DUAL STEP SOURCE/DRAIN EXTENSION JUNCTION ANNEAL TO REDUCE THE JUNCTION
DEPTH: MULTIPLE-PULSE LOW ENERGY LASER ANNEAL COUPLED WITH RAPID THERMAL
ANNEAL BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The present invention
relates generally to a method of forming a semiconductor device, and more particularly to form an
MOS transistor with reduced junction depth using a combination of multiple-pulsed laser anneal and
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phosphorous. Currently, ion impla orm source and drain regions, shallow extension
junctions between the channel and source/drain contacts, and electrically active poly-silicon gate
electrodes. lon implantation is always followed by an annealing step to heal the damage that occurs
when ions occupy the interstitial spaces in the semiconductor crystal lattice during implanting. As
MOSFET devices are scaled down below 100 nm, highly doped ultra-shallow junctions are necessary
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1 With theoaesivetitio oaniuldbierpiossdatios bynedl indlapidandrapidibesmal anneal, it

DESCRIPTION OF THE PRIOR ART

Ion implantation process is essential to fabricate modern integrated circuits. Doping or
otherwise modifying silicon or other semiconductor wafers relies on this technology, which
involves generating the required beam of ions and implanting them into the substrate so that
they come to rest just below the semiconductor surface. Most commonly implanted species
are: antimony, arsenic, boron, boron difluoride, germanium, and phosphorous. Currently, ion
implantation is used to form source and drain regions, shallow extension junctions between
the channel and source/drain contacts, and electrically active poly-silicon gate electrodes. Ion
implantation is always followed by an annealing step to heal the damage that occurs when
ions occupy the interstitial spaces in the semiconductor crystal lattice during implanting.

As MOSFET devices are scaled down below 100 nm, highly doped ultra-shallow
junctions are necessary for high current drive capability with acceptable short-channel
performance. In order to minimize short-channel effect and maximize device performance at
the same time, source/drain (S/D) engineering associated with diffusion profiles of
source/drain junction are explored. Analysis shows that the critical parameter for reducing the
resistance of the S/D extension junction is the dopant diffusion slope rather than its maximum
doping level. In other words, development of advance process technology for achieving a
box-shaped profile is a more efficient way to sustain lower junction resistance rather than

pursuing higher doping level that may cause problems of junction depth control.
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is very difficult to obtain highly steep ultra-shallow junction profiles because the interaction between
implantation induced point defects and dopant atoms during annealing can considerably broaden the
profile shape through the mechanism of transient enhanced diffusion (TED). Laser annealing with
pre-amorphization implant (PAI) has received considerable attention as a potential solution to achieve

low-resistance, wha-ghadow axmanaRre s eoxiansio By ubktiatakl owe YepidhamesnasRas it

integration issues related to gate shape distortion due to inherently inhomogeneous annealing

process thatsakédinuld hhighhhiiRehettiapsdiosomrctinnmeatttahsaustids mtgrdifealing in
combinatiernaith Rfyplhas Reendisesseslwithcinaie sy caspantntorynateingthmmethod bas major

integration problems because the high-energy fluence used for sufficient dopant activation and defect
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U.S. Patent # 5,399,506 describes a process wherein shallow junction with reduced
junction leakage is achieved by the combination of ion implantation and low temperature
annealing (600° C for 1 hour) to reduce point defects and pulsed laser (700 mJ/cm?, 44 nsec
pulse width) irradiation to activate the implanted ions.

U.S. Patent # 5,937,325 describes a process to form low resistance titanium silicide
gates by using a laser anneal process in two steps: first laser anneal converts the deposited
titanium layer to a high resistivity titanium silicide layer and the second laser anneal (after
removing the un-reacted titanium layer) converts the high resistivity silicide layer into low
resistivity titanium silicide phase.

U.S. Patent # 6,100,171 describes a laser annealing process for removing fluorine
from a gate conductor and thereby reduce boron penetration. During anneal, laser energy is
such as to melt a portion of the gate conductor facilitating the removal of the fluorine that is
incorporated in the gate during BF', implantation. In another embodiment, rapid thermal
anneal (RTA) follows laser anneal process for activating the dopants in the S/D regions.

