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SEM CONDUCTORDEVI CE HAVI NG SELF- ALI GNED EPI TAXI AL

SOURCE AND DRAI N EXTENSI ONS Background | ncreased
w@eosoewance of circuit devices on a substrat ePCBUSR008/058325

integrated circuit (I1C) transistors, resistors,

capacitors, etc. on a sem conductor substrate) is

SEMSIMEDND LT TORMDEVRCEHA VNG SiEr A TGN PD EIESIAXEAL SOURCE

manuf acture, and Qp&HPRAIN EXTHNSEHNEVI ces. For
exanpl e, during design and nanufacture or form ng of,

met al oxi de sen conduct q;acﬁ dtransistor
senm conduct or devi ces, such as those used in a
conpl ementary netal oxide sem conductor (CMOS), it is
of lmmeaded perérmancd oforiwas devmoescorensubsfratel(egt maegated circuit (1C)
N type | devi ce (NMOS) channe| ons, and t :
trang iR S s RSrste raLt Sy ot gor SRR B8 okl 4 psier
factddOnslext€ QuliMidRlgnt Bﬁﬁﬁﬁbtuf@%@ﬁﬁera@ﬁoﬂ"fﬁ&ﬂ%%v&%s For
reduci ng the overall resistance of a MOS device is to

exargplpeduring dgpign ape mageiactureordounias/ofragtal q}@@q snycandgctoneMOS)
o PO AP R S AR SR Pl ot
semﬁ:@hﬂ&&frdCM@S)r &ds oficn dntlcdtd iacres m@wndme oféledtioaad Mt type

o diffuse the dopant towards the channel reg| on.
MO%@@@&%@WS) FPREGt regious @nd fuBrsASSBR YroRet f pRMEe qhpeged holes

1angdelM@S &GQHC% pMd&gd:thQ@ Wmconcent ration and

tioni1s | re, the size of other
parts of a MOS device, such as the thickness of its
of Ooetmapatefirsduaenthaloserah aMtalog loé atMOfplacice erto tdhpe the area
ion of, t.the tip reqgjons. this, in tu
betwsRf Bt kRt i o TRin et dua W g kb dfhions of a
MOS @BaABg, EQNEQMdcad ti&iihnﬁﬂﬂ 6o R llaﬁtte@ 1&ilﬁ%@u&éﬁa¥dlmég&’orﬁfand an
t he channel regl on. Accordl ng rrtEroved met hods or
S

annegt mag bacesicd put teakifes th@dmﬂ@ttm\raéd e chdmiek rggioons of
conventional tip regions. Brief Description of the

ol %‘Q"caﬂgg ﬁlE rgﬁlraﬁ a!n§ dlh:!lﬁgl{ hBhSa éﬁas%g r%g?fn'h%p%l co% the dopant

devi ce esS source an

condeh@atiod dnd loddtios tig larhﬁsd aFiMbSridens the sidzalf otlfeﬁbzutlﬁﬁf a MOS
source and drain xi al extension gure 1C

devipg, spch #dbe thifkags @?fSFfrﬁpeR%scén plip 3@{%& gisat isinaRt giythe

locafén EPtE ﬁﬁ'r@élons. All of this, in turn, affects the ability of the tip regions to
maximize dopant concentration and come into close proximity of the channel region.
Accordingly, improved methods or structures are needed to overcome the limitations of

conventional tip regions.
Brief Description of the Drawings

Figure 1A illustrates a conventional MOS device that includes source and drain tip

regions.

Figure 1B illustrates a MOS device that includes source and drain epitaxial

extensions.

Figure 1C illustrates how spacer thickness impacts the etching of epitaxial

extensions of a MOS device.
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extensions of a MOS device.Figure IDis a graph
illustrating the dependence of UC-to-UC di stance on
WG pasarieshi ckness. Figure 2 is a nmethod of forPETS2008/058325
source and drain epitaxial extensions in accordance
with an inplementation of the invention. Figures 3A to
31 F‘l%drk! 511 4 @taegr@ﬁhrlugtttmﬁg tﬁé”d’e%eﬁ’de@tcé 6f DetoVIE [JistaicE Bh Racer
out the nethod Figure 2 igure 4 is a graph
thicknicbyst r at i ng hom1the UC-t o- UC di stance of a MOS device
formed in accordance with an inplenentation of the
n | e i
Dol e T Bt RR o GRERE Slep A BRR i P SOTREms i
accomgiinoe dsthaih iﬁl@l’dﬂﬁdﬁgitleplof &xiiaversionr ce and drain
extensions in a MOXS device. In the follomtng

de crlpt |ous as ect of t strative
%?&t‘? 3 Shsirgte sipalties @H%?aﬁeﬂ%?ﬁtﬁfeﬂ pethod
of gﬁpggyed by those skilled in the art to convey the

substance of their work to others skilled in the art.
However, it will be apparent to those skilled in the

ar Figurgd is hgraphebesttating hewthoH CiayU b distanae of e MONidevice
forrnela %( acc'confangg wtltﬂeancll]%nic rnetﬂ? %og%?ﬁt Vent18 1 %gsgc?e%gf?de%{ on spacer

SRRTON:; NURLEr'S, " Irat erl
ﬂndﬁgﬁflguratlons are set forth in order to provi de a
t hor ough understanding of the illustrative
i npl enent ati ons. However, it will be apparent to one
skilled in the art tHFHdeDPCEREOR i nvention may be
practiced without the specific details. In other

| N$J.309RA heldal Jlrelﬁg)QWﬁs fRPLEi8as 8f ®rRMatdpRExiff source and drain
sinplified in order not to obscure the illTustrative

extenmserr@.d\ﬂ@& demise. Uathic dolbowoipe dasdriptienwiatibubhaspdes of thbed

nu ti iscre ons, .in turn n a . nm
s i syt i e ARG Rk PR ra o ion | esBfT e BY those
skilleMUERE bARe cOHRNRVIRS subbtafcc AR ir Rbrid@SRkdrPERiDE SR b
not be construed to inp b%>that t hese operations are
A

Howgsele el beyapprdetrto degse sldielad in th apgdhatiteqprgsent tfyesigon may be
pracgge“ad’ \%1% 8{?@ Sgl%%%f e delggr ‘tpeg JCIESE dFor Buéo%&s%f%% lagcfttl n, specific
presentatron. By way of ground Conven nal

numbEls AhateKhld ané esnfiandiont afc ScMoth ih bARS keprokide rmhmd&gh
source and drain "tip regions" that are designed to
undeygtanding af thg allysiratiyg mplementations. However, 1t will be“apparent to one

skilled in the art that the present invention may be practiced without the specific details.
In other instances, well-known features are omitted or simplified in order not to obscure

the illustrative implementations.

Various operations will be described as multiple discrete operations, in turn, in a
manner that is most helpful in understanding the present invention, however, the order of
description should not be construed to imply that these operations are necessarily order
dependent. In particular, these operations need not be performed in the order of

presentation.

By way of background, a conventional metal oxide semiconductor (MOS)
transistor includes source and drain “tip regions” that are designed to decrease the overall

resistance of the transistor while improving short channel effects. These tip regions are
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resi stance of the transistor while inproving short

channel effects. These tip regions areportions of the
wGaustiemste where a dopant such as boron or carPORUB208/058325

i npl anted using an inplant and diffusion technique.

The source tip region is fornmed in the area between
portiol§ o SME G tia ROk e 8RdpdM SudAoRdn S1RAIR. is brhfslaMded @sing an
~ the drain tip region 1s forned in the area between t%e
implgntnd didgiiemteahriqeh el ienanrssltipriegionns fommed i1 the peegibstyecen the

1 ni nal rdiff t ielectri.c | f
ool DLTPLAY BOSGHALTLUSE. | 1S, B ShRLSHLLG b Rhepl v oo
betwdelbther diiniregion ahd DA charnteebetvn. alteulpsicg@hemlfizhally h@derdiffuse

source reqion 110 and the drain region 112 are
the gagadigleririg Tavsy gEtheiiangisorer i npl anting dopants such as
boron into the substrate or by etching the substrate
angd e A & 3l oty ARBRSITNIDR Gresigiok 1 664 f&&negudnl £@Mstrate
germanium matertal. A gate stack 122 is fornmed atop a
102.chbmsaircaregioor 1020d dfe drine regiams i3 erertypiGOl:. fofthed gatigher

o G0 LR O SR AR e
epitaAEil bsitifg b BBicORbEsiBéACIerhdiunateSalk NO¥Re kfdck N is formed

art, the spacers 108 generally create a distance of
atopaishanne] ocgion P20 efzho frenseyter (00d). Dt satestackhil 2adegladesof gate
. the gat ielectrig lLaver,.106 and the edggs of each  of
cielqeffe S F98 S5 lelgfse AT B R 4oy S5 (R aBbent
the dafd SackpER2e that a source tip region HOA and a drain

tip region 112A are forned. The tip regions 11 QA1 12A

overLaﬁ the-sgacers 108 and may overl ap or.
underitkaFV B theartfhe spagris| 108 eengrallygigpte pastppef about 10 to 20

nancgfl}]%ét?ﬂﬁﬁégémle&?ﬁleteag%i o hd e H&Fecﬁ&%&& 1ok Qn{i gr%ireiggea{%ach

rain tipr on 112A are generally
of thasbmge iang Hant regrooks dil Ol 130 bins vebinrthigupace tRatrasbyrca tip region

opant, i.s .i npl.an into th our ce reqi and th
1104 R8T i ip e FE8 piibuneth sy csonn s A ch aer e
spacBrt108Ta8d Rely dv'eﬂhdﬁ §%uddRrdi TN QRe g AL ARM Eric BSEMRBIUYM distance of
phosphorous, indium or antinony. The dopant doSage
less thap 10amye from 1x 10 14 to 1x 10 16 atons/cm 3. The
transistor 1O0A is then anneal ed to cause the dopant

| oot SR Pl MG CFARIRS) o PELOTLERRy B bR
using ifaplant andaliffidion tcohitiqiid3o Fersahaeidpai e mgeimtéhdt@ek8ource region
ielectric layer 106 and the source/drain regions

di el : .
110 gnpihe dyain regagrb} 2 rlaeranis, thatdmay bq usse inchedsghtzsg nefyimited to,
8860 fociidilm f indi RfoRl. trAE dbpdht
borch BRGNS e g By PRuEiS indh I, SRR THE OB dovagy v
rangbdtooawl  HE* epadét‘satdfi8¢manthd tsistor 100A is then annealed to cause the
dopant to diffuse towards the channel region 120. Angled ion implantation techniques
may also be used to further implant dopants into those areas between the gate dielectric

layer 106 and the source/drain regions 110/112.

