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FORMATION OF STRAINED Si CHANNEL AND Sii_xGex
SOURCE/DRAIN STRUCTURES USING LASER ANNEALING
BACKGROUND OF THE INVENTION (1) Field of the Invention 5 The
present invention relates to methods used to fabricate semiconductor
devices, and more specifically to a method of forming a strained silicon
CHEMMEIAGHIN GB STERNENER o¥i 4dfeSS NE i idOP-Perrar (M RGHEN Adiin
regions. (2) Description of Prior Art The performance of semiconductor
devices, specifiédiBUheibiRddde SHidendbR A FREALENG et transistor
(MOSFET) devices, has been enhanced via the use of a strained silicon
layer used to accommodate the device channel region. The strained
silicon layer allows the device channel region to experience increased
carrier mobility thug KcregRe e CEFPEHBITNATOS TIORE method of
forming a strained silicon layer is to grow the silicon layer on an underlying

(1) Fikgkesxedldaneesush as a silicon - germanium layer. The attainment of the
relaxed silicon 15 germanium layer can however present a layer

dBBFREBNVIAYF BB SRS ‘RHBTEIRth&sSar [RBIGHERSAY A rop ststecs:

and niOrd SPESERUANth: JHOMBIRYEbiiNGSHiaked SHeen layetod RYRIKE r#dfn via
enhanced device performance realized with the underlying relaxed layer

formagign pljoiaRsmbelicomprSHIERY By S PUSEHidigdv e akage due to the
propagated dislocations. A second method of forming a strained silicon
(2) Déayeptiothe frinrasion of source/drain regions comprised of a 20
semiconductor alloy layer such as a silicon - germanium layer. The silicon
ey parfocaiet chdtwercosdmuicodductoy, sikayisollceldidinxidgismsiiembwtor field
in.a strain llowing the enhanced device perfor ce to s
etect B N e TRy S T TSR siicon tyer
used tregionmordHowsvésvackahanreh iediproddssstamplexity vr dajingllowerthe device
channIEHIEE VRIS A5, WEIL ARt eAsE fBPTIEAIAN, AT AR EAMRIG ! Rerformance.
proceéss used to form silicon germanium source/drain regions is the
One nettihid@bfdaranchingtofisehridsoduetier nsategeiwiclowdiddylagfill ovithn underlying
relaxe%'iﬁgé‘r'sg‘éﬁ’g@%ﬁ‘ﬁclﬁ‘? %QPI}{%HH%?E%%%HS’lg&ﬂ%’l%&loéﬁ‘%}égrrerﬁ%'lf %Ricon -
the Semiconductor trenching or recessing procedure which increases
germamipoedsy aornplexity vengresst! THaypresemprined ntivh disllodegenih@/erein the same

dislocg?ﬁ)tltfkogaf? H%BRQA& %ng&%ﬂgéw gqg%iﬁ%éfgrlgﬁng strained silicon layer. Therefore
the enhanced device performance realized with the underlying relaxed layer can however be
compromised by possible device leakage due to the propagated dislocations. A second method
of forming a strained silicon layer is the formation of source/drain regions comprised of a
semiconductor alloy layer such as a silicon - germanium layer. The silicon region located
between semiconductor alloy source/drain 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 trenching 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
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which a strained silicon channel region is formed between semiconductor
alloy source/drain regions however without the complexity of recessing
semiconductor material followed by refilling with the semiconductor alloy
material. Prior art such as Murthy et al in U.S. Pat. No. 6,621,131 B2,
whichFitzearad Kilden- dakndiorBidr4s0RBnR, Brokiseat @hiflcbhdudtait alldy Source/drain
_ 6,717,216 BIl, Yamazaki in U.S. Pat. No. 6,770,546 B2, Puchner et al in
regiony kosaeNg it el SBPIGHE vilo etear e BuRIAIFS IS Alaleaiph followed by
refilliflesatiPal Ratheda Ridermignasiraingdicsi icomiayar MuaGSANMesals apat. No.

device channel region, however none of the abave prior art describe the

6.621 iR protesg ddgiierite of e Prestrrtf@RtiBr il NRitITa Ltrkinkd- Pat- No.

6,717glli6OBIEYiRNaistorTed BeweeNseRicwshEBr ARy seuree/srain U.S. Pat. No.
ians, wherein the semiconductor alloy 10 source/drain regions are

6,544 4Bl 1S YR G a0 BISaSLa Al s b HbRE RES Shsraning a strained

silicofEla9Ss tdtasesnicanthictodsateinhioltowadday refiingr Wishdhe the above prior art
semiconductor alloy material. SUMMARY OF THE INVENTION It is an

descriB RIE BN HISRERAE BTN 165 A SRS RiE0In dB Bt kP ey silicon region

is forrab@mBel cepgioniaaatecdn Alsirasieckallisan deowy) wikiléiis BBebgcORjactor alloy
of this invention to.employ semiconducto%?lloy source/drain regions to

sourcelfEiprErRAtb ATB 8 B A S 8ifoRPHIBIAT B Eth i QshilBh dlogtopot require
recessall@ yestde@idraimagiRn Sollos &lith pratharcoljactief dhisi tovention ANJehinterial.
the semiconductor alloy source/drain regions via deposition of a
semiconductor or a semiconductor alloy layer followed by 20 laser
annealing, with or without a pre-amorphization implant procedure

performed to a sourcg{vaiPARY AFOT BISERNAORGYOIQr substrate prior to
the deposition of a semiconductor or semiconductor alloy layer. It is still

