METHOD FOR FABRICATING SEMICONDUCTOR DEVICES WITH REDUCED JUNCTION DIFFUSION
TECHNICAL FIELD [0001]The present invention relates to methods for fabricating integrated circuits, and

more patrticularly to transistor junction regions. BACKGROUND ART [0002]Integrated circuits (ICs)
comprising many tens oMKGUSRYE QRIENGRI (R0 NMEE NPH Y AR PENECEPansistors (PETS) are

a cornerstone of modern microelectronic Séstems. The various regions of the PETs (e.g. source/drain and
source/drain extensions) are form&ﬂlgyi FnB H&Hﬂlﬁg Kt L™¥miconductor substrate using

methods such as ion implantation and indiffus[i }‘@\ﬁgr tll.;)%% %ants have been introduced, they are
: . atl A RCHNICALEED
electrically activated by subjecting the semiconductor substrate to one or more anneal processes such as

low temperattbr(ﬁﬂ?ermﬁllé"”r%?é’}h IaRidthermalan ﬂleeg;lroﬁﬁ’%? ﬁ{}ﬁ?ﬁln '?@%%?QQ(?%E%RQ% hanneal.

[0003]Unfortunately, during the anneal process, the dopants have a t cy to diffuse or expand both

laterally and yericallyawayfRm: g Rafig.asmintroduced thereby increasing the dimensions of the
various device regions. This diffusion is undesirable particularly as semiconductor devices are scaled

down in size. [0004]For example, as the gatgslgogibrahBRbDARBCcaled down for example to 45 nm and

[0002] Integrated circuits (ICs) comprising many tens of thousands of semiconductor devices
including field effect transistors (FETSs) 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
and indiffusion. After the dopants have been introduced, they are electrically activated by
subjecting the semiconductor substrate to one or more anneal processes such as low temperature
thermal anneal, rapid thermal anneal, spike anneal, flash anneal or laser anneal.

[0003] Unfortunately, during the anneal process, the dopants have a tendency to diffuse or
expand both laterally and vertically away from the profile as-introduced thereby increasing the
dimensions of the various device regions. This diffusion is undesirable particularly as
semiconductor devices are scaled down in size.

[0004] For example, as the gate length of FETs is scaled down for example to 45 nm and
beyond, the source and drain regions increasingly interact with the channel and gain influence on
the channel potential. As a result, the gate electrode 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 the
short channel effect, it is desirable to fabricate MOS devices with shallower source/drain
extension and/or source/drain junctions and also reduce the lateral extension of the source/drain
extension and/or source/drain regions after anneal.

[0005] In addition to the above, the level of dopant activation is also a critical factor as

device dimensions are scaled down. This is because the resistance of the various regions e.g.
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beyond, the source and drain regions increasingly interact with the channel and gain influence on the
channel potential. As a result, the gate electrode 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 the short channel effect, it is
desirable to feMfieAtE N (P9 0 éceersirprshabRierrs shreddprdiicer@ElTsian iapianee Soliecerstaih junctions
and also reduce the lateral extension of the source/drain extension and/or source/drain regions after
anneal. [000SIPPBLRAtIGHIES tF SIS £CHiTasfelPeicor Bt eRRFRYH 7 4p08nh EiHiddPRdStor as device
dimensions aje .scge}led down. This is because the resistance of the various regions e.g. source/drain

Se as they are shrunk in size. Since an increase in the level of dopant activation leads

to a decreasgfgsistace, & pigher eyt of dopenactvationis desiiable, OGN ViE of the above

(S/D) region fiiere
discussion, there is a need for fabrication techniques that can at least partly mitigate the prolb?ems of

limiting extentaf dapanhRIEHSIAR Aot 6RRINGMC IRMRLPLORRR I AGIVRIAN MMARY Q& THE

INVENTION [0007]The present invention relates to methods of fabricating diffusion regions in
semiconducter gigyigesddeast one or more of the above mentioned problems are mitigated by forming a
halo region comprising a crystalline upper vacancy rich region and a lower buried amorphous region in
the substrate. A first diffusion region ovaUlisgpRYOOTN THE UWIpENEICAICY rich region and the lower buried
amorphous region is subsequently formed. [0008]In accordance with a first aspect of the invention, a
method for fe{ﬂ%’ﬂting ‘Hhe present invention relates to methods of fabricating diffusion regions in

semiconductor devices. At least one or more of the above mentioned problems are mitigated by

forming a halo region comprising a crystalline upper vacancy rich region and a lower buried

amorphous region in the substrate. A first diffusion region overlapping both the upper vacancy

rich region and the lower buried amorphous region is subsequently formed.