Unfortunately, as will be recognized by those of skill in the art, the shape of the tip
regions 110A/112A, the distance the dopants penetrate below the spacers 108, and the
concentration gradient of the tip regions 110A/112A are all dependent on the diffusion
properties of the dopant in the substrate material. For instance, the concentration of the tip

regions will be high proximate to the source/drain region 110/112 and low proximate to

3
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concentration gradient of the tip regions 1l QA1 12A

are all dependent on the diffusion properties of the
waelopantiesh t he substrate material. For instancRCT/UR®08/058325

concentration of the tip regions wll be high

proximate to the source/drain region 110/1 12 and | ow

the dhaRwd] PELich 120, hRltkdiaRmeinly 8&ied, il 2thea, (AL oGRS the

desire it is nearly |npOSS|bIe to nmake the dopant
dopang ﬁ@@@ﬂtrattqnmrmpm@t@ teethechaonelregiondAdspryrhegh withauairivingythe
.V t t
A e N T Gt
cannbiteé ihoizé’d Clasgiad tHeechamwed ebgcicbrosmbdcaugehles ddrannehby aen 68 driven
120 because the dopant .may again be driven into . the

into gheghaanel r@g%hmlzﬁhls Irpvits hpwialgss thpspuegerad drgia rs%wclel 0/112
1 t
con B B 2o B0 R P Ao} B et fepet may
be sgdt¢dddvangt h may be scal ed domn Fi gure IB illustrates
an inproved MOS transi stor | OOB forned on a substrate

10 rce and drali ten Rat her t
bt T TSR POaRhE DIoShRenTRp fRac e arigttace 102
usmé @&urt:@aﬁcpdhﬁint IeRtch §IBhSN Ratit P ehMIBplan@hg bsd @frfuk d@ﬁﬁt under
an undercut etch to allow the source region 11

the sphecrsl 1 Q8 to fowmitioncgians, ths MQtSetrﬁmSts@lr 0B rueeswamémsutl@eh to

t he ate 0
o3 bl B o AT EF I i 688 e SURGRIDLA Sp e’ R e
the @iRadielestritQdycrnee.r Eﬁ@pdﬁﬁdni @fthe K®irfe/@Qinfregos C€0/112 that extend
extension HOB and a drain extension 112B. The source

belogrthe gpaseis 10% renisiesres ta hegimasippup@sxigasion 0B aad a drain
exteﬁ%&ﬁ H’:ﬁi erfd R) n(aQﬁ‘altlr le%s'loriszg/o%q"fil?ﬁ Ik%gfac% e @WeSirable tip

source a|n regi ons
regi@surlOa/ tal desexiteelnaiFopse 1AOB/ 1 12B are fornmed by
etching the substrate, which includes undercutting the

P TRE Shvrgd v et ad 0T hind e SSBER u Aty 11081128 are
fom%ﬁtb%rb%d‘r@r[?h@ |s%&r11tel%ﬁl&ﬁﬁdﬁﬁ@ﬁﬁﬁ@ffcﬁt‘tﬁt@ EGabdds, ta'ﬁ@ tl§éi‘1”e

process ep as the source and drain regions 110/1 12,
epitaniil yhlepesitioes silinen ovehiedn gennmlﬁmgm rt)atelpalo 6@1ssosnce psd drefre
sQurc 12
extef e SRS RGP PrE b ol PSR B sC P Bt and
draidtdgf¥nd 118A12,Folich R&fuadiclie oWthil KemBEBAPAbdcON@tpst IThe source and
regi ons, the lattice structure of the source/drain

draipxtemdensd OBf IdBBrlspamoyide fiethst adwinrarnoYs thawugdshhinialtip
reglérﬁgllrlg% 111%% tfl:bqtmét&%g elﬁﬁ&é 08111\%%{15192{1 tlﬁQ?% hﬁsl ¥helal%&% sttnlt]cture of

ré”" decreases Tesistance
the sadrcaniragexicasibiwat 1081el zmmdné@ee;tﬂamt inelencHaheel region 120 that
i source/dra exte sions 11 0OB/1 12B and the substrate
increagesslpegron 1t1tara?r1 ﬁéfﬁt fRerRpeNTREptancsgn & appngls
abrupt. On

Another advantage is that the interface between the source/drain extensions
110B/112B and the substrate material 102 that forms the channel region 120 is abrupt. On
one side of the interface is the epitaxially deposited doped silicon material and on the other
side of the interface is the substrate material that makes up the channel region 120. This
structure enables the epitaxial source/drain extensions 110B/112B to bring the heavily

doped silicon material in very close proximity to the channel region 120. The dopants in
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one side of the interface is the epitaxially deposited
doped silicon material and on the other side of the

WO piogntmee i s the substrate material that nakeBRCT/PS100&058325
channel region 120. This structure enables the
epi taxi al source/drain extensions 11 0B/1 12B to bring

the dp@xiBP@VtdeYdrSiaR&EnSibhd CTUB/ ML Fdn@in kibsMatix I biQ&@apletely within
proximty to the channel region 120. The dopants inthe

the exrinsigrp and donetderdioglifusexdnieribe erpnngl regon 1208 r emai n
substantially or conpletely within the extensions and

do i ff i 1 ed] :
I e S e L R
sourcOmubdhinaansions hoeid/101B.f Onoidizgdwatuge és dlnstraedinFigures 1B and
extsﬁnsi ons 1l OB/& %B. One, di sadvantage is_illustr at§d
1C. i/ sopyr @ veionggundercupstcling iprhniaysy earlt Shihe fonmagpe of
) : e o : o
ol SRR S, it Uy Ly Gl i
etchewa dlsght dptamcobelbivehs pits drcddctrinimy er Okl tharsis etobhé directly adjacent

slight .distance | ow the. gate diel ectr] a 06
to gy TSt AR U o P ety SR gl G Sdhe dn
extefli6h ELAB bachlRYER bdl&ed AR BUEwell, Hehi SPHOEScE % R FhRAbptimal
"HOB and the drain extension 112B each have a bul | et ed
staimpingh¢ ¢hanag! ragibn 120 Fetthgsmoth besause thersss mygh vexpanicesnt
stain;in.th hannel, reqgi on 120.. Furthernpre,. becayse
comhl Badrife AR Grniits BenTeb i R g e TRt
resuRingRbinge bed BRiksasnsidnian eBt1epEshdtard@rdcd.ot  of
variance in the resulting source and drain extensions
1108/ 1 12B that are fornmed. Another disadvantage to.
coAVSHYT Bisadvanen ueenyentghngiody gl oemipgponrcgiapd drain
[ / : t
e e R P ap A ELL S hos A JRATE e,
as déscgbedein HigirantB 261 16t StariimgywivhtHiguFe dBr the INBD StttaesiMOG100B is

transistor 10O0OB is sho havj ng of f set acers 108 of
shovi Fig Ot i eise O O A Bkl & ok SHPTEE s deer
perfOeiddensmAdERak tMNGREGY168 hillfa E&@i@ﬁ b$ thle(%teadlgle&rig Phyfek 906 to
of the gate dielectric |ayer 106 to enable the

enabilthedoimmtionfof souree endadrdindyxédngiops i 8%/l 628, An@BAdrea®-undercut
An dercut -t.g-undercut (UC-to- istance 114 .

(UCHBI RN {1 P EFRE Mt SRRt DB o Ay fugion, 128,
112B. Moving to Figure 1C, a MOS transistor 100C is

shorsving folFiglik I €1, a JPOS eradsidtoB 1 GV isngoan tWwithcdfhesspaders 108
Here, the thickness 2 is nmuch greater than t

) ) ; he
havipg p diplgiess - diere.fbe dpddetsst: 1DBusheiepgnthan the thigkngss x; of the
. h i r .
kit FIRECIALR SRR Fh Bl LB R e ik
spaceau$d publeostabic tedoteiaictthextl emssic oinssobkdORIrdink*Bnsiond&10B/112B

b fo5Re Sidier Petom e SRBE L REEndRURT tsdrenbis 100C. The'®

sub s%i?%ﬁei?t?%rsk&@ Sn@frcdth RS UF hage R afedarnesh d MO MBsistor
100C. Accordingly, a UC-to-UC distance 116 for the MOS transistor 100C is much larger
than the UC-to-UC distance 114 for the MOS transistor 100B. Unfortunately, altering the
UC-to-UC distance in this manner yields large drive current variations for the MOS

transistors.

