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TRANSI STOR DEVI CE HAVI NG AN | NCREASED THRESHOLD

STABI LI TY W THOUT DRI VE CURRENT DEGRADATI ON BACKGROUND
WOR00THBOISNVENTI ON 1. TECHNI CAL FI ELD Gener al | y pCThis2007/004544

present invention relates to the formati on of

integrated circuits, and, nore particularly, to the

formati on of sem conductor regions including enhanced

dopant profiles formed by nmeans of hal o regions. 2-

RO R IR RIS AXGRAR Bl kBhGEP SR Sutirt¥idour prave

el enents on a gi ven €EHRBENTAOEGRAIMEON to a specified
circuit layout. For this purpose, substantially

crystalline sem coQdUERBIUNDSSE PAE dWERTRIN W t hout

addi ti onal dogant specified
S ons to act as "active" regions, that

I SGererliy clie, prasent inyasion tedags oo G ifdrpation S uegaited kiran@s, and; a®re particularly,
to the R0k ¥micAnddbtF Bgibils YncRiinP EAGRSS ddpait mgie@ﬁ;nsga t9mfRans of halo regions.

currently practiced, wherein, for conplex circuitry,

such as m croprocessors, storage chips and the |ike,

2. MBACKEROIUNINART g currently one of the nobst prom sing

apPpicdasEftion ofltiRerhied EiftRitsSreqied ¢ foerhadion 64 Llhdgs hinfer bfitircuit elements on a
glven\éius }“eg afxcccg'gﬁé %t I F&lfi%@ ?@c%t %gg{t OIE or %W{pa% 0 gl%&gm%frlf%}lstalline semiconductor

or cost ri cat
regions (Wl‘b PR YithoHt *’é@‘f‘%ﬂab‘lfp Vil Pﬁﬁ?ﬁlyrﬁ%ﬁﬁ?ﬁ at sRsrifipdsupsipte focatigpdo act as “active”
regiorts, 24\ MO koo at 1asi tein@ngily) bis ¢andussvestraas. SGererafly,,a pReralinasip@dcess technologies

are cm&a@sgsrgt@gds waasi{. Gbr EufplR2RAGNInL e@cns.,g $liQbpRoce @b, sft&;g@%ﬁlps and the like,
substrate gl udi n a crystal

MOS REBIoEY R SN PRSP P RSSO T Qi R o chamctrsics in view
of oppyatisis zanerd| antlfon pestes copsuraption. 2pd/etheanefficiencan Shusing tthegfabripptjon of complex
integr@bdGifcultd adivl &IrQﬁstaﬂfeQ MO GEMbRgY, SmiQRAS bid@dnSittors CQgpNicﬁﬁﬁel transistors

and/ofslpch%x%leLtFang L\xls %"}8 e9 nx§ a gu'ggltate x(cﬁxdingr Ig%galpuy Cfenuconr}itu&or layere A transistor,

I ons, such I'n an
irrespgoiyf fcfﬁ@e i anH“ shawnel waneistor QGaghopiel FRISSEION @Ry pibgj tgpsistor architecture is
considgtedrompriws ghalidiN juagionythat dieSrose dy adingcfartof highly Meped regions, such as
drain HaQbUrdk sigcm.@dwﬁl%ghgm dopeflod B3R 4GRS ﬁfaﬁ sfichlab §L1Qm¢eﬁ [eBi5h, disposed adjacent
th?l nsi h he conductivity of the channel region,
to the pigaly doge éegiﬂ’f’sl ve current capability of the conductive
channel is controlled by a gate el ectrode forned

aokhaﬁeeme Q@ ﬁéﬁﬁeffeb@t?d%ﬁl;tmr e@ic&muamy semarc réghﬁr &4 'iedMlirive current

capablli1 ﬁ/ o? thte r(!('m uclmr\llg C anne

separa&’.ﬁmom '?I}'Uaethtnomsluﬁén%bmrl d 8% F‘E‘ﬁ“"@f’“ya‘?f %ﬁ\a’@ﬁ} Tea*% upon formation of a
condu@xiya tiaahel,\16¢ l’oﬂ@@pﬁl(ﬁaﬁoh of fapprogaecbitdlialtagieptn gle Oéttrbdtedepends on the

dopanﬁ&n@en&atm reﬁ‘eermbw &£ chbDE BRI Liat %, QLIV&QMJ;@J& fhe channel region in the

riers, for a given extension of the channel
t""“s‘srmé d‘f"BJh dF‘ﬁ’“?‘h an fhe disanes herwesp g oHss 208 draghreigps: tRigh is also referred to as
channg] jlepgthn dlendsein\wembinatige witly the cepabifitt of rapidiy qr@gnmgondwwq:dhannel below the

insulafify 1&Jep Gpdhfhfnﬁfcﬂt%d of the @6ntfoh 961@@ toh&n@tehelecb@fécﬁe cd)rfductlvny of the channel
region sglgggmp zﬁlﬁ' a?tnc%et. Herforr’fan](c‘eagtal&hg trguysw? rs I‘ﬁ{%l da}s ¥hecs?e%§t k'nrgatmg the channel,

0I uaoYleJ y.a a&: e ectro%u ?ot e d acen to tlbe channel region and
SRR at g

ve C
which éEﬁ?P‘i‘S@atﬂPecfﬁ“‘b‘F“W af e gate %}FCUQQﬂ: ingg.@ o(hemtalﬁéslsgmu stantlally determine the
transis@r eEdrdc@dics, ttivescging @€l dik ickdnbgl 1pthi dng asdocinBeihere @l BE reduction of channel

resnsmﬁ&béxhqm in@lle!lsx o@ £t§9£s$stl$lﬂe r&\ﬁé'r; Q{emﬂ%@l Q,f, Mommam design criterion for
nsi stors. of . creat ng the

sccompiR a1 M RSO O T RIS EBRALCERE ty of the gat e
el ectrode, and the channel resistivity substantially

dethe Eshif@nd Jﬁﬁm&agmes&a%st&haﬁeag&@ [oWedes, Senmﬁsrhepxﬁgﬁ} bf1@ues associated
theremottl &ath}ealvegtﬁ%g naedlc laﬁ 5o S tc} neoi‘I Sdtuly \??f?e(f h‘le agva{lt%]gese <r)bete\1I¥ned b§ steaedfly decreasing the
d‘me“‘ij‘%{’ﬁ ef rapgipiass Ppe paiorriehit & "E‘h@SR?FFaﬁﬁ% flevrelewgqnhofénhamed photolithography

dom nant design criterion for acconplishing an

i ncrease in the operating?f%5de§ldf the integrated

circuits.
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The continui ng shrinkage of the transistor dinmensions,
however, entails a plurality of issues associ ated

woOherrandh t hat have to be addressed so as to ROT/US2007/004544
unduly offset the advantages obtained by steadily
decreasing the dinmensions of transistors. One nmajor
problemin this respect is the devel opnent of enhanced
phot ol i t hographyand etch strategies to reliably and

and etblﬁﬁﬂ‘a&@id@ tob'lechlb@raﬂ@;eSroGdchrEateeéu%tmaa&ﬁe gfof ?xtltllc%f cﬁr%ensmns, such as the gate
ate electro

clec IS, r g‘ new
el B o™ T e a0 BErEY S VRN, soRbREwvopant profles, it

transistors,
verticl digection §(ﬂfﬂl\lla§!q ‘é%tla@w Hrspiiomt arpregiifel drsthe fimintan@souee kdgdad to provide low

sheet b c@tdci x@s‘istﬂﬁy ivebhbimSion Wit H\@sitedtRadl cgi&f)@a%hi‘t}o n, are
reqU|red in the drain and source regions to prOV|de
sheet and contact resistivity in conbination wth
a SEVF e ERSHIRT thedrte dempthagpssopietpd with asdaged cortrollability of the respective
channgl ¢higuebty irgsmiriog prohvangd lagerd] 661ghtprifies aBBG@PaMA EAGkeIM, Ethe@t in the vicinity of the

PN Juﬂ’cﬁﬁidc @ 6er&roraf Jlealhea kb 'rég%ng-);re LJEQII)I @&Rﬁ %9 IlOqum?lQ 10? 1r1 order to introduce a

b ui,ri.n ronounced | at er al
dopant %g&e(e;f \¥hosei c nduc g'nt?%e cogfspfngléé? therfoinchléuwct’:mﬁlolf ),heorpmapﬁeg channel and
semxcqgm:cjtou ﬁ%qlqnoqqsas tq'h@pl@p'qgf ¢he reylting |PNexindtigh donaetggr&m&t afte® the formation of
respecl;ls&l,tatei'nsyon]c o e diayin hxﬁﬂsohrﬂpl‘e@iahﬁt InQRls 'wa Qﬁéjtﬁlreshtoﬁi voltage of the transistor,

which | rBrs n Cl ucY‘\’ro e C dUCtiI Vit
hich a&égﬂyﬁé @n&&ﬁﬁ il § SofftictVa O & el Iomms iy fhe %%ﬂ%ﬁﬁ?ﬁ@ significantly

determ [ RES ﬁ i he con UC ot
ERG IR PRt et B Hges whewélgq %ﬁ“ Gntctaritnge of b ffeobaolage may be
observedy dory radugkd igte 1Athp. U iddnte) r‘bydﬂpﬁﬂiﬁg @h a’lﬂbleﬁﬂatcafnztl@ rlmﬁlklﬁ‘anon region, the

controIiaGﬂfoH&ﬂ tﬂ@cl@fmer %P@&th)ﬁﬁe@ )Eﬂeﬁeg? eﬁr 1t 0? dans Eﬁ%lolg the f:shold voltage,

i B 8T8 Tt L ol it b e et
with a avaemwet gav:ele@gqlan rYéith fhe rargoingn shirinkage hdinixe bat¢ &@it@ N however, an efficient
compenﬁhtg:lﬂltﬁﬂ th‘.radhblldyfarﬁﬁ&e% mhﬂ@ %nﬂlztheant&pﬂs)r @luht%bé L %rﬁf}{caqudegr& of counter-doping
L ant v anc
of the r%gbr@gs OTte e?u:gs a.ﬂ%B I;:v esﬁal%g&.an& 8’1&& Elélay d%ﬁeé halo implantations
are reqvlgzﬁ \E/lﬂg”l mep[éﬁce‘%e 169"“?5 r@vqedhm@reﬁqqldappmpyqnm@x@d tvaieeper halo implantations,
which mqplb@_mra\txded nwithe g)ir@cedt dopant QBﬁcEﬂ}ah&b [y&t' ﬁr&w&f a tdie efﬁcxent compensation
mechammkeqmﬁy,hﬁe &Qxbl@l%ﬁt%llaﬁl 9rn§ig¥)e nh V\?.'cc reg 11% thb tﬁlckness of the gate

| nge he resho
insu atlorﬂé rr r“é htnbay%‘gw?vritrtggﬁmcad Pb }nFre@;Fcf stat)a degkage glgrepte th@ysmal limits of
well-apgropgd ifsplatingt majegials sti¢ham silioh diokidasi st or per f ormance with

a variation in gat e | engt h. Wth the ongoi ng shri nkage

O{VIJI I? ?rgr% ? k: 1 v ar Pda-‘n C g e B’r %&mﬁ %?vg L%Ctlg% ?'%‘Fxgtg)lr}npq%;;)%grlltlggal transistor
devices rvgg ll,?F flesr:nhbeg xnspgqqldptpré aﬁlgure d g sdematicalboillwstrates Bopiressrsafional view a first
transistdrizemes s PeS; twhick may teeditd aRallodHad ifmplahtitioR; %& b Gééln@!" rafl388} etement 100D

for receY@r‘gy a %@&Lt&%’d@é}dﬁm‘bg@mhl gﬁnl yﬁr&i fag secoﬁ’:,c{t ﬁraant gra 38(&5{3lt I (g)n ?nay comprise

nore erriclen

respecnﬁ,ﬁate eﬁ gﬁl‘%ﬂzﬁl G Iﬂgh fOEBfﬁ%a?vgd chapnel é@wrm}]aqowded in a semiconductor material
102, suqhygp b giticontliyemn whickymi terh isrfaryned @bqye @ wibsteth Ml t mhcagafe%dﬂd@(ﬁg 104, which may

have fofh@p @A tsideWA6 QEH'JO@E |sﬁ9er)éfe§neﬂr1@y| e @ep@raie& %’3 th%m%p{egmn 103 by a gate
msulatxo%OIE%? Q?f L ayrg% assume rt]'llat ﬁo s u?nt substantially th
SD§/O bqu ‘ﬂ@' hapre ally the same

conﬁgurfllilﬂnd%ﬁxégsgecéfo t{ae(f@mggﬁe@ts i;qu.grmeggq fn Meryaver, thelrriGhtofTE)PS may be subjected
to an iok pypan@rio@ode&SIOBS i EGmbay ir 1he E@tﬂ&ﬁﬂ’ucﬁﬁ‘ érclob ?e@;lﬁa@t% halo regions 1068,
which m@&'ﬁJ &H&&r@%ggshtaﬁ@v B r§él&1§cvhl-lxéh maé/%ls glghlﬁ 3 c‘S?{?'geé'gaW% fhe controllability

of th tlnq materi a
o chaggel fepiss 19 fpe EPgBF egiopd 0F duringiegerpaisr e davi¢en\9BS v ks the implantation

process 1088 if @enfianned witlp Bpprapnivte Iprdcess phrainétang Sdus gy mﬁi»ﬁ\d!aﬁcﬁxsdo‘é\é |ehergy and, as
shown, Bl€arRSEikH Rﬁﬂct't@ a@éc%oxg gIb%rltlall)F bfgl%;lﬁcdlaq > &h ng%} i(ﬁa a}/s to obtain the

