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WD 2007/ 100589PCT/ US20417/ 004544 TRANSI STOR DEVI CE

HAVI NG AN | NCREASED THRESHOLD STABI LI TY W THOUT DRI VE

CURRENT DEGRADATI ON BACKGROUND OF THE | NVENTI ON 5

vito T@hiMs$AL FI ELD General ly, the preas&niszo07/004544

invention relates to the formati on of integrated

circuits, and, nore particularly, to the formation of

sem conduct or regions including enhanced dopant

profiles formed by nmeans of hal o regions. 2. BACKGROUND
Tﬁ%!ﬁ%@ﬁﬁ@@rﬁ%b% &fcm:ﬁg 19 ﬁkEQI{GLIS gy&ﬂxiff@ngﬁﬁ&&r DRIVE

the formation o ¥ crrcult
a given chip area act Rﬁoﬁ@eﬁfled circuit
| ayout. For this purpose, subst antially crystalline
sem conduct or regAangratip OF TwirtiveptT@edi ti onal

1. dop@]ﬁﬁm@ggrﬁvhﬁhﬁ are defined at specified substrate

tnérfg{;}s 1& rese: mven]ﬁon re %ttes c\éqqe ?uon o?mte%r%lte{} cu@étﬁ @P‘gﬂo particularly,

y, as R SRR 87 4
© “lé“ﬁmi"afffSWG"&?W%VE%@%§°‘¥%ﬁh‘6m’5@ fe@gnt grp@lesdprmedimpegns i regions.
practiced, wherein, for conplex circuitry, such as
2. M yganaoesawier Sstorage chips and the |ike, 15 MOS
t ec{h@ %Ll@ogyon 0§mg&£t£decnrtlht¥ rcgm%s 91]; fo‘i'mzi_]tormthr erng?%c‘? ofn cg'cl.ut elements on a

oacnes, ue erior aracte
g A A A A A——
regloghpithonr withryt addififrlcdornioyeterify priz Agintdmesrbalbr kibsttaiedovatiohs to act as “active”
regio@® IR i€Xo ach) hhegdsat@Brabiyl G Wbddsctiusireng, Génekilyl, NHILANE 6F prd¥kdD cechnologies

are uBGRN QJané/d wmréulx 'E&Q§mﬁ£x Jn&@@'s%%g %&Lro%rogessorsNét&Eb@Q&&! and the like,

MOSI tec%_n r!: Stlso r:ursrezq one he I QSt romxsm Lran %]Or > are

e P lL o AL AP G PRPAT T e P RGATEE Gsie n view
of Orregvésr speml 1HAHETST &nsumpmne@ryeteqswff Bfrexph Bedfreriheafbrication of complex
integPdied lvapuite isiter &mSnssicor MOE t@hidloghanilieds dframstost ag., Bicha@fy transistors
andfdai’hﬁéfnnél Fr@SiSch:S taf?:rforﬁgc&?dﬂ'atsﬁﬁ&aw;@clddﬁlg a 21'93&&91@ &ID’QC%KC@QEOI layer A transistor,
xrresp(égcwp [) él%ﬁle oa?x wﬁalmLFI ll\slthr Iclgzralnsel &“ansaxstoraox[ aeug %er trans;st gahntecture is

nter ace I ons,
cons1g%ﬁ:lr &Oénppgéf Cﬁged \%I Jlmﬁuogs g‘lrl[ a@f’[‘l‘%w B}bﬁlé&terglf,c ﬁd}ﬁm@j é}ﬁ:@a regions, such as
drainperbforspe regiene it s sightbhiarnd et nondgicd pgiod Fep osethnad jeaioe dispobd adjacent
to thd hyhoglakegicdoped regions. In the case of a field
effect transistor, the conductivity of the channel
Lg%ldtg% aIS?V oefe aC cld 2 t trari\sét%& %}Lﬁl:{c;)lbﬁn ?tgayzgtyd?cachgrglflléégéc%ege{ rz%:gcgwe current
capatflisy pfgl cataﬂﬂ%i%ﬁ*eﬂnﬁlow et brirste eleettyiofiruh efliseprriatelgnel region and
separgtfietheéroontyDythia idstihting ilageu| Tt caaguclidyer the ThreneC @Rid GhdnVibimdtion of a
cond@fivelc R RBOB Bl 2fpBALGLE a%@n@prta@rcmﬂ \Qﬁhg@tfo tifd gQQ&QH&k | dftnds on the

dopanq co%chlng{xti'on Q{llé mo‘ia(llty QIP%% %P e cc%r%tr ?(.)n f)r a dgdven exg,}gswn oé the ch.m ehrcgmn in the

“”S‘&%‘p‘aﬁ‘t‘ dtf‘E?H?ﬂeﬂ‘t i"%\f“?‘b‘ﬁ" "‘F‘ﬁ’é“ H’ﬁ'ﬁ?‘i“f"tf’yd ﬁﬁlﬂm@% Wé\\“‘gé also ceferred to as
channgllpngthe ftiynee gin dombirgtiongriitheerpability @f sibidln cofting leonddrarervbdanel below the
insulafi®Qla@h upod apeatibk aMNBd Shen vwilagh B i gﬁt@@feiu@&h, th@ Rordaf@vity of the channel
rcgmrdéu%&é%ﬂﬁ@ aﬁ&ts\’\ﬁee&rfgrhﬁmls, 9#"1(46@ tt@lﬂgtogr aflhtﬂ gs | s%%e’of X}@alugg the channel,
Whlch dsé nds 091 ﬂ!eec nd't-mt v fﬁhe ¢ I 01? gq}g fy ? tivit d h
ORBT At oR™ W T TR SEapaBrs vy 15 Y‘%f’b Sy chﬂ%sgf’ﬁ‘ﬂﬁgj ermine the

‘faﬂ&fcfftsr?aﬁf@terlv’és é‘ﬁaﬁh@\l of he| Bt et eciaird tergyisty the prastion of channel
rGSISt!alp/pMdGEH inomso bl pdrereginty; odudaro bk abpend @&:ngha Batnent design criterion for
acconBlitl hOEGeasd iR B GRALMCHY b iR diGhannel region

substantially affects the performance of MOS

transi stors. Thus, as the speed of creating the

¢ hE GRinvingFdkasg QLA ERes B dfrivasioog HetRver Spists REFalioHRS isgpst esociated
therevdth ¢ut lnpde be @ifdsstdye asgh an pelily pEst B¢ ddvantayes Striisti antibadilyl dgcreasing the
dimen€l@is@F fAnfiQork. NBnelula@A Sb8EO [ BHREHBE tsakd BdeclofSent 5ﬂ%a§&@bﬂcwmogmphy

of the channel length, and associated therewith the

reducti on of channel 35resistivity and the increase of

gate resistivity, renders the channel |length a

dom nant design criterion for acconplishing an

increase in the operating speed of the integrated

circuits.
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The continuing shrinkage of the transistor dinensions,
however, entails a plurality of issues associ ated
therewith that have to be addressed so as to not
wmcwlyoeff set t he advant ages obt ai ned by st aadidsyonrooisit
decreasi ng the 40di nensions of transistors. One major
problemin this respect is the devel opnent of enhanced
phot ol i t hography WO 2007/ 100589PCT/ US2007/ 004544  and
etch strategies to reliably and reproducibly create

and gi§hyserpfpeties ¢d whnblytasd Ofrodubibly icead ciBbbinB RSO BBgritiSdy @ﬂcﬂﬁ;n&t BEh as the zate

clectgpélé & tieal tﬁ&tsl’o&dﬁr 'Qxﬁewtdb@cetg[rga§$ns tb.@)[-e%ver h%l!y@op?]%t d:atet? (Yofaan?proﬁles in the

hi I St
vem&ﬁ&l%&@h spuUeII a e \a/tgmltd.urcécg% Fe@%IF I Bht ea a%dlso%&: r(fgﬁ)nstqq@rovxde low

Sheule‘m?mmg‘it rea‘f‘tf"é%‘f’lcm’f’"‘a%}“é"“ﬁé&ﬁifﬁf‘éblﬂni‘thqﬂﬁ@ﬂ*dhtal n and
source regions to provide | ow sheet and cont act
I eSlostvisy iht JedicBonCo® IR g NAkAQINs %&Qte@wﬁl@ﬂeﬁu@% c%{ﬂ%ﬂ%ﬁ ty of the respective

chane mexre@ rlecﬁbhlg br%youncgd Hgééﬁ%ﬁant rofl rﬁ ande %Ha%%o%%d}e&b Pélﬁ;}gﬁ in ?'f/ “E)’f"ty of the

th.is.assoc uce
PN JLln txog El‘shergfglie] 30- cal{:%g%%&%‘“‘" £% é‘f‘“éW"'f”@@Im e W@’lﬂp‘lﬂ@*}G’UW@@ed’ introduce a
°p“l'ta?{’eé're%lﬁ”‘lﬂ‘bffﬁﬁ‘t°“b‘ié’dlfﬂﬂ lcersesipndd tel gp antdugivadiyenéfshe @iaihiASknne! and
semidqopruthreregionciorss tty “reihfotcbrethdNs\jlihp P j@RSen doPSK Exfa@Er{? after the formation of

respe@e SadnbiGflarl Ak dr RO ARl &icS UR! iy

o] DAL Al O LT, | ‘;Mf‘n"t o A0 ORI e o e v,

dete whose con uct% &5t pe WA gRms, !ntthee channel region, significantly
e (e Goptn Iftyxfbf S/f[jgc ﬁflm?!hﬁhefmi‘lgﬂxfﬁglt chramaef thatidesic® voltage may be

obscrgeénﬁ).t@ﬁ@gttg@p lqngtm oflei®o S plodding @t RBIpERE htathamplantauon region, the
contrdli@glity bi Mg ctiMMe] MEClel eﬂlﬁn&l@ ) ALy gl@@@ht@ % léfvtcu%&w ol}?hc thrcs dolci voltage,

whmhf@ilmgfbr%@ toon tl'ﬂtgéo?(?rgltl hﬂ‘ edl'lCF gf to ere!u‘:l?w%nsfgﬁl %aghvarl%ov&f gordnfarfonnance

e | ONS.
with ¥ Q/aena{:on in s@ge ng}grh V\H t& Hhcr gﬁ?l% él]ﬁlplgagf ke the e dggthathUWﬁr,C:hl efficient
Compfgsa&l@hfﬁublﬁhvlé vztghg:ﬁ bied hafoompigatdtion sbyeesolhmnRghis 128G @8, of counter- ~doping
of theggsppiivicicgramibh el RIHAHAES wﬁﬁ&e@@ﬁﬂﬂﬁ@ |ar'1dﬂh]s|hi b dQJed u?o implantations

are recﬁlt}aﬁ Wﬁlzh mmaeéfﬂxeﬁtlyszjecgl@é ttn!: %@%ﬁ)l\c} ev £ cct)arcompfi &u éo %epﬁblla@ implantations,

which{ B, CRNOL B Qi3

hi (;: ygbe ;g'o ‘i1 agBeduceqY ‘{Pf“lﬁl cﬁﬁ:elﬁ’ﬁn%pﬁf 6ﬁrlfi%t} éesh &ffigient compensation
mec a[nﬁ:bl gﬂtﬂa{tlcfngh tl}eé@qn@% c,ont.rﬁ@b:![tg e Rt dinkaldy Irddtiging0fie thill@ess of the gate
insulatgoh damereskhidiraney heveen hangatkd by hekahystak ﬁ&aﬁc%d{%!s B Lgchﬁyucal limits of

well-appadveding Rei@fmatenRs, tAg ﬁanQan{m\éQL tage, which is als
referred to as threshold roll off and also redu0|ng
si“qtrf}ll fIJ cant variations of transistor performance with
a vart atiedr TE Gt R rrytiems Jgeited i eheoprypiiangpt shvéuikatensistor
deviceyyilliby desgribed inl repgddmil. Hawe Ve sgheduticalf filluei@Btn COMREDSALIVRR o fist

transistbioflentehrriesh ohich Mar rbo@iﬂ@@sh@l}b@a‘aaihlgarﬂmm %ta%géagﬁamor lement 100D
for recki@8lh t'nohJﬂat@y §ée;g %Jﬁdn&%t ’H-;%g'l}s? Gl sucong trﬁnérrsﬁ-s CIBIF x];(ﬁr comprise

nsyon re
res:cct!\/pgate e?eth ciedles lOy gﬁt d f?{ﬁlgd arlﬁnﬁﬁlcga%ﬁéxﬁn }-pa|p6>qucﬁ}pp amn&pngqch material
toz S“?b“éﬁ'é""t“é’é{iﬂ ik, in Gy e farre yhoros ebebd il @i Gt ko deatde @41 RN may
have forrpgdag ik ehily &bnemacet(ﬂmﬂﬁtad"/ t:Dse%ﬁ@ﬁfFonh@Jz Ghannel region 103 by a gate
insulatibdTR{ANGAL I QRS be \Mgdmgzh ti['gp-}ﬁe k?r@nsg[o Vl'ogseqod’x‘ﬂ My ?ave sugﬁzfntelﬁly the same

on r te rcgt Qer;]u & esc oV ESS
confi guggﬂta\ﬂth &?@Ps@& o t % xtbgzglg.)é’a'u elogfr Hréns&:ﬁéﬁ)ﬁ% [nay be subjected

