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A SEM CONDUCTORDEVI CE HAVI NG A GATE DI ELECTRI C CF
DI FFERENT BLOCKI NG CHARACTERI STI CS BACKGROUND OF THE
wo DMENTI7€N 1. TECHNI CAL Fl ELD General |y, the pPEFER1006/014628
invention relates to the field of fabricatin
M or ost rASEIERNTHEI QRPRYIGAYING & FATEIBELEETRIG,
nore parti cubRDIBEERBNTIRIOFKINGEIHARACFERIATIASE r a- t hi n
dielectric layer, such as a gate dielectric layer for
field effect transistors. 2. BACKGROUND ART Presently,
m crostruct ures BAGKGROPNDLOKEHE INVENIIONIe variety of
1. pr[(md;qml@ALmlﬁxanpl e in this respect is the
Genera?l tlu% ]I}/resexiﬂ 1nv|entxon reﬁa rtoa&g gﬁg I %Mc&%g%stmeqﬂg u&cﬁxdl:ng @Hté'grated circuits,

ow cost and rmance, are
and, mowow@aéarbrgtp yhedermetidnre! pralia- Vﬂ@ée“&f Iy gl @ eptp dielaitjo laver for field
effect @nkiQWs.Ng superior control and operation of those
devi ces. Due to econoni c reasons, nmanufacturers of
m crostructures, such as integrated circuits, are
2.  CcEMOKGROUNRARE the task of steadily inproving

Presenﬁ? rrxﬁlé}smgs el mEeQx@t%@ ikl a@(vﬂl@tvﬁrié%/t df rpﬁﬁud&! tdﬁhe&‘)(ﬁﬁgle ek respect is the
eneratil on ppear i

et P TR D BRI P oPE SRR Ry g mosesosly
used il @ahy eypgpesffdovicesnbeeby iloweihs wpmmolaandemerettonmﬁ thOﬁP dqviegs. Due to
econoﬁug ré%oﬂé’ 'nggufmge% dt ﬂﬂ&&s&%ﬁé ' stuM1 @fmtggth?edbﬂ&ﬁg 'ét’étc&gi‘onted with the task of

rcul t per uni t ch | ar ea é in the Sem conduct or h Ket.
seadily ﬁaa%‘tn}gweff?m@w Abther s NG AEHE D P SBIEE R e
Howeveg aliesd @ofnAeSon@fainfsaat ohlereglierimmbeng the dpice perfiirmamg but also demand a

reductlor? Cfrli] 9194 Eg%gxg%e M}g ﬁﬁ%ﬂlotnhlﬁﬁl glle qﬁ&]?dtéancu@&t Le!?%ﬁ@ cﬁl) ecl%mfhus in the

nm and even ess duci ng circuit
senuccélrh@mé w@@trbpn&omg sffeste aes el midh riPderdes fe%fr’bﬂﬁs | SEAP RS-
ot her issues espeC| al | y ar | sing fromthe reduction of
In prefeatscggy gef%h% oé\e?g %gi 1 eelané y e erses el%{‘leenfsf a?)?rrgal%lé g.ln% Iz?n% even less. In
producuy cirnidesicmgits of ﬂmbrémoainagnaybralonmeh oy qther tsalpsmspemally arlsmg from the
reductP BF BHEHELikes tplrcfégSs Qfgln%@@argfagéd% fitle Gask &ypecfwdmé WEthenRS thin dielectric layers

permttivit or reslstancea{a grge carrier
on o TR ORISR BTt YA BT OGP gy andior
resistah® aBnst tHargd C@tler thélhg,Llilocklag pf rfnpmtﬁgartdhhp Iayteic @l be improved, without
o undacri M IHQ rﬂﬁL {I al | ayer O-]e
Samﬁpﬁ (i I%hgémed?p r9>JI {&tﬂé ﬁ'lsé r eespec}? is the formation of
uItra thin gate insulation |layers of field effect .
One ifnﬁcﬂtﬁﬁii SSAfY1S in 4 GBspas 15\/% fériatfds | of tufashin Elte igelbteon layers of field effect

tri f _a.tran t, ot on the
tranms?%s S‘bér ol\?(r)rg rt]rénesmgo %a%a%gi%%rw otse{ %shlslgtblcﬁag §1£F%Qx¥t lfﬁga t th

perforfaprount the gengisiongAt hecomnzréy ftova, s tersie of 2 CPAITSF < frggpsistor, that is
reducihg AL 1e'n§(h besl b’&lﬂlﬁgvet Jﬂﬁml&lm dim®in aPpoftdh df1g tdmi@ndibi@nReibn by applying a

conﬁogﬁnztp%;ltgé gage egegﬁ%'e go rL 0‘1%?‘ égtg 1rtsu1at10ma§$ na(iisléj) céqul{res the QCC$QIOQ dethe thickness
of the @nte nsaioe layerde naititaio he] regpiaed capgcitive qoelqm frem thetgate electrode to the channel

region %QH&JI%I %st%% thk fﬁghl§ Qhﬁ&i@ﬁ&ﬁnt@mt&@ﬁcﬁ@%&h |asl'@’-ﬂsaﬁlénﬂﬂy chips and the like,
O maintain .t citive co

a
s g G TG U S0 B PGB 1 P il B st nuain
layer (ﬁd td’ @& vklyknown aid soferibhbarhdtgisticy obbphilien diositieslicomintetfacat Eer a channel
lengthc on tl%ngJels of fz%wan@%ess ver%@fcﬁeg‘smf @1% aﬁ@ g)s&l:hi%n ia'y&%as 8H€ reduced to

on silicon, therefore silicon dioxid

about |ér5e‘¥ne pralstsyin [9Eish tougaé'aalaéhet TRirprpoatrqlighility of the H@n%j%‘tr e"pefatm“ Steadily
decredsii the akitl@ess bayne kilichualidxile tghte inamhtlon Kayewhovangl, iBadp &y apincreased leakage
currenlg ﬂﬁarr Lﬁ%é‘%\r hg’rtﬁbafcr‘g’sgf&% gnr%ﬁe?alcFegﬁaQ hngxle%él ﬂs@z{n% !a\lée? 90 fsumgtlcm as the leakage
currenggxgloriertisBy inpreasrs\fer e linqapygduetigneok e leker gickesi gat e

insulation | ayer has to be reduced to about 1.5 nm or

less in order to maintain the required controllability

of the transistor operation. Steadily
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decreasing the thickness of the silicon dioxide gate
i nsul ation | ayer, however, |eads to an increased
wo e@kagsasturrent therethrough, thereby resultiPQr/iUs206014628
unaccept abl e i ncrease of static power consunption as
the | eakage current exponentially increases for a
TherdforélEgdéat lefF6HiCdré PRsafly bois: }nadée’&) 1{315]&06 l@ﬂl@&ﬁdl&h&r @)f Qr&lectnc exhibiting a

51gn19<:ra1%§'thé%i1fergp%¥ntu§1&1ey %o tBart gghx gﬁneg%/ fh;;:ie%tn nga%@*ﬁn%ar gfé er than the thickness of a
correggopffirief dilicam djogidéy llagﬁemmfyérrgnﬁht tsdmei ¢apacgtive cévatinga A hthickopse Sfer obtaining a

spec1ﬁé’dled’a§&ftlvémdﬁglk}@ it MRk ha I@Aféﬁ'eri] ¢ E‘seé‘a dched ec}uh@leﬁt hisgkee %ﬁd @dtermines the
res I N di OXl

r i,lica ayer providin
i B SRRORS e Ve SR e b i o it
rs%é@:hlzh ledatmbamp thewenventional infegrativin|pkocest &d, bere ngfosantlg dhetppovision of a

high- ﬁ%laﬁﬁe@ asch tgété/ SsBsidh ‘l’a@ér%ggms kD %@ﬁﬁéﬂtdmﬂi@h% ol ﬂ(@eérr{epﬁoblhty in the
ﬁ nes hat _woul d be required for a silicon dioxi

underiefhanig e femﬂf R\ BFRCIng U S O o fipg Ui et
capatiilite dfqpens @theughagimpkoveradnedfit@lstatid truhgstdr biRractersienhdy®s abtained by providing
a thick 'ﬂfgﬁﬂ rn@tehﬁ My Meg m%stﬁneaag Qnacggptraﬁ h%ﬂge{tltoggftth dynanlﬂf behav1or presently makes
rOV|S|on of hi gh- S a gate iI'nsu
this aPpa‘ii’é]i‘ e?é*@i‘rﬁ“l‘@%ave a si gnificant influence on t he
carrier nmobility in the underlylng channel region,

A d1f§e%ﬁlr a%?ﬁac{l § !ﬁ%@u v%%hl g:sla'clhn %B-xlp{] ?’1{1611 o} ﬁle?nﬁeé%g F‘klﬁon ox:ﬁ lg%er including a

ve cu Cc
certaip EPYRy eh@mg%fhaft w refuse fhe g@tp éaqlsags pustentcyalk Bt 2eprplm plcmagnitude while

maintBiBiyig &&p@ﬂﬂﬁlﬂy ﬁﬁldstzthylarﬂ) CONOISGrdaghs Bclinfiugk Ithiaglkb'erkfoﬂﬁi tﬁaft |th%|reduct10n of the
unac table degr.adat i

gate laa%?fgg curren ?] zd%)en ﬂ onen t en ¢ ncentxiah 1nc815)61iatg§g:go tP Sé écon dioxide layer
by mtahmf p@@sa pitgidition. Altlmuglf this emmadpqmmyae Ireletx Hizet isspg ofzate @ttty leakage for

the pfe@e\d@é’n%ﬁit ge%eﬂatli& ﬂiffpalpﬁ)ﬁﬂﬁ @gem@fto ﬁ@dlﬁﬁﬁl@gﬁr mgr a%krleésﬁlg Rielectric thickness
i ncl udi ngaa certain amount of nitro

sl g T B G 3 BT BFFE ALekB® (B 3 am. oving
reducet Rieéhagelgfansisty relithilie andior tedncerdlentran nwbiliy icVapabdl badsistog.
wi th standard CMOS process techniques. It has been
found that the reduction of the gate |eakage current
As wilkbe RnpingS BightrEreasson Fieves 1iand Hylbn titeste aiikin G siepn dioxide layer may also
serve itnediopbera diffusiontinto tHeehMhd] r@DA ofl P-ohantte trhrdiyied dbeytomaaalﬂgl diffusivity of
borono&rliu n&c@&h“&e&’ﬂ% Itf?endhanﬁ%tr%FlAgcgusg glﬂger s $ oldS ?lﬁa € oft tﬁ)e P-channel
ax the issue o ectric. &
transigiorthesthy cRpRreNYFipe I@@W prgcliability of thpomolae pptag@éeﬁsu@a be
difficult for further aggressive dielectric thickness
Fig. 13 gc%erfl @al%nﬁrx}s raec1dos{ %cr:uo an\é//fg\gr%\t;ve eﬁrﬂl?cg)gcfucto n%Wﬁeﬁ%IdO oaﬁ’l?{g %%ubstrate 101,
such ?Seadbjéleéhqm @Fmimﬁ‘epr any R koo on nshlpterd sybsttaje @ rmapygypically be used for the

formaﬁ&)diﬂ S&ﬂ)leﬁ |1rﬁéé§afe@ Rird¥ R bdch ;S}CP'UE] s{c'fagé@ﬂ)@ %hd hé ARS W HL Eeﬁncoﬁﬁlctor region
ned mn{ nce t ures la a

