METHOD FOR FABRICATING SEMICONDUCTOR DEVICES WITH
SHALLOW DIFFUSION REGIONS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of U.S.
provisional application No. 61/053,674, filed May 16, 2008, entitled
"Method for Fabricating Semiconductor Devices with Shallow Diffusion
Regiond E¥HEDIFOTOREBRIDATEN G SEMICONDICAORIDEABCHS €.
TECHNICAL FIELD [0002] The present invention relates to generally to
methods for fabriG¥ITHSFNIONOWIDTKEVSEINRE GIONFarticularly to
methods for fabricating transistor diffusion regions. BACKGROUND ART
[0003] Integrated circuits (ICs) comprising many tens of thousands of
semiconductor devices including field effect transistors (FETS) are a
cornerstone OROSGeREFERBAEE rDOIR EYAARP. A YaAdUONSions of
the FETs (e.g. source/drain and source/drain extensions) are formed by
[0001 ]ntrodihiing plopaivhatians; itio lesdin wod g glervitibsttateplising meth6d£53,674,
such as ion implantation. After the dopants have been introduced, they
filed Mng éteQdio®|bnadtidateldthydsti)Eabngalee Semicamblivoto DewtisisatéthcShallow
one or more annealing processes such as low temperature thermal
DiffusasmBakioapid tiveemat aoneak, dpkie dnndelellasicamoezkd bipseficsnneal.
[0004] Unfortunately, dopants have a tendency to diffuse or expand both
laterally and vertically away from the profile as-introduced during
annealing thereby increasing the dimensions of the various device
regions. This outward diffusiarEoittiSaats BHIndesirable particularly as
semiconductor devices are scaled down in size. 1 [0005] For example, as
[00021he gEbe teagi of FeRiion scdaale donenalty46 metland feyfebdcdheg semmicenductor
and drain regions of the FET increasingly interact with the channel region,
devicayaimihgnind|panicelor ythe wlhtmdelfpofehticltiAg Baressthy thfgate eletinede
has reduced control over the on and off states of the channel. This effect
is known as the short channel effect. In order to reduce

BACKGROUND ART

[0003] Integrated circuits (ICs) comprising many tens of thousands of semiconductor devices
including field effect transistors (FETs) are a cornerstone of modern microelectronic systems.
The various regions of the FETs (e.g. source/drain and source/drain extensions) are formed by
introducing dopant atoms into a semiconductor substrate using methods such as ion implantation.
After the dopants have been introduced, they are electrically activated by subjecting the
semiconductor substrate to one or more annealing processes such as low temperature thermal
anneal, rapid thermal anneal, spike anneal, flash anneal or laser anneal.

[0004] Unfortunately, dopants have a tendency to diffuse or expand both laterally and
vertically away from the profile as-introduced during annealing thereby increasing the
dimensions of the various device regions. This outward diffusion of dopants is undesirable

particularly as semiconductor devices are scaled down in size.



the short channel effect, it is desirable to fabricate FET devices with
shallower source/drain extension and/or source/drain junctions and also
reduce the lateral extension of these regions after anneal. [0006] Known

[0005 ppproachkesarifpldhasfdin ghien @fdiirarshaiiovs jsadtioniinelude thariagdobeyond, the
techniques such as pre-amorphization implant (PAI) to reduce the effect of

sourcdoimahanneliagiohsdopant $PECiasreigglenntbea Al prodessieamenasion, gaining
results in the formation of end of range (EOR) defects regions which

influeiceludehintdrsiitialpdedadts. Intersttials dregurddsvable Assthely kuheorttiel over the on
effect of increasing junction depth and deactivating dopants during

and ofSybsequinicaaeainglsiepebn iaddibion, ssuhesiidaakagad atifeed dy order to reduce
residual FOR defects not removed by annealing processes is also

the shoecominglasfieypoitant dshabia as tevicadiRkansioviseareyshadaalldowen source/drain
less than 100nm. [0007] In addition to the above-mentioned need for

extensstialtonl/ qumnetions/ diin | @veldtafrd opah bl sctivabion tiscalseral cekieatkactof g®se regions
device dimensions are scaled down. This is because the resistances of

after ativealarious diffusion regions (e.g. source/drain regions) increase with the
shrinking of diffusion region dimensions. Since an increase in the level of

[0006 Hopakhawetivapipio dwhs ¢HereffecfonhdeateaS g aedistanec guachighemidudt ahe use of
dopant activation is desirable. [0008] In view of the above discussion,

technithesesisch negucfanfalphicatiom tesphigudsAth abcadumitijatefficteaSi@nehahneling of
the above mentioned problems. SUMMARY OF THE INVENTION [0009]

dopanT beepimsdht warventite fefdtgsdoese nusonohigtoeaidgice stentbimpaoticofammd of range
to the formation of diffusion regions in semiconductor devices. 2 [0010] In

(EOR pdeexdanzgonitvhifitshespechefshadhdelation, liliergiisapronddedeaimbtbasi they have
for fabricating a semiconductor device comprising providing a substrate,

the effecmatgiecgatengtgokaver dityelsabdtbte andiperftpaing dufingg |agerequent annealing
processing to form vacancy rich regions within the substrate on opposing

steps. dideddfithe gatestdckifhecvacanby rnchdedibitRhdeieaSistt deptbvirdrhyaannealing

processes is also becoming an important concern as device dimensions are scaled down to less
than 100nm.

[0007] In addition to the above-mentioned need for shallow junctions, the level of dopant
activation is also a critical factor as device dimensions are scaled down. This is because the
resistances of the various diffusion regions (e.g. source/drain regions) increase with the shrinking
of diffusion region dimensions. Since an increase in the level of dopant activation has the effect
of decreasing resistance, a higher level of dopant activation is desirable.

[0008] In view of the above discussion, there is a need for fabrication techniques that can

mitigate at least one of the above mentioned problems.

SUMMARY OF THE INVENTION

[0009] The present invention relates to semiconductor devices and in particular, to the

formation of diffusion regions in semiconductor devices.



surface of the substrate. A first implant is carried out after the first laser
processing, the first implant causing end of range defect regions to be
formed on opposing sides of the gate stack at a second depth from the
[0010Burfake @ttieasubsirabea Thet fuspadepth dseprioxdmaie, tthéhe Sepdddepthmethod for
[0011] These and other objects, along with advantages and features of the
fabriciiegenidmiesiiurthiedeiiodisoinpedingihloetdinme apparent thisemghe a gate stack over
reference to the following description and the accompanying drawings.
the substithermndreecitismindesstoodiihat gredasinpes dioihe vatidgs rich regions within the
embodiments described herein are not mutually exclusive and can exist in
substry@rinuspporibgstiensf artoprrsuatitidng. Biikdy BBSERINT KaM@FifkHEepth from a
DRAWINGS [0012] In the drawings, like reference numbers generally
surfaceefértte thseare parfathioyghous therdifferentfdews. Atsolde gdrevelsds, the first
are not necessarily to scale, emphasis instead generally being placed
implantpendhystrating the pdefeipl esofiih e ibydotined bn theptalioyviinde desditppian,stack at a
embodiments of the invention will now be described, by way of example
seconduiléptiefieoan de tartfre e dribavingd afasdi hh  GiDdt 3] dpid). ikpis =i flave chérd efc@nd depth.
know method for forming a diffusion region comprising first dopants;
[0011]0014]hesg. dbddcheratic gaaply dddicithgieasaindpienteck Bénba present invention
concentration profile for a substrate processed using the method in Fig.
hereinlati§001&], Figl1 2ee o mdlappalart tiraugte tieta doccfaomirgfalfiffusgodesegaion and the
comprising first dopants in accordance with an embodiment of the
accompresent invewtiqes, 3 [Baikdrrigre2biisischedeatioglaphatddpictiegities as- the various
implanted Boron concentration profile for a substrate processed using the
embodnethoddes e defobilFteRigt 8arisadl greaphisivowmbdheeafteianasahs combinations
Boron concentration profile for samples a, b, and c processed in a
and pammetitigcbits.accordance with an embodiment of the present invention;
[0018] Fig. 3b is a graph showing Boron concentration profile for samples
without PAI, with

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] In the drawings, like reference numbers generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
embodiments of the invention will now be described, by way of example with reference to the
drawings of which:
[0013] Fig. 1a is a flow chart of a know method for forming a diffusion region comprising
first dopants;
[0014] Fig. 1b is schematic graph depicting the as-implanted Boron concentration profile for
a substrate processed using the method in Fig. 1a;
[0015] Fig. 2a is a flow chart of a method for forming a diffusion region comprising first

dopants in accordance with an embodiment of the present invention;



PAI, and with PAI and pre-implant laser processing in accordance with an
embodiment of the present invention; [0019] Figs. 4a to 4c are schematic
representations showing the mechanism associated with the interaction

[0016Df lagep inducecheacairciespwitbpiigngtitialssiniafi DR deBidsnareaiestdiay @ profile for
pre- amorphization implant; [0020] Figs. Sa to Sb are cross-sectional TEM

a substrics pgraphsdaissandpessttd andiiwithout pre-implant laser treatment;
[0021] Figs. 6a to 6h(i) are schematic cross-sectional views illustrating the

[0017TesulBBprograspivestagastie iinicating Bsesniconctiafi sirpaitite for samples a,
accordance with a first embodiment of the invention; [0022] Figure 6h(ii)

b, andis prectsadaiicacresscddatienatddaye Wustratingtadeniaafdbciakssiruiciugetion;
with a process flow similar to that described in relation to Figs. 6a to 6h(i)

[0018Dbut &xglBdingasepiehishphaitdBabatem dOtPd]dnigsofik tor/daamiplschathaticPAlL, with
cross-sectional views illustrating the results of progressive stages in

PAI, dadbrcalifpd sednpconaiptior Bisecpe dosageoardancalwitie avgcandmbodiment of the
embodiment of the invention; and [0024] Figs. 8a to 8k are schematic

presertriassiBagtional views illustrating the results of progressive stages in
fabricating a semiconductor structure in accordance with a third

[0019Embdikimeiat tof4beairvehtiontid RREAdhBEDoRESCRIETHENNBOAb]sThassociated with
making and using of embodiments of the invention are discussed in

the insuifitcientoilktwit hedovetovenaintethotd skiled tnthaartEORakgandmased by a pre-
the invention. It is to be appreciated that other embodiments would be

amorphvideot bapgohion the present disclosure, and that system, process, or
mechanical changes may be made without departing from the scope of

[0020the piigsent invéhtiam. cross-sectional TEM micrographs for samples with and without

pre-implant laser treatment;

[0021] Figs. 6a to 6h(i) are schematic cross-sectional views illustrating the results of
progressive stages in fabricating a semiconductor structure in accordance with a first
embodiment of the invention;

[0022] Figure 6h(ii) is a schematic cross-sectional view illustrating a semiconductor
structure with a process flow similar to that described in relation to Figs. 6a to 6h(i) but
excluding a pre-implant laser step;

[0023] Figs. 7a to 71 are schematic cross-sectional views illustrating the results of
progressive stages in fabricating a semiconductor structure in accordance with a second
embodiment of the invention; and

[0024] Figs. 8a to 8k are schematic cross-sectional views illustrating the results of
progressive stages in fabricating a semiconductor structure in accordance with a third

embodiment of the invention.



[0026] Generally, the following embodiments relate to the formation of
diffusion regions in semiconductor devices including a first laser process
where vacancy rich regions are formed at a first depth from the surface of
a substrate. A first implanDETCAITEDH ESGRIPTE@RE-implant laser
process wherein the first implant causes the formation of end of range
[0025]EORhdatediiggiadusiig seenddapindromiibesuiidoa afdhtssuksidaie. sufficient
By engineering the depth of the vacancy rich regions such that they are
detail approximaieipleqtiakto dhiel e pihthé the FORikgians, dbe tignibesmfon. It is to be
interstitials in the FOR defect regions can be reduced. Accordingly,
appreditetstitial selatesnpraliinems swohdalsctandianbestibocebediiessiandiutosure, and that
dopant deactivation may be mitigated. By way of example, the first
systenimplacdssay beehpigcanobsphizatian ivapiaaicow dhoar deparphizéition the scope of the
implants such as a deep source/drain implant. [0027] Fig. la shows a
preserknoventprocess flow 100 for fabricating a diffusion region. In this process
flow, a silicon substrate is subjected to a pre-amorphization implant (PAI)
[0026]n stefedO21lg, fhenfodliowing kphbok regicndiath eosthbSivate followfat fiystbe regions in
implantation of a first dopant to form a first diffusion region in step 104.
semicdiumfixst diiffiesiomcbgion arfid thiasemorpleou syhegionavenapcharegithe are formed at a
pre-amorphization implant is used to reduce the extent of first dopant
first depéinfrelinghwherfafiestidopabisare idplastdpiiot tirecaulidstrate. fReddaingre-implant
the extent of channeling facilitates the formation of diffusion regions with
laser phetlovwjuretiothe &pthirmAlschweses shbdtnmatidreotised ohcluge (EEMY) itedett regions
ions such as Ge or Si for pre-amorphizing, or using a dopant as self-
at a seaondrpepzingom [(B0 28] hr stepikOG1bf tFigurB Yy e sitiognisutepthtefige vacancy rich
subjected to an annealing process to activate the first dopants in the first
regiondiffudighaedion akragalingatebesges $ocheadepapidfithierh@R angiealinthe number of
(RTA), spike annealing, laser annealing or flash annealing may be used.
interst8oligiphbs & @Ritrkial reggrosvthn 8 ER)@iithéd armnahplgbysmegionadaelatsd problems
during the annealing process. [0029] Fig. Ib shows the dopant
such aofreestrationwersdsdifbstwatemk giipprofileatorvamoaxarmplbe wnegtad. By way of
silicon substrate is processed using the above described process flow
exampl®Ochinfilhis implant may be a pre-amorphization implant or other amorphization implants

such as a deep source/drain implant.

