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W' O 2006/ 118787 PC1/US20061014628 A SEM CONDUCTOR
DEVI CE HAVI NG A GATE DI ELECTRI C OF DI FFERENT BLCIZKI NG

ERLSTI CS  BACKGROUND OF THE | NVENTI ON 5
TECHNI%AL | ELD General |y, the present |nventT%MUSﬂmWM4“8
rel at es t o atdsgntowd @i FabcE EAVINGA TR TE DEILEQTRIAY €S
i ncl udi ng i nt egyrahiAGreht SEbERING @GhaCTRRGTICS
particularly, to the formation of an ultra-thin
di el ectric layer, such as a gathdleIectrlc | ayer for

T .

field effect trangs CRMUND ART

lPresaEEEQLJﬂun;g§tructﬂres are |nfeg;ated into a w de
GéﬂJr:iH?ti% pg‘;s;enpﬁa@gﬂg l}efhtes Qﬂl% fﬁé @f@dn@atlhg]m{cgéh%ct&&%gﬁglkg xhéglated circuits,

b B B Gl o 580 Rofe Tt ot e g s for s

eﬁﬂ%W@%%?%gly used in many types of devices, thereby

al | owi ng superior control and operation of t hose

2deV|gg@KGﬁggNﬁgRTecononlc reasons, manufacturers of
tructure such as integ rat ed circuits, are

ST BHEUE B PREVE AT g T8eE eTRRR, PisHge iy s resect i e

prRipfsHrhce ol crpfiede. drd onies reatictyure sosviind Fighanpdeyanpewe increasingly

nge e madyi 1gids SNPaaE, lrlﬁgbpniohhgesuﬂalﬁﬂ(@hm azl-doc»&mﬁ of A8 3&ices. Due to

e&)gi&ﬁpl@h&ls %glﬁ‘gc{u%}s QI‘ rglxcros(?rhituge@ stich afse 9%&1'&{5% circu r}:/ Lon onIeIc? %ﬁh the task of

edyl ce Eer or mance erran on 1 n
SRR VIR RSP B e st R Mt Veréifw‘f FFéer‘i“ﬁ‘i @PfeaREey the market.
Hejvgven fhpse Ig@porq;mcpopstr@ﬁq Pt areagquird mpsyving rhe e performance but also demand a

ré@RdibCRNGY e fbvide nxd)kbsilﬁcllonalﬁﬁ Qiolhen Qte&ﬁtgﬁéﬁcﬁt ﬁ‘f @mtb&lpnﬂea n&‘ﬂ@s in the
sdnBeoh BM G gusw %ngoﬁ[%éfﬁ%ﬂs are !en%genfsa GPIO reduc ah uE, %ur%smesn?gature eIen%ents

present - tec ogl es, e critica

t hese elenents approach 0.05 mand even less. In
Ippreseidiynghologied it oo MBMRbsibn f thtshicBmetsthProd 0.00BGN blaULI, less. In
p@hu@ﬁggmééﬁxi eﬁ]&mm ﬂ]ﬂ ni@:r of E%Mﬁcs al@@%& Ilré'lll}'l (Xlneﬁgslxc% Hﬂ&iar)” a%ﬂug from the

F 1 on eat ure. si Zes, €SS, engl neers

<pik T G RER BB 1 501 Wl ‘BB APl i o s
onfn@pdsdineimatetizh sy, srhergrpetamn chmaderdigsionge diddoelr lagt, sicmas@prittivity and/or
re¥iBEEdgiinC @brkabaRicCIBEIAE, RENS ok Gfpuitfes £ Qe k& hRE ol e Gmproved, without

salzfﬁ%ﬁg the SHAGL pﬁo%er}?&!;fﬂﬂe%der‘{jlm éat@mrlig{m%r resistance against
charge carrier tunneling, ocking of inpurities and
the like, have to be inproved, wi thout 25 sacrificing _
Oleehielpghysakmle ipriggpesptct @stheoforntative af nbtetiiy parginmatogridyak of field effect
trdn8Y®Y, sucbNRE MOIPQESRAL B% QRPp la@lcdiutt dehd Panti&o? R&CH &kﬁxcgnh €mnpact on the

pe}f‘o‘i F;gg l)iotpeﬁ.’ans;étgrﬁ %gmtcp Im@on townl Iﬁ, ulél1]na | OQe lfaayfsll;l effec transistor, that is

fﬁdr’ﬁ’ég fatretyst é|°%’@twflrec°h@fwf &attfi"&ﬁ g 331106’19“ a?s*e’é_‘c%ij"g‘ﬂli Jﬁaz@almapvlymg a
copimpbadttge o1 ghth eectrple fdngyd pBNSE 1Bflatioh Byd, BOS S EsGlfe.redASiod & the thickness
of @Q@HDEL&MIMWO mkiQEth Gk Haguntzchﬁpa%h?e%o&fmgefmtn' i ggt glgcftx@(ﬁtto the channel

xcglcgn g%eﬁy, nost ﬁ t]l Lléll.ly soﬁus 1(::3?51.j int n%att% mrcuzts %ﬁ} aggﬂu bxf}cmgry chips and the like,

areslézﬁ:]d E’b‘*‘l"]’d‘ﬁ’e%‘l@) fherpf@r@ Fibpgn @vc;dabaﬁ P‘S?feﬁq]dy }aaen wesiee hoateyigl fqrgg @atg ipsulation
layar yatogheeteltiawo el shpriareltraairisars gabesilicthSdidxAbAiIR thiefted. ,For a channel
ler@!h%ﬁ) 1hE @ﬂ&'of ﬁ)snn; erﬂ@ 1e£s%u%ﬂ @pthﬂhﬁnests Iapth; Q&e%&%ﬂﬁi%x‘?layepﬁas 'ich:% veduced lo

w3} SertT s ot o] M’éa Sl FRey SR e . seediy
de@rﬁamqtéq th]c]p)esgpéﬂge sifogy Flevyidel| gyte ingdation pfer, thivee vy Igaizﬂ; {p an increased leakage
e Sirdugla tredoy rastieglinintacth hidlindiSise Fuah peSer %&u&ptwn as the leakage

oA er S B8Rt LG celifion of A8 ABSEA, ON 11T con, and

therefore silicon dioxi has pr era%ly been used as
the material for the gate insulation 35 |layer due to
the wel |l -known and superior characteristics of the
silicon dioxide/silicon interface. For a channe

l ength on the order of 50 tun and | ess, however, the
t hi ckness of the gate insulation |ayer has to be
reduced to about 1.5 rimor less in order to maintain
the required controllability of the transistor
operation. Steadily decreasing the thickness of the
silicon dioxide gate insulation |ayer, however, |eads
to an increased | eakage
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current therethrough, thereby resulting in an
unacceptabl e increase of static power consunption as

t 40 current exponentially increases for a

I Fﬁ%gﬁﬁr e%uctl on of the layer thickness. WO 2U(J6/53006/014628

2006/ 118787 PCT/ uS2006/ 014628 Therefore, great efforts

%&if@c[ %ﬁeﬁ?%ﬁg%segﬁ {%gntpab%gstm%dertg)pre Ceg 3%{9:'? %}1%%%&?{;:? ZI(Ingmcbc);/dnbmng a
6151}] rl‘f:‘la]}ﬂf ﬁ%}i'ef V“E‘B“”t"‘rﬁ&t‘haha ek fhesdf meh by rerfikabiniighoethan the thickness of a
FevReiaD bijjicoh dighier laydn arvvitinge it Rinek@a@&sve Qbupfng. A thickness for obtaining a

Gotifi e&&?ﬁd}d’b B&hpHie | #i€ @lEb i 1@1"&*&@@0 Lsat‘){fﬁgﬂn@ &Walglt B’gokﬁegqu§ AN mines the
| el o for a silicon dioxi 0 o
GORAS L Y RO SshOp FRESOR G5 B bt P 't G

cified capacrtive
g °“%5’§B£€P ¥ gterialsdng R‘)‘a?oé‘f‘?f“fJfaF]in@kfﬂ@s Brog dhdgiedreimnirials, thdygovision of a

tbti-le kveiglss b lgatt inpvbtidndlaoesen® quihave d sifriianBintdedct 60Me @h@?@ngﬁhty in the

l:zﬂgt@ﬁg chabinet %ﬁﬁi t%@ay r&gm\{ﬁ{educ}h? k. clalrnellcrgorl{sil L{nh (ill'wl.:s the c?nve current

Lapa("oﬁ)i[yp 8&1@ thourgg an nngrovemtaat of%?tétllc%%ﬁtprtcm@%;ucs fnﬁ)ébe obtamed by providing

I nt egr at tron
DYy eigrrtest aéﬂw PG Kok anrppcespiplad degrglatn gizibealyian® bblatior @resently makes
hiayreroack Beten degirablave a significant influence on the

carrier mobility in the under | yi ng channel region,
nmobi lity and

thb b rkab YT |n the carrier

38 %’8"’*‘ Five CirPe ‘f""e 6 Y€ SpRinment el inqeripdsiticen| dprideaghincluding a
%‘Ffmi %P%ﬁ?@ﬁ%fn 1Bft nphedit St ke kakanSirghtoly 0.5 to 2 orders of magnitude while
1eAiveinag b@iphtibllinOsith AR €M hdbdaaebniyhed litQMsl bdénf%&nd B 1B keGkotion of the

gﬁﬂe @Elxage c%ﬁﬁéu@ de;ig]e‘%s UI)(!E%‘HC e‘g]on(r;.rgtra?on mco ora(i m 0 tﬁ%ﬁgg%n dioxide layer

n'gans gfa‘i t %nam el
6) aﬁr%aan %IS é&ltP ghth:a @)g{oiicg Beas to ;@lad |thf: fs‘@p efﬁate diclectric leakage for
ﬁ%?ﬁﬁ?s@h@ﬁu"t pragratios tgugppieavh bopmf Mo @bl &r kB eypkoY ARIBdtrc thickness
s@fmg&aﬂquirddtfagcfeﬁteeﬁneﬁdubds GOMhe QX%hiel @nsdl@:&?fayc} Aeludi 'u@lg bé?ow él-ﬁm owing to
rE60e§ AL QRN e o e i .
e i Q&) 9 ablﬂggr@%ggcﬂcfdhl E!ion ()é ili P/ x\%élmnfl g&)é t%ﬁl | e

| eakage current ers o
mai nt ai ni ng conpatlblllty with standard CMOS process

As eBia prlaiosl withirelrase th Bigwtesflowna db, tHa atrodeh @it Gitdn QRxiQS layer may also
strit@o re@ad ﬁ)rdsl@ﬁklﬁ?flg@ Wl rcﬁaﬂrtel Hgénzyrf gtcga%?&qgsto%pdgpto ﬂrrth%;h diffusivity of
bg}!n; j;vﬁ%%r %ch%qﬁg,d m¥c~ 1e chann ?wﬁ? b BSG @ ishxft ?f Itha glfa@IBH voltage of the P-channel

di OxI
CREi IR ‘t°FFPf§mlé’ﬁ%)l?e6"%f@Pf‘C%@éﬁkdbﬂlw of b campl¢idigesiaes veuiof
gate dielectric | eakage for the present CIrCUIt

Fgen @dhéﬁah@ﬂy shE\trh' a&rt@psggu%pﬁewscﬁ G @’51"’1(;09 %g g%’lcﬁﬁ)d(} tom muﬁﬁi substrate 101,

ve di tric
suclygsuahbr%l-el\ d&? Bc' ﬁ'—ate or o Sgk gﬁ s o8 d@ulﬁ%{i/ fuhsgatﬁa asgr%yéypmaily ¢ used for the
OP’i*i‘g‘Ei‘IOé"(OF‘BIFf‘ ‘P‘agy“éﬁd off qﬁitse%ﬁ@sgsP%FOIragmmawd e filen A fiBVeRigonth@tor region
12 ediucedndRegianne! regisnal0s irs fofied e bodyd Juﬂastréfe l@p Q’r(d%ay be separated by an