U.S. Patent # 6,365,476 B1 describes a laser thermal process wherein after the first
implant and anneal to form S/D regions and after the removal of sidewall spacers around the
gate structure, a blanket pre-amorphization implant is performed to form S/D amorphized
extension regions. After depositing a layer that is opaque to a select laser wavelength, the

substrate is then irradiated to selectively melt the amorphized S/D extensions.



gate structure, a blanket pre-amorphization implant is performed to form S/D amorphized extension
regions. After depositing a layer that is opaque to a select laser wavelength, the substrate is then
irradiated to selectively melt the amorphized S/D extensions. 2 SUMMARY OF THE INVENTION
Accordingly, the main object of this invention is to describe a method of forming a semiconductor

device with reduced junction depth offii82@RCOEBENSIRONGRgions. It is yet another object to
form shallow source/drain extension regions using laser anneal followed by rapid thermal anneal.

Another objective:ehiing inyentiandmtesiescobma dualnstier ’noedvaspeathpsitbatot's@sning a
multiple-pulse low energy laser anneal followed by ra%id thermal anneal. In accordance with these

objective$SRIF BRSO JRHSE THEYRIFSFHANGH9B Erptel ARe SUERCSHAIR G GRYNABHSAIANE: source/drain

extension regioms;Afiar {apmiRgodMO & BohifleystowrstarRBdine usinadn stepoat fasminttee gate
structure but before the formation of sidewall dielectric spacers, a pre-amorphizing implant (PAl) is

performetiith SH eV e YgrRithRSFMLAIMFAP Al layer on the surface of the silicon regions adjacent to

the gate. B' ion impplasiasisgects dhentperiovemadiafasisquree/diain exépnsiapragiansthbbanimplant
step is then followed by multiple pulse 248 nm KrF excimer laser anneal with pulse duration of 23 ns.

This step RSB PURIEPIRS IA¥ S SIS BRI Ao rsho FBRIGH AR AL #0858 of the B dopant.
Laser anneal igiherdalloived iy repid sbponaananastiRTidNgdeRatihehasidua Sieprags @ed also

to induce aut-diffusion on the B to yield shallower junctions than the just-implanted junctions prior to
RTA. BRIEF DESERIBIGEN BEF SR ISRARINGS M2 Shits, AHGLHEgEE 4 Lils®M5bricating

a semicomslustoiddavice aceasdivg Jrgii ertignavihReuredia: elerary tHo denistansh bosidkheaiollowing
detailed description taken in conjunction with the accompanyin wings. Figure, 1 is a cross-section
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device after pre- . . . . .

1s then performed to form source/drain extension regions. The implant step is then followed

by multiple pulse 248 nm KrF excimer laser anneal with pulse duration of 23 ns. This step is

to reduce the sheet resistance of the junction through the activation of the B dopant. Laser

anneal is then followed by rapid thermal anneal (RTA) to repair the residual damage and also

to induce out-diffusion on the B to yield shallower junctions than the just-implanted junctions

prior to RTA.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages, and details of fabricating a semiconductor device according
to this invention will be more clearly understood from the following detailed description
taken in conjunction with the accompanying drawings.

Figure 1 is a cross-section of a partially formed MOSFET device showing the shallow
trench isolation regions and the gate structure without the sidewall spacers.

Figure 2 is a cross-section of the partially formed MOSFET device after pre-
amorphizing implant, showing the PAI layer.

Figure 3 is a cross-section of a partially formed MOSFET device after ion
implantation to form source/drain extension regions.

Figure 4 is a graph showing boron concentration profiles in silicon after laser

annealing with increasing number of pulses.



amorphizing implant, showing the PAI layer. Figure 3 is a cross-section of a partially formed MOSFET
device after ion implantation to form source/drain extension regions. Figure 4 is a graph showing

boron concentration profiles in silicon after laser annealing with increasing number of pulses. 3 Figure
5 is a graph showing sheet resistance values as a function of number of laser pulses at constant laser

fluence. Figure Fitsi O73Ph ShONIBEORAHRSEEAGRRISRIER PAAfHE 48 silicanialferthenthial sitepeanneal:
multiple pulse low energélaser anneal + rapid thermal anneal. DETAILED DESCRIPTION OF THE