102 o Y PEUBRRI TP | eGP B 6F 0 UG b Py PaFeed by an
ISOIaUSIEﬂmethdO‘h G@UFII @nap be pmvidhdfid ths ifaam of mtrench Ivelatiiha Muedover, a gate insulation
layer f(ﬁgé @&e@gn ae ﬁﬁ@&ﬁ@ @écortd @rﬁ‘h?dnﬁllc%y ?éggfrkel OE %5 ?@1 Jsuggﬁess in accordance with

fusivity of boraon, which , once

devicg fﬁ@ﬂ&lﬂ%ﬁlﬁn ° prigingtionlayeg éOSatn%fﬁ’F F‘PmHS‘FedtOIf] é‘h‘toﬁ rdé’éﬁﬁ)l‘”dh a thickness of 2
nm or¢eh leagfer loghlyt daphideatddamepeked tita@atsi st or, t her eby

conpr om si ng performnce and reIiabiIity of the

conplete integrated circuit. Fig. la schematically
The serpigRducter deviess [09estshoyrmin. Kigusyloman be darined Hoireardancedwifh g following
proces$dd0 ATOIMAE KoSh&ign af GblSich abktichOb4 by W@lhes&ﬁhsﬂecf%hu’éhtﬁd)glrdpﬁyo Brench etch,
depos%gnbg’ntd )P a:ngnzaot{onq?chm%uees %Svgrt ca? npai?tn éA ngfe c %tei?v?tglgﬁ%l g% and second
Senuccrnmc@g rfwoecl 1¢% 11@3uiwt i required IforaasiV@@lsMo% trosisigestottings , Farvdnvenience, a

the like. A first sem conductor region 102 and a

second sem conductor region 103 are forned in or on

the substrate 101 and may be separated by an isol ation

structure 104, which may be provided in the formof a

trench isolation. Mdreover, a gate insulation |ayer

105 is formed on the first and second sem conduct or

reglons 102 103 wi th a thlckness |n accordance mnth

A N—-

e . o, .
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The sem conductor device 100 as shown in Figure |la may
be fornmed in accordance with the foll ow ng processes.
wa@\baoen1g78e f or mati on of the trench i sol ation 1E@nbymmw0mam
wel | - establ i shed photolithograph trench etc
correspeadRESieRiFa AoPararableaTigr howt 1n5r$mteéehTheaﬁf&§ the gatg élftt‘%“&%layef 105 may be
fonnedj@peamn @abifshddethdiyl oRidation @Rbag which i dontrdlied Bd 4sgb sébehtially obtain the
target t?ugl?ngﬁ g’x@ ql]le ggr%ﬁsc%’r a& &l h&br}ﬁag%ggxb{egtgﬁo Qﬁxtﬁdﬁx&%&%sg ?rglcated as 106,

transi stor tructures.
during ohishy 8 |S‘§f?(“:“e°f e iISIRIOR Y FId O3/ FEroted o %ﬁ%ﬁ‘t""’ﬁ%‘fnﬁ plaspagambient to
mcorpdS}QLE a Sd'ﬂt@MImelﬁlt J;finghb@éh ihtd the -sﬁh&ﬁlﬂﬁ)f(ﬂebf thd dae igeibtidn layer 105. As previously

dlscussed a a@dtltI on 1%1? %f o en w1?‘un 1|1T§ gm?eyma reduce ch rge ﬁlmer tunneling and
F % OXI

|on process,
may alecolnﬂqeeﬁe FI@@V%I P&gmtﬂ@tw B eein tnﬁlréqtlplylatﬁbﬂ%u A gdigion, &’F@%@E‘ within the gate
msulattoﬁ'l@&n ﬁﬁsmaym%t affeltNBe SiERIRONEIUBE @ipalﬂ&yloﬁﬂlelélﬁ imaati@elayer 105, in
partwuziiu PJ Vlllew c%%o ?fﬁsggnts Lilyq-lartnl 2 n t%q?'ncae % gei eéecg%dlg E a;ﬁlqe t& §T go%dd on the gate
insulatip@ Sayqersl 0% xmleseqjleret enagufppttring gem andoeperation; of ghe gpvacs el lﬁlrrbq %fﬁlt decreasing

tlucknésQoﬂtlﬁ%@t@ gﬁﬁlﬁfoﬁ 1a9er 364, 6 h@ta@%ﬂﬂﬁel&f 2 IHIII ﬁtﬁ@iﬂ&&mh@i @ifﬂcl'ﬂlﬁto provide the
I con i oxid

ti.on
e R PGB G B A PR SRSLY (67 Ranever 105
Typicaly . hicmatrhenait FEotvogihomygsarhy ireruzied Gharges chflei G aud second

semlccﬁlm{(lﬂe%% 1@5‘5&1’1@3’ tthI a?bQOJaﬁIi in%&m&%@axﬁﬂt@zrf&%é i)etween the regions 102, 103
permttivity %ate i nsul ati on ﬁr 105

and the Qefylyipg Fote H’F‘tl?”a’g P nREe i eaR. f“’ﬁ% pf an N-channel
trans1sfbf)5€rliﬁﬂtyma@| r&iﬁceaﬁef @@ tront txdiliht fnfl thes ©duchHthe Qlkﬂemgn@ﬂﬂaibﬂlt}'l df vhe transistor,
thereby als pgc%% #/%&ﬂ J}fol'n%}{ I‘ of 1t9<,5 sethAncB@tBIt h&/it':le dbo. ' %onsequently the

ew of may arise froma gate
nitridagigneprpcess @6 4t ‘?OB%Q“B? & ?Qﬁa“bé t‘?@?rqﬁfe‘?f“’@ﬁl FIFFéfO’g golity degradation and boron
diffusibh 51u&1<ﬁiglc@;rabﬂh@yﬁ rthelf)-alahrﬁzl GAHOSIG0| UBHE, diiBdatddadtdotisn MAGhiley @ps therefore,
tran51s?)Fﬂaerfgl%ecurécgtrn(z;oget (%)(ameg] ?% thelccﬁss ?cjflereac-itu?eg% I?: %532 re? %}%E}f g?c%{lc% Fesd9
i nstance wel | belom12 nm it is increasingly difficult

F 1guret19 sdﬁérﬁ’ﬂlbﬂ? sﬂob@ the Sl oh @BtoP el OB h £fﬁﬁ%€£&'v£r@§dl ufaddiling Gtage. A first

tran51s Oﬁ é@tf%{z]l}e lﬁ arll%v o ntfflﬁ geemutzloggqc{éaiegvg maé ref)raelseﬁtgagl;ﬁ%ﬁmiel tE)af\swtor, while a
secondnirdnsiggyell0 Menped ins@d ve thngomp aengitoadicion regiop r18% may) fepteppat an N-channel

transxst& r ﬁ&m@ oG %ﬂgnta?tl@{rk&&&d Halcad s qgl QiSsedodd trﬁ@igtoxlggment 120 may be
are | ocated he vicinity an.inte

PTOtCCB%PW\?e@?Pe‘EtW%feF%g%‘hE’Oﬂ)‘zle ereps s g ey f% Fig: iyelgoirde 111 and
drain dnth Soutcategions 1l 2ayHhe ArEtSransid@nellereseivaiaborogemcanirdtion in atdeglance with device

requuemgtpn%!)rreﬁ&g&? gt)nsaghclb%sc{' wgécngc{eaia§ 'aﬁf &Em glllcﬁmé reQBXs 122 of the

uce t ron and thus re uce the
secondcifapnyise 204 iy éer}%lﬁlé(B‘P‘fele?‘ P RO N-tyns dpraply which typically
exhlblﬁ |a$@n1ﬁ&ﬂﬂl3f IGW&rthﬂi@lvﬁ}f’l@nﬁM&i‘ @ Ibbrof) €Diirth B he&emafifattlirihg processes, such as

any anne stepg gc? y %va?er ’thgj 1en\1/ Ila%%_dl é%ants,%&%% %%d t%rcym thgg e electrode 111 into the first

proc I'S contro ed to
senucanha@ereg;fnf 10@ etam}e@ﬁdue¢dé@@ flegre prdbgiven by the| @gqua@étnrr@%n alﬁﬂporated into the

gate 1n§’t@z[ti@£‘1a§'z‘r fidstad Qb ﬂél—t@ﬂ&‘df e ﬁ%a@a bécbddtsym@(fndﬁ&}ﬁ regrofd I@PNO3. On the other

ransi st or ect.ron nob d
hand, i B b ndtoipHGl L R G B AR gy Tl st PSor 120 me, duing
operatiph ecompreinis® the rteagkistoe @e@nmhaﬂ rhedl to raelted\atﬂ ¢lectryn mahleviQPésequenﬂy, with
increastifp/ mtfdgen! cb&@x(tﬁh&thﬁn%ﬁé@%‘ iksBlatioh 1 \)S, p%x@&m%%m%@ @4nsistor 120
device 100 in a further advanced manufacturing stage.
is incregsipgly reduegdr apsi st or 110 fornmed in and on the first
sem conductor region 102 nay represent a P-channe

In viex{;Jl %fgﬁkzklrt]&%x desc%éd a@ov@ a%xg&ic&gts EJQ QQ%&B@&M %tgaglei & fgﬁgatlbrpof highly scaled

e second sem conduct or_regi on

transisjopgvisesethereby AV ding pa prept redpeinadhesfigts of PR T Aigre grc’s%%ﬂen“ﬁed above.
i mpl antati on process, indicated as 131, the second
transi stor element 120 may be protected by a
respective resist mask 130, while respective
transi stor regions, such as3a gate electrode 111 and
drain and source regions 112 of the first transistor
110, receive a boron concentration in accordance wth
deV|ce requirenents. Cbrresponding regions ~such as a

. o T A ~NA o N1 N L N | o - e A NN Y
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sem conductor region 102 may be reduced to a degree as
is given by the anount of nitrogen incorporated into
WO b@egas767 i nsul ati on | ayer 105 and into porti oPST/O820061€14628
first and second sem conductor regions 102, 103. On
t he ot her hand, the increased nitrogen anount wthin

the gate insul ati pmsd THH benpesond transi stor
The fg'l?og?ﬂgEYeSeng%r g{%gﬁe;arogl? ;a:‘ L9 aveg?mé o geg tot npé?(i“r‘ e:a ?ls‘?c u?utierstandmg of some

aspecSih e dityeiiony Thipurmaryie rl‘é as exhgustivet qveryiew of dn @renttlpat Jt damot intended to

identifyt Held blrbnh&gelgﬁtﬁ of tﬁ&iﬂ{/éﬁﬁém td RiiRhte 4O RopdX Eﬂe@t{v&ﬁﬁﬁ eIts(%Ble purpose is to
s D585 AT 20k B P el SR e
for a technlque that enabl es the formation of highly