1sﬂéﬁgfu&%rcei 08, C&L]ﬁcg 'ﬁlg%dﬁdgcy in Itlfg f(!}lﬁ'l%p ?P «?_: isofa 1011 oreovglha ngtfbmsulatlon

reference

Ea)EehJOIS 9 nPeéJ og I;]he \ﬂs* ﬁ]ﬁ'l f,?cctnp] \éemng)qd}méoa Hagxarrs 69&, qutlwéxpknpmy aggprdgpee with
degl@rrgﬂéu%nt:? eldhe eae ipwlatm lotirflPUsiydn cimptied 6o Mkmelith a thickness of 2
o a@ gle0lass Of kifcdhpmnnaled hegnaicsduay S due to the high

diffusivity of 25 boron, which may, once diffused
Thinto %e charnel region, cause a shift of the

F SPRORYTY doutet Jé)& és gfowvp Ff‘eF‘F’”?: Frafpebe fomed fisicardoroe with the following
Proctiest- ebler tofprain &f trgroparifoaiarne By wiNdstibedhiaabibitlora i, trench etch,

deffobion GRIFUR-Rioh RIBGHA! aﬁ@nﬁdl @&Hﬁt?zrof i Qs bd éeatgéc hereki ﬁratl anX second
serﬁggcylyt?tora?eomng ?(ﬁ §O%Cats lsorQ a1red %rea%%aiced Mgg gg};sglgrn uq%{ﬂ(grk I”c()jr convemence a

conprising a SUbstTat
silicon substrate or an SO (silicon on insulator)
substrate as may typically be used for the 30
formation of conplex integrated circuits, such as
CPUs, storage chips, and the like. A first
sem conductor region 102 and a second sem conduct or
region 103 are fornmed in or on the substrate 101 and
may be separated by an isolation structure 104, which
may be provided in the formof a trench isolation.
Moreover, a gate insulation layer 105 is forned on
the first and second sem conductor regions 102, 103
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processes. After the formation of the trench isolation
104 by wel | -established photolithography, trench etch,

eposition and planarization techniques, a vertica
dSﬁ%HW“ FBfile may be created within the fir SICTAR06H14628

c&ﬁ:@‘;ﬁﬁlﬂtg 4@11051%91];1&91%@@ LAkl 'F@El@ lal QRorcaftd? %e§§e sheSlation layer 105 may be

trans cture

éz a weelrI] es?a%hsg% %mv'{g xz%/ps IpTieés?g )Fiﬁ?ngfé%%ﬁéf &f}f}gﬁgla{ly obtain the
‘%%t‘?é@‘ﬁ% ﬁ\Bi‘tﬁbe sgraipopdugtar devis ptey prrsdipiqeiedtoie gittuion mpremndfcpied as 106,
dfring whieh theasnrfafdre tie adid Beulatich hnger geticexbR&UD Abilra@en- cloﬁfyleﬂ‘g pk&m ambient to
Iﬂaﬁ(orepeeﬁ ccttagtramgt chttr@gelv\ﬁgo ltlte %ﬁ&@-@ib}!t&%?ﬂe éat&%{smtm 19)}& ﬁngt J%sq:ﬁ]ewously
oREPEE R Bl By PR D SR TR A e i o
”’déﬁ)ﬁ%‘é‘uef%her?ﬁfyﬂ“@émémy el gtk ipylagpen rlﬁytrﬂ%l aradgvpnpyitesa gahin the gate
insybrC Bee d0sasay 106 affecd i€ Idiﬁgsxovﬂ‘blloel&tgt dagbisytrof &€ @atofnalidign layer 105, in

pgl@ctaﬁr ih ﬂw&%&'o@@fﬁlsﬁy %cl-lgér alué fr@ﬁg Q%eﬁcegectr&le Sructure tooblc; i;:rmed on the gate

msala1 fex ]Ogo se nuﬂ nF C ste T %n 01 fticl nCeOI“IB

LTI R SRR T F&@% PP ’teﬁ’é SR G ts*s(ted%vef&fmmg
thgch@ssgét{t@aie rrsyitiag JreniOf. &y eptantQF:l blew Hrretiisgepshajply difficuit to provide the
regfii S WS Ge conehtratlehtlint it fiddtan@TP WikineOhe RirgeO@ER: Mol iumtichNGrer 105,
TﬁchlalllyCerzel%lmOMOQQ Mro&eﬁ%@ ]sg h)%rlgC%PJSrgfré m?or argay Q)P %lel ijﬂ'% and second

uence overa ermttivit
Sﬁﬂtf@ndg%tf i epmath af 10 aafy‘@t‘edm B VP R AR et e 102 10
angi thehdverlying gatgintuBtion) lpysulOat Eoveviranjieren 1 @Binrtepychahd cegiaf patN-channel
teknki @or @ledhdniifdy Gdaudd 1h0 Q&J&r&@mﬁﬁ@ ak dhiks teyuc@ﬁae tohen Qﬂ& &pability of the transistor,

thlarg'fﬁyuallsg ém%ponl\}\%ﬁ %fé] (!]VQIQI pcrfnrmaggl }{hg lélemtcrondugorvcfetﬁce ]95 Plgnsequently, the

fusion
PR PR DR SEPIG et B tﬂf'eof@aet"@eﬂtiecmts*mb&fn daﬁafta%w @pd boron
diff@bn jblackaa bepigine At tharBrhafnelctaosision g Tas.eqplana deape maltilito mdptherefore,
trdabi@or G@MinGRe m¥Ytk Boididd@at BY 6%t ERGE RBShALH rel DG kDEIS vOfa. t he

gate insulation | ayer 105, for instance well below 2
rim is increasingly difficult to provide the

F’%"é“q]tﬁls‘ih@’éf“ﬁi]t oGt sednedine davicr S e susbmapieduang spee. A st
trap gty il 1edoridiiein 4nii b e sdroddiieor Gabe 102 RELHAtstONP-Liayerads@r, while a
sedd@b&dide Yo R ff i R @m&t&tﬂ s@,&caahttctopgsal f@Xna@Le?szeHean N-channel

r rat I nto ar
1rans1s? Bu a\%lct%%r?n m]g]antaét pr(jf:@&é ngihcatedlﬁéglt ngtsec%qgl érarrsgtg el]eglant IF]G may be
P’?tﬁéd w Ceshpetiye restt ”E?ﬂk PRt rapestitsatemisionretitng syed g 099K cle@Rde 111 and
drdi0ad ddbre@Rgonk R cOME: ktyriz:ﬁtgmgm, @cdiva 3 Udrat dofehuhidy Blaccd@ince with device
aRver coripbilRPRBWM LB B atgtts oG1aRNs! arl eI sgtrcea,@ fons 122 of the

nne transi st reduce the e
Rt enela S0l o eLEente ey eluce e et ion.
exiybits ta [yiguiticprly ddweit diffusivitytchranashp bades oDwionPrioningifagurinfgocesses, such as
anPWREBkdps PeEfaE MRGenef dbhe, BeRuEREURIak: gdte\élie@tﬁde]l@pinto the first
se&@ﬂ%@#@gﬁuﬁ 192 mag' Eeeredugyd Eo dgg?t:'t: 'asqp%t\%n \gyctﬁa a%‘&ot;lflp0§fl gtcn incorporated into the

ntr
i ﬁt‘?‘tltf""o‘%?“&a‘étﬁ"ﬁ?t“s Ger fﬁb% o PGS BPBORE HB On the other
haglathaibyirdaged yitretn dplyent Pbgivzgneinsutat@legirg 0500 the Stvudtandyrh Htcey during
op@AtB; tohSHror39a kel thahsybtol B&lforn:taﬂ@ &S ©la8educed QiettloR Qﬁ‘&:ﬁt; O onsequently, with

incggsrir{% glrtrgé%{;' gorg%ai%g !*R\@t}n? IH)% gate 1 ulat%gt lag'cr %erfgrﬁance of%le s%:on% transistor 120

vice ers
Is laooqEnelrsiesst | y shows the sentconductor deV|ce 100 in a
further advanced manufacturing stage. A first

In @15\% S §ﬁ19iron dedBuda %GU@QHCECDBX@{Q gr Qt@ch{ues él%teqlagies the flg]nnauon of highly scaled

tra s;stgr dg:vng:% H}grteb%\r,\%omie ng Ior at 16§1é'&d8ﬂt&y ﬂtefg‘%g |°{<ﬂ:“6?r mpss grofla?srx{%&l ﬁiccil]abmrc
and on the second sentconductor region 103 nay
represent an N-channel 25 transistor. During a boron
i npl antation process, indicated as 131, the second
transi stor el ement 120 nmay be protected by a
respective resist mask 130, while respective
transi stor regions, such as a gate electrode 11l and
drain and source regions 112 of the first transistor
110, receive a boron concentration in accordance with
device requirenments. Corresponding regions, such as a
gate el ectrode 121 and drain and source regions 122 of
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sem conductor region 102 may be reduced to a degree as
is given by the anount of nitrogen incorporated into

t& gate insulation |ayer 105 and into portions of

t N 17YE¢7And second seni conduct or regi ons 1FET/UBRY6/014628
On the other hand, the increased nitrogen anount

within the gate |ns&48£b quer 105 in the second
t{an5|stor 120 @y N conpr om se
5oty ingRysepsgsimglifies 6‘P‘ﬁﬁ‘ﬁe§h@%ﬂttﬂmmaﬁw etuw@da Bhieotlergmding of some

et b theyinve@ons Bguentdry js nwi ah lxhaisie bRAGRKIYHEInldr@BEM is not intended to
ceng el a'Itlb@aBHYMﬁE bl 1&%0&9‘0@1&11%&%6@@0&(3 08 1h|e 91 e?nl;onlgsS sole purpose is to |

ond transj st
ﬁgsgnft gﬁag&g& is m a snalgﬁ'e(gp nm| aﬁ VFhé%tod]Fe ntohagetg et.ﬁl cligflquezhthat is discussed later.