[0027] Fig. 1a shows a known process flow 100 for fabricating a diffusion region. In this
process flow, a silicon substrate is subjected to a pre-amorphization implant (PAI) in step 102 to
form an amorphous region in the substrate followed by the implantation of a first dopant to form
a first diffusion region in step 104. The first diffusion region and the amorphous region overlap
and the pre-amorphization implant is used to reduce the extent of first dopant channeling when
first dopants are implanted into the substrate. Reducing the extent of channeling facilitates the
formation of diffusion regions with shallow junction depth. PAI schemes that may be used
include using inert ions such as Ge or Si for pre-amorphizing, or using a dopant as self-

amorphizing.



example, Boron is used as a first dopant. The dopant concentration profile
for Boron after activation anneal (that is after step 106) is represented by
the curve 110. 120 denotes the location of an amorphous region in the
[0028Filicom stdpst@ien I3 acciyStallirditegionbstrthe Silkabfecsibairatieannchitg process to
dotted line 140 represents the amorphous/crystalline interface. While the
activaff eheafin@r popzation itip ntatiofsteprd@dcan helpliicefpaiitat@s such as rapid thermal
ultra-shallow junction formation by reducing Boron channeling, it also
annealzavasihehindienenchivfrganger (nof)idefectlireionmi bdndosatebejustd. Solid-phase
beyond the amorphous/crystalline interface 140. The FOR region is rich in
epitax it ieviatstitia(S PBRng the sinioiplaniatigrioncoivaiiodainnedle(stepalidg)pibess.
Si-interstitials agglomerate into extended defects and evolve via the
[0029Dstwiilgl ripshingsriechapisttdhusntesising rinpsobdams deyath psofiiist for an example
dopant transient enhanced diffusion, first dopant deactivation as well as
wherejunsiioieakagetd0Q30Eaystdecase berbBarakrdsribeddpascasirstow 100. In this
dopant, Boron-rich clusters form in the region of high Boron
examplonBendrationsatchbeytind thepimitial Bira aippouséonsiatimeinfefite fbdBoron after
When the amorphous region 120 re-crystallizes during solid-phase
activagpitaatiatab-ghawih bftstegef OB)GntBrstifsdsefret byetkOBuIregioh0. 120 denotes the
agglomerate into interstitial-clusters. These interstitial- clusters result in
locatidgranSiantewinptinoedrelffus imntié KDiramduepatet déactivagioaldddBegon Im the silicon
diffusion regions acquired through PAI, the FOR defect band is located
substrieyomndtbealhigld- Ioon ¢ édirepieseBoror renmpheo iyt ddactivatidaoegiviiese the pre-
transport of interstitials from the FOR band towards the surface, forming
amorpimaetive Bopbmimienstitipl Cl0stensh@pGs) fadnketstalbility-stiatlosy horetrao fedhation by
junction formed by the technique of Fig. la is of a concern since dopant 6
reducidgaBtivariiammagliagset ugenm kalysehebnidharneallindatmentdiQR linkitedttoegion 150
post implant activation anneal 106. [0031] In an exemplary embodiment
locatedfijtise pegsedttinventiophoe/proindims gendrated4sy itter HiRsragite is rich in Si-
FOR region 150 of Fig. Ib may be mitigated by adding a pre-implant laser
interstgtigfs. befOnaiiie pestameiphizationachplantationsi@p (0 Al dhart Q6Mterstitials
representing the
agglomerate into extended defects and evolve via the Ostwald ripening mechanism thus resulting

in problems such as first dopant transient enhanced diffusion, first dopant deactivation as well as
junction leakage.

[0030] For the case when Boron is used as a first dopant, Boron-rich clusters form in the
region of high Boron concentration, and beyond the initial amorphous/crystalline interface 140.
When the amorphous region 120 re-crystallizes during solid-phase epitaxial re-growth in step
106, interstitials from the EOR region agglomerate into interstitial-clusters. These interstitial-
clusters result in transient enhanced diffusion (TED) and dopant deactivation of Boron. In
diffusion regions acquired through PAI, the EOR defect band is located beyond the high-
concentration Boron region, so that deactivation requires transport of interstitials from the EOR
band towards the surface, forming inactive Boron Interstitial Clusters (BICs). The stability of

the boron-doped junction formed by the technique of Fig. la is of a concern since dopant

6



exemplary embodiment is shown in Fig. 2a. A silicon substrate is
subjected to a pre-implant vacancy generating laser process in step 202
followed by a pre-amorphization implant in step 204. A first dopant is then
deactiingbanied taiterapenfivsb dijiusiomeaginrsnsiept26t fltlaweaddyodt implant activation
post-implant anneal in step 208 to activate the first dopants in the first
anneadifddsion region. Annealing processes such as but not limited to rapid
thermal annealing, spike annealing, laser annealing or flash annealing
[0031 Mmay he disedebpligyphiadednitaxial rérgineddnofiaideash atlsupsiaiiad generated by
portion of the amorphous region occurs during the annealing process.
interstjfi@B32h The HOR iregiamt Yacdity. gbnargtingnaseitpddoe sddim stepr2@2yigant laser step
optimized to form a vacancy rich region proximate to an FOR region
beforegeinerpiedinyijiéZarexanophizaiion stpldottioAstdo?haln @06 representing the
embodiment, the depth of the vacancy rich region corresponds to the
exemphaaxinmipodiedadepihoia iasBiefl2anca usiécbin diiesppae: v plaijttasetstepre-implant
The depth of a vacancy rich region is used herein to denote a depth at
vacanyyhicha peakleangaotration ctaatandieldo exisbyhilerthendapttizatian Fapffant in step
region is used to denote a depth at which a peak concentration of defects
204. Axfatst doparadanbiesiinplihetvdcadoynriatiregibfficoonbicg maitin §iep 206 followed by a
interstitials in the FOR defect region thereby reducing the number of
post-inmpérstitiaisced | éasadprans the B@Raregibe. fidonsgguently, prodiesnsliffusion region.
caused by FOR interstitial defects can be reduced thus bringing about
Anncabimg pronereeffedisasunh astaisuipplessiam dnthkansie aterahagcepikiffusioaling, laser
of first dopant species, improved activation of dopants, decrease in
annealeakageftulremtndabrip FOR tefestd, sigofidaitsermovaliof enguofwdngé at least a
defects, reduced lateral diffusion leading to a better control of short
substaghahpeitefiet (he [©08GiHeig: 2lgishewsuthel dopatiteccomeahtraporcversus
substrate depth profile for an example where a silicon substrate is
[0032 brocddseprersimgl procass fip\wed Ot ang IBwropris émplastew 24 asfioptimized to form a
dopant. The dopant concentration profile for Boron after activation anneal
vacan¢thati¢h afteisiep238has répreserfeiRbydherupeed®d22§ déwotps-Hheorphization
location of an amorphous region in the silicon substrate, 230 a crystalline
implamggion stephe0dilidorpselssttatdimaultiecdizpdd dindi@ 4 acrapresemts ghen corresponds to

the maximum melt-depth of a laser fluence used in the pre-implant laser step. The depth of a
vacancy rich region is used herein to denote a depth at which a peak concentration of vacancies
exist while the depth of an EOR region is used to denote a depth at which a peak concentration
of defects exist. The vacancies in the vacancy rich region combine with the interstitials in the
EOR defect region thereby reducing the number of interstitials released from the EOR region.
Consequently, problems caused by EOR interstitial defects can be reduced thus bringing about
one or more effects such as a suppression in transient enhanced diffusion of first dopant species,
improved activation of dopants, decrease in leakage current due to EOR defects, significant
removal of end-of-range defects, reduced lateral diffusion leading to a better control of short

channel effect.



amorphous/crystalline interface. As a result of the pre-implant laser
process in step 202, there are fewer residual defects such as interstitials
in the FOR region compared to Fig. Ib where there is no pre-implant laser
[0033procéss. Tosieaaudiriophet esierhahBarordiffusibsidisidgaciudiierfor an example
anneal is reduced for Fig. 2b and the Boron diffusion region in Fig. 2b is
whereshgiloestiardlecs pesossdiffusiap rpgiossinfloig. 20. J00BHrbm an implanted as a first
experiment carried out by the inventors, a number of Czochralski-grown
dopann-type d6pan) siicentisater prokile foulbfoniadiecapriesdtoplanidabahat is after step 208)
irradiation process where the wafers were pre-irradiated by a KrF excimer
is replasarcf byatrelength 2U8 MP0adéhdi2 slifbenddatmidfogeamarphientragibain the silicon
laser pulse duration of 23 ns and a repetition rate of 1 Hz. The high
substriiite 086 exoimdtilrserivadiatiensitielis shesstartasedahthéosigistiiat@&ndepresents the
the melted surface layer undergoes a liquid phase epitaxy regrowth.
amorpReusfystaliiiatontafibe mekiedsldyef treatedmpainiastefpricdesanaior02, there are
beyond the liquid/solid interface. The laser induced point-defects are
fewer cesifinal et feytd outheaciystadtiaiayid iticaE (i neygas wrenpards to B vHcavieye there is
type. [0035] The wafers were then split into groups a, b and c after laser
no prériagibmoniaswheredts. watersquaaty) gioupx wereHideasnodiffiizéch usimmpSiictivation
implantations with an identical dose of 1 x 1015 CM -2 but at an energy of
anneal23 kelljcéa KelvVFapd2H0enkeNMddB groupstasivamegtore spéitvely.isAdbailtveer than the
pre-amorphization implant, B' implantation was carried out to introduce
BoronBlfionidopegits: intbigh@asubstrate of all wafers. The B' implantation was
performed at an energy of 5 keV with a dose of 1 x 1015 cm-2 at a tilt 7
[0034 hnd dntwist @R riameatigathedvafichs dre isvbieatechtowsntapidf (herchedlski-grown n-type
processing (RTP) at 800C to activate the Boron dopants. 8 [0036] Table |
(100) priovodes dxpewnresidijdettal for sher¢hrepl différxent igralipson, roansh oviere the wafers
terms of the pre-amorphization implant energy, depth of amorphous
were pegiondarerbtby Kefpreciammotpiizationainlsiagth 248 maxin Orii2ndétndeitta nitrogen
of the pre-implant laser irradiation process. Since the wafers in all three
ambiegrouls wéreespiojectdaratsheof 2 erprarimapiepetiiser procdss Kdonditiensgh fluence
the maximum melt depth of the wafers are identical at 60nm. In this
excimexgdesimenydiagon melts the surface of the substrate and the melted surface layer

undergoes a liquid phase epitaxy regrowth. Re-crystallization of the melted layer creates a point
defect deformation beyond the liquid/solid interface. The laser induced point-defects are
confirmed by double-crystal X-ray diffraction measurements to be vacancy type.

[0035] The wafers were then split into groups a, b and c after laser irradiation, where the
wafers in each group were pre-amorphized using Si* implantations with an identical dose of 1 X
10" cm™ but at an energy of 20 keV, 40 keV and 100 keV for groups a, b and ¢ respectively.
After the pre-amorphization implant, B* implantation was carried out to introduce Boron dopants
into the substrate of all wafers. The B implantation was performed at an energy of 5 keV with a
dose of 1 x 10" cm™ at a tilt 7° and a twist 22°. Finally, the wafers are subjected to a rapid

thermal processing (RTP) at 800°C to activate the Boron dopants.



maximum melt depth of the pre-implant laser process corresponds to the
depth of a vacancy rich region generated by the process. Table | Group a
b ¢ Pre-amorphization 20 40 100 implant energy (keV) Amorphous
[0036TegioNaB R 8G ARG cleptpefimindpdimuior meltciepthi F8re §eoupsn), D03 ¢ in terms
In order to compare the effects of different processing conditions for
of thegeépsrbrphandiod, tneptiopadiccgncaspation prafilpland sbgenredistrdceés the pre-
of wafers in the respective groups were measured. [0038] Fig. 3a shows
amorpliieaviiatioplintBord imeaiaantratidn @&pa fuh o pef tegth frokeitheradiation process.
surface of a substrate. Graph 310 is the dopant profile for a 40keV
Since pre-améyphinatidntisanisass isakesBigandmeplant. Graphsarplao Brer process
340 correspond to the profile of 20 keV, 40 keV and 100 keV PAI
conditsamples aftenamn ead] Al ghavwthin waders ailkd dé tkaV 42 A0 sam phetid3@x periment, the
exhibits the least Boron diffusion followed by the 20 keV PAI sample 320.
maxinire 10 KepHP#lthampléenddanekpearigncess iemipshBorothditfeisionfandacancy rich
hence had the deepest junction depth as evident from its dopant profile
regiondeketh{BDBYtiisshown from the annealed profiles in Fig. 3a, the
relationship between the depth of the amorphous region (and hence
location of the end of range defect region) versus the location of the
maximum melt depth is critical. By matching the amorphous region depth
substantially with the maximum méelktatdpih as per case for the group b,
40keV samples, boron dopant diffusion during annealing can be

eftectiyely reduced. As discussed earlier, the pre-amorphizing Cc
Pre-amorphization 20 40 100
implant energy (keV)
Amorphous region 40 60 120
depth (nm)
Maximum melt depth 60 60 60
(nm)

[0037] In order to compare the effects of different processing conditions for groups a, b and
c, the dopant concentration profile and sheet resistances of wafers in the respective groups were
measured.