YRUQARIBE LRI ml%ﬂi‘i\b%”tt&ofbltﬁlerM@SmiEIQUQHCJQﬁq?UBXd with a channel

_source/drain region via selective growth of a semiconductor layer on an
region ogaiditya stapetcdigraifegi@Bnsion region followed by a laser annealing
procedure. In accordance with the present invention methods have been
déieieEtrtotisthod tRisdiNEAtRdOF RIS FoR s SpEAH s sRusce/drain regions

to alleWRRMhaRBHCORALCIF.ANOY SOHECH drddiofedianmahaieindificonductor alloy
semiconductor alloy source/drain regions are formed using a laser anneal

sourcdiady iF8iRirst iteration of this invention features the formation of gate
P a0 Rermpraed it iteal PSS R A R ST i
regions via deposition of a semiconductor or a semiconductor alloy layer followed by
laser annealing, with or without a pre-amorphization implant procedure performed to a
source/drain region of a semiconductor substrate prior to the deposition of a semiconductor

or semiconductor alloy layer.

It is still yet another object of this invention to form a semiconductor alloy
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 semiconductor, or of a
semiconductor alloy layer, a laser anneal procedure is performed to
redistribute a semiconductor alloy component of the semiconductor alloy
layer, and silicon from the source/drain regions, forming the

extensiBMNELIAY CIO @ @pSaHIFEHTRIR IRginRRcRR|eE e emaveh @l MBraasadyer, a
portions of the 5 semiconductor alloy layer follows. A second iteration of

laser gRpeRhREAtRSH FE AtuPEL A i LarfishisHiPAtoR MBISPRANER pIBR¥ Sgraponent of the

semicBid{RiBIedIoythR RaUrasdrain6R0IRBMPHY tosiRRASIHRN Bfdons, forming the
semiconductor alloy layer. Laser annealing is again used to form the

: . he
semicoudictIRILeer Sy YOtRERIGRRT Fe gRIRTHDIR FHR YA (oMo EEaSIREgprtions of the

semicSAICRIErailbredinRs, fellewed Ry seropyalietinicagtediportionsioh thatures a
semiconductor alloy layer. A third iteration 10 of this invention features

pre-ar R H U HRIAP AP PR BB RIEATRIE r QR I 898 FSHERR JRgisgimyior ©
deposRiH cefdiaiRieginasJ@HOWRS b jbe IRsssrannealipoGediagail fesmingn the
. a semiconductor alloy source/drain re(gHion. Un-reacted portions of the

semicgadhipiah it ioior AW It FEAda RS Ag AR SUMRHRRIL SR Sgipin regions

follovaUbgelaisinregianseare:speeths|yramovet BRIEGRESARIE TION QFteration
.THE DRAWINGS 15 The object a,nfl other adyantages of this ina\ﬂ/i:nti n
of this IDYRUCR RIS f5HTE Y BrEfdfed erhbsRmEA: WiH FRErsHedotheryer on an

underBli€heddeaning sdhiahin ey dddsy the I3sevhiahachatmwaioadlyajiin forming a
. cross-sectjonal st I? describe k%f fabrication stagef ﬁeatured in the 1
semicpnheiRgA! Yé%‘éﬁ%ﬁéﬁﬁﬁ’d&%?&n ) EBRTeERpE TR gIIRC SR AR Riogg oy Tayer
residiggadterigisiainad siicadchanisl yegietefdranME SnE Ireleslieriletaiechoved.
between the 20 semiconductor alloy source/drain region. The figures are
for illustrative purposes only, and the source/drain extensions may under
lap the gate though it might be shown otherwise in Figs. 1 - 13.
DESCRIPTION OF THE PREFERRED EMBODIMENT Processes used to

form semicond BROERBIDESKORIPEIDR OETIADRANWNISH-ET device 25
wherein the semiconductor alloy source/drain regions are formed featuring

|F3Rr ajpeating, @ner wheitipdhersemicanduatar allohsaudes/dmain in the
regions are used to create a strained silicon region in a.top portion a
prefe %%‘?I@(Eﬁgr%?&t %[gﬁ?f‘?éeﬂﬁ’é?éféﬁl%é%%‘ﬁgfé‘% éBPHﬂSTBa%Hoy
é%rsce(qr"i‘%‘ e ”%@‘%‘lh&?&’!ﬂ 3P descbed I ol 198 i 28 3508 ation
theeSteps employed
stages featured in the formation of a semiconductor alloy source/drain region, used in turn to
create a strained silicon channel region for a MOSFET device located between the
semiconductor alloy source/drain region. The figures are for illustrative purposes only, and

the source/drain extensions may under lap the gate though it might be shown otherwise in

Figs. 1 - 13.

