬁg Jcalrst IH the fhl)&%t&i'dfr&:ﬁ&ﬂ £8 thgg thl ﬂﬁlz&llﬂ)"flﬁgt%n of the electron is not

carriers, the 10 el ectromagnetic coupling to the gate
“@ﬁ@W@B@#@€ﬁ1s S|gn|f|cantly | ower in the flow
di r eeigivone stwss thixclitadibie thr b gutstagiallyakdnopic 126 nsidsiomaldr 10%. Since, in this

a(sié g%%?é%t?og nlla J{i’l’bthg E&Q&J’tall\}\ﬂo}uﬂtep g}%ﬁ% L1685 érwgll Eg tgéweﬁﬁal oplented springs, a

c%rpta]n@ﬁt focoqpﬁg lgaqe@nquplgqjlp gﬁept@ﬂs qngg;eélplts ]}%redch I{lqlpiﬂ@/ of the electrons in the
f1em diektiont he gate |nsulat|on | ayer 105, including the

am Sg I CovﬁliI el 1e$ec 1c fnater a.l {n%{%r es? sulaglon 91 er qOS havm%a significant anisotropy
ona Ices sites ar

Wﬁhepﬁl@stémhe cerbip e oshenm! diiona e <bgrpieid mebia the chamel rgion 103 i

si ﬁcraﬁ@tlesg QLEHYRRIIS arld S Rifel ESistol borfdrRadcO & MELtdd C@J’mp&r&i to a conventional
ction and by bars 112 in_ the horlﬁ%ntal directi

dﬂé‘ﬁ S%V%r?flll%‘fa()ptl% elffg}cmEtVf:q \?Int Tsl}e Roﬂé‘?ngﬂlé We ¢ Hl&lectnc materljgll of comparable
permetivitg isi wedh ar even IR same s@lenat isaded Brin do nmsivioe heyitlew, Esvever, suitably
R irlsDieah bR ok B0 bkl b ELEM mBRES rddhced compared to the
sprin ha ing a different strength. be
“ﬁﬁﬁ?@@?ated however, that the kparallel nay be

repr e@aﬁtzeﬁbwbyn eﬁinpl@ﬁ;@et{ anisSpdpicrifiSectric kAl atni Fip@rel zaSrSelementaxy cell of a
tlég ur? :,c]ﬁol)su\éia%o 1s S fylr? g? é cliaﬁeéit rgt?lg?‘ Oe:fg%}lfelsel %‘?1%6 f?]nn tdtanlum dioxide is
te@ﬁmﬂﬂ gﬂﬂa tdlice Pfélst@rttﬁrar wd sorrdidingted i Higure 2, t060 #39¢ emapd 0458 [, respectively.
a charged particle. Upon application of a positive 20

voltage to the gate el ectrode -304, the correspondi ng

springs 110 will deform i.e., the charge clouds w |

be wunbal anced, so that an electron is attracted and

is tied to the channel region 108. Wen a voltage is
establlshed betmeen the source and drain reglon t he

o . S o a1
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certain amount of coupling is present in both

directions and results in a reduced nobility of the
wehewizons in the 30 flow direction. Thus, byPCT/US2003/028219

providing a dielectric material in the gate insulation

| ayer 105 having a significant anisotro

M"é‘@b%cat peprRjitiy ‘Weal‘ﬁ‘& el 9 s IRy thep e IRET@’HHV&‘P’ gf‘?r g F’Bh%“th % Yo of the a axis
pehaiire tobe o dxid perntidiity iof gppnommhtbig 2 gtirasun@pdraage. OThe kO8ud & the permittivity is
%&&ﬂﬁaﬁeh}p%h ¥na#/ §§3§ncfj&1t &5\%9 F)an?egers gqhe sPdbiic taH%lgement of the gate insulation

ransi st or mance | s [ ncrease npar e a

laé?SH@%nirYPéfﬁléX titagfpry jdiogidg, sy *ﬁgie%ﬂﬁltqdé%ﬁ?eabqabvaa?rée%ww} {sing precursor gases
skl @sﬂtlthnﬁuni tatrdkl €so§xﬁp’b\tﬁa (mmp) ahd fleinCietrae. ByehaddidingQthe substrate temperature at