[0038] Fig. 3a shows the variation in Boron concentration as a function of depth from the
surface of a substrate. Graph 310 is the dopant profile for a 40keV pre-amorphization sample as-
is after Boron implant. Graphs 320, 330 and 340 correspond to the profile of 20 keV, 40 keV
and 100 keV PAI samples after anneal. As shown in Fig. 3, the 40 keV PAI sample 330 exhibits
the least Boron diffusion followed by the 20 keV PAI sample 320. The 100 keV PAI sample 340
experienced the most Boron diffusion and hence had the deepest junction depth as evident from

its dopant profile 440.




implant creates an End of Range (EOR) region below the amorphous
region proximate the amorphous/crystalline interface. The excess
vacancies in the vacancy rich region can recombine with interstitials in
[0039the FQRKbetehyhakpingioasepprettinieiEiitiahaide detitffusidip between the depth of
mechanisms such as transient enhanced diffusion. By reducing lateral

the anasighidiealidiffusiomeierdiaitioapsd viedcedndfolanbs adfeelaegion) versus the location
dimensions. Matching of the amorphous region depth and maximum melt

of thedeptinuay e tadipevedditvionigh B rmdjusiimgant ahiomplanisceatbtiaiepsualibstantially
as ion implantation energy. Although the currently described experiments

with tlelymaxthenad justmesjitbf akmpdantaconditions tgouptoh adkerphizagpdss, boron dopant
depth with the laser melt-depth, it is also possible to adjust the maximum

diffusieseiurmeitaapihigsieat derfexampiacbycdings this enard yofitheth@gar-amorphizing
fluence. [0040] In addition to the above, the sheet resistances R, for the

implamtiftecates gioupsdveif Ralge CBORaediobhbc2OvwkeheandotPhcay RAlon proximate the
samples had resistances of 300 ohm/i:i and 250 ohm/[:] respectively.

amorphowsévestdhaRiStaffioe. 1Dhckadcssavplasivamsignificanty highepatib&o recombine
ohm/o. The variation in R, is correlated with the change in Boron

with inetividids 18kt & RelRAIbgond tiop o ane pariednEiistis] kédalidefion mechanisms
excess vacancies in the vacancy rich region help to remove the

such #starshitials thelielyeihclgfsing.BoByn cdpainigatitestloand heretade diffasion, there is
closer the end of range region depth and maximum melt depth are

impromedtcloetdheigreatee/theimmpromencast ilfvtiogang attirationodlsmmlacdk$ depth and
trend (not shown) was also obtained when the samples are subjected to a

maxini@00&:bidefiA mandealmdiastd abrod SO CadPB4bERigf 3mslhon®Bbrams such as ion
concentration profiles for samples in a crystalline silicon substrate and in

implaisificom subrglyated tinatghathe lbeerhe-devorpbizexpbyimetis kely $in the adjustment of
implantation. 10 Within the group of samples that have been amorphized,

implagaenpies dhat@neagiibjectechioat @ 1R piiicwith simglespuisel (pdepitmpitarst dgsepossible to
process prior to PAI 360 are compared with samples which have not

adjustbbempresimmadikied 3v0t deptlpresieypldior lasemplockgsusioptitmézenetgy of the laser
substantially match the maximum laser melt depth with a depth of an

fluencamorphous region generated by the PAI

[0040] In addition to the above, the sheet resistances Ry for the different groups were also
compared. The 20 keV and 40 keV PAI samples had resistances of 300 ohm/o and 250 ohm/o
respectively. However, the R of the 100 keV samples was significantly higher at 550 ohm/o.
The variation in Ry is correlated with the change in Boron activation level as the PAI conditions
are varied. This is because the excess vacancies in the vacancy rich region help to remove the
interstitials thereby increasing Boron dopant activation. Therefore, the closer the end of range
region depth and maximum melt depth are matched the greater the improvement in dopant
activation. A similar R; trend (not shown) was also obtained when the samples are subjected to a
1000°C of RTA annealing instead of 800 °C.

[0041] Fig. 3b shows Boron concentration profiles for samples in a crystalline silicon

substrate and in silicon substrates that have been pre-amorphized by a 40 keV Si* implantation.
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implant. 350 and 355 correspond to the profiles of both PAI samples after
Boron implant but prior to an RTA at 800C for 60s, 360 is the profile for
the pre-irradiated PAI sample post anneal and 370 is the profile for the

Withim@RepgeoirpaciatadghAl hatrplecpasinnaneabhiMed niatijge S8t coeresbieddd to a 0.72
to the after anneal Boron profile in a crystalline substrate that has not be

J/cm’ preglaipaisehizedngsionttbarproimslanitationP Ab Xpactedntpad8okath samples which
profile in the crystalline substrate 380 has the deepest junction depth,

have wonibbedaprbérrndinnbyd sdtibutebktprehiansielintheffegitochssing &nioized to substantially
implantation. The samples with PAI (360, 370) in comparison have a

matchshallewémyunttien weptiednievaatinddytiing sample pirenyiediategendthited by the PAI
laser prior to the 40 keV Si' PAI step provides the shallowest post anneal

implai30 B30 disdribifienrprgided 60 thchproidec o b athtiRA juastjdesdepth Boranranplant but
than 30 nm (about 40%) compared to the identical PAI counterpart

prior teiih GUT Ard SN datheOpy 86l dnt pastiictfeatignt-Tihatatodel Mesaauple post anneal
conclude from the experimental results that Boron transient enhanced

and 3diffusitie ganfile significantly prppresacd] yd paayphappant laseraprodésmwhile, 380
[0042] Figs. 4a-4c illustrate physical mechanisms involving dopant-defect

corresprtedactiiorhe pettic alarby] tBediff gnextitl en odescof sntbistitibamdty abandys not be pre-
interaction for various PAI conditions in a laser pre-irradiated silicon. The

amorpldued panrthe [edirtanchplaedefore the arpovtsdedreddotohepreéitapiesthe crystalline
during a pre-amorphization implant step while the figures on the right hand

substrsiel8 #rdasche drapiestgpnesentdeioths whittecearhplesiafieattributed to channeling effect
pre-amorphization implant and activation anneal. As mentioned earlier,

duringHgoncaximplem wébnd djbth ohiplealmtiib hidd 3thetiihentscaipaaschchigve a shallower
identical at about 60 nm. Thus, the majority of the vacancies formed by

junctidhedppthintplenstasty, ilradiatiple ane-focatadc:dtwitndxserupmioned-tepdd deV Sit PAI
60 nm which is denoted by the reference numeral 410 in Figs. 4a-4c. 11

step pjO@4B}Fit: deaomespposdsattiab Bohematicitortmignooefile, 2kdUcSieBwition in the
energy sample. As discussed earlier, the 20 keV PAI sample will result in

junctiegm dendrphizatientbaptBlohsd Qahouthd %s stalipawet tioarhehalentixirhlAL counterpart
laser melt depth (-60 nm). Therefore, the Si interstitials 420

without undergoing the pre-implant laser treatment. Therefore, we can conclude from the

experimental results that Boron transient enhanced diffusion can be significantly suppressed by a
pre-implant laser process.

[0042] Figs. 4a-4c illustrate physical mechanisms involving dopant-defect interaction,
particularly, the different modes of interstitial and vacancy interaction for various PAI conditions
in a laser pre-irradiated silicon. The figures on the left hand side before the arrows represent the
samples during a pre-amorphization implant step while the figures on the right hand side are
schematic representations of the samples after pre-amorphization implant and activation anneal.
As mentioned earlier, the maximum melt depth of for all the three experiments a, b, and c is
identical at about 60 nm. Thus, the majority of the vacancies formed by the pre-implant laser
irradiation are located at a maximum melt-depth of 60 nm which is denoted by the reference

numeral 410 in Figs. 4a-4c.
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introduced by the Si' PAI will reside at a displacement nearer to the
substrate surface compared to the location of the excess vacancies.
During the RTA activation at 800C, extended defects in the FOR region

[0043Will tiven ewaivardhpondh tthenOsstialdatipefding preahanismnkSINSE &I energy sample.
vacancies are located at a deeper within the substrate than the FOR

As disdedesl sagien thealioks VHeAIsaatpleinatiassafttheaamitiegiselitiotedstitiads ~40 nm that
from the FOR region with the laser-generated vacancies is less effective.

is shallbwecistayidert frarithennlisdpanelt idéprstitiadd 420b Therafoing théeSi interstitials 420
recombination. Hence, the self-interstitials will tend to flow towards silicon

introdscefobe dpdinerdoliWitbsibe Bardnslapantss eagéngoohdh eutatmationfate compared
inactive boron-interstitial clusters (BICs) as well as causing TED of Boron

to the eatidhefithéarxiscasn naaled esn Rulditiome RITEN dcappiing at de@it, eftebded defects in
nm - 50 nm below the Si surface has been also been observed for the 20

the EGR\fd2Adnsaitiptrenvelidivdslatitphited ©Osivel presariag ofediaiversiiialeribh vacancies
FOR region. [0044] Fig. 4b shows the case in which the amorphization

are labepih whiah deipaidestiiiih dive smsstrme mhaeltide o Rddefed: byetlienlakeation, the
fluence (-60 nm). With the matching of the two displacements, the initial

recombipersatof atiorncafiintérstitialst@atised HyothetRAEQR cegsas grehthie laser-generated
reduced due to the recombination of the silicon interstitials 440 with the

vacaneisliiniptasdfegeneraibd sxoedsnvdsanclesmibther hératoratitibs AQAtbenafining after
residual interstitial defects 440b is less compared to experiment in Fig.

recombmat@sultidgnice atlsh atlidvinfanctics proffi 3B ® dk shmmnarids Bigc8ajuiifaie and interact
expected that the flux of the silicon interstitials during the post implant

with theBeatinglipgreatbadierteabedamaiesult inhthe ¢ dooonbin@tioiithesusters (BICs) as
reducing the interaction between interstitials and Boron atoms.

well ag\caustipdlEIbofdbeinte nstitialth¢Bipfraitingnapa ddids foditatiomismeduppd)g at depth
thereby suppressing the corresponding TED of Boron and improving

of ~4BoronAativabidnvwldvesti RFRCE ey bsaitslde trrensibatevibdtchéha@Prbpvidtdl sample,
choices of the PAI energy to coincide the PAI 12 depth with the

whichgemésputedingtleserefirercy danieffettialyicbdifeR dgpaemt-defect
interaction and improve junction characteristics. [0045] For the case of

[0044}he 16Q. k& adW s dheplesshovwmhiielFid e 4andnghazniovphizatiom biepthoincides with the

maximum melt-depth induced by the laser fluence (~60 nm). With the matching of the two
displacements, the initial supersaturation of interstitials caused by the PAI process is greatly
reduced due to the recombination of the silicon interstitials 440 with the melting laser-generated
excess vacancies 410. Therefore, the number of residual interstitial defects 440b is less compared
to experiment in Fig. 4a, resulting in a shallow junction profile 330 as shown in Fig. 3(a). It is
expected that the flux of the silicon interstitials during the post implant annealing is greatly
decreased as a result of the recombination thus reducing the interaction between interstitials and
Boron atoms. Accordingly, boron-interstitials (BI) pairing and BICs formation is reduced,
thereby suppressing the corresponding TED of Boron and improving Boron activation (lower

Ry). The results demonstrate that the appropriate choices of the PAI energy to coincide the PAI

12



(-120 nm) is much deeper than the maximum melt-depth (-60 nm) created
by the laser pre- irradiation. Interstitials generated by the
pre-amorphization implant step are denoted in Fig. 4c by the reference
depth RUthearel &ao:spocknih s dlpieu s iagitiads velyck @reatphianidiemettraction and
depth, itis expected that no vacancies previously present at the
improvegxiotion olaktadepthisurvive. This is because the random arrangement
of atoms in an amorphous region doesn't allow for the existence of
[0045yacaRcieheAnsorsingly | toeksivuRAdnsimplg. showmanafdgous theaapiogessation depth
where there is no pre-implant laser irradiation prior to PAI implant. In this
(~120simatiomddhDivdpedaminate  dueiiadherseld diphngedefegtssueid as the laser pre-
intersitials that are present in large numbers and as such a deep Boron
irradiaiopaiprefitalis gtpeatat b it gity;dinerphparsaturatibntofttipeastlidamted in Fig. 4c
interstitials from the FOR region towards the surface leads to significant
by theBtTadocmatiowralhieh.cSusestizearjunphions tee fiavid anargedrSteothpatke melt depth,
to the previous two cases shown in Fig. 4a and 4b. [0046] Figs. 5a and 5b
it is egpecpaktiainmeal ddaldicsqassdectiynsredeaantplies mavarveemphedepth survive. This is
amorphized with Si' amorphization energies of 40 keV. Fig. 5a
becaugoniespandisnioarsageplenthat hasnoibean subjphted tegi@redonpiantllow for the
laser process while Fig. 5b corresponds to a sample with a single-pulse
existeirtadiivacaot@s/ 2 Atcm@ingherdin e anaximurigmélt ideptil agasbstantiedlyess where
matched with the depth of the amorphous region. As evident from the
there i§ Bdpceasspbectiosts,ithelctosityiof tb@RIdefpktst SChis Bigiablons 1843 will dominate
than the density of FOR defects 520 in Fig. 5a as a result of the
due torftexemilind megediEpthtandchrronphousate ghan dve ing ssub sidat i yumbtoha@dd as such a
in the former. [0047] Itis to be appreciated that the above described
deep Boperidopatiporiiyefos pxwpasds Similludiratiorsepmshieratientidthis sibteo interstitials
be limited to the specific process conditions described. The implant
from berddBnsgnopamtspe thessyfecinipldatttasenpgroogss I€onitioagomayhiod causes the
varied without departing from the invention. The objective of the invention
juncti¢s to bevendtegedhgafirsted B ldeeprprooessy @ cacarioywicn fégiotn and 4b.
wherein the depth of the vacancy rich region is proximate to the depth of
[0046 hn emiicef fangedediomrgastatedebl AlsMbsersertimpiant. §004BisTheve been pre-
fabrication of the preferred embodiments is discussed in detail below. It
amorpbivmdavith Si* amorphization energies of 40 keV. Fig. 5a corresponds to a sample that has

not been subjected to a pre-implant laser process while Fig. 5b corresponds to a sample with a
single-pulse irradiation of 0.72 J/em®, wherein the maximum melt depth is substantially matched
with the depth of the amorphous region. As evident from the TEM cross-sections, the density of
EOR defects 540 in Fig. 5b is less than the density of EOR defects 520 in Fig. 5a as a result of
the maximum melt depth and amorphous region being substantially matched in the former.