Geneﬁllsa k1R GrebdnPin ®eh@dnQd ARGV 6 %%chrﬁ € HEN N Re %rﬂlgttog f Ste insulation layers at
nore pro

dlfferen s1§b tr: reeld&a% gvltgqﬁ% Et %ﬁﬁ?#g'é?wmeerﬂgreby allowing one to
spemﬁog]l}{ dmrn@tqonsebmmtlwea feiNwhanvkl textlsisarsane Pychaihel tlassistors in accordance with

transibtBFR e Auikethets, der t 0 provide a basic understandi ng of
sone aspects of the invention. This sunmmary is not an
exhaustive overview of the invention. It is not
Accoiding @rraleludiative debiidinteyt df @y petentifiveition Al metod BRMriSes @frminf € gate insulation
layer 'oﬁ]x ?'tyt Féﬁﬁcoﬁ&uc&noreggll !npi ageceonﬁ Qe?%l?o%&t&%r %%mrtl h?/{o}'egt\/e? I’htl mel:}hod comprises

ts sole purpose’iIs Somne
Sele"t‘é’Flﬁﬁ‘l‘JFSPPé’e‘Hd"Ptﬂ‘ htoa@gaaqﬂla 1986 e pRAAploE el T i a porton of the

gate ioh@RGdni lﬂtet @ﬁesb&tﬂﬁlg ItoSthdqutC‘sHﬁﬁ@ﬂudttﬂtr@Eon rSERRE 0l Jodion b e gate insulation

laver & entLon Ls directed to a techni que that
ayerené%?es tﬁ% %6?na ‘”“““PTgﬁFe i nsul ation | ayers at

different substrate | ocations, which exhibit different
Accordin foliiﬁd)tﬁhlﬁ illbtR6¥el Ao dirAdd bt the ﬂrés&ﬁ mvéntiﬁlr g Q\hl&h&u@t@f cﬁglcé)&:ﬁ'tpnses a first

I T
Seﬂncet@equdme quolwer,t thqmsmostlclucw@tmm domprises g sHcor@m@ndisor including a second
gate MGEAIE erﬁlﬁtré Qtﬂpg%edoﬁd Ea%é fn@ﬁdn&? la%}qgﬂleﬁr%mve qf seéoﬁ@ semlconductor region,

n P gﬂ% |nv g nprises_formng g
wherein {89 TS EPE 1Y %t% Y% ﬁasat‘ fff?t F&Qantéjéfﬁts‘t?’bhla%’tgﬁtpat“é‘ejlﬂtﬁh gﬁﬂﬁ"én a second
dopansdiffisivd bleekirigcamability bithe feagil g indvbti@awer., t he net hod

conprises selectively adjusting a dopant bl ocki ng
capability of the oate |nsulat|on Iayer to be
di f f erent el DESCRIPTIONOF THE GS on | ayer
The ieitior A beli Iuﬁ@rsto@d i eetérbrfcs to Be ﬂ&lEQﬁg ld@sfcﬁ;fttoﬁ @eﬂtbrpﬂl conjunction with the
sccon Bl kot B e 0% nle s I Wi B Bl B
Accordlng to another illustrative enbodi nent of the

Flgure@ Hzﬁﬁﬁﬁﬁemhtﬁb\ﬂ@mhhsﬂﬂe cr@ss@&mrﬁpﬁ&j&d Gt Q(!‘omgﬁﬂllerﬁ% Totetsi el r‘? WitRan ultra-thin
St tr%mn i.ncl.ud %g a first qate ectrode

st ng 38 i B0 B R e R Py P g e
above a flrst sem conduct or regi on. Mdreover, the

Figure§ @m&%&%ﬁ@w@&%&%&%ﬁ%&@ of @ccﬁlﬁﬁe%ﬂary %@1@&%& £ with an ultra-thin
ng, a second gate el ectrode structure wt

gate “’ss“gtf‘c?ﬁ gﬂyaﬁt“én% VAT Apiubigturing gaees 35ping g pviEtize "é’é’@%‘ﬁ‘ﬁms of the present
inventiomni conduct or regi on, wherein the first gate
insulation |ayer has a first dopant diffusion bl ocking
capability that differs froma second dopant diffusion
While the ipvRatingy s SusRRBRLE forvpriqys mpdifications andchlteragtise formsybpggifippmbodiments thereof
have bbeaylerwn bPRbyEIF eXdmpEil fd Jlr@in@ﬁndﬁi‘ﬁxe@%ég N6F id hill BRI Onderstood,
hove e HESHBE 0 BY e B RO i £ A BT g RRen © e
drawi ngs, in mhlch like reference nunerals identify
like elements, and in which: Figures la-Ib
schematically illustrate cross-sectional views of a
conpl enmentary transistor pair with an ultra-thin gate
i nsul ation |ayer during thet manufacturing according to
a conventional process technique; and Figures 2a-21
schematical ly depict cross-sectional views of a
conplenmentary transistor pair with an ultra-thin
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gate insulation layer during various manufacturing
stages according to illustrative enbodi nents of the
w@e@sam7si nventi on. Wiile the invention i s sSuseepusie014628

to various nodifications and alternative fornms,
particglge foiths djiscénsdgio it roe rhescontrpey, dlesf infagtipe ihoenves Y wrpdifigatignpy eqyfvalents, and
altern@RIRNGE Withid HEspHH: M QPS ofARGnBAtRn REHEAD bHIHS ﬁiﬁbrﬁ@djcldirﬂs.

detail. It should be understood, however, at the

description herein of speC|f|c enbodlnents i s not

i ntended to INM@DE(S)he g HIZDBDENTION| ar f or s

Illusttq{1v%celm@§é%qentsmi”theQﬁlleﬁtgg are qgs‘élrl@ﬁ Kelo& hﬁl mﬁht@fggt o@ﬂaﬁt? nBthll features of an
cover a ficat I.ons, e€q ui val ents and al ternatives

actuak é{’llﬂki“f‘?@ta%“t s ﬁese%d oty 1§ Ppeﬁiﬁﬁi’t‘%"coﬁfewﬁlf 0% PRSP (1 ARPPGticd that in the
develegBnediedt] ang duch yactidl embqaipentl @cngdua iimpemdfaiin( spyciffe (ecisions must be made to

achle%m é}gﬂ Q%CCT&%é)LIMLEMJ @8ﬁikeq§{hrs9tttén¥ %ﬁ%ﬁ?&%ﬂi‘?&?é r%la%& constraints,

descr | e | nterest
whick Wil vty yrompat implementatig traebest Marsovse il be ppieeittedihat pich A development
effortahight (@ SEmpIBEshdi tﬁhetcbﬂsﬁmlﬁ@ &l Woulhdvertheledstbe W tothitin® indefdking For those of

. be r.eciat ed .t hat e devel opment of any such
SPRHRGH R 0 hd P y
ordm%f uai?l S ﬂmﬁéhebeneﬁto Srbbsglosurr?pl ement ati on-specific

deci si ons nust be nade to achi eve the devel opers’

The p‘s@&@ hlfvénﬁorg\ﬁlﬂ'nﬁw b8 &é@dﬁb&ﬁm&Q&&%ﬁc@ﬂﬁtﬁe éMaJth ﬁgﬁ&k eMirlond adi@6les, systems
nes.s

r opnst.rai_nts
and dsxﬂcgs ?rﬁf)c;i%%ﬁe\llgg?pghes 1_motl(%e cﬁ%\){%gé Ifor p%?s% 06 giplan:ft]f)n 9\1}1 n%ks)o as torr}xot obscure
the peeprpt BEdnadmewtht deails ek wlldaveh opthenskikkfiothe arti Qleverthdess, the attached

drawiﬁé&rg?el ﬁ&u(@@@o besd¥Bs Qdarb%ﬁiﬂh Akstralibt exm-fésd)f %\f)?e%énh §1|v§1§§n bﬁw words and
routi ne undertaking for those of ordj naréFtskl

Phrasf%‘éedélfffmﬁ%ﬁ‘}}dﬁ’@ urtdﬁléto %Flltefpreéerd tg MV%a yfaning gsjstent w*f-lhtge understandmg of
those proeds @id phiradssehytthosnskilied In thomlelat ae SNy spo@d dufinition P24 @rng icghrase, ie., a
deﬁmttlgn ﬁlﬂ% cﬁitfgré?@gcﬁlq tht: brgh{‘[lr? §nd C ?nﬁa@%ﬁeaﬁ&% ysclIanrﬁ&d b§ Ml%ge%ﬁﬁed in the art, is

evl ces are schematl ca In th raMAngs
intendeg o fsumpliss &y coppisten bfiaé“rfaftﬂ?edﬁmcﬂﬁ Plgfasa ﬁﬁelg o Ty e erh gt 3 terthor phrase i
intend2b &Qialf/daa dpbuial peaEgTle., b ML oter thdntiat G@tretbddbyskibdd agtfsahs, such a special
deﬁth\ﬁn will %? (?F]essg)p sg% tg 1\%'13 fﬁ th?g chﬁga‘iiiorll agigfgutﬁglgl gléns%%%/ iﬁ%&il}%ﬁg §n%’unequivocally
prO“@‘(ﬁF&?eﬁalldPﬁWIf%ﬁe%n ewhﬁﬁﬂ es of the present
|nvent|on The mords and phrases used hereln shoul d be

The pgeg?d{g anntfn lﬂlf is %111 on? égld the Eﬁs\éo% b, oclfl%caga [ %fsa %i'ﬁ: dnsulation layer
may tHecaliesljugyd tomtseeposk fol defer@d irﬂlsrsthtecharedtfewm Fgtiis pulyse, dielectric dopants,

whlchSchﬁfﬁit ah djlﬁ)ﬁﬂamnt\iu@ir& Riecic bRE Mafefial, Phi@SRn biocl@nga efi@ct may be incorporated
definiti oq that is different_fromthe Ogréhcél nar

ot QBN A FIF) 467 BHFLRETH ToB JobRG g (g op e reseives the
dielectrivedopant matesal iimt @ifhedt donceipatiomymkiior thediwes @ Gliffrent padiesud lgr@nt material
comp&fedt{)ggec&% E@cﬁ’ kd %Koﬂ%ﬁh%{e%snlauo};@aygrhe extent that a
termor phrase 1s Intended to have a special neaning,
i.e., a meaning other than that understood by skilled
With SeffdrdnStt $‘1guﬁUI}1|1121 durtpeittisaitivel e@ht oinfehtO S thd drdserdd @veanipr e siby be described

in mor e&etaglo %{g he ol dptl-lprgatl?iﬂg g’ﬁotf)s g%énlngolﬂddcar v{%g Edonéol;nkrgsr@ a sHbstrate 201, which

unequl voca
may @H&‘@N&i b%#liqun sibeirptel S%@b%trefﬁ b the pikg: ag@ sulifete gPlegianpave formed

theredn VB8 lsé @l Ebnif o Eb‘éﬁﬁi 262nd B@ec@xﬁl&@tﬁi@&ndﬁ(ﬂﬁltregloh 603;1 twhich Siia@ﬂe comprised of
of, a gat e Ln ul ation

any a]fpéo&)g!fﬁ e%écaf%gt?re%atetn%l %‘81} ars eSS coghsahcf) geamasr’uu%nea ?x\é g%es ri(?c)(eover the first and
secong beaic@uduetos regipng 802, FA3ymay Hiffer ip wmb@e origfjatidnennd/p1i lntnuwpam that prevails in

these \Mghogb oﬁeﬁnl rhuytbe e'stﬁbh%m{érlﬂ@tth@ﬁrﬂ!r tnﬁn@ac@“nﬁé sﬁsersdeg RS Brst and second
usi on (0]

L ff [

somich oSO8 a8 B0F PR 20 RIS ST G oy PO, gl ofy b providd i the
form wiy tbiehtisoltiep®cs biedthf prefstblp asetliip highlf ativaeced atngiconductor devices. The

i nsul ation | ayer receives the dielectric dopant

material in a different concentration and/or receives

a different species of dopant material conpared to a

second specified portion of5the gate insulation |ayer.