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
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for MOSFET fabrication prior to initiating the semiconductor alloy
source/drain process sequence. Semiconductor substrate 1, comprised of
P type single crystalline silicon with a <100>, <110> or <| | I>
crystallographic orientation is used. The semiconductor substrate can

for MOSHEE FHGUAG AN prBsUGIRTi (RGN aBVRIn BRIV NSy ISelFioRERT rocess

structures or other 5 isolation structures 3, are next formed via defining a

SCQUEREE IT B UL AR TBBF IS shes&ipr eSSl PhHIOHS of Selfriaiiddicasrsilicon with a
<100SUbBtRIQ A< liningciyesides.phib e riialavn rene shap semito idesinalbbstrate can

) rown silicon dioxide layer 4, then filling the shallow trench shapes with
includg, Siligelt - R e MU IR S G 1Lr §Bfﬁ¥°éivs%ﬂ%iéawl%é§méﬁﬁ§ﬂgas or other

isolatioh Germaide Vel regigordheanvitl dypainel traiandf atReeRppRJIME Sitpd in top
. device is desired, or a P type well region if an N 10 channel MOSFET

POTtioRE S FEHEELIE B Rifmbd RPN Ut Lemieititidisreh shape with

therm8UpPSrake dilibeivRexi&Tbiegipnach MidnNHBHANtRIGRAMBARSANNY insulator
rocedures. The result of these procedures is schematically. shown in Fig.

layer 5%&@%&@&&%3&}@ 85 cpReaY BrslidsRostsdad et detdlsdd caton 2. an

N typtheenatuidatiop phesed WeSIPRItaskbe ss destivacor Ao wpkOwel bR gion if an N
nd more preferably 15 between about 10 to. 20 Angstroms.

ngstroms
Chann%ﬁgﬁ%ﬁ%ﬁ R DSHEiE RiAtARERS (OR PR SRS bstrate
1, bet(bAION] vdicihhavei a idig hapdietetiiasonsiaatitde riiejieesnpaceddelt of these
ilicon oxjde may be used to form the insulating layer. A conductive layer
PTOCCQYIER 1%1%‘:56&%3658@0 MR el a metal silicide or a metal layer is next

feposted ia low pressure shemigal vaoor depogition (LECYDL OOV, herma
plasma’enhanced chémicalvapor 20 deposition procedures, to
oxidatothiokredsrbetwaeahieakast bo00ctm 2000t AQgstionis ghaltouse dridy ranetpesferably
b ogtiqtg\al L%:YD PECVD rocg]dure us dfchr. eposition of an overl ings
etwec (t)ut 0] An%sfro S. .Alte natlvglI 190~ 1€ %Cglc I{latel‘l S, Such as
Isulator layer such as<silicon dioxide overk/ing Silicon nitride, at a
hafnithichkmessubetvwatn @bt 0L00vto 20BArgstrbipsePdattdithrograpiitandk value)

selg tive, dry etch procedures %rg ?ext ed to, form,condyctive %a e
compare ‘f[o Slh‘f n 0x1de€ ma used 10 form the mSEilatmlgI l%er.;ﬁ& cong ve layer such
structure 7, on gate insulator layer 6, with 'hard instfator shape 3,

as a dopedymjysdidnctayergaterstialctiieide Rermovelabfltyephotergsikipshiape via low
Pres s B R Lt Ik oo b DS, Spis vapor
depos{BdF)RIgEIonenoafdiiesvet clehichnesedoreqamaving fiitions200Qdagstroms,
oo G S TN TOE gt n v
insulaprobedurestimpoertions dbwidk regidyizs Ridic80 tiudeedthytthekoesrdomtivasn about
100 19398 SHUSHES. PhAS AN MPR SELHSYIER 2R BRlRticAleTe next used to
form conductive gate structure 7, on gate insulator layer 6, with hard insulator shape 8,
overlying conductive gate structure 7. Removal of the photoresist shape used for definition of
the above structure is accomplished via plasma oxygen ashing and final wet clean procedures
with a buffered hydrofluoric (BHF) component of the wet clean procedure removing portions
of gate insulator layer 6, not covered by the conductive gate structure. Source/drain extension
region 9, is next formed via ion implantation procedures in portions of well region 2, not
covered by the conductive 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, 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 4 implantation

implRIRERSH oMo BIdANRN SRAGEESI L) RIE Newt tarmedk ondha&ides (Bt sides
conductive gate structure 7, and on the sides of hard insulator shape 8,

of congyqiSRAfoHITYFEe ihand R a5 eidssaf Bardiinswpistakepr Sntiasieepsition of an

insul IR @t tRigkRARDRRIEE B ARAUETREN 19i 8RR ANYBHIORIRs 2 BE QIS about 100
08 (greferably between about 600 to 800 Angstroms, via PECVD or 5 LPCV
(0]

O RIS I IR tRychesabe AoE SRS BRI EUHOetER prsstame: LiREGVD or

LPC VDI pastb@rdIioh iR Uy) Peoeedueanisinenpic 467 i reduaelaetivl a reactive
etchant. The result of the above ﬁﬁ: ocedures is schematically shown in
¢]

ion etghy(RIFA pratqHRIsrisHS tis MvVehioriteb sty thelstRiat R Bisylt of the above

proce &Y GO BEHicHari 2oy sROWCR{Gaipregion is next described and
schematically illustrated using Figs. 3 - 5. Layer 11 10 a, comprised of

efthiersg éssraioiuof ahisiliaoentige rragaiding (Gie_foax)ids bext depositéacwa alloy
emical vapor de smon ocedures su LPCVD, to a |ck

soureq B RS 3 SR A TS oS HREHEDLR B dhha myer 11

a, conﬁimsdae)f lathetvgeeneamut&OsthchiO g%etghlﬁlpﬁ’f(lélﬂlt Gag nmonexpraéépraihd via
fween about.60 to 100 wei htp rcegri) ril n al%o be