rpttivi I.Ss .used, oOr. .
oBPER e SRBARET s rode R st o b i R Dy o sy,
the Gbstyeitet ey Ut annbrdademitdin a tguperbitads lrange (&‘dj)pﬂ@dlﬂlatﬁ@( T00@900°C to transform the titanium
dfc‘)ﬁﬁg lgﬁepﬁ{&qlc%alg{e l%@lt sﬁﬁs’ta%ll?gxhibgﬁg ﬁi& 1% ife ic material,

e carrier no i's reduce npared to the
trandy 5P PIGEss fpyvgwhethz agqxf@,-\c}@crg)ﬁd égp&%nesche@}e fgt, forming the field effect
trad3ists O 1 000pdheling fa} e@ﬁlplb Ca fiRiied Bidtide lhydr ki Ptays@llide ndife form may comprise the
fo?lkv%lt;lr% gpaslr )ﬁlrsge allgw {nch 1solla%1glnrs] Ir(ﬁlljolinfh%lzv?%)ﬁmag%&(f S%fol cileﬁtileesfpeoz.},c\@ve region 106.
Affteyr 3y muﬁlatltatml umuencm@rdi@ﬁm@ they gertiest rl@pgmrpa(?ﬁlwnt the Retivg regien 106, the gate
ifsQADh a@&rq 08 isdRpbsfed oaShel dﬂﬁstrﬁ@ﬁ ®&d HoP thElagbvE @xa%fle Ohe Qateélés%mn layer 105

58 .n res ive
C‘%S‘E?T‘f%% %’(3?%% ‘t BY 88 @tageé‘ B’edF?ﬂS‘}/Dh{?u rgf-‘/S"n‘ﬁ oRdgro ensure thermal
stgbilétx phthd Hadhas dioidea iorexaaypetar wiotajomad layeey Olf Fiicoa dmxifdssor silicon nitride, or

zﬂ’éoﬁlnm%lhﬁﬁé hrﬁ tQé hlgeh ﬁla@b@ﬁépgsnecpgl{ metsﬁﬂsﬁ/dté Yoit OSuﬁ)Q@ueﬁtlyamaﬁum dioxide is
roomtenperature

ermttivi approxi nat el
% eﬂ, feraef l‘bf’“ﬂf ﬁ‘g’g‘ﬁélr Wpctrtqemmflgp ?s descgbeﬁraag(veng]eeéqureﬁss parameters are
a@u’scbd negbtdepepthllinn ggwhwith tparairetbeasialyndieitdiepemppelituka to the surface of the
s@l_)gtfa?enﬁ? nﬁ%rr&%onﬁﬁg pggxltne?er sé’t]tﬁlgld@ﬁehcg Bn tﬂeaCYy@Lral ol‘%rli_’tglon of the substrate 101, the

ypically, ani um di oxi d deposi t
ehhPEHTT Rapatd e gersiitignotondiing @“dpli"éii‘i‘h‘ 30 @%%}s@gd@ng udhus, the crystal
ofigitatibrd @b pHowihe bndak ibedlisri@pitaiuaiaelidxiiid k) besdsiEblished &R xpBfiment and/or by

t n ﬁl!” strate tenperature at
ﬂ%@%égﬁﬁgmﬁ% %g&lgtltgﬁgﬁﬁpﬁﬁgﬁgde is substantially
de poﬁltgréqjlvqaly, tlteﬁéanplm Jipxgde gy gybstantiollyr b epagiged y,it mgyjerate temperatures and may
c@dﬂhielﬁﬁiblsdqye,nt arnéh@ C)&lébshﬁ&t(ﬁpdiﬁyn bﬂhﬁﬁtﬁﬁﬁlﬁ @idxiné, tdBdeRdin on the process

re.Jan of.
reimlp% an nnealfl CYChe m%y carllrlnad?n (RIP{ Ip(r)o)zlﬂia tfor tl}é req,mred ctrystg:llmlgl In depositing the titanium

digxige taahwkmwswezyre}leds»:e B tobtpin melrgqu@t;dmammnwgthaéent thickrlegs. As previously
p&ﬁ’tEcm)ut And ¥RE6A lperﬁft@@t? ionhogml QM IVMME lhma{ htﬁ;geﬁ@ ey e @@)%Eiﬁdntbﬁg:lﬁcs and on the