Figure 1D is a graph illustrating how spacer thickness affects the UC-to-UC

distance in devices formed using known methods. The graph provides data, represented
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| OOC. Accordingly, a UC-to-UC distance 116 for the MOS
transistor 100C is nmuch |arger than the UCto-UC
waelr@sares 114 for the MOS transistor | OOB. PCT/US2008/058325

Unfortunately, altering the UC-to-UC distance in this
manner yields large drive current variations for the

by LiNEP18 IsBOR B! tRhtSs spac@kiheckinbsl ificr@adds aROUd-doust radthded aRew
spacer thickness affects the UC-t 0- UC di stance in

Increpes, teadinkde fasge ddyayrienbvmiatienh obeicatiyefoycapt nerevstdemm)

of slglﬁgratklc[(s > ?%cg%eg gtgés( Uld-ﬁ?Ué(chﬁ%taﬁsc%%\{%Qa%?§ ?T}Zlérogﬁd %%%10 ©As such,

forming s@acEdainl Xadisiogs using asrB@ntsnal encehords @Bitmitkahé efi¢ck@vss of the
Typically, for every nanoneter (nm of spacer

offs¢tispegen ksiRave gdreapadous inwagian e perferimsngs egthp hEPR4sdsc by

around 2 nm As such, form ng source/drain extensions

US ’IB fd@%@é’fﬁ@&é 4Rl dé@%l'lh&{jébo%rl é}n&ﬁz?aotng of ﬁﬁqﬁ%nﬁgn provide

set spacer to have a tremendous i npact on
mettmels b fqramgan@fel tshlé-ahpB dobendi opetaxidity dapasidsissouiresad |de3111 es

descri bove [ ntations of. the i ven
CXtCPRIANS oﬁ*eﬁ@t Oa%cefaaﬁ 5?%@ CEUns of the nxen @H@Eﬂca mghly doped
silic6P hda@afin! HodgROSMi§do HRUWHEEAREkiISH 8f MY RARIMLS Antine

epi taxi al source and drain extensions of the invention

becaplﬂfa&le snulrgh pyd dlr@pwt@ismne ore seHtadigned, thay ast odhstapriatky Iess y
im edt b of?’se%‘ nae Ex ess req tlveto C nven% nalStrocre And because
p?fch Solrce’ang diarn Extens ons  are s dy e Sﬁl'gned, t hey
are substantially less inpacted by offset spacer
t hiFgdone? $ 4 ektibd 260 bﬁbm@;ﬁm@mM(OSl &hnsmt&C‘QﬁB sdf-akgrigdrepitaxial
is a nethod 200 of. buildin nsistor with
sourgggrid @mngeﬁéeam@w -+ g 3§\otaf%@héﬁdllafrt&’t%st&%%ﬁhafr?ge formed

Wheﬂ)r mﬁmg %Iggh g%ql ate structures that are

ent e net Figure 2 is carried out.

The rret hod 200 begins with a sem conductor substrate '
u pEI he wivithetd 200NeSingd wth}esenscmhiuats’r subiviog ctupam sihsthor MGfagevice,

cess, 202 of Fi The conduct
suchf @éﬁ?ﬁt@aﬂ%ﬁ{wﬂgaﬁf b TS s a2 bl A6 Tng RAgHShRletor
subs%ﬂaiel B8NbORrBS Wi 8 bukWasdohWs b WilRonloR-iB§N&AGr substructure. In
I mpl enrent at i ons, he sem conduct or substrate may be

othef rplemcteiions. tictsemiranaudien subhtedte mayhe Eprmpdyising akaspateot
rnateIQeals wlﬂ’gdhtr}ﬁgy 8}4 I%lrg}hf%t blecci%{hénﬁe%aw;lm ﬂﬁéol{ld §1al? H101u%(r§%up 2% not limited

to gdr@lahiui, dl&ilummdtlﬂﬁnﬁieslemd tluritle) dmdimnmh@ﬁm@; iaheliung phdsphidc,
ar seni de, al lium antinoni de. Although a few

galligimearpanads’, 81f g B Rndmenide o Althangthe (Hecapes ofreateri)s fiam
whlé;lotﬁgﬁgnsﬂﬁ J fo%gd Q%rd%%crﬂ)%éf hgt%t theflglac S,

oun atl on upon which a sem CO Ct or e nmay
foundetidouipan Wiakh s sevnichnductdrelesipe maty barbaiilt falls w1th1n the spirit and

scope of the present invention.

A gate stack is formed on the semiconductor substrate (204). In some
implementations of the invention, the gate stack may be formed by depositing and then
patterning a gate dielectric layer and a gate electrode layer. For instance, in one
implementation, a gate diclectric layer may be blanket deposited onto the semiconductor
substrate using conventional deposition processes such as chemical vapor deposition
(CVD), atomic layer deposition (ALD), spin-on deposition (SOD), or physical vapor

deposition (PVD). Alternate deposition techniques may be used as well, for instance, the
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scope of the present invention. A gate stack is forned
on the sem conductor substrate (204). In sone

W0 ppBame at i ons of the invention, the gate stRBCRUNMNYS/058325
be formed by depositing and then patterning a gate
dielectric layer and a gate el ectrode | ayer. For

gateldNGERRE Riyer Iﬁa)gﬂ@tﬁeﬂﬁﬁlgf@ﬂmt N, aSza@BE18ctfde nfEdrTdl Gnay be
| ayer may be bl anket deposited onto the sen conduct or

depasitpdon Hreegatpsdiplgeteio dapsn tiing almike depsisttionricghnanies swch as ddiD,

S i cal Vv iti tom.c 4. .
CViSSSSAT Gl d5RARLK' B0 SO il Y Shiicon or
metdd gt CR soviapiarpl degiaions,ahc fRYB)ectrddd mataehlas d eaididl diterial

techni ques may be used as well, for instance, thegate .
that ggnelagee b remeeddpr areplasemenfapetal 43jc RPEU. ANERYSntipnglagterning
T
ol S A7 LEPADEL By TR AARERLSA RO SRR e and
gatesligdértas lafkiDp feviDfheqratddik. | n sone i npl enent ati ons, the
gate electrode material is polysilicon or a netal

layer. In.so i npl epent ati.ons,, .t he te electrode .. .
i BF e HCClTG makari] Ty PC SRIEH ™ RRlsAHCH & S Cageionide
or higBIDYEMc ki mAciAP| BERIRE ofMBERk oHRLEIBIAE BRforiafy that may be
conventional patterning process may then be carried
usedgnelude but ek naiwmitpdra, hefsino pxidpehdeite slicontaxide langparm
oni o AFA G Gl bRE b P ONE0 AROPUH SNSRI G Pt
oxidoptitefiuml Gxi¢d)Ghri@a sGbhtGe FitaahieX bl MarinhOtitakiugh &i@s sfroftium
. materjals. Exanples of high-k gate dielectric
titangn @xidg Wiriuma pxidenalyeinggeekida dgad geandyin taptdumerxide, and lead
limite . . ) £ nj b .
zine iRl e OB R W I MRS b 538 ) e berweon
arouad iScengsrbms OA) tonarsirdd $00A toxk din fukthat ahbodinxitdeydditional

titani umoxide, hariumstronti titani um oxi de, )
Procgssing MMy ?Bﬁ?‘?}’megﬂn&]é? high-kgatq @Eﬂ%ﬁrwiwe&n%ueﬁ AN annealing

proc%és?t&iiﬁiﬂ}o%itﬁce uaﬁWtHé‘m Xl fgrerihead scandi um tantal um
oxi de, and Ie%d i nc ni ate. I n sone enmbodi nents, the

high-k gate dielectric |ayer may be between around 5
Angiguropd illwsfratos agpbsirace 3 yponhvlgkh a pate itack Freformed. In the
. enbodi.nent s.., addi ti pnal, processi.n be performed on
imp SRR S SaRER o R B Rt BT M R S B e
302 RdE S&sifichl Fa@ R¢eodd04qUalokicy irapleindttatibed) the died @idkahay
Figure 3Aillustrates a substrate 300 upon which a

inclygigtassiligogcdionide gae distectiglayerent ghobmtivenpiselueede.i begigate
| . : A

o5 i IO 5L 5 Y LS 0ol B Bt s

durid®procts3ingt fieh ab pritenidgtiat ganslectidie Patfons butskqueayion

imp l%gq%lg;glg S]ioggsféle% ;Il%gr?]@ Fe!étge{l(liag]ggg g & ?%Vglp‘ggﬁ, rtllncs: hlar%yrggskaigger 63106

may be formed using materials conventionally used as hard masks, such as such as a

conventional dielectric materials.

After the gate stack is formed, an ion implantation process is carried out to highly
dope portions of the substrate adjacent to the gate stack (206). In accordance with
implementations of the invention, the dopant used in the ion implantation process is
chosen based on its ability to increase the etch rate of the substrate material in which it is

implanted. The specific dopant selected for the ion implantation process may vary based
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stack may al so include a gate hard mask | ayer 306 that
provi des certain benefits or uses during processing,

WG wR/1285pr ot ecting the gate el ectrode 304 fr oPET/US2008/058325
subsequent ion inplantation processes. In
i mpl ementations of the invention, this hard mask | ayer

on tROKILIM e BRtdRAl ARCkhY SicRSh tBEEH! a’idu%s&fﬁeﬂt%ﬂéﬂlﬁ okdssUSEfde most
as hard masks, such as such as a conventiona

subsgipish eontring e estlican sgermpnigm, phindigun antinenifte pampancriedopants

[ |

that f{tlréagyglre{g?%ﬁrg{e%f sﬁﬁeg %'%?r u éog Jdlalcen t%%m{lehvvl gf?énybe

chm&hack (206). In accordance with inplenmentations of the
invention, the dopant used in the ion inplantation

process i s chosen based on its abjlity to incre
et ShIRRIEECRALiQN %%@W&toa, HRSEIC; Paliltﬁ thakmay bepe F%teé

1ncréa'§Ptl§:r&&1drateTJﬁhéQﬁ>§ﬂr£tb enHiRRAB: FEMGLS geh 48! cabi, g%bphorous,
I mpl don t

antation process may vary base e substr
and anmt:rac i Bor iastdndeh earborcmapbe usabhtlardoaagwbaemn stfroet BhiOAgto

1] REER R GePEaR RO e BHO% R bt A R an AR dffrelectron

voltfl@R#Nt PhdsPRbrolH 512§ B8 @sddR aloBdb el tRbtGaics Fohl £V to 5x10"
gernmani um or indiumantinonide will often be chosen.

