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turn is limited by the solid solubility of the dopants in the silicon crystal. Moreover, besides the dopant
activation and the curing of crystal damage, undesired dopant diffusion also occurs during the annealing, which

may lead to a “blurred” dopant profile. With reference to Figures 1a-1d, a typical conventional process flow for

35 forming a conventional field effect transistor will now be described in order to explain the problems involved in
more detail.

Figure 1a schematically shows a cross-sectional view of a transistor structure 100 at an intermediate
manufacturing stage. The transistor structure 100 comprises a substrate 101, typically a silicon substrate or a
substrate including a silicon layer, in which an active region 103 is enclosed by shallow trench isolations (STT)

40 102. A gate electrode 105 is formed over the active region 103 and is separated therefrom by a gate insulation
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Figure 1c schematically shows the tramsistor structure 100 afier completion of the manufacturing
process. Metal silicide regions 115 are formed on top of the gate electrode 105 and the drain and source regions
- 111, which may comprise cobalt silicide or any other appropriate silicide of a refractory metal. Contact lines
40 113 are formed in contact with the drain and source regions 111 to provide electrical contact to further circuit
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an implantation process is carried out with the sidewall spacers as implantation mask to form source and drain
regions,

35 According to a further illustrative embodiment of the present invention, a method of forming a field
effect transistor comprises performing an ion implantation process to form source and drain regions in an active
region provided on a substrate that includes a gate electrode formed over the active region and separated
therefrom by a gate insulation layer, wherein the gate electrode has sidewall spacers formed on sidewalls
thereof, which act as an implantation mask. Next, the sidewall spacers are removed and a doped high-k

40 dielectric layer is formed. The substrate is then subjected to a heat treatment to diffuse dopants from the high-k
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of an actual implementation are described in this specification. Tt will of course be appreciated that in the

35 development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be 2 routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.
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40 transistor performance.
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dog@nt concentration_in t e extension
ent i off3F™A &KAVE &n Figive 3apd aidisignaliy, &?“@’éseé: abamee layet @R fornged fhelyw bhe dielectric layer

220. The barrier layer 225 may include a low-k dielectric material that exhibits superior characteristics for
preventing undue diffusion of dielectric material of the layer 220 into the underlying active region 203 and/or
the adjacent gate electrode 205, without unduly slowing down the diffusion of the dopants 221 into the active
region 203. For instance, some of the high-k components contained in the dielectric layer 220 may not be
40 sufficiently stable at elevated temperatures and may tend to readily diffuse. Consequently, the barrier layer 225
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acconpl i shed by the present invention, wherein additionally a reduced

- defect level may also contribute to an enhanced conductivity. This allows
extrenely I xt ensi on regions 208 w thout conprom sing the 40
transistoyﬁggwygﬁ%énce. -7 WD 2004/ 051728 PCT/U82003/0§§§@§gmﬁwaﬁ§§ 2e is a
schematic magnification of the portion 230. As can be seen from Fi gure 2e,

th conc?E&@akﬁﬂﬁmq%whh&mQQ&ﬁﬁh&u%%h&ﬁh&@ﬁm¥&&£ﬁh&%m9§d@£m&&k T hAfiBnee 2
etween the

spacer el n 0 and extension region 208 1s substantially
equal or R g‘?’metr Fﬁ)ﬁ{ Z?ﬂ% seé%’%% EBRERY ”(PB%&‘FH‘ b‘%‘% BROPRY Zethqyhunyly goppgromising
ext ensi on theqyérdipendgvity o the dryerisackdorinkd)lsyi thandigkeicit layer 320 and\ths benddr et 2261 [ysomgual
concent r ateinBgHinehts, kOIS bidaige ot B Sititoni dRN hRCKiH L hickiss AR 380 %dm%?‘l%ciéﬁg .
annegl cycl es .rgled. gé t& out -di ffuse the dopants, 221 intQ the extehsion
region 208 reé’?”éﬁ’g"é fngtfl?'?gs o, Ffystog dnie pdjacens prglops, Mteowerein oiher gmbodimentsethe bamighen
210 (or t H@er_cﬂ% mescherdoped |during theXrBratioh fef Geilaper 228)of mayaraulait mdeyed witiliirvingeali e is
dopant s Wickhbdbut il 6rd& d i8ah@ Qogafd2? Brom 81 adidlid 1ay@iRB6 MbIaTBEEE Y Badgau! librium
is obtained at .fthe inter a&g Z%ﬁ% EspeC|alhy, men the LnltFa opant
concentration i e?%%ﬂgbﬁﬁﬁ Fsetisioted shqye pre illustiative oplyopsithy imveption gy promedifieflt  of
the sol i d asbpredjeediint diffepént bit equivelauewanvaitapparead to ting skifledtiin the bt Bvink Yie DeneMQE the ©
regi®n 203eachifds Berdth. 9 RordRRANN, heOfRERR teRL LeP ﬂ)rtﬁlglﬂﬁg ﬁ]%l)ngé gér% Qs i lef%'érq Chae? f