Increasingly re
descri bed above, a need exists for a technique that

enatilvels tdwet honhmtiddaedfo a oghhymns 6al@the rfhBhit @84 $4Q%on layers at

(d&\/dmcsﬁ&traut m%‘:&pﬁhﬁﬂ thguhtrhg’fegz{a ecﬁdéuml;nﬁtﬂoc%mgf ca;éaglﬂxebqheregy gU%g one to

T TP e T D28 Pt S A REP P HES in ecrdanc v
HANVIRPEEI9 T rHE™#l | owi ng presents a sinplified sumary
of the invention in order to provide a basic

Thi s

AéEH;J&Jg% &Qﬁhs@%v@émb§&1m§g olj‘ g‘é V% t én\\;& lont ahzr%tho %g?{tgclas?bnhing & gate insulation

lgwg@g¥ls.n% an ex
)’ S(S ﬁemlcf)lf U(ikg TSEIOF aI?drﬂ r@ﬁ%ﬁmtcgaducgr {e@@thqrgpvck,ég}e mythod comprises
s@qacme}y@gpsn@ elorsnit bdpclofe carbility fABdaie Gusulaitn 1hy@r 6l 8d difRat i€ a hédon of the
£8i¢ DPRi G laybn@rrds V@R QO firstl stScca@b6y B POS & i §‘ﬁ)o§1§ n Bf > &SE‘I insulation
e

159 SORGE RS ol ified formas a prelu
ﬁfrec%eta? édséggg?ﬁ%%?%ﬁn?ﬁat is discussed Iater

CGenerally, the present invention is directed to a
Apcerdhva logoghet Hestratienatdbdisent di Ge bedeiTBiivéntd, DEmigahRtor device comprises a first
trhusistbH ;@A al fay @& el%orie?s‘ﬂ'ﬁcﬁmﬁ @rﬂlt §1l§tb%§¥e rif%t]l%ol) Qa?rgt flor(r:)nr(-:]dS hbove a first
en [ sion

se e} or; vfaxf SEIMIC uc or
\Mﬂ: &Dct(ﬁ)ﬁ!g{ p IVI gl lgr a?l] t edm%ﬁ@pz?s&s alseco%aqlsfoir g)alpqi.li; a second

1Tl es,
gaaee Efc@orﬁie étalc%re \Wg l§| sgﬁop e] 1&3}@,1@ Hverr foNed Maverredecond semiconductor region,

wheregribr 54t ensinalaghn Ryg hanme ddpﬁnﬁﬂiﬂlisﬁﬁ Blbckind @pa@ﬁ@@famom a second
dophek Hfustok BORISLOTS RES st:(!of;d L gl%“laq ﬁﬁ%@} s. According to

one illustrative enbodi nen e ‘present invention,

a met hod conpri ses forn1ng a gate |nsulat|on | ayer on

a first sem conddEIRESCRITIZON & 3 DB
Tliglmmfn dlabcbmnddi'@igﬂ (i3 refeMﬂé’e&O\ﬁﬁ rfonctvhg da38 mqakgpﬂ%ﬁjﬁﬁ%n with the
acdoRpd Lol Ity

N S S S S e

portion of the gate insulation |ayer correspondlng to
Figuppe Top b pehpmagieniy J@wﬁm@mctpggwm of doaplénve@tary Ganelstgd @it Wil RAn ultra-thin
ga@Insitdien Igat drirg S tadibak e adc&hﬁ@é’ to 5&5Jeﬁ§9a@ﬁ@%s@ BothGuet he

second sem conductor region, According to another
Iﬁumsy_i gtlve enbodi nent. of the present invention, a

RSO AT B GRY e et Visw §f Bcopplpmmtary 2@nsiviprms vésh @F ultra-thin
sate pedlation Iyt dwify vesdus gabBotelng gégeom@rdl: obadstdiie: dMbbdindts of the present
invhidtitsst gate insulation |ayer formed above a first

sem conduct or region. Mreover, the sem conductor
Wldewce conprises a second tranS|stor i ncluding a

o UHR g e R it yasie modifiertions prd alfisettve Srsepoifd egbrddeents thereof
have beswghenti h]dg;gj/ dyemplt DrirBdwAROMErche R G@fiﬂedﬁzﬁﬁa@ {oralelilet IQrunderstocd
hoxﬁee@,l M) ihe 61 Rret Aol

first dopanfi; di %f U 2(? g};)]ésﬁtgg'%%%@ﬁngmé Q%{ b Tndet%qo Ry X%’e invention {o the

differs froma second dopant dlffu5|on blocklng

capability of the second gate insulation |layer. 25

BRI EF DESCRI PTI ON OF TEE DRAW NGS The i nvention may be
understood by reference to the follow ng description
taken in conjunction with the acconpanying draw ngs,
in which |ike reference nunerals identify |ike

el ements, and in which: 30 Figures la-1b schematically
illustrate cross-sectional views of a conplenentary
transistor pair with an ultra-thin
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gate insulation layer during the manufacturing
according to a conventional process technique; and

\ ﬁé%s %a 21 schematically depict cross-sectiona
818 conpl enentary transistor pair witPGHS2006/054628

HA!’&C(}]QI’ Ilejbrls qisclcgéht gut op ﬁ} cgﬁrér? Hhe 1§l¥n§£n 19 ltjc] COU% aM dIP cafs 100S, equivalents, and

nuf acturl ng St ages acco
ifeh
(B8 rsr%lrrrérl“ar the B! 49¢ W i he lefempfm? eﬁmdehﬂw qureé Ipifp

|nvent|on IS susceptible to various nodifications and
alternative f ormr@pnfﬁme@idmm@ﬁfmﬁtﬁvﬂrﬁ%ﬁof have

ﬁﬁ%n@ QIMIBQ’XS o ymgcmda%)ggrEFJcn er% pel ?1] dr at\é\gest qplarigrt no? 1 features of an

ereJ n describ e un
PrOte VBl menta oy % Flacrisi r‘r“bfﬁeaﬁra‘ﬁ)ér ef vilbpf eperch prgreciated that n the
enBodementss sick anpt enibndiemt @tind s Iniphintntatidbespdciiy @ftsio®MmuibsiOve made to

\%:H@ve il dM@op%QOs@éc&' d §r£§ foudB g‘%%ﬁ%% %t@%&@gﬁlatcpﬁﬁ Hsfﬁ&L f’%[ated constramts,
lggh%Il gaWOﬂ o%e 1malm%zenFauotn 40 aanJ']LEer C]\?oreoveél i e\ﬂ{:l ée ap%{ef&teg gxat such a deve!opment

cover i ons, ‘equlv
%ﬁ"tt SHELYS GEROTa] fnngraren oA w@ ngysitheless baa coutisopdertgdng for those of
¢rifieny shill @nliei20 evias thelighdfing dhislajgclésire appended cl ai ns.
MODE(S) FOR CARRYI NG OQUT THE INVENTION 5 Il lustrative

?hngresent mventho Wil floer g?3fr¥§;1n cregri':‘eleto gg%g{y%;dgfggr&stj e\fléigovl\lls st:rluptures sysiems
AE faigs v rﬁbfﬂehewr dapiftedrin th@r@veres@rﬂumesels 4f prpledplia: only and o as to not obscure
Bp@ehi igatidnonth dbilils Wad dre @l BOKIS BodSKRP P BCLAL I%derﬁah@g the attached

drzﬂuﬂgpﬁe mgg&é@lomgndoe&p]&p}ﬁu§ pe;@r Iég%k me ﬁgsgagl nn%ﬂ The words and
%ggg&(me qﬁlggpn%atgon ecr ¢ decisio

Frade AERE VS TREoLrad BrBsE! @ Ve HBEI censgjts%ﬂweh the ypggstanding of
thege ‘easrmpfi ehrrece bwihesh skifipds ingim relestr b dN@petich (iSiitre oS a tegh artpirkse, e, a
defiith thatid i ferent MRING hrdlMir!y hnd\éiﬂ;fo%arg/ &%ﬂn@ﬁ%deﬁﬂ&cﬁﬁ%gc@ﬁh&m the arl, is

ﬁt&délqumghcd M&Iﬁgt\érﬁ E!saféc otfthMehlL oraoﬁras% elgl)'tglllle CILoaUgceegteI‘l:t 1 at a téc’nlija%rh phrase is

eve|
"ft?"gr%i ‘%ff’ﬁmﬁ]d“ea‘b‘l%t’ e\nb’araam%kférheﬁle %@S‘%ébya"‘lﬂr]?ﬁidﬂsﬁe such a special
deffniiion l"’ﬁR’F srgredsio pet fohlois e gfecificatiod iinraiefipitokal hnndr mhat divestl @t unequivocally
pRaMésg sieh @ aliien&ftbrlme @fm &rhskedi scl osure. The present
invention will now be described with reference to the
attached figures. Various structures, systens and
THeV PR SVaIE ISR Ratte earepyha dpiEid blopking jsapetitnefi artgis ifswttion layer
mpybposbsdiofiedexhamnmad o dnirgntaytisandars@riaiss. tFor PRSI dopants,

whih 508, Br r%ﬁigﬂgtmﬂ e el Q8 %@etnnuegﬁta%ﬂ"uﬁo ]ﬁtﬁﬁm fgct Vr\ﬁ% be ingorporated

1rl(o ) géx e msaﬁauan %;VI in srié(c'h la lw dthat éls%ear é%fq"{rsépod@té)g 8&{1&16 é’ﬁ‘ﬂat‘@& Byeéreﬁ;lvcs the
drelle‘r‘f&é{"?dar W@afe& aﬁ‘;ﬁfl‘eré% G@erentrﬁlen presiessives ndin] werics Theopant material
capphreksto aschnd phifasgsiouged chehelanshoul d be under st ood

and interpreted to have a nmeani ng consistent with the
e words and phrases by those

rsta
RS T R b DRl SoogB ot Bl BFem ap Y e dwcre
manot“eieﬁﬁ’ o]r‘g"&h?ra adematifallysshowszp sergfechfunipt dedirs 20hetnprisig a substrate 201, which
meht fefresere atbulk BiGdh bUBra@, 1 SOR Eupstan AndCiks §1Q) ey subd@ad b(ﬂgmﬁslave formed
th&%%rﬁ?st Qgﬂo@%t &R%nezo% grldl al sgcgncf sElmEJ{Jsz E%on 2%3 %91(:11 mayebe compnsed of

consi stent us
B ﬁrpég‘éﬂ“‘rzggfr Cin °‘°’1“8“ef‘ ThevoB Ryt srlﬁ%r(gma’a*tﬂér #f S’F h*ﬁh Maeeferp e first and
sepand Emiterductoprelieny 202208 peciifil in predalinngientitiogand/crantingia Biaighat prevails in
th@t Pepionst @t ttrzf}a:tc eHz[EQs@EdSctuﬁ@dth@Mrﬂ%k }nlnluﬁgurﬂﬁ Br‘o&?s@ss The Lfgsh an@ second

seﬁggﬁﬁc?;!' reglgn% 62n&0t3 Im(:ar))r;] laevg]gplarate? % an 1ﬁo {atron sh-uXtm% ?é} aivl?x(éatneaé (?f 1)1 O\Ddcd in the

tion rronal manner

f°‘érh?f m‘rreaurwws|lypressrlbmefre§1y £ siie] arangé pmidordueser dfemes The

the termor phrase. 25 The present invention is based

on the concept that the diffusion blocking capability

of a gate insulation |ayer 5 may be locally adjusted to

correspond to desired transistor characteristics. For

this purpose, dielectric dopants, which exlubit, in

conbination with a dielectric base material, a

di ffusion blocking effect, may he incorporated into a

gate insulation layer in such a way that a specified

first portion of the gate insulation | ayer receives

the dielectric dopant material in a different
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30 conpared to a second specified portion of the gate
insulation layer. Wth reference to Figures 2a 21,

f Yo g Bek dghdustrative embodi ments of the presen
i nvent on will now be described in nore det a}f‘J?I\”US:”’”(”’”(28

Eehlgbi{d&tog @e\é@ﬂﬁ miléf Q(glllpl'léés astﬂg g@'uo% 268 rc;q' ngt@ gusuq:athgnr la %re .’X)k civ?erem the first
orto S&ITDSIIS|£1g§ J straé ah

]()) t i( | i 81'6nﬁ L % sFlglcon uﬁlorg@mng% S%lli'ng’f]é aéﬁcﬂn ]ﬁ)ém)ll ?%% of the gate

st aye PS5t Brogd ¢n tﬁgsyco icofidyeiprpekio8 803t hrepeitmiraivd dnbsdiment, the first

86 50 NAUESE 0053, e 2R in2QIR 18 Rena oSﬁ%@ﬁof@%%&Qﬁﬂ%@xﬁl%ductor material

8 %Qnay%g %rme\ﬁ'hd sgltiusm%d EI@O§ 9&0@& n%i?eq"fr%fof B ai SRR Bipsgnlleaétmgodlmems,