chem G RE A SRy AR HE P ey B angut 200
to zomﬁezalmtﬂﬁrﬂlffﬁremoatelﬁmm}edﬂwmﬁ%mmrﬁl@ Sivg rsohepafenl abidlat 10 to 100

licon. ThIS is schemati shown | 93 itical aser ann
e R T SO0t R e 10 1 M SR g <o
also bz @inipei selodedoyaitraimgiodunoigc eleateat bR cotdinciivigate dtnmettreyd mean a

dlfferégge;St ébuuneq %I“C 517 nd eﬁlrp g g&%rﬁn c%tr%ré]alsr m o {!l dlre(gIO%WIIS scﬁematlcally

te reglons re- crys allizing throug qU| ase epltaxy form|

showmsentigprdductor alloy source/drain regions 1lb. The extent of formatlon of
semiconductor alloy source/drain regions 1lb, is determined via the extent

oh raettiad) mdeichnire tprésaderermimed &yphey tasermeltdatecdhditionk pdiftiens of
well }S‘g*‘% apneal is.p 65? o%ﬁ%’ It S09I6 Q" JviLele § éa%%ﬁ”t%f NS "sQHIcgﬁre 7,

laser energy en5|ty uen e generating a temperature a ut 141
redlstlti’m@ltmeltmlgcgﬁ mﬂp@m@mm crimrallime witiceh [Tiernasertvabelongtedigegions

re- cryQtrag ﬁl’ ?lglyﬂgg[}’gﬁl tgh]a‘?g %?Jout g Lt gj?éﬁn&]ﬁih%?&r gﬂggfggource/dram

density Ts cont een a
regions 11b. The extent of formatlon of semiconductor alloy source/drain regions 11b, is

determined via the extent of melting which in turn is determined by the laser anneal
conditions. The laser anneal is performed with single or multiple irradiation of laser light at a
laser energy density of fluence generating a temperature about 1415° C, the melting
temperature of crystalline silicon. The laser wavelength is preferably between about 157 to

308 nanometers. The laser energy density is controlled between about 0.1 to 1.5 J/em?.

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
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The laser anneal conditions used for formation of semiconductor alloy, or
silicon - germanium source/drain regions 1lb, resulted in a top portion of
layer 1la, remaining un-reacted. This is schematically shown in Fig. 4.
Un-reacted portions of silicon - germanium 30 layer 11 a, are selectively

remov@QNIRYRY thaboliiQNe AR EXIMIAE pPlovieala JHtimEN e seRIMPFISREhoval of
of between 30 to 32 % hydrogen peroxide (H202), or via use of hot or

deposygitifNarerHP IR EIR Kb, FiesderatanlEdaneb R Fderhanium
ource/drain region. 11 b, is not 5 removed durjng the above selective wet
‘gté‘FFB’chlé‘Eﬁ?rFQ“T#btPé%dﬂVSP{Wél s%?é‘éﬂ%}% FB%&I&?%?“&@&%&S@%‘& jictor alloy
sourcjeérmanipidvtayendlt aldscaoberaatcalheshavnlin figtbudl seaapdriigraton 9. To
. of thjs invention featuring the, formation of a semiconductor allo .
OP“méZc?uFeE%/%‘)rHﬁ?Pé)& R R el %%d%%ﬁ%@%?ﬂi‘&a‘iﬁg’iﬂﬂ%tFéé‘%f‘if’siH&mons of
silicofrigswell Rgioh D, apfisoine dhiedarregiion afesepisedductpialmorphization implant
source/drain regions exposed portions. of silicon.in well region 2, the
(PM) 8 EdHT i o O 0 8 LB DI 5 pHet B3 B oRET MBI oy 12 2t an
energproeeaisie.abbet AN profekk® parfanmeachLisindsibcbarwegeabamniuiRidan® 1E16
%2,@.’[ an energy between abaut 10;0 S%Kev, atanim Iant;j se .
atomfiaiie B0 1ETR IS TR S NS PSS i Ao RS RS EcgH no
compiiset refiamarpheourdédiaintregidsshnbervldcopoprised SO@rarghauss. This is
h silic ata@de th betwe 0 to 150 Angstioms. Tmsilj schematlcall% ¢
schen Sy SBATS BE SRt IRBAN SN batHiALSH GPamiZddn of a
subsegudisbatenttyl fatined sijtoomaigar maniidsou regidriaim e gtaihitodoeia laser anneal

rOce(?_ue%lized via laser anneal procedures. Layer 11 a, shown schematically in
P |g.S7, again comprised of either germanium or 15 silicon - germanium

