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complog'! Acgw%ogﬁbfeqfcwcb 16%(%1: &leltd ?Iﬁﬂam %{e%md{ﬁho e @Y Emethod

seqguence wever
of fOlSl@l['g Etsrrdmedi ailicbn ém)mhlmgleofouheiﬂxessf Bkguqznf(dmadmg@mﬁmbmprised of a

Smnwlncreas S rocess IeX|ty and. co {esent

PTHIHSION | ﬁ,pyqr syely @; labSé icon R EHEHL B i@ﬁnﬂlf g icon region located
betwe&?@iﬂﬁfwﬂw&lr alﬁﬁﬂé&l@cé/&am regions is now in a strained state allowing the
enhanced device performance to be achieved. Methods used to form semiconductor alloy
source/drain regions can however add unwanted process complexity resulting lower device
yields as well as increased fabrication costs. An example of a process used to form silicon -
germanium source/drain regions is the etching or ftrenching of semiconductor material
followed by refill with silicon - germanium. The above process sequence now however
requires the semiconductor trenching or recessing procedure which increases process

complexity and cost.

The present invention will describe a method of forming a semiconductor device in



whi ch a strained silicon channel region is fornmed

bet ween sem conduct or all oy source/drain regions

however w thout the conplexity of recessing
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silicon Biyéotonadobetodes dentecdnrdudtrogioal hayevwsoapeeptihgi apove prior art
d .‘;e [ ons. wher ei n t%e Stﬁt écogd ctor .al 1 o‘%; ; ioutq,ceé Sr.ﬁ(i;on region

eseripe e GRGS PRCRS haP HR PEe Beoper iy Sy R e Ryt ree

is forhQiPbetHORSsciftordReiel hifoy JoRERATAIRGeS 68, WMBEKIC TR semiconductor alloy

material followed by refilling with the sem conduct or ,
sourceidrnigyregigne afaformeSUMMBRY @HITEE ProgENTeanence thad dpgs not require

ool 5oL R LPUEEAER: b9 U FolRER SRS

silicon region. It is another object of this invention
to enpl oy sem conductor alloy source/drain regions to
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t he sem conduct SEMMIARY OFolhc éNiiEN THONegi ons. It is
still another object of this invention to formthe
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source/drain region via selective growth of a semiconductor layer on an underlying

source/drain extension region followed by a laser annealing procedure.

In accordance with the present invention methods have been developed to form a
strained silicon region for a MOSFET device between semiconductor alloy source/drain
regions, wherein the semiconductor alloy source/drain regions are formed using a laser anneal
procedure. A first iteration of this invention features the formation of gate structure

comprised with sidewall spacers and an overlying hard mask shape, and source/drain
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2 extension regions. After deposition of a
sem conductor, or of a sem conductor alloy |ayer, a
| aser anneal procedure is performed to redistribute a
sem conductor all oy conponent of the sem conductor
extensRinl reyiohayefter dapabitinl d)iC@E\exﬁib@nﬁﬂut:ime @ofrcehdea@idactor alloy layer, a
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residirprniariNGs tﬁ%@%ﬁ?@b‘ﬁ“’éﬁHOb?%@?C/ﬁha%ﬁ%‘&@%%“é?lc?th‘i°§Y removed.
i nvention are best described in the preferred
enbodi mrent with reference to the attached draw ngs
that include: Figs. | - 13, which schematically in
cross-sectional style describe key fabrication stages

featured i ngkiyer hyrgratiPeORORTHEHRAMBEIDr al | oy
source/draln reglon used in turn to create a
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the sogiceidlrain gxtensiansnady gnderdemthersaly haughnit miglpepdpn @thegwise in
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Figs. sem'conductor alloy source/drain regions, will now be
described in detail. Figs. | - 2, describe the steps
enpl oyed 3

DESCRIPTION OF THE PREFERRED EMBODIMENT

Processes used to form semiconductor alloy source/drain regions for a MOSFET device
wherein the semiconductor alloy source/drain regions are formed featuring laser annealing, and
wherein the semiconductor alloy source/drain regions are used to create a strained silicon
region in a top portion a semiconductor substrate located between the semiconductor alloy

source/drain regions, will now be described in detail. Figs. 1 - 2, describe the steps employed




for MOSFET fabrication prior to initiating the
sem conduct or all oy source/drain process sequence.
Sem conductor substrate 1, conprised of P type single
crystalline silicon wwth a <100>, <1 10> or <l | 1>
for MOBYBTafabfgitiaphpréorotol @iicatni Othe i ssmitwaductdhelloy source/dlain Process
sem conduct or subst rate can include Silicon -
sequencasYARCORIUCEDI spbeEtG | FOmBREAd W txPEriEHe Ip Syl ignsilicon with a
<1 OO>( §1T{ d> 8’11£HgL%fy%%aéﬁ?raﬁh{&q{rienfaﬁgh ‘f’stds%‘ 'lsﬂe s%ﬁltlébrnﬁﬁctgr su@@t?ate can
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includsBgdioen i on t bpulapo($OHns w@il Siertioeanohgt uxoiatmquSTf)atrectmges or other
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isolatiqr BRRITES S b AR e BXPaS oAb or gihes eTopfigle shape in fop
pomoﬁshgf ?&ﬁ%%cﬁfr%ﬁmaﬁ@qp%ﬁur\@ IR él@&ubiat&r sha'li@%efrelﬁah HMipe with
I nsul ator layer such as chem cally vapor deposited
thermaéhyl grown sd»cpnl dioxVilel layeregitiom @inglthe shilloy feenple shapee giitbrinsulator
a T deyice is desir
layer 5m%fr Hﬂsvféijﬁr ei ?ch%s e“&’r‘fﬁu-‘ﬁéi’p %é@ R Of‘@ ng}ee}b/‘éﬁgm 2, an
N typd well8&diof o TR dhdrihe PMCUFIOAdVi Qs AbsiSANBCOPAUSS QI region if an N
substrate 1, between STl regions 3, via ion
channg] M@&RE’&tdmne Brgedadn éa1eﬁh@r1p?<bme&jt9p esrtiontnd sprmingpducsgr substrate

rocedgdur.es 1S nat | )
1, bet@pzﬁ{lr{ggpgﬁ (Vig é%llmpa at;on an%l Xal*n% Spvlwi;'ceéigﬁcs d@l’(l)cg( ge(ﬁlélt of these
procedusesN@XdheBtiadiRadowhan thenrral OXI dati on procedures to
a thickness between about 10 to 50 Angstrons, and nore