1%& enucon cF e %E%t ear udg Slsju(i T aSenSI v e le f tely 50
I"conige ARl dFH@ 1 Rlemeniyliisg o &t loqetie! frpfogipately 50 nn or

"é(ﬁ’dess %’&tﬁﬁﬁ e Rerrdlict bickorse ofiionae RORYon2GS 2Aduyaydbefefosrbe less than

dppro:Giateit @l A i hrfd&na@,hh e Pirli OBy ABEMQN1s, |b9§1ﬁaioﬂ§1htgy $4 R @hdbven less. Since

srﬂnﬁqt dxcﬂ[&@)ﬁ@}t 1110$ pm\ﬁde tflJ‘x@&u@ rd%?%c%rﬁockuﬁui.\alacttensgc?ygzb instance in view of boron

duri ng
‘ﬁ 8‘8%% é?é%’m ’?‘ﬁ&°°?‘ﬁ‘€fe§fnl’a°ﬁ‘t?nfél§fﬂe8was angpPHBTHIR EBPunT & gilielppyic dopant
PO R2s 20208 inprenpralye ineipelrtitosdn Wye @ nbidits dloge iilemmtied dibi@lisbitein combination

\aﬁ)‘bLsuzkbdu&h dﬁﬁc}(ncbcﬁ)peﬁf QMddﬁL@Qz 10 titel'}%mé:p‘?(fsg) rame&ﬁredaf Ja{]ﬁfﬂgsan blocking
Ye ROt O R e eLEl

ad vlancedln) ggm‘?dg% ﬁ%@? Sy e(%/‘%léefm“ﬁeﬁo ygu@"’%g‘o 20061118787

PCT/ US2006/ 014628 sem conduct or device 200 furt her

‘e oript poes v o fetning oket seroitn@0bralcde 280 Gab@ni i Sighrad @Y comprise the

fblﬁﬁﬁi}é@@@es WIeY 8l Enﬁagtﬁ OE' thk §$latlop%$hhpﬁb4% %l-llsst?&blfs&% r;H\:%)qiolathography,
conductor regqio imlarl
u%n:h € d pposxt an cle }g%zgrbzatlo? efli;]n ucé aa veanced ﬁgéxrtzglf)? Seﬁueflﬁygli\y l@daslfozmed to

second

eGF G B FoPHP S BHER e AFCE e opmitcedicionre@0s 203, §03. I one
rei@lai dulbordhana the e s@niipoditteredaton 200 Bey HeifdnSdd 1o @k t&T6aR@An of 2 P-channel
n@x@fsttjﬂ Q!Eﬁ thg Qe%éhd se%‘@ékhuﬂ@%giopio% 'm@}l Jec)éwpﬁ aI)pQJpHEéjdog{m ;gghle 1o, form therein

%‘dmreon an N- ha Iutrre]ugms{ !‘ Iga Serp Coni L{Ct S(l)lr a NnCces nh respecti
B Forte B PPROST VAP R e EREY rgnossivith respective
Y%S‘Ffem@‘ﬁrffﬁyd* &g on Ohwuoxdeqilete dppant gorfies eitho e meives202 ahh@03. For
c@Rdieme,ReUBEOTop AW I TS ard 1) shBwy 'Hllé}&hésl dﬁ ehik ﬁ:ﬂﬁa'tl&h%rer 203 may be formed,
\&@L}lﬁ Wgesach@%h NY ofk ﬂ%&a%w! Qaﬂg(%tl?enp 1%?( ontn;fi ioh rxocess N LR process

even | ess. O%s ee gure
P%f?ﬁe@ﬁﬁgcélgs old aff gma é‘f“é’ ﬁ“ﬁgﬁﬁﬂ&tof“@ﬁn% aalg}]élil ax?@lg I%Ve controlied to oblain a
deshrd hidkapsseof e ldve $85, tvhighrmay &p jpy 1@vionshtseley; 120maA aggackinmgyy, 20 inf or cven
apORRatRAnt IAQaHJl akn Rbogbine %&dmgﬁs @ap Eaﬁ%uﬂﬁiﬁiyyr 2132 mé/ ANmed by
ao‘%%@{a dlap%ﬁéoa tc (&S snalbﬂx}s !;h% mal apor 23031t10?gé"D2?|01n% ]ay]g,r d?posmon?ALD) and

ui_red usi on
the ﬁ@t éfh%"“i“’ﬁ ’lkvfi‘fé‘e/ve 6‘?1"05‘8?%“1&%?130}?5?1?‘{9% laysn 205 gmay & foymesi emibg Yesis of a
chemigd rdatamadng am afr@handahehistt tansin 8 b@rgled amnmmﬁxﬂmqma&bxeixiy!e on the

reﬁlbr@ hoz2da® Lo3t Ithﬁou@ bglaﬁ?l‘egggdrtha@ tllg%ﬁaﬁwec} %@dr %%mg t?]@gatesinsulatmn 205
SIS LIS e B L L o T

one i Ius Ve e
subsequent dlelectrlc dopant |ntroduct|on into the

Thpesitd, @masR 0Bmayde fpgpdiaboedihd garadsulgiof Byts 200 M QEHOCIdy M@t at least the first
pohﬁﬂ@ﬁ i@&\p&fsd &ﬂ@ﬁl@&ﬁ&& &ng%@m co@éedwfclr Imsipng 919 idk bﬁ%@g Feof\c;vnned by

su%N\al:ltD) € s%r%eer}x 11th 1 g 11 B8 o et

PFRE o RuBaly TSRO T B e b b0 SE-SheTR Fpen poes
Wlﬂai“gléj"rf@‘%%? ¥ 28D nipretdge the hesk 253piht swicergucpr Greies 20 snay W stigcted to a
préckse 205abrmRbH N iR the H1bl&:tric$&la:ﬁk1$eﬂ& 28 1aiddCH AR p&@@n QYa In one illustrative
em“ﬂ@dn‘hemetﬁg ﬁ'%@éS%&eﬂa)ﬂ&%&ﬁl al n¥uhi9&¥l ?Bpe% hm W Eheanp asraa an%lcht ds established that

osi tion_an anari zation
’“°“ | Pt 8% sé’p GiRgrteeEripEsp Hﬁ%‘esb@f%% Wﬁdw% SHCb rﬂbhmcvehage applied

the requi red dopant profile within the first and
second sem conductor regions 202, 203. In one
particul ar enbodi ment, the first sem conductor region
202 maybe formed to enable the formation of a
P-channel 20 transistor, while the second
sem conductor region 203 nmay receive an appropriate
dopant profile to formtherein and thereon an
N- channel transistor. For this purpose,
wel | -established inplantati on sequences with
respective resist masks may be performed to obtain
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25 paranmeters, such as oxidation tinme, conposition of

the oxidizing anbient and the |like, are controlled to
obt:@hbdneqgrgdesi red t hi ckness of the |ayer 205, jgh

may be, as previously stated, |ess than appro&&@g?gwy”ﬁm
Zb@j.;lfeaﬁm ﬁ;gsmg?‘@nhe Swp“";&i ﬁ&tlﬁhtyus&asi:% BB BMAN 2l oRBSaue pdletration of the
GheRN20RMBOGE MBI B2, MHE @A Gnbd Q4 ] L AL VA

bey S OLNB PYoq advqp?edvd.§Q§iLﬁgng%%%ﬁ%h%é@%?“%%@ﬁ”é@””mnmBa
chemi cal vapor deposit “oBR BV, 2 beopan| sggpist to be incorporated into the
(ﬁ%rﬁ%lg ﬁ%l tBehdefuml_ E’fﬁlsgﬁ Hocking eapqbilikgn the pertjoe ROS@ tshieitieved. In other embodiments,
itfe pm@etpmég’@;? zmadd mmgﬁ ,SOE ds hﬁnc@r@%rﬁc inﬁﬁxhﬂnﬁ&f ) E}Jc(:uéY@E into the porticn
25 298 Ypph@rih O NBinAP 1l RRRAM R Y 11@130.SheM & , ,
13l o0, 51 g @n %Pf‘ﬁr%ﬁ?“ AT ST Yp A fpgporaon of
cont r ol eézqéomﬁ B5E% & Sttt thoRs B R9fior REa being covered by a
PRGSO 9l 203. It shoul d be appreciated that the

vari ous techniques for form ng the gate insulation 205

Iﬁ&ﬁ@fa}tiaﬁifg elﬁﬁ@)ﬁ_@ﬁ, %Xpegg _26"8 mn%l%g:%?léuged % téorag'%g{sl%@? giegépe%@p@tion with

nner ... dependi ng on circunst ’
2 %’{_] ﬁ‘ﬁ"‘deb é’g‘?fg"ﬁ'ﬁ% 3’“’5‘%&6\?%“1 HEbsipat @aph sicattnning aylethe IB5 In some
_?“i’?"‘%’ﬂ“i’f‘ J Vé{lemvt.)cilfhg{on pfta thickaest of tha eor_fidnrzsia is &E{em(ﬁfetpieaﬁ BORB;, at least
Egiampaf Ggnofni d;;:dﬁih@ aﬁﬁggsnﬂmmﬁ&éﬂ&% ﬂ?qugmébéofcﬁ%\ﬁg{io%q%a while also
FQkork s URNGS s S0 By he forne
1@q§§fé§tta |g;§q§ ggﬁeeﬁﬁﬁkgwf¥ﬁ%é?%%ﬁw‘ﬁ?%%%@sm%ﬁﬁﬁﬁv“mybﬂ
al 5o’ be U™y Bke F‘@’&?IFWQSISH?SF?&’@P‘@PPWSa\i’é*Flte ithe arlaskP@p @ movided as a resist
o Pleved by Wil eblishtdneanine goens. 202 and 203. Based on the
mask 233, the sem conductor device 200 may be
RI B GLed.it cess 206 for jncorporating the .
| el ecl%r e %815"?‘{? Ehg S‘?e“%:‘?°fés“““§cf’f7‘é‘1°ei dr‘%F 83‘3{ I PrRIen plotpg foeyg-described
PPEBE THO U™ Frerslt Aeibired tepfrobi prers, 208 feinpriodes SicRGE species
iy hict pre erme cabmiivtent, tadiffernt fioh O @8 &es 207, MMBIsGRo Be RHBSIBY. 1n the
cabinei tshdvs, B babld sed thaks 40 d e, SPeGles
H%QZsﬁg thpggnicerx]lgatiglhc% Sﬂ%i dtlbegeic!rajc?' %/ol (1)1% ! 1?%@%?? Z%EP%@S%IEJ)'S?&S&’ 2(')5b= e
d%ramsters such”as Bias VBI'EAGE™ Affmi % Wl Pingning a desired reduced
S/ SRR PR P EPR BEPDHGP Db BEB andiilet walsn tht héghpdrias smicatdtor region
2?2&?@ F}ftt;ar @m%mflamﬁ&aas A jnkdp Bﬁ?{fﬁﬁedaa? a?ﬁ—idaiion process, thereby also
SRR Rl iaYaL ¢ 10Ny, SPECLES L
w2 LA L0 ggg)gggton 205$°ﬁ§?§%@gﬁj&?%gmgnﬁﬁﬁ% g*”?ﬁ%““mmﬂ
speci s 2078 Thor o atEtentn 8ot ber5eE R9Sonpepomed witkey a mask for
“Berady agtiedoiante ershing) owepyntbthaby didlatic dsHk) abiIOR 8 dbidd as 207,
refaiyed 1!’]?6116 Iﬂ@ﬁMUO@IﬁGS EB(_SLbi deblj%fri{coﬁ] Q@E R ?Ecﬁtgn H&Feg oftplgl%tration into the
re& ﬁok,%plg@c’é% obtaﬂq}lcqg&k goggnu%%()g aallildls téu%glgﬁﬁréagcgﬁqu? Plodsipg gepability as is

apabi | in the portion
%éﬁ%%gﬁﬁ%ﬁ¥§?“%ﬁgﬁggﬁ’W??%%Pﬁﬁﬁmﬁ?%e§%§ﬂ?@%“nﬁvubéwsmmﬁmqﬁm
didesiHE Feprt eehoagiation intthe jionio PSbmat B @Rctaln®Uhthin @F rdglR4 permittivity and
bl?m‘tfgf f&(]:_?e&rch;i&ﬁelitlé? th@?ﬁliiﬂéa@iéhgf%oééralﬁ§i51:ec%iciq%9a§1to(!%£cleu%%t%n of the
sp&eRE 20@P LRI 1) e ie [ sion cki ng
C};I(; apabi| | t}/ﬁ{tag%h,eﬁ%to %’g ‘ﬁ%@&l}ep%gr‘oéltzlooﬁt HEeasgred oy lpfse @ to not unduly

