METHOD FOR FABRICATING SEMICONDUCTOR DEVICES USING STRESS ENGINEERING
CROSS-REFERENCES TO RELATED APPLICATIONS [0001]This application claims the benefit of U.S.
provisional application No. 61/292,476, filed January 5, 2010, entitled "Method for Fabricating

Semiconductor Devices M$imgSpaso i FAIBRECGAT INGESHNIIE oobant pORNVEJIESein incorporated by
reference. TECHNICAL FIELD [0002]The present invention relates generally to methods for fabricating

semiconductor devices, and more partitSENIy 8STRESSIIN GINEERINGg carrier mobility in semiconductor
devices using stress engineering. BACKGROUND ART [0003]Integrated circuits (ICs) comprising many
tens of thousands of semiconductor devices

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. provisional application No. 61/292.476,
filed January 5, 2010, entitled “Method for Fabricating Semiconductor Devices Using Stress

Engineering”, the entire content of which is herein incorporated by reference.

TECHNICAL FIELD
[0002] The present invention relates generally to methods for fabricating semiconductor
devices, and more particularly to methods for improving carrier mobility in semiconductor

devices using stress engineering.

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. A
common active device within an integrated circuit is the metal-oxide-semiconductor field effect
transistor (MOSFET). A MOSFET typically comprises a gate stack composed of a gate
electrode and an underlying gate dielectric. The gate stack is formed over a semiconductor
substrate with a source and a drain diffusion region formed within the substrate on opposed sides
of the gate stack. A channel region is located under the gate dielectric and between the source
and drain regions. During operation, the channel region is converted to an “inversion mode”
where a conductive path is formed to link the source and drain when a voltage is applied to the
gate electrode.
[0004] One of the factors influencing the amount of current flow through a MOSFET

channel is the mobility of carriers within the channel region. Specifically, an increase in the
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including field effect transistors (FETS) are a cornerstone of modern microelectronic systems. A common
active device within an integrated circuit is the metal-oxide-semiconductor field effect transistor
(MOSFET). A MOSFET typically comprises a gate stack composed of a gate electrode and an underlying

gate dielectrigobheygatensiaskiisorargs@rehamseMisanduaiamhsHbsiaieiwity asoutice aacha drain
diffusion region formed within the substrate on opposed sides of the gate stack. A channel region is

located undecdhespateidibléatrec davicbepaaannth@sotfiice andidnaincegienseBDunngopeaxation, the channel
region is converted to an"inversion mode" where a conductive path is formed to link the source and drain
when a voltagstiwdpplitdioatin fadeibttrodeaiod owldine of dheifescto fheinfiumatingieh@ramount of current
flow through a MOSPET channel is the mobility of carriers within the channel region. Specifically, an
increase in tWéSlﬁ%BEility of carriers in the transistor channel leads to a higher current during operation and
a correspondingly faster device operation. Therefore, semiconductor device structures and methods of
fabrication that lead to increased mobility of carriers in the channel region are desirable. SUMMARY OF
THE INVENTION [0005]The present mg&ﬁm@a&%s,ﬁ% i r devices and in particular, to
semiconductor devices that utilize strain engineering. JIn‘accordance with a first aspect of the

invention, thgjgg;a m‘%‘i’ﬁ%oﬁe%Eﬂﬂﬁ@&&ﬁ%ﬁ’a{#&%%%ﬁ‘i&ﬁ{ﬁ‘&%%%%’JsClﬁéfi&epﬁﬁmﬁﬁiﬁ;%g forming a gate

stack comprising a gate dielectric and gate electrode over a substrate and forming stressor regions within

the substrate,on;appRser &idesahibegatasiacknthR SlHgSSOr regions comprising stressor material
incorporated into substitutional sites of the substrate. A first stressor layer having a first stress value is

formed over fheosybstmatecadianfoswingthesSikpssasfrdg ipRenaing, anNpeal@RsieteLltbfpaemorize at
least a portion of the first stress value in the semiconductor device, wherein the anneal is conducted at a
low temperatiateicating a semiconductor device comprising forming a gate stack comprising a gate dielectric

and gate electrode over a substrate and forming stressor regions within the substrate on opposed

sides of the gate stack, the stressor regions comprising stressor material incorporated into

substitutional sites of the substrate. A first stressor layer having a first stress value is formed

over the substrate after forming the stressor regions and an anneal carried out to memorize at

least a portion of the first stress value in the semiconductor device, wherein the anneal is

conducted at a low temperature.

[0007] In accordance with a second aspect of the invention, there is provided a

semiconductor device comprising a gate stack formed over a substrate, a stressor region within

the substrate on opposed sides of the gate stack and a first stressor layer having a first stress

value. The gate stack comprises a gate dielectric and gate electrode, and the stressor region

comprises stressor material incorporated in substitutional sites of the substrate. The first stressor

layer includes lateral portions adjacent to a surface of the substrate wherein the stressor regions

are located closer to an edge of the gate stack compared to the lateral portions of the first stressor

layer.

[0008] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the
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[0007]In accordance with a second aspect of the invention, there is provided a semiconductor device
comprising a gate stack formed over a substrate, a stressor region within the substrate on opposed sides
of the gate stack and a first stressor layer having a first stress value. The gate stack comprises a gate

dielectric andigaiapleshodenand thruskeses, iegiandeanopisea slegssardateiialinceporated in
substitutional sites of the substrate. The first stressor layer includes lateral portions adjacent to a surface
of the substratebadiersin thecstietbariegionstanetiatiatedlokisento an exigeofitieugatendiackonompared to
the lateral portions of the first stressor layer. [0008]These and other objects, along with advantages and
features of thappesentaiinention herein disclosed, will become apparent through reference to the
following description and the accompanying drawings. Furthermore, it is understood that the features of
the various embodiments described herein are not mutually exclusive and can exist in various
combinations and permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0009]In the drawings, like

reference numbers generally refert& tHE QEM%T@MBEJ%P%W%Q@m views. Also, the drawings

are not neceﬁiﬁfgﬁ/ to E}g}:?ﬂg, d(ra%nxé%%%’siskénrse erae% Qener I%é}fgﬁg&llplactecrj upon |Ilmuestrg\ in rt(bue glllnmples of

the invention e following ption, embaodiments &'invention will how be desc edt, by way of

example withyfeferance 10.(he diayingaaiwiich. [Qc%gyé'b%rﬂ'}fi‘t_BosQl@f%&&ﬁ%@ﬁﬁ?e&ﬁ%%ﬁé?ﬁ%ﬂO“a' views

illustrating the results of progressive stages in fabricating a semiconductor structure inaccordance with a
first embomn‘[‘)@ﬂl&‘iﬁ&b@d'ﬂﬁ/&pﬂ%ﬁiﬂ% 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:

[0010] Figs. 1a to 1g 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; and

[0011] Figs. 2a to 2e 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.

DETAILED DESCRIPTION
[0012] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be appreciated that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may be
made without departing from the scope of the present invention.
[0013] Generally, the following embodiments relate to methods of fabricating a
semiconductor device comprising the formation of stressor regions with stressor atoms
incorporated into substitutional positions and use of stress memorization techniques. The

inventors have found that by controlling processing conditions of the stress memorization
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[0011]Figs. 2a to 2e 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.
DETAILED DESCRIPTION [0012]The following embodiments are described in sufficient detail to enable

those skilled it the @ hindnaka apshatsethedisyentian dtistade eppisdaied thahalhetiessbodiments
would be evident based on the present disclosure, and that system, process, or mechanical changes may

be made withoutidegarnmncpfrantihecsenpd dfthenpeeséntrondeniion IOl Geneiralty  the dalldwing
embodiments relate to methods of fabricating a semiconductor device comprising the formation of
stressor registiessoithegirassod atsmdrincorgoratedieensyiiktitiionaidpesitionbcalatico bs e stress
memorization techniques. The inventors have found that by controlling processing conditions of the stress
memorizatioft SRR A HIve A5 2hE ddPaPiOHedidaYisR RETHERR s SeFeas i Ye gisisa s B formed in

closer proximity to a conduction channe| of a semiconductor device. Increased proximity between the
stressor regidH&AAY $GsaNDA LHEINE HER Lses the stress induced on the latter by the stressor

regions thus is‘?fj‘@r?t t([)gimpaovgq device erformapce suall‘lua%s drive current an )\ rsg%}pcg%shold leakage for

a given drive curr 514 &ltgs.gigr?ocfé) Are cross-sedtiona {rﬁtel\rll\?spﬁPlj:gtsrsasttl?1%S process sf%‘%g for fabricating
an-

channel Metal Oxide Field Effect Transistor (NMOS) in accordance with a first embodiment of
the invention. It should be noted, however, that embodiments of the invention are described in
the context of fabricating an NMOS for illustrative purposes only and that the invention may also
be applicable to the fabrication of other semiconductor devices such as but not limited to p-
channel MOSFETs (PMOS), multi-gate transistors and annular gate transistors.

[0015] Additionally, 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. 1a- 1g. 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 fewer, or more steps. Also, it is to be
appreciated that the present disclosure need not be limited to the initial semiconductor structure
depicted by Fig. 1a.