L on 203 ma e obt

t he soIidI§ lubi ity and the actjve reqg] 1 ) ai ned by
di f f usi ng THE™ P Ah Eoisbens iaps: ipyenderito dbe; defady of oustergiiag r design haypip ghgpprothies than as
convent i ondsdcriipd oGksdairty plvw, It i thaekiepaddnt tha e paticult éntbodiments distloRd bidASHa e
regi ons i sub&ué hoaide l; C L8 Sapiri pl e
for activati n&bgg,o ant gﬁﬁﬁ‘ﬁ@%?’%ﬁ%&%rfit a_ﬂ%gnvggge[gﬁlf tsc&%(e J?mgrsﬁlgE ?{)trllle g@%@ﬁﬁﬂe
dr ai n and%gﬁﬁ s PRYPIETHER SR reingas &7 forth irdteiclagy beloW- - di f f usi on of dopants.
I n accordance with the illustrative enbodi nents of the present 15 invention
descri bed above, however, the dopant concentration during these anneal
cycles may substantially be maintained or nay even be increased due to the
hi gh dopant concentration at the interface 222, since dopants 221 are
continuously provided by the doped spacer elenents 210 as |ong as the
concentration therein is higher than in the underlying extension regions
208. It should be noted that in the illustrative enbodi ments descri bed
above, the out-diffusion of the 20 dopants 221 into the active region 203
substantially occurs fromthe dielectric |ayer 220 (Figure 2a) into the
underlying substrate regions. In other enbodinents, it nmay be consi dered
preferable to first pattern the dielectric |ayer 220 wi thout carrying out
any anneal cycles and introduce the dopants 221 into the active region 203
after the formation of the spacer elenments 210, for exanple during the
anneal cycle required after the inplantation process 212 (Figure 2c) in
form ng the source and drain regions 211. 25 In other illustrative

enbodi nents of the present invention, the source and drain regions 211 may
be formed prior to form ng the extension regions 208 by form ng
correspondi ng sidewal | spacer elenments (not shown) that may conprise the
conventional low -k material such as silicon dioxide and/or silicon nitride
and renoving the sidewall spacers after the ion inplantation process for
formng the drain and source regions 211. Thereafter, the process sequence
may be continued as described with reference to Figure 2a, wherein the 30

i ntroduction of the dopants 221 fromthe dielectric |layer 220 and/or from

t he spacer elements 210 may be <carried out in a separate or in a common
anneal cycle used for activating the dopants in the drain and source




regions 211 (note that the inplantation sequence 212 shown in Figure 2c is
then no | onger required). Figure 2f shows the transistor structure 200 in
an early manufacturing stage in accordance with a further illustrative
enbodi ment of the present invention. The transistor structure 200 is quite
simlar to the 35 structure shown |%nggure 2a and additionally conprises
a barrier layer 225 forned bel ow t he ectric layer 220. The barrier

| ayer 225 ndy i nctmdeodaf fovingde f@tidedffeet transistonytit metha@l compriaing:ex hi bi t s superi or

char act eri Steuseh@bped B@lﬁN&QEéﬂMaﬁM&% sqtsstrityﬁamgqgatsia&he&tfgdnsd BBl al of
the layer 220 into. the underl active region /or the adjacent

gate el ectrode 208Ve{EPRYGre ﬁﬂl eRqm, by ﬁ'ﬁjtedﬂﬁ\}m“’? R¥erdi f fusi on of the
dopant s 221 hesttrentitgweidausstraiedo diffegidamant2 63n sdiddopddihiph-kidiekctriSiayein®fsaitl Aeivdi gh- k

conponent s cont ai%%tdﬂnﬁ&?enﬁén%ﬁ&%“ c layer 220 may not be 40 sufficiently
stabl e at el evated tenperatures and tend to readily diffuse.