G;?t%fﬁglﬂg’ﬂoy Ea}té‘?t(yve&f‘n;ﬁt&‘é&toflgll&ﬁl ADxANI S 18Bobtained via thermal
ternatively, high-k dielectric materials, such as

omattmafmowimeds uwmmnklmss detv(erih AP, | OvhiSBRA estrems, # Hidghere preferably

betwc%& alﬂ%utf‘ril@/ tB e zﬁtg%g? %141 meltrﬁ%vclﬁggﬁi i ed%&l?ctxsic m%% 1als, such as
hafniuf@Adaetunyexiiay@fAsughwhash aadopedighet yhelbtgRnch @y, (kavatue)

netal silicide or a netal layer is next deposited via
compdreio phe@s oxide ey ecued va fum e puyiating Ryet. Poymyluctgye layer such

o B, BUGPTR PR BRSTLAR, ot 938 958 g GRS v

pressufI @B EMOITE ,vapbiokibgnsttbrpyL BOUDNEbr ot phak dfeMiddochemical vapor
PECVD procedure used for deposjtion of an overli%)
07 Angstroms,

depositing (PELND) arpesdusese fio dsthiGhinpssobetype F‘»‘a(élt NEF| ¥

T

insulatet ¢dyep Etmﬁdwliiﬁsmaﬁwqmextrm lmq;jsmcnn {ﬁltrrdn gom dudtnievsebayaten about
structure 7, e insu

100 to %{)é)uﬁr.tégsgpigh}’alﬁgolgﬁt OZIaRINF p{y? ﬁegecéléfﬁ dﬁg'?tf"b/ gw%ctgpgthe%rage next used to
form 5&1 dRe 195 %atz: stFfeRval Qf odibenRNALOISSH 8t V\ﬁnla%dqﬁﬁﬂjﬂt&%hape 3,

inition of the aboveé structure’is acconplished via
ove11yp1ga3]mdu¢1wg§at‘c mmu:@? dtmindviahal thwhotoiez@ahﬁptp@ gegdufioedefinition of

s s Rl Al ot (S manent o 08 roceres

with al Hh$tehRl i/drd fANEIE (BHFPObmBOWSE 86hBYvek B%aﬁ? Qﬂﬁzlé@ﬁfe\l‘@n@@hg portions
structure. Source/drain extension region 9, is next

of gat¢ pwniatbr \}mr b orpticapirahbathesrongreive daicedruchirg Goufsfisaipfxtension
reg1011V\§rla cqeég g C?I viia émb“%‘ﬂ r%tz(fdn %ngfe C@C}? g 6151:13\;81; %%L ereg,ion 2, not
coverdda®yf the @bﬁﬂmtlve gate structure 7. If a P channel MOSFET device is to be fabricated
source/drain extension region 9, will be formed via boron or any other P type dopant ion
implantation, or if an N channel MOSFET device is needed an N type source/drain extension

region will be formed via an arsenic, phosphorous or any other N type dopant ion
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source/drain extension region 9, wll be formed via

boron or any other P type dopant ion inplantation, or

if an N channel MOSFET device is needed an N type

source/drain extension region will be fornmed via an
impladtfRH rodRBosPhasddorasidanyliaphesrsN o, Wpe ndPaninddosh tie sides

i npl antati on procedure. Insul ator sidewall spacers 10,
of congluetiviesate stoichiea 7otnd dethgisigies of bard daywnietshore gatiedeposition of an
insuiag)trrlé%r lﬂggn ds si?@ock (%H%ié Qﬁar?d g%%in? [’utﬂ@% gt 4 ﬁ]ﬁ:‘é‘fén@%solget\%gépfoout 100
, a deposition of an 1nsulator [ayer such as
to 800SAhgstomspxidiaoRprafechbdi bétaeen abdut KO taB0laALfHtokesia PECVD or
bet ween about 100 to 800 Angstrons, and nore )
LPCVh} piogscisrsy foHRY b BY: 2 2661 Vo8BS HOPEOEY AHPSAUPRe SHch as a reactive
: . - r G e f.ol,l '
on SRR B B CRLLER 01 MR U AEEEBEINR of e aove
proceddtreshis GERlch)atipaigcddumen tisg.?g CF4 or CHF3 as a sel ective
etchant. The result of the above procedures is
St esratdraidnl of hisowmertidonFiegarddig e fibfosdtiont & atdnoibor@fuctor alloy
this invention regarding the formation of a
sourcaldHngB AN 61 ikt descahed vl schengicalli iusgria upigg ki 3 - 5 Layer 11
[ i G Iy d [ j o i
o cofFREA DS ARG, SaLLY LLHILERLER 810, podic v
chemi8illvapondepogiiongito cufSi guch @e LPC VB, toexthidtepodidiedervateout 200

chem cal vapor deposjtion praocedures such as LPCVD, to
(o 2000 N RETHRHEs 4 MR XALE EETHUBIT B 06T %B@Y"F%%“Mé fo 100