Spat gt udlitht o the portion 205b is perfornmed with

the first portion 205a being covered by a respective
Afﬁﬁﬁekgo@ﬁlatm Sm%ve-désg-ibéﬂe&g}@e, Q@‘EJ !ﬂ%h{lﬁ% rﬂl&? gpl%g'JonrgEJ} t‘c:) hlorte I{}Sformi
dﬁ&&ﬁﬁhﬁﬁmggﬁ%uﬂ9¥7?$m33ﬁpr'Sed of Lrogen, ~das ; g

nitrogen. in conbi Nati SACREPRPorieny 40T ot ogestance, a rapid thermal
anngal RTefSiith A foPpertastin e ndsof morodinkdlueN-0Mmo°Ched Ge p&al 5580 seconds
may perpredpingio anghcd thdidebtkdopanini®BAB wil B0 JdAB VoS, o MieN a

nodi fi cation of a thickness of the portion 20ba 1S

desired, the process 206 may, at least partially, be

performed in an oxidizing anbi ent, thereby increasing

the thickness of the portion 205a while al so

i ncorporating the species 207a. After the conpletion

of the nitridation process 206, the nmask 233 may be 15

renmoved, for instance, by well-established resist

ashi ng processes, where the mask 233 is provided as a

resist mask, followed by well-established cl eaning

processes. Figure 2b schematically shows the

sem conduct or device 200 after the conpletion of the

above-descri bed processes. Mreover, the device 200
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enbodi mnent shown, the process 208 is perforned

si mul taneously for both portions 205a, 205b, thereby

I Red @RASH 1ackst he concentration of the dlelectrlc n
within portion 205a, while obtaining a desi r €t T%E%ﬁ%éﬂ(“
Igkt@ll et itisigatiopantmage e eqtranatrépcseniad byl Higaret ey ddy @dadily be inverted,

tl?a@é bth@jﬂéicsg Pt SmaWhd J’]}b[ﬁd Bxhtge ﬁ@dllg Eetaly 'gﬁlgm&%mn%}%%} Rf instance without

any 19&5]9 Ql@rﬁ%dgbstmltl{'}llyﬁ)rowdm% afn i cntw 3 d1e]cc?r1c%lgf3a1ftg:-stalé {l?n \aﬁt nB §18 EOétéogs 2052 and
2P’H’e rTé‘BVﬁ%rl ”éed“a%”? H&Yd%e &W‘étﬁiﬂdﬁﬁ: et g Y besartitdenis ey iereasing the
dRBte ddpmt ohdvelrati@ndidd itrentie:, 20fdhe  spadiles. 20 BentBy) of the mask 233, a

cBr%ﬁfo@ﬁr%%at aeRbdChay tﬁEﬁfb@ﬁér@Jmed §%%nc@$he%@remo%gunﬁfg}ﬁny within the
&@uently, when the process 208 is perforned

mﬂ?ﬂﬁo%agﬁnask for covering the portion 205a, the
conbi ned concentration of dielectric dopants, which is
Fabhs @cdeirattedly asovd0Fa semichbRIGaddr Wedee g0 tih @ecphacLsHLs (208 illustrative

eﬁ&gm%gs Iﬂ s GEE@ tﬁeaﬁfa@l[ 23@ Q{ 1‘0}11{35] ab%%stge s\Mnl:chdﬂtop %&15@&0@ possibly with any

netr at
ETBE et 05t G PR T AT i&‘&t“”%ﬂeoeﬁ’i?%ﬁgt‘?eéf%mé RO covered by
apsteeroqeing fgeses aef theflils ivbieh o Hrdiverienesaybp i ie Kiguaeso) Ben@(the gate insulation
tay@ QN =& edwi 10 Figarest?h glabyhaasby e dodled hﬁé’ldaﬁiconﬁtfcﬁf&in&eb@(f is EuQected 10
ﬂp Erof:e@sr ﬁ‘? gr lngbr;ﬁﬂgng%g eéntk%olgagtglng Qhe%)g)%Sed 'P‘an ﬂ'z vﬁagrgg thg ]gocess 206 may,

di el ectr]c. dopant concentrati on
OS5 "6 8 BEPBHUS GDT TG BT o e doice 200 compriss
the erepiest2f Tavi 4 yprfgnpprtiob bighelepmigpndvfthraesion 2% Wiehogk p@Rge penctration depth of

the iRE&| 20Gray ‘thtoht&ﬂlé’ﬂ&iyﬂie@io&hsﬂ)@raﬁut?&s @R bAkds k. et GbidubeS it the process
2(5%989?6@&115 9191?)1?%{31&9}515 &es? the nﬂ:%ntahoﬁ gn%z:fgg rsnayzcoonﬁ%?ggmﬁgy be sclected to obtain a

I nst ance
IR AR BRY Joers. 5 % penpremH §eP e risr it St of
hkeestof bnzatrotshlhtiop zyer 3B sifif tb berfortnbde acCiapipitagitn @erzyoff sebvdi@ kV may be used.

H&Q‘Q\ﬂ% p@%‘ﬁ&rdf Qﬁ@cr&ﬁ%@@ G@h asaoxlagﬁkus HEAML mﬁnﬂmyr@YakQQnto consideration

BESACLRE B bl R eogle b Pe ity BB RlE B nein
depshrariggiong ipfe ¢ et of r%f*ﬂfﬂés@mvatﬂrrbéer%may ba sl sclotiogprgpriate process
paydiiedars. aAfie@ TP @rogbLA0E, thelnati 183 fartg eendied apPHhohid@t@loy device 200 may be
su@@@edlcpag Q}Qiaf:&a ro@es§ tb R zpj,ﬁfe kn@tﬁaum iay'ér o§ gm &%%Qxﬁgc?or reggﬁé 9& and 203,

appropri ate to enhance the dielectric dopant

uniformty within the portions 205a and 205b. 40 7 NVO

Fignye/ sg8ag Ty BT WSPeo6)C0 Yiae g teinsdttion Jayepeiidrving the portions 205a and
2068, Wuigtin aitlitisellyardpotibd vBR Smprisdd Ehe SRGHMBIGRNT sRRELDBN thete Bibodiment,

thﬁ'aﬂ“;%@lﬁms%@ﬁaaﬂgb J%Qr Mnlgd%?glh!:r%zg Q%{%aua‘h %-cgsg qurmgtwrlxal !%)E! dsfffusm of the

e I ni

d“é‘;?‘é RS GrE oh fg{f&ﬁ#ﬂﬂ%cﬂs PR, O T O SOy to e
igkof opslaereadbyftican e ¢ba prsirig (b3 the dighwdrdidprgnt amyei¢s defta tsisdathntially confined

to Chis @ly@ @rtidnQOAOR @Bficuk @ik thddtbrhg@ PerWitatiddl dBpul AR hdo@NB06 substantially

coggéﬁdsmtmglgcsspofﬂlﬂ crrg(%f ter, t he mask 233 my be forned

the process may be carried out, thereby
|ncrea5|ng the 5 dlelectrlc dopant concentrat i on
Figpjet2h soentshi@llpdp vy trreRi@Bdvcondediced@ furierlihd gveds 2084Pt i@tfoducing a second
didleCAD¥Bint HEcick b@b Em&& in€o3iR: poﬁon I».((:)Q:r rI:@tﬁ@QzﬂJgtlluﬁcglt Ih@ﬂ!ed the species 207b is

ais%)jl gfguc ‘o tngl oyer pO{ 1on 5)0% Ialcreby oliatdmmgi ?]tonapc[] ﬁr&g g geclt,r tc I%(a)ﬁlg cczlffgtglanon in

andy pE ‘2?)1335” P‘F'i“’@l}P@ fée Efe%sér%&& ?Wéelpyf"s%ma tiyidation process as previously
dessigind GOnduret-on Fidew 26 ed 20 0t shivldde Qe bel Spe Satds] thddhaprbddds Ld¥eiay also be
peﬂfdr&aa%p Bl Y6 madOo SRRAGINTERIS diclcBrid JEFa%t 635G nich B& ShtTR&ortion 2050
is formed above the sen conductor region ,

p055|bly with any internediate screening Iayers (not

shown) and the |ike, while exposing the region 202,

whi ch may be covered by agy screening |layers and the

i ke, which are, for conveni ence, not shown in Figure

2c. Hence, the gate insulation |ayer 205 as shown in

Fi gures 2a and 2b has not yet been formed. The

sem conduct or device 200 is subjected to the process

206 for incorporating dielectric dopants into the

exposed region 202, wherein the process 206 nmay,
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15 for instance, represent an ion inplantation process

on the basis of nitrogen ions. Thus, the device 200
COoNBhigRH7st he species 207a at a surf ace port of

the sem conductor regi on 202, wherein an averX %ﬁ?SﬂMWM4“3
penetapcate omidedddariofiopart hecapeel @She2fkéies WBYm @e adjusted entirely by the

&QBJS r2@d |tlﬁﬂbyb;¥ovtdl'ﬁ§ ab) El{ﬂ&@eﬁsﬂegﬁl’a@mﬁgnggp&déﬁﬁy Edﬂ@tmg hQ %ﬁa?agtensl ics of the
pr e sents an

pogt%m J%)gtir ang qg‘}a,a ag ::119 %slp Od&sgnbec? WF 1h e?ereﬁ% t%ﬁ’@‘gfs 26 ﬁn %li’e Ij\éc&;eo%yhe process
%‘B‘F‘i‘*”égﬂﬁé‘h“d |Wﬁlg*|e§9reltseto§ i8hrese and 2b o5 be periogmed gy Yegschf two masking steps
P ene tndigitiznincth@pitdrhe shdles XAPL0S, willOe r@fectBY @FcBER: portion covered.

penetration depth on the order of magnitude of a 20
e gate insulation [ayer 205 still to be

s S“fc'ema““a‘ﬁpﬁm%"ﬁt B Pl uhiP o o1 2000 draramy g s Tuscne
gesiment. HEy isyeopiincpr élseﬁreleon@fctoaﬁws@ﬁtbemulpmyértcs the rrgdas 206 for
imgrpoxting @e Biclysei Sopan d)ecﬁehl,&‘orhﬂsﬂﬁﬁe thEEYcidd e07h &Iﬁﬁlnmdyr&&ﬁbnsc nitrogen, into the

rQé?dﬂ§i(@ %Ed%ﬁ Qzﬂmut\M}%sks % sﬁ&&dl b gpp?eﬁat@dqpaq gﬁ égﬁ‘h@ Satc msu]atfon layer 205 is