atomSﬁcnil msmrmnmtanmgn efenghighat fialbsrictveren Isgidc k4\6 ﬂtﬁpamrsay be
used alﬁ bsdtoF gé etgelle[ ﬁ?s: e%?g ertoretgb% 1?); %’Xqﬁsﬁlltotrr# engi 1fsllqngra%t mg)?antatlon

ener@N G8P RO BYSveeAndrsS@M.c. For instance, carbon may be
used at a dosage that ranges from 1x10 14 to 1x10 16
atonms/ cnB usi ng i mpl ant ati on, enerp t hat fal
e

et AMECRARGE §6 the BRI G i9BiTE ey substantially occurs in
t
a veﬁﬁgﬁ&lﬁﬁ&&*& Mdlg?tlblr? ?g‘ﬁ‘@dlaﬂgﬁ)ﬁg '%‘Qﬁstltat@ Id fd;%teﬁa‘x{p{l%rﬁgﬂtatlons,

1x10 5¢ 10 cnB using an’inp
at leest em@ytlotntr&tthef Binl 1mpl:aatamee processdapodedyin Ar aphidodirmgiion®
{ .a dosa ran es frgntlx 14 to 5¢,10 15

impl3gie) B8 O A SAOH ridt SREGRTE 081 e Elaeepsontins
metd&f WBRBr# RRAMAsK@Yy bé ForAfdd oHRhEFROL@EN férer\tent B8ping of the

invention, the ion inplantation Substantially occufs
metdl gatg olestrofleal  di rect i on (i.e., a direction
per pendi cul ar to substrate) I'n some inplenentations,

at I\}egé %ﬁ aﬁn&? %slad CPut h(?rlve e 4 gﬁan?%’]ﬁlﬁitér e tEl s’?’ra dto

ccur’in an i ons he

redugélﬁﬁ?y Sdragie. sué%slnaae (5} t}mwdstedﬂ@dmng the tdaangﬂztxﬁatﬁinqﬁbcfe@d €07).
contains netal, a dielectric hard mask

The gRplepicangapbscapgntjennes! prag e thidpnhty %?ubﬁtﬁ?’ée %ﬁth rfhag 5%1@
bet leﬁ%'iﬁ’gl@ t h@%n@&ﬁgﬁg !B%t &f’e‘iﬂéjeantg%lﬂﬁattféhsd[{e'n%&ntmoc

opant s er intot strat
and 1100°C for a tlrne duration of up to one minute, for instance, a time duration of five

seconds.

Figure 3B illustrates the substrate 300 after the ion implantation and diffusion
process. As shown, the ion implantation process creates two doped regions 308 adjacent
to the gate dielectric layer 302. When exposed to an appropriate etchant, the doped
regions 308 will have an etch rate that is higher than the etch rate of the surrounding
substrate material. One of the doped regions 308 will serve as a portion of a source
region, including a self-aligned epitaxial source extension, for the MOS transistor being

formed. The other doped region 308 will serve as a portion of a drain region, including a
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reduce any damage sustained by the substrate during
the ion inplantation process (207). The inplant and
WG apsazueent anneal may drive the ions to a SubBRCT/HS08/058325
depth that falls between 2 nmand 20 nm The annea
may be at a tenperature that falls between 7000C and

self-ARERACpftOialddrhin MR tHLOAL fo he OB RranGis R E1MhB thBleneRfation
instance, a tine duration of five seconds. Fi gure 3B

show1, Ipgetians o6 thetdepcd raginns 308 agorited belew thpaatcglielectric layer 302. In
R S e L e R

theix&tﬂp&g @idly ViaBy tbdged gatie dijet@adntd of thayeS 30Ristofting formed.
exposed to an appropriate et chant, the doped regions
308 wi Il I have tch r hat is higher than the
et lxXh gpacersrare GPPSU %*rif %&%%gart%rﬁféclﬁgpét i Hiie spepRes may

be f&nckih g%ﬁrientleﬁmﬂae&ﬁé ﬂr\ert&mg BhMfot fl’iﬁm%d R Eﬂlb&{‘?ﬁﬁe Br

source region, including a self-aligned epitaxia
silicemoitigds. eT&teemsitlootE thé epaCttltsenaM]@ ¢hoseishastdon b@lgrgrefmrmdtts for

T ot he ope re i n 308, will .serve as a.
the OF, Birilos GRBR formidh ey i pidimiTraitrefioRag] 4 invention
the \E‘fdﬂi O 1BX R8s Qnotsbjcb e dMn LERATINSS @ oséd"b {h@ formation of
I mpl enentati on showi, portions of the Eed re i ons

the pgxiak wusictand diin ewicnsiensy dtigurdi3€) illustrates t ewiqstr@@:zoo Mrith
i ou nt nvent |
spacs Y H0 e s ORE OBl L0 iR B s k€ Bt
layev3@2 based on the requirenents of the MOS transistor
bei ng fornmed. Next, spacers are fornmed on either si de

of the gate stack (208). The spacers may be med
us T EBrvashrs ¥R é@mr%it%lrthe F‘ébStrF“ﬁct‘ e Sigft H@Pesﬁ gray be caried out

to etl:l? e cﬁ)ge& I’JS ah@'tb %51'1 gﬁlﬂgﬁs as etgt%ttﬁte JB 'f?rgr}] calitfes\th Qinkkh

he spa rs may osen 0
sourr:ee(dptaur egens snd srurd¢didraldBtdnsmns sy e fmiadg 21 Ox ridhd.ctdhed

cav1tk§(>:sga?fr:]g ]ggqenlt]\é\g étg gétgglga%ge Q‘hgtptcgaifagzgtfetsprga;&éesn Vf] ntl (P to'a ctlep%t that
fallsARASIH BOHS ah dTPSUDEH BYhiER & cfe@%émﬁétpt'ﬁe GBpécn%gFpo t@xd &bhing
source and drain extensions ure 3Cillustrates the

procsssbsillrtherefoo Enygvesubyrtemstegalubimeer do tie deiptheagiaisde
of the gate electrode |ayer 304 and the gate

di %lhg El‘ér {)I%\éggs ggszan r?&i]a%{ rec{ﬂ% tﬁa&%&%&) enr?ern S, tLg dgl?a%t Q8%d in

t he

the ib@ uﬁpl@tﬂtatlblepﬁ)@p@do txegea@@&leaam:h e cﬁTtEé‘ld(ﬁQﬂtrd:giﬁﬁs. orfhi¢ &reables
substrate to formcavities in which source/drain
the gtelyn®POCcesido LM Eeheiranc resiprndiadadcirgle than the rﬁ%rnder of the

A 08 EHENEAA S AL lioRtl L F g o
remdveasubstanti adly b toselenm5@riainfr@n dhcld&Pad megionsttiycthe tlmedb@ﬂehmg of
the Ctaglatlrés tlshceorrgzl ?gt .d Tfnesqulcqtrl] s p-glhtleongto ‘Htienc%ped regions that undercut the
spacers and the gate dielectric layer, thereby defining the self-aligned extension
architecture of the transistor. Increasing the etch rate of the doped regions enables the
etched source and drain extension cavities to undercut the spacers and the gate dielectric

layer without the UC-to-UC distance being substantially impacted by factors such as the

thickness of the spacers, variations in the dry etch process, and other process variations.

In accordance with implementations of the invention, the dry etch process may use

a chlorinated chemistry that takes place in a plasma reactor. In one implementation, the
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process wll therefore renove substrate materi al
subj acent to the doped regions. The dry etch process
W@ g@s/12m5€t chant reci pe that conpl enents the dB@EENS2008/058325
used in the ion inplantation process to increase the
etch rate of the doped regions. This enables the
ctch@itGEIiPImBY 06:85s of @ cbBBRY B0t BENHORRICT, §GIhARSorPér churn used as a
faster rate than the renmai nder of the substrate.
bufferartvarngr ghs. ahhaiipy saie fartthe aaiive stebanti spedecmay sty betW@n 50

ot 48 QLR REATES SR BPNBRUSEAT LU e Bl SR carri
gas Bhg hhﬂ?@)cﬁ«flceﬁlhéotaﬁ& I40(D SS?OM; adiph edcegy flasBa hfa9 Ibg d:ﬁﬁ)loycd at a
portions of th i ons that undercut

powgrpt&éféﬁggeéﬁabm ﬁ@o\é{ép d 19‘? Wwith Qv Rhags oftlpe rﬂéaélyloow The
14+ al ;
rcac?)ﬁéirégklﬂg nfd g%ﬁgee f?orﬁ afcglﬂﬁq dﬁ%‘% Y et) g(ﬂ aRLAH! Q%?Ct ure o

transi stor ncreasi n rate t he doped
regi ons enabl es the etched source and drai n extension
cavn gnaglsertimplencetation, thh etcbpecbemisamdnayh®ngjat & a combination of

B G TSRO i b e b Peteoy et b4l ol SEENTEnd 100
scAM akings §né?%y bRASMS RAGHempl@/ckiat b pBRci Rat AR Aorehlind
ot her process variations. In accordance

F0OCeSS,
600‘?& tp I@rqumﬁl 18R&W witth @rh@v & ipreofi lospdhan HWW t Rbe gragtos pegasure may
mng%lr oocr:negr%un M Sllf%e[ﬂgaro%rﬁg%rg P4 t angﬁl%mnﬁ%ta%ﬁégf . S Ehc &Chant

chcrinlg'@ﬁ hfabfbﬁhsmtﬁﬁ‘ laR@mbeAticR 08 BB} arf Cla. ThEBFNAbLW @iite aaNRfary
and with argon or heliumused as a buffer or

betwegp |3|Sé1C1\éa1§d 19REGY oA the €l flow Ratpangevary beteep RS CCM and 60
SCCARR 8 Ebey Bl SRR RO #0w E AREIRRE b frgpnd
400Whe aeamdio8d Wyash ma R F/biny olxet RE éias b sathedn 400. SaGMs A

imp iSO r B SPOBRY Foe ShEDA IR P Y 5 B It ogduce the
rate BP%&QQ% t& xR BE LBAtr AT @%ﬁ H{s%nﬂ@lfhef I%Q&Sr He QM AhN Pge