Wth reference to Figures 2a-21, further illustrative

enbodi nents of the present invention will now be

descrlbed |n nor e deta|I _Figure 2a schenatlcally

o L o, e NN N o
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may represent a bulk silicon substrate, an SO
substrate and the |ike. The substrate 201 may have
wo cooaas78her eon a first sem conductor regi on 2PCT/HRIIOG014628
second sem conductor region 203, which may be
semicoralnqorids @t 200 fusthey cappises p ffirsapcetionnard A guc boulatinmlagr PRE wherein the first
portloﬁ %6531 1§§orxﬁéd ﬁctﬁpﬁrstséemc&ﬁmtcgqg rEO,kZI mSﬁH d{J Ia%eéohckﬁortlon 205b of the gate

Nbr eover first SeCO Sem con ctor g
insulaiegplayep)s #alvlea PR o ecqn, sppSBPY P 71 BApSIFSNA Aagimens th fr
and sécbidr doR®BhC2054, R@Tbmdy Htiallp be foarhdd Sf bmodidees ehe nedpriping seiconductor material

and ﬂl‘ilpﬁ{aﬁ &BmeEE 1nes§]%)}§sm:alte§ I&%Sd#k&ég?l} {hg %HII Y dsﬁlﬁ@ﬁ d10x1de In some embodiments,

acturin rocesses rst second
the segiicqpdueiprciigrieeot00 My inghde tmggstor zbsewal}f"%a giplaredht Fapagrimgiely S0 nm or
even kS Weatigh 251 Colséqudnay, 2 Adcknaskbiaie giyinsbiatiqargy 106 ehay theiefor be less than
appro;f(ir%gtgy (%B a‘antd rnreag Clg acl)n%o' %ﬁlagrgerlﬁ %dcl)rﬁg tsp eaj:%@%\%%étg ;l% fA%ﬁ QL'% less. Since
slcon e drasciod revid thelqtted SFbgor eckhe EhagpAFs £3 nstapce i iew of boron

d1ffusQ)Q hd ik @Bwﬁ@@ﬁboﬁlﬁer@i @%@nﬁenﬁdﬁlu&&rh QR aﬂp&%ﬁz&elﬁﬁl@h amki@1o€4 dielectric dopant

spemeg gﬁ%a és 1%%&8F %P ml;o gl or%t%g'rélﬁn 20§i(1) {or$tam 1& one a}ﬁustratlve 8nbod1n‘tent in combination
with 2 @iseqodnt thelectyia tepait ristrothectiprointol thy eertiQBISp.sa fegwired dm@i rﬂlﬁlﬁ@n blocking
behavRe SRR B ER G Wl tesk: B Pith réBdnce ldFiQREL | | USt rati ve
enbodi ment, the first and second portions 205a, 205b
may |n|t|aIIy be formed of an oxi de of the underlying
A typenpro@ssdivet for fomaibe the a¢misomdhctoh devicaQ0 lpeshbar imeltiguran2a may comprise the
follo%&olm)égsésc %f%g th@%ﬁ% Jﬁ Y)f e %ofaﬁbnt s't}ﬁ‘ctlfrp pIL tgffwéllelsthtﬁ@xﬁd photolithography,

...I'n sone enbodlnents the, sem conduct or devij ce
wonchpgeh, ARy S HCTE BB PR 1SETSHo R PR Gootey oY be partormed (o
produk g tréquindd dupiit @rafireakietlidy ths Girsh AR sec@d esemic@siscidr Segionk-i202)r203. In one
partlc}%ar) embg%g%%? %é%ns'i %] lico ugtgy %gkcﬂ%&s m%r tf(t}x%ecgtggl%bfe AR %rﬁgtlog Qf a P-channel
ererore | ess an appr oxi mat y
transm\oraﬁ]@jle mecop e@gp@um fegiog a@%payé?ﬁg]@@ itq]a@pfpgnatebl@pant proﬁle to form therein
and tli%{f%@x{ AXN-BREhR) ManllgtoxA RNdis pWpste, | vR8 SstabBiHRE ﬁnpﬂiin{a@ld.‘ncsmuences with respective
resist Blilag%l de rm' ar acfl ert g]\asltl%ug %detcp!?a? 5opgnltl é){o?'?es wﬂ}‘h utﬁel: Qe\%ionsf 202 and 203. For
convebigncorpng] sufcn depias mrofilss rs nqtylisivea Fheyea@ﬂdbmgﬁeevselaﬂqndayer 205 may be formed,

Wthl”Pmﬁth] R@levdd! 8NSeSilRkSive HbARRMLO BY |a&h@1|néd diid@ljibnq{ff&bﬁﬁt widein process
el ectric gogant S eC| 2Q¢a i s .l ncor

orate
pac i, TS EXIPY [ TURAPS DBOHIADE TP BIAEY T GG £F SPT e fo obaina
desire@ niickaléssraithe layen 250 whicinatyi tenas\wsraviously gaiys lesjiilen approximately 20 nm or even
approgﬁngt!eﬁclb I‘A Qndd&gﬁfggs 'Iﬁ‘ %&1&%8@9&3‘ Bt %attf: tﬂﬁulpcféﬁ tldy%Og %9 be formed by

required final diffusion bl ocking behavi or
advangy g depRB OIS PO BR RSBV T, Pl B migon (ALD) and
the lilkel Qhlfy&@ ofhbr. ilbitritivp Ielﬁﬂidm@ﬁtaamteflhsomldndxyexf 295 nag (e fomeed on the basis of a
chemégl ”](188*39 Hs%{%o n fa%? plngtg Cl‘%lglgtr}at% oﬁgﬂmoﬂd&léﬁ' gg&éf%}?of’zsgtnlmuctor oxide on the

processes. e formation
regions 204 prd 20801t abuldrbe Spmrsisteh el thovarigys t%‘évlﬂueégor &pring e gate insulation 205
descrip&ib&le intald BBy, in bdy@pEdprigtt fabnnerfl@Ppading bOdircatighnces.
pl anari zati on techni ques, advanced inpl antation
sequences may be perforned to produce the required
Theregitsp rthaslp 235 rhdy dbe \fgrmed ghotertle geierinsplatipn dayeeddd frgsuch a way that at least the first

portloﬁgmamgddfa\ﬂﬁle fhe %c&ﬁ%er@&&%ﬁi@ Soverkd) PQ)F‘ﬁstM e G445k33 may be formed by
nmen

substqﬂgﬁ ST pélﬁtgl!t} eptrcfcgsg mﬁsd{(iq%g gt lloséd ipe :Iﬁlgg ﬂi&?rent ve 1cap<?opant profiles
withitt theiregiosst 202 and/doB.| Basbchel tbenok @33 drisoaradstoo Aevice §9lomay @ Jubjected to a

proceEE%G g (I‘n%&}f&atglﬁ 1A RIEBRE h(ﬂﬁnﬁ S&Q@@ﬂha ﬁ[oocflé hr@t Hogloﬁ %5‘3‘ In one illustrative
herel n and ereon an N-channel t r ansji st or.

B T N R R e S e Bl hegblised
include€ $p 8pdciey 20722 Insihg tha silasdatiayprivesspabddesy pikthetes sodht &ibirs voltage applied

adequat e dopant profiles within the regi ons 202 and

203. For conveni ence, any such dopant profiles are not

shown. Thereafter, the gate insulation |ayer 205 may

be fornmed, which may be achieved, in one illustrative

enbodi ment, by a thermal oxidation process, wherein

process paraneters, such as oxidation tine,

conp03|t|on of t he OXIdIZIng anblent and t he I|ke are

I o o a1
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the like. In yet other illustrative enbodi nents, the
gate insulation |ayer 205 may be fornmed on the basis
w@booa/1c478€Ti cal oxi dati on using an appropri ate BOEDSEND6/§14628
to obtain a controlled growth of sem conductor oxide
betwesp the Rlaspacagil S substge 28hdnap OBadjusted stpo t wbstratiadlp pycitindueadnetration of the
speclEshIBVa i) @he\r@idn@US N16/6HBI, bl ErfouhOdF tlfe‘%ﬁ&ﬂepﬂﬁﬁ ﬁ@orﬁ(ﬁ@t@d mto the portion 205a
ma Leaduﬁe hngZOS qgﬁcrlb d abov %-HB% g conbi ned gn any e
Y RoBTopT At e RN, ™ GUEARE Y I gh ke SORRRiSRIFIER 9, be mcorporated into the
portiopP8pte éﬁtde&tred diffsiog folopl8®: qapapilityen fhe pomich 25ois@ctidved. gatbother embodiments,

the nitﬁlﬁ&ﬂn@?dc&ﬁb%% 'Be EHRolle@soH Q)hnc%rpmbé ah Bdundr e @ﬁ:%ltzs }.tolaz?mto the portion
ortion ile. the second portion

20543 PP Sl PR PRES fsioF BB RP G- g B ncorporaton of a
furthdr glopegt splegjiessint Shapdriial 10§b isherfoaed with olieofirstt foapn 20Fuybeing covered by a
respeRVO SR IncRshoWRY al so be used in creating different

vertical dopant profiles within the regions 202 and

203. Based on the mask 233, the sem conductor device
In onaﬁ)ﬁtlcnmyenh)edlmelbj tBCh ks L@Va gnaP b epised Glﬁutfdgén as nitrogen, in combination with
sﬂlcoh rlﬁ& dgo&?rﬁilicglglyt g&cgé gclrglc %hrﬁiusqond %Hz?% ca e? %r%glm 0&1?1"(1:l tilen Elge In some

rirs ortion
embOéWs% et mOQIFFétKﬁr%e didnopg thepriiop 695@3%:??@%5 the process 206 may, at least
partially, tbe bd’ﬁ)hheﬂﬂn i e, ambidnt\MMrébk uﬁreﬁﬂu@&limm&ﬂ@ds Gflﬂhe p&tlon 205a while also
incorﬁo?a m% dlle tssFe%gs E(;r]?g E: éASftng !hg goen?’plettul;]ne %tz trBCZ Il,qujé %Zt%oé%gcgcg Itge.gmgsp %33 may be
removedy forigtiangg py We’é‘bséﬂbwéehrev% eshipk aropgssea rvdete e magh éi3r inprovided as a resist
mask Z0owed By wdleesiadlisnes tieMing Prodssed. 0 Substantially avoid

undue penetration of the species 207a into the region

202. Moreover, the anmobunt of the species 207a
Figurg b othportmalydshpwt te tsémaicopdictor devicE @8@ afimythehepnmbdfions vfettle mrpve-described

proceSsEC rM@ed’\\@-y thte Iaéulce 2bdis Qﬁﬂeieie@ atd Bftne %"‘F]l%gbssgzr‘% :f%ﬁﬁ%gucg@ Q%%acmc species

S les . to be | ncor orate intoQ
2070 SREF Pt st Eiediet Gy e Bpneri 07 0t Tt g 2050 I he
embo@i@b@ shewmdlei pu@sh. 208nis petfenede sitbadhevedti $or Holbeportions 205a, 205b, thereby
mcxears]fné Eﬂe QQﬁcEﬁQu&lro‘? %Sﬂ?eléglg dgﬁ%(]ts Qfﬁhlﬁ &Itl&pédggqvhﬁg oA mh%a desired reduced