[0047] It is to be appreciated that the above described experiment is only for purposes of
illustration and the invention is not to be limited to the specific process conditions described.
The implant conditions, dopant species, pre-implant laser process conditions may be varied

without departing from the invention. The objective of the invention is to generate using a first
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be appreciated, however, that the present invention provides many
applicable inventive concepts that are embodied in a wide variety of
specific contexts. The specific embodiments discussed are merely
laser plosisative ehappeeitic walsm o heake dbdieisa tTatiavaoiiog; Aok @ivetdipidximate to
the scope of the invention. [0049] Figs. 6a to 6h are cross-sectional views
the dejltisifaiinghprsfoasgsteps iarciatiedtingasubleiplaxidgphield Effect
Transistor (MOSFET) in accordance with a first embodiment of the

[0048]nverTianfdbistwidd bethetadiaideentiadiments of diedmeniiodeari® below. It should
described in the context of fabricating a MOSFET for illustrative purposes

be appratyasst oe éveentiantis poédumited asishghrdideisreguadyplioptialectaive concepts
the formation of other semiconductor devices. [0050] Additionally, it is to

that albembdeérsiaod thakeay plistgliy glectdivvenitoxal pracepseasithrmbbodinalls discussed are
known in the art and not repeated herein, may precede or follow Figs. 6a-

merel plillidondover, spdsifc benyndensiodiiiatsmeryimeonificatndsj@dditions, the scope of
and/or omissions may be made to the below described process without

the inteypiarting from the scope or spirit of the claimed subject matter. For
example, the below described process may include more, fewer, or more

[0049ktepFigds6aitis Gb dre appreciatedihaidive giesenidisptosere niged footfbericating a
limited to the initial integrated circuit structure depicted by Fig. 6a. [0051]

Metal Refeleibige bW focFifirdhaistoe @OSIEibwin acemiaoredwitiorastitsctemed6ddnent of the
comprising a semiconductor substrate 602 including a well 604 formed

inventvaithidt kha@nieé benbweintizritethisodulsitatd 602camiois@scalBstyibedounikhe context of
silicon substrate having an N-well in which PMOS devices may be

fabricianpedVIQIErR&tive ] wihansupkipesiconjuatdrtheateréalsonr ia worjpatgbas such but
semiconductor materials such as but not limited to germanium, silicon

is equaiybiphel] gdlleum thestemioati @r afidither sesenicduniay ddsocbe used for the
substrate 602. The substrate 602 may also be a silicon on insulator

[0050ubstdtitidda]0050]sTirebe luigoration shiuctyrlesabif6 dreoals fomakprogéhsas that are
the substrate to isolate active areas on the substrate 602. Alternatively,

well kotiven isglatiert sodiotirepsuct g dieldonigecisalatiordollow Figs. 6a- 6h. Moreover, it

is to be understood that many modifications, additions, and/or omissions may be made to the
below described process without departing from the scope or spirit of the claimed subject matter.
For example, the below described process may include more, fewer, or more steps. Also, it is to
be appreciated that the present disclosure need not be limited to the initial integrated circuit
structure depicted by Fig. 6a.

[0051] Referring now to Fig. 6a, therein is shown a semiconductor structure 600 comprising
a semiconductor substrate 602 including a well 604 formed within. In one embodiment, the
substrate 602 comprises a P-type bulk silicon substrate having an N-well in which PMOS
devices may be formed. Alternatively, other bulk semiconductor materials or a compound
semiconductor materials such as but not limited to germanium, silicon carbide, gallium arsenide
or indium arsenide may also be used for the substrate 602. The substrate 602 may also be a

silicon on insulator substrate.
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structures may also be used. [0053] A gate dielectric material 610 is
deposited over surface of the substrate 602 followed by a layer of gate
electrode material 615 and a gate capping layer 620. The gate capping
[0052]ayerT@2dlis soadentmaterialsbairarg wapabledoiptenantingifieate to isolate active
polysilicon electrode layer 615 from melting when the semiconductor
areas SirdeWiebGidfidHO0bjadtechid alasethitrachddionm piacgstesisuehess field oxide isolation
embodiment, the gate electrode layer 615 is made of polysilicon and the
structgatencapiiochtayesds20 is a poly capping layer. Materials such as SiO2,
SIiON, SiN, SiC, or combinations thereof may be used for poly capping
[0053]ayer/S2atcAlieknativehntaihbs atedigsdinat caer prefieptdhehpolisitiaanc02 followed
electrode layer 615 from melting under laser irradiation are also suitable.
by a 1§9054{ Eaclelet thvel¢aragainb atardiel eciialpydn S LY antP Qatdategirodapping layer
layer 615 are generally conventional in the semiconductor fabrication art.
620 ishoadxafmpiesribb gateatietapiibite lyprebdtimathe polgridz endiklectde layer 615 from
material such as silicon dioxide, silicon oxynitride, silicon nitride, a high-K
meltingethtoxidesane eaibinatiorcther 600 Altatjaticelyy atheedietelittion process. In one
materials may also be used. The gate dielectric 610 may be deposited
embodisingtMmistheds ductcas theemal Soxidatie mfohdmitabuapouthd epositipping layer 620
rapid thermal oxidation or the like as known in the art. As for the gate
is a padjecippilez| tyger.6 Vntitrayednapi$s0.-a SONELEIVESIC semtbadrndatddivethereof may be
material. Non-limiting examples include doped polysilicon, a metal silicide
used for padprdppatiphayhe@of. J65bitriglys bibleowstiraletultscad pattemtitg polysilicon
the gate dielectric layer 610, gate electrode layer 615 and gate capping
electrddyenyd2® 10 HignGadodgrandeghitesiacki 630 Gonlentiotdlepatterning
methods such as lithography patterning using photoresist followed by
[0054Eeledidh s€gtentiatgtoringaof thelgatecchyypinglidyerd thatgaiewtedtrdager 615 are
layer and the gate dielectric layer may be used to define the gate stack
generg@BOcéfiensitchingisheosapletadlutterphbrorasist maskis skappdd dffeagde dielectric
the final gate stack structure is as shown in Fig. 6b. 15 [0056] Fig. 6¢
layer 6Hdws thevsgmicondigdtotrstroctgre: 600 bfaF igliebrafiex digmmlicepacegrstride, silicon
(not shown) are formed proximate the sidewalls of the gate stack 630
nitridefoll dangbdKoynigtel foxndatiwrm gombination thereof. Alternatively, other dielectric materials

may also be used. The gate dielectric 610 may be deposited using methods such as thermal
oxidation, chemical vapour deposition, rapid thermal oxidation or the like as known in the art.
As for the gate electrode layer 615, it may comprise a conductive or semi-conductive material.
Non-limiting examples include doped polysilicon, a metal silicide or a combination thereof.

[0055] Fig. 6b shows the results of patterning the gate dielectric layer 610, gate electrode
layer 615 and gate capping layer 620 in Fig. 6a to form a gate stack 630. Conventional
patterning methods such as lithography patterning using photoresist followed by selective
sequential etching of the gate capping layer, the gate electrode layer and the gate dielectric layer
may be used to define the gate stack 630. After etching is completed, the photoresist mask is

stripped off and the final gate stack structure is as shown in Fig. 6b.
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deep source/drain regions 608 within the substrate on opposing sides of
the gate stack 630. The deep source/drain regions 608 may be formed by
implanting suitable first dopant species into the substrate 602 and using

[00561he dBinNGy shewershasdanmdoplasomaskctoroftoet dierdy® afidreddaapy spacers (not
source/drain regions 608 from the edge of the gate electrode 615. An

showrnnedbngdor peessnauckhasidighlieropaiateue ramil 438 fulavsiealinge formation of
(RTA) may optionally be carried out after the implant to activate the first

deep sdopanisaiAliesnativel)s, Wiehtiesie sobyeele miroppgidns sy afsdogate stack 630. The
activated at a later stage, for example, after source/drain extension

deep sdopardsahaxeioae 60® plaptedfdmibe bembpldiieptoftihi: ficst thepadmrgpayies into the
spacers are etched back after deep source/drain region formation

substriesolihgna fissisetiapancergeda Ofiadnarigar widtk. (tbheffecilghottize of the deep
deep source/drain regions 608 as implanted is therefore offset from the

sourcegdigénat fientirs0® fiseh shaedps @3Be Bhe pluqrose aflStcngubacHitizeprocess such as
dummy spacers is to adjust the extent of junction-to-gate overlap

high thejweenra spbsdguentlyioenag $BAAR draivexdan8iohereginadand Hier the implant
edge of the gate electrode 615. [0057] In Fig. 6d, an optical coating layer

to actit4@ ihafipsiedbpyetstheAsenmiaovedyictior derpctorec&athof feigiobc ninyoaigo be activated
embodiment, the optical coating layer may comprise an oxide-based

at a latkelsatric fayexahijdeoplicalscoatiidriay ex G&40ialalvportirhaoetynatioplviied. In the
the gate capping layer 620 form an optical layer that responds

embodliffenentfaliystoGocidiend lasey lightcdeperdicighed itaclocdidhidéeessufaerdrain region
example, the optical layer portion overlying the top of the gate electrode

forma6dhn iscommgosediod thé gatepoapirtg lapérb Adrenwkoptichh codiegedgerof the deep
640 and has a thickness of H2. The combined thickness H2 is chosen so

sourceadraonprgiios &08opticaplafiedtivehprofpeety$satrohatiasdgtigtitthmpirgiofjset spacers
thereon is mostly reflected. This prevents the gate electrode 615 from

632. 'hreltpugpdseiog) grbimpglack thsehimadiapoccrOn tloeadjherthansicse ctignsction-to-gate
the substrate where an amorphous region is to be formed in a

overlaguipsecgaent sibpequeitlystovitiid soerdedmsoarteisiainepgiomeiss ldge of the gate
to be melted by incident laser fluence so as to generate vacancy rich

electradgiofs. 16 Accordingly, portions of the optical layer overlying such
regions will have a thickness that

[0057] In Fig. 6d, an optical coating layer 640 is applied over the semiconductor structure

600 of Fig. 6¢c. In one embodiment, the optical coating layer may comprise an oxide-based
dielectric layer. The optical coating layer 640, alone or in combination with the gate capping
layer 620 form an optical layer that responds differentially to incident laser light depending on its
local thickness. For example, the optical layer portion overlying the top of the gate electrode
615 is composed of the gate capping layer 620 and optical coating layer 640 and has a thickness
of H,. The combined thickness H; is chosen so as to provide an optical reflective property such
that laser light impinging thereon is mostly reflected. This prevents the gate electrode 615 from
melting during pre-implant laser irradiation. On the other hand, sections of the substrate where
an amorphous region is to be formed in a subsequent step such as within the deep source/drain

region 608, have to be melted by incident laser fluence so as to generate vacancy rich regions.
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results in laser transmission to the underlying substrate. In Fig. 6d, only
the optical coating layer 640 overlies the deep source drain regions 608
and it has a thickness Hi which results in laser transmission. [0058]
AccorBRafgiringnonstofige6eptibaraiyds shomyidhestiuctgioms il Bavin & thickness that
pre-implant laser step. Arrows 650 depict the irradiation of laser fluence in
resultsitolaeéirasaassthal tiaghbdeasterddtimizdditacrdatt yacansl yitle kggliofiscoating layer
655 in the substrate on opposed sides of the gate stack 630. During the
640 opdisnpharddgseosiep dihm apticalsl&Per asdlectmbasehituenceHionidtergais in laser
electrode region thus preventing the gate electrode 615 from melting while
transn@lgieing incident laser fluence to be transmitted / absorbed through to
locations corresponding to desired vacancy rich regions. Preferably, the
[0058 pre-iRyflaningserprodags & opiireined shothatttiresdaptiroiothBigvachiicy pre-implant
rich region substantially matches the depth of end of range defect regions
laser aspociatec with) sidpsegihenithyadostived dnerphbusice gioaslatérepdesisedhat has been
location of subsequently formed amorphous regions is represented in Fig.
optimGkbydoited inesn¢Pnd| togome éntbodimenththretincideppdasersidesnt the gate stack
melts a portion of the substrate to form vacancy rich regions 655 around
630. therimgximupreraliingt degth wéphehlasertidhiddgebeaftuderdtcod fiinatca from the gate
multitude of laser process parameters, such as but not limited to
electradavelgngthusepreveméngythér raéatientchutatbdd dranurllteg ol piltseBopweaue incident
be adjusted to modulate the depth of vacancy rich regions 655. Moreover,
laser fllnose:gkiltedimine @rd Wibsqbrelcihteuiiatddseajprocess gaamhaiers dasired vacancy
vary with the optical coating layer material employed, substrate material
rich regiployeRicforabkamineprfoloiihin Fisproproeeseo pticgtonatinigsaybatod@, depth of the
and the gate capping layer 620 formed are removed after the pre-implant
vacantgserlstengi$0 06k Refiattingraohesothégd Ggh the reid ¢ shiogendidfecstregtome associated
of Fig. 6f in a pre- amorphization implant step. Arrows 660 depict the
with subptgntatigniofracseemodploruspegiesssuchlas d@ecdilocamwineft ghsespehtly formed
as Ne, At, Kr so as to form amorphous regions 670 on opposed sides of
amorpiine1g ateistack B sAmm phbuys 6 dipdsté&ddimsresent areas where the
crystalline structure of 17
[0059] In one embodiment, the incident laser beam melts a portion of the substrate to form

vacancy rich regions 655 around the maximum melting depth of the laser. It is to be understood
that a multitude of laser process parameters, such as but not limited to wavelength, beam energy,
irradiation duration and number of pulses, can be adjusted to modulate the depth of vacancy rich
regions 655. Moreover, those skilled in the art will appreciate that laser process parameters can
vary with the optical coating layer material employed, substrate material employed, for example.
[0060] In Fig. 6f, the optical coating layer 640, and the gate capping layer 620 formed are
removed after the pre-implant laser step.