1mphnmh&l%§£ ?6 ey 8, Cr 0SS~ sectignal view a
S 5i°8 r%%gnﬁf’ AEEE IR PROMSF SruetwE Jefingd bdE Eepclectrode 104

halo |nplantat|on and a_second transistor el enent
| OOD for receiving a nodB¥&E8IY deep inpl antation. The
first and second transistors 100S, 100D may conprise
respective gate el ectrodes 104 that are fornmed above a
channel region 103 provided in a sem conduct or
naterlal 102 such as a silicon Iayer mhlch in turn

1 .. A N A . e
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configuration with respect to the conponents descri bed
so far. Moreover, the transistor 100S nay be subjected
woao@nodsm i npl antati on process 108S for form RQTiUS200M804544

sem conductor | ayer 102 respective halo regions 106S,

whi ch may be consi dered as shal |l ow hal o regi ons, which
may be highly efficient in enhancing the

controllability of the channel form ng in the channe

and tHe@@icom1 0} 03h15h-|£dts|w af @tﬂﬁlﬁﬁdtl@ﬂ‘ mQ;k ¢ fleyi Ibg got!eo(m h%wrlver a moderately high

I roc erforne
lmplahtm%nldg.}g aﬁ‘é‘&% cll 8ant oncen txon “f %? §haﬁ% u&eﬁtoa §0§§']‘f)\f{\g&\’|‘fe&t“? @Jfer to provide the

E roprlate process ar ane
efficigyh eqpenspfinie Jyechgaigm fasreémmhort fhapneh pffdce, wich s regenod diresbadd roll off, to

obtaingenblinpe@chanpel conthistaliny.i @h k¢ ofief ﬁﬂﬂl,dh&éélxﬁxﬁ txtaﬁ’sxstc}? qodlﬁﬁ @hbjected to a halo
mlplax;tg%n 166D, Rich R dggéngz!l 3 ;‘(hlgle b me? tggg?hg \(/:vgx{nlzﬁnrtrgtgci ot?]e %lﬁr rgqumng a significantly

‘ gﬁlrl}ln%toacertaln egree rUC
greatef, depth sg as )yf%vﬁig ad@figatglp' bigh FoypRensphiongifctwith respest torthe]thxgshold variance. It
should lf¢jappreciatqdshay g thwhnqsmﬂt}arghtamsnﬂmonwkr 105 tay @piﬁﬂlyb&g@ﬁ’&ﬁ 6.3 nm and thus
may rlohBd sigd¥ABRMCleducdd HPHS ersted fréaﬁéﬂhy lu%g lr?a[getng £ Sth gsos?lg:gxéglox:de silicon

mmde. JIIH ?heeggclgrag'ée ga%glgtgrgtl?)@% d&&, wey laf:e ottﬂ.ag Oé\fqlq la’a[gxg ﬁlf \?vgll-estabhshed techniques,
Wh“’hdbﬁ%’é ebsteptigy thecsamn poaestes forrtothuiminsistors lkerept foharrelo implantations 108S,
108D.ef fects, such as reduced threshold roll off, to obtain

enhanced channel controllability. On the other hand,

t e second transistor 1O0OD is subjected to a halo

“Eh 1 oae R P Bhoviitliectpnyigors) dQ0Snd d 0L iyt Bl dhenufacturing stage. Both

msls;omﬂmos,dwamaywmmtanaippxomatet didelD ¥pac & Cptriidnir® § 1 B which may comprise a
plurali§l @Nindiliaaunls ééergé‘lﬁfi)etn@ranged rbpé@ frr mtegglﬁvdege%dlﬂ% on process and device

r e nsatl on e
requir t"’]gtgt ﬁltoreo% 6’| c{ézgr\xl zénrdl s 8e regipgs éi),' chnacte&éo éeﬁw%v&eétp@dmtr?g&{ns 109 may be
formed;withip thy sraaieongyctor tparergl Q2 editonmsié the ickamnd] age@m 108 5vHeRin the extension regions
109 mhbyy firm aithy the l&&kﬁ&:ﬂfld‘ B fepidn rlmssigxd l@dﬁJ§fPﬁ?)ﬁnaﬂk tgleis prewoglsly explained.
Moreo%r,%ét&llsﬁ@ﬁg ré/gloh?beCt% Qe fo OXIslje cc)iraﬁn'f igr}eflqﬁ%‘srget felgioﬁsel 10 and the gate

erials, such as silicon
e‘e°“°ga 194 ierdgritq geduc e serjes Frgistance f% carmexsng foQiBreateesjectoese flot amdahe drain and
source grgiophHObasi s of wel | - est abl i shed techni ques, which
include substantially the same processes for both
a.ansl rs_excep %wfor the hal o |%£Iantatipns 108S,
108 8 Guraspirss tentioPoam b by peformian eh gprsersiate implantation
procesy foxdGrmingiexfe@xipd fegijong 109, maé,snblymy@f‘mngrah Appr&iriag @pacB@feﬁ\em {not shown) or

on the tbasNSH 18 6pader |10 epdnhDof e pg&gﬁrakﬁ @e@& x@zﬂﬂ%rﬁ% a‘f‘l%reaﬁer, the spacer
npr.i se

tr t r
structux%I qu"v\?é be Po?x% x? \}}fegu riél o V\éeél':l-e ;pprg}/egnfgﬂingl}{gnlacludmg the deposmon of an
appmp‘g‘ﬁ ?’dﬁ‘?ﬁ' é‘t“e‘ arslsh'é?“ Hiide raiﬂ‘bP subsqguent prisatrgpio picky poces STigrvdfier, a further
implantgéoni prepess ey ibe @it in Mode OViRtFoduddl ddpdht 8@ Q@ f6:8hing the deep drain and

source FeB@hONS, ltls(ﬂmg@ Gpﬁ&édeﬂat Oglelr ﬁ%%&adnquoc &L ens ‘I”Od’l I‘ 9 ir%émedxate anneal

rocessedfg n’Py n‘eg sem conauct or

p s for a attm% rsslieﬁg/e Wgﬁrmten?leﬁfxyoﬂsomge beﬁm@rf@mdtph@r to the formation of the
extensx@xr?g;%ﬂ%aqdé@ brin ardGQumpeanpgibor N wi miy Haliebdes ﬁﬁ&ﬁﬁdd\fiﬁermmemly After
the con’@»&:hﬁh 6fagH ﬁﬁae&ﬁé &ﬂz{'ntalgﬁgdanf N ﬂr&@&gd glgreb)?ﬁmjmﬁ the PN Cgunctnon between

e extdAli&Y, Lained. | sulcl de-
te e BUP |06 o Bhc BarR 5 ion RIeF Y e, I i i esione 14 pebe formed on
the basfl‘é 9% d’Pli.’fﬁlé“&aEf@eéﬁ tselmjayel cfor] frgtaicn ipyolidne the demditiare of ke appropriate

refractogremétgssucke 8¢ &dbalr) Giganfud, nleRd A4 nin Gr tombiBiodah&e2! Gial 4 Qﬂ?equent heat
treatmex;lt% f@ﬁglgtabeg éiﬁ@elrmataqgﬁm&our cer egl ons 110. Typl Cal | Y,
t he tranS|s¥ors OOD may be formed by perform ng

an appropriate |nplantat|on process for form ng
diiguen &¢ srkemagalbnidlush@@s theosbavid yofhye paGMioRi 109S,a100D w1th rcspcct to a

vanattotﬁ@ﬂlﬁr@ﬂxbld%ﬁag@ RAE Bhte RMARERL n{ﬂgkessﬁ%%)b fk hg&ostgled ensxgne $of the gate

f. th dln process an
eleCtmd?se 1%‘? r errg[ﬁ Fise T%é'frlcé‘gf ? ’lg‘"atf‘%e W§ff§‘8e PS Bfevigeshy pelaingd, grghellow halo

be formed on the basis o; mgll-approved t echni ques

i ncl udi ng the deposition' 8 &ht approprlate materi a

such as silicon nitride, and a subsequent anlsotroplc

etch process. Thereafter, a further inplantation

process may be performed in order to introduce dopant

naterlal for forntng the deep draln and source reglons

.

o, o,

A A N
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processes for activating respective dopant materi al,
may al so have been perforned prior to the formation of
woOheo7emesnsi on regi ons 109 and the drain and sBaTas2007/004544

regions 110 or may have been perfornmed intermttently.

After the conpletion of the respective inplantation

and anneal processes, thereby formng the PN junction

bet ween t he extension region 109 and the hal o regions
1mpla€itat§o§ raglonl ngzﬁas eeregErEtl?lS y é;rovr Or ?rlg% OQdS vaxr]iaéngxé nPXxe *ﬂseshold voltage for a
decregsing gate dneth. ap fsrindigited Ry the CPrﬁQ/GIWF lﬁ’ge if eo'tl @B S@Pltha@ﬂa a gjfoderately deep halo
implafitijonaHidnOaEl At régidn 1861, Gkdy, foRinakhervistGienfGl ®mkistbd configuration, result in a
sxgmt{ch&tﬁnﬂrmncgd %&hold m)l@toffn HH?E:W reﬁﬁémg %% tﬂ)@soft tpa%l&g'f less appropriate for

eat treatnent

r for m n
S°Ph‘?“§§f)de"tpé’f‘§?%°’ﬁet‘§?q°”§g it tgpasister; 190% gmr@ © atypp Sclawreyf of its behavior with
respegt|td ths thresheld ralliadt, idwnapderately difight dopant pcaxnsmrsttoons the @E®n 106X0Day, however,

have YMiddii oﬁﬁ%ﬂ&&tontﬂﬁ o@erﬂlﬂé'eh@trés%&n&fof R reshek Q’OO‘S%&QQ%gWﬁEJﬂtIy reducing its
currerg %nve capa 1% f Th’] is, d{.l ntol:(h(Tg ? rate y gjﬁl‘@gpalnP cotnlc.:,]c%%r ”-Qwr: Im ethalo implantation

I mensron
region 3681 ¢ bigh dessrefaf gatrnémdwg 'm@w’é%m the exitneion Eﬁ&@P)}” hercby redusing the
conduetiyityaheael, Héncs haglottiow 1081 Bdrwgah &idtoiial GilicidE Di2QiAd tHe ¢Bdaind Segion 103 may
have L ﬁxcxre {l%g ?c@%om d Brtﬁ)é/ l'egﬁctﬁre r@&éﬁc %Avf;}; %99%{?138; lé(l?De which has a

. res or a decreasing gate as 1s
s‘gmfcﬁ'd'iyé‘é‘Y"é 8°W ?ﬁ“@“‘@uf"?/}é‘ the ’ieﬁ”e?i’r"@ ﬁi‘i’lé “Tg&,"“ 166D+ fransgqupmly, typical transistor
configueatidns for adveieed bplisatideopayhapreseityp autratiscobrtwey ieatiapced wigéshold roll off
behavib? whth fespeBild &Ve LOREL capB¥ity. f Or an ot herwi se i denti cal

transistor configuration, result in a significantly

pronounced t hreshol d roll of f, thereby rendering this

t yjpeviest oft thafigsption slescribad pbeyisptherp iexigie & npegy fosavhape¢dcteshaigue for forming
transi@@len@at iwﬁ)n[éSavonAilng bx&l.tg hotelt tHe pEbRinS ﬁd&ﬁtlﬂe%vﬂ‘&yat R@st reducing the effects
theres@dvant ageous in view of its behavior with respect to

the threshold roll off, the noderately high dopant

concentration in the regi on 106S may, however, have a

significant inpact E ; BINVENTION esi stance of

t h'?hetfglmg%;egé‘ntsla%hf&m&% o?ihg mvgdtﬁﬁlﬂltdrdér {o%mﬁi'e B¥asic understanding
ts curre dri.ve glggabl [ t That due to t

ofsof, B B 5 VG- o DAL AL APY 31 ARSI THRIHag!ghe mventon. 10 no
mtencﬁem identifytkener arigigpl glppnqmtheanmmgh ofltogieknsate fhe scope of the invention. Its sole
purpo§eOibl B REsehl @Prhé1gbnbeptsPih @ ¥infdGfled Brnd B MHULONS tRNndr@BdtARA description that is
dnscus%e%ate thereby reducing the conductivity thereof. Hence,
por "tion 109A between the netal suicide 112 and the
channel region 103 may have an increased resistance
C oOp@atay] tHe@rdséne inv@Bipe 5 idirsoedt€ g teClihidhie St @ihbléshiBe manufacturing of transistor

elemel:ltg @g:ﬁ %‘ﬁ%tg:ﬁ% ﬂeﬂg%r v)m lre%&ch@% re%uc%h gpésf’ndl&: %fml.c\é \Ll@lwme same time providing

tiaon in ecti v
a iR Porel R e 1y PR APt FARGRATalY BOHR BT pirgpecive channo
regionf sgras toRigpficandly agsutd qra@hsamgllwagmmw weimomaersbntps offA rsepective drain and
sourcd X iMBET re@H) AR 6R0vdy e @il 1o r@énlm 1k fng bﬁb&l\ﬂr@lrhléﬂi dbbhnt concentration may

be forl;ngc’? Qt%gtgntlj:al(?y g/{tlllo\lllte e Ql%fec(t"'u{%l Q sclerkeg ¥e31s e b Iet%\{:venotg respectlve PN junction
fon “descri bed abov §Or

and a g‘ﬁﬁ'aﬁ‘ft?é’d {’”QE?HYFM{‘J @nfeaﬁvefwfrﬁlweaewa%mpdm ’éF"é Fﬁmt@n of the halo rogion
may battomBinal/witld the GrovBRen @f a FBEifedabmich@lu@bofkhterint i the @iaid 4n@dource regions,
thereb%bxgd‘ﬁﬁn(%ﬁe @éatx&r?&%treskﬁ:q%csltrglg uI ﬂgcfﬂeﬁggén,%%%gxm results in a significantly