I ncor porate an anpunt € Sp e I es ailnto
dlele%rdlopa&hcozgystéatl% W}tlgn g’f)ﬁ?%‘ﬁ‘l’%oé]f gldft}éﬂs v@bpé]perﬂe}gebop%senuconductor region
203. Srpﬁiéhlfdmﬁﬂivdérﬁtfolﬁ&bﬂﬂhbﬂ:rﬁ@b@l20@ nﬁﬁ@eﬁ;ﬁ&‘f’omﬂe&' as AMiidatloR @rocess, thereby also

mcoxﬂo{:]a%ﬁ)%r i ggg%rﬁ) gﬁ[‘ﬁe (S)pCCIQS % OEJ :ntgng 5‘(3\7? %E&ﬁ%nengf %r%es ?}%mlesnéﬂf}% %nlgg éegresent another
mater@b Y58 2t eplon aarl thy hhf réspratentlyy &henatBk progeest 208 mm)mneqi witkyba mask for
coverﬂ@ﬁﬂelpG%bﬁQOSQ Ao ntBRHAd conbdABatDP eﬁﬂla&n%ogo@aﬂ&@%hlb@ is also denoted as 207a,

recelve<9 F;Eﬁle ?]i%geé of (%I ogrl( ?%en ﬂ?q%ﬁﬁnllf‘}ftg?gﬁﬁ%%ﬁlﬁlgaq%g%ﬁp h‘%%? 8gpenetration into the
reglordzoﬂflsj silagiad tocdivatmgee fgaetrcpmeentatipned ihngtha et digusion kpckidgrrapability as is

requu@d)ﬂﬁa }ﬁémoéabﬁ@éat%hanﬁa &nsRioPR L fohﬁ‘e@grl é?i@ oBthe ﬁ:gltog' .12(5:2k AEHS same time, the
ort ais desjred grocess

dcese gt FRAEEPR Y e PBATHAPE GPEE L YRR (T femitiviy and
blockiagreff@nfor elebremetmpnelingc wibkshaigaitifpethe lovadindisisctrizf dopdne concentration of the

spechQ()‘;b' @cﬁ] ngsglﬁé m&ogenalwﬁainltﬂ-:cxg 1&9 (‘%t At rligre& fd Wfé%‘?%o as to not unduly
. After onpl e e nitridation process
“mm?ﬂéem?ﬂeﬁﬁﬁ§%m§83 may be rennved for instance, by
wel | - establ i shed resi st ashing processes mhere t he
After E@%%ﬁnp%gf?% Bfthtp %b%gé %chlg%ssﬁ %enc?octr;éétstrge%%erg maﬁ be p orme%%o more uniformly
distribyte fthe ecicr 27+ gnd 3T thinjee rseqﬂl‘@@n@le@t%ib ) WSe eF o2 (yBtanef.tagppid thermal

anneal ﬂ?&e&@)’mla @éﬂp%tux%fm b & )(ﬁ:rcﬁlﬁrﬁ&[y’ é@@dOd@F@fi@g’ & enod of 5-60 seconds
b alew ce 2 g ectt to.a furt
may 5?1’8&0@%%6 e@a?cs © g ‘i“h‘lj“ m‘iv FtRig the portios e a5

which may, in sonme enbodi nents, be different fromthe
speci es 207a, at least into t he portion 205b. In the
enbodi nent shown, the process 208 is perforned

simul taneously for both portions 205a, 205b, thereby

i ncreasing the concentrati ch of the dielectric dopants
wi thin portion 205a, while obtaining a desired reduced
di el ectric dopant concentration within the portion
205b and thus mnthln the nelghborlng sen1conductor
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material, such as carbon and the |Iike. Consequently,
when the process 208 is perforned without a nmask for
w@owenisTg7 t he porti on 205a, the conbi ned concePtT/a820061014628
of dielectric dopants, which is al so denoted as 207a
In suur@@emveeltweymbqsienqmsdéeegt@scezws%é by figursla b 2y Wefreadﬂy be inverted,
that isP@E bro®REs 2802y Wé dpplicd oﬁe{etlﬁﬁdny dRgEERteGhisulprinaiyeatos foriimtapce without
any m?fgﬁ%eé‘%? Fu %lan%%?y’é)ﬁ 1Sdfn|8% %n grhlgaq dlepctg%)(}ogéng?lgmugrﬁ& the portlons 205a and

usi on
205b. (Fapredfiel, ihe ywagks23p gy eeqfamreé endftberpr@pewg%mw t&d@f&ﬁb@a erehyincrasing the

dielectile qgﬁﬁ&%ﬁcﬁﬁt{a%%ﬁﬁrpﬁw f)&tuﬂ@og% ﬂiﬁﬂsulem lea$1d Afer feli@val €Qgheomask 233, a
{ the sa

COI‘rCSECBlﬂlB% Pﬁa}. g?a nbeﬂt may @ﬁ]ebeppoeffh rfns %we he dgfegptgg %lo eualforrmty within the
portioms20%d and 203 r equi r ed pern1tt|V|ty and bl ocki ng effect

for electron tunneling, while naintaining t he overal
Flgure?I Iac? lscfeh%ttg{txlﬁqilé(ds g\?snfthef s%gégr}qlgcrte%t c%e%c?,] {)(h én racco gn%cla %tgzoﬁ%er illustrative
embodié€ntli Inelis lcavey themedk 289 isafornted abot ﬂ@rsdlgicgndmmq:ggqm 208 popsibly with any

mterm%é) §é EcFe Mrowfgfaht?ﬁle fxl@:ewlﬁlg moﬁﬁé tﬁé"regign iOb szhlch may be covered by

eSCFIt) se uence, a heat treat gﬂﬁ_{? ih ¢ lati

anyscpERPEIAHTBAN 5 HGr Bhte B PP BReGroPL LR [ S e s inslatin
layer 208 4@sha¥dlin 2&31*% 3 abdn 2 hat fre ydtegp édhedv & hpﬁmcbmgor@@ﬁ@ 2801 subjected to
the proceis%% E) mcc; no?a %8’ glectr?c c{o ang E]lg E%?Jed ?e@ﬁﬁ %2 RALGE RS process 206 may,

Int e ran rOX|nateI
for inGOE e@@@m@n fo0 rlmldanfafﬂ?ré’f?féﬁs Bt BRSSP LB E&“Sﬁﬁ@daﬁ‘ée 200 comprises

the sp@o@e@ Q@ﬁrat ﬁiﬁa&@oﬁ&h&ﬂﬁé&e&ﬁ@d@d&e kegvh 20X wila@giamt average penetration depth of
the spg(i:lcﬁ 62?% rPany?g f?n; Ilela by Ogsg I a??n?etezso §%1G§I;JOQCSg Q&b Plopm§t£dcé |1f the process

I ve e equence
206 rqpe:mn@ seivh axpldyiptidh pgquse,gheggplaxﬁ@og prergg yoay %eppylu}gb( be selected to obtain a

desirell %Xl%[t&tﬁg ’deﬂ:tlh aforl &amgid) GorPdn O &R &%’aﬁ'ﬂﬂ}ﬂeﬁ& ol mﬂ dr@fl o6 magnitude of a

elntra i.nsul] atil o er
thJclcqeﬁ §f glﬁ gate Wulaﬁmyegﬁ(g ﬁ]ggﬁye fclrsﬁl% ! elblmpﬂnt%tl enetr%y o? Ise‘vergll% may be used.
Herebp ti@\tirdénag) ofcany satentlidyeral suchi a@ lowid¢ lajars @g p;l@ritke,dpagthe ﬂa@;@n intgrponsideration
when \é\élJcEﬂg%ng&?opH% Inll én%Qeﬁé}g;ﬁ %%ta%@@bnula?&?ﬁr@gﬁ‘irﬁs@ér, esttnhiﬁng the penetration

forned and

e
depth @fyaripys dong H‘(‘o 2 gy %W“’r”ﬁ]é 8 é‘éﬁﬂi’]:’éfacnﬁ élaﬂl?’ e‘fS%dS% i Ct% OE priate process
paranS@RC @b tBd prodessViis, hikenmdsk 33peayt e oemaR @bad e semidediictos device 200 may be
subje lteed\{ ezli 'oxﬁ‘at og ro%e@ﬂg Yo% geite %Qﬁugﬁ%r &%ﬁb sefdicofdhdid 56%{39@20@ &ind 203.
figat 1T eat th e perforned to enhance the
dielectrlc dopant unlforn1ty within the portions 205a
Flgur@@cﬂscm{?oallféhgﬂi Be d&/ics eheniat the gukd ivsubti@igyet 205 having the portions 2052 and

205b,lvﬁn1eralgtai1 t?olct:nt the rﬁc))rtlarcl: 905% com;%rlseszﬁ?] Cd?eﬁegég ﬁ&)aw sf)elale@(ﬁy r lthﬁé embodlment

the laffep poreichs 485e)/295% may lseefnm@d)hsdmlaﬁwl qx@gﬁoemrozes d“’%%’f"h |ﬂ37‘ diffusion of the
dlelec\ﬁ’ict &l)lpzﬁlp ¥peb1@st %7 e #iBnc8 GhBR Rind Yitlogone [sSs@nl’ﬂaintlﬁ hawse)i camphred to the

| e exposin
sk iyt Sy SR er e P B FRE o TRy conc
to thedlfiyes poktioh 205a)iv @mtieine @henrfiyt averhaywrnelreiofidepty duripgthe Pigpeese206 substantially
aenlnaulatd i8R, Jogyer 205 as shown in Figures 2a
mxm%ﬁg %behas not ye%gﬁeen formed. The sem conduct or
device 200 is subjected to the process 206 for
Figurt DEQEdpatially sgwslihe kaddonductotdran?ed duribgoth¢ preceesxd98 S dntroducing a second
dlelectnc%o;éant sﬁ%c%e’s 28‘9%%[ ﬁéspmf hl?e p%ﬁgl(l: 658. glqge demfﬂn‘r? Ellubtﬁ&ti gcies 207b is

an ion | antation _process. on the
also muqdp@@@ﬁ) theolager PIHS205%; %re%%twgﬂak@wfll i gtn% iogant concentration in
and SR166d Ber 38k ba, A TEUrbR&20P @l bo Berbimddhie asfitidagenplu@tsoss previously

82
descr{bﬁcgmgﬁeé%rergg to?%g%geg 5a ang g% aﬁé %{1 LFe? Eg %ﬁn@tlhtgcp th?ﬁ%?g%,c% 208 may also be

perfopad anetas of ohask nresumtae;tzfélggvczcb@eleqﬁeyrdom%wmew} in thepjgyer portion 205a.
process 206 represents an ion inplantation process,
the inplantation energy may correspondi ngly be
sel ected to obtain a desired penetration depth. For
exanpl e, for an average pertetration depth on the order
of magnitude of a thickness of the gate insulation
| ayer 205 still to be fornmed, an inplantation energy
of several kV may be used. Hereby the presence of any
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depth of various ions into a variety of materials are
avai | abl e and may be used for selecting appropriate
w@eweassspar aneters. After the process 206, t hBCTVHSiO06/014628
233 may be renoved and the sem conductor device, 2
In thisyase, B Tespid déelegtdo depagtFoRsitgity; & theppeice X2 By g F?#Séfd entirely by the
proces§ 2D& the[rb‘éyl batidRg ah aytefice® Iﬂe)ﬁlhlﬁy $re hid epeniehily t adjusting glieodhara@@iBtics of the
portlonsrﬁ)ﬁg d' 20%I gcllsJ r1sea1s2c>d e c De 1%%1’6[1% t§ s EQ gnddﬁ)\” ﬁgregxgp the process

ate Ion er avin portions
sequere) geacr@pmmﬂuefbrenomé“v@reﬁ 25006 ?%/mwéﬁo lpgpegfiane 6‘% %1? 'a?ﬁls 9fggmasking steps
50 as t6 AARIdLIE TrcdpRatlineipesdsn0 T BDPABYitSHREGipeSivedlifed laydr Pordsnovered.
enbodi ment, the |ayer portions 205a, 205b nmay be
formed by a thermal oxidation process, during which
Figuret P saltpriieftipedliy cohovosf the rremidendhatast deviee @8 afmaccgqsi@@? &4th o fugther  illustrative

emboéugtfjnt ' qﬁttﬁxg céﬁlb@d?r%[ | tﬁé @Qm&in&fc@g Ql@mcel ﬁ)Ost @Blbjédtdﬂaﬂatﬂlgl process 206 for
uced

lncorpgﬁa}u'ilgélaﬁ,file etCWé 3%8} S%eﬁlgh qu HaétartcE gke s%eﬁles | é| eCi?Irnid}& coalgrlse n.%trogen into the
regionS PeCing 80 Githautiagy wasks ftakmniddk lagpresigtefl i elthpeghitipezate arf,s\d_i@tlon layer 205 is

not yepfg)[;]r}éeltd?%%l e §acr1ﬁcnal E@&t éu&uzjs §§crééﬁ§@la§eh @na?\é@foﬁﬂa@ on the re01ons 202 and 203.

