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FI ELD EFFECT TRANSI STOR HAVI NG A DOPED GATE ELECTRODE

W TH REDUCED GATE DEPLETI ON AND METHOD OF FORM NG THE
wORANBIBPOR TECHNI CAL FI ELD The present i nvent POWUS2004/017705

generally relates to the fabrication of integrated

FIELD K1S9CHSFR NS TOR HA VNG I FO¥ I & XTE EQEthRODE WIFFRCE LIFECED GATE

glf ei:lt ELM@EQNQ@%%%W con gﬁge %Ll%Rt r ode,

wherei n a dopant concentration is controll able

I ndependently from a dgeepicapregdration in the drain
and source regions
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A further difficulty arises fromthe fact that the PN

junctions are defined by dopant profiles that are, at
woeastoipaetial |y, created by ion inplantation aa@/us2004/017705

subsequent anneal cycles. Since, typically, reduced
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connB@h® the ighfy UBpearierhibdnAuctdd eeetpd @itl 0 @utaniilical régiopeforn@yn drain and source
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tonstraints for the device. Other problens result fr

t heWViftarsferentsete Figuiee Hutded bipicalrrepysetispal gercess e é‘tfrfora%&n ‘Avanced SOL

MOS BAHESiIL A% b8 iRk beSh @isl:t@él\éomé' of the @foblaiﬁs invdlved firl@dreth®device scaling in

mor%%}aﬂugttﬁjg}l}re{] f; rtﬁagsgsltcgggo c%)gn‘g);lsgsg % su QIh eerlle) avmg %o edctﬁkmg gll insulating layer
102, tvhiich kinBgwendf refdmed ¢ dsibuniad dxigy, gqnd haglstg]bneb%hcon layer 104. A thickness of the

51110&1015)’%? ﬁﬂquﬂe@tgci % CB&%W Gith WBloGdiall, delife diMdénBionsmRY isleBtihlly adapted to the

SURANTE TN VLI AT RN e
insuladoanget 1069 T]lel'gate liegjtobie/ 104 dpippicadie pangpoised lgpépc@ysﬂlp@gip@) he gatg npyplation layer

106 Qnagenteaéoﬁ o iofl @11150%9&18511ef QGde q)x&rﬁtrlqg 3&h@ t}@nld(es OAK G}s@latlon structure 103
r ef erenceto Fi gures

subsaptie AEnghip dpteetiws &f e GRPsebF Toet tﬁegmattly Tt 5 g 100 o
neighfofing duaiiSdiGients. Biidwall BEwerHE7desiomicd ewtht gdahiaboaf $w ggfp piectrode 105, and
dran? z{ndtso dpe eg%FH ]%?‘Sr- ‘%E&Va%ké{: d a%ra?&%%gn‘? H%filg edYé e wlid t'ﬂgsﬂl&in layer 104.

a %@g}gcplaprecegsoﬂ_owhmlfmmg dbenmmft%gfolgéﬁ odrgﬂct?cﬁgttﬁl qr Iha;may include the
follolv@ﬁg ocddded. TOb bubkiratesiof ﬁtﬁmﬂhﬁ@fhle ynst‘llﬁfn@ nayedi 0L andathe Kilicondayer 104 may be
obtatnf:é %eécogesggndgr% t 5 eﬁ!r{x:ag\ fa %urer w &R % ie%}{@’d tttlt(?cﬂess éﬁ’ éhe silicon layer 104, or the
thickness fowy v ngapiait bh cmqwomtyatotlshae\ttlecebwtﬁé Phi tﬁrf%hea??ae51 e substrate 101
mclt%%ng %i/l\ﬁ{e%%%?%@?%frgaytb@ nﬁﬁ\ﬁacbﬁé’d@)& hleﬂlfcnoavng@feﬁbﬁh &Gﬁrﬁcp)dse Thereafter, the
1solqt1gn gt@,ﬁgﬂze {Oé dlS fﬂg}legg?lzﬁnwglyesggl&%ds pI}O 1’81 %pﬂ%e ttih Qeé)OSatjf)G 6'cmd polishing
techilipes ghat age wdlld@bdwoig ¢he BO5 T hezseaftgrpa, tbaldﬁeyectug Fepar ihasing t}@_ﬁfrequlred characteristics
for 919' Xt‘é'ltlsjufa?%?l Igﬂvg lb(h fhad al ?odnEHSUy %1’ Qﬁaﬂc@ya@%néegﬁ)xmﬁibn klaﬁd/or deposition

rlse 't con_ di oxi de on ox%g 1 E N q
PYOCFSI’%@ 1A Rodysiliogy ltysrdf then Brned op Et’etﬂm %‘eli%c IashTe it f‘yatf ft 15 then patterne
by adﬁifld:eﬁ @Bot&lfﬂﬁagﬁpﬂ?’&ﬁaﬁtuﬁﬁ@ueﬁ)tf anfsbt@pic le@h plosds®s tol@@ma;hﬁcgate electrode 105 and

the %a () msH%ttonan/ety Ok Hasvll’ﬁl %eeequ{réa%tatte Eeﬁ%ﬁ‘ d§t ﬁ)lF P&Q(gﬂafl E8d8i0n in Flgure la. Next, a

circu spacers 107
ﬁrstfi@rlmelant@iwn meensq e chrgedofut s tQyERfre cxfngiets b the daney. Pmé’tltof"r the drain

and gJu?de Qegﬁﬂg l(ﬁowﬁe@&l ﬂh@ﬂdlﬁﬂi‘éonl@&,elebt&idb ngs @tsP ﬂCﬂnfplaﬁﬁhon mask. Thereafter,
the SP%V@I} Spﬁfﬁf )g/l%r O I (5 §$p8 dén%on e ro%?s\s/,\/lretg?nlce):?vlyé Qr mo?ejhsgacgrg lﬂ'xay be formed

transi st or 100 as depicted in_Figure a may |nclude t he
fol l owi ng processes. The substrate 101 incl uding the
insul ating layer 102 and the silicon |ayer 104 may be
obtai ned froma correspondi ng substrate nmanufact urer
with the required thickness of the silicon |ayer 104,
or the thlckness may be adapted by correspondlngly
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processes. A polysilicon layer is then forned on the
thin dielectric layer and this |ayer stack is then
woavisaimee by advanced photolithography and suBeemsent/017705
ani sotropic etch processes to obtain the gate
sequetisfiG ! 4@ @@ 1&Bldntitiaﬁ cEhRk reichisitd @ isd)a@ th ﬁ;&f&fucelt@@ﬂﬁbﬁy rdaGlired dopant
concetéll)%%%ié)% %%uthrSam %xadtsourceerF (tmrS] l{l%%( t[?gagl 'ﬁif same %Epgﬂt ({gse lf' alsq( pr?mde% to the gate
electrgdeqfi®e n Eleeraatiy, dseeabfaplps segipepigimed 9o 2550 Mlv#teﬂqpmémnérﬁtsremtalhze at least

pamao;m tﬁ&ﬁ/ﬁg‘g@l@’af thD Rl dn@ sbulde rtdiRs dssRink aananageu b§ @hel ©2&iRAY fnplantation

sequeagas aﬁo S %ltrtgg ?6&%%355%%2 %}tf 1? gni%lluee{l usg 1€sgcik1pant %or forming the
dram@paeuercs rég@ﬁls 8y whieh éxpibived high difesidiyn drhenafotehborgr pro@mition into the gate
1nsula{t1€19 %ﬁé thMp‘l."an SRAGHE the me Q&t Méﬂ%%?ﬁh&%&é ;ﬁ:!cla Xnd may reduce

urt antation cycl es are carried out
the re.ggbllftb of the g%&@@tqnﬂ@yef 1944 )}herI%r@l}Frp]éasm&Bi%fxﬁamst electrlcal breakdown may
signifivamiyelrdpl Bdriecitemielyhigh bdien dbsea) eRenaiop@tidof@nira@igh efiis chfBel region formed
[ t rovided to the
been R B e o s AR P RO Rl 7 s, ar e
p ng@)qe A ephepptigpdly shewe the jrgnsister Mﬁam@ngéﬁ @netggnventional approach that results
in furft@r i@d‘u&s&hﬂﬂ rlasb&:ﬁto dadicel sedind. 1P&EGuleab) Ymetd! BIOS& PO 100 ASfordfed in the gate
electrf)!ﬁeel 09 an% cgneaﬁ)ndu?ﬁgxﬁertﬁ t%h{lgegrﬁg?og% 113IO aﬁecttgréne‘c;i gkgeedﬁgnﬁﬁgou{ce ré’glons 108. The
metalmlﬂﬁarr%mtlﬁ%mad §t0omay, bebmﬁwnsquof f fop dnglerre] pbys silicides Wélhh: exhibits a
&gmﬁj&lﬂ@n@wef {%Elstfv@f ’dﬁlﬂ’hﬂm&ﬂ“@eﬂj«l}@h Hop@@dﬂlﬁt‘ﬁ&éx@@m&ﬂﬁﬂgmgceﬂt%ons of advanced
oro

vos teitr st Siofie Bk Lot R R TS T 04 5Py Fguch space s
possiblp @ thegaleatebtatde 009 sapsitoteli@icgthiysdgubntesistivite tikreefy Fhewmetpimilicide regions
109 ah@ Ifﬁ) ey Bfnfed ﬁ]rhdcomn glﬁ@déﬁ&) ﬂr&@ss rf@ll m&éﬂbé 1h$0¥vn%fthet (EFOSQI% 8 a refractory

nsul ati on termres|s
me""‘%\?}ﬁ’i AEEt aé’P"é’c"cyFIF E"aﬁs t"f?’@‘a‘l?%%f’“"%‘l‘ﬁiﬂe’ﬁ SYRRUYT emAE| §f nefGpsted cobalt and
a secdnd rnrea cyodnse hyto lnongdrt dobdltompnakiiB&ls jntceaiew-ohdhie cabalpdisiticide. The demand for a
large %&ﬁe@p Bir ] 1111951 sﬁ’ifndé JEQWF h@r}&ﬁl s ih ggé}rﬁ;ﬂetg &kéﬁﬁl@tl&ﬁ‘%}f%%@mw D €xtension of

draln and source reglons e negati ve
the drajpand ORERELIOTS| 1@2& paick og gﬁéﬁxartqa)@a?/epfi; t%ﬁd%eafeﬁ éontact resistance to the drain
and sburédeisdsans d0fe acearidiving tirough e CanyanbireNagioB 108 aag ow enter the