© an i ensatl on nmecnan
°“ ’ gt ‘?“d’ﬁ?“FﬁSt‘?ﬁSrPéf;fW@é‘g éhtiafreisdndygroroguidR mgpettye halo regions 1068,

wilich rrtah Priemdsred gfshillpe hgatcgonsnﬂudhatay EH’lnéh@}éﬁfcibnt\M"lénﬁﬁcJ@){e controilability
of the ch@ﬂ?%&&un@&x th&rbuknk IGE 6 iby dﬁuﬂg BS@ﬁl@gofStat &&:{: l{)b§ a’khug ghe implantation
process QUJS h3 @E(ﬁ)ﬂ%ﬂg{he ﬁn@;{%% pr0ces ar'unete cg As B’fp%i‘%{) g.)é do?Eenergy and, as

shown, b@ J%JIWS such as <7
£ BHEE 3 freptiop sbaatiply. ﬂe@cndther tp thsHtveni2i e tovddin the
implantqtipn t"F\‘é“ foéﬁ Fetidon toof cegdmiearnt bamvathe bthamn&idshad bl@Y p&LSectrode 104
Wi Il be described in nore detail. Figure |a
schematically illustrates #n a cross-sectional view a
first transistor elenment 1005, which may receive a
shal  ow hal o i npl antati on, and a second transi stor
el ement 100D for receiving a noderately deep
i mpl antation. The first and second transistors 1005,
100D may conprise 30 respective gate el ectrodes 104
that are forned above a channel region 103 provided in
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35 to an ion inplantation process 108S for formng in
the sem conductor | ayer 102 respective hal o regions
106S, which may be considered as shall ow hal o regions,
wdnechviomesp be highly efficient in enhancing teag/uszo07/004544
controllability of the channel form ng in the channe
region 103 during operation of a device 1005. Thus,

the inplantation process 108S is perforned with
appropriate process paraneters, such as inplantation

and éejgger éWg myiyh aoimchs aasx}p;hfﬁm b, | 1 is_&@&% Botdbietah) hﬁ@@f},e&&ogcgltcly high
implintaBtbd ®€d 4n@ hud ibryi I Qe hilG i Y ES i

ext end to a certarn gegred BEl SWerHEhsE Fifited theeshold roll off, to
obtala é?}ﬁa%érhggvelt%@roaﬂhéy Pty thyg Band.Ole seap@®i transistor 100D is subjected to a halo
implpGoqy PHDSGEPETLWUS200 7ib 004544 danrd cdrB@tB PR GRFebyQcfiiring a significantly
greativhiie i soa6 toSpraSle amlohdmdlﬂnéhaszhlﬁkﬂsagaﬁéffect Lk 1e§pe$t 0 tpc,gtiu@s%glgg/a jance. It

should Bakon 10 - rately high inplantation dose a
sk DSl RURNES 0B TOOR! Sl B PBLAAL S 00 R0 SN
WIS SGUPFRY PRCHy dePe bl BT Brar iy pié mepfidls puships silicon dioxide, silicon
nitridg gpfahdt iThe rerelestra M0SMOPR may bafschet gn S dkSs « haneblished techniques,
whicie fofledt Sbstas it taSadieatieae bitasRAkidort Olobpt @ffne .08 BPL A 10ss
tospenhanced channel controllability. On the other hand, ’
the second transistor 100D is subjected to a halo 5
i mpl antation 108D, which is designed to provide a
| oWer® b‘bi’f&‘?‘ﬁ“@%ﬁ‘éﬁ-‘t e tringipiors L #Sraad yOO0Peig uifindl mgnbiacturing stage. Both
transiglprgy APOS| EWRthay gmeht er agleplid: S@wals sda@r PRoMicd€1, avhich may comprise a
pluralP AL atvabay sprcg rbléﬁ”.@ﬂp@r@s@'arioﬂ'ﬁteeﬁe:eﬁ&term:;} B LGSR 8 ek & i
requirt:xh@xts!: IMO@&%Q?Q,' c&jmry 8 Iso%&%\?c ionst ltg Qc? u'.lec(t:!’: kt)er agpnrlr] et gt ed’ tﬁsafg;d o
forrn “&EL%§Q§%%3§f the gaf & I'nsufatfs FEF 1t figyeeions 109 may be
ypI G al P FPARET Prop A2 rdiscentis S ghanerl seipm |03 nefterchethe extension regions
109 gy fpfpf Wighe [rgppecid Usledemime 10B% obagsiDsa X jEkREUBNE loyvits§xplained,
Morewatdo@f;iadnf;d;wm?a&s ol lok @cﬁrﬁeddmﬂ&io@lg dra§iozlgc§D§)ng R {oﬁs} A8 and o gate
electrdlid Q04U A Erdddl (K &duce ME sehils Eé orned .
sourc Qi DB obasi s of mgﬁfhﬁgg%q%%?{rg%%ffg?ge% #ﬁ iga%eeq%?{"o 8%%“8 fe drain and
I nc ud%'substantially t he sane processes for both
transi stors except for the halo inplantations 1088,
g_GBﬂga:Hy.é the tra:flaﬁ ne(;?;,a boﬁh@m t‘oﬁi&_& aﬁ RHOWS, taht%pprqpriate implantation
procesk Fod [bPrhifd &lefsiok! nf 19, idlak 0 manut act uy 1 n
on mesttaésg &p th? tha&r tlt57a IJeS ie Sdtngpé% til%oﬂéog;fci@lf 0669 ﬁgt&c{)prg%ﬁfﬁp?rg Irgm%xg(not shown) of
T rogylate si deval T SPAESTOoSY it iR eptiementsynThenqalippyhe spacer
strue <5.ogjdr Yeba e oy iy Rpsist §f wil-appreed tebrdues paedrz Bk gRRHES: of an
APPropgpiel maipt opahi aabilicoh invgle, awdh erbb@lSy antlePRRAR Grods. PrREERS 4 further
implan&n@h. [d&:‘ddsi]asa b€ o foR BN &er to'\@?o@&\ét%ﬁpantq{a@:ltrig tar}grm‘?‘n%qgecd%w drain and
source rG O NS, C respective extension regions
oGO, LA SOIBEL S 0. LERREEE XL el 20 Lol TS
adj acent 1 OPTHE CRENALIFaY By 41 brudeerwpréreddprietetie formation of the
extensign, heEpns il fhengd ég id@hysanq_@grcmyioafsdﬁ(?wnmw have lheen E)&&ﬁﬁeﬂt[ritéﬂﬁittentiy. After
the coxh&aitig.x qﬁfe@.’i @qpec]i&f&_[:!@rrmtiﬂxﬁ)w adneNrdcbbG tixc?gl’sy _f%ﬁiné gze PN jungtion between
the ext@EiEVIc@bS10Y afdRe Bl NEfons , iliShe ot r€gi ons
mebm%la;ﬂ%prerﬁgrqgg %f%hP%ﬁ?ﬁgsg?%{ﬁ&gﬁﬁmgﬁﬁ?%ﬁ?F%ﬁ§8ﬁ?“mﬂ°“
o 110 @ dV T HE " GAt €D G ERE Bl 159 11 vigk i rdorositipreefi e wopropriate
refracton Eetdletipih e kUG dipniig eickdr platingmn ectomhgations fhef,gethen subsequent heat
treatmepy] ferdyrmipg @ redi@4tivamelaltsiigiadr ai n and source regi ons 110.
Typically, the transistors 100S, 100D may be forned by
per.k ] appropriate i npl antation process for .
5 R R Sl B SPSPLER Sh e
AR AEPPE prPat Wi et dice PG Ab radd h diwiiizontal dRBugdm of the gate
electrodps, §04p dayj ghepfiset fentisah aeeisurdtdT,, wikeqrendi gagiotdly tAp@ind, 0C8STow halo
and device requirenents. Thereafter, the spacer
structure 111 nay be fornmed on the basis of
wel | - approved techni ques including the deposition of
an appropriate material, such as silicon nitride, and
a subsequent anisotropic etch process. Thereafter, a
further inplantation process may be performed in order
to introduce dopant material for formng the deep
drain and source regions 110. It should be noted that
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treatnment for formng a respective netal suicide.
Figure I c schematically illustrates the behavior of

the transistors 1008, 100D with respect to a variation
vod 2dokriesPol d vol tage with gate length, Le., d/ch@yhES.y
la and | b the horizontal dinension of the gate

40el ectrodes 104, for otherw se identical

configuration, wherein, as previously explained, a

shal | ow halo WO 2007/ 100589PCT/ US2007/ 004544

*mplhlm‘rt)itﬁaﬁgl% IS‘Q?Q ”lg @19 eg!a’é I!?%g I:C as?vtldlgea l’gdled Irglgrg a:rliTe C? the b ni?n}éhold voltage for a

aer P i du o aéé?ﬂ?? Pl g (P 15 o e Bypoely os o
implanttigreregion, WCIFI5@‘I§F‘§1°P LD, @y, fohia othetwdne idating g stpdefizapednyresult in a
signifi@etly b@bandedrgiramniia tol|041t, EeGbY Rnd SHE i Spd B uwdnggbrOBss appropriate for

sc)ph;]s@cﬁ@d amyauonfs Or}\lt@cﬂgipﬁl@ %n\é\ﬂst&elobg %Q); l)cgclvarﬁarg,@oﬂ§ lnSJmQI of !ts behavior with
respccﬁ{cl tt CQHIS d lcli Qq offr ]?nf mo{e ate y 1 h (ergaﬁa oP?Caﬁntuf%P ghe Oél lg% may, however,

ha"et“rs'éwg?ag&ﬂai’“mégg "%Fﬁb‘rsﬁﬁ?ma‘l“@“"f"é fhe “@S‘QWp‘ﬁ?Ss thpre*msmﬁcanﬂy reduoing its
curreghiyive caebilgn s Thad\ist houg e trloderdteta high dépaut QO Gadvayn e halo implantation
repiod 0 UGN b AGR QépSee 0N cdlh @WoBiig lstp&v*aﬁhﬁ\fﬁeq{xtcmdﬁnncgﬁoﬁslpﬁ GilerebPreducing the
condu?ie:t} th(!r(%% hﬁinge, I‘ ﬁLrJn%nol()gA bgnbe%n %%%ra?sﬂ%ic% 1‘?& %Ia rhe cgehnnetl regagn 103 may

concentrat] on

v G PP AR SRR i RESTSEP ATHONSRYA G5 i Geipa . Bich s a
signifi¢patiy [pyen Spngptopncd@aBn it e reegstive hgniekion 1501 Conseghersly.ngpical transistor
confighrSiofol eVincallr ipyRaapabt Jeprbgdnt aT&as&ﬁ)roinS,e bELWE:n teBhahdd® threshold rofl off
behan’f}@Js;%LMo é}lvg&ngxgl?ﬁyﬁﬂim&oncent ration in the halo