I on dur i néa t he Qrﬁss 2 ;gstr nt| al %6 mav be
For cqiBYED Sl G SR 8™ Pt TR e 305 Frgire™ ™
performed SCinasrhinbagthtloy pebaysvhtbie peess pometest orh aeiwpleeatp@nergy and dose,
i f.gtulot roduci ng a second
m%*%%%F%g?%?§k§%p%ﬁgﬁgﬁggfgsQ?b?b at least into the
portion 205b. In the enbodinent illustrated, the
Flgureszgaaeﬁeeﬁuc&@?éaowsaheadeslee 200twith dw@emoﬂsnt)ﬁ dni 205b af/ e gqpoindulation layer 205
formeé 0bové tthe reelg)nesg}‘% anlat26]§ IES 1v%1|¥ d ITHeaglateqr%ﬁlth{oﬁ q‘ayg'l 26& ﬁ&}t lgel tGrmed by a thermal

ncentration near ayer t1on
oxidatipSaadoh eshepmiest @s@atrzu)swlwaﬂyi Be rﬁblﬁerdw%al%sof ghe Specics 207b ensures the

conﬁn@in&nrt bl BiQEL1RI IOFAE Wit afd @dsk QUSR] YoribesST05h BAMOFY, hiis also described with
" egenc% to Figures 2a and 2b. It should further be
mewﬁﬁﬁ?é@ﬁ%% that the process 208 may al so be
per f or med by means of a mask to substantially avoid

Fxguréjiheécﬁ‘egaﬁdaﬁy donadt dévﬁ:@ Q@(pﬁi@laﬁlé RndtiBn bMBe hay 83 @Rérinp e portlon 205b,
205 thi s _case uir tric

oot S P e A P b 25 Sk b g L PR rmoroatin
specie@ DT, @etgbybincredimg piicovesd d2BSic tidrenteloycepration idi thgpaatipn 205a and in the
vicim%qmg ey ;Jrc?cégs Bbd lngqy bé epnﬁrﬂgtﬁ)ﬂ %H)@%QLA ¥ pédlbﬁé deglﬁbédhg‘r may be an ion
haracteri'stics of portions 205b and as is
mmhﬁm§6“HE@EFPW%U”%F*H“W@W%%ence to Figures 2a and 2b.
Moreover, the process sequence described wth

Flgure 31 fcﬁemabgall% cghowfs Fr ge%mc% u@tgrd dg/p:e hRY n@L&QrdQl@e %ﬁ @ %‘aler illustrative

st eps SO as . .
exmbofimeiy el chsp, i ewp?éﬁaq @me do gcgyéuh%segm?% hilg pprrige the region 202,
wheréﬁ'i b gl sl RSP ﬁl?érlZUﬁ 150&111@6 bd AR, Wrédv@ﬂwiﬁotéﬁtfe&do any sacrificial layers

2f h
formcé 8 fra %gﬁxés CZ@? "ngg&te he sz}rrﬁ: t%?aoa\ls%lﬁ gsrprevrorlsrﬂl %{?quf thlrthegr%Yé € device 200

is subjsiod e theprbcessl 206 idriiomprtng threditloctrictepagewppeies RATRciptg the region 202 For

examﬁ@ Yﬂe‘i)ﬁ)cgsg)%b@ r§ay%U B 1@19 Inﬁn@an{aﬁbntoh ChePhsRCoP §§rog%9 @né, @herein appropriate process
I ncorporati ng

paran}eﬁgtngﬁ e%usleq,]@ cglﬁ@ﬁtih% %velgge?%gétﬂ%ﬂc%oq%ptﬁﬁv oedcance Wlth a(t)argeted thickness of the
gate it tichdeer, 205 ntbofotdkd. r egi ons 202 and 203 wi t hout any
mask. It should be appreciated that, although the gate

insulation layer 205 is not yet forned,_ a of her.
Flgur%%lé?lﬁewttealﬂmshq‘”égbé ovicg oG pfigremovalof the ﬁﬁ‘ﬁ %{{}]‘ér",&“‘%ﬁﬂ’%ﬂ Cfi to the process
208 frQicEREra@i tielteroficegbcin 20780 Bindladly, 20 Bevidugly diswsrod thie@roces 208 may also be
perfmﬁiex or‘f’ h!lc 5‘ SI18 %JL],% %nsil (no% %MJ tIB gl!xbgtlantia :3:1‘/51d tl?é 1&‘3&01%!"(91% tHe pecies 207b into

rocess erformed as an_ion
the regiap rz@an ﬂmelpmqtmne@@sgw fipili rlmrﬁedpc%lﬂfes@wowafr SQRtspigian indhpapgion 202 is
as inplantation energy and dose, may be appropriately
sel ected, as is also discussed above. Figure 2g
schematically shows the device 200 wth the portions
205a and 205b of the gate itsulation | ayer 205 forned
above the regions 202 and 203, respectively. The gate
i nsul ation | ayer 205 may be forned by a thernmm
OX|dat|on and/or a chen1ca| OX|dat|on mhereln the

- o a1 - r\r\—n o "
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Fi gure 2h schematically shows the device 200 after the
formation of the nmask 233 covering the portion 205b,
WoRida188posi ng the portion 205a. Moreover, thECTES200€014628
200 is subjected to the process 208 for |ncorporat|n9
achievekifbg g pecése 2062 67 the embrdineshishpwrs fhe seritingd nqerpseiop dyrjng the processes 206

and 208 Ipl%lvﬁgsttflé GesiFb@RARMIL &a&%ﬁrﬁoﬁﬁt bdabknirdtiod Wehifd ﬂfetrd:gﬁh’n 220 5@that no further

mask 1q,ﬂectu11rf:do%1f1p£thél | g%%léé% 'J%g li'oges?ﬁOéglqg ﬁres%gtegzog ;ﬁ ¥n &Qh@‘)ism of, for
instancB @it@Eenii@ns fd)rmh[ch n;tpmprlnjnmwiamhtlcapgpmgm, auch as‘ﬂn?j dOSG may be selected

S0 as t(p ahaBLE" aShicvE] Wi Y Set e B ARithis el rdgichd @Q&n& b@8. Corresponding process
sem conduct or devi ce 200 |qﬂgpcordance

paramefgrRayagadily e phtained t‘rwng%ga,a Ir]texperllrﬁen% i t}ée bg%s gii tést %%bstrates After the

process T8 KanZpBoriakhefitaremmeht tntry o p@formedeo présggice e gmg)nwm ¢fghe species 2072 and
207b i ix Ry ﬁgplﬂg(g?&l%ﬁ aI{deq(a*eqaglgrggron-‘Mafc%@ Hdthal %/b%/hé}élﬁ &orl M&e@ﬁ te@iperature in the

for ned reover,

range qf@mp@@mat«tho QRO doriaf tinesi patiod ofy &% SR ey WPPfﬁ%“ate when nitrogen s
used fdr &6 'ﬁ[%paﬁld a@ %c&ﬁ@pe%fé?mﬁ h675S aidhet Eritiofieddts, &0 ghty inadation layer 205 may be
formecﬁlygj\{llgg%laz 8]7}[ (Eagc))(n{)qﬁoece Chloul: X rr%;g%lgfqggt%bat&l&? V‘ﬂg’glh Qﬁm?gQaQ 1ﬂ1t§11 phase of the

ocess |ncorporat|ng
oxidiziglg eloess, tiecapplivgan tof spiEed way Q@rﬁéiwmrd)r%%edrt@g‘f%ﬁﬂ"ztb? dielectric dopant

umforrﬁ%rpngxxt@mg L, Quat S0BdN @Q&%@et&@@mﬁﬁﬁfcaﬂéﬁ-nﬂﬁbeﬂ ﬂlﬁhage in the regions 202 and 203

npl ant ati on i t n i il
may s%)ﬁtmt%]ﬁyrt?eéf gys&?lge%ggﬂeﬁg?ut ?ué‘yrghe c{le?eg,gxc dEPan 'nif \gﬁg% % eHharxced In sti
other énfb&dianess lagevep dnrebmmatidddiprmhd p>t1¢at1prrprg:gst§ oeyeanedorpyed ypoy the device 200 as

i’ | Gk DesSinPheat HEmBALENdRRMLAL h@Bdd ayer 205 to
$wwnbe1$%%ﬁgﬁ&nﬁ%§gre %?<§chenat|cgllylghoms t he device

200 after reanaI of the mask 233 whil e being
Flgureszu jhesdtiedly ipws e sprieoassr &8e 109nfirtiodrrpaioa thejgateiesulation layer 205
mcludgg %’8 r;])grtlgrg %gga%rmg(p erthe Qk g;lx &(ﬁralny the cﬂlriz%yﬁ ﬁHr%ld)én the reglon 203 having a

t he ocess Ferforne {inth
dlffereptpenqglaglpgl o fhe élelﬁqilgq@OP%stpe%qﬁ agvﬁ)or %081) gvll}ﬁlst e %qpiﬂg} spgg}%f 1sduse 1n the
procesgéﬁ| 80é QIQIOIOB Qﬁcﬁ&rl xﬁk@ 1afe tifaes ped 6f5did@ito dopunospbdie, whsgi different dopant

I I t f ure 2j, in particular
spec1eafrg P%iﬁ, ses (PQ)S ?P'I;eo;zep s dés&ﬂ)le& %tﬂ Q&p@a%ﬁé 2j, in particul

concen ation I'n region 20
embodnsatshuhege@dn%yﬁqnﬂwelp%é aeg ke Hoed by hthtﬂﬁ’él Oé‘hlbtt?& iPFRSF§E thereby allowing the

emplogxgé?l‘(\@ﬁ wdil hag% HQbrﬁx%ﬁ’ed' R4 RRI@{oh @dipelJ M in rbgme:t dnsboflifme@€ 38& She process

208, oot ot 1O P T A BT FREL by o e
oxidatfou piobesy to s khe ipsrtione §fiaret208ur i ng t he process 208. The
process 208 may represent an ion inplantation on the

b f, f t
As degggdgxﬁtg ireéqr@g)‘{ tﬁ.lg szrﬁfa %?%%Oﬁg %%qgg:ﬁ)g?t%? Sﬁ'ﬂ pécaeéng mve\:l\@lon enable the formation of
the gaRHule@ds %,yerl’ﬁ&jﬁoﬂBGOBelOéE haeilg 8 ealy adjusted @mis;tlfésmnt dafﬁhsym ocking capability
due t% 6%1 e}/egt ct'é)g% %org 6f a %9@1%8{] Bl()éﬁdg Q1M hi'oﬁhnI RRy/oF @gH RNEfferent types of

rrespon process paraneter.s may
dileirip ooty P B S GUERPOAS PRUIOSR, 118 AP GPCo ISR peigectic dopant

specw@ r\lseﬁ s Aﬁﬁ&i@ tl@fbldcﬁﬁé cdputligies aft S layelfpbi@pnst2En md @0Es®mprises nitrogen,
whlche%wal?e C1gcot-;ﬁng ‘ctl? glbb eréast ec 1veep%%t[§§p£y gﬂ%ﬂ&@ongﬁ&gg raAck JnQOn implantation

e species 207a and 207b in
procegsireheghiptypically @ewklwstm@ayc@rléeq Wpllf‘%i’ﬁ‘t3 AtlpBHY vagREcRiogen concentration.