" ION The f ow ng presents a
© a“%‘ﬁdffﬂ'fsfsf"m“dﬁgﬂﬁ%ry of the |nvent| on in order to
provide a basic understanding of sone aspects of the

| W&%ingl?o or;g?x'llt?'strgmyddné\t Q@tthead?es@ﬁf hx?}éﬁt‘o‘nvﬁ m3th6d len%ses forming a
nventJ on O |

doped rerglo(l:lralg cent éF 8?%%Fﬁg1§n 8? l?%(} ef#eﬁt \}en s?od'h herc tg cgo x%/ lﬁ%%‘%/ comprises a first
dopant ppscieg gfbe fipt copgctivity dypei oMorepyes asgq)rgoxpgﬁ' ﬁlggj@pqureglgn is replaced by a
present some concepts in a sinplified formas a
prelude to the nore detai Pea¢4dEdTription that is
di scussed | ater. Cenerally, the present invention is
directed to a technique that enabl es the manufacturing
of transistor
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el enents with enhanced behavior with respect to a

reduced threshold variance, while at the sane tine
weonreilidiisg a hi gh drive current capability. FOPCTHIS$007/004544

purpose, a halo region is locally forned adjacent to a

respective channel region so as to significantly

reduce or substantially conpletely avoid

count er-dopi ng of a respective drain and source

semxc@ﬁ@ix&@xsﬂnﬁghai Qed Q&coddrhofn.ﬂk %et\ﬁ@syof a%e&n@ungv‘“nb@ Opd &4l c@ﬂ:rs from the first
ant concentration. ma

condl;Ftn)llt e 1s I rduc% néc1 ‘F‘iﬁ%ﬁf"ﬁ’é‘ rﬁaéed’ﬁl( o7 osforgﬁPé\é Jupgiion t”H]éthe first dopant
specieg adlipcent tp @SF@P’&h@embet ween the respective PN junction
and a netal suicide. Nbreover in sone aspects of the
Preggl‘?bgﬂﬁnr%atg XrE)BlQ ﬁl%’[t)rat gmlaé)(f n{ ?]fotL rrar‘éser%nmvge%tl(%f a mgﬁtladocomprises forming a
recess i &, PR LS TFMESGRHEIRE GRIoRR GXP) by e ok mapin el sbove the crystalline

semicgrgiustoraregioy | RunBgrmbra.er dopyd egiebéxienging Blow ke @tch @iasiOf fdmed on the basis of
the refeSsd %&Exhﬁﬁ‘: dglgeﬁ E-i‘fl:gn)n cgmﬁrlggs acﬂgqgﬁalnt sﬁagcgésgﬁa fi}é@éoﬁ&hc! \thttyp Furthermore,

as co(# n.a. %%g ficantly enhanced trans
emisep 8ﬁ°hﬁ‘ﬁ grdal i foxmed e by teptsy dereim e ts?"af‘I“G‘é?“’é m&mﬁh@ﬂwms a second

dopanpgpetitreof grseavrchtonfiysiidiyttingnhat diffam tilomcthe fusprohdevify Oypriamiywizerein the first
and sedHaQ6pan APl fdklja@8gRctid® @ channel region of a field

ef fect transistor, wherein the doped region conprises

a first dopant species of a first conductivity type.

MoREERIie o Yot ppther dipsetive ﬁ@bqﬂerfeaoﬁ by pespent inventipr. acseuticpryductor device
COmprisg LM gy o nldmtiostrunfateefbmh abaad caaxﬁa&eglsh slaodihin $§pEI 88 a source region
forme@fadﬁceﬁtqg Qﬁbdch%&d&'@&d é@ Js%o tf&f'ﬂea ltl@%[n ftfleggvﬁthf %'9&%15 I{}l% drain and source

conduct i vi e ls intro Into t

P R AT MR R ——
counter-epife ztghe BN pengtions pdore@sr, aldj gop@ntduttor ddvize chaprised a metal silicide region
formed B@heQifain ANAGOUrEH rEbghnb, Whardia tliShetdl bilididd re@dd bEncEERAAY 1BF Rsistance region.

of -the present invention, a method conprises formng a

recess in a crystalllne sen1conductor region to extend

bel ow an et ch nmaBRIEIGPBSCRIPAKIN OFRRAWINGS

sem conduct or region. Furthernnre a doped region

eXihe firyPmign ey bawrtdbrstost hreemsde t the ffalomeg dosriptha tdkabinSonjunction with
the acd&fnpmﬁlg GRGARES in m&ﬁﬁé H:fetrJﬁGe IQIQ‘Q&Q 156%%?&@ 88-5@?1[3' 18 th vhich:

first dopant species of first conductivity type.

- Furthernore, a sen1conductor material is formed in the

r diguees layierchsmuticy shemicoonetingr viewt ef ia ademomiortos éevic comprising

tranms&ﬁﬂéhﬁdltsdﬁ) paidls BdaeGi@g Ghgad wit ¢ Mllow BAEREHL yﬂdtaydeépytgﬁ) region according

tocon&ﬁ@&nal%rctc@ﬁ afth¥e9mthe first conductivity type and

reint rst and second dopant species forma

PN unction. According to yet another illustrative

eFipocti lesritematicalbhitiugdres e behiaviviedTitheOthreshal dSOMAge MNEGSOD the gate length
for trar38M} @e%xc%flé 2§l lgﬂ)trgglcﬁxl a§§£ Eé%ﬂ' fia1o Ieydﬁt ure.formed

above a channel region and drain region and a source

region formed adj acent to the channel region so as to

f Sienea 2PRd j solroriaficolly tshrew ewbstdastiondl evievsnof haradsisdrnelantlt during various
manufB AL &ag’ee g'dnroﬂaﬁmﬁ@y @haBlow QlWo rr@ﬁ&ns tvﬁlm edudel g:'oﬁmerQprﬁge &S and source

reglon&ig&g(ﬁl% Istl(')alav of C(?lunttegf th esen mv tl ared to a
concen fon of count 5 e PN j uncti on.

Nbreover, t he sen1conductor deV|ce conprises a netal
S Bigaregizn-I cegﬁeﬁtﬂtlcfimhﬂﬁd'até Eroéshiectithiaf viBwadTd tSRMibESE Sle@d Blﬁf?@ the formation

of a lc\/&gﬁflﬁc‘) l?cgtld?leomagas@ l&' %}1 de% [t)Jé?a Cﬁ?&%ﬁﬂf %@%taﬁﬁsﬁ\ | est!.l.lg\o%mer illustrative

embod S|s{t|1ce regi on.
?ﬁ@%ﬂ %m“ﬁﬁylﬁﬁwﬁﬁﬂﬁrstood by reference to the
foll owi ng description taken in conjunction with the
acconpanyi ng drawi ngs, in which |like reference
nunerals identify |like elenments, and in which: Figures
la-1b schematically show cross- sectlonal views of a
sem conduct or devi ce congs1 g7t ransi stor el ements in
various manufacturing stages with a shallow halo
region and a deep hal o region according to
conventional process strategies;
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Figure Ic schematically illustrates the behavior of

the threshold voltage in relation to the gate | ength
wobano7twesssi st or devi ces having a shal | ow hal o Pegiuszn07/004544

and a deep hal o region; Figures 2a-2d schematically

show cross-sectional views of a transistor el enent

during various manufacturing stages for formng a

shal | ow hal o region with reduced counter dopi ng of

d::g%lge aﬂ‘ cS&ng&a%ﬁaﬁﬁ gslhgn%ro SQS%OJOQ‘,LI n\gews ( Fa trlélﬁc’sss tor §iem§nt during the local

esen
fma%%'h%fﬁaﬂ’?”em el (e e e efraodgguss%@fq%fﬁm R —

embodimemsdifsiie@resek mpewion.duri ng the formati on of a | ocal

hal o regi on on the basis of an epi t axi al gr owt h
SS accordl ng to ot her stra

e R
embO@@Pfé‘?rﬁh‘trFQf aveypeantsbawndy oy obeample indhe dréveines aod argherein described in detail. It
should Feun8ér&ddal hcﬁJe@dmﬁdt tHWkdchglioh h&exh Gﬁ@l&cxi‘ OékPRbiRRts RfnoBintended to limit the
mvent‘ﬁ)mau) lﬂ%%aﬁ%hlgr fo?rgg & Q:loggh Lmeon;)tﬁ oshtr%é,r %e dltgnftl?n 1soto cover all modifications,

ess In rdanc
eqmvagfiﬂfomdrfé‘ﬁ?’gﬂveﬂr fafling “?)‘P‘éé’@rﬂp‘fl‘ AWEHOPOP. ﬂlqmwnéon Fﬁe““’f ined by the appended
claimi. nventi on i s susceptible to various nodifications and
alternative fornms, specific enbodi nents thereof have
been shown b ,, of exanpl e |n the drawi ngs and are
herein descr rheterhEGBEARRYT FINXENIIQN st 00d,
hdesirative emhegimentsenf Glesm'mupm argﬁeshmeébqhovoflnslpemrést of clarity, not all features

of an Q4D (ﬂh}ﬂBﬁHn&tld)rSarB GEscﬂlH&BandﬁdspEcﬂic’at'xdﬁ‘ {1 tﬂhﬁoﬂ SMBObE Wprekfted that in the
develo%)Elgnt Q)? ;n}l %ul&l %gtual %ing?dlmen %uanSrfems 1mafé|:?1ergaqion-(s)pecl%c %eclslong must be made to

achievg &fl‘ild%‘ﬁf%ﬁf sspecafﬁc@%{? £ ASTOFPHACY Wit SYRERURIALe 79 ppriness-related constraints,
whichsyill vary fram dnesiopeaie0itioh eanbthare Mok Ver A willtbk iapy@étidid thah@ich a development

effort ﬁ@? sTe[=Te xaﬂnmilmem Q IFFBOL%B@&TJN? % I;I—Ar?giéenltmldgrhalqng for those of

| lustrative enhodi nents
ordinagys Jﬁd’ég’ﬁ?’th & e PRREA LA ISP e er est of clarity, not

all features of an actual inplenentation are described
| nrhe Bieﬁenﬁlﬂ%htfd \ﬁﬂ‘hb@ﬁe dekdrib¥d \IVl'th OferehRUS BE at@@hed g:es Varlous structures,

systems ﬁEJ g (\:/}cgst ee scﬁw tlcal{}]' Iincteqd nel\ﬁ%n \’{qx?%&orgbuéugg a?flg)itx gﬂ§ and so as to
not obﬁﬁa@tthﬂdécsmd@ewn afeth ﬂ@vb thahare oel) bicopde @bsesepréled injtle art. Nevertheless, the
attach@(lﬁxi\ﬁngs&ld@ Mcladedao MpchilRnme expldin ilfytekiGdedagbRt 6fltha Petsent mventmn The
words lﬁgsgss uJeé3 Ihé‘glﬁ Qh&&pt?‘et n@ér&gcﬁi an%t&?re% lt(l haX/?r y aﬁlgén consxstent with the

emsn tign to ano Vbr eov
unders| Pei “H’F‘“e&“fih"é‘f’ P?ﬂ%ﬁb%‘h‘afé\?‘%l‘?%?r@ﬁ fe“’éf“ft &itt Nﬁfpg’ﬂfl dgfgnition of a term or
phrasec orpd dolinding that ivediffeoens Gy, ordingry wodl btoneiyemianiak @s 8ndestood by those
sk:llcdan the bk, |1Jhﬁtek’cféﬂ| Q)rﬂeaxlﬂbll?:g b; ans1§t£1’@ §sﬁﬁ@<ff tl%rtg-l'nrb? 'bﬂras% |f:laxleﬂn *1"5] the extent that a
term or l?rase 1% mteng d 1 ht he L4 of L | 5C
pfes nve n? on % sqef'a noe\?vmﬁ% Ged & 'B'é%o% "t a; tgaft é’f’%eff’éc’@d by skilled
amsanf éuth?espgﬁl%l éeﬁfwnquj bt expres\mpet Sl i the gescificsion iy defimitignal manner that
directl g uakeuive@y prbads eleapmial defihiliyh fdept ineésl phiasd he dr awi ngs
for purposes of explanation only and so as to not
nglscure \%{hh resent invention with details that are
erer oA PES Y IREELenIRIpeY 1 @ tepniqyg dordhs formatign.pfi halo| regians having a high
dopantichrenitatiencdné whigh ansilaveted elpse ta the thagietiregion tlesder iolvbtaimrad enhanced behavior
with r&%&t ) 3 felnlchld trahdly %ag%mtﬁsgaféf lettlé?}? ﬂfoﬁs.ﬁptpurpose, m some illustrative

embodfmrévtg ?nté te%g f-[hej1 il\?ﬁgé agt ggel?cgveﬁyar\?rég%g ﬁ%zgxﬁ?eyl y replaccla'I by a sgmxconductor
materiad g4t gy éﬁ Hongl tith aqcpréaqqﬂ déth devigedequireménts; M;sremwoquuwam lower level of
counterpddpirg @Sgehdtatkd R e SdépdclivRxdestidnAgd Bﬁin%&%rca kdgionfNOIn some embodiments,

the corga ﬁbn?% squjon cIo;* %ate%l fn?ér eﬁ{pvn?r omu]%eﬁt%mi o Ga sﬁrg}ne? scméconductor material,