511101c¥et}%tlon I(ZT‘& Hlfoﬁ.la":tlhg] larella[ #Eﬁ‘gce oﬁél‘ggﬁe t\% ﬁOIFLZ(g Fr‘a‘? cht%}n u]it&fiagevfitlge%etal silicide

regiof Hi0ripep lplvget tyail <é the|chasger tier t@e@%nds %%ﬂnfee@p@n@wﬁ@ﬂy, an alternative
approd@tvall béd;ﬂpwya@asﬁ@@mm thh@Jf@erfc@folFEgdrellB t he dr ain and

1 18 ggrg lg gcgemagcf'f%l% ohows t e?ramfs or OO?PSlil"xjf)g 0%? fgmg é’l ({ megl?sﬂa d% regions. In

nce
Figurgvhd, elhcoe xdgiobs 114 arg fmnﬁwmthwm hmgl shuyeaegione é08sat14'i i ﬂlygattemémtrode 105 by

selectie lepifaRil SHAR Mﬁ@uﬁmp @iﬂco\‘lﬁréglfbns e n%&ﬁeﬁ?@kﬁéwﬁ‘ higth a ﬁrst 1mp1antat10n for
conce 1 STO

ntra
formige Gt © é‘h%&?"émdéhef%‘fmeﬁﬁémﬁé? aItDe%eB goil ‘Hiéﬂ"rpé‘ﬁ?sé ﬁeqi‘ﬁ@e’% the silicon
regiopdd Upyy @eramnpliospacéerals fipaissplinitaion cyck fie fgaing the ldettandgerce regions
g. 105 so as to efficiently reduce the resistivity

thereof. The netal silicide regions 109 and 0 are

f oFigwa 14 sshepaisibnihavshy trapsigert POmtefhordon of fie sifipidy ragiens 109 and 110
in thel eRlRY pdtgeldctivle dBPMA iHeidRih M s@urde eefgtoas:mr Ws IBh@in, thayiitidation process
may riaowr lgerc%fxtroﬂgy G suchcyrge{n&er M fe metol sflhc():rdgnr 101 hJ reaches into the drain and source

nonosi ectivere al non-r ed
regiogsd B&PUt, naveehelesss desmn completel 00@59@13 @e ahﬁoaéhere@y Eremheg qn increased interface

for clﬁl%b aelntler Mﬂﬁﬂ i th the cid@nel fé&l@n %l&h@&ﬁl@kﬁiﬂ(}?ﬁeﬁﬂiﬁﬁ' tlansistor architecture may avoid
I CKNess O

someﬁé{%glpré efs &s éusfegd’fqtgﬁgfir@@fe Itoalgl 2 goe tlﬁ oggolne deyiee Séahng may nevertheless
bring s limiptioronf ©f plylieal g@e kngilatauest b:e rrvaptionef phvtaithabraghynasalredithography
and t1§QﬁUs§ﬁerﬁ ﬁgém?(ﬂ)?b M%rocéﬁgguf;slﬂmuﬁlv détg}ﬁmg ‘ﬂ!@ %ate E@grﬁgand l tﬁ@ qﬁe ﬁo%ntxahty for

an i ncreased contact resistance to the n and

source regions 108 as the cugrent flow ng through t he

drain and source regions 108 may now enter the

silicide region 110 through the lateral interface

only, since the horizontal bottominterface of the

metal silicide region O is no |onger available for the

charge carrl er transport. As ‘a consequence,
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108. Figure d schematically shows the transistor 100
after the formation of the silicide regions 109 and

wa20sin7dkhe enl arged gate el ectrode 105 and t hecdmaze4/017705
and source regions 108. As is shown, the silicidation

tranfistQCeAmg. nWreﬂ@Wabﬁmﬁ@%f Wil Brehdd 1§ F%ﬁ}e Qa, {i‘fﬁr}{aﬁﬁlt éotﬂé’ehtratlon in the gate
nto drain .

R o iy K
Wheefémhlseioeﬂnycqmngm mphbe Bildrédcio yreate lemigitnyl cpntaﬁllanﬁ shget agsistance in these
reglbﬂ%Cr aa»s&ér |eEHe§z[lf}/af3§ tHe OHfi HGveCBIrEd 6F pLhARG Qﬁﬁstrst(;rso the gate dopant

th hann h.this conventi onal
conte P BP P BT Bt R it of resimimdeser 106 and
of thegindirkying slwent! wiibh leadifigo e vowlid ; sBledidg ehe ivplant fr@an@REisdlGo generate the

mcggopggte&dﬁﬁg rray neverthel ess bring about
tatigns of the physical Eete | engt h caused

b
c o fEPrBlBt e i ﬁ’o@rfa S{/exists atmped Tpr ap fragyevep rwﬁ;éma that enables the
furttieh ecanghefabugint leghi by Ovitibit RopFrOGISISE traidilet ftfonhdeY especially the

tﬁﬁ&%fg}p aﬁ,{gpﬁag&ttcﬁs | ength and, thus, the potentiality

fortransistor sca Mor eover, as pointed out with
reference to Figure %\CLQEHB‘Fd@EHﬁYEl%HﬁUent ration in

t heGgatgy, ﬂle&ﬁ:&sir@dﬁenh@ﬁslslcﬁreéﬂédrtﬁ(‘attlzd’lmq&utﬂit Qb e Jeaﬁplmg of the gate
rce

dopaglp&ﬁ&glm&% %%%erd%gﬂ 2 so% goparg 5%%ntr&t5)ﬁ% gﬁ#erpé?vugrﬁq?wteﬁtéal for reducing
the gagg ?né'ihé’evot%th?:Iﬂ@ﬁigéel‘abquqmﬁnIlvadzbmlmgram teclptigues

r eSA&blaiﬁgI & dnél 111t14?;€§v% ehB&HinRASot ﬂIé%Yt@éﬁ?ﬁwenﬁ&P?&EtﬂM fr thMing a field effect
horon of P-channel transistors

wan{E Gt B S L HCRrPP BUTR RIS Sh PRI gRFgauci: regon and the
formgtignt ot @l 4r=e1d regmn pidd pize regopasitg he ingtlanationomaskf witehedh W@ t@in and source

regidn® %h@haﬁds oantob %ﬁﬁd‘ce 1062 Qﬁov@f Lufifeel ch lcégfgtﬁﬂne %Qﬂ:@r?ciuftor r[‘eglon The

lmllggl . éfg (gacon ict I1n se Clng

PR aﬁﬁlﬁ%‘ﬁ% E&f Ve SERPET Bt RS gt ths fiystdine éfén@a%m region and a gate
insulpticoflaylees . formad vi Gove:pbsed hefapr odl cuBhdral@stai gﬁﬂe ctrddb @f6rmed on the gate
1nsul§tt1dn lelyelea)ﬁ!i &k gateaeléaf?(%g is tl%ﬁ daﬂd i nproved techni que that

enapl’'es the further sca of the gate length
subseHries & 9t} apgthen SIBftraEY?niﬁfr%e@ﬁﬂgqt 196 the PEepRSt Epvention, a field effect transistor

compp@esf sosubsmnte davigPaed tbdeyh 4 i’é&ucﬁﬂﬂhét&f B8sC A @rfaml?eg@dﬁaﬂféﬁis along a lateral
dlrec%[n@zgﬁ'a%glgﬂtﬁirec%nsgﬁld%%&% rglcin 1%pr?v1ded %E S C?E})gg %ﬁh g%era? direction and the

resent rnvention iIs
height dizestions Mereoveret gAtRplqctigsie dsf provided el eastentls Igbng the lateral direction and the height

directiGd) @@¢ttih de it cladhddd i BtetIR lo@at@%tv@&“ﬁ&@arﬁl Qdfn tand the source region and is

fati.on rovi. di.n ent |
separ%%ﬁl ﬁrg : r]he sc%anong'lfcttor re¥1cénﬁbgp atB érvgﬁg { %emntt e dgquvglﬁ swe regions extend
aloﬂ%@@%eﬁht glvctm ali 1¢agitd an upper hnfgqeaﬁhygetteeemdqmdq ues. Ac cor di ng

to one ill ust raﬁm%ﬂ%’@ﬁﬁ*ﬁ@ﬂtoﬁnﬁbmw fs?
rm ng el d effect

ntion
g agPEen ‘B%ﬂ% I‘Pfﬁé*&m‘? E?P?‘Fé? Ih6 .fP"erm& Aespripfprafdea i gopiunction with
the arpalskanmgdra\amgsrlywhraﬂl like mﬁermmmmdu@hm likeegpir@itts, itlin thich:
f ottgatel QR 10 fch@nfll ¢,
UL 001 it 05100008 008 ot SO K0 s
alternays; cgRy&ntiongl APPFAEES t op sur face | ocat ed above a surf ace
of Fighes Qa-ysfscﬂlbﬂlatlﬂzelySﬁmvC@IﬁQﬂéﬁfoﬂ ldeVi@Jth@Mg vhRGs manufacturing stages in

accoﬂdm@é@ﬂilﬁﬁﬁgﬁegﬁ%ﬁmeﬁsg%e ey goto expose a surface

ar ea the cryst efii con # region and a
gaf&uieh §@rl3%§‘rh@ﬁatllcaély efioy @ frowsiste element lerirgx poisedmaufftaig stages in

accoraz[neawnlﬁwrtl{ehiﬂﬁdi’@rl’v@ eml&bdﬂﬁﬁt@ meerhﬁzﬁ b QAlSkidl Srofv@; !ﬁ%gregﬂre& he

w%e uatlon.a% ﬁsgte el ectrode Is then

doped® "Acdbrgihg® SC?R“I IthPﬁﬂ" moflifiatigns, agd; glfernative forms, specific
emb@mmdthmerﬁhawfoemh@wp e wendf ekamperid the trawingsfah@hrelheddid @6dribed in detail. It
shoulll b&RRILSHEY, h&RIP thad B8 décrﬁaﬂghsﬁegeﬂ% & sHakE BB nb ﬂ%en%%‘to limit the

a sem conduct or regi on. drai n region ext ends "1 on

|ateral direction and a herg t direction, and a source

region is provided that extends al ong the |ateral

direction and the height direction. Myreover, a gate

el ectrode is provided and extends al ong the | at eral

direction and the height direction, wherein the gate

el ectrode rs I ateral I 'y I ocated betvveen the drar n

s o o o,

T
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BRI EF DESCRI PTI ONOF THE DRAW NGS The inventi on nay be
understood by reference to the follow ng description