pF BBt GO0l PR G ST e 2R 207 bty povsitcon ayer may
bd flepwsitekband pgtemed by veellestytgdistadl pliorpdithpgrénhy endfetsh rechmigyes to form the gate electrode
160 W@ﬁeﬁ‘eﬁﬁ‘ert € fielll OfrdcPWANSiLoS 108 Ry bg|c51§]§letedsl;}a\lvéllgé%&rr{ ﬁrﬂ)ﬁgtatlon spacer and
i sol ations (not shown) nmay be forned to define the
aﬁf?ﬁﬁ@”?@blon 106. After an inplantation sequence for
def i migmg 3tillvetraves b tdherddtic chopacttioral Gdw dfe firthertekenpieaif b fleld effect transistor 300

h{l\ﬁ%I O%Ate]dq) G?e'ctrlyc] @Jdeof aﬁ g‘?ééh%é BBEL Qthrktle i'ag? 3b5S and a barrller layer 315 in the

d on t substr ove ex
form of amegemels hingilicemdipxidpdpyertigmped ep Apitigos subsirate HHi Jh? transistor 300 further
c6thyPdds A @ate ABhodel30MBYmdan AR \A3P A EctricQaydei0® SidisidBwdllpders 309. Source

argd?d;{uhr%glf)ns%}{fare %o wqﬁr thteg r;l e OF Pog‘xrbrurlg tgch(Sness 3?? ofJ thetl%lers 305 and 315

I'tant um dl oxi OI‘ exa
isgselordddo Faspenond ofa csnabltammqldvalm thiigknegs irsthé ranggref Appraxinghesly 1-1.5 nm. Since

tHe rbarrn-élI Fafe B HUiBesdy| c&iRinR s 8N poriidAor kile kpaciBidt Qﬁvg&pﬁﬁkﬂeﬁdtyplcally on the

o%gr of 53 ﬁ%ggf?f otélé grt t?ve %tooésg d%%? élg %ﬂ\geg%gﬁ%slé gﬁﬂ%,%ggfomc dleijectrlc layer 305 may
belapiesprge gfhapagxnﬂﬂ@z 8-5 bmdthakbe peyiding e fealiage qorrat thgtsubstantially corresponds to a
paraneters are adjusted to obtain a crystalline

gromh with the ¢ axis substanttally oriented

perpendi cular to the surface of the substrate 101. A
correspondi ng paraneter setting depends on the crystal
orientation of the substrate 101, the 20 type of

barrler Iayer and the dep03|t|on condltlons and

o .
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di oxi de, a thickness is controlled so as to obtain the
requi red capacitance equival ent thickness. As

wonremiceuehy pointed out, the effective perm t PCVYiUS003/028219
korthoganal and kparaliel may depend on the deposition

1?‘%[9 dg)é:‘dg éé r?ngFr%lqgoIr]e t Ese];hgrtfgg%%; élg%:nt%g g‘l{c}wg scahng og the gate length well
bSulkeq umrvthhly maiatajping yeildakage lurireﬂiyze fa 14valyof pkbeendﬁmmg-bdge devices. Due to the

. I ot ol : I
arﬁﬁ)q%&c?{ée% 1&%5%1?%%6%%1!: laﬁ?gﬁgj cllriS %} Fg' r%n?r ﬂg cOIj] m%%ﬁ(y mfi‘&g dioxide-based
depife B PiaYiding e siiopIdipid basiar P Y BSITOsIanay: s reliable due to the
siGenpiliednedodiy Midce KAD WinanfnRing §tdc@R thefPRE &fighBNébmpatible with presently
anpgal &%%Qn ues. Figure 3 illustrates a schematic

Cross-Bectional view of a further exanple of a field
ef f eef\tS atrfrsalh Fiegresmt BEDtionrawvidegysophigigtted ttipsit@ctemerts allowing a gate length of
0% q;rﬁpﬁdslgsg b?ﬁ)m@iﬁmg‘ ﬁfﬂ%@ﬁt é)gxmltﬁwﬁés %ahel R e@dicuka?yoet{le %Qesmsulatlon layer,

and a barrier er formof ‘an extrene

MR A aema»nawe?le FrorrBAIZHH 10 42 e 2 Sinifcan effct on the
clgate sdrti@th@biBy Imprdemerdt walN@ipstt@F capddfanteindrdaey ancBEal@g?:n‘milbtﬁ)& SPreferably, the