INVENTIBHPS SheP i Rtdmsaid sr6Eesses from prior art, a field effect transistor device is formed in a
silicon semicongugiey sUbstraipl Qnovivine ooz siliepRdNisreMPodiMeds asshewrial kigyure 1 up

to and including the steps of forming shallow trench isolations (STI) 12 and the gate electrode
structure A sRulLRle sl EE<IsY laspiamrrAbl R heraH fptkormed to form a thin PAI layer
16 in silicon as shown in Figure 2. The implant conditions are: ion energy of approximately 1 to 20
keV and dose of about 1E14 to 1E16 ion/cm2. The PAI layer thickness is approximately between
about 2 and 40 nm. Heavy GETAEERUIESARIRIBI NAMabdEIMNIEENTEMine silicon lattice thereby
rendering the top surface amorphous. Since the melting point of amorphous silicon layer is
approximately 3001 ldsssthiadatd atrofesestifinemiicont. sdieblivEfentnealityoprdedss is thunefbre

enabled. PG NREUNG S damane dUing iSRG AIPTERAEASRg SuhseAuE

annealing steps. B' ion implantation at ion ener f approximately 0.2 - 0.7 keV and dose of 5E14 to

1E16 ionkiem? isunén putfmehisting thestees ah6rphine dluilicon tepeh i)l atsoshdwhiinl Bigudehg, to form
the sourcg/drain. gxtengiong &8 4 he substrate is then subjected to sequential dual annealing steps.
The first Step Is a low energy multiple-pulse laser anneal in the sub-melt-regime. Figure 4 shows the
effect of multipléusemOPBEingles) iasammanrake@wnin/em@ @it is performed to form a thin

PAI layer 16 in silicon as shown in Figure 2. The implant conditions are: ion energy of
approximately 1 to 20 keV and dose of about 1E14 to 1E16 ion/cm’. The PAI layer thickness
is approximately between about 2 and 40 nm. Heavy Ge" ions cause adequate damage to the
crystalline silicon lattice thereby rendering the top surface amorphous. Since the melting
point of amorphous silicon layer is approximately 300 C less than that of crystalline silicon,
selective annealing process is therefore enabled. It is to be noted the lattice damage during
this step is later repaired during subsequent annealing steps.

B* ion implantation at ion energy of approximately 0.2 - 0.7 keV and dose of 5E14 to
1E16 ions/cm’ is then performed in the pre-amorphized silicon layer 16, as shown in Figure
3, to form the source/drain extensions 18.

The substrate is then subjected to sequential dual annealing steps. The first step is a
low energy multiple-pulse laser anneal in the sub-melt-regime.

Figure 4 shows the effect of multiple-pulsed (0-50 pulses) laser anneal at 0.2 J/cm® on
boron concentration profile. It is seen that the junction depth, approximately 40 nm for all
cases including as-implanted case, does not increase significantly with an increase in the
number of laser pulses from the as-implanted depth, because of low energy of the laser. This
is a desirable effect since the implanted dopants can be activated without increasing the
junction depth.

Figure 5 shows the effect of number of pulses in laser annealing at a constant fluence
of 0.2 J/em® on junction sheet resistance. Although there has been negligible increase in

boron diffusion with increased number of pulses from the as-implanted case, as seen in



boron concentration profile. It is seen that the junction depth, approximately 40 nm for all cases
including as-implanted case, does not increase significantly with an increase in the number of laser
pulses from the as-implanted depth, because of low energy of the laser. This is a desirable effect
since the implanted dopants can be activated without increasing the junction depth. Figure 5 shows

the effectpfibmbeeRf RWRSIHARSIAICANNE HRHRL fsRAMENGH U ARBrAideliCTnpanddnstion sheet
resistance. Although there has been negligible increase in boron diffusion with increased number of

pulses frorhipheed HysbsskresistdBenimepisiRife 4, there is a dramatic decrease in sheet

resistance up torapREogiMatalixdOrReisessadteauninieh thedacsaassdn sbesdiesitansetikngdigible.
Figure 6 illustrates the effect of dual step anneal on boron concentration profile and junction depth.