Consequent | yPatefing spd feppdightlogdielectriz Jayer to fprmyyidemaihsppes piaidgw plsvf weidzao g3 55
may sufficiently apdevent those conponent s from d| ffusi ng i nto adj acent

regi ons. Adv u t hi ckness ier e

sel ected so %ggr%%g%’rgr\l/ }é’;‘ tgt%g arfici ent al%séére?vf‘lgs *5F Ssan"fl‘illan%?lh %% fidul y
conProni sing t heowseapgdryin reaions of sdidfieldeffedt transistord. ayer st ack forned by the
dielectric layer 220 and the barrier layer 225. In sonme enbodinents, a
silicon dioxjde d/ o S|I|con nifride J]ayer with a thickness of 3-10 nu
may suffici )eznt I yaxg' té A e gﬁhﬁ?e“h’fﬁf“e‘i‘%s \dgxﬂe? %‘%ﬂ"ﬂi“?l‘?"ﬂﬁlﬁﬁr "i‘ﬁ’[dﬁs AR RNt

r egi onsaid m@e&fekdlelﬁcnlchybremthemmen’eanless,t orteldepalamaterigr | ayer 225 may be
doped during the formation of the |ayer 225 or nmay remai n undoped until an
anneal cycle IS arried out in order to introduce dop ants 221 fromthe

di éPectric IPayer 2opehoftofclimd. HH?‘W@“?%?HH°@@@‘gh'W@e°B§ Pridpnludes dspasies nment s
di scl osad d@bd)hdgl-ladléectricIlay&tamﬂihtromcmy’doyantsatﬁo {alidighm\d@RttriORydI By at @st B foh € d

and pr val ent manners apparent to those skilled
in theq’g%l%rﬁﬁla%iinﬁgg{u%n ener M&Sl]ﬁg?% 10 teachi ngs herein. For exanple, the
process steps set forth above may be perfornmed in a different order.

Furt her nor e,4.no | Theink@sd B BISImAL @hdrdit ﬁﬂ@@ﬂdh@hkhﬁle&%l@ld e%m?xﬁse@ﬂﬂ?d’-lf UCtl on or

desj,gn ot.her. |s
Cherer SHERE RaBar Al 8P Eborll 3 Bipuch SERKBRTuR s Tarerls BebBontotieny b

alter edhedﬁngﬁﬁfcﬁsplidédlu@lﬁu ofthg donmin saichddped lighksdiedectic daperor abeyeed Wit hin t he scope
and spirit of the invention. Accordlngly the protection sought herein is
as set forthslnt,lq1 hadﬁ)gsl OW. A net hod of formngafleld
ef fect tranststor, *PRE° F\‘B‘oll ik li’agfrﬁ‘@gsaldd‘f’?ﬁih’éh & diglspadiayst §remedaitel ectri c
| ayer cpmerrmheas@bmzrsa@elbsmel uding a gate el ectrode fornmed above an active
regison and separated therefromby a gate insulation layer; 5 heat treating
said substrate to diffuse dopants from.said doped high-k dielectric |ayer
into said active hFé’@‘ih?ﬂf’fflé‘“‘fle)WPﬁr%&%aé'ﬁg‘isﬁﬁellsb?jf‘ﬁﬁ’sd afispiddenripplgntaian d doped
hi gh- k pelicess s td stmulltaneeuslytactivhte dopartid idgotiadel b PAIGET ibplaitatish plowa dhécdd lasiadi d gat e
el ect rQﬂ:ﬁ and performng an ion inplantation process using said sidewall
spacers as an i npl antation mask to form 10 source and drain regions of
said field effect transistor.

30 7. The method of claim 1, further comprising forming a dielectric barrier layer prior to the

formation of said doped high-k dielectric layer.

8. The method of claim 1, wherein heat treating said substrate is carried out at a temperature in
the range of approximately 800-1200°C.
35
9. The method of claim 8, wherein a duration of said heat treatment is in the range of

approximately 10 seconds to 30 minutes.