£$ $t og %y Sul tabl e 'si nul at'i on progra

REET fry TR oM PRGN * “CHEPAS PG ™ & POGLOT GriesopsAand 205
k& rarenigey apf supbpapberplakesificisl davenviapdtabive imfidrngly The posesd206 may be
phiimS el BCibd mgardddit RqEsk, Atherei FRGRSSram@dd, ABRL: & Fontadth eQ¥ey and dose,
n‘iap e 5 Q6D sel%cgeq’ as }shlgo dn;g%&d %;%\%; may be renoved and the

sem conduc devi ce may be 25 subjected to an

oxi dat i on process to forma gate insulation | ayer on
Tighve 28 shingdmibiutee he deigé 290 vitR 02 paativds RO nd 208% gfuife@at@idsulation layer 205
raabepBt the alkiby :@havs: tre!@&ctdﬁw ’ﬁl@ gaR@iquon‘h hﬁyér he ngﬁge@o:med by a thermal
okx[i]a% %}op Q cixe%?l O %Qt: n, qﬂem 1¢h re ucpao {il sgfp > atét(l%e (s:pemes O%b %nsures the

ereln ad
ORI 8] G B CIBBANEIRS FIciond HOPERton RIS Ehboelfrekesbed win
refdnacd talimye por t i ons 205a, 205b may be fornmed by a

t her mal oxidation process, during which the diffusion
i nst anc

T%ure ch sch tmqiﬁ' JE[OV\S E Ide(\:uce(:j QO%aHer ﬁle?engn!giﬁ%s ?i‘sherngai}(?% &DV%%%\P%LH’H 205b,
< EEe WP S M@lfw\’efx%écﬁma%@ isgibjeptedgmthc nrévess l§yor incorporating the
sredi& O Tan gaextzﬂyaltcreﬁshle tigi edr@ciidlictic dQRANbrc&RAGH @Sth fbfiadn | 1285a and in the
v1§1H1Q5ttie§‘£¥ | "ﬁale E%ce&@@ﬂc fnm a n‘;lgdaac!%%rclcéy flis RS ggl}p&ﬁc?lgg% may e an jon
111pamat10nw:ﬂ appro G o A %ge penetration cept
roce§%‘§6%p%d%§ ¥4¥fTal |y corresponds to the
thlckness of the layer 205. 35 Figure 2e schematically

Fxgh@%sohehﬁtlcﬁﬁl’ﬁilﬁx@ NEUGEREnAERY Id6ae 200 indidEckdage WAR sl DEES Slustrative

en%Q&mian In tf)}g gagad{ﬂQ lngsg 28 1§ ?&BQIdIﬂ ccq}cr 1l1ee§5£1£n %%%Eg%icpos:%ghthe region 202,

east 1nto
ko 3‘1 %ﬁﬁ?wiﬁ‘r’v 5?%? rated P he fogp@éc Mooy 7 fegic ] gt i) Tvers
formed probiuresias 10A tnd 2@2htbe shragraiferipraply psoorevi2@B @splatubre F@thytmore, the device 200
is Gbjeatbd b g pﬁmeﬁsl Pékor Gesjorash i ﬁél&ﬁ‘q{c bp@nt @;QQ@Qt]?a info the region 202. For
Qxﬁpec &p Er&%gs I?.t%ﬂna&z Geban%qmé]aen?[zon 1 %e lng e{ Tt;%[gea mns, whe%e?n ag%r%u-éralgig process

process

Paﬁ‘&’e‘s F B baa%‘ﬂ i °°“éf%1é‘t?ra %apwfiawn rdeaﬂeﬁ eﬁ%emtc O““FF @wt@glv%aess of the
gagrgui2ipn layet 208 fodedoxhed.ur t her be appreci ated, that the
process 208 may al so be 40 perforned by neans of a

F;%IJ?%{)scﬁemanc%'ﬁgssltm%p tﬁae f HceVQ]O@ Vﬁ%} rgmoqlal%l" tE aﬁb?gB wluggelwﬁ]ectcd to the process

ora
208 @oef%emﬁ*emw eeze@@?bo M@%ﬂ 4smrevrmsls digossed, the figsess 208 may also be

peltff&:q(tjﬂl on @@ bakls ef 2cdsk {nat sttepab kube QR Rtddakd itbrpahtioh B@he species 2075 into

eﬁ@g@&x' 283 ﬂgggﬁcqgﬁyg lpﬁ ﬂé%&i@ gn@eQde@ e cgt:?tj c%paptycoﬁcgﬁranog {nqge r§g§on 202 is
t hereby providing ah enhanced fl exib

|ndependently adj usting the characterlstlcs of the
portions 205b and 205a, as is also described with
reference to Figures 2a and 2b. Mbreover, the process
sequence described with reference to Figures 2a and 2b
may al so be perforned on the basis of two nmasking
steps 5 so as to individually incorporate the species
207a and 207b with the respective other |ayer portion
covered. Figure 2f schematically shows the
sem conduct or device 200 in accordance with a further
illustrative enbodinment. In this enbodinent, the
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not yet forned, any other sacrificial |layer, such as a
screening | ayer, nmaybe forned on the regi ons 202 and

2Q%0 2005@137e0Nveni ence, any such optional sacr'f%j_ ial
layer is not shown in Figure 2f. The process]1 élf%){ynmzs
add@ved pe it pro¥RAASn BlerkbONmENTAbET) thatdnBedRicOp RSy MSRLHEIdtesses 206

armz% froviacd 8k %&?Jd%(/e?an dm‘“‘tﬁé‘c‘rf}c é’oﬁanl E&?Jeﬁ%oﬁtv}]&ﬂ o '}‘e%fog )éozasQ Ghat no further

QoSS e R 5 SPRE OB L ALELY, 5% eCl S Y
SIS g B Ooest 8% lff°§ ﬁ?ﬁ CRHERET] a&éﬂnwy’ agﬁbciﬂré?“ Pygesis of; for
ingfeng$: oo OO s Hhich mmp@tews%m@th O8arerduc? @8herpyfand dees, grarbesciccted
sd A SduBtah@ily dcBiyie the ZEPot codcaitame wakiD¥erchitie 20ag 1BS CElgomilg process

paggréters l;ngjsgﬁ:ﬂ:ﬁ f)c oGthXc‘d ﬁIn glmglgtl:oﬁ d”dﬂ?&l’)&%&&:}?& tﬂle%y@sr ﬁgg éJbMS After the

(0.4 t1on and

PSR Lk oI HER SPTPHE OATCRE" B PPUSGPYGdl o Moo 207 o
2(§p acthedsptR Biftkiop g \gure Boptahietion-pdystd davapanitherof, far fipstance, a temperature in the

raieQ@k G lokitnGreid @;mamos: pk 4 mgbem@f ¢. @%@ogdpmx)hﬁ awphate,o Bfen nitrogen is
USGCQ f5 %heafr}g anzd%g 5ec s ecles 2@% %87b ﬁl oﬁ’n ema(i%imentss Hle %\ISE nfs‘;]lauon {a\//er &g may be

schénat
fcwe ha*r theapal Pwtieﬁéwwwubwt pFectdig hwgzkimz*s by BFingry vtﬂhbphase of the
odiitgi peRes Gislupplicatitni di@x@xPBSI agedidre o O N0 20M8e the dielectric dopant
rMQx‘h@l ;\.(r%[' bo ke Q&uagﬁﬂﬂtﬁﬁ C%%Qqublﬁy,mng&k %QUCLCQ'IB]E]&Q 11191(&9%%%9202 and 203

ncor

mazy substant:all)hbe T ‘f’] sta{l)x%/eg r}vg |S*md‘F%’F°§§3E f?\i: % Si(&slfj g??fmt EIB zanéth%/ re&’tialitcg(h In still

Otheﬁ ertﬂﬁ@mwr oweyer, OBy dheingl qxiqatiopgoagss pipyte pyylomisdpren e device 200 as

shdhein P @€ H S8hodQfy HEBAfinD Bea@refiibdol érfl@t dxoBineA@ESS as i s
preV|oust descri bed, or may be an ion inplantation

ropriate prqce aranet ers. [
F’%"é‘?’fé‘ﬁ&'ﬁ’? it ﬁ}m‘?fﬁ%’\ﬁgm‘foﬁ% gfé)iﬁi‘c(‘f SRl s Fc’nﬁa ?/“i oé @G Bfgesyipfion Javer 205
ingwriire thd aprties 95t farmsd pri the mgient 242 md ithe [perticn (28{th ifarped on the region 203 having a
dididn0dhdamiahion of the dicRitiSe &ﬁ@peciﬁs’l@?a@ﬁﬂb 2:11’133 the &amb @cfpmi‘@e&dals used in the

prgg\égr Gé Qﬂ% 262?%&18{]:11&%'%%\?6%6}%% t%g) QI]SA J]egmg % ?}g&&n l%?%i’i’ferent dopant

wher el n I NSu
SPEES £ PYTR 8. ﬂw%’?"éﬁwp and,50§. WW@g‘ﬁé'é ties‘tr 'Bedé'ﬁ‘i? “’é‘ﬁt‘ r“i ]f‘¥‘¥ﬁ Z|in particular
enfbadiieens, theparmiehlabom Iy 0F ogibe frsncd 0B8a dedal 20 iontplveess dipreby allowing the

en(fafobrﬂm@n{ éfavealamoyedaesnusme@\megiaﬁéxseat%x péc sn@deumFuﬁﬂomﬁsmxf@r the process
20t8 I'}Ec: he% trea(i eng suc{x sl ar ulil lalceclt a%neal rocess ma c orm %8@0“’09 l;) 4 chemical
he" & el e]3:| a8 mt &

I’'ncorporat| tric oparit
Oxtdh‘é’”P‘é‘”@?séCt@‘E’Ol?PO‘F%‘Fz“%%éﬁ% e, the pr ocess 206 may be

an ion inplantation on the basis of nitrogen ions,
AMILHRY amﬁm@;@@p{o Irgﬁrgs @b@%%ﬁbodmﬁ@amg £t rﬁ%ﬁu&%mm%qg tdhsBation of

thevﬁa{1 hnsu?aufm ]ayexé% i a, 2E k gagxénl:g %#ocz{_?lﬁ e nd %{Peéent dc fg:a:fng:l ocgnﬁg capabilify
dup Fywiffags CTﬂeenﬁaéw’f ?fr%@moﬁb’gﬁﬁ’é d@]ec%cc‘f?eﬁﬂqu/@‘aﬁqeyo dfeons types of
dididaic cipuitsORod@Bedas hetogisre WY ald 206b, tih@ritms kntddRentdihd @electric dopant

sp&ﬁé &gd fH Qﬁl@tﬁx& %g btogﬂn%t&%naﬂﬁtgg &Sﬁ?‘e lay%p;%rtml%r%ﬁarhg@ bd3pr (ﬂ'lliphgég nitrogen,

R G 8 BE PTG A B B8 08 iy el SHBE Y PO fpsinatin
pracir® Wyersin &ypiofly @ HEER sthoty Bhewny rreddesuibsisariting rfugeea goaliration.
Hehdaeanin{&féﬁbéd)ﬁtfo@ini cOen@itioh ey &@%xh@&u&@;ﬁb porith Q05 Qnd iR @e vicinity of the

po& grgdﬁg) 6%‘9% %‘L?oh%@éff&ﬁ%ﬂa& o @8’04 mglo [ﬂ&cb‘; 'I'CH&!‘UL%I]G reglon 202 ﬁmth the

i nten ectri.c_dopant concentration eqgl
gatz Wulzfugn la@er WionéO%d%w fi\gyg?oupfﬂ- }}W@ﬁg}v r@“fzfé?lgel han31st01s whﬂe the
chagrctiisgued thbyorioh @05p maceedic@B B talardtthedebadhdvbribmsdnowie clectron
motv:h@ Mtcﬁl@@ thdd %Wo@%xﬁbﬁa@ﬁbe@&b@dd@@arﬁuﬁ@e Efr&é@@o%ﬁc%ﬁra&g@ the vicinity
of &1 3 ldyer ?109 %Gg% nlp s\?\?u{dﬁurﬁert eaanrréga 1aﬁge6§Lo§gae§%£%cn§]eg ﬁeof{))rq‘onrmng the

nask is required during the process 208. The process

208 may represent an ion inplantation on the basis of,

for instance, nitrogen ions, for which appropriate

i mpl antati on paraneters, such as energy and dose, may

be selected 5 so as to substantially achieve the

target concentration within the regions 202 and 203.