i npl antation region 1063, a high degree of

count er-doping is provided in the extension region

108, viehe Bhrudiet drerrivet he: harg edsiered fop it gebedhelriesbfique for forming
tansilendenenta wip ratdidng hdSAndpsit e enbheidimBlial absi bt € leak@redib Ry the effects
theredNd t he channel region 103 may have an increased i

resi stance conpared to the respective region 109A of

the transistor 100D, which has a significantly | ower

dopant concentrat i &5 9% hal o region

108D, folRyivg exisemt fipplifiedpingaly of thaingintgdndr ordw Ripkayidr atakiomslerstanding
of sofu® hspatvaneaah-apR! MeRkIQRSy FBAM Jn%ﬂﬁa@§i@@5veﬂrzmreqme§%n It is not

mtem’f?ﬁ@'ﬁé’ﬁ&ﬁfy%%@&%g Jeﬂ&ﬁsc!? 94@. %vgn%gfl TrQJ: I[ehpefg?l}{:lscooEm é’}‘ the mvlmgaon Its sole

drive current
"“moé‘f 8 mn"é"sgrlt f‘ﬂ’ﬁt"f”b"ﬁp‘%‘és‘éi"ipbfé“& Bdv e p“%/”ﬁ% bR i"’ém"aij deeeigfion that is
discugsgflatgin  enhanced techni que for formng transistor
el ements whil e avoi ding one or nore of the problens

| d@%r’afl}l ﬁlg pl@gg\ﬁe\/eg{on @tdlrlzcﬁzgg tEc%gl Q:I 9 eJaﬁ% tﬁef rtua%gfgéunng of transistor
elcme}pg wr Lle enhancch)Qm\rior \{% reSpect to a fedlfcecle\%res i chcbvfill? ﬁt éhe same time providing

a hxgi1 q:i\yf*e(ﬁtfrp% ﬁap?bﬁxtgb rFaret‘.m fnﬁpo&q- 6%]@@,«;1@1 iplqeally fopped adissed fdi rﬁg:c@vﬁ channel
reglors e togipdcindy oiuct breutisnviaht jooplceFhivgd sumralbying & aNGfcc@A drain and
sourc€¥RALSTtNeR, OMBE WhyeNeiRfowl B rdetM %mdeﬂb recf.\tredl hzh la@;;ant concentration may
be fmln{é& %Q%ﬂal&%&&? Q%g)etf%ly Iﬁ%é/ctupg{ th egeggs rgsastam%c: bcﬂe e, tlse, rcsh:fctuvc PN junction

tjon or

and a pp g %ﬁ?ﬂ&{s‘é K “fl’éctb?fé@é’ﬁené‘aﬁé“%’o%'éb’ﬂ fomegirgpt e bato region
may bej Rigbingdj ved deorremises of 2 praled denitooduire matpniab indig¢ divin @l source regions,
thercbfl @S0 rig fiteic@tioh hﬁixcdp&h?&&dhxﬁ BUS:SBhnd! aige;h which in turn results in a significantly
enhan$RRELBL) Mrioddafl8e Pr €sent invention is directed to a

techni que that enables the manufacturing of transistor

el ements wth enhanced behavior with respect to a

r PEEERE e Slutatveveabpdirab of hihpressitaitvettive, S mptkodt doprpises forming a
dopedpee@v hdlicrrg toar ching#l redioh Vi fRUleFt@Ntrancia@ahekdid tie doF@reglol b&nprises a first
dopanP beRASE, 2 @mmmcmglu% | \Ford oGk [pYrib PEARE aBfth 3GRAL: fregla@cd by a

respecti ve channel O region so as to significantl

reduce or substantially conpletely avoid

count er-dopi ng of a respective drain and source

extension region. In this way, a shallow halo region

havi ng the required high dopant concentration may be

formed substantially w thout negatively affecting the

series resistance between the respective PN junction

and a netal silicide. Mreover, in sonme aspects of the
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enhanced transi stor performance. Accordi ng
to one illustrative enbodi nent of the present

invention, a nmethod conprises forming a doped region
v@@jz@@@gﬂ;&gqt 0O a Channel I‘egl on Of a f| el d effq‘%{rﬂjszm)w”()".\*‘_
transi stor, wherein the doped region conprises a first
40dopant species of a first conductivity type.

Mor eover, a portion of the doped region is replaced by
a WD 20071100589PCT1US20071004544 sem conduct or

semiBRKIKr alaﬁemzrhﬂil a sc35d %Qﬁntqlﬁ)@?g%gﬁa@&gé %chgrm@ tyfﬁg ﬁlgﬂgffem from the first
conaﬁ&ﬂgy&%é té/ It <¥iu ex 9\% Lt‘{e crmconduc I mate a[ 20,38 to?%m 'tg{:Jljﬁm&tgﬁ a'uiét{l%{lrst dopant

ny i VIt y uced into
‘mmhﬁ?é??%?“§6‘ﬁ§’?%mTorn1a PN Junctlon with the first
dopant speci es adjacent to the channel region.
S5Ace ottty g akotheENBNRYE cohdohithsd: bAkd Mise@ m@rﬁbm RHenf cotnpr%es forming a

reces}grl@%%%mihm/ MJo%etorqegﬁt% cQtex%p gmorwl g'neg'tcl} 1nasﬂ1f§]rgxe(? ahé)wi r.%e crystalling

I}n em conduct or

In.a
semlg)rg]iduc{or H-,Xl a{:(urt I%EFKH:% a %8\/«3@0{1 ﬁ:genéw% g&t‘% qhi: ﬁ@x mask is formed on the basis of
the recat WETTEIRL Pl FEigh eprifEys filsiedopmr eeoica oftfofiR dhnegiionmype. Furthermore,
a sengigdndyrch Mg elid | ioWricden ek GheddpsiercirSthd @R aiueh: rﬁ:ﬂﬁ:dlbﬁﬁlb&cs a second

dopaﬁkfsp&:ﬁﬁoﬁ' a%@&ﬁ@eonm@ tyPe tLhesfanad tﬁeetgétg&dgcqw t{ﬂp%%al Pherein'the first

;md£&5§£ l%ﬁxggghqﬁmgg a first conductivit
a sem conductor nmaterial is forned in the

recess, mherein t he sem conductor material conprises a
seéetdlinkOd opantthes fegings cobodimae eiondprendiiledtion,iat ymicyRstor device
compkiftats edic fefe@foBe fuaie FAQedf dbbla &%Qu@&dnvdn& X dltaMQlecﬁrLQd 1 sourcc region

formé@hﬁfa@éng&)hﬁa c.fh!u{nétreg?oQQO §se 8%1‘9! dpl@ unctlon Fﬂieﬁ i FlTrexn 1e d{afr\/aénd source

I Ng
reglojw av di. low refxstanf:c rf;gﬂ%l ogf.egz.g ctonqewé?ﬂqf Wnterg)og@ﬁoeaﬁﬂﬁ%{ ¢ypcentration of

“0““*6@’\?!"6@ AcBNPY igeisna Myspenehegmicotdiectst deviet wmeristor med silicide region
formaglhotedran ellanne lreglo@Q Wit R @l Qﬁ@deﬁegﬁoﬁ@éxﬂ&mm% 18w A Erogion,
region 15 forned adjacent to the channel region so as

to forma PN Juq%h%ggE rew th mheLeln the drain and
source regions havemaf$§§¥§%%¥§¥%¥%%?$§§|on of reduced
copcentration of counter-doping conpared to a
conceﬁ?wg?P%%beTM%%ﬁﬁ?%F&ﬁﬁﬁﬁﬁ e llovipgdepiipiiof iker ip gonjunction with
me“N%W%@WQFWWVH%myéWF@@m@@e@gwmdevm@aﬁrwmphma@smammmma
suicide region fornmed in the drain and source regions,

V\Ihﬁéu@és nlatlbescﬁ@&@ld lyS!rHosQI CQ(%S LSS AN EQN C%ﬁ%uc t he ! W comprising

transx{ﬁ?%fer%%n%gtﬁ ?’m[n%%mnu%c%mmgdtaaees rwglPE 8}8 c;j;h-l;}.Oéfgé(}n éﬁ.c'xéietfpdmlt) Frgion according

mcm?%”?ﬁvwﬁ63&6§ﬁﬁvptlon taken in conjunction with the
acconpanyi ng drawi ngs, in which |like reference
nLHT@Eeaﬂc&cfie&lﬁifdﬁllyﬂ%stlrdtck ﬁlc %Llﬁm Fhee tl@&ﬁlo!él Oo[txgglupgkat:cin to rhe gatc length

for trafl:.é:sg)&‘I Ele%ﬁ:esl h@vzllgb sﬁrﬁ[o@ [TEO region 'mé{ g’ee OL\-llgloCrE OSS sectiona

a sem conduct or Tce conp 25t r ansi st or
elenents in various nanufacturlng stages with a

s Hégutep R Ad | seremeigilio nehamn dross-daiem:! vieve of @Qi-0sist@Co@leat Mgng various

manufacturing stages for Form?ng a shallow halo region with reduced counter-doping of drain and source

regions according to illustrative embodiments of the present invention;

Figures 3a-3¢ schematically illustrate cross-sectional views of a transistor element during the formation
of a local halo region on the basis of an epitaxial growth process according to still other illustrative

embodiments of the present invention; and
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to conventional process strategies; Figure lc
schematically illustrates the behavior of the

threshold voltage in relation to the gate length for

wo ansi@ser devices having a shall ow hal o regic@n@ndnisi
deep hal o region; 30 Fi gures 2a-2d
schematically show cross-sectional views of a

transi stor el ement during various manufacturing stages
for form ng a shallow halo region with reduced

ﬁ:g 4Q—Qcpkcrﬂgnaqgan‘g s?d»ﬁcr@s@gect?’o?}dr‘ﬁ&vs Oq'gll Qang’istglr c&cme{q Jlgng the locat

forrrggtg:ﬁ .0 illj %Ei'isowg alog COH giﬁlg{g% ogft ‘1 usi:clnlpa_\gtfs; gtsqgc%rdailxcg\\{-sh yet other illustrative
emb?ﬂ“&‘?&% 0%%3"?5%%%?%% of a transistor elenent during

the formation of a local halo region on the basis of

an veqak t @xii@lea@h oMt Jascpfftlgig €5 Svaf o&l&“lfﬂ:&lotnp a§¢§ Iahtémaqgch @orrms specific

Cmb&CJll'Jl g%g&:@st’&%%gg%g%wﬁggg%%f %2@2 Eﬂ% ra%w?nr}lzs 11._nd aﬁ %rem geg‘cnlf%cnn detail. It
sh °“V\Sﬁ BHEEP RNV SHERVE Ag Bt wdeEin Shapoifsi CEESITEApts ot imended to it e
invegtion fpsths pagiiculsf fopresndiscidesdli tmgort the cdngoal thd Dremivhi o wfer all modifications,
equigRath, labatRahdred QL Wil tht BEitDAS beSpc0fr v ithchdddSi @dBincd by the appended
claifRf OCeSs in accordance with yet other illustrative

enbodi nents of the present invention. 5Wile the

i nvention is susceptible to varl ous nodi fi cati ons and

al ternati ve RHMNES) KM i Siiaf Y ¥ENTIONeof have

be &nstehewnbdiymana yf of xrr&)(ta:nﬁ'pde Eesbrﬂbed belwd 1:0004 1@ s A Bt all features

of mgz@&ﬁl;ﬁﬁldr@&%ﬁénbﬁg dés&:bgﬁi}l%lé spccjlfgcat%nmftl \gzlll%? cculpsg%g §;§p9:919tbd that in the
deve ;r%\(()@ cﬁ' ahy f’li.acmalﬂer{\bo L eut dlmarolfs melemenfats?rhqgcop fﬁ\ﬂéﬂi‘?“ﬁ)ﬁmih 8@ made to

odinments I's
achief/%tge (b*ée#ctpicré L?Peé}ﬂc fgz&lsnﬁxclms gﬂp&%@\’vmwﬁe%ﬁia{eﬁ gld@@qqrteirsacpl%;cfd constraints,

which 1l viuy frem ehoomplegentagorcio yethera Morewrd iif wilt Bt dppradated that such a development
effor@gight\ba lc@ill&, and@ Nfle- alnﬁtﬁﬁd@,aﬁdt VWBidd tl@l:lltﬂeﬁg 00 ot BleRe tul'ag'ta!ﬁmg for those of

ordin®P bl ity k@R +LAe ion as defined by t
e 16%’%?1?73%5\‘/%%% Gl CARRYI NG OUT THE