Three calBSUB IR BESHpishisn sSBoVHas 1anirRthed! BHIy AReED 21RFb oRberc 22180 pulse
laser anngadikOadd S bence aid gubscnyeni’ rapnisdbanmalpiva@aht fapsaoisanedihatithe

junction depth in the dual step anneal case has decreased from the as- implanted or the |aser anneal

only caséd’ PRECEYRAIGWEBEHLRGHAR fsRithinhs Av ¢ ¥ e rasriiioiroientd dromdstantages
of this inVeMIgNVEF MiOn¢E armea) aigwsdbeTabiraion«f jalAidaREheeyieewith Dighly metivated,
ultra-shallow _source/drain extension (SDE) junction for node generations of 65 nm or below; b)
post-impAtd4HEN Gt 58P temperature laser with low energy fluence simplifies the process

integration issugpé lRsanaRBEaliRYIMnNe CoNeBEipnat arvike fabrication process flow; ¢) multiple low
energy Iase;agu%slgs facilitate the activaft)ion of do antﬁpecies to form highly activated SDE junctions
Si

without incr OtiRctitsn ‘akptataR rahia MR SnfRdrs e oltiaihg thE vialsdr Alnaahalitier

repairs theursiduahlakiessi 6aIsAYE) Gansasch durineihe: peerasneRhitizatian teplant; e) rapid thermal
annealing step following laser annpealing induces the out-diffusion of implanted boron therehy yielding
a shallower Eﬁm&?&h‘?ﬂ& B APARH; éb?%%i’ﬁlagiﬁ%‘ﬁ?&%fsamth low encry Huence Slmpﬁlf?es e

process integration issue of laser annealing in the conventional device fabrication process
flow;

c) multiple low energy laser pulses facilitate the activation of dopant species to form
highly activated SDE junctions without increasing junction depth;

d) rapid thermal anneal step following the laser anneal further repairs the residual lattice
damage caused during the pre-amorphitization implant;

e) rapid thermal annealing step following laser annealing induces the out-diffusion of
implanted boron thereby yielding a shallower junction than that achievable with as-implanted
only process.

While the invention has been particularly shown and described with reference to the
general embodiment and a specific application thereof, it will be understood by those skilled
in the art that various changes in form and details to the method and applications may be

made without departing from the concept, spirit, and the scope of the invention.



only process. While the invention has been particularly shown and described with reference to the
general embodiment and a specific application thereof, it will be understood by those skilled in the art
that various changes in form and details to the method and applications may be made without
departing from the concept, spirit, and the scope of the invention. 5 What is claimed is: 1. A method of
fabricating a MOSFET device with shallow source/drain extension junctions comprising the steps:
forming a pre-amorphized implant layer in between shallow trench isolation regions and adjacent to
gate electrode structure on a semiconductdVbabsstrdaenedasforming ion implantation of dopants in said
pre-amorphized implant layer to form source/drain extension regions; and performing a sequential

dual step annegj of saig SpEE(AIN GXIRNFIAR TSUMBT FOMRISIE: i@ MRLIRY COSIAY /drain

multiple-pulse laser anneal step in the sub-melft regime to activate the dopants in the source/drain
extensiofXegions falciwad entpriaisedbadeapid thermal anneal step to heal residual damage from the

fon mplantation a0 eayise e aATION OLE HopaRsdn A RAuiRs/dia BKiRNRIARedions t

yield shallower source/drain extension junctions than the just- implanted source/drain extensions. 2.
The method of fabricatifg adMcSHE Bale gigetensteordingis emfhicmigtnshesiprsaies ppéeamorphitization

implantation is dpne WithJaB3 GRAALSING GEdBhaths n 18 MERShIARIGANNGANQSE FolHevice

according to claim 2, wherein said Ge' or Si' ion implant ion energy is approximately between 1 keV
and 20 keV and the d68BIEs/dpproXifaaEy MawesnE14 and 1E16 ions/cm2. 4. The method of

fabricating & MQSifeh i iee.aqeiincioyFleiep Lbarein SAIdSREIMAIANLisARE W dsions. S
The method of fabricating a MOSFET device according to claim 4, wherein
comprising:
a) a first low energy multiple-pulse laser anneal step in the sub-melt regime to
activate the dopants in the source/drain extension regions followed by
b) a second rapid thermal anneal step to heal residual damage from the ion
implantation and to cause the out-diffusion of the dopants in the source/drain

extension regions to yield shallower source/drain extension junctions than the just-

implanted source/drain extensions.

2. The method of fabricating a MOSFET device according to claim 1, wherein

said pre-amorphitization implantation is done with ions comprising Ge* or Si*.