weighﬂgé}t:ﬁﬂ,t arkPhore PleFHRHITHU MR Do d0 0FD0 WeFell? §E1‘6@1%UL§3Q9 Y§a, can
10 to 100 weight pércent, and nore preferably between
also baloutprié@l dpDaOrame ighicingeslemant, Blyaymm indiiciag ebsmment alesipean a
.. De canprised qf, any strain inducing.el enent. By strain.
AifFersTiGR G Reea Bkt TWAOREGRA SRR BHEC B P brgTagioally
showd fh [@g0M ¢ size conpared with silicon. This is
schematically shown in Fig. 3. Acritical |aser
| : ( yer , | -
AR OB o bR BOB] PO L TR Iy B gl pRrtions of
well reeminod, aothec evecddiatny rappmduot iceeergdtby sdrrductiwr gatg, structure 7,
. tedisttfbutin silicon and germani um atorns, i nel%ﬁd .
1'edlstz‘,1tg.6§ngn§\ 16 Hm? [SET RN YR datp@éi 18n1§1€lt§cg ISt With; tg? ﬁ'@el ed regions
re-crys@QHEN bl dqRRasRseRipiaxy hoRilk NGn3&MUEABAWAb P source/drain
al oy source/drain regions | | b’ The extent of” '
regiorforifmflhorextht sk frircehouof semeiohdycterod yefodraiiainggiions 1 b, is
deniphy S SEHCHETREE L, AVHS) LT R ASEL o
conditlif. TRSREcraRA@®|s pestoRBES RTAREheWM drimStipieli@adiitidRbftiafRel Bght at a
irradiation of laser light at a |aser energ{gden5|ty

laser efiergy ulsnsiey géribeatd senaatingeleagraurgbhgut 1415° (g, the Haelting
| t] ‘ f cr N i Lican. |
e TR GRS LB 05, B9 pg a7 o

308 nARAAES ETHR. lasEh endr@p @énsin &y @ntdlos bétwebs atantriab l1exd/cm?.
bet ween about 0. 1 to 1.5 Rem 2.

The laser anneal conditions used for formation of semiconductor alloy, or silicon -
germanium source/drain regions 11b, resulted in a top portion of layer 1la, remaining
un-reacted. This is schematically shown in Fig. 4. Un-reacted portions of silicon - germanium
layer 11 a, are selectively removed in a solution. An example of such a solution can be
comprised of between 30 to 32 % hydrogen peroxide {H,0,), or via use of hot or boiling water

at 90° C or more. The recrystallized silicon - germanium source/drain region 11 b, is not




The | aser anneal conditions used for formation of
sem conductor alloy, or silicon - germnmani um
source/drain regions 11 b, resulted in a top portion
of layer I | a, remaining un-reacted. This is

removEeCNeMatthe abdve selRetve wt eEJhg)roéeduLdn Theastgdf perticotis: @foval of
silicon - gennanium layer | | a, are selectively

deposited §oired - igaImayndacHh! a Ny S%b@&?ﬁﬁ’lcéuﬁb? 0Fidh Fag- dol ut i on
can be conprised of between 30 to 32 % hydrogen
Apmcoxxd @itera(tmnlcﬁaﬁys inggntiphafeatgang ftha Grmetiob of Ialﬁffgﬂm!tdé@tor alloy
rystalli ed siLlic
soueeBeyReispiihy Bolivb ki B TagaRfE P Usige Hgy . 0 To

optimiSy N SriadoaRAVRnfiedRittioy @l 0etsoatcehirfihaegidus @xpddd portions of
result of the selective renoval of deposited silicon

SIIICOan@h@ﬁMna |t equrgefdrain 1|e§10§% APl tP ¥ PEgramarnivizatiog implant
) g QeSO BERRA0 Sl bLe (RYSRLE T, SAMELABH 92, ot
energyr B@W@@n Iaﬁoﬁlte X@ tol eiﬁ: Klekfe Git andingdine r‘fﬂise detbaeni dboustitdderd 1E16

5n gs. . op t|n12f the formation of
atoms/g@it Ef‘éHH%é’ﬂ drnpée}nft%&/p%wr%@/fdwgl Hegatyi oAt SeUpydrn regions, now
compu%@cﬁ tdfo?@ g;housc"shlcgﬂn il ) H b@ﬁ%eﬁnz% td N800 Angstroms, This is
source n regions are exposed to a
schemﬂlce}lanﬂ‘rop\l'n Zat Fign G. nPhearimorgiris ghwedmiﬂealidiheo;ﬁivhization of a
f ?ure grforned usi ng silican or ggb
subscaypntiy forigied Sicaf g EepRinsBR issFA 6o
mocmhﬂglant dose between about 1E14 to |E16 atons/cm 2
results in inmplanted portions of well region 2 at

UL SO PSSPy e Sy o

51110011 S geﬂﬁ&lﬁmat(SCla(GleM is mexinddpnsikddgvia (&hetﬂh&l wpor gepsgion procedures

silicon wl imzation bsequen
such %&P&%Dsagailbf@ﬁ A B ﬁ% HinERR SRt 8@& %%@Mﬁ%ﬁs Lllé%k?s“tem (x),
of geﬁlﬁﬁ\ U sYi &l @ssﬁé'tw@&f‘%ut 10"t9980 WeBsht pLRYEN ahd ln(ﬁ‘e preferably
scheffatically in Fig. 7, again conprlse
betweeh tahent gérmmmmwght mtbciﬁomayegéﬂmmlumhsé$}d cc;n@n)scql of any
de 0 |ted i a chem cal. por, de

Stfﬂll‘b’,lg@l@ meg&ckxo%%vcugt\}w 1t§ ]IOH li%brgqfl HS éifilﬁoé‘étgd on amorphous
sﬂtcofi’%é’l\ﬁ% ﬁ@ﬂ%ﬁc ?Q@p?&c&@@o Angstrons. The content (X),

Hzeé{ v1éﬁase1 anneal

of germaniumin Sij-,CGe, is between about 10 to 100
V\’?llleg g%n@ %[EEEW lasdd ”ﬂnéﬁ? rﬁo&'dﬁfce H&thed ket t‘ﬁ@ Efﬂsta:kt’é}bftt[m@ % again
percent. ‘Layer a, can also

empl([},@ﬂpbl set lcajfcrahy a sid @mrmmomﬂumchgegah&ﬂ%,ntedmlﬁlﬂiwwugr silipon and

this iteratio sited on a
ey Gl Feeaned rﬁémﬂﬁ i he meRpe b%%]édﬁ%‘/s@hﬁ Eiffgueh liquid
phase E;B:Hx‘}afor}n%ﬁe e@RDR@lctd 5’1%:’3%:i 'é&?rcé?@éﬁlrs 1Q:§Q>nf Pf 4. h’?he extent of
iteration Is again énploye | ayer
formaamd opS searonginiteredloy egiuss digy 1¢mnssit1b; tsuietamgn@mm@ﬁw extent of