INVENTION IIIustratlve enbodi nents of the
i NVESRESHhingpdon ddll e Yy deterthed itk refbmnct lpabs atbobeddghren fVarious structures,
systeigd @l Kéveps AOfch@laticaflleabde@m tﬁ):fdre&ﬁhgaﬁi Htﬂjposlaslm |cﬁ3|§l§ﬁaﬁta§$d[)0ﬂxd SO as to

not O@Eu@e tgueﬁ'@q@ﬂt l'i‘}ﬁgnttbpwitlmu%llsstp@ ijc tvlf:l? %%{vg Q) thésg sk\Mcd m tloe m (Rfuchcle:Eeas the

evel

attachec? {ira\QF rse’tc%xan!aucgd ct S‘es‘ﬁ&)%’lﬂ &\}gau? %T%W@rﬁcﬁ?qica I’?f §’|6 @E:Fc'mi levcnnon The
WOl'dﬁj?éle PRAHHSedeEtin H@ulﬁﬁﬂ andprgiogiotii éveerreittieo deveed opeinmsonsistent with the
undergpdiog $fi ipsgoalssipd guchs bagioe el iaRcelevint 4. Sy Sicertdemliah &G term or
phras@ 6, VUG AeS 8ol i€hated mansd gr@hm Snd éﬁﬁ&&ﬂy Wlezlntua \égnéégrttgo%rgy those

skillePH Bhe am:, lﬁJJIgin& t%tb!: %Ixed%y con dtsten? 52, eNp{he 811? ?r ODH%G her&xlﬂ]t TthEe extent that a

recl at eve
term °fd’ﬁ‘b‘?eé§< USRS Pféfead?f%‘ahﬁ‘%@mg bat = Wwa O/ Bt this [reslgstosieby skifled
artisang, Sued it Jepréal defiitips akli ygrorovly $chsle inghe peaicadunyn § KifhukiodaNmanner that
dircotly et vaddhiviran gy idehee Peneddibiiaf ot gmdl geds@sure. 20

Generally, the present invention relates to a technique for the formation of halo regions having a high
dopant concentration and which are [ocated close to the channel region in order to obtain an enhanced behavior
with respect to a reduced threshold variance with gate length, For this pwrpose, In some illustrative
embodiments, material of the halo region may be selectively removed and may be replaced by a semiconductor
material that may be doped in accordance with device requirements, wherein a substantially lower level of
counter-doping is generated for the respective extension and drain and source regions. In some embodiments,
the corresponding semiconductor material may be provided in the form of a strained semicondnctor material,

which may then induce a respective strain in the adjacent channel region, thereby even further enhancing the
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The present invention wll now be described wth

reference to the attached figures. Various structures,

systens and devices are schematically depicted in the

wio amizn@sso or pur poses of expl anation only ang@:as/0b.8.44

not obscure the present invention with details that

are well known to those skilled in the art.

Nevert hel ess, the attached drawi ngs are included to

descri be and explain illustrative exanples of the
Pﬁl'fﬁrm@tﬁe Bt thé RMRARE GdhsistdRemedD IM&E(Q%HU@QQV@DJMIJ% Shrs galo region may be
fom'la@ rneﬂ hﬂzhl§ f&wfﬂmg?onl{ﬂ%%iéfq gxx%n C?Wth t{)c lﬁmeg%gglf dﬂi:ﬁﬁgg %roccéeb, thereby

consli st ent
subs autlagg ﬁ‘%lddm tﬁlfﬁgxg’glgn-wmfth 8§Séai éiﬁrpqg,r: ehighpmavhahervgfecheagsperated when the

dopagyspeciep@r %b‘é‘éﬂ regionddfifodiced lorionGfnplantdries wabokuephr ase, i . e.
a definition that is different fromthe ordi nary and
CUSﬁ:&%ﬂéﬂéne@Q@@igﬁ‘:@s %dUELdﬁra%B QQ—-Q k?%th%r xf?m;tmt:vc e Tnerﬁssgf tée present

Ve r I ng
inv Jt?? wﬁ1 otV be §es b (F mé)ge edetﬁlé ré%%crg%xfaaefxﬁ’éal]érx@étfﬁes £ Fras- sg:uona[ view of a

semigoagigion f‘e"riﬁ F%{lz, é”hfcé TN FETTERRE it Butrative cabeiveck.al ke efbngysisior of a
specific gonduchivitygtgni figh ot herhathiBmensiator U R0 0nsibr. S id doBf 200 may

compBiAs kibSARI0L,SUGH tﬂay&ﬁﬁ&énalan)dﬁgﬂoﬁuatc s%trm k‘OL‘ fOQSmg thereon a crystalling
bcma&ﬁﬂl(:t%xslajey20§ eﬁorfc&%m t]!w subs!1 agc Z%P mta)( rﬁ;lar%s?rtal Eﬂléﬁ[ﬂcw&%qqs%ysuate such ag

I ona
o 55 e ) RLERBET AN (BPP (N o i ppprOmr el Th

semwﬁncfu&tgrelayer 202 magenapmt [ipstrati Feeengodigend rd:pﬂz‘d@ﬂhlsﬂiﬂonﬂ;@ie&tl@@r Le, a

erystgligne alagee GiirigQdl Qliakiofid Ethﬁtuifeoarnmﬁdhﬂfhg,oi cé}@ln an(o%:gl &n§hcon for instance
appro'ﬁﬁMieﬂ@O Qtomlcg;ﬁrcg& R, 09 %1%6 rft L trﬁgergl g(hda tmeds, fh V\'pe semmfn}siucé%tlagf:rn:loz may

represe r aescmch
D S&%’ﬂv th: @8 aprbt i on uctoggatwa H;c zggw‘“é)e{gerfnamlgn 308 Hhg blkeeg A mask feature

an en
215 Tﬁ%rbéﬁ?ﬁ'ﬁfdd*bv‘&rtreaﬁ@éowqtqﬁ layext 392, gyt kovefigra dhlting MN[0 € The mask

teaturp A1 5sryicomprlsd, irstomatiaedie i bdinee® taSase BBEBAd Bk, ek ‘inlayebc formed on a
gate ikalaGonr18Q1 0B, \mﬁ)émbtﬁe éﬁl e@&&dd}! ehy mJy%BFr%Q ﬁa%/sqacon (X' ey ca.l(;)efg éqa)ropnate

ate En aCC rdance w Icere
B3 CHOST aniti B P PEiRer Cﬂlp'é‘%é’efay"éfz t otheidrad opicnrg 2075 In some ilustrative

- materta 0 précess a vICS re u1rem<.n trerl a
t r{ %Lo@cﬁlﬁq PrX ?3 §c? {Fe]h ts, %? tf"éeﬁélfﬁr%“c Wﬁ:g w}gn comprising the

,embo‘{j@ﬁ’@r‘ g{::@ﬂz Ift ofpr ipdtracerie g1 €athiof @lice tienid: :adhane, Sfal Tor@ltherveen the

spaceiS0 UL @he lgﬁgél&ﬂ&le 204un§ el L nmgloﬂfoﬂ&ls[mrti%&%f £OLLE %ancg If g‘
shouicﬁ&rgpmqﬁap fhe %Ekeféa{n@}: ZgBXa a?so regresentélﬁaﬁm bollﬁiexi{jrgyf gz}tretcﬁc;ﬁod: Oti IJIct

former?m latg'rl ma%gt e Cton ‘l{flc or A f
nduc FeSPEE frire '%fcf”ar”rfh‘r ﬁ Sf Kes' etiralérmay &hasietialy made of a

single fné@'fw(’) vamg H@fd@bfyc Gpemsiofs i tlis@pte dreivadyGiilhtg bé fened YA for serving as a mask
for sulRQOA FORE8MRERL HSE!OQ%&QQ&5M P8 Moﬁ@n&?ong&i hddin {; a dopant species
of a AFsCSPBGLVitY eypk LRSI, %at@ Ifo? %&Hng a PRIHanpon wxlh ralfns etmr;ias?ﬁrcgiﬁf:g}y)ns and

letensgmggrks;twp §tlzltt0hb ﬁirﬁxedo 6121':1 ?é? vsfmg,e Fr{iogs:(.‘ raglongizpﬁmwlso be referred toas a
o “ig’é&h"r‘ﬁ"‘dii}é’é? faﬁw%’é "W PHASP erprqprive Ssselsy provirbelydesired behavior with

respectd thepthaldtriviahdeyas Sobudiem ghobarpl ant at i on-i nduced cryst al
damage, which nay otherw se be generated when the

dap - SemmOn r is introduced by
the foil vm%ré)p%q%i%tg? g)tltl %1[;- eg ﬁ? 0 4 ng\?\?vmﬁ 2$ eaf ér}ogﬁ Bg‘% 2a may comprise
FI gHr s 2 2 Proyiiog &he 5th ai?é’-o her forpige thq gqme; for ipsrneeattion e substrate

201 is By st 691 PR eaeRtictiTIventtz oy W kmapn: Beance by epitial

growth ¢helgdqupsh EBlrikg br AL €he Atk growkt] FUHES, 4 @pﬁ@hﬁmﬁcﬁ%lo[!w}{t proﬁle may be
sem,conduc

producddl by} ok Er@t{n@g t@n PR aRC
o dﬁ%r%@er ! ate msula L; ) §:<§: ffﬁér{i)rge Z’J)ernc;(/mvemencc a %utch g?pav éhstnbutmn is not
o nt's Fiietd™mes fac fP?’ﬁﬁsfPfs’t‘séﬁ‘mo'TY dgpasisiest prfdfog oxidation,
otlowed 51 the STPPS\W"PW ?W@OP@WGWG algctrgdePmagdniainyhed it i aameEEhO heask feature
215 conggriseNthe lyaim pledtroder 2ah sMskopr, inthiSc6l M o cHRMe m3@kal, such as silicon
conprise a substrate 201, which may represent any
appropriate substrate for form ng thereon a
crystalline sem conductor |ayer 202. For exanple, the
substrate 201 may represent a bul k sem conduct or
substrate, such as a silicon substrate, a
silicon-on-insulator (SOO substrate or any ot her
appropriate carrier material. The sem conductor |ayer
202 may, in some illustrative enbodi nents, represent a
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15 approximately 50 atom c percent silicon or nore. In

ot her enbodi nents, the sem conductor |ayer 202 may

represent any other appropriate sem conduct or

wmt@rimkse such as silicon/germani um and the derk@200004544

mask feature 215 may be forned above the sem conductor

| ayer 202, thereby covering a channel region 203. The

mask feature 215 may conprise, in some illustrative

enbodi nents, a gate el ectrode 204, which may be forned
nitidgnmay @fafoanddmsuiwatakcoaectr@yertmzﬁina WRLT R hd)e QMo on tho basis of

soph@li@ed ﬁt@@@tpl%gsﬁd W&c&g{[@J 50 §sem Qb(ga Iy S{I: %Jte%%ctro%e %O% §éverg%laz the capping layer

appr o
213, dgl%irea{ger reétaose pOHiSPﬁ %E thwfeetwgrlmn [fl)ﬁté m%gek refiavef i ardgy 151 form the gate
"“M%HéﬁwﬁgﬁﬁﬁS&Wﬁgﬂfﬁﬁﬁ@%ﬂ@*@&ebﬁt@H@mﬂ@dﬁnﬂaybcmnpﬁeaemammgum
deviag WP nNigaih ayesired 2lBnane: &d ihewalk | Stﬁﬂa&ﬁtl‘)satzaggmprilaﬂ spsdgaﬁrﬁnternl may be

deposited, U tids@kck Vxﬁhcezﬁfﬁlpﬁ Isiﬁ&ﬂtnﬁnde awhlellegedrtlh%%s &tf tiic sHé:ersi%/g‘rnmay be fiected in