sog iotf ?lllegﬁ: egt;,/ ggatggnéterfa?[ @QQC Vq%%{sgrg%g% \Z‘ﬂiﬁrgr%gs reaglrements and the desired
taé&?ﬂcw don By e eTSLy BF eb%qf PAeY Wtdmaﬁ atniEmyy | galyegdp achieve the target
CBO1whefeiC Qﬁhiniﬁ&ﬁpﬁ RasCis NRBE thd ]oger&fonil r}&qu{réiﬁéﬁtﬁ S F%Q @s@&g high performance
a%ﬂicatlonaslng ?eq?xﬁt efk eaéllcf()t%%}t f Sc{é?uplze tc%wg fn%a b% r%h)l(lle lfa%e[ <§}1rrents are still within
reysogabg lippits dg¢ fpecemodelpte pramittivisy, spcayae ﬁhegzgmlgylrye@dyamum dioxide, compared to
mafe @IS @Sﬁl%melﬁh@{)\ratule% tRforde & l@(ﬁﬁ@ﬁé'vér aﬂﬁ@es?;bﬁoﬂlﬁ!acﬁaﬂkotropy

topl f ?%? & H;fxey P Ig%@]gﬂny of(t)l%&tigé].ﬁ(fcg rcfrg réna? E? Wﬁtg% g %zrt tl{eﬁgulred orientation is
oltrineg o Prefopibly, thk debw@itibn kinetitsathe typS@Barrieryay4if tpguifer, thelveystalline structure of the

st@tﬁgaearﬁftheal%r 'bg%itkﬁl Mo %céurft Ubb exgrﬁﬁé %p}ﬁo&ﬁlf@/ énq/‘op&pé}unent to adjust the
| eak age curren hat substanti al | corresgon s to

PIygicgdh! %@wﬂ(’f‘?@%e DX IO S STReleRt ket ol isr embodiments, the
ofieatden apd/oZhdunysaltide sunetee minbesadjubthiebytpr@viilinig $he0dr ndleasniayers of one or more

dl%[grgntéhlla YIS B @ia&ngg 19&1?131 lﬁ%e&%@n? txl) %Q&J]a m:lbhe crﬁﬁ%@eg{[jm%?:g' for depositing

['e mai ntalnin current at a | of
thﬁlheé g 5 srigy tabf‘d@lethedéwe%%nentmpé BErotdngly: dif iosBere Gpngtion” layers may
theebeprovided @ffinklfy@rogide h @pbditiod bisaf@Tobididing the Adsirdd@Fiediaibi dfitheybulk” material
grable to silicon dioxide-based devices.

h§§¥g?§§$g?§g the silicon dioxide barrier |ayer 315,

the (haprsicsliommbedimprirdiscioery save e iflesisitive gulp a dhetifientBn may be modified
arfil PrdcG& /B diffdr&® But GQ@%leﬁtﬁndnﬁHi'ﬂpf)ﬁéi@ to&ﬁkﬂe ill¥R HUh@&t B ind Ghe benefit of the
tel;aJr ?ngsg el:sres t 2 dgrge?%m Ilez Stﬁ]et }%(():cﬁ%flsl sgelh)se e%tf : aao%,/e\zﬁeltg%l peefsfen e<.ll %1 a different order.
mehe@em ng hyyitations ore ipferoied ke @@gﬂh pistonstrattien] ot desigrs hesdimshown, other than as

dQLBRE RS @Iﬂnhsod@loafg 16 Gatb@rel 01 haGhe pagrc&lar@n@%énﬁﬁﬁclpééd above may be

alge& Volé?fl{hqqg'ﬁg cI fll h er m tatr%é%{sxlgeer?doﬁlﬂrnh%rscopevmg rsg{rrn of the invention.
quoeiﬁretyaibé protectipradoight lmfeutlhze sitdorth oocids tewwt he kpar al | el
is higher than 1.2 to achieve a significant effect on
the 10 charge carrier nobility inprovenent with
respect to capacitance increase and | eakage reducti on.
Preferably, the anisotropy of the dielectric gate
material is selected in accordance with process
requi renents and the desired target CET. For exanple,
the necessity for a barrier layer nmay dictate a
m ni mum k val ue to achieve the target CET, wherein
the ani sotropy has to neet the operationa
requi renents. For instance, high perfornmance
applications may require a high ani sotropy to optim ze
carrier nmobility, while | eakage currents are stil
within 15 reasonable limts du to a noderate
permttivity, such as the permttivity of titanium
di oxi de, conpared to materials of extrenely high
val ues on the order of 100, however, with | ess
pronounced anlsotropy Nbreover the crystalllnlty of