[0061] Referring now to Fig. 6g, therein is shown the structure of Fig. 6f in a pre-
amorphization implant step. Arrows 660 depict the implantation of a second ion species such as
Ge, Si or an inert gas such as Ne, Ar, Kr so as to form amorphous regions 670 on opposed sides

of the gate stack 630. Amorphous regions 670 represent areas where the crystalline structure of
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the substrate 602 has been transformed a random state.
Pre-amorphization implant is commonly used to reduce the channeling
effects whereby implanted ions (e.g. Boron) penetrate to a greater depth

the suthaatpr)etiedbin tediiCingéde extaohofahanpelingsipallowen junetans commonly
maybe formed. [0062] However, the pre-amorphization implant step

used teeudiisdntibelganeliatiwtfol . nchefdlangepin@R) dsfecikraens piehasao a greater
located approximately at or as illustrated in Fig. 6g slightly below the

depth depthrofdiredanor phibidtnegio axbeiil. of kedntdR e gintis wenjphictodetaaisbe formed.
such as interstitials 665. Interstitials 665 in the FOR region are

[00621ndeHisakele:-hebapse theypecigaseniptanelaericaliictivaliogenkimjplanieehd of range
dopant ions by assisting in the segregation and/or clustering of the

(EOR pldpfeetsrdgitarstitinishoble disatedugspitansieotye ahancaditifftisied of Fig. 6g slightly
dopants during subsequent anneal steps thus increasing junction depth.

belowFhe ekquthpld, ihterstiviglsons Tr¢aithe 6FOR TagitiORay gdenseaseaitise defects such as
electrical activation of dopants used to form a source/drain extension

interstiegiob s .asuhsagilenbStap hndECtrdpuda todrandisithideanaest difftysidrrease the
thereof during anneal. Transient enhanced diffusion of source/drain

electriextensiati oo pénispinated depadite odinbgnsicpsngf imahcced/ gragnt extendion clustering of
regions. [0063] The vacancies 655 generated at the laser melting depth

the dopantye imberstitialls 66Dimtbe QR regisieihersimnpet mitfiingisupefiaiopants during
electrical activation of dopants used to form the source/drain extension

subseqegionsnnabstgaqimntistepssing grewtiog dupth.sitddwrenaphe dopantsalsados in the
become electrically active. In addition, by removing interstitials, the

EOR vagianciesy68bcataee shppriessiicetbrstitialtaioeof tdpsignt erebdancdédrm a source/drain
diffusion. In one embodiment of the present embodiment as shown in Fig.

extenstoy tlegipreianaospbization istgantd rooesbutartderaptienizeshsuctd thdifuien thereof
FOR region depth is proximate to the depth of the vacancy rich region

duringsbfnchhe depibicof thehaacandifiisionegiosp656/dran b egsiaintaltperiasercreases the
melting depth of the pre-implant laser step. Preferably, FOR region depth

dimenig @pprosematélyaan aslcis e rdgtiis of the vacancy rich region.
Alternatively, the laser melting depth may be tuned to match the FOR

[0063 }egiohhdeptan¢BO 8 Fniiewired theherbxemogihiradeptimplantstgprstifias 665 in the
dopant species are implanted into the substrate to form source/drain

EOR exgensidrerdnions ontonp cspdrsidectfctinie gatetstaidén6 0. dopants used to form the

source/drain extension regions in subsequent steps by creating more sites where the dopants can
become electrically active. In addition, by removing interstitials, the vacancies 665 also
suppress interstitial aided transient enhanced diffusion. In one embodiment of the present
embodiment as shown in Fig. 6g, the pre-amorphization implant process can be optimized such
that the EOR region depth is proximate to the depth of the vacancy rich region 655. The depth
of the vacancy rich region 655 may be equal to the laser melting depth of the pre-implant laser
step. Preferably, EOR region depth is approximately equal to the depth of the vacancy rich
region. Alternatively, the laser melting depth may be tuned to match the EOR region depth.

[0064] Following the pre-amorphization implant step, third dopant species are implanted into

the substrate to form source/drain extension regions on opposed side of the gate stack 630. In
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18 Fig. 69, the source/drain extension as implanted completely overlaps
the amorphous regions 670. Alternatively, the source/drain extension may
also have other dimensions so long as it overlaps the amorphous region.
Fig. 6@ refesablycihaiaraoepRitsacaiphiscdespeplitiely tiesapy oe/diatiphous regions 670.
extension region as implanted. [0065] In one embodiment, a PFET device
Alternigifeddyicaie doanct thgisoeNeaiioai mayteRsidavéagiansitiénsiays 3e fonped it overlaps
by implanting lightly doped P-type impurity ions. Non-limiting examples of
the arRetyhewdoparnitsh inciide:Bbron (il umiotphogsaliégion Inelideemsr carpatiadsource/drain
thereof. In another embodiment, an NFET is fabricated the third dopant
extensspecigioarss ligiplynteped N-type impurity ions. Non-limiting examples of
N-type dopants include Phosphorus, Arsenic or compounds thereof.
[0065]0066) Afiter ehebsdimieatandRITBIN dxtensisnfibptantdtep] ahecanneaabifigain extension
process such as annealing processes such as low temperature thermal
regionanbiEnintgptet thermed byrieqllaspike HpmdalddedhPanpeaimplaseriamiedNon-limiting
is carried out to activate the source and drain extension dopants. [0067]
exampig. i) gleodvp anposichniecBb ambadimeninof Grdlinve dtidmnviereompounds thereof.
pre-implant laser processing was carried out to generate vacancies while
In anolfigr 6mpiydEhaws an EEIDdifebnicatitiahe thiediduplantdpseepacchghihgddsed N-type
evident from the illustration, Fig. 6h(i) has a reduced number of interstitial
impuridgfécts. coMpaiaditmkigxempilesCohdequentiotiespastladadtiosphorus, Arsenic or
source/drain extension region for Fig. 6h(i) is of a shallower depth and
comphasiathegbiei percentage of dopant activation compared to the
source/drain extension region for Fig. 6h(ii). [0068] Figs. 7a to 7i are
[0066ErossAsectibratmewsatidsthaimg process stgpsnfostighricatingealfiegddprocess such as
effect transistor (FET) in accordance with second embodiment of the
annealpnggsntasentioh. ds lihvs teepandientbodial emb) s aapificib¢ neplaceewnipike anneal,
gate is used thus eliminating the need for an optical coating layer to
flash pnevenithegateneid oy odeifrdounteldirigy aslgrihg Jasee protdssingx thnsido dopants.
understood that a plurality of conventional processes that are well known
[0067]n thé&iart @0 nbowe pgaigchheseienmhayipravedetior follentifigshZ@- ptie-implant laser
Moreover, it is to be understood that many
processing was carried out to generate vacancies while Fig. 6h(ii) shows an embodiment without

pre-implant laser processing. As evident from the illustration, Fig. 6h(i) has a reduced number
of interstitial defects compared to Fig. 6h(ii). Consequently, the post anneal source/drain
extension region for Fig. 6h(i) is of a shallower depth and has a higher percentage of dopant
activation compared to the source/drain extension region for Fig. 6h(ii).

[0068] Figs. 7a to 71 are cross-sectional views illustrating process steps for fabricating a field
effect transistor (FET) in accordance with second embodiment of the present invention. In this
second embodiment, a sacrificial replacement gate is used thus eliminating the need for an
optical coating layer to prevent the gate electrode from melting during laser processing. It is to
be understood that a plurality of conventional processes that are well known in the art and not
repeated herein, may precede or follow Figs. 7a- 7i. Moreover, it is to be understood that many

modifications, additions, and/or omissions may be made to the below described process without
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modifications, additions, and/or omissions may be made to the below
described process without 19 departing from the scope or spirit of the
claimed subject matter. For example, the below described process may
departin@ Udenmare  stesperoprspifiteosteins.oidaaed isitjebe mppeeciared thanipr, the below
present disclosure need not be limited to the initial semiconductor
describédiptute sWapisteachyiE igora. (AR rRedes ring HoWIt0 Figs fa bdheppirdiited that the
shown schematic cross-sectional view of a semiconductor structure 600
presemt@RPliSing desé mic o dusied subbératriZid2 incthiding @ welcitd dgriaed by Fig. 7a.
within. In one embodiment, the substrate 702 comprises a P-type bulk
[0069FilicoReSerpBigaiey v atw Ngi @n ;- wisdk #tnwiki ch M OShdevide sonay-teetional view of a
formed. Alternatively, other bulk semiconductor materials or a compound
semiceadnitonduatonm &eialsngpitigs byt middinited tcugatmariom jsilieding a well 704
carbide, gallium arsenide or indium arsenide may also be used for the
formegubshiate [A0zhcThatsubsicatet O 2utnasa @l SO D edangitisen 0P-tgpelatdk silicon substrate
substrate. [0070] Trench isolation structures 706 are formed within the
havingubstiste ¢t iSolaschmbtivEVOSasIcictiie mapstiatdofbiz dAlteAlatuelivebyhesther bulk
isolation structures such as field oxide isolation structures may also be
semicoishat (@ OdjeA dater dietechpolayieseniliodsdiepositedeaudr sushhstrate AOR limited to
followed by the formation of a layer of dummy gate electrode material 715
germaouenihelgate ciehedtrigdyen 740enidee gaiediiete civen@ygemaiOawaybe used for the
comprise a dielectric material such as silicon dioxide, silicon oxynitride,
substrsiiciR .nithd epbshigh-K2netgl dxadecer alvombimatiohtheradofirdtiernatively,
other dielectric materials may also be used. The gate dielectric 710 may
[0070be ddpesitedseisingnsiethodss F06masftherdal okidabionybiterricalivalpauactive areas
deposition, rapid thermal oxidation or the like as known in the art. As for
on th¢hsublstmaray/fate dlictratiedhyeotlids isnhitevialsisutiras polysikictnld SiGds isolation
SiN or SiC may be used. Alternatively, other materials that may be
structusmonvgchbelbetisells with respect to spacers subsequently formed on the
sidewalls of a dummy gate stack which the dummy gate electrode forms
[0071bart &f rpaty alsddoeioskyef0012] Figlcpostedwevtie resuitsraepabizriplgwed by the
the gate dielectric layer 710, and dummy gate
formation of a layer of dummy gate electrode material 715 over the gate dielectric layer 710.

The gate dielectric layer 710 may comprise a dielectric material such as silicon dioxide, silicon
oxynitride, silicon nitride, a high-K metal oxide or a combination thereof. Alternatively, other
dielectric materials may also be used. The gate dielectric 710 may be deposited using methods
such as thermal oxidation, chemical vapour deposition, rapid thermal oxidation or the like as
known in the art. As for the dummy gate electrode layer 715, materials such as polysilicon,
SiGe, SiN or SiC may be used. Alternatively, other materials that may be removed selectively
with respect to spacers subsequently formed on the sidewalls of a dummy gate stack which the
dummy gate electrode forms part of may also be used.

[0072] Fig. 7b shows the results of patterning the gate dielectric layer 710, and dummy gate
electrode layer 715 of Fig. 7a to form a dummy gate stack 730. Conventional patterning

methods such as lithography patterning using photoresist followed by selective sequential
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electrode layer 715 of Fig. 7a to form a dummy gate stack 730.
Conventional patterning methods such as lithography patterning using
photoresist followed by selective sequential 20 etching of the dummy gate

etchingletttadéulayey ¢1% arditbecgaiedileciid ey gatéldiorayibddysed 10 may be used to
define the dummy gate stack 730. After etching is completed, the

definephotouasisy maskiscRtrppedAdi: Audankat taygslekdjalecpiomatesiahisk is stripped
subsequently deposited over the gate stack 730 and substrate 702 and

off. Apbitekeedabyrpdriicradngean aaisdikoniddeliratigpliepeiitepweesid@imRiack 730 and
first offset spacers 732 adjacent the sidewalls of the dummy gate

substrele oo dead hetdiisibifgglcsfrneng ABAmanems aniiupipnt meskpdotess to form first
subsequent pre-amorphization and source drain extension implant steps.

offset Byanay D32xdjngiat the fitkiwifsetSprcdimitB2gata)ekomptese Ehsiliconoffset spacers
nitride, silicon oxide, silicon oxynitride or a combination thereof.