Vi i o CO&Q@. e an

T;‘” ‘{8?% oL Rl 8 B kG 3 e B b Bl wisppech posess
S Bige Fraipriatior grossy 9P mﬁb’l""’l reteed onglyr tefioefopmdpribtagocess parameters,

ie., et oW ductos wWelyer HPORle dhaly bs Bdddled ob @ie aRRrL Gés%ﬁ @ﬂ’cbt Radn may be

tailorbd@r dRGHy fa@ad bt &lltgvib5w'{ﬁﬁ¥sp§:|t ®Qnel tﬁ'@&rh@lﬁ eam:a.nc@ a@ S%qupm%d gb%ve That is,

for 0&1%!8@1d&§£a@dc§tg§8‘¥t&‘£ﬂ) qgtht\:/\ﬁsv?e 200 w5Lh resr%eht to thc gcvge ll({Oﬁ éhe same implantation

tur

*’afa”fn%‘s ree % %“e @"“b“ BSE A m“faam*»yﬂls*fﬁef@i igfFigsredp Figlsred for the dovice
200 fHtselhs mpeeri 208 may bagpisopripabeingl mbas iegins 206 0vith hige efgatey for roducing
thresli@ldgelt ¢10 denusd ikd dondetriohe sf0e8e 6 and qtp@an}ste&aucéagtoﬁét BncIRSKon in the
rosiol 26 SHARRAL & BhmgRREEE I8 r s RUEDLAT ol o o WiRlant ati on

for formng a doped region 206 inc Ed [ %ant

species of a first conductivity type that IS

appFEpt ghEeioly fsrrrnge dvienZ)Unct iadnnn rhodraiin e in which a
recesssld Bl sdempdegiomstoaindhend eash a1 <b egi Dftsiok Bothe dp&t ;§§ldn|zbs ks Qemoved.
For thb;Qme&E, nehcvibdob n%u'-‘fjéeldl Q% Qrgsumg[ﬁ:ee C@l%&%ﬁgs Ele/gxlvlg:t[!:m &) Ilhar@%amre 215,

watcl 1+ ceertlc'aeuac ae e GO Ion
hi latjnzl?yor ;Q(.ﬁs i glr pii] 9 ge} Ia tr c? Oé%#’l ?ﬂy ag%&b\gh]sa?ctxﬁpdvtihdiasaegt to the

nay
mater lt3|hﬂg thy éaé([:r Y T ﬁWp'ﬁ rhlwytsﬂeq!lgﬁs%ﬂocgsepb i sidigdn ehdisilicon nitride are well
establighed poglweae be wped. | Boirinhi eakdipedesaliGeaterial from the ApdsdiHofiad of the region 206

may bp FOeesiSiofvh @ depih, & QLB mggﬁtﬂ‘fb@ntSQImeg QE}Q&@L&B oHgY| kGE dogaglpspcctes is
encoufderadd hp%l& A aF %rgr}tlzft tl?a@ dErB‘tX th%?tr%)xe o?%g {nocc,tss Z%gdlfvgakm%aneq of the region

I ovi e su
206 miy noFmpresm{t F]harp érgl%m bfb&,mﬁyﬁ%:? DB [mgﬁiuﬁlhrénagﬁbgftdpalp@nt c@entration.
It shotétbtiisel ke at);aeclnéaﬁ rﬂ@ts@ﬁfematnmggatexgu b&thy B 20X ley have incorporated therein the
dopanigpqriccdivguict andicane typ2 GRuaRy, ah&stfa%%ﬂ@f tlfeQineH Hzﬁito@ﬂﬁ%agyg a high

dopan@Prictiditicalas SHLOM ) tﬁe%html gfqﬁaschan%’l ég{&g 20 fmare&ut,m Eh.reg ld variance, may
ropri at Ver% ]fa

i} s OV\It, CHY eavm a a
:)elremg@hg}a?ﬁ!a Q(Ll lgocrss rlf Rl 6 é/ [au%{)ét ngﬁf\ }fablixg 1fﬁ§1t:réﬁtgxéncs fsgfraired for a
‘a°“Fﬁ%WéﬂWﬁPP%ﬂwmﬁﬁ@F@Pﬁeﬂt%?“%ﬁﬂ%ﬁ@h@éh&emﬁany such
dopant distribution is not showmn. Thereafter, a gate

i n@ul-; at k@EmIAR ilivatkac By dbtecefv@di Hﬁzd funﬁe@ ddaﬁl:%é %Q&:ﬁer@%g stage. The
device cctrh;QtDe BaS?rg.(C&rducQO)lg thtQtl:'t 1 91@ Whl(.‘?l in somle qtufty 8"& gmh%lfnéefx 5l|ay represent

I on

S“b“m“\?\ﬁ@ o ¢ : ponieomatriel el et tf?te““ng?@% Patgh e 80215 In other illustrative
embod%ﬁb l”lesgé‘ﬁm‘t“ﬁ‘é’mg aeeria 2 Ecpnoger284. str@e/hnde@marn;iucmn mﬁtblimﬁ wherein, in
some eQES@enan PPl o Péonic-eive appi :ﬁgndﬂ?&tfzcﬁlﬁyl t@e! arro&!ﬂ@lbc ehsay%é lnl:igag&] while,

kel 2001 WONRAARELUERANTL 00ARA%, 1L LGS 1R DS LOLTEA .
1rre:~.pec910c: ofhxﬁet%aaﬁgsc%lm%c ugtor rr?a.t r[qt egr I aP] 5na (11 );, g 8 ’
EHE LG 3f° SBpHTdes cspae qr Hbﬁwﬁa@wl in some

terned-

“*‘"b"d‘ﬁﬁ’&’ Beigstied @?ﬂﬂt |dqwe§m@fdma@m@1 ip Biteamaterinlit 8,gathens @l ot Qekes of a
204 covered by the capping |ayer 213. Thereafter,
exposed portions of the gate insulation |ayer nay be
renoved in order to formtBe gate insulation |ayer 205
as shown in Figure 2a. Next, the liner 214 may be
formed, for instance by oxidizing the 5 device 200 to
obtain a desired thickness for the liner 214.
Subsequently, an appropriate spacer material may be
deposited, for instance in thc formof silicon
nitride, wherein a thickness of the spacer |ayer may



10

15

20

25

30

35

40

95 206 may not represent sharp transitions but may be

a nore or |ess gradual transition of the dopant

concentration. It should al so be appreciated that the

wemarmirg material of the |ayer 202 may havecT/iuszoo7/004544

i ncorporated therein the dopant species of die first

conductivity type. However, at |east a portion of the

doped regi on 206, having a high dopant concentration

as required in the vicinity of the channel region 203
secofidpqonduaie iypegthde Hitfes rerh the Vta:ﬂixcﬂﬂ@&ypc By chﬁanf f‘a@fé\dﬁﬁd ngoztx E@A while,
in Ot&li' %o@h@xﬁe 31@ matleal 2 ﬁs%{: @@Mmlc@?s thdaldﬁ)}eru? ansct%g uc or material.

haV|ng the characteristics as required %ﬁ

|on i.n conbination with a respective extension
% %ﬁeng‘ioincliulctmf Gatgal £20% may be formed bpvg:u—[e@dbg@ed selective epitaxial growth

tecll.rgq-gh&e ipertlicd delmptefifl [2ifs s sy tdh@sitie i 08end@0vabdt dapofitibht: al@¥%phere so as

to adaehy aﬂﬁ(eéipd%&nktf/s&ﬁﬁlu hérik@s SR e rr;EQs@ Z%thﬁe.)ul%.ggmmaé{ot adhenng to other
mateﬁMﬁsh §sethéas I%g%ﬁigg] gxl'ﬁ(r‘i& Qt{-wrﬂgptr%;xate dnelcctrhct maten%l f"g‘ﬁ‘f“ :alt!]e)?appmg layer

213 bolgl S qLments

?nh the sgacersr%é? eIAiS grcp!za%ed 1gov5rcwv?gd@8 :,ef[fmwecﬁpéa.qahgré\yth Pess, a precursor
matedgh oy g ingiefycedoito thqydapesition ajmlobnbet mbidstgo oBBn a desired degree of dopant
conc@rpod inTBntsedal 1e, el GenaUChQF a FRjalivk @dpa.rg ;:ﬁtcrﬂia)ﬁay be initiated at any

apprc@@ﬂpﬁdlrﬁ & tﬂnt:s&uf@é t‘ﬂ@ QGp§s$tm1 %x%geqy C{/[Qr%?vnpgﬁ adlci:n% g matern{ Elatqnaﬁa different

lamcé ﬁaq?n%gg ql[l)e mz}teﬁlél ogt?lF g?% 2%21@5@ Wﬁﬁs z-(f@/stra!l%e‘ W a desired strain of
the resuylt qgémteflfﬁ mé}f ta@?f‘bt’)’ﬁq wmcgmprg,s:m@p P HIC opthe eeisithie 2197, when for
instang¢ pif¢opygermenigng eidcaitcedlcalbyn, trspec@icdy0WS SOE, thdBYerR€218. Moreover, the

selectpi @Mtaﬁﬁ%mu?@ﬁr@@%eﬁa’y b C&BSIRE ‘.3,$ bV ofthin W@%‘rgheaﬁnoﬁxlt? St material 218 in the
recesSAB1 RN o ; for, 2 BB FIEC AN
es We thE tﬂWﬁﬁ[ 1 f%}’xf‘ g%gﬁ? Ro r}%g e nrﬁngy b écha:éeéjr }Vlél[f in other

cmbo?nmenl'tlsnaSt rtcaal cp f‘ ARK:
ype of " dopEit® ﬁ%“ﬁ‘é‘l ?’ﬁéfffﬁwéam%ﬂftun@ffﬁlmaeiﬂq late@di@ing the epitaxial
growtd petpssaderadgp padsricepetimssof a WO
20071100589PCT/ US2007/ 004544 second conductivity type
t hﬁﬁur@dfsgh%&aqtlcilfygms&a@? thg Qeggc V\ﬁcﬁli:t}{r &'y ice 2¥¢) 'ﬁ ! rm%%‘g‘aﬂ ﬁ%gsit:age The

I on

device %0 ch)Taor:ses a?ill'amﬁ sow"ﬁxyre%l%n Z}E 81‘% gy b‘afog’fj’[ﬂ &t th@alplﬂys and, depending
an th%‘i‘?&é‘b%fdhf‘s@fﬂ% @hidl oighio the datred0R-aFurtlifieres ek @ionekteedi@rregions 2094 ars
formedrpvitein ittel ma2hi8 M8 ywibeinf By SedsidayreMBls |20@S§r@bllle| Shedhq source reglons 210

includ® @la@uﬁx‘é& &'o%ar@ gie&é)&? Alecdl QA%Jgttv: t}tpg gohpat g\g pot tion Z%Amihe e:ftenswn region

OSI

forms %Ngt{‘ncu 3} 239:!" w1tl1 ﬁ'zc Scf %gérlx %O e %IB (§1t1¥ &y araht%tpgeﬂut lﬁlotr?gém 200A with a

eposi t
dopanige %@@B"“&P?%t"’ﬁ@lsf’li’?@d ﬁ%?stt? Btvdn b daviad pefrenameced sesREBo the threshold

vartangghih wspsulys P ivnitak 2OpJ o the debher dnirehidificq td@Ein MBLBE bRbSier-doping at
the PASplEdioaRot RQ SbdidnGMR cﬁ}ef;ﬂ‘ohcdﬁ tlaf oiatﬂydeg&éqﬁ)ﬁs %BF iQ Hm!w%%rl gontrary t0

this co%eﬁJ o%{r‘ltdgslxgg H&,Béogljé%%ldmgr&gg\x@e ) doun!xtcr'.]r—-dap% por&%ur%O?% lstﬂﬁé significantly