mektix?gggrih' elrﬂnfgl% gsr %rg}qﬁ?dzgg%ﬁet h?%uéé’ﬁl I onf}d%’ﬁ\fotng a}:’ICIi] %he[nc?leptﬁ of the
amorphous silicon, as a result of the presence of amorphous silicon as a component for
creation of the silicon - germanium source/drain region formation. The presence of the
amorphous silicon obtained via the PAI process improved the process window by about 250°
C, as a result that the melting temperature of the amorphous silicon is about 250° C lower
than that of crystalline silicon. The laser fluence is carefully controlled so that the

temperature is only sufficient to melt layer 11a, and amorphous layer 12, but not the




phase epitaxy form ng sem conductor all oy
source/drains region | I b. The extent of forination
of semi conductor alloy source/drain regions | | b, is
determ ned via the extent of nelting which in turn is
undexdijﬁhg mmsmﬂﬁlemiiictdmeaﬂ vade?. Hrenesdr fhmncdai gdanersesancimphmture between
anDrEhous silicon, ezglt 0

of . th t he
aboutp#&ﬂewc@ Gy PROUS Srpriabiic L hosg ion gt TEser encrgy
density §3dnAPNE] bERReS 'a{)étﬁcml 1o 987 JYRAI T %@&r&ﬁéﬂrc’{‘)‘nﬂltlom used for
regi on formation. e presence of the anorphous
formatiidti efmerobiaivned an:a, driydicPAl geroaEys: sonm'ec&irem regions 1 b, from
oce abo esul
faer i PG LS A OO SRS EHRGUTET 11 Lok P dyer 1o,
remafl ufrca @B I Thi§ RABhdrRically slfbh)fﬁh%% ignemnsichdt€Pportidhieof silicon -
| aser fluence is carefully controllTed so that the
germ@mnmelﬂmrulriea,uage agdiy selagth i;l Enoved uﬁrﬁlsmqttayeﬁn lexpmple of such a

solut@?lgg? gofcf%rlflsgfi lo?ﬁo\ﬁvee 30 ?%#z O?%/cﬁgl) ggﬁl ggrogﬂg? {:_\(y L\ W9via use of hot

or bABRERAtSSatan t@Npeitaiclicatiat Woen oramort. TheSR- dr?stéiﬁ@&i silicon -
C, to nelting tenperature of anprphous silicon.

germpRiy @y sOBIFSIAgHIN IR lthyp, phtatf@ﬁt‘ffebhaﬁeé@n%méénpizf@‘daﬂaysr il a, and
undesg %n%ﬁ%no]r]g% S -Enﬁolla‘?se no n&ﬁ@}f?c‘g@ﬂﬂ %g tﬂgsab%%gdseﬁe%ﬁve wet etch

sem conductor a Icon -
proc@@FTIAE i ef tlasdeticsiiva raregi adb$ dbpdshred %ﬂmmi lcatreanibmllayer 1 1a,
a, and the under]ying anorphous silicon again resulted
wsc@ﬁ“ﬁ“ﬁHﬁSB%WP‘%EQQP layer | | a, remining
un-reacted. This is schematically shown in Fig.
Uh-thisddtestiiqport fondnisntien fpesing ogdpimagiionns w@ﬁm}duwor alloy

sour cddlgm“?cezﬁgy?s is mg gé:shlly%l ndrﬁﬂgmgtgcﬁtllig 1ﬁu5§191 letng{olT F1’L}n10 - 12. An

epitakit vge@mthS@rdc@dlaa 1% ehm@lbga@‘emo mereeﬁvdﬁ glbﬂlogﬂ)lmaﬂfull\ll(& silicon -
use of hot or boiling water at a nper at ure at about
germopium GPSigRs 828, THe 8113?";9‘& é’lewei’édﬂléqultl%%)n to 98P naRBHFAms on

souic%%giﬁ%é(gﬁﬁbﬂl c{ﬁ(q{ & rﬁu% is 'scl%nla‘?l]kaﬁg& Qlan JY i Eaﬁ)e Altel nat;vcly fayer

anneal 1 ng app ayer
22a, amoilph duosiprisedof anysstr@t inklenny etbnokunt. i”ﬁg: ﬂtchzetmdaquaxml growth
sel ective wet etch procedure. The ,Qof the
procelar s PEier m%@é@na?igfaéep%%\rv?%ﬂ@u 1 L%Og T rani um
Ia er I I a, is schematically shown in FI% A
ihe game etigal Heigmned| mgoqeﬁu,r@r%ﬁ%ybeﬂ devithe ﬁ apd second iterations of

this 11{\8&'@{ 'tsggzmq fem?agog}'g& Lk Hlﬂaﬁ/gl f‘ia, %351 &t%!{)]%% IQBR'aHd L&%aﬂﬂ&n atoms

nex escr enat | ca ustrate
in meféQregibfls with2he ﬂBlteﬁﬁgtba%weairygnlﬁmnlg throogletqurie ph'&ﬁ, epltaxy forming

| oyed to sel ctlveJy ger man
semw@gq? aﬁﬁy ﬁ@gp% ipEsgiong 25%%%@6;@%@@@ H@il%ékmj seBisgpductor alloy
S0 ur&%‘ﬂh‘&‘%@&?ﬁfg 98 b b ORI QL mm\%? %a‘?ﬁ{]edé'ﬁbﬁ (ﬁ’ﬂi@l@ﬁ' Qfhich in turn is
regi on 9. I's Is”schemati ca own in £0,
deterninké bpaltd Medrynhay eondit@da, Thiams s:ﬂxsmahcaaﬂcycsl‘rpwn sefi goft 1.dryreacted