. o, oy
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the high-k material so as to take on the required
orientation. Accordingly, one or nore "transition"
woOayariei4mmy then be provided to finally provi #eTaS2003/028219
deposition basis for obtaining the desired orientation
of the "bul k" material 25 having the high k-val ue.
The particul ar enbodi nents HMSsed above are
i 11 ust r at Avieldefféey trangisort 30@ cdnlip;ﬁﬁﬁﬁ i Qe mmlyltidn&aymfdhfe&l @tve an active region
. ;
arﬂ%gl?ﬂel%? fu £ e lggréc@é)ﬁ el%§t3| n t \gg'gr é’aﬁilhh?%x ﬁl@ lbe‘f:ipendlcular to said gate
m%@ﬁ@f Iper Jéblglfeh than 3 pegRifiiyvifrerald fospif gaf@awlaé%dmsw e, the
process steps set forth above may be perforned in a
:jInI ];n [‘jggt ’tl‘hoert{j Eireff dct F&h theoJ‘O {(:: cgdﬁlg?,rvlvjhg%elm atrgl’tgoI 0? sdald Sperm1tt1v1ty perpendicular to
safflegeie ilrﬁulmq@l?w ansispig permﬁafﬁy pesaliglgo ghisiete mb'é@jlon layer hélghqr thiam 2.
bel ow. is therefore evident that the partlcular
enbo wmn edab altered
o 11 e Tl e Tet=a Yt ot Spah o feratare uitppr tipiass of said
gatehmsubidafayeranidss gpn 2 np.  of the |nvent|on. Accordi ngly,
t he protection sought herein is as set forth in the
cl ai ms bel o WO 2004/ 021424 PCT/ US2003/ 028219
cLAl B 1. Tl)& ffe}daffact Pt 0P PHIAIP dogrreBGeid Bt {aE gy epcomprises at least
ogaf emétal sxideat meral sllieayeend b Grroreldctiddaoiegialan act i ve regi on
and including a high-k dielectric 305, wherein a
permttivity of said high-k dielectric perpendicul ar
to said g};\lieeﬁeki /ieSt Besigpr i&(&y@r claig 4 I“@?fé‘f* spif} gpfe gnsulation layer comprises
titehinindibstidevi ty parallel to said gate insulation layer. 5
2. The field effect transistor 300 of claim1l, wherein
aratio of said permttivity perpendicular to said
gat e%i ns uiflz?tﬁeb*rﬁffgféyéflsis@h@%)é Flaimge wharein pajd titgniygpdienidedq provided in rutile
fot® Ssai d gate insulation |layer is higher than 1.2. 3.
The field effect transistor 300 of claim1, wherein a
‘capaci tance equi val ent thickness of said 10 gate
i nsuf-at i ofhel Mﬁbpffehtstrdne'S@ 300 @f clgimnin wharein Thid ghtp disglation layer comprises a
befdtide R6dr 31518881 Sdelen MR B rdlof bl sdia WL BBk dRicSes.d gate
insul ation | ayer conprises at |east one of a netal
oxide, a netal silicate and a ferro-electric material.
15 58. TheTiHeifrldetfet frasittort30qpilagt G wh36i0 said baglenleyer 315 comprises at least one
of‘Mh%Jn%ho%d@ @ihgongxﬂﬁd% ahcf‘z‘%x%xﬁlﬁﬂ ARk ayer conprises titanium
di oxi de The field effect transistor 300 of claim
6, mhereln said titaniumdioxide is provided in rutile
fornm. 20 X.melve dfifemthgef higick ghte anRslatioh Aayer30veOd suiblstéate301, the method
“%gn erein said gate insulation |layer conprises, a
rricer |ayer 3.15 | ocated between said active region
and ParxplRicHine @ Wiserapici delegtyis magprialTH8 hpyiey ¢ fist papittivity along a first
tgg_gnSI St Odirecddd aftf a BtoRll PRrmittivivin ﬁt’)@lfaﬁec%?d (ﬂrehﬁg VWha’éué sy ®Eond permittivity
conpr i silicon dioxide,
silicon ni %ﬁ anmgéﬁép%%ﬁ“mﬁ1§fllcate 9. A nethod of
f or ntonigoliing|at lgzht Qoe graeess parpglenip pdivst $aigseqondiditgetion substantially perpendicular to
substr at e; 3Boc of R siBEHOD conprising: epitaxially
grow ng an ani sotropic dielectric material 305 having
a first permttivity along a first 30 direction and a
secoitld peThei méthodi dfycladth On durthers@oprithgdinne@tig @i, subdrete S0N to control the
Cﬁﬁg&h§ﬁ§£@gagﬁkmhkh&VIty is higher than said first
permttivity;, and controlling at | east one process
parameter to adjust said second direction
substiant i Blelmethpe sfpRmdd, ewitréin sdidmetd cathifiig @eletfic Gaipfkes titanium oxide.
substrate.