732 s&kernativeiyndther disledvicsubatquials preyaalsplbeatieadafdOs@]rce drain extension
Referring now to Fig. 7c, therein is shown the semiconductor structure

implamtOQepk FiByMsaincd preniplelatht | fisetr «ftispt sraows 78D depicdifeise a silicon nitride,
irradiation of laser fluence in a laser process that has been optimized to

silicorcresiéeyathomy melmediens7 55 anmbppagingtbidest of tAdtgatei stick oftr0. dielectric
Preferably, the pre-implant laser process is optimized to locate the

materigteategtborigentedtion of vacancies at end of range defect regions
associated with a subsequent pre-amorphization implant step that forms

[0073hn aReiphoagnregiortighéclabatinm ofstievauthseguentlydiaoredructure 700 of Fig. 7b
amorphous regions is denoted in Fig. 7c by dotted lines. [0074] In one

in a pentiptimdatcthhemcideniiasen beamt 766 imadis eoparfibnearfithensubstaateser process
to form vacancy rich regions 755 around the maximum melting depth of

that hikétaserplinszaliie wederstoad thath regitinade Dblaspppsogessles of the gate stack
parameters, such as but not limited to wavelength, beam energy,

730. hrefdiabibn tanattemahohinlareb eratpuls epficandde abijosteth¢madsiatacentration of
the depth of vacancy rich regions 755. Moreover, those skilled in the art

vacangyil apprdciatentpatidserppioesssparametath eanbsagyemitipihesofgtiztgon implant
material employed, for example. [0075] Referring now to Fig. 7d, therein is

step teitofpnniheastrantuphafsFiggitnin dhprdocation of the subsequently formed amorphous

regions is denoted in Fig. 7c by dotted lines.

[0074] In one embodiment, the incident laser beam 750 melts a portion of the substrate to
form vacancy rich regions 755 around the maximum melting depth of the laser. It is to be
understood that a multitude of laser process parameters, such as but not limited to wavelength,
beam energy, irradiation duration and number of pulses, can be adjusted to modulate the depth of
vacancy rich regions 755. Moreover, those skilled in the art will appreciate that laser process
parameters can vary with the substrate material employed, for example.

[0075] Referring now to Fig. 7d, therein is shown the structure of Fig. 7c in a pre-
amorphization implant step. Arrows 760 depict the implantation of a first ion species such as
Ge, Si or an inert gas such as Ne, Ar, Kr so as to form amorphous regions 762 on opposed sides

of the dummy gate stack 730. Amorphous regions 762 represent areas where the crystalline
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amorphization implant step. Arrows 760 depict the implantation of a first
ion species such as Ge, Si or an inert gas such as Ne, At, Kr so as to
form amorphous regions 762 on opposed sides of the dummy gate stack
structufdCoAtherplitaissie gioRsh46 beeprasasioaneat whatgdhe arysialonrphdlk state. Pre-
structure of the substrate 702 has been transformed a random and
amorphaiph ehip Biiat e Fdramanlexz adaedinp thatissasimoeaffetsed to reduce
the channeling effect. [0076] However, the pre-amorphization implant step
[0076Tesulowmdhe ghaerationopplenatiohrangian(s@Rksdte ¢h tbgigasmtimharend of range
located approximately at or as illustrated in Fig. 7d slightly below the
(EOR pepthcofriatramatpbio userégiated GPpidienRy regianssciiupriseddefdeiis 7d slightly
such as interstitials 765. Interstitials 765 in the FOR region are
belowuthded¢able bhdcauseipryudaetgase/te daectiitak actdvaiior@hpripladtéetts such as
dopant ions by assisting in the segregation and/or clustering of the
interstilpaImss .| hiesstitialls 765 alsthediOR tragisientenhdniedldithasioneothey decrease the
dopants during subsequent anneal steps thus increasing junction depth.
electribdr exiamiple ohiershiiald d6pair ibas BORJegENi My denreasedhmd/or clustering of
electrical activation of subsequently introduced dopants used to form a
the dspamse/diaierettaisidnyegian endecantnfiate tentramsiéndiéfikanced dopants during
diffusion thereof during anneal. Transient enhanced diffusion of
subseqautcaidealnsepte tsion opantg jwreaseddped. diffensicnspdd, sauncetiiairy65 in the
extension regions. [0077] The vacancies in the vacancy rich region 755
EOR regnoveniytelstittats 765 dlet¢hécHOR vegionaheublygpenxthitimgodupatidppants used to
electrical activation of dopants used to form the source/drain extension
form pegionsidrsubsegusninstegebyankkatingimoeetsitesnaleetectiimmdedadticaon thereof
become electrically active. In addition, by removing interstitials, the
during/acaediesTzais risio sunapeedsdifiterstitial amede{dhmasientteniamclegants increases the
diffusion. In a preferred aspect of the present embodiment as shown in
dimenFKiigns/ef, therprchamerphizatioregioplant process can be optimized such that
the FOR region depth is approximately equal to the location of the
[0077)/acalhby nietaregions wisickacmasy bectd ecgrominkd byrittve prietomsplaals |262rin the EOR
step's laser melting depth. Alternatively, the laser melting depth may be
regiontiimzdby paatcHitesE@Raegierirdeptivtivation of dopants used to form the source/drain

extension regions in subsequent steps by creating more sites where the dopants can become
electrically active. In addition, by removing interstitials, the vacancies 755 also suppress
interstitial aided transient enhanced diffusion. In a preferred aspect of the present embodiment
as shown in Fig. 7d, the pre-amorphization implant process can be optimized such that the EOR
region depth is approximately equal to the location of the vacancy rich regions which may be
determined by the pre-implant laser step’s laser melting depth. Alternatively, the laser melting
depth may be tuned to match the EOR region depth.

[0078] Following the pre-amorphization implant step, second dopant species are implanted
into the substrate to form source/drain extension regions 762 on opposed side of the gate stack
730. In Fig. 7d, the source/drain extension region as implanted completely overlaps the

amorphous regions 762. Alternatively, the source/drain extension may also have other
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[0078] Following the pre-amorphization implant step, second dopant
species are implanted into the substrate to form source/drain extension
regions 762 on opposed side of the gate stack 730. In Fig. 7d, the
dimensiurceddiaig axtensierldegias asdmpbleuniadcompiaiettalerlapsadherphous region is
amorphous regions 762. Alternatively, the source/drain extension may
deepeaibanhavs @iherd2endimensiong sodanrdaplinssdriaps the amorphous
region. Preferably, the amorphous region is deeper than the source/drain
[0079Extensiand eghtboasrenplanteBE J0Aé9]ch Bnékridhadinmedt tie Robrtdéiie extension
is fabricated and the source/drain extension regions 762 may be formed
regionby7iaptaning lightlydbpeechBliwpagmighitity dopsd Netypimitipyriexadmple Nafn-limiting
P-type dopants include Boron, Aluminum, Gallium, Indium or compounds
exampilereOP-tipadotharscimiodénBentna i Nhiiuis, falaticaie datidibher s@ogmainds thereof.
dopant species are lightly doped N-type impurity ions. Non-limiting
In anotixaneplbsdiimbiatype Ndfidnis fabhide:BhodphonespAdsénianospeeipatintightly doped
thereof. [0080] Fig. 7e shows the semiconductor structure 700 of Fig. 7d
N-typafiapsegoit OffSehsiadeng c3hples fof Nagpaedjapemt thelsidteRlaliplodting Arsenic or
first offset spacer 732. The second offset spacers may be formed by
compalepiosghingod blanket layer of dielectric material over the semiconductor
structure 700 of Fig. 7d followed by an anisotropic or isotropic etch
[0080procéss. toe Byowayhef sexérnpdactbe ssecond GiQetf dfigc@dsaf®4 snaynd offset spacers
comprise a silicon nitride, silicon oxide, silicon oxynitride or a combination
734 atthévenbdAdtgmeatively, sidhentsetd atrecfimatefiats spasealsilbelbseatcdddIfset spacers
As shown in Fig. 7e, the second offset spacers serve as an implant mask
may tgufimgnad dee plqmsioef raiblanpahistionSidplediecerthikdidbpaat sieck@aiconductor
as depicted by arrows 770 are implanted into the substrate. The deep
structigeuroe/dfakigmplafvidtiendstep formsdeepicourcetdogin diffupionessgionsBy way of
772 which are offset from the edge of the gate electrode by the first and
exampgdectnd saffed: sffaciesp{*32,7334n40082hpniene emndyodimtendt, ssEEIT oxide, silicon
device is fabricated and the deep source/drain regions 772 may be
oxynitigdmedanp mphattingheezofilyAdaediPety pethepdintscionsnhenalimitiygalso be used.
examples
[0081] Aps shown in Fig. 7e, the second offset spacers serve as an implant mask during a

deep source/drain implantation step where third dopant species as depicted by arrows 770 are
implanted into the substrate. The deep source/drain implantation step forms deep source/drain
diffusion regions 772 which are offset from the edge of the gate electrode by the first and second
offset spacers (732, 734).

[0082] In one embodiment, a PFET device is fabricated and the deep source/drain regions
772 may be formed by implanting heavily doped P-type impurity ions. Non-limiting examples
of P-type dopants include Boron, Gallium, Indium or compounds thereof. In another
embodiment, an NFET is fabricated and the third dopant species are heavily doped N-type
impurity ions. Non-limiting examples of N-type dopants include Phosphorus, Arsenic or

compounds thereof.
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of P-type dopants include Boron, Gallium, Indium or compounds thereof.
In another embodiment, an NFET is fabricated and the third dopant
species are heavily doped N-type impurity ions. Non-limiting examples of
[0083N-typefdophnideickideRliosiphertedsidisenisialt ceppaunidpihereofihd3source/drain
[0083] After the deep source/drain extension implant step, the dopants in
extensioa sadrceighaisurexténsior:givdasp salraedlainregionralare paivmted By way of
by an annealing process. By way of example, the annealing process may
example, shiowniralpey pivce dhanmalanneal ieapicttheendadranineahe sipikpidnheahal anneal,
flash anneal or laser anneal process. [0084] Referring to Fig. 7f, therein is
spike sl flaehsirieilrer dideiganfeAfpesdirst dielectric layer 780 is deposited
over the substrate. The first dielectric layer 825 as deposited completely
[0084FoveRetheidymnBigeale shack’ 30 shnd is thabseqguantlyf rEgeskedftbraufits@adiclectric
CMP or etch back process to expose a top surface of the dummy gate
layer E86dkr ddpoditbd Byewehe clipxampleTireffirstdidietedtritjay 82 hay daptsitedacompletely
low k dielectric material, an oxygen containing material such as silicon
coverdibzidemhrOgatsikcak Nidldendria sobeéxnatitn thereef] (BOAGHmKIMPgyr etch back
the dummy gate electrode 715 is removed in an etch process that
processaiectipebe rempwesfibe outieniugaty glactebaerodatétial \Blyile agtafrdingnipke, the first
gate dielectric 710, first offset spacer 732, second offset spacer 734 and
dielecfiistldjelentay layledd 80low dndekmbodiment tha duypay gaieueiegtnaderial such as
material is removed by a wet etch process. [0086] Referring now to Fig.
silicor/thioaildy &S atdiedactrodie oratenalbi8@iendbpesited over the
semiconductor structure 700 of Fig. 7g. The gate electrode material 782
[0085Tills the Vogd [Eft Behihdrbyyregaeviegdnedduiriihyigateneleatradeaanet@dlsprocess that
covers the top of the first dielectric layer 780. The gate electrode layer
selectiv8ly, itmayesahepdisamcgatudiive aleseniboshdbickvetmategahe gate dielectric 710,
Preferably, the gate electrode material comprises polysilicon, metal or
first offetal gilwer Alfibusgrenduiniffsetr gfagate Bécmotldimatdredddgidlustyatedd®. In one
Fig. 7h, it is to be understood that a composite layer of gate electrode
embodnatetiahmdynipeydgpo sitadrinkteaderial is removed by a wet etch process.

[0086] Referring now to Fig. 7h, a layer of gate electrode material 782 is deposited over the
semiconductor structure 700 of Fig. 7g. The gate electrode material 782 fills the void left
behind by removing the dummy gate electrode and also covers the top of the first dielectric layer
780. The gate electrode layer 782, it may comprise a conductive or semi-conductive material.
Preferably, the gate electrode material comprises polysilicon, metal or metal alloy. Although a
unilayer of gate electrode material is illustrated in Fig. 7h, it is to be understood that a composite
layer of gate electrode material may be deposited instead.

[0087] Referring to Fig. 71, a gate electrode is formed by recessing the gate electrode layer
782 of Fig. 7h so that the top of the first dielectric layer 780 is exposed. In one embodiment, a
chemical mechanical polishing process may be used to recess the gate electrode layer 782. The
exposed first dielectric layer 780 is subsequently removed thus providing the structure as shown

in Fig. 7i. In one embodiment, the first dielectric layer may be removed by a wet etch process.
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[0087] Referring to Fig. 7i, a gate electrode is formed by recessing the
gate electrode layer 782 of Fig. 7h so that the top of the first dielectric
layer 780 is exposed. In one embodiment, a chemical mechanical

In andpdishingipiceass maydinisad ite koeskdeergata wieogodertayean8ad. an inter layer
The exposed first dielectric layer 780 is subsequently removed thus

dielecpioVag#igdparsiiycifiesamshogetfbig.tié Jubenetembodiment, the first
dielectric layer may be removed by a wet etch process. 24 In another

[0088hon-illigstraiad BmboditaentdlientirstcialeitikadayerprétfonepPaait fababating a field
inter layer dielectric layer separating a first metal layer from the substrate.

effect [R0&33tbigEBE) th §jcaredaiasserltibirdl siebvdithestr afingeoppeess siepstiar. In this
fabricating a field effect transistor (FET) in accordance with third

third enbodditeentied FETpcosgmiskvemniicnl badkisgibirel @mbodiwtect, dbeskhol melt during
comprises a metal based gate electrode which does not melt during when

when a sanmweodduciostsikiotang sibjichjedtedato @ magafiayafopniiner lpsetess.  Accordingly,
process. Accordingly, the need for an optical coating layer to prevent the

the negdtéoelantkgae it crvameltingauonpriasear throgessitigemaie eoaliminhieg .dbring laser
is to be understood that a plurality of conventional processes that are well

processimgyundn Heectirhandtdotitapeated hekainpodapqare gaaeliry foll @ankigsioBal processes
8j. Moreover, it is to be understood that many modifications, additions,

that agnd/di dmmsaiois thaydbenhade topthecheloveide soap guepedeess folthouFigs. 8a- §;.
departing from the scope or spirit of the claimed subject matter. For

Moremxampls, tthbdetalersiesdribedprogassdifaainisideldiooas fewdigrosmstiens may be
steps. Also, it is to be appreciated that the present disclosure need not be

made lionitedbtd divedisritiabesepnicosd uatbowstidegtantend dippctethd ydoig: 8aspdd8s] the claimed
Referring now to Fig. 8a, therein is shown schematic cross-sectional view

subjecdfraatsamitioncuetoplstrtcire @9 Glecampeidippeese migontueder isobstiiateer, or more
802 including a well 804 formed within. In one embodiment, the substrate

steps. 88X aornprisebeaappiypaiied| khsilidonsetsstr aliscloavia el Mool inmvteitiio the initial
PMOS devices may be formed. Alternatively, other bulk semiconductor

semicondtetial starcauco dypotind e dtaductor materials such as but not limited
to germanium, silicon carbide, gallium arsenide or indium arsenide may

[0089 hiso Befegerfmotheto Fig. 8a, therein is shown schematic cross-sectional view of a

semiconductor structure 800 comprising a semiconductor substrate 802 including a well 804
formed within. In one embodiment, the substrate 802 comprises a P-type bulk silicon substrate
having an N-well in which PMOS devices may be formed. Alternatively, other bulk
semiconductor materials or a compound semiconductor materials such as but not limited to
germanium, silicon carbide, gallium arsenide or indium arsenide may also be used for the
substrate 802. The substrate 802 may also be a silicon on insulator substrate.