woakw@smi7992 conj uncti on with the acconpanyi ng dr BGITGs004/017705
in which |ike reference nunerals identify |ike

mveﬁtkoﬁqg%ﬁmm@lﬁg fbrgls ‘Ml&l&é@d bEt! &1“1‘5@ %ouln@ra fﬂe %Eéﬂﬁéﬁaig itcp @Jvlaryall modifications,

show cross-sectignal views of transi stor
equisleaietid akereasivesi fplline: within ‘P%?H‘f&taf‘ EOROHVRNIRYBiig as defined by the appended
claippr oaches; Fi gur es 2a 2i schematically show a

transistor deyj MW%U’F?’F{%&Q%NHJB? st ages

in accor dance W't | I [ustrative iments

pr S¥esetive arpRadinteatn of therfeyertiog aie descrired bdovs d @ﬁﬁtﬁreéfaqf Flgntya not all features
of afs BEW anplénRRlicht £ deedr@mn &hldkpéctlfi]@tmharllt @ilBofroaink ®Cippiediai@ that in the
deve'? I]?glgn of Iar??ft sa C}Fgcrtud odlme}t numt %{plementwo?] speglhc §601s10ns must be made to

achipvg @jmdp‘e@permcheic gwb siuvtwe ﬂ‘tnilIé‘PPCP yithy tygfelemltttsll aed 'ttemess related constraints,
whidhaWill Q4# 6 dhef dnﬁl@{hénﬁﬁ&l e dihed. Medrevadd ¥ @illfe bPBecia® B8 sfhdhG development

ment r eof have
oo RS LSl B S R Fe Y g PR ror s o
ordiganodilldn fhe anhrtimp g bavelfjt oftbiadivadesuret hat t he descri ption

her-gje rbrégént %%bxt Wi m%e&ﬁﬁgdswlthsreﬁﬁhcét@tﬂﬁ NEKHed Gures. Although the
limt theinventign to the rgcla}artlcu ar forms disclosed,

vargys FP5Rs TR SIREBHRS B SPIPHESIPHEAR 6 AEFreled St gy povi vey precse,
sharﬁﬁdnfguramhs a0 profirg tHowaskidlewt is theartdecagrize tag in readity, thede rdggivgs and structures
'})ké&aé %qnd?cgt!eﬁ intthe gungg oAﬁl%ugxtall? % rél%t}(rjg QEe's Qﬂht?\scnrlous It;?étures and doped

reglmepﬂlﬁ P RERMITGR Y ‘Pelfé‘i‘%g%fﬁatlt?‘tr;% rehEYdr ﬁ?é?ﬁa§ Es’rfht ﬂ@ of hose featares or
reg1d>rf§Vﬁﬂﬁltrﬂﬁ’tecﬂﬂ@m@h?SNNeh&dssbﬂieOiltachéd] dibWiagd #it @icmsdd tofdescribe and explain-

111usg‘at1ve axax-@l 4 ott tagt)rese%tqg}eﬁ“og S Tﬁe W(SE}QS a%ﬁ %ﬁ@s{es {lsgp h@éﬁ? %’lttoﬁﬁ lbQ [hderstood and

hi's specificatl course
mtermetea Fﬂ:ﬂﬁéﬁ eeae@g eergigtent Wlﬂt the wtﬂev@tctyt@rﬁé Hlpsem‘orda A4 Rigpeqs by those skilled in

the R{dAtdrt. END Qi daEnitioRN um&e&u& phidl S4B deilitiddNhas pet&fefemcfrom the ordinary
and gtﬁtogtgrfylonge%xé%e}s unc?e:gstog?lgy thosg sk?n%F :ing‘tYl rE t115,61 t%ned\éae tg;:%g ﬁprleq ba/t Cé)rasistent usage
of thgrigimiyn phrare dsrein e Ta the dxtend thattarterinnar @hrams lehncwi fol havegr specigl ggguing, i.e., a
mea@REothdVRlaf HRIth kR by RilBNRHBR! sucl'l\@db&ﬁh\l' @Jfinitibd wiMbk Exph:%ly set forth in the

spec%gﬁtmxe:c V2 tltﬁqgﬁtgangeg %&ﬁﬁ%g \a{negdﬂ fﬂl}fjprﬂ\’ééﬁé Fh%n Ff%f%l dgf?ngé)n for the term

orpraseout i ne undertaking for those of ordinary skill in

t heInEEﬁet foh@%ﬁé‘&taﬁlaﬁdepc@l?ﬁnlc;f ﬂg‘thert 1hﬁs§'atglb %&LM@ of tﬁ@ @resent invention, a

present 1nvention wll now be descrihed w
i st (R 11 0K BOSR ' R Py AP GUFeY PgIeGs is presenty
considefbd $e moettprindSngahndilats eﬂm@ﬁmdmﬁtgxdvaieadmmﬁ)machep stotldde appreciated,
! AL LR Ik
hovs)e\n-:r ?}ﬁ?’chgé I@%gg&f él%%re@eﬁy *@?tlo\ﬂ%{a é%@% Eﬁ?lf o 3 t£ s stor dev1cers tformed on bu
sem;cgr@gg?ﬂ sglestrgtpﬁafuch psnsﬂfc%quft?tes,toh égyeot]laeé @p%quat%l H&V or II-VI semiconductors.
Con&fqﬁdﬂﬂ)ﬁ lﬂi’e@fﬁesaﬁ vaéhﬁbn s'hSuchﬁ(fB Bé &ﬁsx&éﬁedl dﬁdblﬁg’ﬂeﬁﬁbtddno kilk®n-based SOI devices
unlegs stch resgnc 1ons re ex 1191 al %l‘th in e a en l:lvle sizes of the
Vart ous ta Fes gions depicted in the '
dr aWitm géerwatyto Bemes@a@g étr@ereléilsww wehedimgntagill@evrpadeeibedgn more detail.

In Fﬁcgﬂln‘e 2 azt?anggtortZI@@ §(§np§1§ﬁ§§1 'dt[b@t%iteOIOl rt%gingzﬂﬁe ANhe Bl drGalIBeh substrate or any

i ces. Nevert hel ess, tt
othef JehSRiFe QUGS RS rs"tPBlereaﬂ’& %&@f erF‘P |aa§t”5tt“§3eer 2‘2@5‘9 gsubstantially
crys@flint beni@nés®entaydr20ent ifaned ohihvee wbstds 28hd TihsemBesiugigdayer 204 may be
comﬁesreg binsﬂﬁ:larp lﬁhgonggnnla{ﬂﬁiﬁ r 2Et@%epﬂ%robﬁ&t@geﬂﬁcgﬁdﬁgortn%teﬁﬁv Q @ickness of the

ani ng caonsi er st andi ng. of those

semigfdggora#ar @Hf%@é”ﬂbv ‘tOFF(‘fL?’@d axthy T"E‘H""Pgrﬂnt‘sﬂ &ive gfapplg A being comprised of
smca;t fis seRedSPRE toabnrokarl vithi the requir@iiend of &1 dxtratielypdosleSIO! trenstor element. The
o) S5 EBs el B0 EBEFH of ORGPt ot

the art, is |ntended to be |n?I|ed by consi stent usage

of the term or phrase herein.”To the extent that a

termor phrase is intended to have a special neaning,

i.e., a meaning other than that understood by skilled

artisans, such a special definition will be expressly

set forth |n the speC|f|cat|on |n a def|n|t|ona

1. i o, o N I
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In the follow ng detailed description of further
illustrative enbodi nents of the present invention, a

wonrersgizwer el ement fornmed on an SO substrat e PC$/US2004/017705
referred to, since this circuit architecture is

mat§aB SRAL Ve Bivkidemed: dilten ABRE. RA Qﬁﬁla%laﬂ&h Ak gidjlﬁtrlﬁg § Qferal dimension

221 ngnr%ngg %bta thens%ﬂ%g\%@g&?ayfr% gﬁlpge%%eaﬁa Iba}s]ég 6?5‘31%?*‘@ with its shape outlines
of amﬂ@ sheritodé tvieritringd Thaympleetpr pash @2appt beedmbiised pfoang kptopriate material,

sucHIRVe1 L 615 dib:Qde MR oR Ritdid | akd ﬁl@ rﬂ(@ﬁp QIHféﬂ NiecB¥thsdn edifRs are %%‘Flgble or may be
i |i con substrates, ap roprlate

-V
coaffBncioe 29 EorrU TR 11 IR Ry e EY it B tpoonducto ayr 20
in ap adverred mAnughotibgdstagots Widl be dessiilgié lagal oas Ibéie perticuds embaiinedt, the lateral
diméfRio Qil' Jf' B ?&ﬁﬁomgskqu/ ﬁlg}% sﬁ&ltéﬁsﬁ ad %gcegcftgé fa{el% %ﬁ%ﬁﬁon of the gate

are explicit forth I'n
clcfrg g B o ﬁil@@fﬁl@kga?éenéﬁh 5o B GIPIF I EEP 20 iy racily b formed by
welletbigidictBittiographdy ahd Mioirdpe ctbsehiifed while plovidingl @t dbtbntialitf to significantly
reduf'éé gy ragtuﬁ ad‘lme%m&{s or%stﬂe #ag{ erlne%ggde éza{sﬁlg\ft:béﬁ restng%J ? %t rthaetrgso%tlonyof currently

nst ance
svalo i koL p Y iy Hr fiber g EmenS o e st dimensions, i, th

gatel 1bngM, ar¥iVEIl Ritkin BB rdsdﬂﬁﬂd)h af brisgntlyayfkble BRo @4ty ﬁchmques the lateral dimension
en1cong§cto

I
221 foy Qxe m(l]annta?%%l}e{asg lr%% 1f1arlyastu stazbaily re‘;ﬁesen ﬁig%%ﬁa%?% ?tr tPe $aéeye2erctrode still to be
fompd4 may be conprised of silicon, silicon/germnium or

anYA %i@ﬁ'brc@&pfl&i:’fok ﬁhﬁngstﬁm&fagﬁ’écis%om ﬁ@ﬁr@ia— méy comprise the following
conduct or | ayer 204, Wl

ness. of se
Procks SORGTRITES TETHOLNOF B Ge AT e PO s b techniques,
the pyelitivg stwmpr 2B edaydfe fonrked by mell-estblisbédelith@thpbyo agisotrbgic etch, deposition and
poh&ﬁél:ilﬂﬁm V"’l‘l{en:aﬁep %o!sﬁﬁ%ﬁl%%m éq@ﬁce@ﬂla@@ }{eﬁﬂ]ﬁlley oS ?(J e@l%bhsh a required