[0016] Referring now to Fig. 1a, therein is shown a semiconductor structure 100 comprising
a semiconductor substrate 101 and shallow trench isolation (STI) structures 105 formed within
the substrate to isolate active regions. Alternatively, other isolation structures such as field oxide
isolation structures may also be used to isolate active regions. A gate dielectric material 110 is
deposited over surface of the substrate 101 followed by a layer of gate electrode material 112 and
a gate capping layer 114. The gate capping layer 114 is made of materials and has a thickness
that is capable of preventing stressor atoms from being implanted into the gate electrode layer

112 during a subsequent stressor implant step. In one embodiment, the gate electrode layer 112
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channel Metal Oxide Field Effect Transistor (NMOS) in accordance with a first embodiment of the
invention. It should be noted, however, that embodiments of the invention are described in the context of
fabricating an NMOS for illustrative purposes only and that the invention may also be applicable to the
fabrication ofiothefe sgicandisatondievicas sagingsdyet not imited @ppthanne! MSTHEI@PMOS),
multi-gate transistors and annular gate transistors. [0015]Additionally, it is to be understood that a plurality
of conventiorsaDpreseisseNiitaCaoe awelblacwm ihethef arbyahened e paaigddppiedlayeaylgrecede or follow
Figs. la- Ig. Moreover, it is to be understood that many modifications, additions, and/or omissions may be
made to the Bélonatdedpripbdr prafcaists Withoktsdapdetingufromltnensedpaagraspitic oftde claimed subject
matter. For example, the below described process may include fewer, or more steps. Also, it is to be
appreciated 181 the preadrfdhsciosgringsubriieie i@ liriite digdeavacittien skharberitieteitsiadtyiee depicted

by Fig. la. [0016]Referring now to Fig. la, therein is shown a semiconductor structure 100 comprising a

semiconductbf SHEAFAFLTH £ORNEEARNOW He FRiTeBMAKEN (©FErDehr&Y 168 RSaarkifiR the substrate

to isolate activg fegions, Altgrmalively, sther isolation sitictures such asfieldogde isolation structures
may also be lised 16 1solate acﬁveyreglons. ga?e distectric matarial 11y 7S eposﬁéarover surface of the

substrate 107 fQllowad,0y ?elﬁ%%ﬁ&[cﬂlﬁéeaﬁlﬁﬁglﬁg&g‘%‘%@l}Mﬁggsﬁigﬁ%ﬁ-%%ﬁ%}?géﬁ)lm- The gate

capping layer 114 is made of materialsTand has a thickness that is capable of preventing stressor atoms
from being inplgAeine. trR-a3IREIRCIMARIANRE T2 L TRIAR SURSEUENS MRS/ IPRIamg@tep. In one
embodiment, the gate electrode layer 112 is made of polysilicon and the gate capping layer 114 is a poly
capping layernMateriassiahasnSi0ZhiSH@Ny BiNir&igican cemhinatiansihereafmiay hevused@as a poly
capping layer 114. Alternatively, other materials that are suitable as an implant mask may also be used.
[0017]Each cfetiecfdregpinyrsulstrdteliQie gaty dislediit dayedibiharnd gatereledtrbdeniayierskl? are
generally conventional in the semiconductor fabrication art. By way of example, the substrate may include
any semiconttigphephstieérial whish ag SVIGHIr@iG s 8itSiGdaicatedmbliatidivady.sermitmeducting and
insulating materials such as silicon-on-insulator (SOT) configurations. The substrate 101 may also include
one or more WYEFAICHEHENBES Rt 1I6Y) aHroY EchahoNMHetis AYmRheRy Hlag e sttatégitadlly
employed to enhance carrier mobijlity of devices being fabricated. In the presently described embodiment,

the substrate FOF CHTEEsSY Bt PE SUBS AP TR WSS RS S A Sl o HiaY Betdbrctsan

Alternatively, an n-type substrate, comprisj -t well within which the NMOS is farmed may also be
(sedl s for T8 G e Tog e e B e e R e,

silicon oxyn itﬁ@%@ﬁ%@%&%ﬁ@%’a? 9K mgtahexide ARG PIDAHANINGIFN AIRIRINGRbQther

dielectric materials may also be used. The gate dielectric 110 may bé deposited using methods such as

thermal oxidafian, cliemisal MaRay, deResiticapsapidjbsrna psidalion oL helike astdwndn the art.
Finally, the gate electrode layer 112 may comprise a conductive or semi-conductive material. Non-limiting

examples inatueetionRe 0 Filitgnihe paetalsiicidageal combinatiasiteareafdio@lsirignlb shows the
results of patterning the gate dielectric layer 110, gate electrode

conductive material. Non-limiting examples include doped polysilicon, a metal silicide or a

combination thereof.

[0018] Fig. 1b shows the results of patterning the gate dielectric layer 110, gate electrode

layer 112 and gate capping layer 114 of Fig. 1a to form a gate stack 120. Conventional

patterning methods such as lithography patterning using photoresist followed by sequential

etching of exposed portions of the gate capping layer 114, gate electrode layer 112 and gate

dielectric layer 110 not covered by photoresist may be utilized. After etching is completed, the

photoresist mask is removed.



layer 112 and gate capping layer 114 of Fig. la to form a gate stack 120. Conventional patterning methods
such as lithography patterning using photoresist followed by sequential etching of exposed portions of the
gate capping layer 114, gate electrode layer 112 and gate dielectric layer 110 not covered by photoresist
may be utilizegh1dfter atehigghiscampietedbibgphptesasist magkts RIVAIBGDT (ROJAMISisRacers 116 are
subsequently formed along the sidewalls of the gate electrode 112 and gate dielectric 110 as shown in
Fig. Ib. In oné Emhddameiit]ckhedit$0 apaoers filbigdinplisensiichodnide, andfasesfacared Ity thermal
oxidation. Alternatively, the first spacers may be composed of other dielectric materials such as silicon
nitride or a conmipnatiotwhmoks thdrsierfagébofidimetoriciatateridlt¢mamstyethe mitsoshaserstitie first
spacers may be extended to abut the sidewalls of the gate capping layer 114 and the first spacers may
also be form&8 PBRRSE QRIsHLitlsAtEs fMaesphcerapeilicn Pridsarmcankipyideisanisiidiiowed by an
anisotropic etch process to remove lateral portions thereof [0020]Fig. Ic shows the semiconductor
structure 100°BF Y 1B ARG tHE A At B EieRBrd RS Mnt: lr‘is-%?B%C%rSd?&é R aicastdriGion (NSDE)
regions 130 %tukgi the sub ;roatt%eon (Pé)gosed idesqu the act?. s%ack 120. Stress r}{)nglla{:ﬁed NSDE

. side afe capping .Jayer 114 and rst spacers may als ¢
regions 130 are n-aopegfsource digaln e>]<31%n 1on regions wnic Sn e peen mpPanefeern ne or more

species of stigggan ﬁ‘éBHBﬁio%tB?%ﬁl&rs 100%, Q1P SleMERISRAY NS 3 HGS LansiataHRsantially different

from that of the substrate material. For example; it has been discovered that elements having a lattice

constant that,dgyiaisifrach et Qf tbeaHRIAS YRS thar#£2 and preferably more than 4% may be
suitable as stressor atoms. When a sufficient amount of stressor atoms are incorporated into

substitutionafeeg of arsubstiRe {eRicBnadinaanbiathecRanoelfeia InasisieHsrsmasothersource drain
extension and/or source drain region) the lattice constant of that substrate region is modified thereby

creating a straiessorthepioi@dentyphamnet kginnx OG0 h] SiI3Epregiateidld makiberintnbstluge diby implanting
one or more species of stressor atoms (denoted by arrows 132) into designated NSDE diffusion regions
of the substrafwded sifhecdtiesgar atenhnd24s Phptaptadpdotep N baHdwsipoeditio ax artdpadhizigoint the
NSDE regions 130 do not function as stressor regions. In order for the stressor implanted NSDE regions
130 to inducdstfedsprion Edjapeithididie besgisAP NS hatdie 9B e orpararf sssEKIMamount of
stressor atoms into substitutional positions. A separate process step described in the succeeding

paragraphs i8 TRSH RSP SHAE thd &HBE &P UG FHHB  SHbYERUACH 4 Ssat i Bl tHE channel
region 118 issh%%gt d within tt}gosubstrqtei%géls %nd lénder th% %%Ee diele&ttﬂc 110.

afe material. For example, een discovere elements having a lattice constant
that deviate from that of the substrate by more than 2% and preferably more than 4% may be
suitable as stressor atoms. When a sufficient amount of stressor atoms are incorporated into
substitutional sites of a substrate region adjacent to the channel of a transistor (such as the source
drain extension and/or source drain region) the lattice constant of that substrate region is
modified thereby creating a strain in the adjacent channel region.
[0021] Stressor material may be introduced by implanting one or more species of stressor
atoms (denoted by arrows 132) into designated NSDE diffusion regions of the substrate 101.
The stressor atoms as implanted occupy random positions and at this point the NSDE regions
130 do not function as stressor regions. In order for the stressor implanted NSDE regions 130 to
induce stress in an adjacent channel region, it is necessary to incorporate a sufficient amount of

stressor atoms into substitutional positions. A separate process step described in the succeeding



[0022]Following the introduction of stressor species, first dopant species (denoted by arrows 134) are
implanted into the substrate 100 to form NSDE diffusion regions. Alternatively, the implant sequence may
also be reversed with first dopants being implanted before the stressor species. The first spacers 116 act

as a mask dyringtipimplaataliphppesessessthssebyafiseiiingtheedgesspédhenstiesaokimplanted NSDE
regions 130 from the edges of the gate electrode 112 by a distance approximately equivalent to the base

width of the futstnaphegisnl Wi, ik deigedow tthinstre sssrmaiérialndasdn ihnganidielagei¢tiadis approximately
the same as that for the first dopant species. This results in the stressor material being distributed
substantially [f¥32igholiothevdwestte oftthéuNBDEE regioer apeirivpl dnsedopahespetiselgenhedessowimplant
conditions may also be tuned such that stressor material is substantially confined within an upper portion
of the NSDE red)iafs. IRRiyccH8t Baisrhieappel worisnbriikeNigmm is sopsiduiea i whesbsr implanted