1 pascal (Pa) to around 2 Pa. In anot
ﬁcn1mpwmh@m&hnoanmndﬁélétdhantmmmgmm&pkymnmyondhsc@hmmﬁhanmny

t f .HB
mayGORRa *spRLTuowa) A7 4 g Chio HitEdha SOk ot sishycpgics
mayAaR} BiweSLA®ICoMasiB(MByChe ﬁ@%d@)&ﬁ@n@ y@la@@l‘é@ﬁayt r_ploycd
ranges from around 600Wto around with a

ata b@‘ﬁ@ thgt rpreges fropnaron@oi0 Wiie afoaad 86@leéls g ik Rq%kﬂas ahbgtween
aroun eme ﬁ]t‘d%logv ST]’thhI‘eta&{)Ia PIs stugc % g Pac frorn g1 8}1(51 £'Pa to arfound 2

may °eonsi 8t
Pa-conblnatlon of SF6 and O 2. The SF6 fIOM/rate may vary
bet ween 3 SCCM and 10 SCCM and t he CIZ flow rate may
vary betwe h ener pl asma

e 19 i%ﬁn Zosi%cs&l”b%&%%f Agr t %ﬁlgé‘éc WBRAR SRR cartiod

out. 4@&5@/0% QE&H@Qrc%%WaW@ B1 PP dRIPR R @VItFE1 PhRFoHed.
l'ess than 5OWN T'n this

Furthermore, a source extension cavity 312A and a drain extension cavity 314A have been
formed by the etching of the doped regions 308. The thickness of the spacer 310 has
minimal impact on the etching of the source extension cavity 312A and the drain
extension cavity 314A due to the use of dopants and etchant recipes that increase the etch

rate of the doped regions 308.
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I mpl ementation, the SF6 flow rate and the reactor

pressure nmay be kept |ow to reduce the rate of renoval
wap@stziodnxi m ze control. For instance, the reBCT/U52008/058325

pressure may range fromaround 0.1 Pa to around 0.5

Pa. In yet another inplenentation, the etchant

C heyfies tHeydrieih Rtk Shasehb l&mlmtetcﬁ@)r&fesﬂhaﬁﬁg appled to
1T 0

Here, the flowrate for e etchant speci es nay vary
cleapandiiuthengclstenpaisd reioEEEIY JA2ntbeseirce FermpotaENS 12A the

dralrg%w%t ca%ﬂ? %l]%glg %ﬁ@wpf%@erns{?g%% 1&?5‘ %?Ac’ gj‘ lr2$ n'gglﬁx%lﬁﬂgnal wet

ctch@hemiyetids Qabwa g thRQ0Mbr dlesnihg siticon at @dédimateiaymeabgesed. For
fromaround 1 Pa to around 2 Pa. Figure 3D illustrates

instange Vg SthCREBIstRR capitde of IkEoyiNg sHiCoR alpnedis<sy Yllogkpbis

lanS&hkl 64, Qi4t - As shown, a source region cavity 312 and
pana?]&r%?nuregl on cavity 314 are fornmed. Furthernore, a

source extension cavity 312A and a drain extension
calliht ye8dutid séraveatbeshtwooohyedivby. Fine, tbt eiet eigh ofmaee

o, 0 e 05 RS B e
oxide &Y plovidd klAcandrbeusbnal Kicke xR icANp I%Gé@s&symgslﬂe/‘\cﬁﬁ@d b,

the use of dopants and etchant recipes that 1ncrease
Secandethetvesty etcatr@m@feswﬁbmd@p@@n olethe @rhstr@f@@loﬂifgttbqb <t he «deOOI>

as C

CWS%EIB%T&E@C tpg Ilg? rovﬁa d 1_S ﬁ1 suafa GC Hp% ngou r C%il (}uair%yeﬁ)ltaxwl

depasationtiifayddcur.t Tige hatipdidoe st ©o %ulﬁldﬁaﬁ‘e&blattly et@ﬁ&%wé}h@ay beupto 5
drain region cavity 314, and the drai n extension

nm thiglijang gy phsorempye fﬁl@tﬂ#‘*@%‘%ﬁﬁ“‘%ﬁaﬁnt%eﬁs shasn eHagwstE, gy wet
etch%@?% ﬁ&ié‘bsto@ﬁleasro{lrcqugl&’ll:&wqunﬁ 2Sf 88191186 @)'gtgnsq(# gPZA the drain

RSt anc e,
regmhmtst&ﬂ 4 eemdcth@érkaheeménsrwrﬁjwmg fslldw den<ldllongd |<()9 1>

yst ra hj c. pl.anes nmay Qe used. The wet etc
crysiy P%rég Hinghialt Sheisd Blsp ke iptpd Shat e sgpreernd digdn e?étﬁ%ﬁaons 312A
and 8 f{OYE %o@%fﬂ[[@ ARSI RYER R &P BeonbRInkNrocessing.

chl or of uorocarbons, "and oxi des such as silicon oxrde
to provide a clean surface upon whi ch subsequent
pr dbe smndmybf e rwagash &d fouming Q@cMﬁ)@ tranh@tqmt simtlghto

r eppyv th ort on of the sub e al the <
com/FFHRNT MO e SsoRs et it sy, EREr NG et of M ocks. the
sourS&mat &taﬁl%ﬁlaﬁ @aviHey) inddify theRb@le Gﬁtﬁhﬂaﬁﬂ/e;@@isio’iﬂsl ahy be filled

deposition may occur. The thin portion of the

withea silkiganzalley A ajssloat ehaitasithgenosiyion eragsst@149). nkniy pnitial
| t
depogﬂ%nniﬁé/rg@réf%rﬁﬁst%ufc%%%?ém J% %@b @Hre%sanafa&?m in

t et ch causes e source
exteng@@nson odayprdeyss3 12 sotmb émplonicatiens &t&snlmmn&llaﬁma@hﬁ in-situ
dope%rsﬂlcon germanium, in-situ doped silicon carbide, or in-situ doped silicon. In
alternate implementations, other silicon alloys may be used. For instance, alternate silicon
alloy materials that may be used include, but are not limited to, nickel silicide, titanium
silicide, cobalt silicide, and possibly may be doped with one or more of boron and/or

aluminum. In some implementations, a CVD process may be used for the deposition.

In implementations, the silicon alloy material that is deposited in the source and
drain region cavities has a lattice spacing that is different than the lattice spacing of the

substrate material. The difference in lattice spacing induces a tensile or compressive stress
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region cavity 314, and the drain extension 314A to
follow the < 111> and <001> crystall ographi c pl anes.
w0 pooghabd al so be noted that the source and drP@EI/HS2008/058325
ext ensi ons 312A and 314A do not have the bulleted
profile that occurs in conventional processing. The

in the @ARRARGIAf ot REMUPERRKtdrAhatliQhBeAttlalch By MeBositing the silicon
transistor is simlar to conventional h/% processi n

alloy wicthepepressandrbpinesxiampioas. A isdmopindo ghashiohgkiPinthegst, geciding

Whe{hgs toindues tgﬁsqleds{r%snorraec%hlg)Qesgf{‘f\é 's%r%s%%?ill'dlgéé Laidd n\ghétﬁeer an
seurce and drain extensrons. may be T ed wth a

NMO8lor a®M @B lhaysistet BdemeSotmeat.i ve epitaxial deposition
process (214). This epitaxial deposition therefore

e e A R OIS
sourtmcﬁ&@ﬁt@gibﬁ Revititday bt HACHwathlc@¥bolRYpQEsililliS iTHé carbon

doped silicon germanium 1 n-situ doped silicon
dopaiailidotenayobe ¢mitagiatly add paectsiclyi depnsiteldn lafurthen ahgementations,

ML TN O T
condRBtriFRtmh e Bonbd!s afinfic BRto 3.0 Biohad 3. Ol"hé"l'blfo'ﬁglllorous

sui ci de, titanium suig¢ide, cobalt suicide, an
conqgoiatids mayreangd &otoped Vi htodrd 0 fenp e dlficknsspef thp@atben

al um num I n_sene jyml.e tions, .a CVD process may . ..
dop el oo BOR AR BITRR0R) 18P BBt RG0S, o stcon

may$cldegoBd a (Qp),8aterial that is deposited in the source
and drain region cavities has a lattice spacing that
is different than the |attice spacing of the substrate
matl&f depositioneof dhg highlyifored (.Phttiv oW pa#d2inggiensmay be

carri{eﬁ gﬁi l\/%% lgfv éﬁé’s@ﬁ’feecﬁ%ﬁc%l Sddo? ﬁéﬂd&i&dﬂ‘itng@'ﬂ)%a&&gisﬁfé %fto 60

sistor that 1I's accentua by depositin
cycleshef asddpbsiton ad etyh bayjubiee tmoed aresikind (Sita), PHxCHrS Homd

As | k 1 to t f skill i th t, decidi o
chlofie {Clak PR Hiths c el poapromey Sl i sl g c2s°c
and Bler€RForWirtdsudeRgNEk Rlowhetphe To%@hi@%l&rﬁvﬁyfé}%@xy, and high

transistor is béing formed. In accordance wt
dopaniypdrneaimatinmis ohe pfcessimardmsten desonibed oy thadollvideg paragraphs may
beun;ansistor, the source and drain region cavities may

%g“filled Wi th carbon doped silicon. The carbon doped

silicon may be epitaxially and sel ectively deposited.

| n Fbuiht Riepoditigyl Haed) tiad ¢cor@ctahts enasandlode sivhed a slo aibetween
ng¥ be further doped in situ with phosphorous. The
100 ang Hhsteslaed ety aesngmetaay Perdpigater(SEM). £ HB Bl at aghopprate

ke 234081 SIRN9S enl{ P34 QACRRYnl PG i
b B o N P B T P PR L RO EP gt g now
rate batwieom 500 pretd (00l SOV Bagh caeigef fheakpekiiph thasd 200 fast T 4
. carbon and phosphorous doped silicon may be denoted as

M P) ySi (1-y)