T N TR T T -
such PENVERRN ARG pPRed & HelPedn 30 to 32 % hydrogen peroxide (H,0-), or via use
of hot or boiling water at a temperature of about 90° C or more. The re-crystallized silicon -
germanium source/drain regions 22b, obtained via laser annealing applied to selectively grown
epitaxial layer 22a, and underlying portions of well region 2, is not removed during the above
selective wet etch procedure. The result of the selective removal of epitaxially grown silicon -

germanium layer 12a, is schematically shown in Fig. 12,
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The sane critical |aser anneal procedure described for
the first and second iterations of this invention is
agai n enployed to nelt |ayer 22a, redistributing
silicon and germaniumatons in nelted regions wth
themaebi od thegibons seeinyisdtal hilat sgurtddaiig Redidrguivitl allow the
phase epitaxy form ng sem conductor allo )
portior @ﬁls%vcamcfprria@%?ﬂsiomd batheoe e omicongicia Al sopree/drain
regmn W%f anﬁleﬂh ionSRWLH/ adéiﬁrx{édrégi ﬂznﬁl@@r doPnRERIV state,
ernmned via the“extent of Ichinturnis
allow1ﬁi§§rﬂfameﬂieaﬂtrtbgt mditﬂiltmdrenhmediM@W pedosiandhioshe rsalized.
schematically shown in Fig. 11. Un-reacted portions
Of orfilatib® @F metgEkiRMeUrdgl oYy €14, 223 sengicendietor cilioy edoyirce/drain
renoved in a solution. An exanple of _such a solution
regiong a4h WsH ascprqnsBEti v g%@tSWé@erBb i Gexadgy gt Yyetrhematically
FOXI 7 r Iyl ]
showngﬁ ai 1§eH£el‘r11 g&gsg silzg%eo%é% ﬁtt%t %%e%ﬂae&%rraﬁ%?% Vl?ﬁéelédtlr\}g v&)@?&e&ry
etch pfoedr @@ﬁ-&iai/ﬂl}z ddpasi sdue@rdraingegionni Jmrs ﬁebrtﬁe#rda‘(biinrportions of
regi ons 22 obt ai ned via | aser anneal i ng app

the SeRIA0BETI ol PSGREWRT CEBTTELF APCUPihY 808, SRR &y mﬁ%or

&dewﬂﬁ%ﬁb&gqoo& Y] L RELOR v?xa lﬁlﬁlal‘?@ﬁoﬂ SIRUSSE SuE | Kﬂ%g N slfl%nnel
abdve sel ective wet et’ch procedure. The result of

MOSEilsgot Pugpe ems\(&lr Tothapict 30 HTs) g bewmplahiation p{ocedure is

ermani um | ayer 12a,, i h tically shown in Fig.
pertordipd By s oo el A0S0 Revs e ATt afernrrgpn T al
sourcF@HNGELIHAR] 1 FeGiyangeM lalerdbibion tihgterRafdlu@n cBbalt, nickel or
sem conductor material |ocated between these

zircongmmiscopdsitsdonia ahysasal yepralspayiaemprocediironts, @ thivkneaodrseen

n e ion t.0 be in_a strai ned
avout (T oA G Es 8% et G ehRus ol Rt FREs iy
about a0@ tdegmﬁr@ . afdiMBEL e pes {0 bapeEtlicanflenhed pr@&edure, results in
Formati on of metal silicide regions 14, on
formagempivordudligne waioy I$olineioiagsien siligjfipriganiemadicideggobalt

s11101d8 Hglgcl %H VSi i?%]()qllﬂql% rsH'f“c&d’E& e01 rshc ﬁ_lgn%fﬁtduagdﬁiﬁo;/; X éd’%ntﬁ‘%m

[65:,1011% lak skeli o€ bﬁ @bthdi&;hye perieduie A Lielcactd yertiors obthe dreyal layer,
etch procedures. Heavily doped source/drain regions
pomonssles@rl@ oReRiulgter ﬁéwiwpﬁw brigd gp ST pleucdgrs domeisrigcsively
icmov%Hbstrate not covered or occupied by gate structure 7,

by i nsul ator sidewall spacers 10, or STl structures

N&’r‘:ﬂ@?@ anFg%nggif ltla rcl,en haaplﬂ f%m%gn@l ggcl{}l&\gf__gﬁﬂngjc%cc to,

the prbfﬁﬂbcﬁ&h@@dlﬁﬁnﬂﬁﬁé‘i@@ﬂIit(-lwﬂilsbe priefserced; tbseadkilesdan gye art that
bet ween about 10 to 40 KeV, an energy great enough to

varioug|chayges §blmendrdatals ragy %@aq&smtbsptﬁa%pwla& Aigtoalie Sayié pnd

Mmpc%y&nnﬁgaﬁgggsten titanium cobalt, nickel or

onifumis deposited via phyS|caI vapor deposition

procedures to a thickness between about 100 to 200
Angstronms. An anneal procedure perforned at a
tenperature between about 400 to 800" C, using a
conventional or rapid thermal anneal procedure,
results in




formation of netal silicide regions 14, (such as
tungsten silicide, titaniumsilicide, cobalt

silicide, nickel silicide, or zirconiumsilicide), on
t he sem conductor alloy source/drain regions as well

THEI&ﬁnQ@Tﬁﬂmdmgﬂhﬁﬁjg§te structure 7. Un-reacted portions
of the netal | ayer, portlons residing on insul ator

S| dewal| rﬁ%%ﬁe&s okl ng?l %Qﬂ %%lde%dh%&ﬁu@ﬁar 3ﬁel@l”e?fect transistor

selectlve renoved. I's 1nvention has
@ﬂ%@ﬁﬁ&dbwc@h@mem@ndm@msulbsiﬂatwfctahurg :esmmnﬁi ¢mmnel region,

the preferred enpodi nents thereof, it wll be

uﬁH@P%@%%@wB§?fﬂ se skilled in the art that various

changes,Jyif o4 %ﬂiﬁ@tl\?@é&% kt%ucE@X oR&n ‘ﬁﬁ&i@rlj}%é Babnsulator layer, a

departing fromthe spirit and scope of this

i nventi on. &)uTcHﬁh‘am\/@dkmsm regiAl NEPPHiSly atd.!aceAt ﬁmd howlugfive gate

form ng a netal tor field, ef

transi stor "t‘k‘i&% l%sé\ﬂm%‘es‘%ﬁ" A4 BEMH Y %hsdﬁ%stog Pald conductive gate

substrate fealduirk ni@rrﬁm?is@:hﬂ&ﬂldﬁ&@ﬁélﬁiy lhggi on,

conprising the steps o provi di ng a conductlve gate

struct ;ﬂéﬁolﬁﬂngiﬁh kel pyvcedirg el ﬁnﬂnrhsstﬂnﬁt:@fdub@y alloy source/drain

sour ce/ drai n extension regi on oppositely adjacent sald
conduct i ve ERRIQD Vig epRIEpIRHEN ohperoypred IPattinn ofisgehsapyce/drain