NSDE. It is to be appreciated that a multitude ofii{ﬁglant parameters such as implant energy, dose and
1

angle may b& RIS tEA TR SN ALY e r Ay e oY A d et AR s Rt AP BB e B A S F8T3 3] In one

embodiment, the above described stressor or first dopant.implants, or a combination, thereof result in
it ter e} d st s MR S bR S R o D e

implant step SUCHAS BPEh@QIrEE's‘&%L‘?aﬂt&ﬁi@sﬁﬁ)l%Qfomaﬁé@k%&’n%%&g’e}%ﬂﬂ%ogﬁ{léiéﬁ&?@dgf gsSor
implanted NSDE regions 130. The amorphization depth is preferably equal to or greater than the depth of

the stressor iggplaniar-Nap eirns (AR G enesale HRMOPHR GBILGSS b amidae ahannel

region is enhanced by horizontal tensile stress. Therefore, in the context of forming an NMOS as shown

Fig. Ic, a stregsaksnaiasalmith & idpeacenstaniismalies thancthatofdhe substraterpatieri@pjsintroduced
so that upon subsequent incorporation of the stressor atoms into substitutional sites, horizontal tensile
stress is indugpedi¢n thbichanhelrdgicneids nintaive @inlgalikmenkdSabbantistyohrhaghadatticéepdnstant of
3.567 A at 27 C compared to 5.431 A for silicon is implanted into a designated NSDE region of a silicon
substrate. Caiiba Nd3Eoegivphanter]aniss thielsutasirelio dieatrasprargypbin Rofievhandnatiode of 1E15 to
8E15 cm 2. Alternatively, other implant conditions may also be suitable. The carbon dose should be high
enough to erféife theh b sEss T aisHial Assuheaaiét metariasdpyihin aByPrREPCEIBB ATABS M Dkept at 1E14
cm 2 and above. [0025]As for formation of the NSDE diffusion region, the first dopant species 134 may

comprise n-typEdopRAtE §ath AHAE HBPHRREY I PHSSHHAFUS CAFERRIS UsipoRIY RS reof. It is to be
appreciated ltitude of implantation pa ters such as implant energy, implant dose and implant
IIQ%J)%W%; EO%C giﬁl‘aé‘tée% C(I?hf& a Bu{i%mge Ofsl %ﬁlnté)&rél eters SUCE #' éhlé?l]fn?ene

S T . .
angle can be adjusted to mo € concentration and pro| range o ressor miterial and first
dopant Spec'&ésé%ﬁﬂ%&@l% ﬁﬂ?%@%ﬁu&@ito modulate the range of the stressor material and first dopants.

[0023] In one embodiment, the above described stressor or first dopant implants, or a
combination thereof result in amorphization of the stressor implanted NSDE regions 130.
Alternatively, a separate amorphization implant step such as but not limited to a halo implant
may also be used to amorphize the stressor implanted NSDE regions 130. The amorphization
depth is preferably equal to or greater than the depth of the stressor implanted NSDE regions.
[0024] In general, the mobility of carriers in an NMOS channel region is enhanced by
horizontal tensile stress. Therefore, in the context of forming an NMOS as shown Fig. 1c, a
stressor material with a lattice constant smaller than that of the substrate material is introduced so
that upon subsequent incorporation of the stressor atoms into substitutional sites, horizontal
tensile stress is induced in the channel region 118. In one embodiment, Carbon which has a

lattice constant of 3.567 A at 27 °C compared to 5.431 A for silicon is implanted into a
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[0026]Fig. id shows the semiconductor structure of Fig. Ic during a laser anneal step that converts the
stressor implanted NSDE regions of Fig. Ic into crystalline NSDE stressor regions 132. The crystalline
NSDE stressor regions 132 have a different lattice constant from the substrate 101 and this mismatch in

lattice constaikiasuts NS BEess LT nslused bauthe. adacanhehapnapragiannld te[QA0REMY tows 136
depict the irradiation of laser fluence in a laser anneal step that is configured to incorporate at least a
portion of theimplaoté2 8K e¥solatdoss dfttE$HinsBiitonal sitesl@ndhtischysidaltizaniienstresiaoimplanted
NSDE regions 130. In order to form for the NSDE regions to function as stressor regions, there should be
a sufficient corngemtedtionigfodere ddsrcatbensline shpolditedighemulsbtitutionst ditedffagadythéqatmber of
substitutional stressor atoms within the NSDE regions 132 should also gxceed the number of interstitial
stressor atonds SEERiraBlyTithePaeiiel vohe ertPati dasef sk iutiohizanatraad3Patems in the NSDE regions
132 is at least 1%. In general, for a given s&gcies of stressor atoms, the magnitude of stress induced on a

channel regibf#dreases Wit mielrabibs iRk diusionragen. it Suti ot frsishistidh®nd percentage

of stressor atoms i.ncorPora ed iqto SLI]IbstLtutio a}l si%edc, ([(B,%ZS n one,emhodiment, the Iahsler atnneal
COIIlBI’lSC n—o)(i%e gan S Su as but not limite t Qsphorus, AI‘&%I’IIC or Co ounds CIrcol.
process COmprises a s phase epitaxy process. Laser process conditions such as intensity, energy

andfor pulse 1‘{"i’srﬂ}iB’Qae%g?eéwﬁtﬁqt%%mmﬁgoﬁﬁﬁ%ﬂwE&%ﬁ%@@%‘éﬂ%&ﬂ%ﬁﬁr samglted and after the

laser energy is removed, the stressor implanted NSDE regions are converted into crystalliine NSDE

stressor regigns i3 2IhsmiBsesIReSRss iscanioliacise fhatdhe Mﬁ@éﬁtﬂa@%ﬂ%ﬂ%ﬁ%ﬁ&@d not melted by

the laser beam and structural integrity of other features such as the gate electrode and dielectric material
are maintaingghgop e embadimeastalasarrpsoeessmcarditonaimamdabsingad 10 provide an effective
temperature range of 1000 to 1300 C for a solid phase epitaxy process involving carbon atoms implanted
into a NSDE [#f6h of Bisilldohsubdiratemidhellasesanteal difation dnaygoel ivethanmilliseednd range. An
anti-reflective layer (not shown) may be applied over the substrate in order to enhance the absorption of
laser energy cf002%] Ihosiesmbogimeet NS Bilicogienssdifage Ir0ntiscpresolHetiNrdEssraes afrigeosilicon atoms

in the SDE re%ions are substituted by carbon atoms incorporated into substitutional positions.
132. The crystalline NSDE stressor regions 132 have a different lattice constant from the

substrate 101 and this mismatch in lattice constant results in stress being induced in the adjacent
channel region 118.

[0027] Arrows 136 depict the irradiation of laser fluence in a laser anneal step that is
configured to incorporate at least a portion of the implanted stressor atoms into substitutional
sites and recrystallize the stressor implanted NSDE regions 130. In order to form for the NSDE
regions to function as stressor regions, there should be a sufficient concentration of stressor
atoms incorporated into substitutional sites and the number of substitutional stressor atoms
within the NSDE regions 132 should also exceed the number of interstitial stressor atoms.
Preferably, the atomic concentration of substitutional stressor atoms in the NSDE regions 132 is
at least 1%. In general, for a given species of stressor atoms, the magnitude of stress induced on
a channel region increases with an increase in the stressor dose introduced at implantation and
percentage of stressor atoms incorporated into substitutional sites.

[0028] In one embodiment, the laser anneal process comprises a solid phase epitaxy process.

Laser process conditions such as intensity, energy and/or pulse duration are adjusted so that the
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[0030]Fig. le shows the semiconductor structure 100 of Fig. Id after removal of the gate capping layer 114
and formation of second spacers 118 along the sidewalls of the first spacers 116. The second spacers
118 may be formed by depositing a conformal dielectric layer and anisotropically etching the dielectric
layer to remayedaierabRefbons heregabns yrwayefexample (ibe.secost pifsehrpagars d&sway comprise
a silicon nitride, silicon oxide, or silicon oxynitride. Alternatively, other dielectric materials may also be
used and theisetand dHversgdi8 mayaalsotedmprisesmiliitioSRizerseofodielgotid RatEhialaser
[0031]Following the formation of the second spacers 118, second dopants are introduced into the
substrate viarsiirgte isconuitipie imibkirks sobfssrate NM O roderrbdy dretimeliffd SiohedgiortsaB8ndn Fig. le, the
NMOS source/ drain regions 138 are offset from the edge of the gate electrode 112 by the first and
second spaceféitintinEarias o anEatHpyHebrinbstsE frosoft radNAL ST/l regions 138 may

be formed by implanti E‘N-type dopants such as but not [imited to Phosphorus, Arsenic or compounds
i

P :
thereof. In orfB28HHEdinIB AP ARISMBE S SHFERArATS SRIHAREHTAYY s titsH QBN SHRSH 6F the
substrate 101 and at least a lon of gate electrade being amorphized. [0033]Referring now to Fig.
- therein is SRS S 0 S E o S B I B o hiea over the

substrate 101, afd, Qate Gleqqde L2, g SHEPALaNEE A% REIG IS aRHBkA%GRd Stucture

comprising a liner layer 142 and a first stress layer 144. Preferably, the liner layer 142 has a high etch
selectivity withi[gR6Rd Iadhe st stress-lanerdyd Gﬁlﬁrﬁf%fﬁgﬁyﬁﬁggp%%%%ﬁ% LeRayal qf the latter.
The stressor layer 140 may also be a single layer structure or comprise more than two layers provided
that the stress@elayennkao-hns ddepicnsitg.stressiwhich enhances the mobility of carriers in an NMOS
channel. In one embodiment, the net tensile stress of the stressor layer 140 may range from 0.5 GPa/cm2
to 2 GPa/cmp029] In one embodiment, a silicon substrate 101 is provided and some of the silicon atoms

in the SDE regions are substituted by carbon atoms incorporated into substitutional positions.
[0030] Fig. 1e shows the semiconductor structure 100 of Fig. 1d after removal of the gate
capping layer 114 and formation of second spacers 118 along the sidewalls of the first spacers
116. The second spacers 118 may be formed by depositing a conformal dielectric layer and
anisotropically etching the dielectric layer to remove lateral portions thereof. By way of
example, the second offset spacers 118 may comprise a silicon nitride, silicon oxide, or silicon
oxynitride. Alternatively, other dielectric materials may also be used and the second spacers 118
may also comprise multiple layers of dielectric material.