[0090] Trench isolation structures 806 are formed within the substrate to isolate active areas
on the substrate 802. Alternatively, other isolation structures such as field oxide isolation
structures may also be used.

[0091] A gate dielectric layer 810 is deposited over a substrate 802 followed by the

formation of a layer of dummy gate electrode material 815 over the gate dielectric layer 810.
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substrate 802. The substrate 802 may also be a silicon on insulator
substrate. [0090] Trench isolation structures 806 are formed within the
substrate to isolate active areas on the substrate 802. Alternatively, other
The gigolaidtsr sicuaiies ISushpsdialdioxigdidetatiomattislyies mayiatea bivxide, silicon
used. [0091] A gate dielectric layer 810 is deposited over a substrate 802
oxynitiddevslitby theidormatigniofmelay ek rfedbimnoygbisadiactrdemardiahBiltely, other
over the gate dielectric layer 810. 25 The gate dielectric layer 810 may
dielecatumpiise dsdielgcitio Matsrd) shivh @sesdietsaelioRitE ngiljcen depyittiddesing methods
silicon nitride, a high-K metal oxide or a combination thereof. Alternatively,
such sthiesrditlegidativatetiaisicaby gisorbé:pssd ot hexpidtehdietativic @kdmay the like as
be deposited using methods such as thermal oxidation, chemical vapour
knowid@palsitian, rapiddhelimdhoxidatiate @idbedikel agerkBbdiymiat¢hialarduds dorpolysilicon,
the dummy gate electrode layer 815, materials such as polysilicon, SiGe,
SiGe, SiN or SiC may be wsdd. Altennatidly,cobioe hmeaieslalthiabapaye bemoved selectively
removed selectively with respect to spacers subsequently formed on the
with resgevvatlspied sy geatty diacked foichhih ei ddwaiin o fatéueiecyrodecferavis which the
part of may also be used. [0092] Fig. 8b shows the results of patterning
dummiheagatdedistdetficlayearB8idDmapdidomempghte electrode layer 815 of Fig.
8a to form a dummy gate stack 820. Conventional patterning methods
[0092kuchRig. [Rhegraphthpatteiting psirgnpiptbeesist tdlpwed hyselddtjvwad dummy gate
sequential etching of the dummy gate electrode layer 815 and the gate
electralelégyric BHyeo8lI0gndy be ticed to diefing thecdurmchydgate stackeBPiOnal patterning
After etching is completed, the photoresist mask is stripped off. A blanket
metholdyyendi dielétthgrzteripdissuiis aguentphdepesite daleydihebyatelstaicle sequential
820 and substrate 802, and the layer of dielectric material is patterned by
etchinpexrfahethgramyagrasotiepimde lisotr@dit aidhiprgoesditdeforin Fngirdfisemay be used to
spacers 818 adjacent the sidewalls of the dummy gate electrode. The first
definegtisetispagegst8 k8icke B2 as afidmythim griaskrfgrlsiedsdgupimbtpresist mask is stripped
amorphization and source/drain extension implant steps. By way of
off. Ackbmmipie]dhe ffsdicitseticspaters 81 8imaywwothpdspoaiilcorenitridgte stack 820 and
silicon oxide, silicon oxynitride or a combination
substrate 802, and the layer of dielectric material is patterned by performing an anisotropic or

isotropic etch process to form first offset spacers 818 adjacent the sidewalls of the dummy gate
electrode. The first offset spacers 818 serve as an implant mask for subsequent pre-
amorphization and source/drain extension implant steps. By way of example, the first offset
spacers 818 may comprise a silicon nitride, silicon oxide, silicon oxynitride or a combination
thereof. Alternatively, other dielectric materials may also be used.

[0093] Referring to Fig. 8c, therein is shown the structure of Fig. 7b after a first dielectric
layer 825 is deposited over the substrate. The first dielectric layer 825 as deposited completely
covers the dummy gate stack 820 and is subsequently recessed through a CMP or etch back
process so that the top surface of the dummy gate electrode 815 is exposed. By way of example,
the first dielectric layer may include a low k dielectric material, an oxygen containing material

such as silicon dioxide, TEOS, silicon nitride or a combination thereof.
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thereof. Alternatively, other dielectric materials may also be used. [0093]
Referring to Fig. 8c, therein is shown the structure of Fig. 7b after a first
dielectric layer 825 is deposited over the substrate. The first dielectric
[0094]ayerB2Bigs 8 positeaampletelclcoveds tResdumimygaie staak &26hapebcess that
is subsequently recessed through a CMP or etch back process so that
selecti@ytaprsoviace o tithenlyruy daierlectradad Mohitcexpaaad, By way dielectric 810,
example, the first dielectric layer may include a low k dielectric material,
first offscxygrearc®ndainiag finateibtcsticags$eon dioxigke ehfbo&ngiticothe dummy gate
nitride or a combination thereof. 26 [0094] In Fig. 8d, the dummy gate
electr@leciroaeaB $bissremowved iy ametahidhrpeesssthat selectively removes the
dummy gate electrode material while retaining the gate dielectric 810, first
[0095DffseRsfeaciap 818y andHikst 8kelectigelapérBal-baaade @mebeditnedt, theterial 830 is
dummy gate electrode material 815 is removed by a wet etch process.
deposif@dbeReferingooadutookigri@eye ByEoOFmatdl-bikedgaideliectiodmterial 830 fills
material 830 is deposited over the semiconductor structure 800 of Fig. 8d.
the volhbggateelbetrdtietpiecial B30ifiltseting] wnidHeetereevathe ditsétspagerse electrode
that is created by the removal of the dummy gate electrode material, and
materialsambubxs thectoplaf the 6if shelifilsctticltayer 8R3Br IB2Onelemibodintedingent, a PFET
PFET device is fabricated and the gate electrode material may comprise
deviceTiATdbrMATRN ,aiNg, tRd gid  ebecarodembiteaitib mttyeremipdisedfigthéy WCN, Ni, Pd, Rd, or a
embodiment, a NFET is fabricated and the gate electrode material may
combioativprigee®iofT a,[Al ai@hkroeatsatinhengtioMNRERR 6. AbeiratiVelyd atireigate electrode
metals or metal alloys which are suitable for use as a gate electrode may
materialsadyecosguisE g, Meiaddbdadd ogatecahditode thateoialshitayndievely, other metals or
deposited by methods such as physical vapor deposition, chemical vapor
metal d8ppsitvbicbraatomicbdy éodepositioga{© @86Adgateglebirdaeusetbrimbe imgtal-based
recessing the gate electrode layer 830 of Fig. 8f so that the top of the first
gate deeleaddcriayen82o5msexposepodnanbemisddidsentch elhephigatal vapor deposition,
mechanical polishing process may be used to recess the gate electrode
chemilzyenB30dcposi eomposetbfirst ldieiedeposiayer 825 is subsequently removed
thus providing the second gate stack 840 as shown in Fig. 8f.
[0096] A gate electrode is formed by recessing the gate electrode layer 830 of Fig. 8f so that

the top of the first dielectric layer 825 is exposed. In one embodiment, a chemical mechanical
polishing process may be used to recess the gate electrode layer 830. The exposed first dielectric
layer 825 is subsequently removed thus providing the second gate stack 840 as shown in Fig. 8f.
In one embodiment, the first dielectric layer 825 is removed in a wet etch process.

[0097] Referring now to Fig. 8g, therein is shown the semiconductor structure 800 of Fig. 8f
in a first pre-implant laser step. Arrows 850 depict the irradiation of laser fluence in a laser
process that has been optimized to create vacancy rich regions 855 on opposing sides of the
second gate stack 840. Preferably, the pre-implant laser process is optimized so that the location
of the vacancy rich regions substantially matches the location of end of range defect regions
generated by a subsequent pre-amorphization implant step. The location of an amorphous region

formed by the subsequent pre-amorphization implant step is denoted by dotted lines.
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In one embodiment, the first dielectric layer 825 is removed in a wet etch
process. [0097] Referring now to Fig. 8g, therein is shown the
semiconductor structure 800 of Fig. 8f in a first pre-implant laser step.
[0098Arrows &R0 cahetiditium iy iadiatitideat laser Heen @S0 adasear ppracass tihat substrate to
has been optimized to create vacancy rich regions 855 on opposing sides
form ofdheysechndgais SEEkiB4ad Rheferaiyinennetiipplapihlasethprisess idt is to be
optimized so that the location of the vacancy rich regions substantially
undersiaidhies thenlddainddfleswd pfoengeaatacicregionk ggenaratedibyted to wavelength,
subsequent pre-amorphization implant step. The location of an
beam amoyphoudite@ioduiatioe drdynineteubseqilest retamndjphidaionohptanthe depth of
step is denoted by dotted lines. 27 [0098] In one embodiment, the incident
vacantgsecibeativ 58 Iheltslarportioniokthek didasirateet arforill vppssuiy¢ichat laser process
regions 855 around the maximum melting depth of the laser. It is to be
paramuredecatoed yhaith thtiitutie o fasat g raopksy pdreometarspleuch as but not
limited to wavelength, beam energy, irradiation duration and number of
[0099bulsdx feaimberadyuste dita MAbdulateithesdeipilvof tacancyutichofeigns8g in a pre-
855. Moreover, those skilled in the art will appreciate that laser process
amorphératinetarpan stapy Witnothe Sobslepiet nhatéripl emaplay ed,af direxamplecies such as
[0099] Referring now to Fig. 8h, therein is shown the structure of Fig. 8g in
Ge, Siaoprar ianropakigationsidglant Eepo Asrowsr866ndepictubecignplaBtEtion of@osed sides
first ion species such as Ge, Si or an inert gas such as Ne, At, Kr so as to
of thefgara stackrpdus regiphsu862zome Bpdseprsidesachthelgatalstacks84lne structure of
Amorphous regions 862 represent areas where the crystalline structure of
the sutheaulddtdtes 3e2rhasnbtembdastodnedsaranboyastatghization implant is commonly
Pre-amorphization implant is commonly used to reduce the channeling
used teffabise [0t 00 holveyeffdtts. pre-amorphization implant step results in the
generation of end of range (EOR) defect regions which are located
[0100 hpprélamatety the preasnitrptratedinifiglas8hssiig byl tsetoleigendepthnodftieed of range
amorphous region 862. The FOR regions comprise defects such as
(EOR]ndefstitiatgi86%5 . Whiehstitialo 86&dinpheoFORtebgignoaresuhldesi@idlen Fig. 8h slightly
because they decrease the electrical activation of implanted dopant ions
belowbthaskiptingfirlthersegpbgasiongama/S0 L ludteeidgOd¥ regions comprise defects such as

interstitials 865. Interstitials 865 in the EOR region are undesirable because they decrease the
electrical activation of implanted dopant ions by assisting in the segregation and/or clustering of
the dopants. Interstitials 865 also cause transient enhanced diffusion of dopants during
subsequent anneal steps thus increasing junction depth. For example, interstitials 765 in the
EOR region may decrease the electrical activation of subsequently introduced dopants used to
form a source/drain extension region and contribute to transient enhanced diffusion thereof
during anneal. Transient enhanced diffusion of source/drain extension dopants increases the
dimensions of source/drain extension regions.