[0008] In accordance with a first aspect of the invention, a method for fabricating a

semiconductor device is disclosed. The method includes providing a substrate and a gate stack

on the substrate. A halo implant is performed to form a halo region in the substrate adjacent to

opposing sides of the gate stack. The halo region comprises a crystalline upper vacancy rich

region having excess vacancies and a lower buried amorphous region. The method further

comprises forming a first diffusion region overlapping both the upper vacancy rich region and

the lower buried amorphous region and recrystallizing the buried amorphous region. Dopants in

the first diffusion region are activated wherein having excess vacancies in the vacancy rich

region improves the electrical activation of the first diffusion region.

[0009] A method for fabricating a semiconductor device is presented in accordance with a

second aspect of the invention. The method comprises providing a substrate and a gate stack on

the substrate. A halo implant is performed where dopants are injected into the substrate at an

angle to an axis transverse to the surface of the substrate. The halo implant forms a halo region

in the substrate adjacent to opposing sides of the gate stack. The halo region comprises a
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semiconductor device is disclosed. The method includes providing a substrate and a gate stack on the
substrate. A halo implant is performed to form a halo region in the substrate adjacent to opposing sides of
the gate stack. The halo region comprises a crystalline upper vacancy rich region having excess
vacancies arfdYatiehierpoeied @b IREIRYIBHINE §EcAte fHsanfistHad edmytidusiee aripg ot st diffusion
region overlapping both the upper vacancy rich region and the lower buried amorphous region and
recrystamzin@eﬂa%ﬂbJﬂ?édnﬁm%fffw&fg FegiHEpaS ﬁf?ﬂ@?ifgﬁﬁﬁﬁﬁ@fbﬁﬁ%@%ﬂw@%ﬂ%&d wherein
having excess. yacan ie?ti t%qvacancyTrlilch re ion im rovie%%he %Jecitri%aiﬂ‘activtatio%jotfth{e first diffusion
region. [OOOQ‘T’A Metod for tabrica hoél a SEMIconaGdish H%E{/?ceolsa(b%‘é%gﬁ 8dTR8ECErdEnEe with a second
aspect of theention, 1 MARAAMRNERS RIPYILING, SHbsURERNG, A0al% dack ndfig aubstrate. A
halo implant Is per orm% where dopants are injected into the Substrate at an angle to an axis transverse

to the surface,qf (R SHP ek Jibk AR IR RIMIARRIQIRIPHITIRERHRS A S RAljacent to opposing

sides of the gate stack. The halo region comprises a crystalline upper vacancy rich region having excess

vacancies ande@ épwerduiedsanprhhoHmredivn Jgnaetpest bithencomprises faoningmsource/drain
extension region substantially within each of the halo region. The substrate is annealed to activate the

dopants in theafirsitclifusipiisee gignesstat ketisysiadlizie thehb utigfacantor plitsuatee gibe iraiarein having excess
vacancies in the vacancy rich region improves the electrical activation of the first diffusion region. [0010]A
transistor in acdoddahde witharotthersaspect of tippanventin i disghtsedck hBhtranbistgroooyprises a gate
stack disposed above the surface of a substrate. The transistor includes halo regions in the substrate on
opposing sidB4tsf theyepBRisek UMse HalbPregitngiapanpitmrstde8 CorApIsEes dppertd Heeimg®iregions.
The upper region comprises a crystalline region having excess vacancies and the lower r,ggion comprises

an amorphod¥ YiSHCerhA RS S tRd At ARy Th B8 e LBRFEE AP AR ERIS AR lo I e IEHSEEY in the halo

regions adjaEen to.th gate stac/léir Thgﬁsfgurce/dr.ain giffusio Hg%gei%ra\l? comprise .a de{pth which is below an

. urther includes source/drain sjon regions dispose regions adjacent to the gate . .
interface of the Upper and [ower regions, Wherein the UPparreyion reduces transiah ShHSsREd diffusion.