[0031] Following the formation of the second spacers 118, second dopants are introduced
into the substrate via single or multiple implants to form NMOS source/drain diffusion regions
138. In Fig. le, the NMOS source/ drain regions 138 are offset from the edge of the gate
electrode 112 by the first and second spacers which act as a mask during implantation.

[0032] The NMOS source/drain regions 138 may be formed by implanting N-type dopants
such as but not limited to Phosphorus, Arsenic or compounds thereof. In one embodiment, the
NMOS source/drain implant may result in at least a portion of the substrate 101 and at least a

portion of the gate electrode being amorphized.
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[0034]In one embodiment, the liner layer 142 is a silicon oxynitride (SION) or silicon carbide (SiC) while
the first stress layer 144 is a high tensile stress silicon nitride layer. Alternatively, other materials such as
doped silicon or other combinations of materials may also be suitable provided the stressor layer 140 has

a net tensile gi0ass. [O@EExRMPNARY Methoasfan oining the siressanlayesiddtiivchrles; kgt aye not
limited to chemical vapor deposition (CVD), physical vapor deposition (PVD), atomic layer deposition
(ALD), high dersiytpiasmiayde péSitdor D Byeortlit euhsahexidhtion oractomblaation Theseofsdn one
embodiment, the process parameters associated with the formation of one or more layers in the stressor
layer 140 malpyse tthedtie. giovieeelalpeeadtbiaadersireth felsel of Strerdgy EXdipidry fproeesss parameters
that can be tuned include one or more of deposition temperature, pressure, and ion bombardment during
deposition. [0036]| Ao fadermbduihetcpbniond vhina %‘l%&é“é‘r%‘é?@#‘iﬁ@%‘x‘?éﬂ%ﬁ@ Bt iéfaVice regions

(not shown) such as PMOS transistar regions may be selectiveléeremoved before carryinié out the stress

memorization TEEHAYGL & A RSP L {an HAURKHERT AL el alinte falisyriph s f6587 1RGT IGSA¥Y s the

semiconductey siiucture, 100 of ig. It n,2 stress memorization technigue (SYIT) aneal siap configured
so that at Ieastga pOI'fSIOI% 0) ﬂlle ensﬁle S?I’GSS rom tne stressor fayler EZ&YIS ransmﬁtecﬁo anéf memorized

by the NMOS Jg fge f %%%%fﬁ%?ﬂé‘?gi%@ﬁ e}n@gn%l%’lﬂetﬁl%ﬁﬁlﬁf 3t 9&9%%&01%' o 16 S80RG LGP (1) % The

tensile stress 160 induced by the stressor layer 140 enhances the mobility of carriers in the NM

channel regiQpehfHs MekE Q% LS InaiRialIef VR LI G.s T eS SRlyIaNERE TS Suhspauently removed.
Without limiting ourselves to any particular theory, stress memorization may be caused by changes in

portions of themaigelectrode and/or substrate (such as re-crystallization) in the presence of an overlying
stressor layer 140 during the SMT anneal.
[0034] In one embodiment, the liner layer 142 is a silicon oxynitride (SiON) or silicon
carbide (SiC) while the first stress layer 144 is a high tensile stress silicon nitride layer.
Alternatively, other materials such as doped silicon or other combinations of materials may also
be suitable provided the stressor layer 140 has a net tensile stress.
[0035] Exemplary methods for forming the stressor layer 140 include, but are not limited to
chemical vapor deposition (CVD), physical vapor deposition (PVD), atomic layer deposition
(ALD), high density plasma deposition (HDP) or thermal oxidation or a combination thereof. In
one embodiment, the process parameters associated with the formation of one or more layers in
the stressor layer 140 may be tuned to provide a layer with a desired level of stress. Exemplary
process parameters that can be tuned include one or more of deposition temperature, pressure,
and ion bombardment during deposition.
[0036] In one embodiment, portions of the stressor layer 140 overlying other device regions
(not shown) such as PMOS transistor regions may be selectively removed before carrying out the
stress memorization technique anneal step described in the succeeding paragraph.
[0037] Fig. 1g shows the semiconductor structure 100 of Fig. 1f in a stress memorization

technique (SMT) anneal step configured so that at least a portion of the tensile stress from the

stressor layer 140 is transmitted to and memorized by the NMOS in the form of tensile stress 160
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[0038]Following the SMT anneal, a source/drain dopant activation anneal is carried out to activate
dopants in the NMOS source/drain regions 138. The SMT and source/drain dopant activation anneal
steps can result in the displacement of stressor atoms from subsitutional sites to the extent that the
stressor regianmend LiewithiRdavw afanicreaneaatiaian Hf substikHine slrsitesvanaior by ks is
undesirable because the stress induced by a stressor region decreases with a decrease in the atomic
concentrationtafsulisyitufiéhahlsiness dreatohiktyRiefenablyint e AIOR dansdntidtionnfisulastitational
stressor atoms post SMT and dopant activation anneal is at least 1%. A possible method to avoid the
displacementesf stassoedtonisiishosforsspthey strebsorsrdgianent g 2eafee S NMithoe Bouvioe/drain dopant
activation anneal but this means that the stressor regions would have to be located at the NSD 138
instead of th@WNSHES 1By EGHANOAUM HESSIgHerNSDYBEHRS CRBFARY Idragsd uPPEPEVRY from the
edges of the gate electrode compared to the NSDE 132 thereby reducing the efficacy of the stressor
regions in str§§§?ﬁ%ﬂ8%tﬁ?8ﬁﬁ“ﬁf@@@ﬁwtﬁw%ﬁtﬂ&%rﬁﬁ%ta@@}%?% P EBrh BV EY i temperature
SMT anneal qnd a ﬁourc?ﬂﬁjn dol;ﬁgré tivagiqp laser spike anneal (LSA) can be used to reduce the

displacemenfcr) *SUb&titttional'Stréssor a oﬁ]nsndauring SMT and activation anneal. In one embodiment, the

concentrationyghgubsUOnal SHESIATARMS RreRell e &(&Qﬁ#&&&?&&?%ﬂﬁ%ﬁ?@&&ﬁ%@ﬁ&”eas“red

using x-ray diffraction. [0040]A"low temperature SMT anneal is an anneal process that is carried out at a

temperature gfiahRUIAARCRTHESMBRELERPEFAILFE IaRIB At il Wenand heing:-Raudgsad by the need
to effect the transfer of stress to and memorization of transferred stress by the channel region 118.

Comparison gitivansisiensinaepstenistics saRaE givetenTenireaybedmseda dejarmnritheeftectiveness
of an SMT anneal. The inventors have discovered that a high temperature SMT anneal exceeding 700C
can result in substantihhdisplaesmenriohsited sprvatb mb ivamsichstitehonadbsivé sutbsdreaniple, the
inventors have found that a laser SMT anneal at 1200C causes the atomic concentration of substitutional
stressors to falekelovionss. ety cinds thebBNITcanaded sitpsatiodutshbaintiinssheregies dogrearsserithation at
1% or above while maintaining a temperature above 700C does not mitigate the problem because this
inhibits the traASFEREME e MoRLARNS O atiesefrehtthe Strb st paper s d telerd bh d1séPTigion. [0041]In
an preferred embodiment, the temperature range for the SMT anneal is between 550 to 650C and even

more preferaBl)cR A SHRTELYoRsEstesior AamsrthaMiéns oRAPL ASBRVSTANSAL P deAsEs from the

stressor laye %}40 to thei\tghanﬁ%l dvygggoi |H%a&{g%ad§%aggpggnt of stressor aiggrnnlstﬁgort?esss%bstltutlonal sites.

SS 31| €SSOor ato L
In one embodinen ,pﬁ1e KT anneal comprise urnace anneafa{ B50C for’a duration of between 10 to
30 minutes.

regions 132 after SMT and source/drain dopant activation anneal but this means that the stressor
regions would have to be located at the NSD 138 instead of the NSDE 132. As evident from Fig.
1g, the NSD regions 138 are located further away from the edges of the gate electrode compared
to the NSDE 132 thereby reducing the efficacy of the stressor regions in stress inducement.
[0039] The inventors have discovered that a combination of low temperature SMT anneal
and a source/drain dopant activation laser spike anneal (LSA) can be used to reduce the
displacement of substitutional stressor atoms during SMT and activation anneal. In one
embodiment, the concentration of substitutional stressor atoms present after various processing
steps may be measured using x-ray diffraction.