Inition e or
which L% Pehigfyee ﬁé%?ﬁ?‘i‘f(f Hein ip, he adipcsBiachpRpct sk ﬂsekqbrf ¥ fprpher enhancing the
the art, is intended to be |an|ed by consi stent usage
of the term or phrase herBaEné offid t he extent that a
termor phrase is intended to have a special neaning,
i.e., a meaning other than that understood by skilled

_r'
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artisans, such a special definition will be expressly

set forth in the specification in a definitional
woamTanoshat directly and unequi vocal |y provi deeTmiseo07/004544

special definition for the termor phrase. Cenerally,

the present invention relates to a technique for the

formation of hal o regions having a hi gh dopant

concentration and which are | ocated close to the

perforéaida Ve khe r@PcRle @rﬁs&&d&émetnp RRfR} ﬂlu%ﬁn@éqg%ﬁ‘%%m? quahall% region may be

fOl‘InCWll} 41 hlﬁh?ysg ?E’atslﬁon on t{leebaSlgg ep%t%gaz Brﬁgthl th\l{"gIg':fe? ggq?v\glffusmn processes, [hereby
sumta@%‘@fcﬁ"ﬁ'é’ﬁ& Smplﬁfmhev-rndvceé fcrylS'h'edahraB@ whighi oy nhgrwise be generated when the
dopans gk detfirvel hylo k@R Bralickd BRYn Rep1meRbac Ghligh. 2
sem conductor material that may be dopeocll i n accordance
VVI h device requirenents, wherein a substantially
TIIRASE tuFiBwE A b Sardt Aaytads, &Etherr ijestretivie ambpdiments of the present
inventroegp'é 8¢w beedegxibahipinore derdl. Higaier?a athemSRbIyGOuKrRE DESss-sdcllonal view of a

semlc&ﬁmi‘orm%jﬁ(me %§h xﬁap ﬁ;&&Er&,eﬁFlﬁ&gédlg eﬁl%gﬁucﬁ\gntsd lleCée%r Cffect transistor of a

ormo
sprec1t'lrc.gacond’uctlv&]t{I (,JP%’T sugh ? e? ?4 g nnMagshstM ap %Wa?:ﬁhm@mgr The device 200 may

comprisg &rfubstratg 205 twhighpmiyrreprinentamly aomronriachabsned forefyingiflg thereon a crystalline

semicdnd @it Diyere?OR NEdr bbt’ahﬁﬁ[ th@ﬁhﬁx@@|20§m5ﬁ%ﬂ@§eﬁtqrbmr§&ﬁc&tiuctt& Substrate, such as
a silicoft §&§G¢Ité sxfuj:oﬂ %ﬁ f rﬁ&l?l{)r g(ﬁ bstrate Qr gr}ylfr]gt*;eﬁ{?alalyrg?gagfa{;?}r\éﬁ |n§7tenal The

odi rren
s 1356 R P e UG BB imentt, AFPIEP YR Rilicon based Tayer, fe., a

crystalfigec fayerq beying aa difaprondlisfrédise @Ad pcA@RE SL Sertdid @MERY of silicon, for instance

approxm} Q@Etbﬁ}clﬁérc@x% Qilig&p& lhcgpl mqgtﬁééleeﬁxg?dg?% c % sgx;x ?]nducltor layer 202 may

represcg?ang%?nér aB% ?nage S_F%lrcortdh éorﬁrglfeaalr %uél} ﬁﬁ'hf"g’/gem%ﬂ‘lfe% the bl§e A mask feature
215 mpyybe forrprdzahevetthosemicendvaion aes 200 thdneby @b exieg 6 @hdntel riggHal2®S. The mask

feature2d 5 Bféy condprids; érfd&glj Hstkive édﬂﬂoﬁiﬂﬁﬁts 'tal éai&%ﬁe@@&d’e Y6a, w[gxch may be formed on a
ate in ' erein] fhe Bht& RENoad DYERE, O WM
T et O cede——

' matene}l IaTcaréi[nlg &% wgoess 381’ 6§V§e§%tr?"éﬂq§1 Mpregtprghe maskdmtueo?iduelieo comprising the

gate eldgiode @0R0MyY wwiipdie areyppi@piaRs @nt and BidéwdllUsphdeRt 209€ In some illustrative
embodﬁr[gﬂlgqiI 1&@:@13 foxamgtémgé Ql tﬁef fogxq Lf stllkgp 10)? Ee ;Tnd%fe lﬁce Ssaiyol ffcla'f%ed between the

such as a annel trans

soacer Sl i é?vﬁ"h*t'é? b R 553 DRl Do eomspHsordeyer 202, 1

shouid é)g lBRirgcigted tipg the ik &htuw&%lS mep aB6 edptes@ny pRPMbIEAT thidd gate electrode to be
formedSihl bSﬁt&r&ﬁaﬁuiﬁ&ﬁnnﬁ Qfald, %el%ﬂ eﬁlQﬁQ cdlde, QEey i%«ritf’i\]e I2'1 8 ﬁaa]{) be sub%tantlally made of a

t or ay.er
sste SRR Rl L e L SRR i sSmean e s ma
for subsequent 1%?°F§SESO§‘I‘°'S‘%§B§ tqnam@anwalos for foroing o fiopehpion 2@y ind|B8g ) dopant species
of a firgtrosdurtiiite e tian s pbidpriatcd PP FPRing atP@J fuddtioh %th 'ﬁ?atmeidda.,t)urce regions and

extensxc;rll}@gléﬁ EHaPA?E‘QMQJ; 12 foln?e}ﬁefn tgeoigvorm%(gh thB %peg relglon 2 é'l may a so be %ferred toasa

halo regj \-\?. e regi 2r6esen 2 o o i
%?’i? 8F’|“| £ 8@/ AN/ BT 2 2rproRFiEm ahage Fog @mﬂ@gahﬂjdesnred behavior with
respect FW@PWH@E&C%@M discpssedmbovet of silicon, for instance
appr oximately 50 atomi c percent silicon or nore. In
@?fcal %ng I’f1] ?‘({r%’éﬂnmé%he SSIB F?n%?%gg%ﬁ%egbﬁ%g%?m in Frltg%}/e 2a may comprise
the olquitemrreaPss. ATETPaYIn e %mage?p hresfouningethaisatdforl indtance When the substrate
201 is wymepitesére ab SOL subdtbata)ehs sbxﬁwﬁrﬂﬁd'fﬁdaﬁb Q(yzemi}hﬁ‘e ﬁﬁmdcﬁp%ﬁﬁ&rby epitaxial

growth 4:’,@}11@;‘1652 Q)%rmé &%ﬁ@que %%Jl %haprgclggsnyneal xgﬂte Ve, 5&({0@3@? profile may be

rod gra% feature 215 may r.se, 1n’so
produce ’o@f mgtﬁfcg 1on ‘ﬁ%lf“@a"@f”er ey é"OTZWAVGHWPﬂecPPYn%Wh g@am@mnon is not
shown, oFhergaRpat agdtmmeilaion mtehaiyxeay RObrmedNRF Risfnde V9 @FdsRion and/or oxidation,
followe®byeht ﬂ@dﬁtn&% aﬁrﬁbbr&ﬁﬁp ehtS @lecﬂx%hé/ r%&thjia? QHenCt is m Cfi Elgt t.he mask feature

QR at acco process an
215 con?‘e%&u%?, ERBRTE reovoerr Vs red‘frga'as?( 3R ARPFQRFigie S3pging \Rﬁ@ﬂal “ouch as silicon
conprising the gate el ecgﬁge 204, may conprise a
cappi ng layer 213 and si 1°of 1% spacers 207. In sone
illustrative enbodinents, a liner 214, for instance in
the formof silicon dioxide and the |ike, may be
formed between the spacer 207 and the gate el ectrode

204 and may also cover horizontal portlons of the

P e ' e

o
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single material having appropriate dinensions for the

gate electrode still to be fornmed and for serving as a
waorsk/1eIs9 subsequent processes, such as an i ONPCT/US2007/004544

i mpl antation for formng a doped region 206 including

a dopant species of a first conductivity type that is

appropriate for forming a PN junction with drain and

source regions and extension regions that are still to
nitridd) @naly e NBFhed lod tﬁé"@at&c QIL:JUQU@ H:gl’emtl Qﬁd ?l'%geeg Végse g)'&)? e %%gmr@%n the basis of

sorni i sl Bl Sl St i B o e ARG ot i perping lover
213. tTH@'eﬁé’élef‘@dedU@ﬁm of thpigtth igspletirmclayer anay he @giwybdlin order to form the gate
insulati@r layxn 2@S, asdBownSin digs&uzss Gﬂxta&in{&r 2 ﬁl%péecf@ilm B OCihstahce by oxidizing the

evic in c e 1her, ¢ equen Ge_ 200 as _shown
d J iO@W} (tbqy ;&Emdrﬁg kthsrgqu' l %quy él.}%r 8 M ab F%)Eogggtggpacer matenal may be

gur e
dep“‘ﬁ?t gf el i'“cﬂ“h@mf ﬁfes@&‘b%ltfid&t“é‘e'zwl? tb'PkIma‘rOﬁthn parérdaystan, be selected in

view §foa desired auiritle ofvthe Bpdchre mub\smaﬁmey 201 bk Forkrd b RA Qﬁﬁmopﬁrbtch process.
Therea%g' ﬂﬁqaﬁir{pﬁtlt@nontpp&eé §6§ &ml'b%;f%eé &Yt b%g%f o8, opnge grocess parameters,

| ns ance XI a rowt

dﬁ%ose and ener%/fats ev?e R 8 nétr%ggﬂaél e éerl 1P F&Ifeol@élg gf d%’ﬁn rules, which may be
taxlorea Igcmobtﬁm}nataéleqre:} bahavigr vdbesndct fortisd thicghollewridnec, [p¢ is @xilaitkd above. That is,

for otkb!nyseflﬂHntxd:an 8dsigh 6fterial (P ihel cﬁﬁl:eag@b RHith Qégpecm Qﬂe%eﬁce fo@ﬁ the same implantation
utI,on

param&%\éﬁp lbg %‘f’e%ted ?)gé(n a?' ye%hvlor a qua 1taq e?t lrllustrated t“é)F lFlgP I?Tﬁfe%rgd for the device

200. ’f"*’af r’r‘bechFiﬁ r?0F ey %@gw ffaé»bfe@ng |aé"ﬁ'° AP DS i ek $Brigncy for reducing
thresh§lg) Fdllfe conlpyry thendapeosl dtaegiein Wiiclapféalp b irdih@d @838t concentration in the

region@b &R b8 ﬂﬁ%&ﬁﬂr&hlsé’m eﬁw loFa le§ r@d% @gent 5]%% gpa ‘thlhtga sk

feature 215 conprises the gate e ectrode
Moreover, in this case, an appropriate capping
AtENTe 2 SCh%mW“asﬂusnrdtqsahmdﬁvtcp 20@ in ameadvineed manvBcudy di4p€, in which a |

recess JBd © f@‘n&ﬁidja@ﬁﬁ td‘iﬂé ﬁfaﬂnﬁi reéﬂxd 263"%%31%“ b erﬁ&ﬁofqﬁydﬁp& region 206 is removed.

For thlp atgf)c%E Qﬁe (%eéxg 1s su <ac§e:oclS tg S.':’m 13088;%108 %tlﬁpcl?r%cggs&éf ewbge g]CLFer IB%?E feature 215,
which 9yl repsRsest dhe Wpfwdc@&pﬂwgoqlea%r Ry Bave Fhhigle sfldctivity with respect to the
materiad X the Ggter[POR.t F@rresanie, h‘g&lygéléﬁvé ﬂ&ﬂﬁr@&egs@ﬁfol' alh aﬁ@é‘hc@ﬁ nitride are well

estabhd’h@cf%\i%y 'b@ uddd. dﬁﬁnn& %e Rh ﬁ%}%@? 2 lglalhgtrrlxarl] %rglm %TIEQ rl)sed %Sxon oto tl?e region 206

may 5 S Sop o 1 Uiy SR et FemfeiiER o0 Fsbdopant speie
encounggiydg jlshould| bs dpprediated thek theegtg teomtutele thei picEss 208} .the boundaries of the region
206 maPubS et blayp Uaﬂﬁtlﬁppﬁt%gl 5@5 ﬁox‘% 9@1@& ralaPatl §£dsxﬂj:m SFaYe 388ant concentration.