ﬁl transj stor el enen The overal | di nensions of
vertical dppaptrofile <2@Gh°a‘fnéf°a@f Fwé*arowerawnm%wélte SeRLcQuflictpE faygr @04. Thereafter,
a 1a203f cppriyrias ediel@fricanatdrials | dapdsing /e Gfistadte, bys plédmaaihanced chemical vapor

I .
depéitlL)llll g‘gﬁllazgll %{é}ogrgatiﬁ%%gsh%étl ﬁﬁ&@(ﬂ:s Fﬂat ejﬂ A d i d@nrrbé%cgm% effezcé in a subsequent
impfiion FoaeRon bV e SilF ROt e Pafy emppwat of fhredielectric layer, a thin

sﬂmbﬂf@lb)&ﬁtlﬂkt iy EaBkosied erdSr&S eebilies nttiddoiat & 51 I@E etch stop layer during the
e Lypde to be fo
patte%!dﬁ ofn ?g d?eﬁecl%c ga? 2% (():t dr Q ore, Cpatrgfgpmm% otr [EE d1e1ect>r/1c layer so as to form the

lmplalﬁﬁwe ma$1<a?c2@ mmb@%or:@llphshsdj éhwﬁlses@blish@dﬁweuamuadtéamsstrrqucem techniques,

sinc&)lid dre Gllﬁxstaiﬁde éntb%dllnbﬂf ahd I%ramm«ﬁllé]lo§ ,@i l%& th¥ 8iz&H Gk tFaBGskdd @it dimension
e estab

may g)écr?%d:tﬁe Cénhrfﬁpon }n& ﬁ%erqaé%%nﬁ ns; Wfﬂl 5)ﬁrte Pf&ﬁqféﬁ,ggﬁlst%mems are considered.
se| lagurd %Wema@caﬂlh ehowe the gloYichUDP after| cappletic®0 therpniagiropic etch process for

paﬁ@xqﬂgqﬂé:ﬁfélaﬂ@twflfnﬁ%t 236 wiGeid ﬁl@ g&llc@§O(WE L\Jb_]epcgd e[ES ﬁ:rfplagl@tg)n sequence, denoted
articul ar embodi ment, the | ateral

er o
w5248 el O SR8 e FRST A et PG ardRed s SeiEetse by the implanaron
maslg 820e Cc Tieddapant asncbroratxclomald tirh éhe | sexhiednelhcte Xdyen3i40omayokprésa@ the required

concgﬂ;aﬁo eéopé(ttéhgﬂ)erebgrh g@SafoIr &;ﬁ‘gs nd]%ﬁ So&ég%ng%ﬁlg%yoqégtfﬁ &o e formed. The

lmplﬂléaﬂ% P?ﬁéﬁl%frz?v\é‘ﬂ mé‘é%ea*b Pliu@hfé oPf [PpIpRRP™ BHRP %rig required for Y schieving the
requitéd doPint PPiile 2edaChheted b@bxmmgsm thohitdral cﬁﬁdﬂMbrdeﬂl @f thB @nplantation mask 220,
txltecp QrBrPean Istggsl I%%'f t 0 Sll\%gltsfglag?gt% ?,/o%oganl{ fgu%s %ng anteol that extends under the
implargatiop mesked0 tfyrequh@i rIe ol apbpdimend fa heat rtne@mmt Yy moanp b@odaled thermal anneal

cycl@ Rat4l ﬁeﬁf&&g& a&PkYio tr@@rffb'iyllﬁé‘ sy arﬂo?ph%(h ?eﬁnlc%mqi A8 U hich may have been
t he crltlcal ransi st or dlnenglons

camffag Roti S erddgb A ARSY SEOLC LIPS OIS | - olinal approan, te
parapgters efprt thy aval [cpdd enay ite holgetapby at ec hnbsqordly cofpletely re-crystallize the
bR Q'zﬁ?%&@ﬁ] R dempBianlc b AR BalRR EbuliP¥e tak
e SUbstanti al Iy reprtesenpt atte gl;lat e I?aeng{f% F%Eeaﬁé ¥ takcen into
electrode still to be formed. A typical process flow
for form ng the device 200, as shown in Figure 2a, may
conprise the foll ow ng process. After providing the
substrate 201 or form ng the same by neans of advanced
waf er - bond techni ques, the isolation structure 203 may
be fornmed by mell-establlshed I|thography, ani sotropic

Y
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silicon dioxide |ayer may be deposited prior to the

silicon nitride so as to act as an etch stop |ayer
wduaoisrg7dhe patterning of the dielectric | ayer PCARIS2004/017705

noted before, patterning of the dielectric |layer so as
confidration 8 4she plodie andedded Q&rﬂ&ﬂkgeﬁ%& drape clbﬁan@@x"éﬁﬁ'@b&as I'tﬁiiﬂisequently the
late?}/duﬁ@ orllJ gzzto?%e I?an%tlclml IEaQIQ%O F wgl ast%pfae@é m%,to%]gm lﬁ]f seql.teﬂcg 222 may be
desipred gych thay iﬂm@mém@mn 2!211‘fha ﬁevateﬁ @m@ﬁrzteres ﬁnld iretion ofths pregenfranneal cycle and

of s\MstuEht dinféﬁ%%l&nthE@ééue@‘lEt@ﬁdioﬁaBﬁﬁ)rGﬁlé i‘i@ﬁ RED eiuf) gheg@iuﬁred channel length, is
{

oI S P52 LTSI 858 S0 A0S\ S SIS cocn

corrghpyriding sinOntiorf plegrams il restultsoef wdificht thay then @alile tipiestatditodent of appropriate

des@[[ %ﬁ§§>r i&l@ fate&@éﬁe%glwzﬁg artdnﬁ‘ the[)ﬂ?éc@s@ E)Q'Lrhé?&s 6}‘% ﬁlgfgatlon sequence 222 and

]g deyij ce IS su cted to anerp ant ati on
the %ﬁ‘L &or red“é}‘ff?f Bipe grorphizsd segyponductprgreat my 3 hi gh dopant
conBign¢ P@tchamtitdtigtshavs theatapsiadr| 200 died ifundel, advaneed, manufacturing stage. The

tran§§(l)rf20@1:dng>ﬁgeg epi )Ylal vs}nmllu E@IOH% io lffo%%cg on-[lté %ttor layer 204.
Rt 2}

concentrati on e sem ctor a er
A tigest Ephegnef the Fﬁém?oe%ﬁmfré@%?dh SRR ARTorHy il et eiremens, a
the liegi @R sEAdcE regioisr2@ BBMAiAY deathingEhaiibhelitaighe electrode to be formed.

For glgtgdcg Q%elgﬁt 0* tlhe gegucgn gt(?rrr{e‘%? ?A 21 lTIPaey r%lnnF ]ﬁ‘gr{xl ::-ﬁprox matefyelgqg(p

ude ura
is ’Fl@qalrawebgrmh ofaeelhlp@dmg mtathreal Plealuindeelaimgi @pmthduptpldﬁyet, éor instance the
groxﬂQ 8silicsh 64 €kilicon d@&e RAI WD-cQHbliEHRE ploctk£4nal th&érHre rhsdegbﬁpt%g Ihereof will be

ol 5 BRI s i L st e, stepd T
regipry él 1 ip sesteipterbto @w@eposqdh@cqnmphsa ritheredfion thetrarsisPOjif subjected to a further ion

impla@&Héh hRBkss 128 s NG GEIROH ﬁlﬁf‘}t desifed A§Rkt cﬁﬂc@rﬁlta%?ﬁ thD Xraﬂ%?tf‘s%urce regions
en perforned

i d thermal eal cle is
208 0lo oyt S %P'ﬁlgi FPesR R lﬁﬁia?@t&n SSHPETHRA e B comesponding el
cycley remyshe owditied Rndmayy lbravt%reb@emto dermagiedatide cyclegR28, iserby entistantlly avoiding
low 'eﬂEFQy%%lﬁﬁdﬁQﬁseﬁ&g&?M% tg%%creag&q}tugﬂgsy ott tf?e stmlﬂﬁo ductor area uﬁto which dopants

conventi onal approach e paraneters for the annea
are 18)})8 |llgr0ﬁl.5§/j b’giegx b @ éxaleg 6eqa§1c? i5 c%ﬁbquémhierﬁmng}plantatmn induced damage is
subscotigily edred apd the dopaytsirahdivazed. Thee:bg,el difisidhl &tth):rdobaaﬁéelﬁrn%% anneal cycle,
poss ﬁl%loltr‘h)l}lggn R’Vﬁm% ﬁéaE§ gbtéuﬂ:g l‘élgpgagt Igg&ﬁ(l)}lt dughg lf.h%l %}e%o%s 8/ erformed anneal

vant ageousl eration so

°Y°1E§r B eEt %@raﬂé aeqws?fi éfrfeazrl dél??lmal?rg@?ré?ﬁ thys, orepfes the hprel length 224. Tt
shout 16 dlﬂpﬁasﬁaﬁtﬂat dottBierd lﬂ&ﬂ:bﬂvyntloﬁdll eppr@tie fh@bmﬁbl FRRSE & ma? I combination
w1thQ£e 1fngl§ tatng %Qntéegersu aélﬁ &hgl?a%éaé glmensmkr)l 2%ot] the 1m ltarga%og ﬁas{f(%gé %9 selected so as
to Oillh PEOBiftD fon amtmblnl qmmmentsm othe dralp @od toelma eeglamm avithowgirisking any negative

infhudbe @h iofhBr t@:fnsﬁt&e‘:oﬂlb&ﬁlﬁﬂtsucﬂrm @tancCy Bdpant Aithsiof inSHPIEAUENe and a gate
desired lateral dopant profile 208a

msugﬂ%‘elayfﬁﬁﬁl Let ‘i‘i’gvef’té(’&ﬂlc?sgd channel length, is obtained. A
c orfigspuindhangtidatithshewothe tinsislopqtveth aﬂwnmp}gntatmp Imaskt 220 iraoved and with

mde@’ﬂﬁsp@c@ﬁ%b 'f&ﬁedmjy ik a&ﬁ&u@éﬂ lsiﬁév@iﬂs ptythg %ﬁ&ﬁ&%ﬂk s 211 The sidewall
si nul atlon eglrams the results of