[0040] A low temperature SMT anneal is an anneal process that is carried out at a
temperature of about 700°C or less. The temperature range at the lower end being bounded by

the need to effect the transfer of stress to and memorization of transferred stress by the channel
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[0042]Meanwhile, the source/drain dopant activation LSA is a laser based anneal with a radiation duration
in the sub millisecond range and an effective anneal temperature of more than 1000 C. The temperature
range at the upper end is bounded by the melting temperature of the substrate and the need to minimize

reductions intaeatomiceanseRtiatonakisthsiluiiona s essoLs.dRoE exadpitaybembodiments where the
device is fabricated on a silicon substrate, the maximum effective temperature may be around 1300 C so

as to preventithesihecohestifestiatactsort am SMAGNRAHA 3] omemmbbavndintpthe dtiesadrigayer 140 is
removed after SMT anneal. The stressor layer may be removed by an etch process that is selective with
respect to thécgatsatiecideani@ladetdsengdsfiGeamiatelial. Jootlinldisecappnecfateddoy those skilled
in the art that after source/drain activation anneal, additional conventional steps such as silicide contact
formation, infEPESHRBIBIHBIOA tiCEaR B & HEH nftsd BS Hesi Ry 6P et lseh o hAmmo s
transistor. [0045]Figs. 2a to 2e are cross-sectional views illustrating process steps for fabricating a NMOS

in accordanc® AnBHS DR B SRR ST B QLSRR RULRB S it SABURITBL Y518, that similar to the

embodimentll{:ig. Ia-égmthm?cond e bgdiment is described in the coqte.t of fapricating an, NMOS for
. . caucin F %ania%h uration to maintain T%e SHressor OHC% I’Et IOtlfl}]at? Qr apove V¥hl ?1
illustrative purposes-only and that the invention may also be applicable to the fabrication of other

semiconductgy, feyiGas SUSH A% RK IRUed 19 chRRRe MR LR MR MNIRRIR frRnsistors and

annular gate transistors. Additionally, it is to be understood that many modifications, additions, and/or

om.issions m%&%m%@'%&%ﬁ%&ﬁ%&%%&%ﬂﬁ%ﬁ ﬁ&%@%%&ﬂﬁ?&%%@@ﬁ@&ﬁaﬁ(%ﬂr@%§¢0pe or spirit of the
claimed subject matter. For example, the below described process may include fewer or more steps.

[0046]Referrpgg1ow tafig plefethareimbisishamnhe saipieanauaior SHuesa20halapipesmk efiprocessing
after the laser anneal step of Fig. id. The semiconductor structure 200 comprises a substrate 201 with
shallow trencid(solafiotCstnd ctune @@ plaimabt) withindc: isolatbpaotise ikagiahs: hagdiersiaak is provided
over the substrate 201. The gate stack comprising a gate dielectric 210, a gate electrode 212 overlying
the gate dieletiwiti 21 0aapidrapiiteseappinbelsiyesxllaycoVévirgthhshomdfwhdegatbgelewtrode 212. First
spacers 216 extend along the sidewalls of the gate dielectric 210 and gate electrode 212. A channel
region 218 isHSRIFSENGAHtRTrS Hses QU StRatCah e Bt bHstalmens tbediBsrteeraM BrieA%ion (NSDE)
stressor regions 232. The NSDE regions 232 are offset from the edge of the gate electrode 212 by

approxim ateﬁpm%r\maﬂ,iﬁbtpﬂqg AP ﬁtag%(}"scszéa duration of between 10 to 30 minutes.

[0042] Meanwhile, the source/drain dopant activation LSA is a laser based anneal with a
radiation duration in the sub millisecond range and an effective anneal temperature of more than
1000 °C. The temperature range at the upper end is bounded by the melting temperature of the
substrate and the need to minimize reductions in the atomic concentration of substitutional
stressors. For example, in embodiments where the device is fabricated on a silicon substrate, the
maximum effective temperature may be around 1300 °C so as to prevent the silicon substrate
from melting.

[0043] In one embodiment, the stressor layer 140 is removed after SMT anneal. The stressor
layer may be removed by an etch process that is selective with respect to the gate electrode 112
and the substrate material.

[0044] It will be appreciated by those skilled in the art that after source/drain activation
anneal, additional conventional steps such as silicide contact formation, interconnect formation

etc. can be performed as desired for the formation of an NMOS transistor.
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[0047]Fig. 2b shows the semiconductor structure 200 of Fig. 2a after removal of the gate capping layer
214 and formation of second spacers 219 along the sidewalls of the first spacers 216. The second
spacers 219 may be formed by depositing a conformal dielectric layer and anisotropically etching the

dielectric laygagesiemavigsate tapartienstherachaByiswayi Rk exaip pioctiessgeabaigifsatispacers 219 may
comprise a silicon nitride, silicon oxide, or silicon oxynitride. Alternatively, other dielectric materials may

also be usedvidthie secodwhspadsrs2bdrmaydisenorh prigeaeultipleddyerdiohdidddeimotdatbaial.
[0048]Following the formation of the second spacers 219, stressor implanted n-type source/drain (NSD)
regions 240 araifortndkipmhedsupstfage 1 Stradbosinmplhmiw NS irsgieis 40 mile nonypet sburce/drain
regions implanted with one or more species of stressor atoms. The stressor implanted NSD regions 24
may be form&PBAiRAS FINER-10p B BB RANEPHRS tReCslbdt il t P FOrEN SN fLTe P F egRisaslowed by

the implantation of one or more species of stressor atoms into the NSD regions. Alternativegl)ﬁ the implant

sequence may BB e LR ALt BiFeRduT G IRYCBETRG A U miledite BrbBRM OMMERT the first
d d at nask during implantation. Thi Its in the.ed f the st
and second sacsts opstalc 2 amask ing Imelapiaion, T ssulis 1,11 s o sgessor

implanted N eing offset from a cofresponding édge of the electrode y a

distance approximalely SAHMAIGAL 58&%%&95%&9?&9?&&%3&9 O HiRE-A0hEBERNPRRAGR!F as shown in

Fig. 2b. [0049]The stressor atoms as implanted occupy random positions and a subsequent process step

is needed t0 JPGAIRAIAIR @ ééﬁgﬁiﬁﬁl%m%é&jaé%ﬁﬁ% s iniR-aubsiiutienal pesiticamse that the
lattice constant of the NSD regions 240 is modified and the NSD regions 240 are capable of inducing

stress in the ghanRnal RBALF0{EQS0IS arvicaltaiardppasitssaps stressor atoms may be introduced into
the substrate via single or multiple implant steps. In Fig. 2b, the stressor material has an implant range

that is approx0odikly tiRefsaine asminatiardhehsotindeidikaim dopanbspaciestritis¢@0Its aptihe sfressor
material being distributed throughout the depth of the NSD region as implanted. Alternatively, the stressor
implant conditioresmayidds thbdasanemheicreprttserdss oF i atarietridusiystartiant, 268 whmediseithin an upper
portion of the NSD region. In this case, only the upper portion of the NSD is a stressor implanted NSD
region. It is toUSe pratiatetribeY HenrhirdeBpmiprshtsi N prraipe eibia e isalafiplahtesengy, implant
dose and implant angle can be adjusted to modulate the concentration and projected range of the

stressor matévigl'andTrst HEpe SEETiRe WhtA e subtratls 285X fopBT oA s LHbHesHER Yhe stressor

implanted N%%a&%%ﬁ%@t%o%égllg cl):vlgr'lyzlrblgnt]q@/ggtee dielectric 210 and a gate capping layer 214 covering the

top of the gate electrode 212. First spacers 216 extend along the sidewalls of the gate dielectric
210 and gate electrode 212. A channel region 218 is located within the substrate and between
crystalline n-type source drain extension (NSDE) stressor regions 232. The NSDE regions 232
are offset from the edge of the gate electrode 212 by approximately the width of the first spacers
216.