3. The method of fabricating a MOSFET device according to claim 2, wherein
said Ge" or Si* ion implant ion energy is approximately between 1 keV and 20 keV and the

dose is approximately between 1E14 and 1E16 ions/cm?.

4. The method of fabricating a MOSFET device according to claim 1, wherein

said SDE implant is done with B* ions.

5. The method of fabricating a MOSFET device according to claim 4, wherein
said B* ion implant energy is approximately between 0.2 keV and 0.7 keV and the dose is

approximately between 5E14 and 1E16 jons/cm®.

6. The method of fabricating a semiconductor device according to claim 1,

wherein said laser anneal is done using a multiple-pulsed 248 nm KrF excimer laser beam.

7. The method of fabricating a semiconductor device according to claim 6,

wherein said laser beam has a fluence of approximately between 0.1 J/em? and 0.4 J/cm?,



said B' ion implant energy is approximately between 0.2 keV and 0.7 keV and the dose is
approximately between 5E14 and 1E16 ions/cm2. 6. The method of fabricating a semiconductor
device according to claim 1, wherein said laser anneal is done using a multiple-pulsed 248 nm KrF
excimer laser beam. 7. The method of fabricating a semiconductor device according to claim 6,

wherein saiddagerRaaor hasd{lueras etanriexinately hrtweanQ Liem2pedd 4 Hems, 16.pulse

duration of approximately between 10 nsec and 40 nsec, and a repetition rate of 1 - 1000 pulses. 8.
The metHdd P?&lﬁfﬁcating a semiconductor device according to claim 1, wherein said rapid thermal

anneal is done at approximately between 800 C and 1200 C for a duration of approximately between
0 sec and 60 se% 9. A et a(%liyr %th@%ésfﬁﬂc%%l&é%iﬂ’?véﬁ%n%‘iﬁ% tiedirsit extension
junctionswergnisiig thei$tepsntoriminglapderrnonppicathia] 9bEiwieaplant ayenin Iepvaeoshallow

trench isolfﬁ-{ifon re%ons and adjzi\c nt to?%?)(sre elect o@e structure on a silicon substrate; performing B
ion implahtatiBRh B UAPRAE Ak H%?QYS PRIZ8Y ifvpight layer to form source/drain extension
regions; and pegforming a seguential fual siep, anngplaf aid sourceidrain exjpnsion tedigns,
comprising: a) a first low energy multlpale-pu d€|der anneal s ep in‘the sub-meft regime to Sivate the
dopants kxtaesoujoeidoaincexiprision thegieps: followed by b) a second rapid thermal anneal step to

heal residual damage from the ion iﬁm Ign@ti,on argd+to capse tpe out-diffysion of th dopantshin the
. or % a pre-amor ]]%3 or o1 lme?cﬁl’l ayer 1n. between shallow cnc
source/drain extensioh regions oy9|e Shallower source/drain extension junctions than the just-

implanted source/drain exensicsgoilQankhaljaetho ghfablécatidg striit@Ed-enladehion withstsitallow
o SO L D B SR e
form source/drain extension regions; and
performing a sequential dual step anneal of said source/drain extension regions
comprising:
a) a first low energy multiple-pulse laser anneal step in the sub-melt regime to
activate the dopants in the source/drain extension regions followed by
b) a second rapid thermal anneal step to heal residual damage from the ion
implantation and to cause the out-diffusion of the dopants in the source/drain

extension regions to yield shallower source/drain extension junctions than the just-

implanted source/drain extensions.

10. The method of fabricating a MOSFET device with shallow source/drain
extension junctions according to claim 9, wherein said Ge* or Si* ion implant ion energy is
approximately between 1 keV and 20 keV and the dose is approximately between 1E14 and

1E16 ions/cm>.

11. The method of fabricating a MOSFET device with shallow source/drain
extension junctions according to claim 9, wherein said B* ion implant energy is
approximately between 0.2 keV and 0.7 keV and the dose is approximately between SE14

and 1E16 ions/cm>.

12. The method of fabricating a MOSFET device with shallow source/drain
extension junctions according to claim 9, wherein said low energy laser anneal is done using

a multiple-pulsed 248 nm KrF excimer laser.