The deposition phase may be followed by a first purge phase. The first purge may
include nitrogen at a flow rate between 500 SCCM and 2 standard liters per minute (SLM)
and N,Cl, at a flow rate between 5 and 50 SCCM. Each cycle of the first purge phase may

last up to 10 seconds.
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The deposition of the highly doped (C P)ySi(1-y)

source and drain regions may be carried out in a |low
W@e@ssmos chem cal vapor deposition (LPCVD) reBCT/U82008/058325

using up to 60 cycles of a deposition and etch

sequence based on silane (SiH ), PH3, CH3SIi H3, and

chla@rdte1epHaSd mhy GRIRRY SlefuSe phbbe F&aRE Och hBAREMhA Y r&ctants
may fall between 5000C and 625C and the reactor

mayppdedafrle ahmflopaatsdicoveerd d. 251 Qi kagh cyelp o€ thewtehyphase may

last § {otﬁ)’(%’eborﬁﬁd hi gh dopant concentrations, the process
plgrame ers described in the foll owi ng paragraphs may

be used. For the deposition phase, the co-reactants
marhe achyptiescShay bd fohl ofvied vy at enldetuvgerhalOTan deodB purge may

. . Standard cubjc centineters r mnute (S CH3SI H3
inclugle THTg§BG! # 0D B REBEFFIo SV 29%@41 aw% atg fqpiite

f
b g M GRG0l K gt 1o

secodéposi ti on phase nmay last up to 4 mnutes. The
deposition phase may be followed by a first purge

h . _The fj i d it t fl.
P B bt el gt SO WP o WS B et bR ple fe gty e
may((RHMe RAEoNACHZ) ata flovl AL EREen DahdeeBLYM. aPath2cIREEMe third
Each cycle of the first purge phase nmay last up to 10

purgs @basedsayalestainctt 2gRagtesmay f ol | ow t he purge phase. For
the etch phase, the co-reactants may include C at a

f lt aéc%}cﬁnpee&fm% l%m%ggl{[iéé% secnargg@h’ %%rca! lﬂ\/l@‘S t'rf)%gissteﬂ, the

etch phase may last u e etch
sourb@yndodrainakgioneavibys map be fifidd puthgdicphgsenaniim s Taesibinch
urge may include nitrogen at a flow rate between 50
ge A 03 CBLARUIIORNC e geFgoR RENONBRTRIRHITSY Afftge from

10 afrnio@ sERGHICYC 18 fathet RBp R RCRRHRUHRSIIRRASRriEM uhdsdy be

up to 10 seconds. The second purge phase may be o, a
furtifeo Hpoadeid sty wathttorerd Pherleopbeaentrafive mdy radgpiroge ity /cm’” to

R T AN AT EX

to 2 minutes. In accordance with inplenmentations of

t h®choeHT bOfe dbPId i MR s g ridyObe cdried SRR & € \aD geactor,
drain region cavities may be filled with silicon

an LEEMRAIAagor oTie ubTe high MegermaMiDLMHIREG VBY. dibF reperadltgryperature
may 38R BSWLET 600Fe CarIBI0TRE L HMRABEEA f: 8L A In VP11 HRANE 1" 818 760

Torr. The carrier gas may consist of hydrogen or helium at a flow rate that ranges

between 10 and 50 SLM.

The deposition may be carried out using a silicon source precursor gas such as
dichlorosilane (DCS or SiH,Cly), silane (SiHy), or disilane (Si;Hs). For instance, DCS
may be used at a flow rate that ranges between 15 and 100 SCCM. The deposition may
also use a germanium source precursor gas such as GeH, that is diluted in H; (e.g., the
GeHy may be diluted at 1-5%). For instance, the diluted GeH4 may be used at a 1%
concentration and at a flow rate that ranges between 50 and 300 SCCM. For an in situ
doping of boron, diluted B,Hs may be used (e.g., the B,Hs may be diluted in H; at 1-5%).
For instance, the diluted B,Hs may be used at a 3% concentration and at a flow rate that

ranges between 10 and 100 SCCM. In some implementations, an etching agent may be
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10 atomc %to 50 atomic % In further
i npl ementations, the silicon germani um nay be further
wa@lopsd2i6m situ with boron. The boron concent r ae¢DHS2088/058325
range from 2x10 19/cnB to 7x1020/cnB. The thi ckness of
the silicon germanium may range from 40A to 1500A.
addddaB @sdrédse thefelchieit &j/@lptﬁg d&pdsitloan Fae ¥Rt MaEY MEmay be added
carried out in a D reactor, an LPCVD reactor, or  an
at a flpwrrate ithag hangse hefeave) pud- RS CMrhe r eact or
tenperature may fall between 6000C and 8000C and the
r e@g % 3PHARGHCS 2 TRYS ftr%Ml?tglﬁﬁ ﬁqxzﬁllcl?ﬁlg SZ‘?I’Q IQJl{y‘MErheas been
gas may consist O en or
ﬁllecﬁ va@tﬂv ar@lﬁ@ntaﬂllay tes ﬁmgl&SsoluedewegDn 30)8 andlthb QrHh Mhvifhdl 4 has been

ep S|t|on may be carried out ing a silicaon spurc
ﬁﬂeg @r%l&o%y%%rﬁma?sdra}néﬁg@laégﬁ ﬁ%@(tm@%rhag? l?-mfgi ed as
wellstb lf&ﬁ‘?al{ @1‘“}()&11 scﬁﬁ?edépééﬂsﬁﬁej 18RI 4l ah ealtgxgﬁl draRtea e ion @%A

at a flow rate that ran bet ween 15 and
As sh@\@n BCElgureT}Fe udbboginvenmnabsouatesamduls@n dipgegimanthanare formed

e RUSFUIRGL, 035, stih o5 Cobl 1hat |8 i Lued .o
the tiﬂ‘l%%ﬁﬁ@ @nd ih@%h&’dﬂeme%%nGﬁi'ewseHﬁ% h&d, upRkidttsodred ¥0d drain

concentration and at a fl ow rate t hat ranges between
exte@foom t@@m@@@m hapgpn abruphbcsmﬂmryd dpioHgr wordsothgnnterface

betwg:leill H}e eé)ltama rﬁg(%/e/c%%g(%scteeglgér ?q‘}%fg, P% ﬁﬁanneﬁgéloa){T e aangiﬁ‘él-
defimgly (Meontsedkt @ftthaimdfRencholpriNify dpdsitdd dptd Slicsingterial
that r anges bet ween 10 and 100 SCCM I n sone

and parieariiaitideiod s, intarfage tHhagbagaamateial Huhaykes wothe channel
I
regl(lﬁt{]n gﬂgen R aﬁtE@ iR eﬁ%pﬁéﬁ' sto}i{) gf dr &g %égﬁ%qgr?é '%Jf"g‘vﬂ\} sruggténtl llg/t or

compmeg;emtbmttheexteﬁ@or&mn\d%@mﬁ@@wlto Hiffyge entSthel dhbusd rafi@s
MOS transistor 316 in ich the, source cavity .31

therelycenglitg 117 EPEATIZUSPHCG 8 fliafbFctehsiosy 1@ Brll?%ﬁ?’ﬁhéz‘ég’ﬁ%@@d

5111051? Hia@é'ﬂla?ﬂ@ve?@ glogéjﬁrogfnﬁ'tﬁ‘toctﬁé’ bﬁa)ﬁng’l%%llaﬁ%lg’@\eeq bh‘!lé?ﬁonal

a silicon oy to forma drain region 320
techenqtl@r(s Eotie mance/ doee extfenipmesd 184/ IHA map uhdernutadhe gate dlelectrlc

laye%g(ll)ie Xl:’ngi:]e i\& ewg Xt egmh%g ﬁg’éﬁsegﬂf a%g%ﬂosleﬁrpﬂlf L Eil(ll n thedarr%jl 'ts in
turn ‘éﬁzﬂj{@ﬁhb %ﬂ@llelfgquoo& RAdd do@h RvithoRt KAM ORShbAE thalcBannel
formed through inplant and diffusion techni ques and

regiether ef ore have no cl ear boundary between the tip
reglons and the channel region, the self-aligned,

%%‘n@ él%)es%qt{aglbl QCngCGdJn%,I alﬁ)%%c%g? bl\?\%l% J&atlﬁrﬂg cioﬁ% Eﬂ)?(lnﬁﬂy to

ave an oundary ace
the dhetu\m eafgutrhas@pnpamsl adhresohydredtaticadtieseoit tio &hml anleis siness
. channel reqgi | ear and wel | defi ne ne sid
incregses the strafp é\f@%@e ic8annsh thesPhyatacicptipe Hgy frethe &Bi}@&?and

incrés ing(‘cﬁ)ﬂle RBLEHt &this stress can be further amplified by increasing the doping of
the epitaxial source and drain extensions, which is easily controlled during the epitaxial
deposition of the silicon alloy. This is an improvement over conventional diffusion

processes where the tip regions generally do not induce a strain on the channel region.