[0011]Certain, gmb E@S&%%)‘&Qﬁeﬂiﬁ’é% 9008Ne 8 %é‘?%@éﬁ% aelqiton.to arindace plihose

mentioned above. The aspects wi come apparent to those skilled in the art from a reading of the
following detgllgd Qﬁé%i%{qgﬁ\%\@ﬂxlﬁé%@ﬂ With, SpECrENGR fQHREALERMPRAN NG @YYIRGs:. BRIEF

DESCRIPTION OF THE DRAWINGS [0012]In the drawings, like reference numbers generally refer to the
same parts tpgouhoUiCertain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying
drawings.
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] Figures 1 to 5 are schematic cross-sectional views illustrating the results of

progressive stages in fabricating a semiconductor device in accordance with a preferred

embodiment of the invention;



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]Figurel91tH 5 afdBepEritatitckemascseenbrapigielgshioraritgiprvasandof rolidedive stages in
fabricating a semiconductor device in accordance with a preferred embodiment of the invention;
[0014]Figure¥ST8™ SEAEMAYT Y PRI WETSICHTY TE RUPRIRRAGH DI EHENT PBrotils $3RaAI8 WolAMt ions
(Curve I) and source/géain gxtensj&& dopant ions (Curve Il) with respect to various regions in the
substrate 20(5?%’(96%] iﬁﬁ}‘les?r%tﬁo S the concentration profiles for a Boron source/drain extension as

mplanted angfigr anpgal.eRiding o A SIRRIIMSHILINS INySRYaN:20e OREIFigue 8 shows a

graph representing measured series resistance of tfansistors versus temperature according to an

embodiment gfng JavetionR: Bl MORR QR CARRMNEPHT i NVENTION

[0016] Figure 8 shows a graph representing measured series resistance of transistors versus
temperature according to an embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0017] The fabrication of the preferred embodiments is discussed in detail below. It should
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 illustrative of specific ways to make and use the invention, and do not limit the scope of
the invention.
[0018] Figures 1-5 are cross-sectional views illustrating process steps for fabricating a field
effect transistor (FET) in accordance with a preferred embodiment of the present invention. For
the purposes of illustration, the succeeding drawings will describe a process of forming a PFET.
However, it is to be appreciated that the present invention is equally applicable to the formation
of an NFET, or other types of devices.
[0019] Figure 1 shows a schematic cross-sectional view of a semiconductor structure 100 at
an early stage of fabrication thereof in accordance with the preferred embodiment. The cross-
sectional view shows a semiconductor substrate 200 comprising a base semiconductor substrate
210, an insulating layer 220 formed thereon and a crystalline active region 240 above the
insulating layer 220. Isolation structures 300 in the form of trench isolation structures are
provided in the substrate to isolate active regions 240 in the substrate 200. In one embodiment,

the isolation structures 300 extend from the surface of the substrate 200 to the lower boundary of



[0017]The fabrication of the preferred embodiments is discussed in detail below. It should 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 illustrative of specific
ways to makéanaenlaveneftion AlddekrtbirnmrHa ke 8 gato fitectHydrticnd[0eagHiglirds 1-5 are
cross-sectional views illustrating process steps for fabricating a field effect transistor (PET) in accordance
with a preferf dhgrsebsiatettinvention. For the purposes of illustration, the succeeding

e
drawings will ribe a process of forming a PIET. However, if is to Qe appreciated that the present
invention > AU apEIEAGIATS TEA PO PR B Bt L b GRES (RS re 1
nal view. of a. icO I ture.. t an early stage of fabrication
%/reénv 9%‘%1{#?6%25% gerﬂ%%ﬁ%ct%gya%}fggu%g%?