10. The method of claim 1, wherein said doped high-k dielectric layer comprises one of an oxide

40 and a silicate of at least one of tantalum, zirconium, hafnium, lanthanum, yttrium and strontium.
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2. The nethod of claim1l1, wherein form ng said doped high-k dielectric

| ayer includes depositing said doped high-k dielectric layer in the
presence of at |east one dopant material. 15 3. The nmethod of claim1,
wherein form ng said doped high-k dielectric layer includes depositing

sai d doped high-k dielectric layer and introduci ng dopants into said high-k
dielectric layer by at |east one of ion inplantation and diffusion froma
sacrifici al lllayerAmﬁhod'Bh&nm&mw effbct @hraistar, the mehar @inprisimg d doped hi gh- k

di el ectric | g¥ghng Qf{f@ﬁ % g}ogéast%ﬁc%q QLC%(%E&#JAI% Bﬁﬁ‘ie“aaivel%gg'n whghg  a
dopant concentratlon o sal ectr ayer rOX|nater
in the range of S#bsEw s %lbﬁ"efmnplmlsg acﬁatetehetmdbﬁsarrw ovensasiaeptde ersrpwdmpgqqtek
dielsectric |ayer dafefiaiody e gatdinsulbtiéh 1R, Kudikatfelettodd Mivikg sidAAIN hddrs Rdhédnni Ng
said doped hi gh-k.di gﬂﬁﬁfdlc | ayer is carried out prior to heat treating
sai d substrate. g‘% et hod of claim 1, wherein said substrate is heat
treated aft amoyap epid ddewhlhiphamt ati on process so as to sinmul taneously

activate dog@;ﬂﬁ@aldmeagiguﬁeigle@ycI@Q;d;beﬂsgiasdbmt@nt ation process and cure
| attice

her conprising formng a
rel ectri o BaARERY %"Séfr’*fe b"rlr“&?f‘“%eg"&a?f&gm? i sl "ﬁ*&ﬁefa ‘%’P&Hﬂ‘k
di ellectri c |patfesning s8id dﬁﬁhdahlgielt tigettrgflayed taform high-wkidevell spadeesat sidewdbf aig gstai d
substrate is carrgggqout at a tenperature in the range of approximately
800- 1200C. 35 9. The nmethod of claim38, wherein a duration of said heat
treatnment is in the range of approximtely 10 seconds to 30 m nutes. 10.
The met hod dk. cl dihemithodrfelniei In, ettereth athepleng skid Gibstrte Ghi cati@dut such thahYepantC ONMPr i ses
one of j ] ] f o) ni um
et i Ui P ine A G0l bl elesile i Hpige e Sk AR Wi
fielPd et atlpaimerisysuredt he met hod conprising: perforning an ion
i npl antation process to form source and draln regions in an active region
formed in a,,sub u ale. |nc ect de f or med
over said acti ves#hgcwt?‘?ld 3 Hns@iag’re%e {rdepming S?‘ gﬁﬁ @@ oic ?ﬁré“c i‘?ul ation
| ayer, dsposiingpettigh- @lé@trlcw@ inthe/presgnes pithe lnest ¢ne§1nam$ra®rlﬂor med on sidewalls
t hereof; renoving said sidewall spacers formng a doped high-k dielectric
| ayer over sgid sybst 4 anneal i ng sai d sybstrate to introduce dopants
from said doped h H‘e{Q of Glaim 41 ety P‘B’“%cf't“fi gepet gy loticleckigdpyer 58St t er ni ng
sai d dojoeditiig gitighkk di¢letris ddyeriand ihigodedingtdopdn imo daidglehlk digleciswayel bysqp &ese o1 ofiibn
S|dewahhﬁmggm§ghqﬁﬂg&pﬁm@4ngﬁgggmr12 The method of claim 11, wherein
anneal ing said substrate is carried out such that dopants introduced
during said ion inplantation process are activated and | attice damage
caused by saisd i OTheimejhbddTicRin 1aWwherein said doped high-k dielecric layer comprises a high-k

25  dielectric material and wherein a dopant concentration of said doped high-k dielectric layer is approximately in

:t

the range of a solid solubility of the dopant in said high-k dielectric layer or above.

16. The method of claim 11, wherein patterning said high-k dielectric layer is carried out prior to
annealing the substrate.

30

17. The method of claim 11, further comprising forming a dielectric barrier layer prior to the

formation of said doped high-k dielectric layer.

18. The method of claim 11, wherein annealing said substrate is carried out at a temperature in the

35  range of approximately 800-1200°C.

19. The method of claim 18, wherein a duration of said annealing is in the range of approximately

10 seconds to 30 minutes.