SPacglf | eavtb ﬁém’@%‘ts Y P8 FRPRE PR ate atginhrsiies slicen @@@P@ ﬁh%PaWé@ and the like.
The inflantatien thak e2tahayehé tséidtsivebired@dikd Byngh 1§dﬁ’6p1§ kieh ﬁibcﬁﬁﬁﬁﬁmstance by isotropic
dry Qca'{ & ottrﬁ § w(t-a)tf éhhﬁoéeﬂ&l @ﬂ%haHh%H a g Q& 2%2%9 Qurroun %g semiconductor
nnea re-crys I'Zin
mateélélrﬁl@@ﬁﬁfl}iéltl&#nd@r@’age Fl gure 2c scherratl cal ly shows the
tran Sdn&te@ibocaﬁaug fhad thelfblRRitioR AYANEE BoctRA Wkt d idnF@ant etch selectivity

with res%e%t t8 Trl]s% don S Sctusrg %3 ?l%%xef @19% &g,%%hf ﬁ!%)t Iga)ékglg%%aﬁu&w , for instance,
the shlag/]ghogmhy retiglet (hq)t@lbqwg);,@ uggd fog tha @éatyhwing of the hrglantation mask 220 so as to form a
resisS Rk %Q;Q)giﬁé:{h@ Hmﬂlﬁ%‘tl&pm%k h20. SﬁJet%QfEe? %&1 r(])r 9191%95 f&lEtXnam 'ﬂﬁ implantation

device requirenents, as the height of

sem conductor regions 211 su tantlally detern1nes t he

hei ght of a gate electrode to be formed. For instance,

a height of the sem conductor region 211 may range

from approxi mately 20-100 nm The epitaxial growh of

sem conductor material on an underlying sem conduct or

| ayer, for |nstance the gromﬁh of S|I|con on a S|I|con
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cycles may be omtted and may be integrated into the

i npl antation cycle 223, thereby substantially avoiding
woOawsanmogy i nmpl ant ati on sequences due to the patmsa®edi7705

t hi ckness of the sem conductor area into which dopants

mask,aﬁs is tl?en T, Ive ulfryoadﬁlj\j%%?ondmg %Bt?ﬁ%fc efch ro@e@s ?eknoéﬁ gﬂﬁ@ﬁﬁlantatlon mask

'S carrie anta ion in uced damage i s
220 @dkPQQSd?b/tqféEIrgﬁlSthSédh%ﬂ#WPlhﬁ’a?ﬁp?z%?@ formed by fepesiiing ane or more material

layerd VEK @bﬁémﬁ&d"ﬁwﬁifegsfaﬂé buB&q@htlyt hﬁotd@mﬂl’yte&hﬂgl kxdaqg mialedial of the one or more
layer& b@ogewgﬁgﬁlgﬁ os%sc’:erl%eci{m%lgs acrie ent%lis}heﬁ a1¥éf tcﬂtaﬁe!&%es@ﬁtﬁfff‘g&(reof may be

revi ousl
omitiedr t @hqwbidneapmce:atteddyw‘@s thot e GR BTl ket sl ?057 is well controllable

and 158” Hl'efe%ii:r hdheha |ﬁnz§il9 Biﬂzﬁlﬁed%ﬁt@ fldnktﬁ s@0€lthe Lotk ext€hkiB@R LA Sof e @mplantation
channel t .sho

mask 220 {sleea]fh%}lref %f tsl‘i“él“‘i‘?gm g/ﬁln}nsshoi he %ﬁerr (\sv;g&]:%'?:% ﬁl%relg (;%?mlflg a gate length 205b.
Consp@uesiiyetvitle espreetyto thie moryentionah afpreash, istahing ddsantagp plave dimieoie spacer width

207aﬁ@(§b§aﬂﬁ& Gihen tﬂg]ﬁlgfa @t@noh ﬁlta&rﬁd) is @dnﬂ&ﬂ)? 'p%@en‘ayzélttﬁg eddd g?hotohthography

| ant’ati o e sel ECt
p?pd\%ﬁutfezefsélﬁmétﬁﬁliyn%}mscth%ﬁleéi‘ﬁ‘f B0 ¢ PRSP PP Ui oges wheren

gate Srﬁhlﬁtibﬁ liyelgmans fo208 batviebrotht siddval isprgeraRy7. nie gzt mbediment shown, the gate
msulatloﬁl la e oflgrm %1 Igg Q%V%chdq&kdaﬁogrtecﬁﬂmp&ecﬂgt a Epor%b{p&f t@ssemlconductor in the

opan usion I n agateeec rode an% q
layelg%%eimﬂ n‘>§ G‘P‘Jﬁlﬁ":l @rion afytbﬁr regigns;Zi1 Ry be RN I TREp Ak gude layer of a require
thlclﬁbsgu ng oaadr Srﬁlkb@ii’fﬁﬁth GRd bate mROMSn tdye 206an®i 15t formed0f) adivdnbed deposition

k 220 renoved and with sidewal |
tec}"g%ug%aesng gsf“(f ormrr%’ec’iargn i nner and outer sidewalls of th

serfigorifudeonticallyghorgherapisor SPHwilnt laves ghews deceste Mgl Sosa formed
ther&ﬁ %mgférsﬁgla ﬁ%ﬁy BNY6mBRRM OR frbrahsinfeR b&ysilRbn whdiChsil®n-based transistor is

I.con di oxi L.con |tr|de wand, th
considﬁrﬁ? aﬁ[@gﬂnf)l&ﬁhc%gawerz’% % gep elie Vléleste%}lsélrer% %lleachblevagor deposition
technigu@s, vogpicn thckneprd Glsslsyer 2Qp iy W@P‘f&h @Jéh B‘W 4 snaeer kgpyeen die yegions 211 is

relia (f“hedq;vlth Qe QQ&tﬁ)dé’\ﬁaIterﬁi GRer MHOCESS ERateridbraR I@XIhZJOkH thay®e removed by
I sel eCt|V|tytO urrqun

che g}ei:h&pca‘}\m H}B{fﬁ 8/3’& §]ild2)é %& ﬁtﬁlﬂr@g g%ﬁgeééggn EP % suﬁéan%al portion of the layer
205 £ At tehingiteny bhelvinmgécant atanaize fratokoRy ef Gleedayeip305a by chemical

mec?ﬁmﬂ Oslhﬁ% ?Ill(g% sft;irtqr@rl]ﬁe eﬁ:h ggcégl Ik Gﬁel e\xﬂbt)&{mt\!ﬂt til kE8BArial iOremoved by

on structure furth
CMlb H@fer@m ﬁlpﬁ)@]gshlgg) ﬁr)qcegst%;ﬁorﬁtavd Epeas &élpc?lﬁteﬁléeuestrtlrﬁ of tp%%ate insulation layer 206
on tbﬂlﬁ'&l&%&ﬁmorﬁﬁtﬁ)r saafvs 1101t MegraBphie potithinglpeocéss oby behowiim)yedass as to reliably
remove%he tL@ rgatt pn%uleelaoxti Saggr Bb{lgl tgé ﬁit tﬁgsehﬁmﬁcﬂagﬂgélaﬁ 2“1&%‘161‘6%22950 flattening an

exposing the inplantation
uppm@kom@“fﬁmlé@ﬁf%ﬁm with or vvlthout a resist nask,

th eFlglﬂpigasgﬁeﬁﬁaﬂlo@m&% tHeAfAndisfor Q(b’(B BteF RA1OVHR6F eRyessanaterial of the layer 205a by
CM? Héerrei%ﬁ,g %gﬁll‘f:’ g%ﬁ%ﬁ %8{&052 glo P fla%%l%ﬁ %l]'lrfa@g éo?t{olglg m%ﬂhe gﬁewall spacer

possi resi s
207 ey a trdiiebls plehtrivall insulsiiracd ths gztgvlecmoée 305 rfwmh%vmlconductor regions 211. In

othefd mhﬁeh’t@ QLN Be AEjolP bEMIBLEES hatbrial ﬁ)fﬁl@yeMdSleaemoved by etching, the etch

proc;%%g%y h!bsetgp}etc]é.g)gn Sagcielaégg ga?ebltsxsﬁ@tlil%lﬂ %%Ogﬁ!b?)gt { oy semlcond¥ctor regions 211
(sec@uree Pt @ltibﬁkguﬁtlyd ewedclivessrhpexcess mehis rgermiedisogas \ygeqel]nove the exposed gate
insu?a?’&fl?}& f'd%e?f 1ﬂﬂ 1? dﬁ Igrf%riat% da fﬁlﬁéﬁé&dh% 1h0 BendiddduSef mAiGiK1 r@a@ be performed

e appreci at ed, . howeve

so agfogedicobybeigh ofithasemicenduear Feggors%é Iandzﬁ-f |g§te\ﬁkft{°g 505 thereby providing a
relidbRlebiabdl &Eﬂle@mﬁﬁb@weﬁiﬂﬂﬁese tégﬁﬁsﬂfyﬁh{ea)s ofltaé sidesvall y@ceks Zﬁalsinye the height of the

Sl n ors
gate e?ectfcﬁlg 8&5 ng? gﬁ]%e I‘?%l(%]?] E]ll’%és Ig wefl Qe:]__(? gtﬁ!rt té)S Zé(lﬁe)ed? ﬁ'fe Qi@ev%g !'pac 207.
r edEigeel 2b\scliemeticpilynghows fhet trp@mgcp a%)g rwhR guleced 2¢ 2 @ﬁl@f équxmplantatlon

seqt@ﬁée'Z@S Réhich 1@&515‘[1&1 méﬁse%ﬁ)e'f’&ndm Qfiiue pdtd Msctridet2D5 while at the same time
subsré%g%lﬁf até( L oa&E efetv\%eonfn nalagﬁ.% 8\%: Ii]n dih% cgr%%mlat‘llor?ag approach. That is, the
obtalned when t he |nplantat|on nask 220 is fornmed by
presently cutti ng-edge photorﬁthography. Fi gure 2e
schematically shows the device 200 in a further
advanced manufacturing stage, wherein a gate
insul ation |layer 206 is fornmed between the sidewal
spacers 207 In t he enbodlnent shomn the gate