35 10. The nethod of claim9, further conprising

anneal ing said substrate 301 to control the
wonyeHaid2inity of said dielectric nmaterial. 11PCThiS2003/028219

met hod of claim9, wherein said netal -containing

dielectric rises titaniumoxide. -8 WO X . .

200416214 30 PP 8%%631/10 ‘ﬁTg"P‘ﬁ_aélaﬁj EViREHGRISYPPIE FRfafpns dielectric is
calrled owhaed ternperaaypd ih & raabd of agpfXimartly 79@bab@ni sot r opi ¢

containing dielectric is carried out at a tenperature

in the range of approxi mately 700-900C. 13. A nethod

of f & mi ng meethil gioringie diserk dieleeiricatednsilpiipn laeri thrmathed eqmprising:

the p®iiliaga ﬁl@d’ﬁ’@t[a B&l Haghag f015ne@ mavdncih Bdivesemibaléiateiodd 1

gg\égge%f)sflt?nr nl?amsgtropw d? ?eg:blc ma 8‘121 V %6%1 q‘g:?e%ﬁ? llé)?e} g{ [ gg:c 8?’m

a di elneading jaid shtgyase; and anneal i ng sai d substrate; and

cont ebbilifhht Rbst bR PkesPPHRanRIPGFESISasARE am%%o%ﬁm@afnd %eélﬁga@ah substrate 301
one of de o%gtlng and anneal.i ng sai d substrat

adj ust a hf pHalyy PERELr B Lach T B?“nﬁt“f‘ti‘y r‘Elfmed paralel 10 seid
permtti vidielysctm fagentisclebs pan alstoehd geonigigitydorieflt®d pirghdiofarly ¢o said dielectric
| ayer is ?és than a second permittivity oriented
perpendi culfarly to said dielectric |ayer. 14. The
met hod of claim 13, wherein said dielectric conprises
titam.um okd Bkehod dficldlib 13, Wh@eireiduttbeit chlpsibeatithdum wh@!r ei n
depositing sai d anisotropic dielectric is carried out
at a ngerature in the range of approxi matel o _
700- %0 hegmettriqeof plaink by v@rpremdapomn]ggsaldvﬂmg?tgpﬁ cigjic is carried out at a
teRPRRAL NGk rne 6AbErb:8Hat@t00Whé0. & tenperature in the
range of approximately 600-800C. 20 17. A nethod of
formng a gate insulation | ayer having a capacitance
equi V@l enfrhd hétlpk nédamas, hesis said dmacnliagip raovied waitvathy thperature in the range
°§?ﬁnﬂﬁ&9 gooS@per i sing: selecting a crystalline

el ectr c having a different pernmttivity in at |east
two different directions; determning a process
par anet er Aseditol Bgfofnﬁﬁg o QteMsil@ios Riy& hevinsS capakitan@ equivalent thickness of less
ﬂ9ﬁ§|gqjmmF aboMemgh) ggrate 301 25 such that a
ai Fectio ycorires on t0°t he hi gher permttivity is
subs ﬁeéﬂqmgal cwalb@rdpﬁéﬂq@jp baying p differeny peyyitiviiy & aplasttyyp different directions;

subs Ugtefaﬁlﬁxmg lemc@sa gmﬁlﬂ&wsmg&w f&nﬁ{gys&h alyktmn& cﬂél&{r@ %Jvl: @ substrate 301
in conform

et hod of i Hei drse SRR e bt bedfyuy & @fialy pemendicur o
setting i nelracessagtsupstadsi0lomé of a 30 deposition

par a%ﬁlﬁé saﬁin:‘xjysﬁlﬂn&ﬁ‘e!‘l‘&ﬁ‘ﬂc h%ﬁf@fﬂ:ﬁ; &ith safd%arameter setting.

18. The method of claim 17, wherein said process parameter setting includes at least one of a

deposition parameter and an anneal parameter.
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