Correspondi ng process paraneters nmay readily be

obtai ned from sinul ati on and/ or experinent on the

basis of test substrates. After the
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process 208, an optional heat treatnent may be

perfornmed to enhance the uniformty of the species

2048 »@4:57207b in the depth direction and cur

i npl ant ati on-i nduced damage, wherein, for |ns§ﬂW@8mmgﬁ“n
trenpe r2eta Uie205imiyne hightd BgentRtouna PP me X:lnﬁ%&neclf )éoz%%mﬂﬂ%o@a%:smr pairs to

s@ﬁlﬁ@nsty cI¥EnP&E Bx%q}] for;lxé (f@? eeo%ﬁwﬁ(} ria%(ther eneJJ%F ﬁgn%ptrlecpgﬁlans 205a and

%&n nitrogen i s use
ma I CPT gon “ﬁléh}’gmg Ffﬁasaf Eh%)FCJfE ﬁﬁé@]owﬁ{cgmaytrfg@regatf, @sulation layers of
dﬁfgﬁ{]la&a{agwsqlca)}éqreom?,hemc -frecribddgronethedyhead ait e FelBdted to the formation of

oxd diftehi@rtipk OGE SSh VM]tInlﬂaQ Ud rejatf i 19 Qr@rgduﬂ& fﬁ-@létmagkrng 0B W erate three or
WRRNSL: Bmm&yﬁaleH;Qd bﬂ)lc I’{ﬁ o}%apnzeg" qTor exan E:, tggs:s},o&e &}Zf’;rlégfg%lpng extremely

I C atio
F?a\rst es\\/vgcﬁltn%%m Bxayerﬁ Sh even ’Pﬁémeﬁci’éil c@xtlcfn‘trin@n @ﬁlg_gﬁ] W1thjmaeﬁr@p!mntu§m1on layer
HMK@F copnparqdpiethgiil edlecdonepoghgebion m thdGonsieTpsie Nt buyh a situation the corresponding
bedoaindtd bdg RN mbyvd WG ek ﬁﬂﬁﬁ&g@ pﬂe&!dﬂié"(ﬁeierctﬁgho?gﬁ?‘mgoqgcugﬂgpszgs are shown

t
ﬁﬁ)(nséﬁt!p& %&F %it] whkﬂe in Fec?lyi%p aa 6%3503{@ 'ﬂ‘?lﬁclaf fiﬁpfrst/ cc?ngentranon may be

|%yltaneous he die

Hpraere 8tp, hepsselipqpyeton meiensh dhe rtrbringistyrsfergntrofroinedidvorio Hépents into the
eOitnT 9P ed 20fheremtien axdrdiadyi h}ﬁeqﬁﬁ@%ﬁ)&s Ifm@/mh RorRidr i B Ghira step of
WR@I0cids R16t8Y 18152 A0r ASre 1SRN d'lfféreh:t géablmeg h[O ult)rocec!l?z}/e may be

Fge%@lggwgdm%%m}er eat nent or non- oxi IZI n

igure 2k schenaticarly “Chows the seni conduct or deV|ce

200 after the fornatlon of the gate insulation |ayer
QG bpsfrcdf Uitk sigptedth 200piavihg mBSaya%amifsomHesiad QUSbt\mﬁ tﬁe‘é‘&ffg&t blocking

cﬁﬂaﬂzhﬁtﬁdhetﬁhﬁer Qb9 odf & ¢ Pasis Ve
o Jg ggmsz%or c]2m @g Q B gﬁe?ddigo nzgéé ﬂ?&a?‘%}gﬁlp Ton tl{ 8912 af 0011 ntlt:ma] techmiques.
BEE Géls n%bf, gona? 1@61716}n Ihe\ﬁeli)fls @%én%@ﬁ@va@lﬁwemf ically designed

opant
%ﬁéﬁ?@@”ﬂ@ma§éﬂm?%bthe processes 206 and 208 and/ or

may have different types of dielectric dopant speC|es

W@ﬁ@ch@ﬁaﬁtgaﬁf &N tﬁi‘&%@ 500 uﬁ/ﬁﬁ&le?a%vance? mzlz’lngF gunn% s[t)aée erl ﬁans;stor element

oces 06
2% Spett 0’{“6“2 B ‘a’u‘i“éhezTgmu A prdrtay cEresspt @ Tovkino itersistprshavisghiadoped, for
nﬁﬁf% bc?rﬁlgf'{gpegtqrzgﬁoqrcaycgmnsmzi am‘a)gatbaecﬁﬁié Etﬁdurbyl 1&10111]!1@! Lﬁ@éate insulation
L@l Bt wierein Q&Bﬁ@;ﬁcimhﬁ:ﬁ*@ﬁy ofadual g@t‘é"eﬂ@m&e@tﬁucmﬁmkz (Bé/ H@Qﬂt mﬁl the same
Iﬁé'%lull aﬂﬁm;agay ggce?ggtsﬁgr wgerenf wﬁue doparét éigésu?élllrcglg}stgee gi%{f‘ é’SIHZ’é?ﬁIt layer 205a

nbodi men

is stgéfs% ﬁ{mﬂargut&%de%i? 280 crogbrllsas atswéx}dﬁaa;psmtaqﬂl?@mt 209rgéh g1y, beamly-channel
irppaistprelrfiog kredly fNedobed vietleeliypinaregdde BRCal = @ @At dcOfuddbOne  Ssenificant
pdirtonf @Twiiich Bea1fdQbed 91@13311&% tarl‘ﬁe %Q@Qpec:fbﬁllﬂa@s?g%d' g?tg glﬁthmnnayer 205b

of @I Eart J‘e%?ods ngturg 951 ﬁqe g ectroig ﬁi@b]?ﬁb Pvﬂ,ngb f 8W1u8lf reg1?nrf@3091at9@stannally not

$resen I nvent1on énab
HEUP A rGHemepfarh frenett iodbrsdifgiseblocitbipabitites vfghe astd iooiidnyayer 2054,

asgtiharst dheamoendobifuensiaot elahichitll 2isk @Bwibih B@Ké ng Tﬁ‘e@@x@i@t’oll bioMnd 220 may
reﬁ@seld ik Q&vﬁlceq |nﬁxfsﬁ51%3$1ce§ %&E anﬁealgﬂgﬁ’lgllq Qf’zﬁ T dsFefmfvulF' op eippaoxmately 50

i ant and
mp !ang%\% e% g vc1 1 Bou?d ba 6%%&1{“%(1 %%@B?rﬁmﬂgtoéﬁe Rreseng Bjgention may readily be

apPl)él’ﬁlmdrﬁ’g‘SQ@@&e ‘%@%&efﬁfﬁ et i cul ar enbodi ment's, the
di el ectric dopant species used for adj usti ng t he

THa E%:&br@gm%@ﬁ@n& iIZb !mgysbquméc{\;\lﬁ acccﬁ A wggxrvgll eSibh zshedgzr:mfsga including the

de OS§0na ‘ﬁp ri. Se§ ni t roge %
TRE S THE i SEh 86 & opatee e Py a2 Yo photstibagephy, etch
a“%\f?a?ebﬁﬂmawnlf@nuwm @nbisdtiprowith PO GeSSimpMiEsLind adndePdycial hbreover,

ott@r Sl AGitShRPmATBY udae sddﬁﬁdrmk@tm@ ﬁa@ﬂ;}; AEeaoukRGRL Leé’:ons and/or {ransistor
an | NCr eas

are es reu atio jast) [ aat L9 e10ns
Ml%(:%j sr}gg Ql'llé AT ggﬂgtg t1 mbrétgeﬁ % g’g and&»[ %Oﬁ ]ﬁorcheé the regtons 202

trogen concentration na
portlon 205a and in the vicinity of the portion 205a
to enhance the bl ocking effect in view of boron
di ffusion, thereby renderipng the region 202 with the
gate insulation |ayer portion 205a hi ghly advant ageous
for the formation of P-channel transistors, while the
characteristics of the portion 205b may specifically
be tailored in order to not unduly conprom se the
electron nobility in the region 203 that may
conventionally be caused by an undue nitrogen
concentration in the vicinity 40 of the layer portion
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significantly enhance the overall performance of the
devi ce 200. In other enbodinents, the portions 205a

anglo 24fAKk-FRY represent non- nelghbor|ng ar eas a
specific die region, which may require gate |R§UV%&WW%¥(”

lagdy 28 Sna@ kepre@itfsbi@EcmtioGhamhaet |y dazﬁtt in&iecnal IMD&QQME Erystaihlr"]ce orientations, It

@Q)QM Qurﬂ@%g Eﬂpnggedgﬁa? %@%%ﬁh%g%? &y e n atpd? ats 6 rll?glf gté a %uned insvlating

0 t e r

B’U? “g’gy”‘ﬂilé theaprinnt €4 BY2Prie Prewéfc%mﬁ@m@m omalpted isolsted transistor
ﬁ%%%@hg steps to generate three or nore |ayer
portions having different blocking capabilities. For

92.( Qgpllltq}le ppegeﬂnmexﬁl%rp IOV?CJES a”%rﬂl:a]nscedrteec Uit %pr tgcrfg%%tgog ga?slp%ﬁ cafll)? c?etsjgned gate

znsu afi %xh layegst Imo‘ﬁhl%lf pamcttl;irlé g]@anW(lfa-]fJaﬁabthh@| vrnhggp@t lonreh gknewation of an
prgyréqmg ‘;@mo{lqu@qqgeg(pg mpaindddubily te h@psd b et E}&dﬂtﬁt&ﬂsmor reqmrcmems Thus,
COBIERRE ERILIAR of Pcie tﬁﬁ’sfs{o}s %y l?eQaﬁlaneA 13 p?‘&/ﬁinxg %b“géreas%gl &on:agntratmn of,

sSe glon may
Foﬂ?xi;t%ger B:@(‘?gg] m 913 r ectwe nle nisma \6,1 &Hgﬂgfﬁfffﬂnﬁ??ed’%@ﬁti%ﬁf the N-channe]

Py ; ma)é%"’ﬂéﬁméa“%w em ey corrmep@wete iR Eprgjepeeis spRaejy, designed for
Ybhi flestron mobdlitf | Hevke, Steapliabidn «RD@ORE isalify AF 8k ©Chduhef transistor may be
&Beﬂ&ﬁ twhﬂ@d&@ﬁiﬁeSs@tebL@E‘ mbTRN C;? ﬁle N-Oﬂu RQHS%%QTH& I?Jt ?e 1 apaqug% level.
sem conduct or regions. f’e prece I ng steﬁ or
i.ntroducing dielectric dopants into the portions 205b
Hi sy enepfimerrediscleed gbatt mglifpsibever @ttesi Gyneckosn @ Heaksiticd and
ati@d dodirdeatquiiled Renntd bhens toefosOfilled B tg@gugdlvigg the benefit of the

Ehicieh o€ Gl rbih. C rEIQR {eS the 53 s¢ tmt]er %ae dl ffoe
t =€ F % th Elgg %Bse %‘}(}?2 ab pbrf Jerila zrl) & é‘ff%ﬁm order.