(Sii. xGex).is next depasited via chemical yapar depaosition procedures .
SER 35 LPCUBT gt 100 TR SabaMEas B 200 o 2000 £ hanium or
silicoAngstrorusulth&Scorient igiexdf dpposigariu inh8inixG expsbétpeeimnalpatedures
such %soﬂﬁé%,vggaqms&%%q&&@ %&Wé@ﬁiﬁ&%[%@t d%‘?!@ 200589 A0%ent (x),

weight pefcéent. Layer I la, can also be comprised of any train inducing
of geateamiami. iH dvieiés.ims thigviteraibnuayertd 1408 depgsitsdacntammdrpiroaprefrably
betwSiCOP, IERY fb%'k&@%ﬁﬁ#@ﬁ&&%‘?‘Lﬂ%@?l%?"@gncﬁﬁ's%a‘b' SC%H%@HF@& of any

procedure described for the first iteration Is again employed to melt layer
strainl irelandh prelsmonphitedeaagion tds ieistoibUtye dilieon depbsifedranamerphous
silico?t,qj%ﬁlitrihg‘ﬁ](gﬁgtﬁ%%ﬁsp%iég {he melted regions re-crystallizing through

iqui

The same critical laser anneal procedure described for the first iteration is again

employed to melt layer 11 a and preamorphized region 12, redistributing silicon and
germanium atoms in melted regions with the melted regions re-crystallizing through liquid
phase epitaxy forming semiconductor alloy source/drains region 11 b. The extent of
formation of semiconductor alloy source/drain regions 11b, is determined via the extent of
melting which in turn is determined by the laser anneal conditions and the depth 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
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phase epitaxy forming semiconductor alloy source/drains region 11 b. The
extent of 25 formation of semiconductor alloy source/drain regions 1lb, is
determined via the extent of melting which in turn is determined by the
laser anneal conditions and the depth of the amorphous silicon, as a

undefB$Hit @ LRAIRIESANGR Of AVOrRhPHS 1alEaT88ce SBRANENtIRIpGERAORtween
of the S|I|con germanium source/drain region formation, The presence of

about el i rhftY EnhEbH‘SB{a&w&‘dI\ﬂ%ﬁHJéq:%ﬁ RIS YMPIR AR tHe Jrseesaeray
densityinslRvnay RRPYERRR BAKeuRd & I8SLK that thadneléng.fapapmdieoat thed for

amorphous silicon is about 250 C lower than that of crystalllne silicon,

formatiam Q& 8¢ B L UL ANHY Lo Blle P EEHANRE TRy Fsg%hllylb from
layerSufficieiat de melerayas Maophddsniedicasiayeiuliddibnep tietibn of layer 11a,

underlying crystalline silicon of well 2. The laser fluence generates a

rematpipe psFEREHEhEsH SHETASENYNORR0 i fnditirgacRbReEHaRs of silicon -

germ@M@iPheus siligoRreTRlRseleenesyy rdoeiy is saolRled Aateesnpabebtuch a
0.1to 1.5Jim". Th Ia er anneal conditions used for formatlon of

solutQN GRS REY T SRR Y fernaniirQesiosrarisls FEglsnn Vi use of hot

or bdiRA wﬁﬁerallaacﬁwélﬁteramemﬁﬁg @oPOrphays:siliTes a@atfysnaﬁmaﬁ diticon -
a top portion flayer | la, is sche atl

ning yn-reacted. Thi
germ@%\%ﬁfﬂ‘r‘fﬁ Bupjegions bl %I&IBFBH}P platasT & SAitRRlS é? %{ lrg and
undeﬂgialigl &ﬂi@ﬁ}ﬂﬂ@ﬂm reimexediin AosotuiiiveAndaxampliesohboeh gelsollitionvet etch

com f between 30 to 32 % ydro eroxide (H202

proceiioL ROt o SO SHATE AT AR ra e SST oG BHANE g 112
is scliencystalizac siticarFig0germanium source/drain regions 11 b, obtained

via laser annealing applied to layer 11 a, and underlying amorphous

sHiciidisiteodtiesm of/ehli d unven tiva a’oouﬁi@lemtiﬁmmmcmtatf prodechdctor alloy

result.of the sel ive re Iofd I|c erma umI ye
R e g R LT AR Y G Tkt 0712, An
epitatddugiogvdn foocwbion of senpﬂccqndumosezlélmyvelﬁ spuvceddraimiegioos islicon -
germgﬁxt described %d s[chem[gtl%al ly, |Ilgs%rated ugln #8 10 Q(?()OMAn troms on
|lt1aX|aF6rowt rbcedure Is’emp 3‘] {6 Sefective y grow germani
sourcsmiranm exfensian mmgme@o?is%esptwmahmbeﬂmbemeﬁug a]lﬁbmlmﬁwmvely layer
22, ZPRAESUOMS AN SRS daln Sigosieniaaian BTk ehamaleElo
shown in E IEB iﬁflernafj veiy ayer agcan e comprlse

procestlue@risim:dtfungedlemenmﬁwwelbetweeemb@maj@}wm%zo procedure |s

performed at a temperature between about 500 to 700C.
The same critical laser anneal procedure described for the first and second iterations of

SOLII'CI

this invention is again employed to melt layer 22a, redistributing silicon and germanium atoms
in melted regions with the melted regions re-crystallizing through liquid phase epitaxy forming
semiconductor alloy source/drain regions 22b. The extent of formation of semiconductor alloy
source/drain region 22b, is again determined via the extent of melting which in turn is
determined by the laser anneal conditions. This is schematically shown in Fig. 11. Un-reacted
portions of silicon - germanium layer 22a, are selectively removed in a solution. An example of
such a solution can be comprised of between 30 to 32 % hydrogen peroxide (H,07), 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 same critical laser anneal procedure described for the first and
second iterations of this invention is again employed to melt layer 22a,
redistributing silicon and germanium atoms in melted regions with the
melted regions re-crystallizing through liquid phase epitaxy forming