Henced ARG Eascd MG J&nceﬁtﬁ'ﬁoﬂ iﬂéiyt &ﬁﬁ&xdccﬁw&lﬁ‘ﬁme p@tiatr 2054 andtithie vicinity of the
portlori %(5] 8) egfg%?ﬁ{g% %519 79\9 o} roP gl:lft{ls\?&r%l t%ergbyr;@xd&ﬁ% 'thg QegBE 202 with the

rO ri
gate insiidorf layer bévéonf 206 tugun @dwamesm@ dorrite fpreatiprogf %dlraﬂel 2@%‘“8 while the
charaltglst?c% QF?A ?M% ﬁecﬁﬂaﬁlyg:@tte@loﬂe@ sl @t | toChBt \lnal)d? Bonpiimise the electron

mobiy leirag HERE Y SR TR BB B e Ay oaeh o ebhRlth ifte viinty
of thePdyasRrtioh 20sh.eit ehould fuzthere mpwetseﬂlattﬂhembqyipw@ despribad ghfove for forming the
oxygen nmay be reduced or prevented to enhance the
di el ectric dopant uniformty prior to the actua
oxi dation. Consequently, inplantation-induced damage
in the regions 202 and 203 1fay substantially be
re-crystallized while sinultaneously the dielectric
dopant uniformty is enhanced. In still other
enbodlnents homever the controlled t her nal OX|dat|on

o .__..L_.

e NN N o I
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including the portions 205a fornmed on the regi on 202
and the portion 205b fornmed on the region 203 having a
waledobarsget concentrati on of the dielectric dopeer/UuS2006/014628
speci es 207a or 207b, when the sane dopant species is
portiens @pbaj and £9Re 1y de disbly d 2OBeeaviaion g faametion of pawyplomaitery transistor pairs to
signifidahtfy@h@Rle /RN PdrfolthaBécat teldevid QD@ Nty oBRESHHLBSmeM) 88 portions 205a and

di fferent dopant .species ar rocesse
205 it 5 P RGBTE 6" TSR0 TRP PRUPB AL pon lovers o
differgqt charagtepsics. iMartoner, tndbodtdewribed procéseseganes irp st ratrictedto the formation of
two dl@ey&f po%Qés i@y Z@ﬁ lfu@ﬁlm r&)xatéﬂ b&'i}%‘:i[ﬁlng ﬁfx(theq %&1{9@ steps to generate three or

rocess, .thereb | 1 owi ng
mOre, P P%W&Y}%dl%w I AR BEPPisgoiie extromely
fast soit¢hing tiewdogi neehninsyenaicteardutddeoproemsf 2iG8sen il Hheiapate insulation layer
portu;ng @("fﬁpq}%@ to the ?I?poc% d{:%mntgn 'irﬂﬁg Gfﬁaeglll sudh GRERn Mrrespondmg
em cC a a

er orne oXiI t1on process
senu@toaduﬁterr Tt eaish GRG0 A GBI RIoBR B eep s axe shown
for is@hd@rif Fip@ret Qa-Bjl GhileLsh 28nal Ktep,tah&pﬂﬂﬂ?ﬁﬁl diBRotris defﬁanﬁ $dBcentration may be
intI'O(er e%sxﬁ attheLe s\éﬁnﬂgndgcrgorerg "ilot%ls eTflegqej'gcf g2 %%)E) ?cﬁ 119roducm§ d?;?ectnf ri ypants into the

tion layer 1 ons
portualel jorbtasd Z%GH@ thernearc@rftmgb’ Yot redspigned 5p 6¢ r@kqwgtomp%rapm {e third step of

introdlidi@e HRledrid Héfpfnﬁ{ ERdr BARE ARA &t difdlend blodkindl JahdBBti@N this procedure may be

ree%%dmammr die c%gkcmgogqnt and/ or due to different
P &S 0t di el EeTF I ﬁopants i ncorporated in the

regi ons 205a and 205b. In particular enbodi nents, the
On thH Bds8 Q)tfrtlllecsug%@rﬁ%%ﬁﬁ‘é 85 IMSLHorfiRk 285k MItioBg whith Qhe dlfferent blocking

ca ab|I|t es . of the tions 205
Capa‘g‘ﬁ’i%hﬁg‘ﬁ’ﬂi‘? PSEEHE ? hygerice Rhi r“‘&he%’t%}t‘“%‘{‘fnﬁ'&egﬂf’%? aff’%vantma‘ techniques.
That isnitapsitidyelemesyreaytbe fem@ion tidanshelisgics P2tand 2B thaGug qrip@vally designed
gate @gﬁg{uglrla}@g 2hR0d Sl ant ati on process, wherein typically

a maski'ng step may be used to prOV|de a locally
varying nitrogen concentration. Hence, an increased
Fig. 20 bdhénpgjexlly €W tha idvizt R@rin ﬁT’ﬁJytheb edvpﬁoed/ﬁldﬁﬂct\miildghiagb. tAhfst transistor element

210 r?agrr tIeI fglﬁleg 91 0 qlre c;nhﬁﬂ {n[a]}l Ee reé%r'nt a!: p @ha?n%[) Iringgmzl%g%g P-doped, for

ennhance t n
instange perepsdopts, drﬁln/éwsyegroeﬁ%é rap%ggaﬁer@mif@g |S*§}<ftu9c?21 Wicmn& fiie gate insulation
layer Q&‘Iaﬁwhdi’é&ru htaltdstOdfgnifiayte f)orﬂ@ﬁ tof 08 gaQ slacnlaueghlluytmadaaa IBI: agﬁa) W&h the same
f.ornmation

e
maten ziasrt%ec aelrr;/smsnice reglons 2?% wherem u ue d %gﬁlsm p%lct%{m %a e nllsrllatlon layer 205a

is Suple@SSFChl Sinaifaly therfedeeeP cctrrmnm@ S%M@Pvlswome@;tﬁ@emch@ay be an N-channel
transiGtb1CKak i mea'\m’>b Ni-do&éﬂ doﬂcé/{i}ﬁn rr%ﬂ)h@ P22280d 4 Eh@et eléPBYde structure 221, significant

poric GRS ARG AT \FIPPTY DY B CHETF Ay EPgGH e et aver 20

of the @& eledtrbdesdtroerbrel 2214 rﬂtehséqctrdmemdwpy edthiatacdiarinblabgi¢nh203c is substantially not

affec fxié %ﬂtzﬁeng%ﬁtﬁ E‘és @go ﬁm@ Qs ‘fﬁm&PJlochQé %Mn&':hﬁ’ g, Lt% Miation layer 205a,
a and antagpous or the

hi gh
osis gt P FP“&S?““?,‘Bh‘ﬁ‘PSéSr‘Pé ﬁ‘F‘&?"g‘r Y%Oraaﬂ*ewg tagieupdpy Shegmstors 210 and 220 may
represhtgiiphfyi ad@ntel yrawiRioadwest Ha@nOy gtaledgtiorn £ mmmag@tmfy df Approximately 50

nm arfél%%n%&%% ZIQcQVeer I’h &BIH(? be & ?E@&Qédqﬁ:ap h% cgﬁs thfl eﬂrc%gxﬁ ]y%g?gn may readily be

resent non-nei orln as o
applied f-leanfister elﬁin@ltsr@‘gpwong\%ﬁa@#nﬁﬁhy require gat e insul ation
| ayers of different characteristics. Moreover, the
The traxtljslsil F]elgr?e% S 25 ang %Ebt‘ %S %orxae %’Igcgé 3 cea vI;n v?egl%:gt lgfgla.e[l Ipl%t&eéqg%mcludmg the
deposiign auﬁmytteb@lgroétbe aatteefz!iecbgde Birictursel 211 anfgm dw plepstaiyished nhgtohthography, etch

and sﬁﬁ:& @cﬁmﬁtﬁ? gégllﬂﬁt{uEJ if c&ﬁﬁhﬁﬁorp@ltﬂ'@ﬁﬁstlka@MQ&pl%lﬁﬁ SRSnAVIAS. Moreover,
feren OCKI n

2 bilitjes

other TS B RSSET B PGB PP PR U\ PR Pl tansistor
archit¢dtune seqnisiye thefodnation d\mematrgrai it thel tegions 202 acl®n2¢3a Mopmovepfthe regions 202

nitrogen within their gate insulation | ayer portions

conpared to the still reduced concentration in the

portion 205b. In such a situation the correspondi ng

sem conduct or regi on may bailnmasked during two

precedi ng dielectric dopant introduction steps, as are

shown for instance in Figures 2a-2j, while, in a fina

step, an approprlate dlelectrlc dopant concentratlon



10

15

20

repeated in accordance wi th device requirenents. On
the basis of the substrate 200 having the | ayer
WQ@ouobi1e8787 205a and 205b with the different bl oRPKI/N§2006/014628
capabilities, the further processing of the device 200
and 2% ynajp eepeemnt semireatiucinr fefiens vé ic saref materrml byitdiféeriag crystalline orientations. It

shoul& m&lbg l&ﬁﬁ‘ecm—tga %at aﬁhouéhrtﬁ@&'V@E &do i€ klﬁﬂﬁ{éﬁ 2s gﬁl}ﬁ( @cg/lcta Oiﬁﬁﬁgd insulating
on the regions ZO%g%ﬁg 203 havi ng

lyer g g fire Phie i T 2 JUPEYHD ﬁlbft%yé}y coplgisd jplged ransisor
struct®d@b6b. Fig. 2 1 schematically shows the device 200 in a
further advanced manufacturing stage. A first
tranS|stor el ement 210 may be fornmed in and on th
As a el Bprosgs inyprfionpry vides it %*%@élfﬁd teghnique g g prmption ﬁ%ﬁpg%lféfﬁﬂy designed gate
insuldiay i a9, Rn AR Oparticalirlyl e lb&ﬁlﬁ@ bpitified 0t despddt & Bdr&Openeieation of an
undeJyﬁ%l sglgéon&}c%ﬁ ?e%g)n %wg %ldl 1dFA1 @Bk IQ"ot &%g%ggiﬁvﬁa}l;istor reqélirements Thus,

e gate i nsul ati on ayer ereln
the blpgkingtcangifjieis Pf R-aspnchitsifterh mapbe qubimocgdy @rowiding e iereased concentration of,
for inSthrice) Gﬁtﬂdé@ Y rddgeciile Rl invldtion Ia?& VA pél‘ﬂ)hﬁdnb@degra&an&m the N-channel

trans1sgor I?ag sébo%“ nt{aﬁ¥ eag/P]IQ? n glat atcorresP1 1|n% {;alflen atlon llgyeéﬁ é;éecxﬁcally designed for

On T ayer
high glggtion e@ééltx _Bprma,l the Ireyabllttsh end]thyesioll @it eﬁﬁm%@snnal transistor may be
enhard &C QR nbeARtiksSdidbonShdBIBYE the RQharibl infdist¥PMayR kébRat a high level.