It shougieﬁsgsbg aggrs%ateod thatl?lfc'e r?nﬁa%mﬂ% glgtgnagfof 8ﬁg;y§1p2é)8 é%lgyrlg?peﬁncqwted therein the
dopant pReciesaf aher gy cmqu‘wwm Howgeesiiat loaht gubitidn of fhe tivred s3gina @06 having a high
dopant 2¢hésntiafitinG raqeiyed il1@e vidRitf of tl%dxatbl)ﬂ xaélorﬂfm FHERBihE th?ets&;ﬁi vanance may

be remfed §l§ etch Qgé‘eg‘sajlt/ &hereb %hegvnag Qg&rp%) | 2%91& %etxvlm%rlh rhaorg%“g’nstécg & required for a

r med b
halo sty g liaton yigh# e GBS AL SHEN Gy bl | as @ ¢

angl e may be sel ected on the basis of design rules,

V\ﬂgﬁh 28BdheRRichIB 1|llﬁhﬁr€tgs f.h@ rde@&t o Qgiuﬁxefj ﬁﬁ/ln{c@cg mgm&hgg stage. The

device %0 nilag Irc§1§ ECt %etr/ngco‘r:l tO{ matenal ? {)Sd w%x?%t:%&ﬁ%@ugtra%%grn&%xmems may represent

substangily § serq eferal asfis g orcthe 206 A2 hrughesspgiidont Olnt diiger illustrative
embodigients, tle statndutthemaane 21 3mhyasdniptibeos st&ﬁ{e@g&ﬁl&ﬁx&cf@)‘nagﬁal wherein, in

some eﬁtﬁu’d%‘l@da M&ﬁl & cgﬁ&@s\ﬁvg a%s asoiﬁé" !:aldptd ?Ic\e/el %\65 41,?. St [ qat ng:luded while,

ure Ic i s desire

in °t"e’61"8%%‘8%“52@@3‘&%0%“‘&@&'?@@ épdicated shagromwn 194, may t@ provided. Moreover,
mfspecrl@gxf@he@@@w\mmlhorhucgh nefeHalCil & Beyovided as ﬁd’hﬁﬁddﬂ:@ uhsbhig&iRddial, in some
emboduﬁ&ltd a Qbdired %Qtof %ﬁntt&ngwm& gp@ll: nﬁtef:ﬁtzef 9' sﬁé’i Iando t species of a

whi ch typically a reduced dopant concentration in the

region 206 is provided as a conprom se in view of a

| ess reduced current drivye caeablllty Figure 2b

schematical ly i |1 ustrat eS8 dbvice 200 in an

advanced manufacturing stage, in which a recess 216 is

formed adjacent to the channel region 203 so that a

portion of the doped region 206 is renoved. For this

pur pose, t he deV|ce 200 |s subjected to an anlsotroplc

NA
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establi shed and nmay be used. During the etch process

217, material fromthe exposed portion of the region
waQeoegsshe renoved down to a depth, at whi ch BCT/US2007/004544

significant reduced concentration of the first dopant

species is encountered. It should be appreciated that,

due to the nature of the process 208, the boundaries

of the region 206 nay not represent sharp transitions

secong b&dﬁ@ﬁtﬁﬁpe@lﬁiﬁ?f;@m @Homl tﬁ‘csc%mﬁ&ﬁﬂ'ty@}pe LEAD §$ptaﬁt%tgg E%pfe}i‘ fegion 206A, while,
in o iments, the materia may be fo e ags n s !
th %91@(9& rﬁ GP &1 t tlb&n b f nin oafs q)étafthagél; mg}mﬁwé material.

e renmalning nateria
|ncorporated therein the dopant species of the first
C OTfgtustnicehduytot yia@rial HI8EMB) be EWrmbE BF {well-dd@blishedseRErivk r'@namal growth
tecthtQQ Qﬁj wﬁﬁﬁ ih@ Qna%gg 2 1 E‘ ﬁ\%lg&lv@y Hép?gteﬁ Qpﬁﬁgmﬁﬁ gp%n Eiep%gl Q) osphere so as
annel f@gn

¥ AT SO LI
materialg, @Hclmsab_,eeeyg:oxg fiftide oheyelther dppeopriate diale@oe matednl BfdGided in the capping layer
213 ahtBihe r&ﬁac&x@ @0t h@fs%ﬁﬁl%écﬁlﬂo@es ding! BE VLR g;@tglxxﬁ g,h@u/tﬁ) Process, a precursor
matenglelgll)g Ee I tro l.llcg%3 mpoka)‘ e %n o\s/\lllmtanhat%or S?lgellg‘éll'd\ée ex englg%l’l%d degree of dopant
concm}u[ap?'pslp Idgtr@%cnph@ 8 Juhereinethe adilition oﬁa fesmective rdomad\/xa:ng'@dmay be initiated at any

approgriatR o inltinhedhrid &g Aepodifiéh HHE3EEL Q\J&Q&eﬁﬂ%y afdMBA in§t@na@that has a different
lattice §;§z€ﬂn§ %q:u&tl & T RLG & the2lJ}%r 2(?’]%5’!’:}[ Acg ?9 gr?shulﬂfmelil lia?e b §&ired strain of

){) repr esent” su
the res ‘F%?‘F‘&"a‘ ey b3 gﬂ“aém Strdas 1 F°’{*Frﬁ‘e*s‘l"ea§9‘@1“ Zyffpor s jetlgggrin 15T, when for
instanagj diliconygermiriunp taink sili¢onicarban; adspacdvetyyacdisa® Bl e rhdfial 218. Moreover, the

selectx&ﬁéﬁnt@:@zﬂ QvHﬁwttlQbroE%J ﬁﬁ)‘ 9&! cogrlcﬁleg@d/ asctgrggfainsaedegireﬁtafn%ﬂ? %f‘jmatenal 218 in the
ereln di ment

onau
recess §?gnw erelr a subs%ntpz;ﬂ uslh confi %‘}nf‘ %ls shomhxgiﬁ;ﬁfl 28=a‘{‘aé’d’e Bg}ue[v% while in other

hpressives
embodqungme@lrg@greﬁﬁgpvggow @ ehstdin apphyit of uniderfilh mhrebe created during the epitaxial
growtigiined] depalifig on dedicBRdgGifendhts.Of tensile strain, as
i ndicated by the arrows 219T, may be provided
Myr eover, irrespective of whether the sem conductor
matefS 23IS°1‘2‘“1‘§3’1'>§‘“15¥’6‘9% tretmisendyetet dexioh ¥ in# fughes memifsstnging stage. The
device 36 exmipgibes aidrpirs@iBowedEhepikin PR Ot vehichana3 @8 ifdrmeld ﬁlmena&fnal 218 and depending

on the dl@sﬂ)@ﬂdf tﬁgiaevgg dls@cvlnhlﬂxetqe lanrtz@ﬁ %ﬁttt}{%;nlxo% r%ie%twe eﬁc&:fxswn regions 209A are

ant. specj es of asecond conductivit
romed R e G Tie e e PSR TegipRs %thaﬁ thg sfirith endj fqurce regions 210

include arreqttmpmarrt erpeionof236:8nd sainductyityitypeeé i’hetfthﬁfﬁﬁﬁbd 20Ndf3he extension region

forms 4 1€ jukBrloa 09l wﬁll& lﬁﬁ)yrbﬁonfz‘égﬂe @oxﬂ @nt@ 4 Balo region 206A with a
dopant %Q&Q&Sg a%? g gecte sonalg'ttoe gbloaam (i:s:rtéiqe BC ogﬁéxatthorgspect to the threshold
vanancg,épee@fqeqté(e gﬁp%%nag09wwg Hestrmqa@fgr@gcs, Vheraigha degreg hEcounter-doping at
the PNpjericon 2007 g3 substaisigilyeGiresphd/todip 08 iht @€liden 06s, QJE&% Ciidhwever, contrary to
this coM@ﬂ%al @@s@@xs thta 'c%s%@éﬁ’é}?&% of §on@ido%81F ﬁg!ﬁg gortlon 20%.% és then significantly

oss duEXPPS ggﬁ all1’'ne portions wt
o8 “Wﬁ’ “"5‘%"  fespeptye ﬁ?i'f“eaﬁfﬁ’é? gl & (Bt previouskyperfqrapdsetch process 217.
Conseqyently, the resniting ichridgasivitn jof thedmrtion 208 iptsipeificapp i paicaticdmpared to, for

instancé]i 1R pidnl MoABIF Qﬁdzﬂvacs’ 1 GO&! QQﬂushﬁeJ hxeFlgL@P I‘i’b ng/lolrtﬁyé?‘r t|}112 ;llg\'lce 200 may
ac durin
compn%qcéxd{a\bzﬁl ségzer s%rugfur 9?1 fo?noc Wtoﬁ Fzgcéégcéro eaZ\ég Fréi cxdc regions 212 located

in the gﬁ‘ﬁ?‘é‘f‘PQ? 20&&9‘1 'bedfP‘ﬁP?(tdere%@glpm%O the depositio n
atnDsphere in order to obtain a deS|red degree of

al &9&&%“@ fo%né file &%gcea as s al rg’ur %%%g ccr;]mpnse the following

i on_of a resp ective
proessfy Mﬂa?‘%&’"aﬁma A B 15156 cPBR 539713 11 rdhecoRcPm AT ey e removed,
for instaheqpansthet hasim ofjoophesboricvoid exberedomphied atklicanididaBh®théradfier a further spacer
elemenlt tet slﬂﬁ%), af G fxicrc%r Ry deafoHeﬁelnsd}geql B ForeP TR AL s 40 reHdﬁ 209A by ion

a1 e Bl i e 2 P B e
may be obtalned such as the conpressive strain 219C
or the tensile strain 21§t WHeéA for instance
silicon/germani um and silicon/carbon, respectively,
are used as the naterial 218. Mreover, the selective
epitaxial growth process may be controlled so as to
obtaln a deS|red anDunt of naterlal 2 18 |n the ‘recess

Y o, .
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Figure 2d schematically illustrates the sem conduct or

device 200 in a further manufacturing stage. The
wdeni7ae0890 conprises a drain and source regi ORCRAB2007/004544

which nmay be formed in the material 218 and, dependi ng

on the design of the device, also within the |ayer

202. Furthernore, respective extension regi ons 209A

are formed within the material 218, wherein the

tion oelﬁ% %ﬂ&lsgﬂ rd; lﬁ@ﬁ, d;.gé)%éeém/g 1:1‘11“%“%109“2 gl ert%g'}iled pn]pr to the removal of the

space 2@ &%r clu a require ecl e
*PaceEecond "E8 {; 9 PPEY Stryrgee §b1 PR} be tf?f@e?)&wfrﬁ!snaszmgww explained, any
intermedjate espacen Sleomnts egd cmpfaotkte  proédbef, Usuch | B NarddPhizauért hmggldieation, buffer

implaitatiof ah Ghie Oile, ZxQ@/'Le ﬁﬁ%\%&lqgﬂzﬁﬁl%ﬂ ViR QL ddeE‘éilxdeQ ©n ttli’alp‘;’ocess strategy,

L R K e—
damagee Bpsed on th ‘E)SPP‘WES"[“PFF"@%I)I“& dgeprdraimind sour¢raesians Epdnbe fdped with a subse-
quent prunedd pioGaas A ShireAfs thic A2 tallG1dide@Ehidnl 212aRdy Bk fdthbddh,the MBS &Fahly appropriate
P ma
oceS B85 Oy B LBE:UaAB B b LR M5
wherei n, however, contrary to this conventiona
d e(éqnqﬂuentlh ehq:wnﬁcescplgmd Bevipe 6@ mee hafe (ho wnitasded geffirghce With respect to
threshb1A oIS Mulér&dcﬁﬁl%&ly ;froxhchﬁé]o@ h&i@é febiGRHU b¥wdeB i Pﬁl}&c&cﬁ 2b8¥8ind the metal

snhc1d% EenBXSBJIZ oc{ue tﬁe reg F(? conceém'at ﬁp %‘er doE&?ﬁs cogtralngcl in the extension region