13. The method of fabricating a MOSFET device with shallow source/drain
extension junctions according to claim 12, wherein said multiple-pulsed laser beam has a

7



1E16 ions/cm2. 11. The method of fabricating a MOSFET device with shallow source/drain extension
junctions according to claim 9, wherein said B' ion implant energy is approximately between 0.2 keV
and 0.7 keV and the dose is approximately between 5E14 and 1E16 ions/cm2. 12. The method of
fabricating a MOSFET device with shallow source/drain extension junctions according to claim 9,

wherein spighinoeRBHaY-RSRERNHAASIAPNE MeiRGing DllRie Pylaed &4diun Kirappreimsadager. 13.

The method of fabricating a MOSFET device with shallow source/drain extension junctions according
to claim PStAsBrEnsssdrd tligtectadd rsestbenrmth el b- 7MLt approximately between 0.1
J/icm2 and 0.4 J/cm2, pulse duration of approximately between 10 nsec and 40 nsec, and a repetition
rate of 1 - 1000 gblses?r 9. F?ﬁé?ﬂeﬂ’fo&%??&ﬂﬁgaﬁnﬁdgﬁggF‘éefla‘:év%‘é ﬂa’lléﬂp%qzj%%l}arain

extensiorjuisliong actoiting tordiaind, wiigieh) saidreapidaiierpal anaeallisadong aé appyoximately

between 800 C.and 1200 C for ration of roximately between 0 se¢ and 60 sec. 15. A method
of formint BRI SO AT LT Ao & WERER 7T GERIEA TS ARG e LS
performingdBgordenplantation of dopants in a pre-amorphized implant layer to form source/drain
extension regions on a silicon substrate; and performing a sequential dual step anneal of said
source/drain extensionAegeoinsd ob Mapnisirgstallawirstuow/drengyx randitplgrpicisentasen MOSEEep in the

sub-melt ({e\giime to actlvatﬁlthc? dopants in the source/drain extension regions followed by b) a second
. € FC, Comprisin %S CPS. . . . .
rapid thermal @nneal step’to heatrésidual damage from the ion implantation and to cause the

out-diffusion of trefdopantSiticiéngaancaddrat dytensionagytenadopkietd shalawdaysourciidrain
extension junctions than, (e sk RIa0ISd BoLCe/dr it RUS 08I0 te: and
performing a sequential dual step anneal of said source/drain extension regions
comprising:
a) a first low energy multiple-pulse laser anneal step in the sub-melt regime to
activate the dopants in the source/drain extension regions followed by
b) a second rapid thermal anneal step to heal residual damage from the ion
implantation and to cause the out-diffusion of the dopants in the source/drain

extension regions to yield shallower source/drain extension junctions than the just-

implanted source/drain extensions.

16. The method of forming shallow source/drain extension junctions in a
MOSFET device according to claim 15, wherein said B* ion implant energy is approximately
between 0.2 keV and 0.7 keV and the dose is approximately between 5E14 and 1E16

ions/cm”.

17. The method of forming shallow source/drain extension junctions in a
MOSFET device according to claim 15, wherein said low energy laser anneal is done using a

multiple-pulsed 248 nm KrF excimer laser.

18. The method of forming shallow source/drain extension junctions in a
MOSFET device according to claim 17, wherein said multiple-pulsed laser beam has a
fluence of approximately between 0.1 J/cm® and 0.4 J/cm?, pulse duration of approximately

between 10 nsec and 40 nsec, and a repetition rate of 1 - 1000 pulses.

19. The method of forming shallow source/drain extension junctions in a

MOSFET device according to claim 15, wherein said rapid thermal anneal is done at