[0101] The vacancies in the vacancy rich region 855 remove interstitials 865 in the EOR
region thereby permitting superior electrical activation of dopants used to form the source/drain

extension regions in subsequent steps by creating more sites where the dopants can become
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the dopants. Interstitials 865 also cause transient enhanced diffusion of
dopants during subsequent anneal steps thus increasing junction depth.
For example, interstitials 765 in the FOR region may decrease the

electriel@iirigalactivationdifisubsgquentyiinirosteaei gdlopands wsancios feFH also suppress
source/drain extension region and contribute to transient enhanced

interstétiffl sidadtheisodn detng etheidiudicansiant prifarnce dgiditsidnhef present embodiment
source/drain extension dopants increases the dimensions of source/drain

as shoetendian 8agibeprididbdlphenasdngemipibevacanby optimegiorBhShat the EOR
remove interstitials 865 in the FOR region thereby permitting superior

regioreligiticad apivationaed gapaantstoishd defolinvfhésourcakdraiichexigingaiolR55. In one
regions in subsequent steps by creating more sites where the dopants can

embodiecoimehL8epthcifidally mative richaddition coyagrondsng thicksitials]lting depth of the
vacancies 855 also suppress interstitial aided transient enhanced

pre-ingiiffusitRel sapreféwadidsfiectief thepredengaivpbdinagrie asreldowminatch the EOR
Fig. 8h, the pre-amorphization implant process can be optimized such that

regiontdep®OR region depth is approximately equal to the depth of the vacancy
rich regions 855. In one embodiment, the depth of the vacancy rich

[0102}egidRd loovies pon gsctarttvephiationeltindatde ptepok then p rdspraplapt dixsesare implanted
step. Alternatively, the laser melting depth may be tuned to match the

into tHeQBbstegio depth s§hiG2dfaoll ewingithrerppeoasitiphiz aippodndpdadet sfape gate stack
second dopant species are implanted into the substrate to form

840. sburEe/ddin extersione/trginnsx86Rion opposedssidebhtheé gatepdtadlk overlaps the
840. In Fig. 8h, the source/drain extension region as implanted completely

amorpbverlapgihes atibrphalsmagioris, 86R. Attercwddnely, chesooncevdyainlso have other
extension may also have other dimensions so long as it overlaps the

dimensimor phdoes g egiono Rngdpsathly ,atherahvopteienre dlorias: bife ethe r aimanptivels region is
source/drain extension region as implanted. [0103] In one embodiment, a

deepeiPhETtiewoecs dein catetsandrtge s au noapthaiedextension regions 862
may be formed by implanting lightly doped P-type impurity ions.

[0103 Non-limitireg eeandiplestofaPPISE depaatssnGlden®drand Aheminuireg/drain extension
Gallium, Indium or compounds thereof.

regions 862 may be formed by implanting lightly doped P-type impurity ions. Non-limiting

examples of P-type dopants include Boron, Aluminum, Gallium, Indium or compounds thereof.
In another embodiment, an NFET is fabricated and the second dopant species are lightly doped
N-type impurity ions. Non-limiting examples of N-type dopants include Phosphorus, Arsenic or
compounds thereof.

[0104] After implanting the source/drain extension dopants, second offset spacers 868 are
formed alongside the external sidewalls of the first offset spacers 818 as shown in Fig. 8i, thus
providing a gate stack 840 comprising the gate dielectric 810, gate electrode 815, and first and
second offset spacers (818, 868). The second offset spacers 868 act as an implant mask during a
subsequent deep source/drain implant step.

[0105] Subsequent to the formation of the second offset spacers 868, a second pre-implant

laser step as depicted by arrows 870 is carried out. The second pre-implant laser step is
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In another embodiment, an NFET is fabricated and the second dopant
species are lightly doped N-type impurity ions. Non-limiting examples of
N-type dopants include Phosphorus, Arsenic or compounds thereof.
optim{ED#)] Adtee vapladtingans slregldiaii3 BXiansipoddpatds osetopatotack 840. The
spacers 868 are formed alongside the external sidewalls of the first offset
objectbaaoenhSt8caadpawvimipldrig 1 B8ethus pravidingeatgatamsiank &dnced diffusion and
comprising the gate dielectric 810, gate electrode 815, and first and
dopanseleaadaffsetesfate s (8ided68)thl e setofidnifsetcgpacern&atadiyas subsequent
an implant mask during a subsequent deep source/drain implant step.
deep {O10QBJdITIbdaglant ta\tdeerthinglatid ckthadeaont pifkdt SRACy SBB3raaligned with
second pre-implant laser step as depicted by arrows 870 is carried out.
the lockliesetdad pdedsvyplanitastnisiegion? Whphnizadpie createis@igni by dotted lines.
vacancy rich regions 875 on opposed sides of the gate stack 840. The
Preferabljgctivesofdhé pecanplarelisyplanideserssippriszedmiigatettanhsietidn of the second
enhanced diffusion and dopant deactivation effects associated with an
vacanenddf regigesregienmgeaisraieding ehsubsaireof cldelf smyeekdeainegions generated
implant. Accordingly, the second vacancy rich regions 875 are aligned
by thewstisthecocdtion solidesirachdegpaso srep/dainne giobsdiwhealn, alie second pre-implant
represented in Fig. 8i by dotted lines. Preferably, the second pre-implant
laser pjasesphasessimegimizédcaniat therlocatibe aftihatioacadnd lvacaonayeridithe second
regions substantially matches the location of end of range defect regions
dopangespecaiedobyitipe Sbsequeixtdespsotagefdréil.imflantestiept lofodepant activation
embodiment, the second pre-implant laser process has an annealing
depenésfeat taathit restitadretieeggctivdsien thahdeasusgme of thecsqudse addgasdr melting
species forming the source/extension region 862. The extent of dopant
tempegattiv@ation depends on factors such as energy of laser fluence, duration of
laser pulse and laser melting temperature. [0106] In one embodiment, the
[0106]ncidénblasembedim8it0 theelts algurticardidine Sibstnale to pfotmnsetmd substrate to
vacancy rich regions 875 with a depth denoted by the maximum melting
form gepitid ohdirejaseh. Rpdasably, thehmaldptiuennedddepthesobsiantiallypelting depth of
matches the location of end of
the laser. Preferably, the maximum melt depth substantially matches the location of end of

range defect regions generated by a subsequent deep source/drain implant step. In the
embodiment of Fig. 8i, the second vacancy rich regions 875 are formed at a greater depth
compared to the first vacancy rich regions 855, accordingly, a higher laser fluence may be
required compared to the first pre-implant laser step.

[0107] It is to be understood that a multitude of laser process parameters, such as but not
limited to wavelength, beam energy, irradiation duration and number of pulses, can be adjusted
to modulate the depth of second vacancy rich regions 875. Moreover, those skilled in the art will
appreciate that laser process parameters can vary with the substrate material employed, for
example.

[0108] As shown in Fig. 8j, the second offset spacers 868 serve as an implant mask during a

deep source/drain implantation step where third dopant species as depicted by arrows 880 are

30



range defect regions generated by a subsequent deep source/drain
implant step. In the embodiment of Fig. 8i, the second vacancy rich
regions 875 are formed at a greater depth compared to the first vacancy
implatitell fe@ahs 8abpaacomivglyep sugherdagearifiyenaativayip fkeasidadp source/drain
compared to the first pre-implant laser step. [0107] It is to be understood
diffusib@tezivnltisplevhfdases pfdeeaspatrpeierss suchaasdedtivele bnitedfist and second
wavelength, beam energy, irradiation duration and number of pulses, can
offset Rpaaeliussad, BHROdUTAte dbep deptbendraacongivaaanaystiphréagions thébgeneration of
Moreover, those skilled in the art will appreciate that laser process
EOR geftameierm cB8 v aviivithrthp cubstipieoxabaria) emptayediuoraedamplie. 8i slightly
[0108] As shown in Fig. 8j, the second offset spacers 868 serve as an
belowithpldapthhaskidutieg aowleefdsonregidnaiBdMplbntatiitystepe wieteithietfect from the
dopant species as depicted by arrows 880 are 30 implanted into the
secondylstiaiglanih &steepcpouheeldeativimamt athon dtepnigr ms deepenerated by the deep
source/drain diffusion regions 882 which are offset from the edge of the
sourcegaditarelenpiade By dinesfargiAdhd sactied offdetispacersdB i, 8683eddel vacancy rich
deep source/drain implantation step results in the generation of FOR
regiondefdtterqgiardi885mdyicheareivoatd ceahproximatelygatiar a@sdpustnateddrain implant
Fig. 8i slightly below the depth of the deep source/drain regions 882. To
conditamiievadiend ptieninnpleffiecifditoibhsugeeonet ez ikelapd aser step, the
location of an end of range region generated by the deep source/drain
[0109]mpldntaoscsabdtehtiatiyt, naalPdtield dericths [batoaredfaink the adeegh vaceaurdyrain regions
rich region. The preceding may be achieved either by tuning the deep
882 megurediaraid ibypileupl acongitiens]grdeped it ype-inmplanityconelitidlvm duchiiag examples
melting laser power. [0109] In one embodiment, a PFET device is
of P-fgiricdweansndriblediedposourceidlaim relidns 882 nvaypberfdsntberdyf. In another
implanting heavily doped P-type impurity ions. Non-limiting examples of
embod?rtype dopdhtslineludbriBaerah a@hltherthindidoport compeunds beeveof.doped N-type
another embodiment, an NFET is fabricated and the third dopant species
impurgpe ieavilyNdopkea Nagy pex ampasitfioNstyNo ridipaitin giexiadyp BBasphbtype Arsenic or
dopants include Phosphorus, Arsenic or
compounds thereof.

[0110] Fig. 8k shows the semiconductor structure 800 of Fig. §j after the dopants in the
source/drain extension and deep source/drain regions are activated by an annealing process. By
way of example, the annealing process may be a low temperature thermal anneal, rapid thermal
anneal, spike anneal, flash anneal or laser anneal process.

[0111] In the third embodiment of the invention illustrated in Figs. 8a to 8j, pre-implant laser
irradiation processes are used to form vacancy rich regions prior to a pre-amorphization implant
and a deep source drain implant. The location of the vacancy rich regions and hence laser
irradiation conditions adjusted to locate the vacancy rich regions proximate to the EOR regions
generated by both implants. In accordance with the invention, multiple pre-implant laser

irradiation steps may be applied to create vacancy rich regions that reduce defects in and around
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compounds thereof. [0110] Fig. 8k shows the semiconductor structure 800
of Fig. 8j after the dopants in the source/drain extension and deep
source/drain regions are activated by an annealing process. By way of
an EORasf@erdfieanndalio o rppessandyiae spiowdesnadraiidreoti@ il not limited to the
anneal, rapid thermal anneal, spike anneal, flash anneal or laser anneal
specifierpaasss [0dd ek tive dhirdemibocirignt 84 toegjnvention illustrated in Figs.
8a to 8), pre-implant laser irradiation processes are used to form vacancy
[0112Fich rEgignsipried tntbpdaremasptizdtioentioplantllanchavdagiisolireendoaimather than
implant. The location of the vacancy rich regions and hence laser
limiting adidkdneondiiio hsi adjusied dertoaateHitasdsaneatid mrelifanasions may be made to
proximate to the FOR regions generated by both implants. In accordance
methoddtmtheriaie stiaotuies ltiptedinensipianiflasemicadiation siapsiraayhile still providing
applied to create vacancy rich regions that reduce defects in and around
a semdbahn&QRIdeffadl veigion theisdopber dpréntdieddddiappliediiomoéthisithertofore set
concept is not limited to the specific process flow described in relation to
forth lagsn 8a th Byl 124 At meieyieg dmbogineatoftéioenteanitsan illustrative and
illustrative of the invention rather than limiting of the invention. It is to be
non-linmdegstosd.that revisions and modifications may be made to methods,
materials, structures and dimensions of a semiconductor structure while
still providing a semiconductor that fall within the scope of the included
claims. All matters hithertofore set forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 32 What is claimed is: CLAIMS 1. A method for
fabricating a semiconductor device comprising: providing a substrate;
forming a gate stack over the substrate;
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performing a first laser processing to form vacancy rich regions within the
substrate on opposing sides of the gate stack, the vacancy rich regions
having a first depth from a surface of the substrate; and performing a first
What isglanigdhe first implant causing end of range defect regions to be formed
on opposing sides of the gate stack at a second depth from the surface of
the substrate, wherein the first degthAdpM®ximate to the second depth. 2.
The method of claim 1, wherein the first and second depth are
1.  subsiahtidlfpefabalkdinEheseneidvod afictalavite whagpeisitlae first implant is
an amorphization implant that forms amorphous regions within the
sphsiidieg 4 sAbruatiepd for fabricating a semiconductor device comprising:
providing a substrate and a gate stack formed on the substrate;
péstarimgng gatiratilasevapnbessdistente; form vacancy rich regions within the
substrate on opposing sides of the gate stack, the vacancy rich regions
havifigaipgakicarasntpation vhgxeéssn wvacancyaschtragioat deapim fleswebstrate on
surface of the substrate; and performing a pre-amorphization implant to
opposirgaideamiatpheits seglonsewithimdheishbstiats hadjagenfita dppbdirgnsidesface of
of the gate stack, the pre-amorphization implant causing end of range
the sublefett, kagions with a peak concentration of interstitial defects at a second
depth from a surface of the substrate to be generated, 33 wherein the first
deptfoimproxifatertpline, seedinst deplimt Baukhe: methddaokeldifeet fogibes to be
comprising: forming first diffusion regions overlapping the amorphous
formedagiamgpoaing actésatfitfedgpastscindhe sirsindiffopibiroagibn winfaceioftiee substrate,
excess vacancies in the vacancy rich region reduce diffusion of the
depardm iththersirdeplififusppoxiegienio3tie second depth.

2. The method of claim 1, wherein the first and second depth are substantially equal.

3. The method of claim 1, wherein the first implant is an amorphization implant that forms

amorphous regions within the substrate.

4. A method for fabricating a semiconductor device comprising:

providing a substrate and a gate stack formed on the substrate;

performing a first laser processing to form vacancy rich regions within the substrate on
opposing sides of the gate stack, the vacancy rich regions having a peak concentration of excess
vacancies at a first depth from a surface of the substrate; and

performing a pre-amorphization implant to create amorphous regions within the substrate
adjacent to opposing sides of the gate stack, the pre-amorphization implant causing end of range
defect regions with a peak concentration of interstitial defects at a second depth from a surface of

the substrate to be generated,
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wherein the first depth is proximate to the second depth.
5. The method of claim 4 further comprising:
forming first diffusion regions overlapping the amorphous regions; and
activating dopants in the first diffusion region wherein the excess vacancies in the

vacancy rich region reduce diffusion of the dopants in the first diffusion region.
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