40 20. The method of claim 11, wherein said doped high-k dielectric layer comprises one of an oxide
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15 process is at least partially cured. 13. The nethod of claim 11, wherein
formng said doped high-k dielectric |ayer includes depositing a high-k
dielectric layer in the presence of at |east one dopant nmaterial. 20 14.
The nethod of claim 11, wherein forning sai d doped high-k dielectric |ayer

i ncl Ud%.r? asgl% (?flaE gong'o{}z:geﬁu kzgcogl l% lanaﬁ{er a 1urr|1|a’.]ntdrst9(ii1 ¢i ng dopants into
said hig |eIec ric 1eas ’one |on antation and
diffusion froma sacrif|C|aI Iayer 15. The nethod of cIa|n111, wherein

sai d doped hi ghnénddioLloffifd £shhiRWbped MRoh SRS Reibt HBIdwh dRRctHd e%lep&ls memdget eri al
and wherein a dopant concentration of said doped high-k dielectric layer is
approximately in comppyisin fange of a solid solubility of the dopant in said

hi gh-k di el dominge dielagtes lapr owbwidesmid@ducibheging tdibdiel@fric ¢y ericomptiging avtvaidesfat

patterning sai d_WoffisdkornGhChichfhu, Bfim! 1Skl | EfhnQl sl O anneal i ng
the substrate. 30 17. The nefhod o further conprising forming a

dielectric H&PWF@?aF%V@P“ﬁP¢6W°?Hdﬁﬁgnchﬁ?ﬂat|on of said doped high-k

di el ectric lanegling thk Substfdtero tigfuide debatifmatekidlifioinkdid divi@ricAayar iftt Buibetn idghd Gotdr d
substrate is carrée Et at a tenperature in the 35 range of approximately
800- 1200C. 19. Thé method of claim 18, wherein a duration of said annealing
isin the r aﬁ&entsfsaléslslﬁw It te faym a dgleafeieragipnebevs sEiddappd remisenducyrepion: The

met hod of clvakdin lﬂargemﬂsrebdamsnaﬂioel bei&pedi chdl@harc kegidh Bleffahided i tePWehceCHPN | SES
one of an oxide extaial qu f%dé cat ? of at |.east one of tantalum zirconium
haf ni um | ant han§E S EEFTERTSHE PSPl SRFFHED1. A method of forming a

shal | ow doped senlconductor regi on below a dielectric region, the nethod

conpri sing: 25, form Rethéd dteBihea ! Wilefein! lmee&cmfg\é%pm%%dsaﬁ%mee%ﬁ%tn%deé egi on,
salg dlelectrl co i east one of tantal um

mpri sin 0
zi riconi SRR “Pﬁf“ﬁfiﬁﬁ%“i 2yer Rane @Fﬁse“getgf“ili?ﬁl°ﬁ‘?1‘ﬁ’p‘§’f?‘ﬂf’ff"f um introduci ng a dopant
material into said dielectric |ayer; annealing the substrate to diffuse

dopant mat er2'3aI ffh@fﬁ‘etﬁ@d (gclgi!lnejle\gﬁe{e qnt!'oﬁ*yc%r afdgl{mg C?I S gtlrlggwﬂlglh&g at region;

and 10 patterning said dielectric a er ctritc region above
sai d ddﬁ@&msgﬁPé%ﬂﬂﬁ%?%?mF@BP%HWm“MH%ﬁ@NH%@harge carrler accumul ati on bel ow
said dielectric region is enhanced in the presence of an external electric

fi ej d due t% sai %hgb§é1§cfocfaﬁl%e Ie%n dtzrr:antco céntral 1on,09 up%ge% die %gtrl er\lls\ll’]er ein

|ntrodUC|ng a do sal ayer inci oSi ting
sai d dﬁ@W@%@@ﬂme§yﬁﬁeﬂﬁsﬂﬂédﬂﬂ@¥eﬁbebemtH§m4@d§¥w@wewﬁdp&ht naterlal 23.
The nmethod of claim2l, wherein introducing a dopant into said dielectric

| ayer includes at., |least .0 f jon inplantatjon.and diff S|on froma
sari 11 o al Ry or™e sgnater SR Al bl e i iee B il B R
concentangegling thegibstwatd. d doped dlelectrlc | ayer is

25

26. The method of claim 21, further comprising forming a dielectric barrier layer prior to the

formation of said dielectric layer.

27. The method of claim 21, wherein annealing the substrate is carried out at a temperature in the

30  range of approximately 800-1200°C.

28. The method of claim 27, wherein a duration of said annealing process is in the range of

approximately 10 seconds to 30 minutes.