N P
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thereon. The | ayer 205a may be conprised of, for
i nstance, polysilicon when a silicon-based transistor
woomsonzigler ed. The polysilicon | ayer 205a nayPO®US2004/017705
deposited by wel | -established chem cal vapor
1mpg§t91%|ptcula19&erg %’ﬂglhg i Cf)l%ﬁgrﬁge eﬁ’cetZEB Iﬁm §e¢lec%tl S\ICH ﬁlat dopant penetration

yer '205a 1 s sel ected such at a space between
mt°|ﬂé"g‘=’|a?i irsulgtiop lqyer 20% maigiained s (qvary Pogsibly Whieat g panedimg etd?ns‘atéoncen’fraﬂon
in tinapticiity @k the ghemhaddivelyer 2060emareayat @ras &l mifimizk e ghtay@letion. Since the jon

1mp%9é@3nrrs%%u§?%rﬁg qp%ﬁgecp% oqbﬂ nl é}lor :gﬁgg%%c@?!fncsoghéaﬁhdf rJ)gtalmng superior

y etchlng t aye
draig/eyEde RIrpoiistiss Pt FoFmToFesed H@rapta%?s Bpbeh the spte Fprd/ g dpgjp/source as in the
con@nfidhiaN@prodch, aﬁaweraben}aﬁtwﬂ?dnﬁgwﬁormmcpisaﬂmmze t he
t opfl’l%j[}hep thbogfmerEt rers%s? gg)s% tn‘?% be F g‘rﬁrreldc(got shrg?v% u%inﬁ,ctgr instance, the same

ol to S
hth&ﬁﬁﬁ@dffeh@ﬁ £, fOI ﬁe foapatien of thmr@lqn&itloq wask éﬂ‘b ve dlaibwhlgy\m,gree of flexibility in

choWﬁ@ ra@br@prtaﬂﬁioﬁzﬂks' 16 thd) ﬂnpl?ifn@ﬁ(ﬁss‘éqdeﬁce R iist HEaBdd. S poraﬁstah& if the transistor

t
cevigh OGRS s B R R APPPIGE B il Gl pibsounge{geions 208 may
havpbden §duinerbpydomo edEh penpithe high diffusiviedlude imglattgion.elt imal| therefore, be more
appfoﬁﬁ’@éé% Jolﬂg czfséy 13 ug:thlf‘er JloBe?rftEl géfélﬂ? o% M@%os@cgncﬁl@nvﬁ& Bl%)cogompared to boron,

em_conduct or gj ons her eby al so enin
for &g &¢ip FenlankEen +20n SB‘Fe ‘?‘Fé %Ha&‘é\ﬁﬁfef“alé"p‘gé‘% PRPosits Fondstiyify ‘éfpe may unduly
affe@ghsddpamasdrcaahiioy isthowsiotstd 1t thamiditistabresidGiisk mfyt @bstantially block the ion
of the layer 205a by CMP,
en%neag!r;he h%%r]?né%ﬁ&ﬁn Eag%eggelez?géct rode 205. Note that

fl aﬁe&%@a wheof fge dansisior 2hds & GiHsordtased Hganditore feifliridatign pegeess may be
perfafinéd pifnduiyde ircoh@hticallldeviel &cdstd Dabast ths tdnadctidly obfhe kdg@dns 211 and of the
gmg$%§m§5 trode 205 fromthe sem conductor regions 2 In

yodi ments, when the nmajority of the excess

mat Bigira Pi sshemptigally shgws thotgmsisior0p afigsvesepldion efthsttiligigation meocess, which is

perfointel ad @H@ﬁ@edﬁaaeu&ﬁ)fsie @m&ﬁdnma@éfraetb@ eR) §1féh &f cobdt€a @BJeQuent removal

of norr11-§eal?l%%lgmegaill i d? L elréhez ongea ca/c][f fs§) as_to gulﬂ%b%ngv%en t I?monosﬂlclde in a stable and

highdys P(@éItCin‘oeeCOéﬂthsﬂmdectb@@y rfwylmlgenepﬁé prll@dfmegiors @09131 ttmgate electrode 205 and

cones% nleREsiRXRAZRE 208 {nehd dAstAndkbuiR régﬁmmsZOG If it is
riate, further etc

eene
S e mAf: 8 ﬁ%fglgt GIP Uaﬁﬁiﬁg |2|0§| as ﬁla%yvnblg FE%F PZA,Ok% 8 hégaly afgndﬂ,lglve gate electrode 205
incindinputbe nieknb stigilghrtionR0% e = dored ppitiore 2&c, megiidnte 2dpkntagedcentration is
Optﬁﬁze& Q)eas %ﬁmﬁieeggtte Eiéfﬂje@orgzglﬁ suﬂstglﬁfaﬁ}béﬁpﬁgsg M(!»pgﬂt ng@atlon of the gate insulation

rel1able electrical insulation between these regions
0o QR et 0 SPRERNER SOBE GPRETIGHons afe FERPIERE T G and source
regiofs 208 ixclgdibEtheseairbidocle r&ms aricwhdreib, aethe @i dms, tR: ih@eatbd\Witerface of the
met]al(mﬁfdg Qe 7210 QW r&ﬁ' ‘[mﬁ ail Iagf (Q]%ce trgk?cﬁlstg %Wdés efficient charge carrier

spacer S emat |
tranfgog fremdhegpetap gbcl @Fpng%ljn@é}te@gte@stpngng qglprtnp,lé?glqnb?f the transistor 200. In this
wayl, mﬁlelaay ale® BOBIRAUARE Rayd Fabritdlddbavihda ch@klB6h Wifd a thickness in the range
of z\lmrlorlma s { ﬂ): nlglgvﬁe 0 %t rrééulyS u g{rontn%lgga?(i%k% a% ¥nr <%gltact ané sheet resistance.
Morgeser, itheesffeciive gatelengthf qhé chaaned engih arejup dﬁmerpﬁtnpqq@by the available resolution of
preCRP\eRRoQlRhe ARPPHIRGRegrapRRbut iy b RBIEPSAR Bkik Bfwell-established sidewall

%ﬁ %%Eters uring the 1on inplantati on sequence 225
SPARRYCIH8 Sel ect ed such that dopant penetration into the

gat With nerérat todtiguteayede, RdBer iilBistragivndnghiodimehtasill nowba gescribed, wherein the
epltm ?ﬁ%h\?pr%ésl & d@gcrll;elaqn fé %Vlgﬁs%b?iquﬂaﬁ%otcx@&ﬁgdﬂ % Q’Io{llﬁ Be noted that

I cinit I nsul ation | ayer
conip?fl??té sedy 1 6‘053§th(9 l?ﬁlﬁ‘lr?ﬁ 2381 yrp dengigd By @%ﬁi"é ffamce IS'imf‘?%ré except for the
veryt fir€t dlgiﬂanld mﬁﬂeﬁﬂﬁdafedcﬁlb'tloﬁ ef|thesd Rempbatntd fd ipdeds@k @l tHeCformation thereof may,
ther eqmomﬁygerlor gate characteristics instead of

obt al I'ning superior drain/source characteristics or
conprom sed characteristics for both the gate and the
drain/source as in the converitional approach, an
overall enhanced transistor performance is achieved.
In other enbodi nents, a further resist nask may be
formed (not shown) using, for instance, the sane
I|thography retlcle as for the fornatlon of the
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af fect the dopant concentration in the regions 211,

the additional resist mask may substantially bl ock the
woamspemeerati on during the inplantation sequeRCEUR2H4/017705

Thereafter, when the transistor 200 is a silicon-based

tr aﬁlsFléﬁé)fa; a @anSididri300 aﬁfphﬁﬁla %Qﬁt%%@l R REmBEEd QR B Al sulating layer 302
onv evices so as tq

n
endG i B Py O ST Tgh B FEeUc0 Dt A P i G0 fomed sbove
the gméaohduodela@0B)4 afd gpases aR openink 830a havirglallatera ldipwssidnt3@l. The opening 320a is

alsd fbﬁ[&& 'pacﬂuﬁﬁl wthQ tl‘ﬁ:fst‘:ﬁf@on‘a&%i)llag/gﬂ 38n vﬁlfereﬁlhﬁ‘e o%lexlﬂg@Z%xb&@s a semiconductor
ess, as a self-aligned reaction

reglalin o ]‘.lil& sgﬁnfqnel{gﬁ)r \}ﬁyfrh’m%l h?Vél?gr aa@f%‘i"e? s at i is rgc&tgﬁl fgga channel region of the
trangigthediod., a subsequent renoval of non-r eact ed netal and

a f lil{tet g;%&ra@%?%chgﬂn%l tite ?SQlatﬁ)‘i ctttryabﬂ %aﬁ G rﬁ{rﬁlre& HI Q%lmllar process as

cobalt nmonosilicide”in a stable an conduct i
previesy | desceifed jWith ggfefence toniguEn3e- £ B AFsiThop 340 lssﬂaﬁteﬂe@ &y 11thography, wherein
subfta&lghlﬁyl’tﬁe 209 ciitarid i})ﬁlyg’ﬂﬂx&es@éceibtth@dﬁraﬂ GQiedivel 321 as has been pomted out with

refe%e%ae tg dll %a%on mas%I 25@ Iucrjé:“ 2ar nsﬁm% %% thmhtﬁe se 1conductor layer 304
urc a resuP? rans S

mamwomaé by htowaﬁOtrwaqtcg (pragesp ﬁlmﬂttb(sas i m:rfgmeg/ dwive the chrmvt@n of the isolation

strugdde 808! @&Isé'qﬁglﬁy,?cgléesbdﬁ&hygﬂo% ‘&Jﬂlﬁlqﬁ@taﬁl we'ﬁ%t@ﬁét@iﬁd K@t & Tt should be
he do

orti.on
not%igl#&gHPtpalﬂ}lc esT %f%gﬁ?r?lmngté;g)r gager §€4 i5 56 ercﬁet}ﬁor?.F E) &e genéthe final height of the
trangletpy] edsimies 30 wHlersin ths tragetropad dtop peappis eadroltkd paithit it provides the required shallow
tth%%@Oﬁ%'lsod%mﬁlfdeJ ﬂﬂh hl%pljlawhﬁsttdr 9&%@%@5 FiRBthe Hoh LRSS corresponding

r . urre ant concentrations are
GRS ORGHT I e SHPLAY A ASBH A BRI the ich process may b
reliabhycskoppldrirgeonfoenity evith @ dnigul gdherof the thickiess 44l, wher ei n, at
t h eFétﬂg?b &héﬁ?&twa‘l#&o&v%ﬁ@ﬁﬁ@tg’r 3"05] tv‘ftﬁ 1:1 gfc ér%c la}Iepﬁogﬁ)ﬁTﬁléd thereon, wherein