[0047] Fig. 2b shows the semiconductor structure 200 of Fig. 2a after removal of the gate
capping layer 214 and formation of second spacers 219 along the sidewalls of the first spacers
216. The second spacers 219 may be formed by depositing a conformal dielectric layer and
anisotropically etching the dielectric layer to remove lateral portions thereof. By way of
example, the second offset spacers 219 may comprise a silicon nitride, silicon oxide, or silicon
oxynitride. Alternatively, other dielectric materials may also be used and the second spacers 219

may also comprise multiple layers of dielectric material.
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amorphized by the above mentioned source/drain or stressor implants, or a combination thereof.
Alternatively, the stressor implanted NSD regions 240 may be also be amorphized by a separate
amorphization implant step. The amorphization depth is preferably equal to or greater than the depth of
the stressor ippignted N BEN 181005248005 I be MIEbregior mayshe fepmadoy-thplanting n-type
dopants such as but not limited to Phosphorus, Arsenic or compounds thereof into the substrate. As for
stressor atomsyosdemes® speoies 2f0sire ssancd @ministhaviag StledtigaoplastaniNSnatigiothan that of
the substrate material is chosen so as to induce a horizontal tensile stress in a channel region 218 of the
NMOS whenZ2Hastresyor stonedlare suherquwhilyddeatip onatedninto substitiiftreatwitsemin dhe
embodiment, Carbon which has a lattice constant of 3.567A at 27C compared to 5.431A for silicon is
implanted intd8seRISRyAREEINSD regin &t BaiRoivEushatePRATESA-HBY I IRsHIAREY into the
substrate at an energy of 5-20keV and a dose of 1E15 to 8E15cm-2. Alternatively, other implant
conditions mSYPHAL 52 SUMANE BrErEra0Re ne feAmwH Bo Ly FREBELICPE] ABRR2"NE SH56WE §h order to
ensure efficacy of carbon.as z?n? or materi It LQOS:%Fi . 2C shows the semico dugtor structure of Fig.
Bt dhy

. stressor atoms 1nto the regigns,, Alternativ, € 1m ll.lal’lt sequenc CVETS .
2b during a laser annea sflep at converts the amorp Stre’Sor nﬁpf;anferaam regions 240 of Fig. 2b

into crystalling, 3. SUESRAIBAISphnh MNP S eRIRRIRNR AR AR A i spaiilattice constant

from the substrate 201 and the mismatch in lattice constant results in stress being induced in the adjacent
channel regiQpe248 &f he {ansisomAHANR R4 FHHeRIGh DS W@Q%UQHf%é%ﬁ%Es@H%ﬁﬁﬁﬂ[b@mr anneal
step that is configured to incorporate at least a portion of the implanted stressor atoms into substitutional
sites and recrysitallizade anerahowmsiesaepomphanied MSR: ragiens 240 inxasderdiefasen for the NSD
regions to function as stressor regions, there should be a sufficient concentration of stressor atoms
incorporated dppoosithatitytiquahBite soahddhebmeanh base of id st futiomel sstressgraatoms sivithinithe NSD
regions 242 should also exceed the number of interstitial stressor atoms. Preferably, the atomic
concentratiofigf kbstitutional stressor atoms in the NSD regions 242 should be at least 1%. In general,
for a given species of stressor atoms, the magnitude of stress induced on a channel region increases with
an increase iWM&lstred86 s desarinPBY e SURIHADRESERITANAD RATEINE 3Pd e ¥biSALEBREN S rporated
into substitutional sites. [0054]The stressor atoms introduced into the NSD rl%%ions are chosen so that the

stress induceFBr HFEIHARNEVRGIAN By HiE RIS AMrRL b SRR i RIS B EOSH RSHIYEGiBns 232
are both of t me nature, that is,.tensile for.the case of an. NMQOS,. T, SD stressor regions 242
S ventngeou T R O o R o0 Sl o b

tensile stressomgh{gcqggignrgg ﬁhﬁ@@ﬁi&?&ifé@ig&%@ be increased. [0055]In one embodiment, the laser
lid [

anneal process comprises a solid phase epitaxy process. Laser process conditions such as intensity,

energy and/qppsiise dwalionrisadpisiedRatRaldhasiiesapbinpiaatrdiNrP e diRRsAlsimelted and
after the laser energy is removed, the stressor implanted NSD regions 240 are recrystallized and

converted intarpysiading NS sirassessregions 24 2nwillicaidemstoriNortion ahprastiegstaatoms
incorporated into substitutional positions. The laser process is controlled so that the substrate 101 is
preferably natpprekachizyytiie kaserdselanfandestinucteidhintdgrity gicoitwerThatesessucheasrthegate
electrode and dielectric material forming the various layers are maintained. In one embodiment, laser
process conditiéiishhaipdheistinetdotprogiatdheadtetiiobthe MNPy sgen rarigwlented00 ks 306 for a solid
phase epitaxy process involving carbon atoms implanted into a NSD region of a silicon substrate. The
laser anneal UG rsEfSTPHBY BRF FPBHEIRRTIFBAE 8118 Padyied Avrhfinreesavamsat inaybpemisdied over the

substrate in order to enhance the absaorption of laser e,nerg%/. _ )
confined within an upper portion of the NSD region. “In this case, only the upper portion of the

NSD is a stressor implanted NSD region. It is to be appreciated that a multitude of implantation
parameters such as implant energy, implant dose and implant angle can be adjusted to modulate
the concentration and projected range of the stressor material and first dopant species within the

substrate 201.
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[0056]In one embodiment, a silicon substrate 101 is provided and some of the silicon atoms in the NSD
region may be substituted by carbon stressor atoms incorporated into substitutional positions.
[0057]Referring now to Fig. 2d, therein is shown the semiconductor structure 200 of Fig. 2c after a

stressor layefods@)is faiae awesdine sy asiies 2P Ingshgatmsieaisame 20Pinlrikigh Adytbe stressor layer
250 is a multi-layered structure comprising a liner layer 252 and a stress layer 254. Preferably, the liner
layer 252 hasradnphivatdly gelabtivitynwitiviespacttaithie stressdayenRodsthe redynfeiodiiatinigeswiisequent
removal of the stress layer 254. The stressor layer 250 may also be a single layered structure or comprise
more than twoliepery grotidsticther stpkdrd NAEP 250ohagd naytensite btravemlhirck bnhasrsesithe mobility
of carriers in an NMOS channel. In one embodiment, the net tensile stress of the stressor layer 250 may
range from 03 R5PAGHIRHIPIFO0HE) NGRS BARNBEHSCRHR TREITERY F8%RSincH 1 6X5h ideSION) or
silicon carbide (SiC) while the stress layer is a high tensile stress silicon nitride layer. Alternatively, other

materials suclfRi8 fdPedSHes MUt NIABR R of layers may also be suitable provided the

stressor laye %has Tﬁs nsile stress. [0059]Exemplary methods for forming the stressor layer 140
e bt MBIk e R Dot OO B i PR O SR v, atomic

layer depositi%&k?ﬁh@é%ﬁo@ﬁé?§4¥¥e91é‘%%8898§1§%r@éﬂ'ﬁ?&ﬁé@ﬁﬂ@?ﬁk&xﬁﬁé&’&%E&P&HPPJP‘"“0”

thereof. In one embodiment, the process parameters associated with the formation of the stressor layer

250 such as geposiiaR {HErRE R UIS.sBF RS R IR RRPRFEMeRt dHr B ASRASITIAR Biayde tuned to form
a layer with a desired level of stress.

substrate material is chosen so as to induce a horizontal tensile stress in a channel region 218 of
the NMOS when the stressor atoms are subsequently incorporated into substitutional sites. In
one embodiment, Carbon which has a lattice constant of 3.567A at 27°C compared to 5.43 1A for
silicon is implanted into a designated NSD region of a silicon substrate. Carbon may be
implanted into the substrate at an energy of 5-20keV and a dose of 1E15 to 8E15cm-7.
Alternatively, other implant conditions may also be suitable. Preferably, the carbon dose is kept
at 1E14cm-? and above in order to ensure efficacy of carbon as a stressor material.

[0053] Fig. 2c shows the semiconductor structure of Fig. 2b during a laser anneal step that
converts the amorphous stressor implanted NSD regions 240 of Fig. 2b into crystalline NSD
stressor regions 242. The NSD stressor regions 242 have a different lattice constant from the
substrate 201 and the mismatch in lattice constant results in stress being induced in the adjacent
channel region 218 of the transistor. Arrows 244 depict the irradiation of laser fluence in a laser
anneal step that is configured to incorporate at least a portion of the implanted stressor atoms
into substitutional sites and recrystallize the amorphous stressor implanted NSD regions 240. In
order to form for the NSD regions to function as stressor regions, there should be a sufficient
concentration of stressor atoms incorporated into substitutional sites and the number of
substitutional stressor atoms within the NSD regions 242 should also exceed the number of

interstitial stressor atoms. Preferably, the atomic concentration of substitutional stressor atoms
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[0060]In one embodiment, portions of the stressor layer 250 overlying other device regions such as
PMOS transistor regions may be selectively removed prior to the subsequent stress memaorization
technique anneal step. [0061]Fig. 2e shows the semiconductor structure 200 of Fig. 2d in a stress

memorizatiomteRmEpie:RikDiannealsep tanfigureth serétal, ableasi<a peutiendrhthestensdasstress from
stressor layer 250 is transmitted to and memorized by the NMOS in the form of tensile stress 260 along
the lateral dirdetioarpoifitie dhannahdagidro? 4 8hatheltensileistress 260lnducedaky ith@estressor layer 250
enhances the mobility of carriers in the NMOS channel region and is more or less maintained even if the
stressor layef®@80nisosiybsrbejuamiinremoved anithoof finitingasunsebgerptoataipartibyiantihadry, stress
memorization may be caused by changes in portions of the gate electrode and/or substrate (such as
re-crystallizatiéi¥) in the presence of an overlying stressor layer 250 during the SMT anneal.
[0062]Fo||owin%the SMT anneal, a source/drain dopant activation anneal is carried out to activate

dopants in th?88h strEBsHrTsgig4aredyarsvale the ENrPre s 8T eRosFARP Juh it WesiVation anneal

steps can result in the gjisp acement of stres toms from .subsitution 'tf_is to the extent that the
Stressor regi LA S X T B s e e S SR P e, i

is undesirable, beGause e, SIGSHIIAMGED D@ BYSSRALCIEOINN ARGIRSOAWVIR B RGIGRRE Iyhe atomic

concentration of substitutional stressor atoms. Preferably, the atomic concentration of substitutional

stressor atomg1s K ash 6. d00RSLLEEHRMEINALS JravsHisaenarasibat Asamiiaiansfilyiemperature

SMT anneal and a source/drain dopant activation laser spike anneal (LSA) can be used to ensure the
presence of ahleastol ¥ afeSilsiithdigealisiirRsaRnatoresRost Sy wahdr Q8¢ embodiment, the

concentration of substitutional stressor atoms present after various processing steps may be measured

using x-ray diffddstion.In one embodiment, the laser anneal process comprises a solid phase epitaxy process.
Laser process conditions such as intensity, energy and/or pulse duration are adjusted so that the
stressor implanted NSD regions are melted and after the laser energy is removed, the stressor
implanted NSD regions 240 are recrystallized and converted into crystalline NSD stressor
regions 242 with at least a portion of the stressor atoms incorporated into substitutional positions.
The laser process is controlled so that the substrate 101 is preferably not melted by the laser
beam and structural integrity of other features such as the gate electrode and dielectric material
forming the various layers are maintained. In one embodiment, laser process conditions may be
tuned to provide an effective temperature range of 1000 to 1300°C for a solid phase epitaxy
process involving carbon atoms implanted into a NSD region of a silicon substrate. The laser
anneal duration may be in the millisecond range. An anti-reflective layer may be applied over
the substrate in order to enhance the absorption of laser energy.
[0056] In one embodiment, a silicon substrate 101 is provided and some of the silicon atoms
in the NSD region may be substituted by carbon stressor atoms incorporated into substitutional
positions.