35 29. A field effect transistor, comprising:
a gate electrode formed above an active semiconductor region and separated therefrom by a gate
insulation layer, said active semiconductor region having a dopant concentration; and
doped high-k dielectric spacer elements formed on sidewalls of said gate electrode and over a portion of

said active semiconductor region;
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approximately in the range of a solid solubility of the dopant in said
dielectric |layer or above. 25. The nethod of claim 21, wherein patterning
said dielectric layer is carried out prior to annealing the substrate. 25
26. The nethod of claim 21, further corrpri sing formng a di eI ectri Cc barrier
| ayer prior for aj ciric layer.. 27. t hod of
claim 21, m‘%‘?rglﬁl%%%%tém?@t“amtn e L 3 s?n rg‘ceiebs e g‘éh'%ﬁ‘fle%rl’c “Ract'e e%%‘érftsat ure
in the 30 range 364Saa‘pp‘rvemmmtl@lﬁyr@@Ll&@mﬂ@h@@rthiﬁhéd dpprin oulcenfratioh efisail 27,
wherein a durati qemefsenﬁ@ha,c@n@@@} ing process is in the range of

approxi mately 10 seconds to 30 minutes. 35 29. Afield effect transistor,
conprising: a gate el ectrode forned above an active sem conductor region
andSsepar at 66 t helhe fieleffebtyragsisgaofelain 25 whatin s dogey yfager slahaltsaabprig€one of an

sem congideinh sfiee 25 18avhd taﬁtaﬂﬁ%@&nllﬁp RSROL N2k @ﬁl ag&)s}?rgrq pnl gh-k
dielectric spacer elenents forned on sidewalls of Said gate el ect rode and
over a portion of said active sem conductor region; -12 wherein a dopant
concentrati Gt at The field éffeceiragsistor oftctink 20 Qurthe coMBRiBinG @hiflank is@ifce xtelisidh Rgibisi C
spacer glieITR{ onductor region is equal or higher

t han sé‘% dop%dr?ﬁnt@eg%gg?\ﬂt Ep@;l?%éﬁé{% Oslg)g}l active sem conductor region. 5 30.
Thel% i el d effect transistor of claim29, wherein said doped spacer el enents
conpri se one;zof ale fi€lK efEEt tabihtorloflalinh SR Wher&lh safi dope@ Bizh-k QiR sphcdiHadd UM
zirconi %nquyn%fsl ant hanum yttriumand strontium 31. Tﬁe field effect
transistor o 208 °FUr t her conprising drain and source extension

regi ons haV| ng a depth in the range of approximately 10-100 nm 10 32. The

f ield effectsstr anlfhb 88106frea rafslistk bR cihfin 29"’(3/@&'91‘1 Qudsi@f)eq hgﬂ-ﬂ@glemlcgslaaclér, diigliggtric
relative perm or greater. 33. field effect

ha 1 1
ercﬂ'm sf?’bngd g?s 2 dPREp RO avm.fi‘% ) 1\{)bé"ﬂ‘s’/&'?}ped hi gh-k di el ect r| c spacer, as

|n| tially 15 fornmed, has a dopant concentration of 1019-1021 atons/cnB.

34. The Tield, ef fhghai iansiner o R AR LR BaSBL Rl S B L 0de 1S

corrprlsgof polysilicon and sal fe 1 nsul l'ayer sco Ise
silicorf® ?a&g?‘aé‘sul‘ﬁ’ﬁn e ‘SA°‘Pl?rl§‘fdd’f§'f“¥°é€‘Px‘t“’r ansi stor, conprising: a gate

el ectrode conprised of polysilicon forned above an active sem conduct or
regipon and sgpar af 84 ot Q%ralgss{opg&np Be .gate insul ation | ayer, said active
sem conduct or region fiavi n dX concentration; and doped high-k
diel ectric S#aE élﬁc“@ﬁeéﬁ?@ms ¥ e dligomiarnagd @eoye il astl\@ﬁeﬂsw@cgmeemednéeemmtb and

over a portion ofther&@msghgataﬁguuaml IBRAHORAGEREontRE: REion WIRE Ridpariail d doped
hlghkdlelectrlc oShacer gsarelatlve

doped high-k dielectric spacer elements formed on sidewalls of said gate electrode and over a portion of
25 said active semiconductor region, wherein said doped high-k dielectric spacer has a relative
permittivity of 8 or greater;
wherein a dopant concentration at a part of an interface between said high-k dielectric spacer elements
and said active semiconductor region is equal or higher than said dopant concentration of said
active semiconductor region,
30
36. The field effect transistor of claim 35, wherein said doped spacer elements comprise one of an

oxide and a silicate of at least one of tantalum, zirconium, hafnium, lanthanum, yttrium and strontium.