N- channel transistor having heavily N doped

source/drain regions 222 and a gate el ectrode
The witticulet emtedi@@dty dselged hhogante ihoiritivosly.ofs thiiiybntiam enap|bg gnodified and

practlgéagﬁ qlfﬂ&ehpb@@qd\baggpﬂa‘}&crs %@reﬁtclo ttﬂ&?e §kﬁf\c&: Iltf tnE %hlh){vmg the benefit of the
desj gned_gate insul ation Tayer 5b of the

teachiggs lif‘f‘iubdgo STRERIE: (fhoeprooss stepf éet é?r@‘cibPY?nm%'Eﬁ P‘irff”S?leW“f fj ifferent order.
Furth&maia aoniérhitati@ iarint2ISC toi the dtalls bfatohdtradtioy onddsigmhdréit sl@dn byther than as
desc lin 1n E}%C&}éh%s%@g%t lsft 1“&&0&%%1@%? thatt tﬁ’e ﬁaptﬁlélgrl Jg{b?‘?ﬁ% dlsclosed above may be
altereé@sanodlégd F@f plh guck gagatipns 4t éoné‘g‘ﬁ?ﬂe Fithity gl sopreatdi Sg% pf the invention.
Acco@ing R prdti2QorasSught i@y it 43 sétif@iiethd daimshe@wt r ansi stors 210

and 220 may represent highly advanced transi stor

devi ces having a gate length 2111, 2211, respectively

of approximately 50 run and even | ess. However, it

shoul d be appreciated that the principles of the

present invention may readily be applied to transistor

el ements having a | onger gate |l ength. The transistor

el enents 210 and 220 may be formed in accordance with

wel | - establ i shed processes including the deposition

and patterning of the gate electrode structures 211

and 221 by wel | -established photolithography, etch and

spacer formation techniques in conbination with

sophi sticated inplantati on and anneal cycles.

Mor eover, other transistor architectures nmay be used,

such as transistors having rai sed source/drain regions

and/or transistor architectures requiring the

formation of internal strain in the regions 202 and/or

203. Moreover, the regi ons 202and 203 nay represent

sem conduct or regions of the sane nmaterial but

differing crystalline orientations. It should further

be appreciated that, although the device 200 is

illustrated as a bul k device, a buried insulating

| ayer may be fornmed within the regions 202 and 203 to

provi de substantially conpleted isolated transi stor

structures. As a result, the present invention

provi des an enhanced technique for the formation of

specifically designed gate insulation |ayers, in which

particularly the blocking capabilities with respect to

boron penetration of an underlying sem conductor

region may individually be adapted to neet specific

transi stor requirenents. Thas, the bl ocking

capabilities of P-channel transistors nay be enhanced

by providing an increased concentration of, for

|nstance nltrogen |n the respectlve gate i nsul ati on
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hi gh el ectron nobility. Hence, the reliability and
threshold stability of the P-channel transistor may be
wendvancsgd; whil e neverthel ess el ectron nobilitpCDUS100€014628
N-channel transistor nmay be kept at a high Ievel. The
particul ar enbodi ments di sCLABMS above are
wHAT st Afepie only, as the invention may be nodified
and practiced in different but equival ent manners
apparent to those skilled in the art having the
1. bendafdlod,gbmprisiagt eachi ngs herein. For exanple, the
pr @ﬁﬁﬁ@ a%!itg ARuAth lany‘rZQ)g] ot ﬁPéPse dgaorr'} 1(§nqog§£jd d Bedhd semiconductor
different order. Furthernore, Timtations are
regiop HBeted to the details of constructlon or design
h e seddctivelredingting @ dbpatit bloblamy cambilleof sdidognet ihsilafidhdayel 205 R®Bas to be different

ina Er@tl r%g%on I2E)SA St dﬁfu@%‘i e&&( ongl\c{%:g %};t coh%gendfn? % & igrLtCs%ggnPuctor region 202

ment s osed e nmay ere
relatlgpnta a g¢opndqgrtien ¢B; A paidente inplatiqndayes 98 cerepsronding ta saighgscond semiconductor
regiosgmpe and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains
bel ow. CLAI M5 WHAT IS CLAIMED: 1. A nethod, conpri sing:
2. Thy ,nmhﬁ@ o%cl:g@tle wihereip [sekactivsly qd@y@g atiwking, capatfility of said gate insulation layer
cmmﬁ@giconductor regi on 202 and a second sem conduct or
region 20 and sel.ec
or DR S e ymgr = EetpeGited ekl SRS R g ap opign 205 ana
soingrgdutiog b eccetidfchuspmmation; onﬁ a aecxﬁndrssetclep off 4 didevtrR Q6 panifito tskié second portion
205BJ@1dGird: BRIULBAD fRRiohsAlEKingiR 2t 16X ohESTREHICH b bR Hiel of dleﬁe%{rlc dopants.
sem conduct or region 202 relative to a second portion
205B of said gate insulation |ayer 205 correspondi ng
3. Tthe ngthpdofSB0 2 dvheeinistid AaUpéotss 1srselgdti®¢1y D63uced.intd kv firgrtphution 205A and
said sgéonﬂp@alénslmmwg,ﬁ; fa{rgau&@ ki Yifad dha @éwfaz, LiBik 285 DLegki ng
capability of said gate I nsulation [ayer conprlses
introducing a first concentration of a first species
4, Tok nathed & obhirh B @hed@pa&ttivblnﬁmo&aing sdid Fist sppedsichbprisdObiing a mask 233
above sqgi C%a{g 1&591%%%'1%9% %r | C SCII(I) gs%%q}trst ?%Alcéng%ogg Sarédcg’o%g %E gaid second portion
205Bport|on 205B, sald first and second portions differing
in at | east one of concentration and speci es of
r|c 0 of .c
5. g P o yfim O AT o o TR erond s o micosen.
first portlon 205A and sai d second species is comonly
6. Th@ﬁnﬁtﬁ&jiuﬁ Sl Ny ReretBdafd £ Jﬁgec@me&@Q&ﬂgrlQ%t%Féﬁns_ 205A,
B. 4. The nmethod of claim3, wherein selectively
|ntrodu0|ng said first species conprises formng a
7. Tireskhd3E clamdy ehesan diddisst @edian stihtavticodprioatpantrodigig shidmekid species.
exposing said first portion 205A and covering said
econd portlon 205B. 5. The nethod of claim2, wherein

5. The mptaedsk e BerEidpeepsPesioeis LB Peipfle nfradugipe said first species.
di el ectric dopants is nitrogen. 6. The nethod of claim

T%e \rl\@g{e ﬁt‘ @a,x% &t c%r%n%r? E'lg Pgﬁd&]ﬂ%} éleg\%ﬁ%?lgnﬁ %ﬁ%aulﬁ%glfcmlg and first and
““m§§@@ﬁes IS |ntroduced prior to introducing said second
speC|es 8. The nmet hod of claim 3, mhereln sald second
10. T%Q oeds of cl§1m eor%g;s:ah tr I e%le 1151 ?nrtﬁo ce th glﬂgagt sgg rf[lbslt :;eénlric%lt'g\ductor region
ﬂﬂpp@ﬁ¢@mengﬂaﬂh@aﬂmmmbﬂxﬁﬁnt after i ntroduci ng said
first and second speci es.

11. The method of claim 10, wherein said second species is introduced into said first and second portions 205A,

205B after forming said gate insulation layer 205.

13
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10. The nmethod of claim2, wherein said first species
is introduced into at |least said first sem conductor

WO e@bam7802 prior to form ng said gate insul at PONUBEYE014628
205. 11. The method of claim 10, wherein said second
species is introduced into said first and second

12. Tlp:%ettﬂo@ B?clﬁﬁl%\ witaBaR € Epefigy i 8duSall ifto §ad Brsi 428 Wdoaddl sBfticonductor
The net of claim 10, wherein said

2.
f"“g“’n??ro&s%mg‘ﬁ%éq fé@“?@“?ﬁ‘l‘?‘iﬁsﬁgn%ﬂaye 8 said first and second
sem conductor regions 202, 203 prior to form ng said

13. Tlga%eﬁloh Qisél'ellrﬂgi %exjeiﬁ)fa?({ segfgé speélwos is ihP&IuER ifAO6he Qf th€ firdd 20U dedond portions

wherel n said second species is introduced into one of
2054, P8 @Frrfgff‘“"&ﬁ?jdgaéec‘%lﬂt‘%?yﬁ%ﬁs 205A, 205B after forning
sai d gat e insulation layer 205. 14. The nethod of
14, Tﬁ:e gﬂx?ﬁe\!vlﬂzre%@éagi fker28 sé%@rgl spEddd NEL SRR6Ie8 Int@ ¥R first and second
uce [

rst and second sem conduct or
Semlcqné'g“f%f?gmwﬂ 20pgioptoifasming ﬁ‘?%ﬁﬁ?shl@“%éﬁyﬁf ut e insul ation
| ayer 205. 15 The nethod of claim1, further

15. T%%]%Ql{olfiso Q‘%I . g%llrl:rf%lr anrg rlfsJ %?o&r&%%g ?1{)5?% gecésl%?%ﬁ fsﬁcgu%o}lll‘ 'ofa first transistor

210 atpepriaisolirelserniemdyceny iregion 202200 fefming PripaeR gptessdectsed sigigtuge 221 of a second
transis®r 051 o Od Gaid deb a8 bdali®ndiddr iefion0s.€cond transi stor 220

above said second sem conductor region 203. 16. A

sem conduct or device, conprising: a first transistor
16. Aiseraibandicing d216) comfrismgt gate el ectrode structure 211

Wt ot @artsis(oﬁﬁml&lﬁlg@l@ pﬁls‘tlg@t% b1dkroli Ay Bdure D12 Avith @ FiFfeghtedidaM@Ondayer 205A
first sem conductor 202; and a second

formeg gboyess @fté"r’“‘%’éﬂ‘cf"h'ﬁ‘ﬁfb%%g second gate el ectrode
Std sedndl rrensR@A42204 itdndimg 8 eccgmdcbagadeetrqdn stoicttei 28h viith g egcopigRR insulation

layer %Ogﬁ quwaalg&)ég s&orﬁ%&ﬁ%d&%ﬂe&@ﬂ‘%m or reg ion 203, said

gate insul ation | ayer 205A havin i rst

oI FRST SiF BTBE G O3 ABTE P popat Ulpofakps GraRPa s fom
a secoS@EPR ditfayatlocklg daptbiligrof Bldsedondigptedasplatiinllayen2088. sai d

second gate insulation layer 205B. 17. The

sem conduct or device of claim1l6, wherein said firs
17. Thewgmisendoeiel dpyicervs Flsltndﬁswhe’é’ﬁlrsélé &t a"& S??S?ﬁff BHEHL rﬁPrﬁ“‘ent a °°mplementary

transididr @R8I st or pair.
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