ui cirde regl on e renal ning draln and source
a theéw%ﬁ ﬂ?deferp%t/ isqeested e pelp el Alhhg ar<aiag P18 i AiesppiFpqnductor layer
304f magotnbEomEtia strédtirdCds dlﬁ)vdhﬁbg FRtre 38 thay b Mcdniplishekbyeidpdsififig the layer 320b
w1t}?£tgap%ﬁgp£ elnatFr?aglsQéﬂ gﬁxé a xﬁlc%%%l?ég? gl?lrédeﬁ%g ﬂE) Lﬁl(e,t lbyI fHeans of CVD after
remf’ﬁ%?ft@afséﬂmﬁb\ﬂong a channel region with a thickness in
t her 1@1&9 gﬁscﬁ&naﬁkﬁﬂf ¥wImad @vice @Ofaﬁerrplﬁhéﬂﬂzﬁ@ Qidttopblg}ﬂ)lﬂil ¥f the layer 320b so as

to f?nél rinan%l ngrﬁ%l?ﬂo%vqthﬁ qe odgngning&O LH;lea&MP Procerss ma %F] degﬁ Ged so as to leave a

a nce. reov trve ga
thindzryatmhg\[e the@m’éqchofahe@ermg)nﬂw ayer ek ayip shiowiy 1n@}gute|'$e or, in other embodiments,

the @Y/ ;tredatgter(l)aryet% Qhiithhed Eo Qf tops‘hﬁs?aﬁ{ﬁélg %?rgggétat téttg,vect teekcgzgsmatenal from the
s oA g1 SECi b OB Lol PSR AISER LoqtTTELS? A fppost s resuie

ion r@catrgivg et 4 @eﬁﬁegulmls 323a- Qeing fatht hmiantatldnusask 320i fmmed within the opening
320% rlQQQhJTFe@Io% 3W IJne{y réh &ﬁstaqgﬁ& 'hhgﬁgged Wﬁﬁ ﬁbl%teltlbﬁsequence 322. Thereafter,

epl taxiall growth process, aS describ t he previous
the plgp EoRataE 8220 ey ﬁetemfaed By p aectiyeretel ﬁ@msawlee TP (%8 destenegtas an isotropic
dry G1O¥ED excteprbc8ss S Correbimhdifigre b M9 S @chrbipsmare WelFesgblrsm indt@e a2t andltids, a detailed
10t f
descqg{]o% %rl}giémb‘?g Ihiéggﬁ Ci{t %gl}]fe leHz elg(gn?lleag ono roe cg{stﬁﬁlga any amorphized
semicaRAyesPTeIsBiansatid tp Reitvels sad dfftyte thh @loitapts rtﬁPlPlti%i Phie @sceding implantation

seqdéﬁc)é 32%. h’ﬁfe%ﬁﬁt&ers bethOfhdal 8dielaft sﬁb@é&rsﬁchetﬁat aaeéﬁll‘ea RASpagt fibration into the

trate .301 formed ther
charlmﬁls I Cg i gS €% bfsl meScJ:Jg B%rerbﬁ gnuége & szl)\é Irlltgeg C(ihgr}ne 3lgegardmg appropriate
implahtgtionjand asngal mﬁtetgyas aall assthy latenaloimesip 321 of te Q@ng A0a, the same criteria

app?%sséh%gd do’t@%ﬂt I%fefegcrertmg@&% éndi2de sem conduct or
ayer oses an openi ngngZOa having a_ | atera

di an‘ﬁ‘g? aﬁ %hetﬁ%"a g% 2‘6‘&‘5% P aferr empedo aF the atnPEi“ cycle with
corrgdpbridingly tfhrmedsdrain egincueiregions a98edefiBilg a chatwet length 124 éherebetween. Due to the

openi ng 320a exposes a sen conductor region of the

sem conductor | ayer 304 having a thickness 304a as is

required for a channel regio 0of the transistor 300.

The substrate 301, including the isolation structure

303, may be fornmed in a simlar process as previously

described with reference to Figure 2a. The resist mask

330 is patterned by Iithography, wherein substantially

the ~sane crlterla apply mnth respect to the | at er a
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may be formed by an anisotropic etch process simlarly
as is performed during the formation of the isolation
weoerousmitve 303. Consequently, correspondi ng pr BCEAS2004/017705
techni ques are well established in the art. It should
remobe@ oﬂﬁ’é 1&191;11&5@5 madk ptiéH té ihahnnbdl pr6okeae Giffusin ifté@e channel region 340 from above-
Ivin nﬁgnﬁHl e OGN 304 is selected so as to represent
ying W@“?T U hEPS Fﬁ of the transistor el enment 300,
wh Eizerie Ae sch@aawns SOVDBE BansistotH 0P Wil Bdesvall spagssyA0Y irpesipnghy sidewalls of

the oﬁéﬂﬁg 33 aldf 2 Vdle 488 atloh ﬁtyé'r@@l@fofn@éd oS hakHaew ﬂéﬁlbrﬁiﬂﬂ QfdthaRth@onductor layer
Il ran
304. &G\F@%Pﬁrﬁﬁ%%walgipﬁ%ré%ﬁ(g?%ﬁ %} ﬁal?y oiptaléx% r fsetl 6th805b é)f a gate electrode to

be foamddswithinoé epesits 320pr dqesseseqreye be fewnabie; ssih@dl jpprers 307 and the gate

insu @Y ﬁg&@od ﬁay@ub‘ét%ﬂtiéllﬁ%%s%@as %@B@s[ya ouliif& vﬁﬁxqaeré}fcgt%@%&es 2d and 2e.
erelrab Stop e I N conf Orm

ma

Valiti NspertRree e lén dES gt oFp dF b b dfatreEs papa including o
specifitull\gestghed ghtt BplinBtiarcy3ORapletpbriameli sghildy asi ivalteadyalesc@iRQ lwith reference
toE%g ged thereon, wherein a thickness of the |ayer 320b

s selected so as to reliapbly fill the opening 320a, ,

wi Chisaauely. aeqrirediii geanes! roeigy é40 mayde PWHéedf“GWﬂ‘EgleéFFeiﬁFy of a selective
epltailﬁﬂ%roittlf slﬂéfal thld'réby Signifidaftiytedabingd roddss@ordilextit Whixein, nevertheless, a high degree of
comp&B%ﬁthJ}tix ﬁlf grewo‘.%élé/ %es@ Qbed temb(%lmeptg 1s| }ﬁ?aqneg’ dlg N éxte baclg& an epltﬁmal growth

such as sillcon
step, threughmitmayza thetedsed '4“f1 Rieduchigp crssmay be piemimntiyfredupedr o m)v aI

of Akh SeshilE b Mﬂt}%ﬁ Qrovﬁés Qeckhiqhe thsiGnewsahd foidlalioh oF A @MSistor element,

gk after apar ng the tapo 0 ,
especpagg}; é)? %é&gebucgso glg a ogatregr {Plg%s I%hang 1{6 a;zongnq %% %féﬁff cu}rql%y available
cutting ddbé gevickse whipeim the gar@20d!- esfﬂﬁehe@wcw trelediamesyngy Yyeused. Furthermore, the
effecqs‘esdegﬂﬁlgxg P Sophi® cdnANRiod irf thd ghtel cR¥i®fde ﬂbrﬂ VRt $fRR avdidl n@ G@irce regions

o e S SO O BNCL 804,182 B SR W B St
of the gt dleatnaiel Fms, st ptesensinrsticuptdvalkd the oenyolietier|ay aggmvecaangpf transistor
elem%ﬁsctgl%ﬁ??gtres%ﬁtiyallellf Et%ﬂeﬁ' %aﬁﬁd&uﬁﬂ@“‘ﬂéﬂ%@ rAJ 1@3@/’1@3@&1 the above-described

an 1on inplantation process g
embsEpnisy eRfingBleny the@reamh YT O YT R P S devic, althongh th appiaton
thereG® 1B GRAY hdvhntRoudtandm 86 bé isedlin de/me.«ffoﬂrzﬂ an bmemgcomd@ct@rhebstrates
I nplltl%e clrl‘]rgtulap g}nmlélgg’ é‘QCIJSQC{ Jﬂgxde a\Pé ﬁlmtrgtl\leh) 0&3‘%1'19 1H&nt’1>’(%qgay be modified

I on remal n subst an
and prpiipddeie digferens utteﬁ@vqlwaﬁeraﬁnpérﬁm $eters sEiledgn §1e Yt having the benefit of the

teach-ﬁl'g@ Ih@@iﬁlt &loy e)laﬁiﬁlel tﬁpbﬁﬁﬁsﬁﬁﬂa}ﬁ RetNBAK aid RO map Ye beformyitiv eddifferent order.
Furtl'éﬁnore 35 lnen agtfor\llsgare mgendeQ tc{ 13 e?écﬁﬁlw'g% Sc!?nstﬁ@t},on%g dél%é'h%ﬁj‘ih% other than as

rocess
descglet] excttw demebqimv rIélé |ﬂ1@@§’rwéevvéhar the partéeslay em@érmrﬂﬁs @IW@SWPOW may be

alter@NGb mbdMR: an@ 20 QLA VaBStioHE 86 NdoftideR Wit the sdapd tiideghirl &F @he invention.
an anne as to

A“?%P%¥§§P§FtP?gmgﬁéﬂgﬁﬁﬁbﬁf@gﬁmggnggg%gu%tor regi ons
and to activate and diffuse the dopants inplanted by
the preceding inplantati on sequence 322. The
paraneters of the anneal cycle are selected such that
a required dopant migration into the channel region
340 is obtained, thereby defining a specified channe
| engt h. Regardi ng appropriate inplantati on and annea
paranmeters, as well as the lateral dinension 321 of
the opening 320a, the sane criteria apply as already
poi nted out with reference to Figures 2b and 2c.
Figure 3d schematically shows the transistor 300 after
conpl eti on of the anneal cycle with correspondingly
formed drain and source regions 308, defining a
channel |ength 324 therebetween. Due to therenoval of
the inplantation nask prior to the anneal process,
diffusion into the channel rggion 340 from abovelying
areas is substantially prevented. Figure 3e
schematically shows the transistor 300 with sidewal l
spacers 307 formed on the sidewalls of the opening
320a and a gate insulation layer 306 fornmed on the
channel reglon 340 and t he sen1conductor Iayer 304 A