Spacers on §§tgl?s§0l91 egfo%l anQfF)zp&)lﬂg&hgt?m}qgttlﬁ)fttoﬁ{ n#;éfﬁ&'ﬂ b€said

form ng a sem conductor alloy Tayer; performng an

anneal proceghicenduetdratloy dysemithoniusttabiedadhhoyel ;cg,ion forming

source/drain region via consunption gf uncover

portion of ¥HiPB PEBINCE PRI COBRIAHTBH 48 i
consunpti ong &ﬁm?ﬁh&ﬁﬂhﬂ g&gajggnﬁgggn sem conduct or

al oy layer, sal d ralned chafinel region form ng

in tOp;é?QJ\HI}F?EhC% sxﬁﬁécptog%%fbﬂrbqg&[i%rg%gﬁﬁ&&t ”ﬁiogqgﬁ:ﬁ';eﬂld

bet ween conduct or source/drain re
r enovi ﬁgimﬂig:mnmmetdvd smmq&ﬂhmnmeglorﬁ nstaquost&ms@ﬁmidlct or
al l oy layer; ond ctive sfu ce/drain

farm ng
region in t8ﬁ“€%¥¥?@ﬁ@a@ﬁh§ﬁ ﬂ“mggﬁaﬁéﬁﬁ‘s gepalloy

directly un $ai.gl serniconductor all oy
source/dralgﬁpéy%%%“'go he method of claimt, further

codpri dhn gleﬁm&ltoé plagh [pfwthicdeangprasing nsap af wovidarahn inadior hard

over | ai d,conductive gate structure.
mas%(/ ovgrlysmg, r said conductive g,at(gstructure.

3. The method of claim 1, wherein the step of forming a conductive

source/drain comprises ion implantation.

4, The method of claim 1, further comprising a step of forming metal silicide

regions on said semiconductor alloy source/drain region.

5. The method of claim 1, wherein said semiconductor substrate can be bulk
silicon or silicon-on-insulator (SOI) and include surface orientation of <100>, 110>,
or <111>.

6. The method of claim 1, wherein said MOSFET device is a P channel
MOSFET device.



3. The method of claim1, wherein the step of form ng

a conductive source/drain conprises ion inplantation.

4. The method of claiml, further conprising a step of
form ng netal silicide regions on said sem conductor

ab.l oy shanreiodr@l dlaibed] oheren sdill MOBFAEDAieofceak ainrV Thannel
wherein said sem conductor substrate can be bul k
sMAHd Vi i con-on-insulator (SO) and incl ude

surface orientation of <1 00>, | I 0> or <11 1> 6.,

The melhotmetiod of glaim 1, wikiesaid sendycirartT stalire ds ¢anpgised of

P,chan 1 E vi.ce. The I L
AR PRRERN o, oy % Rl B ohsnaions
devicoe. 8. The nmethod of claim1l, wherein said

conductive gate structure is conprised of doped

POl ysi ThE MhetRsd TRt MinON, RRicRtin &alP¥ns@latdeh@ki mask shape is
conmpounds, or conbi nations thereof 9. The nethod of

ctampnistd ohksidcet diosidiednd sdighanidridhar d mask shape is
conprised of silicon dioxide and silicon nitride. 10.
The neThodnahodldi aeily Wheheram saidd insnbédrasidewsll dpaedrs are
spacers are..conprised of silicon. dioxide.or/an

RN <08 i GBI R P et SO ot

met hod_of claim1, wherein said sem conductor, alloy

| Alrer The mediofiof glgim 1, yheteihiaithserapgndueter allgyplaxer is a silicon
obt aj Vi mi depasi.tii .

o B R A o e PR B BP0 g Ghrcs
Th éhidkeiekhosttwtencibalm (D, tolOe0 elngstrdres.ser ni conduct or

all oy layer can consist of a strain inducing el enent

wit.ch ThReledRdelf ermntis wiieidin iR saindhudpedioydadd capiesist of a
than 2% than that of silicon, exanples of such el enent

i sl drdugdinalsmen pasdh inghedcalemsats(Tith anptompte spastipat more

of. clai ’ L0t h . c . ) .
R A I L ST
168 cabon (M e preferably 60 to 100, 14. The nethod of
claim1, wherein said anneal procedure is a |laser

apneal ThpheerdusRslaipel f GheReh e ReiRMPREAE W GeBRIMBEN said
about 1250 to 1415' C, in an nitrogen .
semiconductor alloy layer is between about 10 to 100, and more preferably 60 to [00.

14.  The method of claim I, wherein said anneal procedure is a laser anneal
procedure, performed at a temperature between about 1250 to 1415° C, in an nitrogen
ambient.

15, The method of claim |, wherein said semiconductor alloy source/drain region

is a silicon - germanium source/drain region.

16. The method of claim I, wherein said unconsumed portion of said
semiconductor alloy layer is removed using a solution, an example of such solution
can be comprised of between about 30 to 32 % hydrogen peroxide (H20,), or via use

of hot or boiling water of 90° C or more.