Lockin
Pt‘)‘ﬁheg’%?é% ?"d%ﬁ%""“%? We&%@/f‘)cﬂée 1“'@‘3&? Ff@%ﬁ% or f_yfsgncmrem [fkown, other than as
desgdled inghe cfaps beferp sit is derefoR QO ddhiini ngpathear cay@imepoditclo@d Shove may be
ROGacrandifi2Ohld 4 L tahiiodi &f @hfRld RAQE e Nebpe and spirit of the invention.
&&%@ly, thg ;Jr«:ﬁémnu& IlelljJ 1pa% et E)gtl?xg Saanmgod%f the device 200
be conti nu the basi's of “CONVERt i onal
technlques That |s, transi stor el ements may be
formed in and on the regions 202 and 203 having their
specifically designed gate insulation |layers 205a and
205b. 20 Fig. 21 schematically shows the device 200 in
a further advanced manufacturing stage. A first
transi stor element 210 may be fornmed in and on the
regi on 202 and nay represent a P-channel transistor
havi ng P-doped, for instance boron-doped,
drai n/ source regions 212 and a gate el ectrode
structure 211 including the gate insulation |ayer
205a, wherein at |east significant portions of the
gate el ectrode structure nay be doped with the sane 25
material as the drain/source regions 212, wherein
undue dopant diffusion through the gate insulation
| ayer 205a is suppressed. Simlarly, the device 200
conprises a second transistor elenment 220, which naybe
an N-channel transistor having heavily N doped
source/drain regions 222 and a gate el ectrode
structure 221, significant portions of which are also
doped with an N-dopant. Due to the specifically
desi gned gate insulation |ayer 205b of the gate
el ectrode structure 221, the electron nmobility within
a charnel region 203c is substantially not 30 affected
by the requirenents with respect to the diffusion
bl ocki ng capabilities of the gate insulation |ayer
205a, as is the case in the conventional transistor
el ement 120 as shown in Figure | b. The transistors 210
and 220 may represent highly advanced transi stor
devi ces having a gate length 2111, 2211, respectively
of approximately 50 nm and even | ess. However, it
shoul d be appreciated that the principles of the
present invention may readily be applied to
transi stor elenments having a |onger gate |ength. 35
The transistor elements 210 and 220 may be fornmed in



deposition and patterning of the gate el ectrode

structures 211 and 221 by wel |l -established

phot ol i t hography, etch and spacer formation

techni ques in conbination with sophisticated
CLAp\/@nt ati on and anneal cycles. Moreover, other

transi stor architectures may be used, such as

transi stors having rai sed source/drain regi ons and/or

40 ar.chitectures requiring the formation of

|nte$ﬁ tﬁ%%F%@ﬁ“?ﬂgthe regi ons 202 and/or 203.

Nor eYifilng d diee Tn@tﬁlht%}ﬁla%QQ(ZO5-)101'}/91%9%141@(1@71&7)1 region &202) and a

PCT/ US2006/ 014628 and 203 nay represent sem conduct or
sep@ih ssrdcaitlugteregioRe2Adk end al  but differing crystalllne

orie f

al t hS%u %L{Kfqﬂ %d}algt‘ing, asg‘%)g‘hg‘.ﬂg&.g H;' Séqagg tggp L5F %a%% ?r}ska &plg § layer
(208Vdocn to be biffdred in 2 §itdt abitos (2054 esf thayatb ﬁlsfll@ﬁmﬂ thyer (205)

wi thin, the re%_ons 202 and 203 to frodee )
COSFHRINAHRS taISpig Tagismetosdusigiieatond 207)drietivg @ra second portion <2058)
oS50 2 s SSERL B ey i
(ZQhEC|f|cally deS|gned gate insulation layers, in

N R AL R chse RO SRR AL £ M

Sa@qmgpg@ﬁgﬁgggpgqgwon may i ndividually be adapted to
meet specific transistor requirements. Thus, the

bl odmiw@m@a{pmmcbmd ¢a@scfatpnetasa@indtspenissi @m@emy dipeant
a rovi.di.ng an,incr entration of,
O R B R B e T AR P BB T & gt 6

insulation |ayer, while a performance degradati on of
the N-channel transistor may_substantially be avoi ded
2.i n tHetmethedek daipphavhmgeigatid firpisegnegntioron difeses frem said second
ally designed for high electron nobility.
Coﬁgeﬁ‘g‘a&b‘f‘he reliability and threshol d stability of the
P-channel transistor may be enhanced, while
never.t hel es | ectron_nobility of the N-chann
3tra egfxgpod:@ge/clggl gxp% melgnﬁp@ﬁuptegpgcpxes 1§§equ,{,g/ely introduced
[
R GTRRA TSl Sy SOnE S B AU AR By intepdoed nto said
firstreghd spercmdtpoctenhs (205N, 208Begnt but equi val ent manners
apparent to those skilled in the art having the
benefit of the teachings herein. For exanple, the
4. pr 0C@RSnEhRPSt Gfn 3 szebelﬁ@&wlwm%dwﬁ f QRdRRt kfkcs
different order. Furthernore, [imtations are
coinpriggsderning atrhaskddi Biabsvosaid gnts tlmsutattlpm rayer, seidsnagh exposing said

rrdgfofigh DN Len Bt 870 sRRun PSRRMCTY) par i cul ar

enbodi nents di scl osed above nay be 20 altered or
nDdlfled and al | such variations are considered within

3. t he Tde dpsshaghef agione of eleinah b4 wheigin @heast gRecd 1t fiigh gnd second
r einis as set forth in the

Sp&?%fﬁgﬂigﬁﬁé8&¥§gﬂgﬁbﬁésﬁl A nmet hod, conpri sing:

formng a gate insulation layer (205) on a first

sen1 onductor region (202) and a . secopd seniconductor
6. r egilQf Myodlesh of agy gng of é’ew%ﬁ y WAl shshgpisappmprises
nitﬁ;lf@ﬁ‘&h&‘%e%&ﬁla' Eé&é@ Qmpifkdcgabs 1 nsul ation | ayer

(205) so as to be ferent 1n a first portion (205A)

of the gate insulation Iayer (205) corresponding to

said. fir conduct or r 202 elatlve t.0

7. oo dna At ey 058 <ot £ SPuhReA AR SerhiifySuced prior
(205) correspondlng to said second sem conduct or
regi on 13



(203) by introducing a first concentration of a first
species of a dielectric dopant into said first
portion (205A); and introducing a second concentration
of a second species of a dielectric dopant different
to ERAUERE shidStoigedi&s i nto said second portion (205B.
2. The nmethod of claim1l1, wherein said first
concentration differs fromsaid second concentration.

3. The nmethod.of claiml o wherein said first .
8 <pect BT BOLET St ol STRE 1SaeBH T sroai spepier fyintroduced
prid@tkd inddd(AR5Aid findl ssRi«d second species is commonly
introduced into said first and second portions (205A,
20513). 4. The nethod of claim 3, wherein selectively

intr ' ' ir €% acomprises form ng a, .
O sk 3O B iR bsRE P Ry S PRR P Sien T Fhe
treaupas iafigr Biabducifid fasd figoadd @BofP§Ris.and covering said

second portion (205B). 5. The nethod of any one of

clainms 1-4, wherein at |east one of the first and

sec igC -
O T RERE b gt Eloii 1o WAORALLR it Hcbfeg Bifrofhoed into
saifdi frrst ansipecorgissemiepd i esregions (HGeh0Bpdiot hefosmngndid gate
. s?eci S qgﬂﬁﬁkses carbon. 7. The nethod of any one of
INYHAORg AT £ erein said first species is introduced

prior 13 to introducing said second species. 8. The

nmet hod of any one of clainms 1-6, wherein said second
Hspeclitesnéthod of ¢laidutbdvhepin eaid second spasthycs mgrodaded ififoresit of the

species. 9. The h ny. one of. cl ai.ns, 1-8, )
e R e S TS G beDr B oo SR fia B Putiaaliod ey 05
introducing said first and second species. 10. The
met hod of any one of clains 1-9, wherein said first _
125 peclibegngtBod of angchue edcliainol-9s wherein said firghepesies rigtroduced into

R : ' e 203). P f ] id
o RN 00 0 A0y RO e L0 LU0 30
10, wherein said second species is introduced into one
3P WS i PESORP o oo am sl S frscan
sedBaliROdi Bha @iy 1@%@39@&&! t@'fgﬁhié% gaiicé ggt?ri%uﬁéi%ﬁ'l%et:' rst

species Is Intr ced into sai i r'st
sem conductor region prior to formng said gate

i nsul,at i ver.. 13. .The nethod of claim 12, erein .
1400 A dfod i 5w Tt 0000 et i Wripy bl S gne of the
ﬁrﬁ%ﬁ@@_@boﬁa@oﬁmguﬁ&%rm%is% ral hQllatddh mlgeﬁ-m ng said

gate insulation | ayer. I4. e nethod of claim 13,
wherei n said second species is introduced into one of

the first second .port s after faqormng said gate
151 ns uTlhg tni‘%iﬁoqa (gfﬁél?’ one 09 RS f?ﬂ wherein said Hrst and secon% sgecws are
introduced into the first and second semiconductor regions (202, 203) prior to forming

said gate insulation layer (205).

16. The method of any one of claims 115, further comprising forming a first gate
electrode structure (211) of a first transistor (210) above said first semiconductor region
(202) and forming a second gate electrode structure (221) of a second transistor (220)

above said second semiconductor region (203).

14



15. The nmethod of any one of clains 1-14, wherein said
first and second species are introduced into the
first and second seni conductor regions (202, 203)
prior to formng said gate insulation |ayer (205).
1716. ARG 1B R AbviedYoApgsid: ¢l aims 1- 15, further
conprising formng a first gate electrode structure
( 211 firsf transistor smclftldﬂa@s ilistt gnte(c20pdabiovcturs avitdh of finssgate
nduct or and formn second gate
ing e AL T fleq PRkt b S b IRk SRR STt or (220)
abo\igses@idtr HEE QR thehRIThE O BEHAaY QhtelcREHOHe {RRB)e with aléeord gate
seni conduct or device conprising; a first transistor
ingudlon dexey fnterd pbpveyatesord sanpicoribiotr remeny seid Wirgtigatg insulation
L.E.St: I fid Sty o
ia}écﬁe %ﬁ%gggu doBa:i’g d?fgl%s?& lglgéllgﬁgé]:,%;aﬂ‘g‘?}f E\%(%Ya%d o i3 dielectric
dopmaIspebigsogha@ dee mxdmgaﬁe&oﬁdi gopano dffft&tdnuﬂ(tdltlfr% wphlhh@ of said
second gate, insulation |ayer formed above a second
secissriattatinn lnegirsnidebig seopad digeckid dopantapeos different than

thd A)%e MicN@nanidhiSts dopant diffusion bl ocking
capag$P?tf pPovigé% %y a first dielectric dopant
speci es that differs froma second dopant diffusion
nsul ati.on

187y B RGP cKi<G AL BRI A7 o U B LB S Besisors

ne&bg‘efme&@ah 1%&@% fighshstdr $hirdi el ectric dopant species.
. The sem conduct or deV|ce of claim1l7, wherein said

flrst and second transistors represent a

co lenentar r ansi st ai or 187 The l.conduct or
195 ovrieg SRk By %1% b bR Zion 1R i TSR B R dopant
spElOBABINpriSee iréSenC@dnhd %Sn@dfe[e@gﬁﬂi@@ﬁi Jpb&es@mitides carbon,
di el ectric dopant species conprises carbon. 1
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