Y a1 o P — I T o "
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30

35

specifically designed gate inplantation cycle may be
performed simlarly as is already described wth

woebwroeamoe to Figures 2f-2i. Consequently, a requiusem4/017705
thin channel region 340 may be provided w thout the
necessity of a selective ep(i;]gmsal growt h step,

t her eby ant | duci n ess exity

whetei n, iﬁ%&%&?ﬁ éfhﬁ Tbﬁgﬂg %m%W3 %§5?¥blllty

Wi t fvntnheanpmelmt@glsmgsk debweri aimdtabn@@uhcmmt@ r¢gion 204;

A ﬁ)trﬁh%@gram I--l%g‘f‘ontaisfd L p&lrée fi“,fglﬁ)th)S erﬁlgesgih Hxﬁﬁiéﬂhoxgﬁl%w Jéhd dram and source

st ep, rough put. may be increased and productjon cost
may be sTEGATFPEIYPS? FoBAESH 0o 2Bove astifce ok Hid caﬁté‘&wmwonductor
I nvent i oregipi;ovi des a technique that allows the

for %tolnﬁ)g]saﬁ mﬁantaﬁ&ﬂﬁd& IOQ?;(%O@é :ﬁsqﬁ eg gre ﬁ@ﬁ& ér?sltéll}fle ggrmd%guctor region;

devi ces avi ng

cor ﬁé@%ﬁ%ﬂeﬁ‘@“@é’t“é&w@%t’fhsagfexﬁf’ﬁﬁdrs‘éfﬁf? Y*2gvai | abl e

Cut tormige £ghpelecterde TBDN sal@kehsilatidA@aySi0E and

wel |.- est a cess techni ques nmay be used.
Furgﬂgﬁsmggﬁ”¥%gﬂgggéctive decoupl i ng of the dopant
concentration in the gate electrode fromthat of the

drapn anghesmdiod %f IS8 10RSerBih QHnfie salagateea&a&@@ds ﬁlb@maa aéposmng a gate
r.esl st

elec%ﬁggr%%%rﬁlaabf)w salg t%gtle érgtllgt}opgiyer %Owgafulrl {eﬁ'lgw&%fzxgesg Img i 1?1 08 éald gate electrode
maififal®, formhie epte elsenade Z0Avent i on provi des the potentiality

for an aggressive scaling of transistor elenments by

usi ng presentl |.I -established mapufactu

met fods. T *)fs‘m‘lﬂg’XB BdsVirdht B! %85%““&@‘81&?1?“8‘2 fpask 220 is greater than a
desigmiadehi ofiegitedongth ésajirgata eleglods206f t he present invention

are not restricted to SO devices, although the

application thereon is highly advantageous and may

al st be Geepethed tletiimed ‘f”&ffﬁlﬁa EPrping (5eifl Kiradte AR BERE df‘%‘?“s 208 includes
epitatidll§ tefoRlin@ @ crystdine pantitdn@uttod fay e Adjoekit koeshit $mpdingcidbrosaki2z@bove

are illustrative only, as the invention may be

nmodi fied and practiced in different but equival ent _ _

manfer s Apparkadtof clsin hogkeredks fiseinriaptationseqiprce Ao\Pgng said drain and
soufch @aghv@n®e fbrfor@dd ﬁriaﬁtote@iﬂeﬁ(mlﬂ gswhe el s&nlc(ﬁﬁﬁct(ﬁ)la’yﬁipdn& a sbddfd implantation

seq%.l;l%? gorr efox?ntm%rpg’ 1ds %ItaE]ch aor{d},] %OPI?% ror\e/ 1ong%F gciil glgfgrr tlaé)ﬂax?ally growing the

semjiqepdupiddaler.o t he details of constructlon or design

herei n shown, other than as described in the clains

bel gw. is there vi dent t hat artic

enmbddi rrefﬁ'i‘e m‘Eﬁ“’gcﬂfé‘ ed a%B\Fé MR e P“ﬁ%"f“@?g&“ e H’c?sf’ fgpetivate said
dopared al | such variations are considered within the

scope and spirit of the invention. Accordingly, the

protection sou ht herein is as set forth in the c]

bel édw. cLANRethod AT flaip Gy Fheein ST AAR) PEROSST 18 cantofigdeqa; the oasis of a desired
chafife Hiergihskfined by dleteraRtistnct of laPrainsegivg and thy sourtgyegion 208.

i npl antation mask 220 over a crystalline sem conductor

region 204; formng a drain region and a source region

2088usi naheslaffﬂwd iRt ahereim saichaReal pragess ialuslpyy Biigpaneal cycle performed
aﬂeS Uik £t lﬁlglgmaiaﬁ s@la&lhe zhﬂ\bhﬂlgto Qaill GRoRIUmbRRRIoh S6gadnes] sab BiéLanneal cycle

bemrg c l{{%urﬁg to Ss%stan%lglll ﬁomﬁl%é Isrlreo%rys%ggf(antlosﬁuze uog’t'ié)?lé in Ssea??emlcbnductor region.

area of said crystalllne sem conduct or region; form ng

a gate i fglhaoh Qmeluay%m?e%ngﬂ u?ﬂo&u@‘sﬂi@ﬁﬁﬁsp&%ﬁm sidewalls of said
area; formn ngate electr sai d gate

drai gad Soweq r&%ﬁmF%? 20874 Bvrala?) §gIS PG grdeadt 8t r ode
205. 2. The nethod of claim1, wherein form ng said
gate el ectrode 205 includes depositing a gate
el ectrode materi al above said gate insulation |ayer
206 and renoving excess materjal of said gate
el ectrode material to formthe gate el ectrode 205. 3.
The nethod of claim 1, wherein a |lateral size of said
i mpl antation mask 220 is greater than a design val ue
of a gate length of said gate el ectrode 205.
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4. The method of claim 1, wherein formng said drain

and source regions 208 includes epitaxially growing a
wonrystiatdoz ne sem conduct or | ayer adjacent to SBCHUS2004/017705

i npl antati on mask 220. 5. The nmethod of claim 4,

whel@i N a@hd hétsdd of BIRimA) tak:biR B whRKIEAGR shddidelvl §Paldes BRiishontrolled on
e.re |ons is perfornmed prior to

thegaﬁstog& §%Ig§s}egr% RiChg s © §°§rﬁﬁiégonductor | ayer and a
second |nplantat|on sequence for formng said drain

and;sour ¢g HEMIOIT1aRE, tierdde fotﬁflg@é:i’d ﬁﬁpﬁaﬁfatlcﬁxplhzgsﬁ)ﬁb@ knkMdes forming a
m _conduct or | ayer.

reed ﬂlaﬁﬁﬂgﬂ’tn&t?}"? ¥ U 194 cRgteies B ﬁmdﬂﬁoraﬁmaﬁ%ﬁﬂ filling said recess with
a mpkoresd td forneeidivgdéngtisandk ezpant s. 7. The met hod of

claim6, wherein said anneal process is controlled on

the basis of a desired channel |ength defined by a

| at &ral  dhsspefirdef sleim He whgrejp filling @ﬂ%ﬁcegdaclwqﬁ%degwm& gaid mask material
witli e gfiidkies? B8k is Suffiditne t@irpRalyoill Gldadkds/ andwhesvaigrex&ad Elaterial by chemical
mmﬁ?ﬂ%ﬂ%hﬁf cess includes a first anneal cycle perforned

after sard first inplantation sequence and prior to

said second inplantation sequence, said first annea

cyc |l39 beﬂ‘lfbgnéilﬂidfdf giired, tvher&ind B Sieddd fdinﬁhdldx‘l of O4iPteedsels Yereater than a target
Mekn “%9 #eéguﬁgnrphlzed portions in said
& ﬁl 1id region. 9. The method of claim 3,

further conprising form ng sidewal | spacers 207 on

S|demalIgi@meﬁaingQQJam@nglsource regi ons 208 that
are e vin a | ant ati on mask 220. 10.
The? %ﬁﬁg rgm%ﬁﬁﬁﬁﬁﬁﬁw mﬁ?ﬂ%ﬁ 207A of said
s i dedvaih kegdp a@@wsn@&mong a lbient divétlor ehdameipthdirdd®; s of a
targ %ﬁrcgéglgn i()% Qﬁgﬁm‘% Qfongssgfd ‘#at@ﬁh?ec@cln%& sraf:dq{l% ht ;lil:}ectu;q1 fhd

met hod claim1l erein_formng said ngﬁﬁnta I on
mask® C???e RCESERE @alddatfrélcdgg%wlr gL RARPEYiietigesaif sate electrode
| ayer i n2d5udéraly lmdbmeylsiaﬂll drdinvegiGentl e schited region 26 kepdiated from said

for m sai "1 onaBlith iy S0ER Yl 1y 8 o PR b o Prepions excencing

cl ai m 112 Olwﬁélii é@rlgﬁﬂ 1’1¥qu"¥1 Aigeastds o Yrre egce of gaid ggis glectrode 205.

depositing said nask material with a thickness that is

?g];rggv:: ;‘]S?%Xﬁe?d e(‘f%m{agsm?or){)f ]él!a1lrn| lﬁls \%ilere I &% %aae elecgodle 205 is at least partially
compgiefl &ff deppd sagcongystor patprind OVhQ‘PbY@I paﬂqwnce%@qn@if fiopanty in saiq gafe electrode is
less@al B pak ddcdfratDRbiopREBSRidlafindh@LRE refibaRoR t arget gate

| ength of said gate electrode. 14. Afield effect

transi stor, conprising: a substrate having forned

thereon a seniconductor region 204 a drain region 208

extending along a lateral direction and a hei ght

direction; a source region 208 extendi ng al ong said

| ateral direction and said height direction; and a

gate el ectrode 205 extending along said |atera

direction and said height direction, said gate

el ectrode 205 |l aterally | ocated between said dram

region and said source region and separated from said

sem conduct or region by a gate insulation |ayer 206,

said drain and source regions extending along said

hei ght direction at |east to an upper surface of said

gate el ectrode 205. 15. The field effect transistor of

claim 14, wherein said gate electrode 205 is at |east

partially conprised of a doped sem conductor material,

wher eby a peak concentration of dopants in said gate

electrode is |l ess than a peak concentrati on of dopants

in said drain and source regions 208.
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