SERIERAAHCHIT ARONRAMIGBITRINTRAINS RDs direcrKiant REIBANAHIN Aow the

semiconductor alloy 25 source/drain region 22b, is again determined via

portiogh QlesgRit GHIRIMEHHIEh IRcRiFd RetEhilifsaspiirnfiseapigpource/drain
regiorROREH NS FETScisaS6BEraiaatly shaynsinafied 1diteneasciast RRAeRSiOk state,

silicon - germanijum layer 22a, are selectively removed in a solution. An

allowigg chbancs SRR LIRR RO R SRS DKo petfosmianss {8 Borgplized.
hydrogen peroxide (H207), or via use of hot or poiling water at a .
teff?ﬁé?% eoff%@nﬁtséécg%rr?ﬁb‘%‘é? The PE-SRBI 1gfji @Ry sppurce/drain
regiorgessnasiliay sauscrdiaines egionsrectbrobldineek viadthserednirblicig apfnlisdy
to selecti own epitaxjal.layer 22a, and underlying.portions of well
show i 3 e TR e o S L B S B pe
etch pihedesislt HEihd salgeilveoteteairal ofapiaxitllyagrawit Shieaed-in portions of
h g(](lermacgium I%er 12a, is schemgticallg sh%\gréin Fig. 12. 7 Forzngtio.n 0
the s OO RSB AR RN ST S ol SRR Y 8RS WHHSHESR, th&Y d8tid#or
sidewoll spatiaenidy ciol Tatrtiethies ted Hanpemmthesef ¢ mipenciucttorallayhannel
rce/dgain regions, t OSFET |.region, to be in.a strained, .
MO e oL BRIy o R AR L R is
perforanetl enhanaeddyl 6Svedn pddothancd doked/realized ¢ Fermaiarpbitondtaly
silicide region .on,semiconductor alloy source/drain .regio s well
soure A L e o B e i Rl or
zircorstniowis dipergtelidvibl phy sivabk ghapke @ ssifinspselattive o re thaked ssiketween

i t or dry etch procedures. Heavily. doped source/drain regions
sbout g R R o R L U SIS Do
about eédVered (8 dccupredayogatatsinattoreapi dthimsulbiondd pidewvdhltespaodrs in
0, or.ST| stryctures 3, viaimplantation of N type igns (for.N channgel
o B B A P SR R o
silicidprogekhiralisigre rformednrtansdivédgy bethiesaratvoutid@do A Kedjraeydrain
regioqesnaesr%lgr%%tnego%%%gtfee%g%gvst%ggﬁ(%)g/ - rg%'{%ﬁs 5 10'%'9%E¥h§ m&%é}llaa/er,
ayer such as tungsten, titanium, cobalt, nickel or zirconium is deposite
portiourarghysigainviapoatdepakitiall ppacadufbsiid anthitkressties/deere $8 ativaty
remOvle(ao to 200 Angstroms. An anneal procedure performed at a temperature
between about 400 to 800 C, using a conventional or rapid thermal

aRPEAL BIRGRIU o FSRNIRA particularly shown and described with reference to,

the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of this invention.
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formation of metal silicide regions 14, (such as tungsten silicide, titanium
silicide, cobalt silicide, nickel silicide, or zirconium silicide), on the
semiconductor alloy source/drain regions as well as on conductive gate
structure 7. Un-reacted portions of the metal layer, 20 portions residing on

THE IReHiig sidevyaligpasers 10, and on STI structures 3, are selectively

removed. While this invention has been particularly shown and described
with refefenteigd e Rigiaired eRbedmaptsdhecsMiull¥yiliRE effect transistor

understood tl;éthose skilled In the art that various changes in form and .
d EMEPS D) s Headrn \difisaiic oRpision § Pt EcapiFin s tomnsdapmptel region,

tk@g&wggﬁj&w&lﬁ:\IVENTION CLAIMED IS: 1. A method of forming a
metal oxide semiconductor field effect transistor (MOSFET) device on a

semiconPRAVISH LB SRALE T uRUENR) SHLEFBIR SN aRARATaRsotRIcIRbHSIHgYer: @

the steps of: 5 gravidinghm CRRINESY BgRIF SHNRIUR QnjalHndsindigatSe gate
insulator layer, a source/drain extension region oppositely adjacent said
conductive gats86Ee AR ddRtH At saleraar SRt Edebaf spid sgrdigidve gate

conductive gatg il IAHPINGcmRIMIRRFUTISY ARy layer;
performing an anneal procedure to form a semiconductor alloy
source/dpaiforifiregioamieatprisiechption Girunecveredploxtion abfogasdurce/drain

source/drain extension region and viafconsumgctiion f bottom portion gf .
. . reémn Yja Consumption o .1(1111c vered portion of said soyrce/drain
said semiconductor alloy layer, with said strained’ channel region forming

in top portion ofs&itksemécondandor sebstatp tocaté ddsetmweention of said

semiconductor aligy. SoUrceIdrain g&‘%%ﬁ% r%{t‘c?%}’rie%%e%"c%’a%s‘él"gdié%%rming
portion of said Semiconductor a%yal yer, and orming a conduc Ve
source/drain regidoppeopoparfiond sfnsmichmneluctostsub icateddtvtbgn

underlying saidsg%qwcigg@&lgg}%ilglIos%u§oegcrl<tz%ﬁj;girilornegion. 2. The method
of claim 1, further comprising a s¥ep of providing’an insulator hard 20

mask OV%’MH@%%EHH&QQ&%@HWE%QQ“%%% semiconductor alloy layer; and

forming a conductive source/drain region in top portions of said
conductor substrate directly underlying said semiconductor alloy
source/drain region.
2. The method of claim 1, further comprising a step of providing an insulator hard

mask overlying said conductive gate structure.