Iessduet tl P%CGI’S Pl

(1 le rem%va fe r%&(icgwfe c@l.inmc'ﬁ;e(btpﬁe‘@lslg the greb(p:éb'wprg@ped etch process 217,
Consechxﬁrttlé,r ihapes#ﬂn}g paductinity of Weagtiont2094 IvesighfPo@y tide@ked compared to, for
instancg,t t[‘mscplh:erIGQA ar o dekicet100SORtiRista Lﬁ]@%hlrqu W@ﬁ @ device 200 may

compri all bgagchQtQMf %I‘nlxcg lan éhgga'i ?cctrx]c%t §J4 a(l ms %Ttlml;%@cgﬁgs 2[}2 located

ect I vé dopant
e meg}aQ 33 ? 25]4 m{a ugrﬁiilamaab‘ ?° fﬁ?ﬁeﬁf"ézﬁ’m nt in t| ms during the
dep05| tion process. Moreover, by adding a nmateri al
t hatpichlagocass Qb foe Koening thatidvice e00SP AGIVAGh FQ@@@ hefodnrife g Lollowmg

processBR ARG Bd @faidde thle ﬂM@xﬁal glcézthe yé@}&ll? a}%xcié e s 1ccr¥ %COB E-i-)‘nlasll +c removed,

for mst&n@mlb%tb% is O%h(ge? Sphoﬂc aﬁadrw%ericHz@pr&’sach%F:rgcg)g Ild\féle §M’tﬁ‘ir‘ﬁﬁ°219€he" spacer
"[“m“*“"oPy °t H@W’t‘)ehfsﬁefl‘té‘e%t‘?% % DT in \ghish tof Hrm jUpstamice region 209A by ion
implantation| do ptheyéliusteativumbadidenssi iep Ge/seREDDIT, arcl RERE Glpkop@td/for the forma-
are used as the material 218. Mreover, the 15
sel ective epitaxial growth?9rocess my be controlled
SO as to obtain a desired anount of material 218 in
the recess 216, wherein a substantially flush
configuration, as shown in Figure 2c, may be achi eved,
while in other enbodinents a certain degree of
overgrow h or a certain anount of underfill may be
created during the epitaxial growth process, depending
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A typical process flow for formng the device 200 as
shown in Figure 2d may conprise the follow ng
processes. After the formation of the material 218,
whencappiong | ayer 213 and the spacers 207 maeagz007/004544
renoved, for instance on the basis of hot phosphoric
acid when conprised of silicon nitride, and thereafter
a further spacer elenent (not shown), if required, nay
be formed in order to formthe extension regi on 209A
tion B/thé eenAQ rEEﬂJnalﬂﬁﬁttheQEbchh% lgEinﬁJﬂOlll lnL)Uﬁat Jcﬂ'&xjm\é@pnor to the removal of the

spac:@fr@@?d' m@&@n M&Qﬁll htgncéu%az(f? %OE de wperelmg previously explained, any

riat
mterilgcg ? ? @g& O’CW‘?W% AP R nsu&l'f ap Hlél()@klf’zéiﬁls ippjantation, buffer
zmpl?néaﬂ?rbcﬁtd 21(99;&8 npay doe respeet if vauirgdp [Fartteator- depamdlag @ the process strategy,
interpetfeanrelrdossied halt 1@ chial dueBRNadh: & dobhE a&ﬂ@-@@&ﬁhz@ Qr?plantat:on induced
dama-EH Qﬁ@e@fofa =18 spactehﬁmémgﬁr thg‘&cgm&yz{ng s&xilml‘ régBXs ﬁ& m 3: Iﬂtrermed with a subse-~

n erms

al ne
quenymea procesls an% tipa{eaftsr t?w metéﬁﬁgg%rtégltan%%mﬁ}aﬁgee@%g on %ﬁl@ﬂs %féﬂy appropriate

acer e
P“"’%i “rhﬁﬂﬂezf‘ats A oF Wistratricgribe ivith 5fefepestto fonfrviarti @S BAD.and

the like, may be performed, if required. Furthernore,

dependuagy, R %ﬂ@o@ﬁ@&%ﬁcc&%b %a? A thcsenh%'{:x%r &ﬁgh%ﬁ with respect to
MI%ST gnz%gigcﬁt%o%ﬁ%y@%d it 10%83‘£nres r%Tls.tan e etwecl aLF %P&T\‘/fg%aon 209]‘ and the metal

re-c talrize

S"‘c“g TG RS B Fig RSP oL Y ERUNET BT Eonyyd sgpension esin
209Ag| g W"%ﬁtﬁpﬁg@}m erewireggi anst tRelGaterinly2 1B @naf O p@ddadiat A st@hined material, an
addit@ tHD SEreRt caNRae oRhiRESBe %Qesﬁﬁ@ﬂl@@faﬁlﬁay%D@eafg@h"#@ channel region

203, &&b@'nﬂ@zf}r n%%e%zl%]&uﬁ%é cptgre m Hggha.rge carpiE 1&s. bl?)% {nstance ffahc dgvice 200

r | ate I OCESS teC
oro Qe PRl CHOPES e MBS o I e dpiHees PHORepogpieril such o
3“‘°°‘.‘L’6’€§9h§wﬂ‘é it Pyate ¢ Frasils eptin ofhitl ét omstdediive 1208annmyezivazes, thereby
incressigtheridvamoedilipe rif ohaaneehnid be 108 SR Ebhretctt atmh%h%gasmr wherein a

sxl:coﬁf@krlnarﬂfnf matéMHl' 1415@ b@gﬂ[pﬁ%@ B@ha':%tel?&z%/é lglfﬂ% Joguw'ééx%ﬁltrgm wluclh translates
into a r&Fécr%.Ie m%?esmtstvr\ﬁne i _)[l'tf Ea el rc%mnr%%)h L!?ereba ljl&i‘é(&!l‘l& 8%?9‘&?1‘&‘?"&1‘% ZBPI thus the

I ci de regi ons
repecie PR CHGRPRTSH Jﬁ%t’ﬁatﬂ%“ BTt Helt e Leseengion may be provided

abovertegiogsistopPO Aberdp pevivier the plepéintieng foMehighdel sédin il Ok ciRR! region
203 byrRtngi tad 10£&8V3W0b@01@['09wy& et @Iyatrégcﬁ @a'y&eiqm g @Mll@l)r’ comprcsswe
sress.@an addi tional performance gain nmay be. obtai ne si nce
a corresponding strain may be created in the channe
r @IOH 15 203, thereby nodifying the nobility of the
peeticte fmﬁf‘tﬁw?@yc ehldnde fotipriliersive Fgfodimast @NgGyesind invention
will ﬂb\h @ deuibed in2@I0chr aeﬁHHQ@Gm@ 1% 113] r%dﬁhﬁﬂr&l foxtrﬁc@@lﬁ)lst&”tngry’ wiltB€ an ion

implard Wb b cdds, tl%;legy Fm%mlg 2! Sclvs's’iglg cfﬁect%@ﬂle %Hx gtgt?ott1%{1 thn?un.F r device &amcl':]tenst:cs‘

Whereéssp§%flical o:r %ﬁng tgrr ?Oélgguraﬁx?:g :{1 ugme ﬁﬁ'ﬁ‘}?&ser}“é‘@‘idfﬁ?r mgnais a respectwe
strategy may %\/aptflﬁf?t@ é&rf“ﬁﬁc el s ryhisihy wphdriipeyresult i agtth@rdegree of strain

relaxaiogses, the devi ce 200 may represent a P-channe
transistor wherein a silicon/ gernaniun1naterial may

b & § Wﬂl assgrghéngucgob QTwce E&)rts iglbstrzgt&lsm Q %Xe!rs g% %16& wi wJJureme’;Séln Yn%rmedlate

‘“““fa"g”ﬁ’%ﬁ%‘% V&'{‘}}% s A0 Forpries seamitiy oy wgr emnpmsts a%mw@@y!usmbud
with reiietieibisderier 0ReTivel tee deribi 309 tyy amgrist h sssthe0r,@SPEbdwSH layer 302
includigals shexatl rehidn\203, Gapabhbh by beTt}ﬁxE@@EzItce(ﬂactrﬁie rS%ﬁﬁﬁzﬂéd\ﬁ%m the channel

region @Mk AGLte ﬁiu&ﬁorﬁgﬁpz‘ds aXA%Fea&zp% 5%@%‘!‘”&2@%&’ Iaf‘yebﬁ {lCﬁpSUlatedq')y a capping

fayer3 ?P%“X%?F“ers %7( %ﬁg ‘?‘L Ferfiste ATt e Sfeiepply 3 Pty oulined
with re%’ﬁ‘"él"?ﬁ'@l fespl@gﬁedwn@e@nw the dqvier M. Hhee.nastpied tiisu@tieon thee tomponents
as well @ thdpr@tse r map@snnag i sithghdoyie®! r essed | ayer, includi ng
tensile or conpressive stress. 25 Wth
reference to Figures 3a-3etand 4a-4c, fitrther
illustrative enbodi nents of the present invention wll
now be described in which a correspondi ng hal o region
may be forned substantially w thout an ion
i mpl antati on process, thereby reducing a possible
effect of the inplantation on the further device
characteristics; wherein, specifically for transistor
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40as well as the process for manufacturing the same is
omtted. WD 2007/ 100589PCT/ US2007/ 004544

Furthernmore, in this manufacturing stage, the device
WO ommyseonpri se a recess 316 fornmed adj acenterh®280P80.4541
encapsul ated gate el ectrode 304. The recess 316 may
extend a certain degree below the spacer 307, that is

t he spacer 307 may be undercut to a certain degree,
wherei n the degree of .undercut may substantially 5
correspond to a desired | ocation of a region of

i ngreased dapant oncentra1t| on so as to forma halo

regi on. TYRe TeE Ry Ctﬁ%“%’)} RSP WY BRI HE S Ii%fo’i‘ﬁed adjacent to
the cgpPy L5t ?"o“p‘i“if‘r‘iélt’ . Proteess’f ory sehbetrive Hapre béhy hgsptdeed0?, that is
the weqr Ynducbomdaat e i akrtadf dighe Wayer th3QZrecSIIGRAASE may substantially
corrdSpond &chsxr@{lﬁcﬁﬁcﬁléem;elgl}!{n ot{ut&%a&@ﬁcrpgﬁ %&qkﬂgn Qrag Eﬁéﬁx a'ﬁﬁ){ region. The

rece g forfe o e is rc}rerc ch roces Or §¢, e
SrsgiséJllﬂ;Yﬂ Q r@ J %%pqgg d‘eBeﬁ li \n ?E p %gr %6117' ly Ieicht%tgﬁeauconductor

exten
ratefia] o gé‘b Pé"é F%& e ‘tsﬁétf"“a;?ﬁf‘%‘p'ﬁ?“at s ?Osowﬂém progtsatty el ip @ sespective
undegpteh s jo tha tihphkdesied map ckdaml ko, the tpasdn oot. d itf siduldh@r apb@ciated that

apprapppe ectaqtcetdh thats frh et IEbERES aSRORdi B gholn% Q&rﬁn&lﬂie%&&%&d that the
correﬂfoﬁ’cﬁx%sl%hw ctgleprgcgégtn[aQ lb!: @&Ltr&%g Igucghl%t Qabﬁed (Ie reet ?Tf ung:r etgung may be

obtamed w Q{g]ﬁrrt\a.ly ﬂ]exin suLséa%?a lﬁ éief{%ﬁ gxe glﬁgelpog% 611110 ﬁ’g’ﬁ‘é_?% tIiLa lgiiydﬁﬁ @%uent!y formed
on “‘f l’f"zﬁ’tS offerletjie @Eﬁﬁsb&ﬁ‘ﬂ‘é‘i‘}t’fpwsf%? e e ryrymbdiénchiagideptiod ta recess 316, e, a
depthsgioe Bt thevele@ipé traxdia lgrogrhombdass 31 D G@$ $e 3iQed thdp&BIARY from the degree of
undex@eﬁﬂaﬁﬂ iR thSspacdr WBEBY Ekrlﬁﬁmxﬁghﬁ ahi§feopid ct?hlgﬁoceés after n d«gtrqulggtr& of under-
etch"%rlé Qo9 the selective epitaxial growh process )

may be defined independently fromthe degree of

under - et chi ng under the spacer 307 by perform ng an

anitisrritophe craitddh gprdc presssal PP enayabedegbrmed ofl @g s @fany appropriate
semscumaﬁr-maﬂaﬁﬂtvﬂﬁdeﬁl@ddﬂ&nﬁl@ b H@Mﬁdpemes of the ﬁrs;rclaﬁtfu@l@ft} §be mat,r g(..edd(lcd to the
deposﬁ{ah ta%s;ﬁilcrc g)rqu Ho&gsofi@sﬁ (?FC?E? ¥ov1qe ﬂR re?TérFJT? '9 %opant concenfration.