37. The field effect transistor of claim 35, further comprising drain and source extension regions

35  having a depth in the range of approximately 10-100 nm.

38. The field effect transistor of claim 35, wherein said doped high-k dielectric spacer, as initially

formed, has a dopant concentration of 10'°-10%! atoms/cm®.
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permttivity of 8 or greater; wherein a dopant concentration at a part of
an interface between said high-k dielectric spacer elenents and said
active sem conductor region is equal or higher than said dopant
concentration of said active sem conduct or region. 30 36. The field effect
transi stor cl I oped Shacer one of
an oxide a(r%g’ a gflhﬁ%ge{ffg%% sf?{or ‘ff%% &G one B AT &R ariim atlon laleflts:(c)orwplr}g] ﬁselfcnl um

| ant hadigie-yttri um and strontium 37. The field effect transi stor of claim
35, further conprising drain and source extension regions 35 having a
depth in th ran% ?dfgaggﬂm mateI%/ 10-100 nm 38. The field effect
transi stor cl & SR FPREPE doped hi gh-k diel ectric spacer, as
inifially facsatml@tmdwgnmlsqﬂ@[ﬁmsﬂ@mfemﬁ plavé mrctiyé seiddBud@2dgiatanhspacn8. - 13
39. The field ef fyRekoh Bpwgakesﬁsqrau&ﬁay@ QiAo serdfifuSiorte mqwg%?ato% dnpiSul ation

| ayer is conprised of silicon dioxide. 40. Afreld e fect ran5|stor
conprising: 5 a ﬁ%&c@“@f"éé‘f‘ ode conprised of polysilicon forned above an
active semn cloped bigh-bdicleady speraittheteforiad or sldewhiner efdpamebyrode gabwr 4 pasish at i on

| ayer, said acti opan ngen tion; and
doped hi gh-k di e?égg@f@;%@g%gg%&?é %ﬁ%l%m? m?’r@% hg%lq( ‘ﬁ)% Ghic e Qer Esn%llg'd gate

el 8t rode and ovdyrmed: b"élaf“i’ﬂﬁ‘i‘fCeﬁce“t@%ﬂn(?fbfbﬂovém@ﬁ?ﬁl conduct or regl on, wherein

sai d doped Hihghin i départtlc@Génkrhtion S1285a@ b an@fteriabtl tetwddnl st #ioh-k @613k, spi&&*&leﬂlerﬁ'@ pant
concent rat i on of J013 02 AL OIRSE, . MIGTSLA, A 40000t conceniioton ot o

part of an interface between sal TBEYHS s and
sai d active sem @eivelspmicondugtergpgion. i s equal or higher than said dopant
concentration of said active sem conductor region. 15 41. The field effect

trapsi stor cl ai wher ei n i d doped spacer el enments conpri se one of
quJOX| de a(r%fﬁ a ?‘l"%{t‘g‘fff@“&“ﬁ’fm ?%Eg‘l 0o eert Sa{‘)’g?ﬁe‘éfﬂi?ﬁ elomants PRI "R um
I ant harwidg ang @ sili¢ateryf @ fedst sterof rattalum zirdéhjum] haghifi, ddntharerfnf welimtandsasatiinor of cl ai m
40, further conprising drain and source extension regions having a depth
in the range, of approximately 10-100 nm 20 43. The field effect transistor
of cl ai m 40,%wherlér Feidediet “H&ﬁ@&ofﬁia&h“%f“&l“‘éF‘é‘tPE‘f‘i‘é’cdf@‘pﬁ’éé?ur%ﬁé‘efﬁm fegipast i ve
per m t thhwingtaydel inGhe@inggéfapireimatedd10-1Dhemf i el d ef fect transistor of clai m 40,
whgpein said gate insulation |ayer is conprised of silicon 25 dioxide. -14

43, The field effect transistor of claim 40, wherein said doped high-k dielectric spacer has a

relative permittivity of 8 or greater.

44. The field effect transistor of claim 40, wherein said gate insulation layer is comprised of silicon
25 dioxide.
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