1 OUS
209A. CB%?seetf&éhrqnfé/mg tmh @hm @F notiky maserdli218) wast Be pudvidetl@s a strained material, an
additiqpelrpeif@hant 8fin inSy 15, @ﬁixfedi Gtd d brrkP6HdBR SR HOPRAFRR InQhe channel region
203, tl(e%y lngcﬁm P'rae m&b@ﬁy Qﬂﬁé %Qct%'/g %ogé/ c;:at}gerltga%}/fles%orl' 1%)%1&: if the device 200

lustrate
‘epfesw Msghosne, fesjiary “!?pﬁ‘&té‘i‘al AIF BT 1 PSR PRBdictn Ml such as

siliconfraben @l erddr o deat2 @4emikel strabt, alhich Us Gardferred GikcOME cRahidel region 203, thereby
mcreaglx%QﬁJ e@éétrbrnm&lhﬁy gﬁtoﬂlepéagé;ttﬁé)&emg% r@fl}q ﬁr&&t%’%ﬁmé r&gnsmtor wherein a

o T o T
into a Teme?tﬁwmfﬁﬁ?*mgs dsthe gifapns} regipm2 03 otherghyi ingneagifig thi kole mobility and thus the
respectif@ic@tdntdrive dfpabikitpeT l&a&ﬁﬁérﬁgesipadﬁeé codthé et Gtoﬁ Q?er %aﬂl@m may be provided

above 'ﬂ)lg Yra Q)% &1&5[13‘{:? @idu‘fg%e o{L Iia"i.‘p Ce% no rtl%cp eenhanac‘:% Itl}% st?zfdne m%he caanncl region

oric acrd when cconprised of Siiq ConRi
203 by THEPE A TEPo<E VS TEHER SPRBER 2o e epbBYeS skl nfle or compressive
stress. r equi red, may be forned in order to formthe extension
regi on 209A by ion inplantation In other illustrative
he spacers 207 are deened
. a%?’o’ PRRE b FIFT Feo T R AROT-OF6Y e i rBraets Pty Ryppent invention
will ngr Odeserfhed jire whick | cperesperding okt degion may bbdorped fubstangidlly without an ion
implanftibrroces, thdi@yr&NEND pdafivlk E&ctsrﬂ @ﬁ%ﬁax@x@n onl Jﬂ@fuﬂﬁé (a6Vice characteristics;
wherexIl e&&@l%/efor %Jaﬁs'lils%[r uc% 1gurailions 1X<ilued$ nﬁes(iralgf(g s%g@gtfcmélngﬁgﬂf Sa respective

VI OUS
S"a‘eg%\ﬁev ‘rer?ﬁvaa%eeatlﬁ ) FFdﬂ?ec%)@?b Cts,s"dt‘% reay ofheDYigshiespihin agprtain degree of strain

relaxationp| ant ati on, buffer inplantation and the Iike, may be
performed, if required. Furthernore, depending on the
prgcess strate%é i nt erredi at e anneal processes may
c Y PFE ot MG REPT PR SR i caeserseorengl et aritg az'ememedme
manufaplihmxpgaﬁgggt Thedeviee Qe edy qub&g@U tigrsamhdi@npp@o s las previously described

with re§pledt UCthel 8Rice 2001, Thtlzh Ghe@BRE: 0 Fac ?ﬂﬁs§9§ﬁ5%ter3@g,lagg§lc%&&tor layer 302
en anne

orne ubse ess and
ncludinh 2o eﬁf St e ?}’é)f' 4l ‘“i*h. %th%?'ée 2GS %i'f%ﬁgé T5Rargies) frquyy the channel
region %ﬂ% byRgatp a§w1§1°eﬂaysrr%95 aMisreaysr:ithet satersiegeds §04 mothvieawapsulagd by a capping
layer 3 i3ain@bparsf307 andiinadB18. HRSKekd dRPonbhi fineg" s@rﬁx@érﬁ&ﬁ%;gfl@astppe@wusly outlined

with reé;gé{ toctﬁesre%gcqse col’x%av ) %ﬁﬁé ggrﬁcg 2?’:66 Zflencc décfae lnh gescn ld?xhé}r these components

devi ce e en rtornmance
as“e"Fﬁgﬁgﬁ?wﬁﬁ"FﬁW@@ﬁ@P&wﬁﬂPﬁ“BW¥mdWM|Ie addi tional |y
providing | ow series resistance between the PN
junction 209J and the nmef#8180f¥i de regi ons 212, due
to the reduced concentration of the counter- dopants
contained in the extension region 209A. Moreover,
dependi ng on whether or not the material 218 may be
prOV|ded as a stralned naterlal an additiona
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represents an N-channel transistor, the material 218
may i nclude a sem conductor material such as
wei2bi7cioessgar bon in order to create a tensil e sSPCEiUS2007/004544
which is transferred into the channel region 203,
thereby increasing the electron nobility. In other
cases, the device 200 nay represent a P-channe
transi stor, wherein a silicon/ germani um naterial nay
be conprised in the material 218 having a conpressive
straln which translates into a respective conpressive
st FuihFfers. ip fiis ramaiAruine sags B dovirs 300 Mat coppriseactces 31 tgrmed adjacent to
the encdpeuliie] gaterpivbtrdde BYA. kel rdckid 316 ey dxeaP e Edriamelegrer el the spacer 307, that is

the sﬁﬁér\@7 Qﬁé}&&&l 1!ldd£r¥ut td hleéeetglf-ltcﬁgree, awl{e?eﬁpﬁlgtdegrge Qp QL Rhe rﬁlay substantially

corres on% oag Pd Q%nOt sh P I‘%%/ (ﬁ‘éOVl ove t

PISAS R SEET ﬁé‘?‘ggsy BF 8R5p olq%ntf enﬁ'&ttogﬁ? Fsatr) fm a halo region. The
recessgi} & nay he fq’?é?d ‘E‘ﬁh‘ﬁm’@ of preisatopigieteh iprpeesh éor sélentingy etrhaup thrsemiconductor
materidDe¥ theylayeDB0Y figh i iche S@&ﬁéqh&ﬁy,WJ&GJpoﬁx%fbr&EQ Rnal 3%&F in a respective

under%ﬁ:h %reglsg 'ILaY tl%t &3S ?&W% gxténfl € ow t ga tﬁe:’[bgl ! I? I%Jéxldabe appreciated that

onpress) ve stress nce ur es
appm%fﬁtf igofropig etch lﬁ?ctm%i”e|‘7"~|"§§'9'?labﬁd\fé %ﬁbditrﬁb?w% fugthertYgeappreciated that the

correspeng g [ifotropivy @it processymdyl ben@mirdiied ches aliat b @ldsited dvdideCdT uldder-etching may be
obtamﬁd) Uh%ﬁ Hﬁ9 melngxbgéxlnglyr (ﬁgﬁeotﬂe We c}? Q hglg égﬁaq 384 péttrgg}é)e @l.llbséﬁuently formed

on the@asnsc%s CthC € SEHDI‘ OCGSSe o ege Scess 316, ie., a
PoSSiD 8Y’ﬂ’tpﬁ°§ T bt st BhosRtha T"H‘r‘tfﬁtflr
depth GEQH e éledqla‘wae F@Wlslt grevgth pydaess 1% may he lefiried dldegendeptly from the degree of
under-bkcHRS infilbQhic HAIBF 30Ty PeifdRgiah Gﬁnkﬂaﬂoﬁ_‘ ek pratd3sher a desired degree of under-
ewhm§§QH&9&9UCt°r materials, a respective strategy may be
vant ageous to reduce crystal def ects, which may
otherwi se result in a certain degree of strain
r élhapeatter,ohe efitaxifli gowtd pdaressad 19 andyCianphiinted chethe Gasis3&any appropriate

semlcdngudtdr lrrhlﬁl;u{l aLH%Liml aﬁdnﬁorﬁfl)o;&opé\’xﬁ Q;Iel::gp&}‘lth %g%rﬂh&!’uwg)glesﬂ}nay be added to the

evi ce

| at nuf act_u t age.
deposi mnf‘rﬁ?nogpglerg Lf%stp’aﬁfoc%ff 13y t"ﬁ é’ T éﬁ‘é p&qy s dhie fragiredg halo d°pam concentration.
Consegicath, ha sbryesphadies ddped spicieh mepbp@cdrpdraed ine thtearystalling Gucture of material

depositeh Hﬁnngttllﬂﬁnrd:@éé B stEntiXBY wﬁﬂﬁp&éa‘ﬁﬁg é’yﬁéﬂmtdgﬁstg §t91]1g tfd growth process

nduct or n
319, aé%%lngs% ggbi/l\e enalhc}ézﬁ%suecgt%r orm n%%m rg%%rt %&erf]aé’ette 08&‘80“3‘782 obtain a desired
thicknesg ﬁnapv‘xﬁt}éaetw?ee e H)ém@h ﬁgwepO} egq etne;gggmbyegamg‘@ileo be formed. In some

illustratinssambatimeits, wagteoriZal pdtidne 6MB¢ regibh 8060Rdy®e CbBidEE DA Qo Aduly affecting
the ovémy eh’@mﬁ%%?&y Lﬁ&@tgr M e %Bgz{l %\Jﬂﬂ%ggess%:{g’ m%ﬁlge co&g‘x%eec{ and the supply

- 30 (Fn alin 314. For these conponen
of the dpyt QP14 RER Qef“a%“"ﬁ?"eﬁ?u BOY|2ysupiitefip! e'deWeE' H“"t‘eé’élp b in piyer lluswative
embodinipatsy to Symdiici fyrthecslyporeiemsit niakesialthe v idored B@@rial kiatrdtyg Bsecond dopant

speciediatiag h &Qor{é%&{aﬁétﬁw Qﬂe &f-rfgpbxﬁﬁﬁ t&@lmg %H&n%d for f%ﬁin% a® junction. In still
other Jltbsﬁatwé Cf?n'%sds rfl?_lll% %:cestlé r319 (‘Eas ee? 206?6 L ¢ rhgxe bflsés %f a oﬁrgomatxon of an

manu
‘S°“°Pt?e‘i?‘fhc'§°°3ﬁf()anﬁﬂ>ﬁu'®96‘iﬁ§¥tl aslz@otsppr%@s@romss af Edicetefl b)d}ha@eqhtd lines, thereby
creating @ dofrespedngpedassadien, gatgtoweh ptdsOded 3R resdin & 2R% 308 1fe horizontal
boundmf “ﬁﬁ%%gj b@sx&%c%iy%ﬁg& 4b&G r&ﬁécg\% e&@ﬁsx&@?g?&rsnﬁ %Jje f(;rpxgg in the recess

spacer under cut
316A. S@H'é‘?‘ﬁ f&ﬁéhecPé‘QCFséé‘Q %awd@?twui d e Ratipfnameorsd wgfenal or on the basis of

a dopeg gyrategglp dapehding oa thfempeeedrehieatito nFafingante génditondifctor material having the
secondld’tbﬁz[neag&eids HeP 8O e aRE Qﬁﬁlraﬁlhdp&ﬁ c%chﬁt?at:BanI Reﬁmeﬁ szallegbectwe extension

Th
reglonsr ﬁgre%y creatin Fﬁehngh? Cc%séollgc} pN éunthog? Wlst}éf g%}x?r\;@fié gt{x% meHaJSIP'H&pOSIted doped

proce
materiak o ff Sée}%l B% mrecwﬁ@ éhaf darespsfetiverf theaipeime30@l fos the Hegpsition process 319, the

respect®e Ina@04ls mEzORSRGYitRA id ¢ forl ©f £ QfaiR8 RRIBAL) GerédyPo 8GN R corresponding
strained §1§tHJlatl clofk 8 d{eecﬁgﬁ‘lgltljeéégn %d Sfor 81[!:‘5 aﬁa%ﬁ‘e 2 tel;]nlg‘{lt SL!ﬂ\Fn i d-“igure 3a, the

ext en e OM/t spacer
P°“‘°“k?§g% BBy g‘Efeg’fna%" ?ﬁa?seg ﬁg? B‘B’He‘éf"é‘ef‘%lo%“F‘btﬁ silicg/gemanges] gresdicon/carbon

are well established in the art. It should further be
appreci ated that the corFedéftii’g i sotropic etch
process may be controlled such that a desired degree
of under-etching may be obtained, which nmay then
substantially define the shape of a halo region 306
that may be subsequently forned on the baS|s of a

NA PN
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depth prior to the selective epitaxial growh process

319, may be defined independently fromthe degree of
wanadegroesehi ng under the spacer 307 by perfor nPQ@g/uazn07/004544

ani sotropic etch process after a desired degree of

underetching is achieved. Thereafter, the epitaxia

grow h process 319 nay be perfornmed on the basis of

any appropriate senm conductor material, wherein

lncludﬁ@dlhetrb@ﬂ&i éeﬁre@ofjtﬁpe@lmom?eg%ggséﬁ& tfi rﬁggs alofcl' Brocetss 319, when the recess 3 16A