riate senico
R et AR A A T —
deposggshibitisthadresss 8 \Ppebsratelly evithaitdecitarrishbinddros | Dirdgthe growth process
319, ativbsphe e raferidl Mepoped € FEmBRE thel iU fuad B RAAMELS ogtgxg a desired

thickok 8 O vl bJF@elelQ tlQQ:QQHJI r&‘g@ﬁ%ﬁ‘%@&d Q&hsmnblggzon Q%qq%ell”]ormc}d’!’ In some

lllustrstwg EIgbOF‘]lm§1§ z.lmhtzg %% 1018 8? E? t‘égl%ﬁ SOﬁﬁlf‘\-'etfe(ﬁ clgxpsxcc:lgrr §?tf1%¢d1y affecting
the °"afa‘|‘ PG FfE © Peotees%w é%she eyl aivEibaroys WP hobitcowines Bidriye supply
of thecﬁrytsctoadn[ Fre@esdét@gtsd tDeroivngsubdte gy omopedDhOGAIS Sr, 3l her Allusuative
embodidiéntKo @56 v furhdiecamlar de?ds:teqelﬁgﬁéit:@gdof)& mateA1 %JLQ&lnthQecond dopant
spccxog ﬁginggsegrgmﬁ mhﬁ? ty%gggnrosporlxder% t? e tﬁ;aa ré urcdq‘orq‘orgﬁlg ggté jl;&(ﬁian T still

or w

other :llustrétx ecﬁxécrdgﬁntrs e‘a‘el(})ln{lbgﬁe?splf aasbtgerf @Flﬁsédn tflerpagso?féa combination of an
isotrogiq pigfsRrpoges agd s ervbroehnhEYRe Sopio@Prdves.] & Omlicatkd ROtE HORE s, thereby
creatirfzwecorr@fénding 306s DB, BLe LS hAakLshoas.y et ung lx’ggﬁén 306, the horizontal

bound @ f)ﬁﬁ)‘ic’h Ry be%%n&&ﬁtl%&@oh alPks £ QU TR ﬁgn ngLon spﬁ togsi 8rmed >1/n the recess

T16A. t}{lg lSt or t axj a I'O\Nt rocess

11 nuslcase th probeas E e cﬁlintlsnueél {.hh ga“(”f’l nop- d?ﬂe%'ﬁﬁwl or on the basis of
2 d°Pe§ o‘e“éﬁf*@sdca‘f“%‘&%ﬁ‘t ihr geerst eqtgneowma Eop pstraantspraibdngucten dopedhaving the
secondndppat prabics way, bei dapositdd ewithi 4 Eapstt patctndsrioa b adiinme MrSrespdclve extension

re.glon:fii glﬂlﬂ;ﬁchﬁ“r% lﬁfggjb EdntrSI8H @ﬁljdnytﬁ)lnélwg%gﬁﬁ o %Aﬁ?ﬁlgﬁrkﬁdus@if’ep@slted doped
materi A& ourﬁaﬁc. arpbr i %Qﬁlﬁ 3}&0 e@gve of re ime %sf‘,cf g’é ﬂl& rﬁigqoﬁbontpéoca’ﬁ élQ the

con

‘“"“‘tq"’ ‘“a‘e‘i?aésq‘myr"é 8PP S % B Fﬁ“ﬁ@f %wa ek Hereby|ppsitpping fhe corresponding
S“’ame‘bt“h‘é?a‘ FiP%e s the alteinpbregiph i feningancaptiee trhegemee 8%sm JlBgure 3a, the
portion/B8SA e terkfoe e thn@hscl Bea RAGESE mQEia8 &0 gb&l:lﬂ@rt/éc%mgxfn of Hiicon/carbon

30 isotropic etch process and a subsequent ani sotropie

etch process, as indicatediby the dashed |ines,

thereby creating a correspondi ng recess 316A, the

growm h process 319 may result in a region 306, the

hori zontal boundary of which may be significantly

of fset froma respective extension region still to be

formed in the recess 316A. Also in this case, the

process 319 may be continued on the basis of non-doped
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Smaterial for the halo region 316, an appropriately
doped sem conductor material is provided.

Figure 3b schematically illustrates the device 300
vaccording to a further illustrative enbodi meRtyus2007/0043544
wherein, starting fromthe arrangenent as shown in
Figure 3a, te., with the recess 316 partially filled
with material for formng the halo regi on 306, an

ani sotropic etch process 320 nay be perforned to
includamow exqeep 6868 of dbPhnPRhdeh@RSh, Qlned e &b ORL3R6,0 Lhereby
has bRAVIAGwilnE, a@f}BJJa{QQ 2084 M imlatef.: %e v i nrg c‘{?:%ce hi g}‘{F")‘} t.he Pobess ‘3!6A
ms:agc‘%%@sgﬁélﬂv‘?ﬁ igl of tﬁe region 306, Whet&iH 8| HY £ fprinued as is for
op £mbodi ment s, T e ‘pretesk Ve ityuldpsiriseatysb uf ipplanation sequence
o E)FPWI aﬂfeﬁsé regpeeteg ie’f‘[@é(’?j@ﬁip‘l’? oy refigirtecesisd 346, afB®We deposition of the

matefif| ir g beelcgion B.6AappRhGIiRIRE s&ARANBIE GadiY:s brblidgt r at es
the device 300 in a further advanced manufacturi ng
5 the recess 316A may be filled with

st e . chel . 1Ca i i k £
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. mﬁg@g?ds@regﬁéalﬂi!ﬁhm@s e dilee dOC:in_a @urtlugzrtﬂgxrafﬁzgcy xtnanuthi:mrjngtsta%el in which

e reBdsg Mol Medl | & & Gl binsis oF 2 tin

epitax@h gr%&m%%gg iffrl"tn‘? %355;%;}%2&%%/ g;i&?cél}\du%{fémﬁa OBéhe;bﬁ%wfdleE&mﬁeﬁemm
the formof a stralned s EHEbAduy & PRt g forgef p gon-doped or

doped 6?aée\a}ilalo\ﬂ[§fe§; “é"}é‘ﬁ%‘"%i of dging erlfeéﬁf’qteéltq cofrespdod & thqxteg @@ &l hncentration

of an FPES?“SE?@ LR P rhge“m witign alicSrﬁatﬂﬁS.Eeri b%scw.z&xhy, raecfoggsﬁcnzgigg cxtension

implaft@iokr gl ndttd oGk ordléd @&Q@E@Eéa%@ée,l Merébkr lmgr‘?igééx{%éﬁfsdlu%ﬁ c}prstallinc

dofect$ Sl QPACHGERA:IRY |56 §a 2005 ML ¢h may have su ‘
B P OEH Gl Bin b o310 & e om0 » Sy spfonducor

matcritl[ ag is %g{reo 25 conf Ie"[%ur a :
the glon'baﬂ’éﬁ%ogmﬁlr tente Bahepproteprine srpmte popfirapdm Gailso described with
referengp fopfigng 2dexcept for a | eading "4" instead of a |eading

"3." Thus, the device 400 may conprise a recess 416
f Q’ﬁgﬂﬁda @Q&n{%&&ﬁ} =u!is‘%asﬁsﬁ%ﬁg@ogﬁ%%e@%% ’0, fl]t%czl n}ealé gag% ég%g&é‘m same

_ co ary to t evi| ce
conﬁg‘mg‘r%gj ?alat 1ci‘ ci;:\ix%e?i%é, owhx‘[:%?lg F‘S}“pf"?"f“r" &8 KRPehbrghesaes jefeiepde gimbers, except for
a lead gayte fnstzdéff a lapling .’hﬁyusbtée q}_’e@imjf{)p gercofprignyccap proplive@idcent o the
cncapsyigitcegatealectrodudt vaseis, chir@ono di: xvicd8go, Bi: L&&;@Haﬂetpﬁ&ig@ om%pletely
filled Wih@ shokiR@al Iaﬁ'ﬂ @213 ki (Edy% @t!umplriﬁ'ﬁ GF an?gr%:rcgﬁytc rr;ug%r'lF §u%%] zt:s sg’i n dioxid
siliconlnﬂ'YC@randqwtkg.l ﬂ{e@&ﬁgciar]] lﬁ}gcrll 4%&99 r}'t ro Iopant L b ' e o 5(1 I
materia?ff' 'ﬁhftit rst type, as % 0E Iyeaalﬁs?néa a¥% PEHEE R Sfefae ooiPf dopant
0? ca H47% asrnéaé ibfbxﬁc_;mrff(h%r %@Wéo%@hm&@e Thodempaiod may be formed in
accordageasihdlisseces hifceshstiplagiesgame ppriosie ol d atagh@se 8%h@k8ee 200 and the
device petevTious) e exd aisned baidhied 8f 8F SRES P ik icdegc\{!ipgo% sgogss'bl i
combin@ldn Grith R GGV CH; i I t08, LECES 16 e %e’_p 'I o
e aon e bae 28 e bl ASEEER ol i o
0SS bl Y i 1 conbi Bat?P S 4 LrPotostetuant sarisso trepidehemial
vapor ‘%’i“’é‘é‘%g’%g@l' Fhpspie g etpsipyael dwent ipredsor Thenead pevided i @comorate 4
requiredsdpeied i dopaal mitaiylern hd inBatibenhennBd, @ RE sRAS Se Qbjected to an
anisotrofil YotcR PREQPAD 81 6:488H Aol d Q&rﬁogg:ggxlg ?q#?ﬁoﬁ‘? %E&@%) chlegSaT? In other

illustra @@gﬁﬂgl n %m;ligo rlo ic:35r ccva ' ;
trat 1 'glg tg.lﬂl i ?ppr I %l{)esscrg §‘ﬁ¥ hep;i;eéfermeg rd Iﬁ:a'tséa,g? g‘d ajhaat treatment
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material. In some illustrative enbodi nents, the device
400 may be subjected to an ani sotropic etch process
422 in order to renove a pdrtion of the |ayer 421
within the recess 416. In other illustrative

enbodi nents, the nnisotropic process 422 may be
perforned at a | ater stage and a heat treatnent nmay
first be carried out in order to drive dopant nateri al
into the adjacent material of the sem conductor |ayer
WO 20071100589PCT/ US2007/ 004544 402, thereby creating
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5 422, thereby renoving horizontal portions of the
sacrificial layer 421 prior to a heat treatnent 423

for locally driving dopant material into the adjacent
webliganect or material. As previously expl aigags:oherysid
a respective heat treatnent may be perforned on the
basis of the non-etched |ayer 421 prior to the etch
process 422, correspondi ng dopant material may al so be
driven into horizontal portions of the |ayer 402,