As will be appreciated by those of skill in the art, the MOS transistor 316 may
undergo further MOS processing, such as replacement gate oxide processes, replacement

metal gate processes, annealing, or salicidation processes, that may further modify the
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and on the other side of the interface is the
substrate material that makes up the channel region
wab@sdopant s i n the epitaxial source/drain extPRCBHUSWES/058325
remai n substantially or conpletely within the
extensions and do not tend to diffuse into the channe
trandi§6# D16 anldNRpedM demakktdigarl BR cBRAL RdrédnnS&1bnS € Fa@stance, after
drain extensions to bring the heavily doped silicon
the qpgteeipl dgpopition ef thespwse/ dprpidginnsyingd sha seurceiadin ektepggi.am

n

eGP HE LTSI PR b v 16 10,
The glab enadi ted foahéd Gsih@aterid@Znbywn for e bpslitablityin dicléstrigildylers for

be appreciated by those of skil] in the art, this in
integrgfied CEREHHEIC YIRS S@%bt 38 lpwrigdipleetsicppaterals- e%uCéldiAﬂe%rlﬁ Hygrials
mclJlf%thﬂgrré ot EdED, 5;!3& Ghanaelindsiode Es%“}

epi taxi al source an drai n ext ensi ons e t|ve
oxu&K@EE»prmnmnﬁymt@gmmepohanmehwhegpaﬂuak&ydphwamimfa

1Iar:aer h [ost tic. tresssﬁ% hg%@ahannell This stress
polytetiaflagrogthyione. iyqragilicalg glass{Fe SRFROSIICHES 5 as
sﬂsekcﬁlﬁ&@ﬁ&%' HQx IR} brtgﬁndsﬂlctatbeglgﬁa%@ |dle@&‘f:|r1é ﬁ%lerﬁa%l' ﬁ‘lglude l13301res or

drive current. Thi's stress can further anpl’i f
othei meirde tsfunthert ieduata i digeafic pbﬂ@t@pl F@xlream dbustretes am bLD layer 322

rain ex Sk ons y controlled during
that B S G FEDGS ST MBI L T con al Foy. This i s
an i nprovenment over conventional diffusion processes
whevegt, ih ﬁnﬁlbﬂﬂeﬁt@@cbrgmﬁ“ t@emeéxﬁiolnyn Shidhod reblAdetaentan@ilrgatd
on the channel regio w Il be appreciated by those

procgss is usqd; thiergatersackdt.c. thﬁéngbdsg@tﬁ didectiolaygn¥2ay Sacrificial gate

clectld ef(ﬁloa%i"{ e MGEd m IQ§&C3%?)$1!11Q be %’éfﬁ&eﬁ%sﬁ%%h%?c%@%mcess
gate processes, ace netal gate

(2M®rhﬁﬁmﬁmﬁmnanmea@nmgahqmnsabM&U&ﬂbhmnnﬂmamegﬂaﬁmmhnat

further dlf transi stor 31 nd/ ovi de
implF R iR Sy PReHTR Lt P BrrCBRHEL i S S Esihe trench
op eﬂlﬁ%{@pﬁQOrné’é‘dt\@ﬁelltthg g@t@'sia@l% iPdtcil@RQsit i on of the
source/drain regions and the source/drain extension,

an interlayer dielectric (I1LD nmay be deposited and '
pl &inthe gatediadeatric tayer is remevedt aned g@te(dzal@)trlc Tatyer mmbﬁégfposned

o 5 P BN CROJRTEC b 8h % iR Bl oGP LBRLE bl e

uscdHei¢) GhieH shafsiufibxade. | T ddmdidep@itidr srob@b&Ihal dso ByIadrd.
dielectric materjals i nclude, but are not limted to,

Replggraens oé thergaggsdislieptric daycamexibgasedsiopdyiresnansedamags thrspary have
occ 5 U PR BRI AL RS IRES b

proc%ésagz rAsmétal@teeelgdtaﬁis ldyleS@Ry tlaamdoeafegasmﬂlolvmcm gsteslmiébtnc
esqui,ox si | oxane, or organ03|llca

layeﬁrf-?ﬁh. prREptioRa I“T&;tﬂér‘iewlqnd&%?é%es%%ye wed & %éin%%wgal gate

elecgrgﬁ IH%?érhﬁfch'%@@Wi? ALBS, VB! 8ELiHdI6ss pRRRLAR clediloBHiife 3Bigure 31

rates an ILD [ayer 322
illustrates a high-k gate dielectric layer 324 and a metal gate electrode 326 that have been

In doped

deposited into the trench opening.

The metal gate electrode layer may consist of a P-type workfunction metal or an
N-type workfunction metal, depending on whether the transistor is to be a PMOS or an
NMOS transistor. In some implementations, a PMOS transistor is being formed and

materials that may be used to form a P-type workfunction metal layer include, but are not
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that has been deposited over the MOS transistor 316.
Next, in inplenmentations of the invention in which a

w0 epBazwient netal gate process is used, the ge@EUSI088058325
(i.e., the high-k gate dielectric |layer 302, the
sacrificial gate el ectrode 304, and the hard mask

limile@¥& FruBeRLinmTPYI1deurh SRR, ¥Sbdlf ndikcBhAd! bc'i}giul@tﬁ&&ﬁétﬁl oxides,
(218 ) Met hods for renovi ng t hese Iayers are wel |

c.g. RnbarumpRidRe APrtyps metl iaéyphmlbenmbtﬂ therégrmatipoata PYHDS gate
elec‘ErF(f u\éfﬁ? é{ f rlgtt ﬁétl%a&lgt 1% Qéltweegn LS ut ha \ eV Eﬂ(??ﬁ)ro%t .2:’ H VaYe' nA]tt%rgately,

in scged @ndéraeakatichs @h W@Samylstok ﬁs tidineg @)alhed ahehartinisehat may be
| ayer is_renoved, a new%ate di.el ectric | ayer
usedda ;f%@il e -iyAe Woriungtioaagialdpesiingud ezlz@t)are qr%tehrm’tfe%mkhafmum

mrc&hnﬁlﬂet‘fttgﬁ]]'}]lﬁ]f %ttﬁﬁﬂlaélgm%% Bk yrn@t%l UG @b mnclude

ni-.um oxi e same | on processes
thesmalynmhtspi dehatisiech. caRedd, acreoranin aafbldieh eltagpalm calibéleetahtalion

carb L AR HEDE T G G h s R QLT AR F S e

NMéB @a’tect@édtl%ﬁe Qflthtah\@o&fl}ﬁcﬁ&g tﬁ%ﬂs t%%&&n%‘b@ﬁteﬁ§ 89 -and aﬁ&ltall 2¢eV.
gate el ectrode |ayer may then be deposited over the

In scgm mnpl¢mbwetionsctwagrenorc 22231 gaCor easradic dayats rn@st b¢ deposited. For

1nstaé18$ %S\g(ﬁrg%ﬂpgélgﬁfeg@ grfay%g:ydiggoesétga g%kgtvgeg[t%r m@t ga{{‘ea elaectrode fill
metls@a 4l @8Fupl mbiang, or el ectroplating. Figure 31
illustrates a high-k gate dielectric layer 324 and a

net al gate el ectrode 326 that have been deposited into
T¢

t h&ceodily. opliénligeed epifaxigbionrceqgad dlrain sxiepvers hayg beemay
dlscﬁ)g&ﬁ%ﬁ'} re ﬁceathg o#é{rﬁl? rééﬂ'ﬁ%}flfcy Bf:ﬁl'e %Ogt:t‘}aﬁ%stgf a nN’e‘éé’epc%annel
er t e

unc I on ependi ng on whet
straih daa sl siteasddslopod biéicen REe ¢¢.gabolMdBptd siisdrsg@manium

SO i ppl enentations,. a PMOS transistor,. is bein
volufs) DR Wiy egeay silicpyoligy- Jhe grikaxislgopise anddpein ype
exteﬂ‘ﬁ&lfsf AU Qi zi"%l?éted ﬁ%ﬁfe fd?ﬁf HOBruR BouRdd ?}{ B&Webmﬂe%annel

o, ruthenium palladium platinu cobal ni ckel
reguandldctbn sortd ami dreinatgions, deg hae. egdqplmgjd:dmnmttmooxhaﬂes mgare
P-1 net a er will enable the.forpption,of a PMOS
cusily 5o H Sy b Fiont BB ERT S-S MR 4 Bbimdtn oY
sele@ﬁfglhtn appDpeiXtcadehbalPibh 0Pa ot ard hiebiaRdiR kdbipd, InpleARntations
i mpl ementati ons an NMOS transistor is bein or med and

of theapeantign gnabhthe n@yrcg end,diain exgerismmicbe NCh without being
subsw 1k]c u?rﬁéac?era brTE[Bg\ Cgly t%wtkn% %l LTﬂls sepuatl Ir)no% therpeftoﬁed

| I‘C rum anit um Um num

incr@Res pehfdirmaddel vayike migizindbédss eatidiones that i ncl ude
these el enents, i.e., hafnium carbide, zirconium

carbide, .titanj car bi tantal um rb|

al § iﬁ%ﬁfscaagrﬁplaﬂ uSTRR{Ing @9 H@p%?laﬁnq%’gravw ghle @mgﬁw@f-ahgned
metidd8 df o8 hQPBinOfLiRN400 represents data collected for MOS devices built using
implementations of the invention. As shown, the UC-to-UC distance is much less
impacted by spacer thickness than devices formed using conventional processes, the data

for which is again represented by line 118.

The above description of illustrated implementations of the invention, including
what is described in the Abstract, is not intended to be exhaustive or to limit the invention

to the precise forms disclosed. While specific implementations of, and examples for, the
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NMOS gate el ectrode with a workfunction that is
bet ween about 3.9 eV and about 4.2 eV. In sone

WO ppBamest ati ons, two or nore netal gate el ectPCTES2008/058325
| ayers may be deposited. For instance, a workfunction
netal may be deposited foll owed by a netal gate

inveBli®Cire @dsorfblell herdBf R IRMERIRSp1RpILEY, R AR @l valent modifications
Accordi ngly, self-aligned epitaxial source and drain

are pogsiblesyigns theasgepbelthe divsetias edthonaskiledindbe rdhevaptast will
Ieagfééstance of the MOS transistor and increase channel
§trsin due to increased doped silicon volune (e.g.,
boron doped silicon germani um vol unme) conbined with
r eduecednsdificaons valybeenadthe tlephtaioalin 8 ghtrof eheatdvd detiailed

ext.ensions do not. have a pulleted profile, forman_ .
desciptigmyt T%@ﬁa%vgﬁda%%ef@}%owwg A ﬁ%‘?ulﬁ? 89 Rereoapiguadie limit the

inveR@SH o%h& _cﬁfcqhﬁ)lé'rﬁéﬂtﬁfbﬁs dReRs MG a5 e RGon and the claims.
concentration that 1s nore easily controlled, yielding

Rathar, e scopp df thic zedngonrsde -bedaiermmed eitirely utht eltavong clays,

.qelecting a propriate cqnbi nation, of . a dopant. and .
whichrg fo o e B CCarigIc8 wafh t4PBsdtocieins pRoTa dsipretation.

enabl e the source and drain extensions to be etched

wi t hout being substantially inpacted by the spacer

t hi ckness. This self-aligned process therefore

i ncreases performance while mnimzing process

variation. Figure 4 is a graph illustrating the

i nprovenent made avail able by the self-aligned nethods

di scl osed herein. Line 400 represents data coll ected

for MOS devices built using inplenentations of the

i nvention. As shown, the UC-to-UC distance is nuch

| ess i npacted by spacer thickness than devices forned

usi ng conventional processes, the data for which is

again represented by line 118. The above descri ption

of illustrated inplenmentations of the invention,

including what is described in the Abstract, is not

i ntended to be exhaustive or to limt the invention to

the precise forns disclosed. Wiile specific

i npl enent ati ons of, and exanples for, theinvention are

descri bed herein for illustrative purposes, various

equi val ent nodifications are possible within the scope

of the invention, as those skilled in the relevant art

wi Il recogni ze. These nodifications may be nade to the

invention in light of the above detail ed description.