[0057] Referring now to Fig. 2d, therein is shown the semiconductor structure 200 of Fig. 2c

after a stressor layer 250 is formed over the substrate 201 and gate electrode 212. In Fig. 2d, the
16



[0064]A low temperature SMT anneal is an anneal process that is carried out at a temperature of 700C or
less. The temperature range at the lower end being bounded by the need to effect the transfer of stress to
and memorization of said transferred stress by the channel region 218. Comparison of transistor

characteristicg&ideh apArBE CHiRIN - TRt usadtasaleimipe Herefieetisenags efral @M 23aneal. The
inventors have discovered that a high temperature SMT anneal exceeding 700C can result in substantial

displacemenpoffstiblys dredtoemmjrormogulastitbivhreat iskdsctRagdwdih getpectid tharmneall dwratian while
maintaining a temperature above 700C does not mitigate this problem because the transfer and
memorizationhefebly daslffamgnebstrpssbreiagetl tof the dtvanhebrdgtonivilbtiessffdated? Ponaxalneple, the
inventors have found that a laser SMT anneal at 1200C causes the substitutional stressor concentration

to fall below P96 FREHUEIhESRIT M REBIPGSPATION tBAmBiRtiFtherevidesdicchisestitanioR Xk 1% or
above while maintaining a temperature above 700C does not mitigate the ﬁroblem because this inhibits

the transfer dRd MEMBRZGREROFNHL Rt r ke shaulibr thyars50 e ERa hEMTEgiBhoTB065]In a

preferred empodiment, e temperalure ranag for the SMT.agncal s betiieen P80 i feacand even more
preferably, afurmace annea process’is used so at there is an'eHeclive transfer of Stréss from the

stressor layefyg@) to the ghannel whils: MHEGAUPE USRIACAMGN QiR TINeBIS KM shisfitutional sites.

In one embodiment, the SMT anneal comprises a furnace anneal at 650C for a duration of between 10 to

30 minutes. [GQEGIMBamMIRIIE NG IPW eHdrAh dRARLAGTHVaIAR e AR lepahhdsed anpeal with a

radiation duration in the sub millisecond range and an effective anneal temperature of more than 1000C.

The temperafhie fiaRgecatih@ papahentisohry belasiyithe sneling tempesaitsiobibesulstiaie and the
need to minimize reductions in the atomic concentration of substitutional stressors. For example, in
embodimentstwirerddyre 2evics amtalmcdtetkon. a silicon substrate, the maximum effective temperature
may be around 1300C so as to prevent the silicon substrate from melting. [0067]In one embodiment, the
stressor layel0989is rdinovetiafteetBMsTenioeainT He stiesseolakaydritnaglivde rbwhexparpymareétoh process

that is selective with respect to the gate electrode 212 and the substrate material.
chemical vapor deposition (CVD), physical vapor deposition (PVD), atomic layer deposition

(ALD), high density plasma deposition (HDP) or thermal oxidation or a combination thereof. In
one embodiment, the process parameters associated with the formation of the stressor layer 250
such as deposition temperature, pressure, ion bombardment during deposition may be tuned to
form a layer with a desired level of stress.

[0060] In one embodiment, portions of the stressor layer 250 overlying other device regions
such as PMOS transistor regions may be selectively removed prior to the subsequent stress
memorization technique anneal step.

[0061] Fig. 2e shows the semiconductor structure 200 of Fig. 2d in a stress memorization
technique (SMT) anneal step configured so that at least a portion of the tensile stress from
stressor layer 250 is transmitted to and memorized by the NMOS in the form of tensile stress 260
along the lateral direction of the channel region 218. The tensile stress 260 induced by the
stressor layer 250 enhances the mobility of carriers in the NMOS channel region and is more or
less maintained even if the stressor layer 250 is subsequently removed. Without limiting

ourselves to any particular theory, stress memorization may be caused by changes in portions of
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[0068]It will be appreciated by those skilled in the art that after source/drain activation anneal, additional
conventional steps such as silicide contact formation, interconnect formation etc. can be performed as
desired for the formation of an NMOS transistor. [0069]The preferred embodiment of the invention is

illustrative of ihesiyertesdeathebiRapsliatingeafthe-yantiondhisiehbedndeesioas dhatymyisions and
modifications may be made to methods, materials, structures and dimensions of a semiconductor

structure whiterstihngeidifgydnsemicdsidiictondiiat 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-limitif@paenselo[Bo7iof thafMEemmstile sonbwdimartosine ssorattomsnemysisarirsbeporated into
source drain extension regions of a transistor by selective epitaxy instead of implantation followed by solid
phase epitaxjctFatecieribidn thstbs Fsip s Beaned o opissee theidhe ond yatscsisir derdsignated
source drain extension regions of the substrate. A selective epitaxy process is then used to fill the
trenches witH'Sh S ER0AFHhSERR SR ARG R SaMiERIMepsRi A lia 6F LoBSHtam ML SIS 8s so as to

provide a str%lsesorté%yﬁ{é Therefore, unlike gggzcﬁ%\évnrhere stltﬁﬁﬂ:lsslor atoms are |nt{ro uceg via implantation,

. { StreSSOr regions up withh a Iow atomiC concen 10N . . .
there is no nee(ﬁor an adtaf’tlonaf ann afls to'in orporate the stressor atoms m%o SU%StItUtIOI’]aJ sites. In

one embodinyg0t, {EAERSTRLGSIGhRY W{}Pi@d&éé'iﬁ%léH?c%ﬁ![é’é‘?h@gﬂ&‘?EﬁﬁHX&%{J leghwith an;cpitaxial

silicon carbon alloy. Source drain extension dopants may be introduced into the epitaxial layer during the
epitaxial groyith prsasriisal- Rl viadmplaniatiQrd iRiadhe aRIERNIAL BN R Whalbis.elaimed is: CLAIMS

Preferably, the atomic concentration of substitutional stressor atoms is least 1%.

[0063] The inventors have discovered that a combination of low temperature SMT anneal
and a source/drain dopant activation laser spike anneal (LSA) can be used to ensure the presence
of at least 1 % of substitutional stressor atoms post anneal. In one embodiment, the
concentration of substitutional stressor atoms present after various processing steps may be
measured using x-ray diffraction.

[0064] A low temperature SMT anneal is an anneal process that is carried out at a
temperature of 700°C or less. The temperature range at the lower end being bounded by the
need to effect the transfer of stress to and memorization of said transferred stress by the channel
region 218. Comparison of transistor characteristics such as drive current may be used to
determine the effectiveness of an SMT anneal. The inventors have discovered that a high
temperature SMT anneal exceeding 700°C can result in substantial displacement of stressor
atoms from substitutional sites. Reducing the SMT anneal duration while maintaining a
temperature above 700°C does not mitigate this problem because the transfer and memorization
of stress from the stressor layer to the channel region will be affected. For example, the
inventors have found that a laser SMT anneal at 1200°C causes the substitutional stressor
concentration to fall below 1%. Reducing the SMT anneal duration to maintain the stressor

concentration at 1% or above while maintaining a temperature above 700°C does not mitigate

18



1. A method for fabricating a semiconductor device comprising: forming a gate stack comprising a gate
dielectric and gate electrode over a substrate; forming stressor regions within the substrate on
opposed sides of the gate stack, the stressor regions comprising stressor material incorporated into

substitutionatisiigstihBesmnstimtcinhibifoMv iRgh Sdirsi SHesso ayare et e shibsirtes aftestarming the
stressor regions, the first stressor layer having a first stress value; and annealing to memorize at least

a portion of tR&0fiksthstrdgsnehtugion. the semiconductor device, wherein the anneal is conducted at a low
temperature. 2. The method of claim 1, wherein the annealing step to memorize at least a portion of the
first stress vdif¥$3d cordduqresdeatcd tarppbraufrahoft@0p@adiréassgedomthe MéThuual clditwiemirdrein the
annealing step to memorize at least a portion of the first stress value comprises annealing at a
temperature ¥f@proXithaten s el 80D fofrmaceanaeat REopsethoePest tadhe thefbHersiattrishinealing
step to memorize at least a portion of the first stress value comprises annealir;?té?l a furnace environment.