402 M&e@@cr&ﬂﬁ@, ttnh@ﬁrc@ Goph & mv&ganoh Tn ll(e%'téhgl%gﬂhe der 802 adjacent to the sacrificial
[ayers&l?sequent ani sotropic etch process simlar to the

process 422. For instance, the 10 sacrificial |ayer
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Chcrfris%§ ?Jer t‘(.) %O§ea’|c Iefdlpguan thereoyer 421, which may have been
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sem conduct or naterlal adj acent to the channel region
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35 may be subsequently filled with a sem conduct or

mat erial, which may be provided in the formof a

strained or non-strained material wherein a specific

degree of doping may al so be acconplished. In other

enbodi nents, the shape and | ocation of the hal o region

may be established on the basis of an isotropic etch

process with a subsequent epitaxial growh process or

a thermally driven diffusion process. In these cases,
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10al tered or nodified and all such variations are
considered within the scope and spirit of the

i nvention. Accordingly, the protection sought herein
we2@%1®edy forth in the clains below. \Wat i al@iRehs.
is: A nmethod, conprising: formng a recess adjacent to
a channel region of a field effect transistor;

form ng a doped region in said recess by an epitaxial
growth process, said doped region conprising a first

causgcptgf:)tgg mp?hﬂﬁz%t[?!c’edgctad gnujltgrrd%}gmgc'g %%a‘inl %Id sé’urc!:cy Qt@ émn r 5 ancri] glcrcasc of

; ? |on1 sal d, do S by sem con

chargR el &Y ‘“ém‘tﬁf‘eieh‘t F’osaﬁ‘& F‘ﬁ‘@j’ a e%é%‘ﬂ'&d dEat ‘“@’pfé’&bééﬂ"%i"a“d in close

proxggy ¢nide Semeaeiorvibiop mpyfyahcptrhisee thapgmin-deidhefuiepimpism.
conductivity type into said sem conductor material so

as TthQ ertQ;[ﬂm eﬁabgdl\lndng laﬁ(tlésgcﬂxbWetmla tlﬁﬁ}ag\re olnlrys'tta thg 919 mm may be modtf’ ed and

pl‘actl¥§ :r1 c? a'ereaﬁ?lmt \Aﬂtg\f,aleentgma?nger %Dgarent to Lh 58 rsgll%i nm élrz Qéta}?aam%rg 8tawﬁt of the
teacljingg jhespin.c FApPTEES ‘ﬁ“’o'?’?ﬁe?’-ig“c&* %@6%@@@@@6 aeffosresdrie atde“ferent order.
Furtigaiate, oh éimingbasraeghteic@n dbef Brith dgos@ictonSe [l Mekdio ts@kvs, other than as
deschBlt %flh@&laub&/be@ﬂr &% th@?.(t’oaalcw%ﬂm lhe Bﬁ@&iﬁ@ &nbodl%lcnts-r&]ﬁloscd above may be

rein d, dopant .
altergﬁectnhiggcitfpeg agcl §1|] rsucg vanatlg hs are ¢o ﬁsa&cgca I n sa aco e and ss g ?—%rmventton.

eas emc
A“Wﬂﬂ%%F%Pmﬁﬁ??ﬁﬁg%ﬁfﬁxéﬁﬁ?§¥W B NEROROBr ocess. 4. The
nmet hod of claim 2, wherein said second dopant species
is at least partially introduced in said sem conductor
material by an inplantation process. 5. The nethod of
claim2, wherein said sem conductor material is forned
as a strained senm conductor material. 6. The method
of claimb5, wherein said senm conductor material is a
conpressively strained sem conductor material.

14



7. The nmethod ofclaimb5, wherein said sem conduct or
material is formed wwth a tensile strain. 8. The
met hod of claiml, wherein said recess is forned by an
etch process on the basis of an etch mask covering
sai d channel region, and wherein said etch process is
controlled to provide a defined under-etching of said
et ch nask. 9. A nethod, conpri sing: form ng

What is deigsdisin a crystalline sem conductor region so as
to extend bel ow an etch mask fornmed above said
crystalline sem conductor region; formng a doped

L. r egh orethedicemaiisig: bel ow sai d etch mask by a sel ective
epi fofiha 1.<,9559\4\4J&um%%§m l%a?,d@[d\%ﬁmf E9,QGOMPr i Si ng
a first dopant species of i rst conguct|V|ty type;

r emSUT g BONSGFion i i recaisdy d@ﬁ@@\lé‘@*ﬁ%b Aerst ofid degil tsaion
confisiBfa BRE &L ORLEs &t;IthtQ&\QlQ§§ typd formng a
sen1conductor material in saldyrecess after renoving
sai 'GPIpOrE 4 R Rl @reopEer Mencrsatlisrorateddisvh, sai d

Senheaneuek oMbt fkci&GAMR Edcﬁ:ﬁd"‘:@n(ﬂmﬁﬁ@@ﬂﬁ o@'@p@!ﬂ{ %cud first
es fa se?ond C nduct|V|tg ggf ot her than_sa
“’”?ﬁ%‘% Y ERHBGSTT TSP RE MalgHR 8O0 15t ”“éﬁj&‘fg‘éé'éi‘h&'%‘&aﬂﬁfi
dopsipegices adj@emitngidachiMNelj religt i on. 10. The net hod of
claim9, wherein said etch mask conprises a gate
electrode of a field effect transistor. 11. The
2. et Hediedfod loadlmma, wikién epacisai pblsicemr@ﬂmdcwan agiomadegisal

fomigg fx %’]%qcck%% agﬂa?xl t%%"ilcli gf%l]l?(%lb&%%l%! 09111[10 %adl SE)mu,onc[S&cto material

by asepitacahahaetharocnst er | aI is forned as a st rai ned _
senm conductor nmateri al . 13. A sem conductor devi ce,

Conprl SI ng.
3. The method of claim 2, wherein said second dopant species is at least partially introduced

in said semiconductor materiat during said epitaxial growth process.

4, The method of claim 2, wherein said second dopant species is at least partially introduced
in said semiconductor material by an implantation process.
5. The method of claim 2, wherein said semiconductor material is formed as a strained

semiconductor material.

4. The method of claim 5, wherein said semiconductor material is a compressively strained

semiconductor material,

7. The method of claim 3, wherein said semiconductor material is formed with a tensile
strain.
8. The method of claim {, wherein said recess is formed by an etch process on the basis of

an etch mask covering said channel region, and wherein said etch process is controlled to provide

a defined under-etching of said etch mask,



a gate electrode structure fornmed above a channe
regi on; a drain region and a source region
formed in a recess, a first portion of the recess
adj acent the channel region being lined by a first
doped region, and a second portion of the recess
adj acent the first portion being lined and filled by a
sem conductor nmaterial w thout being lined by the
9. firstmedopedmpegizon, the first doped regi on conprising
:‘Be@ﬁt@é‘o #e@éasl: ?(1{&1%2)‘8}/\@1 gg% %Qnauci(;l pec%ll/o 12!) gn Q 9\6011(1 b%l()wag Ql%m
nw%ﬂ@p@ée@wedWh@EmﬁHsawdcwﬁanmeh;meg|on t he
se ”ﬂoﬁﬂﬂ@y@?&p@& ccJBh &Y ézﬁlnﬁggﬁm u§ L9 m%ksb?cigﬂgctigu ﬁ)ﬂmlal Olowih
speci es of a secon uctivity type other t aid
Progeps: &1 ¢RBAGEID Ganyising pErst dapiy spacics t>l divel cesledivdy depant
SpPeh§and Opdm D i ENpb ARG oM. A} BeE B ad RisSRipe GhRREk;
region in said first portion, said drain and source
andr agi ons having a | ow resi stance region of reduced
C 0 nNeeihg alch@dn@kiof ARBELL T ARRLRG 418 @@b\fﬂnt&ﬁi@!%ﬂz‘@io@@wsﬁﬂd @Bped
ared to a concegtratlon of cqunter at . said

Scmfgﬂn(} uﬁWb ;tc4rx8pr sa gﬁ(amcon uctor 111dé(:1 ;ﬁ]ectogn}t 19499 § s&oa@%pé\@tl 38%1{,5 ofa

secdnd rcﬁmidctlvny sak diher@inRaid ek SOUGCeiny @F, Qnbhirstiad stesMtddpant
connecting to said | ow resi stance

SIMf”esdimngmllﬁgﬂ"ﬁgogemconductor devi ce of claim 13,

wherein said drain and source reglons conprlse a

10, St rléH ”m,ﬂmﬁ%m an%%d&g& C?lq san;? %81 nu Slk compnses a JTE: anildd e
for SR

dkgewnn@mductor regi on so as to extend beIOM/an etch
mask formed above said crystalline sem conductor
regi on; formng within said recess under said
L1 etcﬂwmﬁéwdaﬁ&prdWEa@mrﬁd%mamn@QWemmmmdhummngbadﬂmxeu
epittl@R3RLiSREGEEes of a first conductivity type; heat
treating sai d doped sacrificial layer to drive a
portion of said first dopant species into said
12. C r y[Sﬁ: alelon6r S&M1¢ONEHGT Qld £RRbRAMcHOR AT BerRePRRGGined
i on extendi ng bel ow said etch mask; renoving said
“mﬂﬂ BEOSHEFY- ci al | ayer; and formng a
sem conductor material in said recess, said
13 sem conduct or materi al. conpr|5|ng a second dopant
3 s petiBUCBFR detErE™RSHMct i vity type other than said
f|mgpmemmﬂumtmmuhymhwmabmeamdmhwnaﬁmﬁnd second dopant
15 d {V\hl} eré OHcll%dn\%ﬁ}'ll Lgl(,“ig{‘l g)l Iag(Lié) %Lé&ér l l'{ Isld}r{)rlgllt()il?? lg)(eIrCLLSS d(_jﬂbbﬂl
the damplicgies badeposd by niysis@pd! dgpe dndsaerdnl |pm1uai oﬂua:yl eressardeent
the {i 1§Lr[8\r/%iop 19 g B% a aoﬂ]cﬁ b{ﬁganﬂcoqlgpﬁm a¥a {l‘{] »h{hg&lt%{,mﬂ fﬂ/ﬁﬁ% mé first

Cbp@%ﬁﬁmddpé@ﬂéawﬁNinﬁ@hmBayencmwx@Hﬂhewmemh@ﬂnmﬁ@hahﬁmt

dopﬂ-@sp\é@&f og 'a é Mirsp nQLlc?(/?yhth@'?hla bglqn@lgﬂl(é(%s'ldﬂc&%a% cﬁlm%glt Egg(%e the

semiconductor mater m] comprising a second depdm species of a second conductivity Lype other
than said first conductivity type, said first and second dopant species forming a PN junction
adjacent to said channel region in said first portion, said drain and source regions having a low
resistance region of reduced concentration of counter-doping in said second portion compared to

a concentration ol counter-doping at said PN junction; and



18. The nethod of claim 15, wherein said senm conductor
material is fornmed by a selective epitaxial growh
process. 19. The nethod of claiml 8, wherein said
sem conductor material is formed as a strained

sem conductor material .

a metal silicide region formed in said drain and source regions, said metal silicide region

connecting to said low resistance region.

14. ‘I'he semiconductor device of claim 13, wherein said drain and source regions comprise a

strained semiconductor material.

i5. A method, comprising:

forming a recess in a crystalling semiconductor region so as to extend below an etch
mask formed above said crystalline semiconductor region;

forming within said recess under said etch mask a doped sacrificial layer including a first
dopant species ol a first conductivity type;

heat treating said doped sacrificial layer to drive a portion of said first dopant species into
said erystalline semiconductor region to define a doped region extending below said etch mask;

removing said doped sacrificial layer; and

forming a semiconductor material in said recess, said semiconductor material comprising
a second dopant species of a second conductivity type other than said first conductivity type, said

first and second dopant species forming a PN junction.

t6. The method of claim 15, wherein forming said doped sacrificial layer comprises
depositing said doped sacrificial layer and removing a portion of said doped sacrificial layer b
g p Y g !

an anisotropic etch process prior to heat treating said doped sacrificial layer.

17. The method of claim 15, wherein said etch mask comprises a gate electrode of a field

effect transistor.

1 8. The method of claim 15, wherein said semiconductor material is formed by a selective

epitaxial growth process.

19, The method of clain 18, wherein said semiconductor material is formed as a strained

semiconductor material.