16. The method of forming shallow source/drain extension junctions in a MOSFET device according to
claim 15, wherein said B' ion implant energy is approximately between 0.2 keV and 0.7 keV and the
dose is approximately between 5E14 and 1E16 ions/cm2. 17. The method of forming shallow
source/drain extension junctions in a MOSFET device according to claim 15, wherein said low energy
laser annglrisk HRMNE1YHRGvaeMetipte-prtsed A ek MigxaRas I apBrodiBaatdl9 mehes of Jarming
shallow source/drain extension junctions in a MOSFET device according to claim 17, wherein said
multiple-pBf5&0 $&Ser beam has a fluence of approximately between 0.1 J/cm2 and 0.4 Jicm2, pulse
duration of approximately between 10 nsec and 40 nsec, and a repetjtion rate of 1 - 1000 pulses. 19.
The method of f%&min ﬁbquWsQ}nuﬁ%ré’?é‘?giﬁ éf&on%ﬁﬂ&ﬁo%qﬁ ]t B SPECHLUREHERS Mg to
claim 15 jurheeiain saifipiagit thersplsanneal is done at 8 approximately between 800 C and 1200 C for
a duration of approximately between 0 sec. and 60 sec. 20, A method of forming a MOSFET device
with shallow sotPEB/R&E hgng?gﬁhjﬁﬂlﬁfb%fe&?ﬂﬁﬁgiﬁgq“%hceog SU8fming shallow trench isolation
regions on a silitamaybsicatere farcringtbe gais sthdkinbeatwesni saidishadgwrsench isolation regions;
removing the sidewall spacers from around said gate tacﬁ; forming a pre-amorphized Ge' or Si'
implant ayer in STRBAT SO LA EHANBH S A" RSN ILHRS EHY adiacent (o gate electrode
structure; perforfmingnlylapisphasisiioadaeopasis iimsaid presainethtiactddmplanidafentaciiotm
source/drain extension regions; and performing a sequential dual step anneal of said source/drain
extension regions corﬁ?)%%ﬂ?él. rg)glg & W@ﬁ%?&)t/orgﬁﬁﬁt‘lgggﬁ &SR Shneal step in the sub-melt
regime to activatefihendgpaitsnnithesouioa/dfaitoexisniiosnid giensnioliphved Hynplant layer to

form source/drain extension regions; and

performing a sequential dual step anneal of said source/drain extension regions
comprising:
a) a first low energy multiple-pulse laser anneal step in the sub-melt regime to
activate the dopants in the source/drain extension regions followed by
b) a second rapid thermal anneal step to heal residual damage from the ion
implantation and to cause the out-diffusion of the dopants in the source/drain
extension regions to yield shallower source/drain extension junctions than the just-

implanted source/drain extensions.

21. The method of forming a MOSFET device with shallow source/drain
extension junctions according to claim 20, wherein said Ge* or Si* ion implant ion energy is
approximately between 1 keV and 20 keV and dose is approximately between 1E14 and 1E16

. 2
ions/cm”.

22. The method of forming a MOSFET device with shallow source/drain
extension junctions according to claim 20, wherein said B* ion implant energy is
approximately between 0.2 keV and 0.7 keV and the dose is approximately between SE14

and 1E16 ions/cm>.

23. The method of forming a MOSFET device with shallow source/drain
extension junctions according to claim 20, wherein said multiple-pulsed laser anneal step is
done using a 248 nm KrF excimer laser with a fluence of approximately between 0.1 J/cm?
and 0.4 J/cm?, pulse duration of approximately between 10 nsec and 40 nsec, and a repetition

rate of 1 - 1000 pulses.



b) a second rapid thermal anneal step to heal residual damage from the ion implantation and to cause
the out-diffusion of the dopants in the source/drain extension regions to yield shallower source/drain
extension junctions than the just- implanted source/drain extensions. 21. The method of forming a
MOSFET device with shallow source/drain extension junctions according to claim 20, wherein said
Ge' or Si' ion implant iomengiayda apPreximaiely basranrl keM@ndvad keMiand deaf-Sdrain
approximately between 1E14 and 1E16 ions/cm2. 22. The method of forming a MOSFET device with
shallow SBUFESiR i LiBHSIBPTHEION LR Rling RS iiniasd, TamE rEiRrEXit B1eH ithlark dhergy is
approximgisiy-Reiwasnwda\gendO.mieM andihe desrisRRPEOXPpAIRIMBRIYeRAREL 4 @rd 1E16
ions/cm2. 23. The method of forming a MOSFET device with shallow source/drain extension junctions
accordin@®® @5iR5-20, wherein said multiple-pulsed laser anneal step is done using a 248 nm KrF
excimer laser with a fluence of approximately between 0.1 J/cm2 and 0.4 J/cm2, pulse duration of
approximately between 10 nsec and 40 nsec, and a repetition rate of 1 - 1000 pulses. 9 24. The
method of forming a MOSFET device with shallow source/drain extension junctions according to claim
20, wherein said rapid thermal anneal is done at approximately between 800 C and 1200 C for a
duration of approximately between 0 sec and 60 sec. 10

10