Gl b Yoo
has b @E“éhgﬁf 3PP ?‘E‘é“’ﬁ?’g‘c‘f‘é‘é‘gﬂ%’l‘gm?%‘ deher P{O&esm&;wsdbe gdiinued as is for
mstan?eézﬁﬁﬁn wovithrisrenks s Figure 8d cvdmteingit showld bCapseigtdé thial an, implakation sequence
for fomuing adpendipegivel @padion m& %y mlbme) cﬂ&@é'dp@{eﬁt zﬂ’gr {hgtdgposmon of the
maten%lhf@r thd ﬁéﬁ)tr@én!n} 3']8 an g;ﬁ)g r e d‘gﬂ‘*[’ Sem‘cot“ﬁ“c[j’f m&t?léazistpﬁ)dxded 'n

he process 31
crystal line defects. EUrlng the growt h process 319, a
t Hiigkn 8s schorhatichlly ilfetreted &k dd@R0S00t @doring tJ 0 MHRBYINLAEGtive embodiment,

whereinEghrh: B0 tHEERYr: & ad Q}Q%qgﬁ}:ggre%l‘a)t tael rlm@l tgeefcéces§8l\.>§ partglly filled with

matenalr}or(:ljé emSS eohalo Iy n&?get ween Lhe channel

Uz the halo 8%? ’§P|3P1F°t‘i°B‘° Btéh Prequo n}aﬁ be pastermed to remove exposed
portlorPS| °|f %t’?géﬂnl 306 thanthy dHavinmths poribre306OWHilZ aertoring [HRIHShBNGp&f material of the
region3D€ whe@inOi s EenBYinkfs, %rb%cgﬁ @Q@imgySaIMe ek providing a desired depth of

th @IEﬁ;L NAlY W o] ral | performance of the transistor
730 %e eb?fggga "growt h process 319 nay be conti nued

and the supply of the first dopant species
diFsmoricischamatichily iusouesathSdoRt 30U mam:;mm%p@%m&&rh@lstage, in which

the rec@Js 3164 nﬁgl IB@ E‘lléd \LnHlSJnra@Hogrﬁte g&&gﬁcﬁa&t t?xftexga?o rarpasm dp%' a further selective

€ 1taxxa rov‘l;lﬁ { Lh ReSL L MRl el) 2
P et er 51"“850 nt é‘i’ Hi ‘é""ée é‘é%'&?f&“aaakfa*ﬁ%y ‘sepfé%‘il%é Uhtav fomg 0§ a non-doped or
doped ?@E%dVl’é@demeng efifopigeypaydweselegqon cinagpobdito tilR@leding@@opant concentration
of an E)f&fﬂib; e@tlcantb ﬁe%ﬂﬂeﬂgmﬁurp Nc]rku'ﬂ&iait 2m b@nsé&u'cllltifbgtclagésg ndmg extension
implantati ¢ 0L 250 Cdoke. fhore

pl latiéHm ar 13 oln}{tﬁzéi%g%%dﬁ ITtE % mtw'] dﬁxgﬁd dé)F]e TGE%S‘%’%f{fP?tHﬁFd(B"mg crystalline

asl s of a con
dCfecmelhbﬁ’“Fﬂﬂlﬁf;@g@d‘gﬁB‘S éhwh{}émay@ﬂ Prowidechipithe forredf a strained semiconductor
materighap @s@jously eiphtied aTtetbafiy, fufier BRSHREEL hiy R Tontinl Ml 8 MYalso described with
referenéd 16 8xi@ 84,2 correspondlng recess 316A, the growth
process 319 may result in a region 306, the horizontal
boundary of which may be significantly offset froma
r Bigyye 42 $chematisell filsstowes p egpigmdetdr Hévide @0d) &vhfch AR Rhvi: Ehbﬁmauy the same

configuf 6L &Ihe ik Gibe 306! \lerehﬂhJ &h?ox%gﬁ _gre dtxnﬁed %%tglg r@a?tge rg’%xr%négag lhers except for

opt he. b 0
a leadi %ag’ : fggo?%fg dﬂa&ll’géd A er »iths dewa gﬁgﬁyﬁﬁmﬂﬁef Ffeéesmtlfct‘ég@d adjacent to the
encapsylatedh Bafe &IrEtFRdE 404 wherqin seniprydo the emxmedum revesy¥BAySeipattially or completely
filled witl g saggifididl dayerai? O rvehic @jaa bé ccﬁﬁﬂ@dd&ﬁ' axwpxbsna@&mat efdn W &ifton dioxide,

silicon @trfd® Qxﬂirme [en %ﬁJ‘Ja&ﬂiciaPQ e@§2 f xggpnjegrgsent aﬁaycnmongmm }sﬁhlagaunt of dopant

matem% ?nﬂ on regy ons, het e % crea
‘ThePT 8HE vﬁet“f?“‘éedrf%'r”t“? ﬂ"ag%‘?(ad‘ﬁbtr%émp @vicmfw may be formed in
accmdad“e"m@ltheédnmmd shrai¢gins padre pretioslyeuplainddavitpgréet &t tRddevice 200 and the

device 1d0at That fs) BS PpREk 14Y€ nﬁfr bE h&m@@ gh WR v4si§ dr (fnprsott'og{% tch process, possibly in
ve materi a ﬁ m

combmiﬁigp E}r?ﬂa %I \3}@ é{germ(l)g %ogflc ?foce(%% as 6{8 grfﬁaqskgdascﬁgetde r’l’lhgﬂaaﬁer the%acnﬁmal layer
421 may Hee gbif‘ %gq quyé of ﬁg' apPprapTatH @egﬁp@n dqchtgqlst sugh #padasma enhanced chemical
vapor dergbigen mECNmS\G};;@I irhgppedpane praﬁﬁﬁb&ﬁ;oﬁgﬁwnaﬁt & pr agbowded to incorporate a
r I &3 & a 0 ¢ Embodimen s

equired §|jé 5‘%§an|t Phade i & gxggﬁxg@alﬁt/ & rb tseljé:f; gefy 4 & trp% lﬁ:égbjected to an

O06A may therefore be co
anisotropic eté*) ng:r:ess g.’b?c“x Qéger éci eReyn? gt@'p?ﬁaﬁ‘ qﬁa@qr 421 thhm the recess 416. In other
illustrativg ¢rpkodinfestarthomisandpirdprogsst 422 maewulpéxﬁdméiﬁgraﬂaexﬁagé Qlﬂﬂsmneat treatment
may firsCB A1 batlih Bfder té\fiﬁw%rdoﬁzli\?mg@rm $hed {hQ de%rg%?cﬁal S %e semlconductor layer

the recess 316A has been filled wth an appropriate

sem conductor nmaterial, further processing may be
continued as is for |nstanc§ﬁgescribed with.reference
to Figure 2d, wherein i tf 47 be appreci ated that an
i npl antati on sequence for formng at | east respective
extensi on regi ons nay possibly be omtted when, after
the deposition of the material for the hal o region
316 ~an approprlately doped sen1conductor naterlal S

e "
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material for formng the halo region 306, an
ani sotropi c etch process 320 may be perforned to
woenoveosxposed portions of the region 306, thecewg2007/004544
| eaving the portion 306A while renoving the highly
doped material of the region 306, wherein, in sone
enbodi nents, the process 320 may al so be used for
provi ding a desired depth of the recess 3 16, now
402, mﬁéﬂyg?eﬁnﬁ% tl?esﬂeﬁégﬁbpah:t cgllr!:re ag&l alco§ I'Je xuOE ‘Saé £c§x‘it¢§the sacrificial
the"device 300 Iina furt er a vance manut act ur i H
layer43lage, in which the recess 316A may be filled Mﬁth an
appropriate sem conductor material on the basis of a

f Uﬁg&}@ kb &%L%EAMQH&@A@@B@ cﬁbxc&d@%& thd &Qﬁﬁﬁon &Itﬁioanls&mpxc etch process
ase terial

422, &ereb%r ovadgnhé)ﬁzoao ppeortl ns of i1 saar?%aatl gaSIfrp‘{Z? pwﬁ é? e:h%at {,rﬁagncnt 423 for locally
driving deraplemai¢rialiintsi theyadinggat B@n@e@leet wdtetial. Ao previowbneipleined; pyben a respective
heat tb@fichflayt B petorf@NGERE baslsi AITthhonddicheX 129615420 brib Bl ) ekl process 422,

corregggndfng rdgi?aqt t&rm Ha}t :hs% bQ'%L\?ewu?L h(g'& ?ntal ﬁgﬂgr?s%g%tlir#r 40§l whlch may then be

respon extensi on | ant a
remmﬁﬁ,y\f Ef@unfes,r %‘H sWe@‘xfmhaq:sQH%ﬁchdUggss slnﬁnéqr écbg}ae process 422 For instance, the
sacrifgiahlayel #Zlaastshopvirie dligoierdg mey,\aftral doirepgpordli dedt geatthent, bk kdndoved on the basis

of a sQfeHﬁ/E a8 k%ﬁtp?ocesrsh‘@ r@ﬁ&\%{g' ﬁ!ltex;’)hi- 8 ﬁi@)(ay@mdéf ﬁx\ﬁleﬂkeﬁsd fmoving non-
f.orm o condyct O%Frfa erlia

e AR HoRIo W8T il TREDERREcHo £ It RERmRY 5 4By of h comple
sacrifigigly lapys 4éb-ntbq= Figesss 429 inay bl Recforieed tp iptrvide whet device e shewe én Figure 4b and
subseduntlyl §Wda@ bddurthel gthe@ ifta tRGRAGRL b Ak llaverd 402Ut habRE &I a respective etch

dmm%ﬁﬂ&gggﬂyg&gglgu¥&g%n%9gmmggich nmay have substantially

e sane con ation as e device 300, wherein the
conmponents are denoted by the sane reference nunbers,
exEigpt 44 ohengtitalia flluscptes die devigt406h Ofurtber hdaskied grafiBacturing stage, wherein,

startmEhM& thd Jﬂ:@lcg gsvéh&en é%um O FERY df g s&nﬁﬁQIQ%r 42116w£19{ ng'lavc been used

the en ated gate el ectrode
o Gt e i g G s B RR IR ph g s © fggnghgeion 403, i
removgé PR lhaIbPS}s e selentié isetedpip efch [praseps-wilhus, ;dapedreipn ¢96a) is formed, which may
have ‘haydaﬁlreéml)anv\kﬁneé?mm}{ ob ﬁle Q@ﬁﬁﬁf dp&ﬁ&' dffthe&ﬁ‘éf c&RﬁEtﬂrﬂf ky@& € as to act as an

appro'é%‘eeflaloaljegm LLFh'lre%éer CI 1]'ocﬁs mayel}e contmue ! gy ;?elr} rml?g a se?ecnve epitaxial

The sacri esen
growth groeRss, apPredPUSivTlgscabes: @H‘lu&ﬂﬁ)’ﬁfﬁfs b "d@ﬁﬁ?ﬁ)pwséﬂcﬂ}du‘é‘?f material, doped
or nof-ddpsd, straijee or asn-staiyied) @s is @epsionsdyldds@ibed. NBerk@ ridraiisi case, @ hélo region 406A

may al}@l)@foﬁﬁeglnpyhlgﬁ ﬁceﬁllgéél rEaﬁneé’Q/Qh !H%)iué@& dffg% @&fécg thereby enhancing even more
rdance wt he sane process strategies as are

mem%?@?Wﬁﬁ&T %%Bﬁg1ned with reference to the device 200
and the device 300. That is, the recess 416 may be

f Omgsﬂntht: Bﬁsebﬂﬁim‘ﬁtx&lfpr&ﬁﬂej; § REEnRpE %r@te@ﬂnﬁﬁ&ﬁﬁ 23hallow halo region in a
hxghlyplgcaﬁzeg n}/annfcrlJ ItoC orovu}erlf?e Opo?entla\{ma} 31%naﬁthHP (< %1%? ?}relsﬁ'o(?& rcﬁtgéecvaﬁance while

S““““é%?&‘fsbf Prew%ws Pawéfantxpﬂy rommsei 9o EhaRred Fureppdivg cafability. For this
purpo&y/paatixiprod e hald egide prg bé dembivetl @CKA 1Kt fosikd lin @carqalwhisARorresponds to an

extensﬁﬂh’@é?&le @heﬁ:b}e Eihxﬁﬁéanﬁ@aﬂ@fcmg %od‘%k&aé Qﬁco(nag'gé@ng uy\@l@ Eﬁ-l'egpoﬁang extension

ri ate _dopan cur sor rovi
raion R 61 S0 " PR SO A2 o N E TR RTaTa o coumtr-doping
may bg a¢hieved. |Fgs thispripess, bediraidiandyonrse regioes mantiegesess@nfigmay/halpeimplantation and
may bS sibkRGnad fill&d with aﬁd&h&@i&u&&i Rat@fal; Whidh 6§ sspxéazedi iR tH K&l of a strained or

non-stzf%gﬁ %Iani%nzﬁ vﬁncxe(f)nlra}: s{pgcnf gf JOH%% é‘naﬁéll? g\é acc?] eplitsllllg Enegtﬁer embodiments,

V e e
the shapsiaadiordion of i bele g@mzlzw haystanlishsd op dherbatis eftandsoprgpigetoh process with a
subseqitra @pitadialgrawihgabcedsr op at thandllyniiyed diffdionDrodzatl Tin@kksOtHses] M significantly
reduceg gt;.er cg'}lgtaggéféég ngi9 Ba Qéhle { %hsainl dmm)igatton %wtﬁ%ﬂrﬁ&ﬁ Igémxconductor material in

teria he Sem conduct of
the cegly ang oHg° TR éé*r%hé’aveaﬁﬁﬁtca%wee'ﬁﬁ%ﬁmb {5 4 gduced sries resistance
material of the |ayer 402 adjacent to the sacrificial
| ayer 421. Figure 4b scheﬁﬁfﬁ%ﬂily illustrates the
devi ce 400 after the conpletion of the anisotropic
etch process 422, thereby renoving horizontal portions
of the sacrificial layer 421 prior to a heat treatnent
423 for IocaIIy dr|V|ng dopant naterlal |nto t he