5. The methdt BT SIS T FRR FECHPRLING FemOVing ta st SthelseBiigfateahdt thashhaling to

memorize at least a portign of the first stress value. . .
stressor atoms from su stltutlonaF51§es. n one embodiment, the SMT anneal comprises a

furnace anneal at 650°C for a duration of between 10 to 30 minutes.

[0066] Meanwhile the source/drain dopant activation LSA is a laser based anneal with a
radiation duration in the sub millisecond range and an effective anneal temperature of more than
1000°C. The temperature range at the upper end is bounded by the melting temperature of the
substrate and the need to minimize reductions in the atomic concentration of substitutional
stressors. For example, in embodiments where the device is fabricated on a silicon substrate, the
maximum effective temperature may be around 1300°C so as to prevent the silicon substrate
from melting.

[0067] In one embodiment, the stressor layer 250 is removed after SMT anneal. The stressor
layer may be removed by an etch process that is selective with respect to the gate electrode 212
and the substrate material.

[0068] It will be appreciated by those skilled in the art that after source/drain activation
anneal, additional conventional steps such as silicide contact formation, interconnect formation
etc. can be performed as desired for the formation of an NMOS transistor.

[0069] The preferred embodiment of the invention is illustrative of the invention rather than
limiting of the invention. It is to be understood 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.
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6.The method of claim 1, further comprising: forming first diffusion regions within the substrate on
opposed sides of the gate stack; and annealing the substrate with a laser anneal to activate dopants
in the first diffusion regions. 7. The method of claim 6, comprising forming the stressor regions before

forming the fgmiffusionaiegiens@nc-pedarmingsthe aetivationiaser angahied.ifibe snethadief claim 6,
wherein the activation laser anneal step comprises performing a laser anneal for a time duration of 1
millisecond osxiessioBreghvasnéthach oftolehms@evviverginatheidinstditflisiphmagion® dwe by cefdrain regions
and the semiconductor device is a MOS transistor. 10. The method of claim 6, forming the first stressor
layer after fophisgethefirstaiffusionleegionkes by Phetahethetoppetaihvideswhessite ftnekimg the stressor

regions comprises implanting at least one stressor material into the substrate; and _
designated source drain extension regions of the substrate. A selective epitaxy process is then

used to fill the trenches with an epitaxial material having a sufficient percentage of substitutional
stressor atoms so as to provide a stressor layer. Therefore, unlike the case where stressor atoms
are introduced via implantation, there is no need for an additional anneal step to incorporate the
stressor atoms into substitutional sites. In one embodiment, trenches are etched within a silicon
substrate and selectively filled with an epitaxial silicon carbon alloy. Source drain extension
dopants may be introduced into the epitaxial layer during the epitaxial growth process itself or

via implantation into the epitaxial layer.
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annealing the substrate to incorporate the stressor material into substitutional sites of the substrate. 12.
The method of claim 11, comprising incorporating the stressor material using laser annealing. 13. The
method of claim 1, wherein the stressor material comprises carbon. 14. A method for fabricating a
semiconductevrieweasaapising: forming a gate stack comprising a gate dielectric and gate electrode
over a substrate; forming stressor regions within the substrate on opposed sides of the gate stack, the
stressor regions comprising implanted stressor maggdridNifcorporated into substitutional sites of the
substrate; forming a first stressor layer over the substrate after forming the stressor regions, the first
stressor layet-having adiheti Strielsdnesiieg a scranediitier devmeroripasatdeast a portion of the first stress
value in the semiconductor device, wherein the anneal is conducted at a temperature of 700C or less;
forming first diffusidfreigbhEYRtHATHIeBRbEhhicts dplsssirathreestltrEagaryetackbstrate;

forming stressor regions within the substrate on opposed sides of the gate stack, the
stressor regions comprising stressor material incorporated into substitutional sites of the
substrate;

forming a first stressor layer over the substrate after forming the stressor regions, the first
stressor layer having a first stress value; and

annealing to memorize at least a portion of the first stress value in the semiconductor

device, wherein the anneal is conducted at a low temperature.

2. The method of claim 1, wherein the annealing step to memorize at least a portion of the

first stress value is conducted at a temperature of 700°C or less.

3. The method of claim 1, wherein the annealing step to memorize at least a portion of the

first stress value comprises annealing at a temperature of approximately between 600 to 700 °C.

4. The method of claim 1, wherein the annealing step to memorize at least a portion of the

first stress value comprises annealing in a furnace environment.

5. The method of claim 1, further comprising removing the first stressor layer after the

annealing to memorize at least a portion of the first stress value.
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and annealing the substrate with a laser anneal at a temperature to activate dopants in the first
diffusion regions. 15. The method of claim 14 wherein the stressor regions are formed before forming the
first diffusion regions. 16. The method of claim 14 wherein the first diffusion regions are source/drain
regions and the semiconductor device is a MOS transistor. 17. The method of claim 14 wherein the
atomic concentration of stressor material incorporated into substitutional sites is at least 1% post
memorizatio.anne@hancttact véittiina hn@ahed &dprizétiyod for fabricating a semiconductor device
comprising: forming a gate stack comprising a gate dielectric and gate electrode over a substrate;
forming a stressor fegiong withirffirreosubgiratevshio gpposdawides opphecdatéestidke tatestreksor regions
comprising stressor material incorporated into substitutional sites of the substrate; forming first
spacers adjat¥ht opposed sidewalls of the gate stack after forming the stressor regions; and

annealing the substrate with a laser anneal to activate dopants in the first diffusion

regions.

7. The method of claim 6, comprising forming the stressor regions before forming the first

diffusion regions and performing the activation laser anneal.

8. The method of claim 6, wherein the activation laser anneal step comprises performing a

laser anneal for a time duration of 1 millisecond or less.

9. The method of claim 6, wherein the first diffusion regions are source/drain regions and

the semiconductor device is a MOS transistor.

10. The method of claim 6, forming the first stressor layer after forming the first diffusion
regions.
11. The method of claim 1, wherein forming the stressor regions comprises

implanting at least one stressor material into the substrate; and
annealing the substrate to incorporate the stressor material into substitutional sites of the

substrate.

12. The method of claim 11, comprising incorporating the stressor material using laser

annealing.
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forming first diffusion regions on opposed sides of the gate stack within the substrate wherein the stressor
regions are located closer to an edge of the gate stack compared to the first diffusion region. 19. A
semiconductor device comprising: a gate stack comprising a gate dielectric and gate electrode over a
substrate; a stressor region within the substrate on opposed sides of the gate stack, the stressor
region comprising stressor material incorporated in substitutional sites of the substrate; and first
diffusion regiths witHinetinetsod stratenon, oppase dsigesof thagale stgoisewdreben the stressor regions are
located closer to an edge of the gate stack compared to the first diffusion regions. 20. A semiconductor
device comprising: a gate stack comprising a gate dielectric and gate electrode over a substrate; a
stressor region within the substrate on opposed sides of the gate stack, the stressor region comprising
stressor matéfial indofisthatdarnfisine aopRicidsdridevianramresiagd  a first stressor layer having
a first stress value comprising lateral portions adjacent to a surface of the substrate wherein the stressor

regions are located 81BYRF T4 YAt P 98 S eSS (HIETEREr NSO AIBIRE B She first

stressor layer. . . - .
y forming stressor regions within the substrate on opposed sides of the gate stack, the

stressor regions comprising implanted stressor material incorporated into substitutional sites of
the substrate;

forming a first stressor layer over the substrate after forming the stressor regions, the first
stressor layer having a first stress value;

annealing to memorize at least a portion of the first stress value in the semiconductor
device, wherein the anneal is conducted at a temperature of 700°C or less;

forming first diffusion regions within the substrate on opposed sides of the gate stack;
and

annealing the substrate with a laser anneal at a temperature to activate dopants in the first

diffusion regions.

15.  The method of claim 14 wherein the stressor regions are formed before forming the first

diffusion regions.

16.  The method of claim 14 wherein the first diffusion regions are source/drain regions and

the semiconductor device is a MOS transistor.

17. The method of claim 14 wherein the atomic concentration of stressor material
incorporated into substitutional sites is at least 1% post memorization anneal and activation

anneal.
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18. A method for fabricating a semiconductor device comprising:

forming a gate stack comprising a gate dielectric and gate electrode over a substrate;

forming a stressor regions within the substrate on opposed sides of the gate stack, the
stressor regions comprising stressor material incorporated into substitutional sites of the
substrate;

forming first spacers adjacent opposed sidewalls of the gate stack after forming the
stressor regions; and

forming first diffusion regions on opposed sides of the gate stack within the substrate
wherein the stressor regions are located closer to an edge of the gate stack compared to the first

diffusion region.

19. A semiconductor device comprising:

a gate stack comprising a gate dielectric and gate electrode over a substrate;

a stressor region within the substrate on opposed sides of the gate stack, the stressor
region comprising stressor material incorporated in substitutional sites of the substrate; and

first diffusion regions within the substrate on opposed sides of the gate stack, wherein the
stressor regions are located closer to an edge of the gate stack compared to the first diffusion

regions.

20. A semiconductor device comprising:
a gate stack comprising a gate dielectric and gate electrode over a substrate;
a stressor region within the substrate on opposed sides of the gate stack, the stressor

region comprising stressor material incorporated in substitutional sites of the substrate; and
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a first stressor layer having a first stress value comprising lateral portions adjacent to a
surface of the substrate wherein the stressor regions are located closer to an edge of the gate

stack compared to the lateral portions of the first stressor layer.
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