17. A method of forming a MOSFET device on a semiconductor substrate
wherein a silicon -germanium (81).4Ge,) source/drain region is employed to create a
strained channel region, comprising the steps of:

providing a conductive gate structure on an underlying gate insulator fayer, a

10




anbient. 15. The nethod of claim1, wherein said

sem conductor alloy source/drain region is a silicon

- germani um source/drain region. 16. The method of
claim1, wherein said unconsuned portion of said

sem conduct gyur@l/drey: dxaxeionirsgibe opatlelyiadjagera ssidlcohdwnive
an exanpl e of such solution can be conprised of .

bet ween abogite stugiyeamdinsiipoyderibirgsaraen pides ohwyd

or via use i.li.pg water of 90" C or nore.
17. A net ho(czfmg%lElt?f)er%’Een%%act VESFET device on a

sem cfomaiigs osilisabsget@t@umdagerei n a silicon -germani um
(Sil-x ,),sour%e/drain re ioE is quloyed tq,.create a .
st r ai PREEPTEOWMhfellaveB Rl PBIFSAYISI Yy 'PHR i pyligyn -germanium

provi di ng a &onduelih Y&idalEa Shiteith& AR RBoHRLLEYbA BT said
gate insulator layer, a 10 source/drain extension

r egi on opposiotiskidraj extentons eigtbnc emd et icossungdton of a bottom

structure, and.insul ator sidewall acers,on.si des of
Sa 6 condudiril GhsiShr LEPT R g 4 Gi{ (Feed channe
ger mani um | A¥¢Eibn .f&%{&q{wt%ﬁgo:@ioh@@eﬁd @élﬂﬁ:@hd&[&%@gwa@e located
to formsaid Silicon -germani um source/drain region

vi a consunpthetweasfsilinenumeovatien spuiceidomn tiiagi d

source/ drai n extensian regi on.and via_con [ f a

ot t oo 1oa gt p eSHioR b &al s BrfRpRYER A

sai d shfidned iehanneloped eghose/d@inmeesiom hoRoPodriiom aff said
said sem conductor substrate |ocated between silicon

- ger mani um sSBUEEpPEIUrstEgidsagly wsdyinggaidridlipgugegnanium
top portion &ﬁr%hﬁ&ﬁ? |5lgen-naniun1layer; and form ng

a heavily dopeé;sourc rain region in top portions of

said m copnductor . supstrate dir erlyi.ng said_ .
15 cone GERRRh Lo St cerenra; 1t SEPYT FEcdig® Pionc
maythed rafdegtcai m 17, wherein said MOSFET device is a P
channel MOSFET device. 19. The nethod of claim 17,

wher ei iy, s ) GhdOSFELiHeM . Gondrsin aRidNMVEBHTINE leviMOSERT N channel

devi ce.
MOSFET device.

20.  The method of claim 17, wherein said conductive gate structure is comprised
of doped polysilicon or metal or metal alloy or metal compound, or combination

thereof.

21. The method of claim 17, wherein an optional insulator hard mask shape
located on said conductive gate structure can be comprised of silicon oxide or/and

silicon nitride.

22.  The method of claim 17, wherein said insulator sidewall spacers are

comprised of silicon oxide and/or silicon nitride.

23.  The method of claim 17, wherein said silicon - germanium (Si;xGey), layer 1s
obtained via chemical vapor deposition procedures at a thickness between about 200

to 2000 Angstroms.

24. The method of claim 17, wherein said silicon - germanium layer is selectively

grown on exposed portions of said source/drain extension region to a thickness

11



20. The nmethod of claim 17, wherein said conductive
gate structure is conprised of doped polysilicon or
nmetal or netal alloy or nmetal conpound, or conbination
thereof. 21. The nethod of claim17, wherein an
opbét@val atious Dh@tcdO0badshmsk shape |ocated on said
conductive gate structure can be conprised of silicon

oxpsle Ohd aRehodiflcia@@n 7nivheicdethe 22micbhgudidt NRg 19fer ch@kdsist
17, wherein said insulator sidewall spacers are

coft Fledn inducaig ¢lementoxhigl inghees elenente wih mntatorais, spaging of
The JFBLR0 9%%{1?11 dh@eoqqs&z:f)n m%&gﬂnﬂlescglsgchsél%h&ﬁ ﬂlclthde%]genl?anlum

gernanlun1( tained via ¢
Vaey) ade padoh (Op procedures at a thickness between
about 200 to 2000 Angstronms. 24. The nethod of claim

1736 Wheh&ifetisll 6F Qhikd @@nwhcrllﬁrtﬁgméﬂgﬂﬂp@y@ht bﬁgermamum in said
sel ectively grown on exposed portions of

sositiee deesingniegt laperi is hetivegh abput d 0 4o 4 B9, RaA @ﬁerahlz_’ 60 to 100.
bet ween about 200 to 2000 Angstrons. 25. The nethod of
cl a7.m Tlig methedeif nlaithé 7 selndrciondidd aser amidabyropalyes is parformed
consist of a,strain in g enent whi ch ingcl udes
ol Bkttt bdiyodh ot ZELEPHE ST M PR BLE han
that of silicaon, an exanple of such elenent n? f F

Qﬂ Silicon

gerPraniThpinethed ot gagn é&r‘mﬁﬁelv eyid uweonsymed RtiABA
cl é‘géﬁéaﬁfm%{\h e?'xsnw%%eéf\@sﬁpta s%ﬁftﬁ)%man of 1Rk TRRLMM Itk ion

sai I CO ger mani um fayer 1's’ between about 10 to
106gn mncbrpprefed rodbbtyves0 about BO0e 327% Hhkleogretphodidsf (FeDai on