.

oy L .
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heat treatnment may be performed on the basis of the
non-etched | ayer 421 prior to the etch process 422,
woan7asgsndi ng dopant material may al so be dri vemusSaioa/004544

hori zontal portions of the |ayer 402, which may then

be renoved, if required, by a subsequent anisotropic

etch process simlar to the process 422. For instance,

the sacrificial layer 421 as shown in Figure 4a nay,

r orrespondi ng. h t.reatnent .. be renpved on .

cuusef o B B0 RRO kel by if B8 oS s P SIRRIG B and increae of
charge ¥ rﬁtgjnl%tv@e{eg} 1rbfoxrte|,fénbpxaylérrts, &Eg'l"ledt rhg?r'@bylamag@ be positioned in close
proxidigy 1o WieRbanfd RigAt veGchthily ddthpGnbanG e dthiafimdating mechatider

enbodi nents, after a heat treatnent .on the basis of

the conplete sacrifjcjal |ayer 421  the process 422 .

o BRSSPt PRg® o UL r R Bt YBYGRtGe ey be modified and
practipedgin rdiffeddipt i dagvibme gqaomnts| apparént trathotseskilled inhbe anthevieglthe benefit of the

teachingl ﬂéréirh_eFMx%ﬂ.ﬁla,l th® brot e stbRYRI fofk 2682 hdiCoeRshomne@fin @ different order.
F res$ect+W%.etc cEqp1§t in order to renpve doped

urthermore, no li tions are intended fo details, of constructipn or rem shown, other than as
fortl &n THerest: MElGure 4c schematrcart ¥ FTFUSTraces

descripgriin fes\eiagses belw. (I herefire stisdentbay s eedorersmbediments diglosed above may be
altere® lod @@ dified) @fide bIN sucht @kiktiong afer @ideld whithin €fR BGpeS4naAV¥Pirit Rf the invention.

Acco@vngg{]tﬁ%;fa}gectigbﬁu lﬁﬁéreigfs ag ;é?foﬁfi‘ ﬁmrd)ef cjlaqx%n_f‘t%/ekja‘?y er 42 1,

NI C y have been used for therma i vi ng dopant
material into the sem conductor material adjacent to

t he channel region 403, is renoved on the basis of a
sel ective isotropic etch process. Thus, a doped region
406A is forned, which nmay have the required dopant
concentration of the dopant species of the first
conductivity type so as to act as an appropriate halo
region. Thereafter, further processing may be
continued by performng a selective epitaxial growth
process, as previously described, to fill the recess
416 with appropriate sem conductor material, doped or
non- doped, strained or non-strained, as is previously
descri bed. Hence, in this case, the halo region 406A
may al so be fornmed in a highly localized manner with a
reduced degree of defects, thereby enhancing even nore
t he performance of the device 400. As a result, the
present invention provides a technique for the
formation of a shallow halo region in a highly

| ocal i zed manner to provide the potential of
significantly reducing the threshold voltage vari ance,
whil e sinmultaneously providing a substantially

non- degraded or even enhanced current drive
capability. For this purpose, a portion of the halo
regi on may be renoved or may not be fornmed in an area
whi ch corresponds to an extension region, thereby
significantly reducing the degree of counter-doping in
t he correspondi ng extension region, wherein, in sone
illustrative enbodi nents, even a substantially

conpl ete renoval of the counter-doping may be

achi eved. For this purpose, the drain and source

regi ons may be recessed after a halo inplantation and
may be subsequently filled with a sem conduct or
material, which may be provided in the formof a
strained or non-strained nmaterial 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,
a significantly reduced rEaeelotfldrystal defects may be
achi eved. Thus, in conbination with strained

sem conductor material in the drain and source
regions, a high drive current capability is achieved,
due to the reduced series resistancecaused by the

- e e e I P 1 T N - B T I D N 1
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proximty to the channel region, which may further
enhance the strain-induci ng nechanism The particul ar
wenhodioesnt s di scl osed above are illustrative BargS2@3/004544
the invention may be nodi fied and practiced in
di fferent but equival ent manners apparent to those
skilled in the art having the benefit of the teachings
herei n. For exanple, the process steps set forth above
may be perfornmed in a diff Sorder. Furt hernore, no
limtations are intended t details of
WHAIJS SLARMEDON or design herein shown, other than as
described in the clains below. It is therefore evident
that tthﬂﬂﬁauﬁH&%% enbodlnents di scl osed above may be
er.ed such variations are
C O 5'111%? gcaJeWelgwfl ﬁZOFﬁe30§éoAb(gAéﬁ(aac§|ﬁlt? P f,haaxfel ﬁggn (203, 303, 403) of a field
i nvent i effect wmeigerdRey 390, 400esapk dvpettegion (206MFIIEANEI68) pomprising a first

i s as sgg a,ttglgct:;as éfrgﬁgagon%@h@sy&el oW, CLAI MS WHAT | S

B BT BB At Py R e e 15, 319
(203, 389 403) of a fleld effect transi stor (200,

30i9trod499§ a sé‘m&idddoﬂxﬁlp Qd:cxéﬁ@i eﬂdacc(na Q&Auct@ﬂﬁﬁtpe éﬂé/man said first conductivity
conpr I S{yggm{% sfafd s§$1c&119 cl%}tma%gglc(bfés 3f§‘) s@aJ tlf) Ortt a dPN _(])unctgn with said first

conduct rvity type; acin tron o

regi on ?"2’0‘6/5?“‘3?)@4&““& 62y °*B§}“ea’e§‘8ﬁ‘r§287o AE?Br materi al

(218, 318); and introducing a second dopant species of

a £€COoNghLRUhd OF ayltnt ¥ ulhyraﬁ faﬁlh@rsma Gﬂﬁd $e%10q (idskﬁéompnses performing an
ion im % dtyo(r:lt I Vlstandthlg ﬁtk(%e e GG lrrat eri g}

PATBIOnPIYT 8 1REs A TGOS Wlet FEOREE) i r st

dopant species adjacent to sa|d channel region (202,

308, 40Bhemethod bhieaiiB] MiRkkidiepladid aBodtion Whaidelopedfredidtl (PWA, 306A, 406A)
compr?s@s! ﬁqmq ?é)g Qch? @19 rilé/g Q§é}) dﬁ&HHE Isﬁc? &a&’d{ ggmﬁg 3?% 42§3rlmd forming said

t10n process and Using a mask ture
Smc?f’é}efé%"r?&"éé%l& %:'ﬁa'ﬁ'r?él"‘p‘?aé‘@ BHHEPOFSS 3. The nmethod of

claim1, wherein replacing a portion of said doped

regi on fl%onﬁ&hodscq%m 40@@1@& Qmﬁdgsﬁﬁl éog&ﬁ?egign Bo6ES @&%nses forming a

recess%égceht 43@5? to, Sﬁl c]P;)B.? iféﬁgg g% g &Sﬁ%%xg ﬁ%{]@ re%xt b@glb an epltaxxal growth

process.218, 318) by an epitaxial growth process. 4. The
met hod of claim 1, wherein form ng said doped region

( ?SOGA) 'ﬁ%%ﬂoﬁ g?clJug Qr%}%%u?safdggc S?'s§3 l%zls %%%QJ b}éa%]egé p;ogess on the basis of

sai d chan
an etch g\@ﬁkdﬂS g:dm sy c}gﬂn ﬁgxpagogg a’@r"ﬂ\ﬁﬁeﬁ‘ sblfi G@Ié g@cessls coppralled to provide a
definedraridaneichirfz of badd qmhdnaskiéf)ei n sai d recess (316) is forned

by an etch process on the basis of an etch mask (315)

coverlqg % channel region (304), and wherein said

etth Ji&s8 °mm%%ﬂ%rolled to provide a defined

u rfmng@t retebyigl G163 & arrestatlive semsikond@iog yegiog (302, 492} 490 fo extend below an

conpr i Sétdhgnaslf (3I15’[i40[g f(iimécﬁibeﬁeﬁ‘sal@ Eﬂlﬁalll&]s@%lcinﬁluaor region (302, 402);

C rfgrﬁﬁ leLcioP&i I%BEH (%Qtﬂﬁ Q%/Qrex{ E&Bg%logﬁjg etcﬁ%dk (385 a160)t &m ddoped region

exten ow_ an
cryst al PY4e* %%’ﬁf‘&?ﬂ’i‘ﬁ‘ﬂ%i‘ t Gopyt ﬁ’ﬁc‘?sgéﬁf“sm?j“m‘f“@r"ﬂ’fa ri"@ a
d dprenibgraagmnndi8366GmaterhOGAY) ie xdid redesn (B 16,116\ sadsethi@hdilator material (318)

mask (%ﬁpm&%oé secSid g’opgxgps%gciJsQﬂ'i @O%tcond conductivity type other than said first

conductivity type, said first and second dopant species forming a PN junction.

7. The methed of claim 6, wherein said etch mask (315, 400) comprises a gaté electrode (304,
404) of a field effect transistor (300, 400).
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(306A, 406A) conprising a first dopant species of a

first conductivity type; and form ng a sem conduct or
worb@Erioedsd (318) in said recess (316, 416), sai HCT/US2007/004544

sem conductor material (318) conprising a second

dopant species of a second conductivity type other

than said first conductivity type, said first and

second dopant speC|es formng a PN Junctlon 7. The

maé hod ‘Hw &Ld%c{n et6 él:ium rw% em ta ung ng %6{' ope reg(os ](§q6a§'cc)9r)1pnses forming a

conpri ses
d°Pedéf‘P‘é‘6’ld“‘t‘?’é?¥§‘i Geapy f?@@“"%ﬂ‘@‘)“a@m"‘f‘hémﬁ%’l hod of claim 86,
wherein form ng said doped region (306A) conprises

f o§|‘ renC P Igsﬁe 'qglﬂ)?gj)t; ?gim 8C QIH&QH&L pcgrtglcnqx €Lid &o%gﬁsLmRXndgctor laye%' (306) is removed
byan ﬂ‘%’Fﬂ‘?‘%eﬁV%g“F?lpﬁmam H’(g'j‘?‘l“? ia %?’“’8 “&“”d%"é‘d (gg?n conduct or

I ayer (306) is renmoved by an anisotropic etch process
Prigor t ond MéHBaNG chidd 6 WieRInGRA @u&aoéglmc%m &l fo&&d tBlorming within said

recesslgb%-rhgern‘glfi e?cq 1%;516“ c%ge[y saéné’c\:ﬂ?iaﬁernmzq l; luq% saxd rfl(e;a fg ant species, heat

tream\&rfa*é oped; sacr@eehlaﬁwlhmdfwea pgHieR of fatdi farrst 403% fspeelaszmo said crystalline
semicondgdtordegign (@2 ehdfrem@ingdgifp adped spefiabhyer2al treati ng
sai d doped sacrificial layer (421) to drive a portion

of said first d ecles into said crystallin )

selfi ¢ onE’EFc'f’%S“’:“’d °(él§|a6‘hg (HEE B FPERRYTH d“"é%‘f‘b‘ab%ﬂsegmed by a selective
epitaxighgroythiprdicess- | ayer (42 1). 11 The nethod of clai'm 8,

wherei n said senm conduct or naterial (318) is forned by

g f ﬁg: ZIC?nﬁ 1 etl%%lé)ffaé e# ggg vt gﬁe S%le rsneengxgor?auc%}r matr]arl}%‘l:{gfrs 9 ﬁ) is formed as a
strainqd3qmicondyetgr materiplor ned as a strai ned semi conduct or

material. 13. A seniconductor device (200, 300, 400),

COppI | SA@am&d&@Jr@e&Je?fdorﬁaeqoéf 5&1@% (215, 315)

or ned. above a chan 8% g ;a drain
r eﬁaﬁﬁleawe SRR ?’é@@ ed@?iv )“‘Faa?%eawaaﬁoéé@?n‘*"%)o
S &d daie tegion edd aseyrongitP@B) (BOS] adikoB) toseid glemtebrefion (203 3PHI403) so as to
juncti ofarh hemwurchm{ 26 8ikh (D) dsaflf &b ﬁa d;oﬁ&ufegr%n (210) having a Low

o0 Gdke ML G Bal AP LGRS LA LS, ﬁpugter.gq%ng Sompared 10 a

reduced concent coun

concent easgnistiiop pf @B'H?Ttdéi’m% mlﬁhﬁN a{rw@a |(5%99D'1‘qné| nction

( Zi)xgel%l ;siliaidel re@iol &2 12 foBniédCin dfd BRI @8 sduick Z%glcanE mls,ckaid l'ineta(lj silicide region
sai r id netal suicide

region ?i?fgﬁggﬁgg%%ﬁ#gﬂg%gggéﬁiﬁoﬁpr si stance region

(209A). 14. The sem conductor device (200, 300, 400)

ofl4c| ai Thel8picowdastai devissa2eP, A0 H0D) aficlaisdars elerdiregidoitain and source region

(210) éotpflies & ARl SBBccddnlor Akd@s sem conductor nmaterial .
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