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.
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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. 25 5. The method of claim 1, wherein said
segmicongiyetaieatib i@ fan RalhelicisiisRNMOSHEaN RIS PN IR4hnel
and include surface orientation of <100>, 110>, or <111>. 6. The method
oMLFARHEL ddrein said MOSFET device is a P channel MOSFET device.

3097. T%%%etggg %f laim 1, wherein said MOSFET device is an N )
chiannel THIOBER QL \itg! ’%eﬁ?@tﬁ SPUNTHVE Sferliir it fyts comprised of
caagectivel galie sireetuietis comprisednfy dapatkaolysiiponismetat@hbinations
tal alloy or metal compounds, or combinations 5 thereof. 9. The

8% of claim 2, wherein said insulator hard mask shape is comprised
ol siiconghoxide, and glicen niyide, 10, The methad ot claim L uherein.
said insulator smhewa spacers-are comprised OFSificon dioxide dranar
siticopmstride, oh cominadio asdthdraof nitdidd . The method of claim 1,
wherein said semiconductor alloy layer is a silicon - germanium
(9. xGekhelapethoidtaihedaiim chemizakuapardiepodiion prdoedlirepaatra are

tlrji%@%%&e@ﬁ’%ﬁ@o%b&%&%%oo}gﬁég ] &%%ﬁ?&'e‘,soxl&.{ﬁ%a%ﬁrs‘?9%9Jo‘f!aim

rein the semiconductor y layer can consist of a strain inducing

element Whieh NGIHOE SIGMeNEsHWIL R0 A QWIS SRARYY ASPUGertR Nfcon

2% than that of silicon, examples of such element include germanium

(Geyramdiearbdin-(E&) 1ByTHRbimetsod ofhdalipal y opee dsipotidoneigiaedures at

ParRALREOBERAVm I SAE ﬁ%@%ﬂg&}%ﬁ!‘w layer is between about
10 to 100, and more preferably 60 to 100. 14. The method of claim 1,

wherein 0, aNAReRLPLALRH YT SViReRIASBE 33RRAnductor alloy layer can consist of a

strain inducing element which include elements with an atomic spacing of more

mt
m

than 2% than that of silicon, examples of such element include germanium (Ge)

and carbon (C).

13. The method of claim 1, wherein the weight percent of germanium in said

semiconductor alloy layer is between about 10 to 100, and more preferably 60 to 100.

14. The method of claim 1, 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 1, wherein said semiconductor alloy source/drain region

is a silicon - germanium source/drain region.

16. The method of claim 1, 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 (H;0,), 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 (Si;.xGey) 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 layer, a

10
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20 procedure, performed at a temperature between about 1250 to 1415 C,
in an nitrogen ambient. 15. The method of claim 1, wherein said
semiconductor alloy source/drain region is a silicon - germanium
source/drain region. 16. The method of claim 1, wherein said unconsumed

portion of said semiaaneueiRilREIaY8hi»taRIpvafkhasinthR SoktiRBive
an example of such solution can be comprised of between about 30 to 32

% hydrogen pefdiGddFBm2 s DRay BiFstibr it Waitss S 98¢ or
more. 17. A metbpghefiferniteg@uM@SFET device on a semiconductor
substrate wherein a silicon -germanium (Sii_xGex) source/drain region is

employ @& astican3EetRaREERARRel region, comprising the steps of:

providipgrévaanguciive, gateagiiéigtuseoesiar: Unserlying gade insttatolgermanium
layer, a 10 source/drain extension region oppositely adjacent said

conductive gate SHFGEAHAN ARd SRSVt SHIRRHQN 5 40 EoN LRfbRastiea;pf said

conductive gate sfikeiidigifosmigiansiHeanr aeimaniwsnkaesiidn of a bottom
performing a laser anneal procedure to form said silicon -germanium

source/drain rediSH 0 ebrilifBtior SFMT IR OVerEd BihioH Grlxiged channel

source/drain extRRSIBNFEagRN AR6HVidERASHINRRIoR Bf RAIR spBtiar Mcated
silicon - germanjum layer, with said strained channel. region formed in top

portion of said s PSSP 5 BSS P AU BLSRBEF AR fvhSsilicon -
germaniin sagrearonimipiop poitiatoymglidoaonsumaddep peitiandf

silicon - germanium layer; and forming a heavily doped source/drajn _
region NI BotioNe SN a R eim R 1B s 1651 B tir ey RAERYirg  S2id

said silicon -gergeatitondsoor cabdraite dgiony 1ndslyThesameathitidodf gaiianium
17, wherein said MOSFET device is a P channel MOSFET device. 19.
The method of ASFY P AWhSE M said MOSEET device is an N channel

18. The method of claim 17, wherein said MOSFET device is a P channel
MOSFET device.

19. The method of claim 17, wherein said MOSFET device is an N channel
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 (Si1;.4Gey), layer is
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