17, wher | aser gal procedure is perforned
at V’é‘%%ﬁg@?t&f?ff’gl%é’f%éﬁgﬂ %Lﬂf MY80 to 1415 C, in a
nitrogen anbient. 28. The nmethod of claim 17, wherein

saidf- ufcadindent forinsn B’?O%Fa% dgivice W¥ha Seﬂg@%lwaﬁpuﬁvbstlate

| a e t
2N SIS0 83l L B R Sy S
hydm@gedcbﬁﬁﬁkk@&n(dmﬂ@ﬁﬁhgﬂwm&mvoﬁ use of hot or

boiling water of 900 C or nore. 29. A net
f or mi ngra G0 680 AT R G B SR pdplatr hard

wherein a Siﬂaislggﬁléjeg@ll; HRAUNRMGRd zalBndulRRHT] ﬁ?érgraas!cﬁuce/dmm
region is enploye forma “strained channel fregion,

conpri si ng thensiepsgof oppositely adjacent said conductive gate structure,

and insulator sidewall spacers on sides of said optional insulator hard
mask shape and on sides of said conductive gate structure;

performing a pre-amorphization implantation (PAI) procedure forming
amorphous silicon from portions of said source/drain extension regions
oppositely adjacent said conductive gate structure not covered by said
insulator sidewall spacers;

forming a semiconductor alloy layer;

performing a laser anneal procedure to form said semiconductor alloy
source/drain region via consumption of an uncovered portion of
amorphous silicon source/drain extension region and via consumption
of a bottom portion of said semiconductor alloy layer, with said strained
channel region formed in top portion of said semiconductor substrate

located between semiconductor alloy source/drain region;
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provi ding a conductive gate structure and an optiona
overlying insulator hard mask shape on an underlying
gate insulator layer, a source/drain extension region
oppositely adjacent said conductive gate structure,
and iraaoiiag Oﬁc@isdﬁm&ltdp spacesSseanicsiddesr a)liO},slaj/ai and
optlonal |nsula or sk shape and, on g gs of

sat

sai d fewHag et yg%&pé §f>wﬁi/ ré‘"eglzﬁ’é‘rlflcﬁf’ﬁi‘%‘i‘@
pr o- anor phi szﬁ@élb&lfﬁucm? L guLatel dm:ct(lg? %aelﬁﬁrgb’cs%%c%l&g{dﬁb@g

anor phous silicon fromportions of sai'd source/drain

ext ensi on r gfpyorsrcediypiosegiet.y adjacent sai d conductive
gate structure not covered by said insulator sidewall
spaoer She hotiadgf alsan? € onbereinosaidIMOBFE@ydtvice is a P channel
performng a | aser anneal procedure to formsaid
senYi@shEldesiceal | oy  source/drain region via

consunption of an uncovered portion of _anmprphous

si 13ilc drheswathod/ efr gianm e30 evhsirain sesgMIASTERD d@me is an N channel

f a bottom portion of said sem conductor
a|ﬁ§§gF§§g@V“§ﬁth sai d strained channel regi on forned

ort f sa m.con r sub
oo duteses bl e oD aRGet b AP e U P TL P Al Ry is comprised
r eqjrap; ed]-;?oif/ﬁﬁ&\ﬁ' d]gnétﬁic&%éiﬁlrhﬂ@ytoﬁEmﬁﬁ(ﬁdddon of
sen1conductor alloy layer; and "fon-ning a heavily

do%%d’fﬁg Hle ?1%’(1%'?@ 280k efnrkaﬁlod' 109 Sinflf atSA mask shape

sem conductor substrate directl yl ng sa
sensC@ﬁﬂM@ﬂ@fsnmbhoyﬁs@damémﬂc@nmuwhglon 30. The
met hod of claim 29, wherein said MOSFET device is a P

chaganethe MISHFEST dleivi 8. widtein Thie inelhackiddvatl sphdar2@e comprised
wher ei n sai d MOSFET deV|ce is an N channel MOSFET
devifedicogoxidegadippsihisen B4 ai m 29, wherein sai d

o '3%' UCk v & A3l ¢ %%a'i Jlr‘lczt)uﬁ/ﬁcrlcﬁl sﬁf?irq?é 'a&%ﬁahﬂl%og 99@%111%%011 (PAI)

pol'ysil'icon or oy or  comnpou
Th eroetineds pérfrhet msg silivhe bepernsaiwh ok @naknerg g,y between

i nsul ator hard mask sh s.conprised f Si

oxidBeutditant k&Y |“E?)Fi 6‘%“1"%@ abg nPEl‘lr‘ileto ﬁd@”b#cnﬂ:l ai m

29, wherein said |nsulator S|demall spacers are

con%f)r i Hggmethod of claim 29, wherein said semiconductor alloy layer {e.g.
silicon - germanium (Si;Gey)), is obtained via chemical vapor deposition

procedures at a thickness between about 200 to 2000 Angstroms.

37. The method of claim 29, wherein the weight percent of germanium in said
silicon - germanium layer is between 10 to 100, and more preferably between about

60 to 100,

38. The method of claim 29, wherein the said semiconductor alloy layer can consist
of a strain inducing element which includes elements with an atomic spacing of more
than 2% than that of silicon, examples of such elements include germanium

(Ge) and carbon (C).

39. The method of claim 29, wherein said laser anneal procedure is performed

at a temperature between about 1250 to 1300° C, in a nitrogen ambient.
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of silicon oxide and/or silicon nitride. 35. The

nmet hod of claim 29, wherein said pre-anorphization

i npl antation (PAI) procedure is performed using

silicon or germaniumions, at an energy between 2

abadot TH: et KéVelamh 20,deserchetsaiie ninatroutmell fEldion ool said

E16 atons/cm 36. The nethod of clajm 29, wherein said, .
senffRiRBtREA Ry [aygT isagrapvedaspga Sght‘Panﬁ‘ ‘?"aﬁlé?fer?&ﬁ}‘%}ﬁ‘)lu“o“
(Sij- . . : o . Lo _
b b R o ) e Sy PR TR B B via
Angsst pDind or BFilinEverterett ROUYCafr nolrai m 29, wherein the

wei ght percent of germaniumin said silicon -

germani urn | ayer is between 10 to 100, and nore
preferably between about 60 to 100. 38. The net hod of
claim?29, wherein the said sem conductor alloy |ayer

can consist of a strain inducing el ement which

i ncludes elenments with an atomi c spacing of nore than

2% than that of silicon, exanples of such elenents

i ncl ude germanium (Ge) and carbon (C. 39. The nethod

of claim 29, wherein said |aser anneal procedure is
performed at a tenperature between about 1250 to

1300 C, in a nitrogen anbient. 13 40. The nethod of
claim 29, wherein said unconsuned portion of said

sem conductor alloy layer is renmoved using a solution,

an exanple of such solution can be conprised of

bet ween about 30 to 32 % hydrogen peroxide (H202), or

via use of hot or boiling water of 90' C or nore. 14
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