The terns used in the followi ng clainms should not be

construed to limt the invention to the specific

i mpl ement ati ons disclosed in the specification and the

cl ai ns.
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Rat her, the scope of the invention is to be determ ned
entirely by the follow ng clains, which are to be
w@omgtizwed i n accordance with established doctPETES2008/058325
claiminterpretation.Cains 1. A nmethod conpri sing:
formng a gate stack on a substrate; inplanting a
dopant into regions of the|ggRstrate adjacent to the
gate stack, wherein the dopant increases the etch rate
of the substrate; formng a pair of spacers on
| atler al Wymethpdspmprispges of the gate stack that are
di egi ons of the substrate;
etzﬁ?ﬁgg%%éggg%ggngggﬁgﬁg%of the substrate and regi ons
of ihplentsubs tomheinsuizgane of tHeaubdiattdaadnt ghogse stack, wherein
erein an etch rate OB t he doped regions is higher
the qopanf igereascs erstherarofithesybsliitens of the substrate
su ; V< [
o T B o B R O R BT BP g bR g e
dispoded agapitht dapal iegiohooftha selmtratee regi on and a drain

exc Pl Biedfe f5ped o Tt b S T AP i st el subjacent to
the PP FdeSdRIwWARRRAIN Aéh falCofSHE §$I§ejﬁtr8%i@ﬁ§ RMhighd€than an ctch rate of
I mpl anting of the dopant, wherein the anneal occurs at

the rggivanpithasurstratseubieent &0 thenldpFOBgEandar ound 11000C

for, a tine duration.of up.to,fiye conds. 3...The
et RSB <P e ARG EbPE SIRG KB PRg gt o

forned §duréOrelzioa 20l aliedn Fggoronswel ad Heousedstdmion dnd ardamye
portions of the substrate along the < 111> and <001>

eXteR§I9%t al | ogr aphi ¢ pl anes prior to the depositing of the
silicon-containing material. 4. The nethod of claim1,

wher ei n T‘hg ?neitﬁml cﬂ”%iaiil%gl , rtﬂep g%lgﬁﬁﬁﬂ afnRARA | theubstrate after the

i npl anting carbon into’the su rate at a dosage
impllaeqiwgﬁtha dopant Whek@n 1% andalacoundt 4 sehPeldburatbotveden mround

Ysing an jnpl antation ener. et ween around 5 keV and
7007 i 1I0PC 55 e FREHENoBRD I Ef RS iner ef n ¢ o
i npl anting of the dopant conprises inplanting

Phas phomay snetidd fichBmSIY bstHed temptisiAe FRTAAE abedt WRENo the
around 1x1 O 14 and around 5x10 15 atons/cnB using an

ctchpgrsigions af thersubsieateylp reapyiRpertignoeiibc skstratgdprertbeindl 5 and
The . ' .. in.the i ti )
<00 S g I PRl 6 el P B QB el ol

bet ween around 1x10 14 and around 5c 10 15 atons/cnB
usédng The method of claim 1, wherein the implanting of the dopant comprises

implanting carbon into the substrate at a dosage between around 1x10'* and around 1x10'

atoms/cm’ using an implantation energy between around 5 keV and around 15 keV.,

5. The method of claim 1, wherein the implanting of the dopant comprises
implanting phosphorous into the substrate at a dosage between around 1x10'* and around

5x10" atoms/cm’ using an implantation energy between around 1 keV and around 5 keV.

6. The method of claim 1, wherein the implanting of the dopant comprises
implanting arsenic at a dosage between around 1x10'* and around 5x10' atoms/cm’ using

an implantation energy between around 2 keV and around 5 keV.
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an inplantation energy between around 2 keV and around

5 keV.7. The nethod of claim1, wherein the etching is
w@2@BA2esch process that conprises: applyi ng NFGI/HRH0LDS8325

to the doped regions of the substrate and to the

regions of the substrate subjacent to the doped

r egi ons ThaRetRRIRINA M6 law@lleibﬁﬂ"ﬁlefﬁch%gol@ ss that
around 700W and around 1100WN 8. The net hod o claim

comprisagherein the etching is a dry etch process that

t hgp@@g th eﬁ'éi %gthygé%e%r}gél%s (t)foth%; h&n grgf%eagd 10 Hlte%g?of?i of the

subssfej sabatdnt t@thcliepetbrgtbns egidons; and appl yi ng a pI asrra
at a power between around 600W and around 10
ThePPREVE P BIMacH FiNPWET DeNEERpIPURt 80%‘6’&@@5011@ lal 09%

etch process that conprises: applying SF and 2 to
thg dopgdle LGRS Blimt NG/ hEHAP i ihiRNd td?y bR f&ggﬁﬁa

of the substrate subjadent to the doped regions; and
comppgisyi ng a plasma at a povver bet ween around 400W and

ot ST Lengi - () B e ng Ak SiyelaRio Dskgionyof the

subsf¥atcadj a@n@tdﬂ‘letdlaﬁedi ﬁﬁﬁsra@ﬂ' ons of the substrate and
to the regions of thé substrate su&acent to the doped

r egPRIng agmebnzguilayiomgr Aetpleas pguad 660 Wowdrargyad idenw .
around 400W and around 800W 11. The nethod of claim

1, gwher gi S | R 1At er i [
b 0B, SO0 AL HEOR T G5 SRS

comphigisei n the SI I i con containing mat eri al corrpri ses
silicon doped with carbon and phosphorous.

me EHIUINGSEe RRY frl21to thdanse fegipns Qi.ther WAy ﬁtl%tqﬁhﬁ @eglons of the
r.i er mani um doped with boron.
subsﬁfe%%;hgl:ene t(ﬂ%g dg &d %‘gldng Ofhg9 P

m’1l, wherein the gate stack
coaprlysmgs: plasniv - dovx@aba\wtme hwohd #G0 Waandraraund 900W.
sacrificial layer formed on the high-k gate dielectric

| g’ &Pﬁg method of claim 1, wherein the etching is a dry etch process that
comprises:
applying Ar and Cl; to the doped regions of the substrate and to the regions of the
substrate subjacent to the doped regions; and

applying a plasma at a power between around 400W and around 800W.

11. The method of claim 1, wherein the silicon containing material comprises

carbon doped silicon.

12. The method of claim 1, wherein the silicon containing material comprises

silicon doped with carbon and phosphorous.

13. The method of claim 1, wherein the silicon containing material comprises

silicon germanium doped with boron.

14. The method of claim 1, wherein the gate stack comprises:

a high-k gate dielectric layer;
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a hard mask layer formed on the sacrificial l[ayer. 15.
The nmethod of claim 14, further conprising: depositing
waeooshiekayer after the depositing of the PCT/US2008/058325
silicon-containing material; renoving the hard mask

| ayer and the sacrificial layer to forma trench

bet WeqITidid gay 2P asificd bnamhigﬁm?ﬂté diBRc@RicMBfcdl angat e

el ectrode into the trench. 16, The method of claim 14,
f upthaest masknipy drdpimepd aetpo searifistpl dayer. LD | ayer after the
depositing of the silicon-containing material;

requvi n r ki 4l r . rificial |ayer,

anggtheqﬁ%gﬁﬁg%dgfgﬁﬁﬁéfec F¥g&P§§%@£to forma trench

bet¢msitinigha 15 Delagsraiftettipalspdditing ¢f thewliborgborkaigaganaterial;

dielectric |layer into the trench; and depositing a

mefdnovyag Bedritmaddaysrang thawctbgatligyerte forphatragahmsgveen the
spac@fs; fd@i M 1, wherein an interface between the source

ext ensi on and the substrate is abrupt and wherein an

i ntlepdsamg domttakbgate thetraticanto tbxtremdi on and t he

substrate is abrupt. 18. The nethod of claim1,

wherei n t he dopa i.s i nplanted in.regions of the
sugét ra em?g}d(% qqlﬁéal o]ﬁ‘pggﬁlﬁﬁ&ma]?réﬁuﬁg'ext ensions are to
be d&RysitR@  anI9D [AH&G ofef hedcpdsited2dMhd silivhRE&tiinAg material;

| ocation of the source extension and the drain ' '
exteneiienhtharherdmaskntayrythenpeitftcd laipr.and helkiabssast dieletric
laye{)ﬁl fronﬁfa tfsegglgg%t%eerg%e sgyc%r ret hod .Of clai m 1, wher ei n
e sour ce extensi on an he drain extension overlap
t hdegRittgsi eekhigh-kt daee dieRosicdéyt into the trench; and

depositing a metal gate electrode into the trench.

17. The method of claim 1, wherein an interface between the source extension
and the substrate is abrupt and wherein an interface between the drain extension and the

substrate is abrupt.

18. The method of claim 1, wherein the dopant is implanted in regions of the

substrate where the source and drain extensions are to be formed.

19. The method of claim 1, wherein a location of the source extension and the

drain extension are minimally impacted by a thickness of the pair of spacers.

20. The method of claim 1, wherein the source extension and the drain

extension overlap the gate stack of the transistor.
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