MOSFET device. 20. The method of claim 17, wherein said conductive
gate structure is comprised 20 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

comdustive ke stivesreoran R eamprised of silicon oxide or/and silicon
nitride. 25 22. The method of claim 17, wherein said insulator sidewall

spasers ahe memylised ahsiliconxide aedianibsoncrit idRyZ23ydih@n consist

method of claim 17, wherein sajd silicop - germanium (Sii_xGex), layer is
obt%gr‘i‘e%}r\?}f& R&ISAPER G %92%&8&{]%48%8%]&?8@%%%@%‘8&” Spacing of
betweentah@sb 204 it 2001 RBESIH0MsmPR 24 sudtecregindnoficlaiBethanium

wh'%%e'n said silico&:- germanium layer is selectively grown on exposed
portSHSBY S8 8% Srée/drain extension region to a thickness 11 between

abgyt Zoﬂl%omzé’tﬁo ”P%f&?m72%11@%’}1&%*‘0‘3101‘15'%{‘83%3 b}‘Vh&E%'%%“r% in said
semiconductor a %y(fayer Can ‘consist of & strain m@ucmg Slehient which
inchililes el genmiats it ger &t drtiecspatiogr 0D tadROhad oA dtdhythatofl 00.
silicon, an example of such element includes germanium 5 (Ge) and

carbbn (The &t aheltiod]f vihamreinBadHeveinthealveigiedper ceperdfrmed

o e e ey G R cer

anngal praceAUIR i PETiRIMedyat A 1 MREIALIR RRLYBERBRAYE :E3ildn
1415 C, in a nitrogen ambient. 10 28. The method of claim 17, wherein

said IMEENSUMEY portisrshvsdig s ersol yermaniarilerds veshopderion
usipg, 3,SQUiBAsaN &WA@&&M%QMQ%?&?&%&PB&&%@ ﬁilszz), or

between about 30 to 32 % hydrogen peroxide , Or via use of hot or
boiliig#faté het aobaibagnvieer 20 IR he?h8tPEsE forming a MOSFET device
on a semiconductor substrate 15 wherein a silicon -germanium

(Sii 2XGeR) Bsthed alateragisnisMPpidiedtyifsmirga semiconductor substrate

wherein a silicon -germanium (S1;.xGeyx) source/drain region is employed to form a
strained channel region, comprising the steps of:
providing a conductive gate structure and an optional overlying insulator hard
mask shape on an underlying gate insulator layer, a source/drain
extension region 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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strained channel region, comprising the steps of: providing a conductive

gate structure and an optional overlying insulator hard mask shape on an
underlying gate insulator layer, a source/drain extension region oppositely
adjacent said conductive gate structure, 20 and insulator sidewall spacers

on sideshf\aaichaBbRARhHISWIR B MahlkcShaRe A G s{des.afi said
conductive gate structure; performing a pre-amorphization implantation

(PAI) PR ARG ORFA SAvSERIdTaiRdSRIvb i Bertisrsdrdidd

source/drain ex{eRsieRdRINRTbORRESIRYBAIRABAY i d ORI
structure not covered by said .25 insulator sidewall spacers; forming a

semiconductor Y SAYE/ HbFRSHSG-a laser anneal procedure to form

said, semiconductor alloy source/drain region vj mption af an

cnctor POl ENESH SR S SRS gid channel
andW@SKEEBdspten 30 of a bottom portion of said semiconductor alloy

layer, with said strained channel region formed in top portion of said
senfitoriduciachodstratd aloca2d witvegerssdnNbOSHHTateallay is an N channel
sou ' e iog; 12 removing unconsumed top portion of

semiconductor allfoy layer; and forming a heavily doped source/drain

region ingporti i i tor. t irectly ' id.:
oo B kS e
whereivsadpMBBicET devitel isr anPtdhalmyedr MOBPEK device. 31. The
method of claim 29, wherein said MOSFET device is an N channel

MOSFETaoibed 8 ciike AfmibaroN P RIONhErENREI O RN pe
Gate G S FoRBsisediat Aol pmmd polsilicon or metal or metal alloy

or compound. 33. The method of claim 29, wherein said optional insulator
hard magle shamsd s/ amprisedabilicon Pxida AHRNHSHeORH BIEGre comprised

of silicon oxide and/or silicon nitride.
35. The method of claim 29, wherein said pre-amorphization implantation (PAI)
procedure is performed using silicon or germanium ions, at an energy between

about 10 to 50 KeV, at a dose between about 1E14 to 1E16 atoms/cm”.

36. The method of claim 29, wherein said semiconductor alloy layer (e.g.
silicon - germanium (Si;.xGeyx)), 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.

13



34. The method of claim 29, wherein said insulator sidewall spacers are
comprised of silicon oxide and/or silicon nitride. 15 35. The method of
claim 29, wherein said pre-amorphization implantation (PAIl) procedure is
performed using silicon or germanium ions, at an energy between about

10 tg0501He ViRt dose ketweervabaybbinl 4 il Ed&alameicpérh: biesaid

method of claim 29, wherein said semiconductor alloy layer (e.g. silicon -

gerffaHRIRdESonatay R Yer dhtsevr diss it ehirlationtR eepBRltieh sy solution
Procas weesHa sl TersRVaR eBO W 230040 28R ANestens (370,118 via

method of claim 29, wherein the weight percent of germanium in said
silichiF OGBARIRAHNZYE R BERNeS1 600, and more preferably
between about 60 to 100. 38. The method of claim 29, wherein the said
semiconductor alloy layer can consist 25 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. 30 13 40. The method of claim 29, 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 (H202), or via use of hot or boiling water of
90 C or more. 14
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