shows a schejp: tufosrgrés-esneﬁ%h _
thereof in accordance with the erre iment. The cross-sectional view shows a semiconductor

substrate 20Qygemprising &%Ef‘e,si‘ﬁ’m%&%‘ﬁﬁ?rd%k’é?ﬁ%@%%n@éhmﬁg'?&ﬁ%ﬂd@&&%@ﬁ&f&‘i@%ﬁ‘ereon

and a crystalline active region 240 above the insulating layer 220. Isolation structures 300 in the form of

trench isolatign strideipas RigRIPMEgH i EbsSIiale {avsalate 1activenkagions] AR iwitheishbstrate 200.
In one embodiment, the isolation structures 300 extend from the surface of the substrate 200 to the lower

boundary of ithetivdulatingslayend 2thifOatexstackid4ide compiigidg andateugdieleaisicad andoa gate
electrode 440 is formed upon the substrate 200. [0020]Each of the foregoing semiconductor substrate
200, isolatior22frottuyetsl BOsdindmatestdekictd @rafetbyeneral i sonversdio nahén ttersganéoonductor
fabrication art. [0021]For example, in the presently described embodiment, the semiconductor substrate
200 substrates with an active region overlying a buried insulating layer such as silicon-on-nothing

substrate where the insulating layer is a bubble of empty space are also suitable.

[0022] Additionally, although not illustrated in the accompanying figures, the invention is

also applicable to bulk semiconductor substrates comprising a semiconductor material or a

compound semiconductor material. Non-limiting examples of semiconductor materials include

silicon, germanium, silicon carbide and non-limiting examples of compound semiconductor

materials include gallium arsenide, indium arsenide materials.

[0023] The isolation structures 300 may comprise shallow trench isolations or other isolation

structures such as field oxide regions that are suitable for isolating active regions in the substrate.

[0024] The gate dielectric 420 comprises a dielectric material such as silicon dioxide, silicon

oxynitride, silicon nitride, a high-K metal oxide or a combination thereof or the like. The gate

dielectric may be deposited using methods such as thermal oxidation, chemical vapour

deposition, rapid thermal oxidation or the like as known in the art. The gate electrode 440

comprises a conductive or semi-conductive material. Non-limiting examples include a metal

(e.g. tantalum, titanium, aluminum), doped polysilicon, a metal silicide or a combination thereof.

Other gate structures apart from that illustrated are also possible.

[0025] Figure 2 shows the results of subjecting the semiconductor structure 100 of Figure 1

to a halo implant 500 so that a halo region 600 is formed in the active region 240 of the substrate
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is a silicon-on-insulator comprising a base silicon substrate 210, an insulating layer comprising materials
such as but not limited to oxide, nitride or oxynitride and an uppermost active region 220 of crystalline
silicon where devices are fabricated. Alternatively, other heterogeneous substrates with an active region
overlying a betiepPisiglaitaydbiferesisciiags 4icdn-bariethty detssbedenbrdienent fopanations riger is a
bubble of empty space are also suitable. [0022]Additionally, although not illustrated in the accompanying

figures, the inVERGEANS HIES RBEHEDS R R BIGII0 28 AL tS e RE St acE PRSI B ericonductor

material or a compqund semi on% tar material. n-limiting examples of semiconductor materials
el ST R T A e LEte Ao B I e 3F TS S L comclctor

materials inc;ﬁ1 ?a%gig%egﬁ§%9@§tﬂg%ii@stg&s(g‘we materials. [0023]The isolation structures 300 may

. d . . .
comprise shallow trench isolations or other isolation structures such as field oxide regions that are

suitable for iSg{R9 agilye f &Q%ﬂ@c@]ﬁﬁ&ﬁ?qﬁﬁe&qg%m%ﬁﬁ%ﬁﬁ%ﬁ%ﬁ@s&%&@%‘as a dielectric

material such as silicon dioxide, silicon oxynitride, silicon nitride, metal oxide or a combination

thereof or thedijse bhepgatacdichReticiipaypeesdapasiadossiRgupaineds stishassthecamanmdadation,

chemical vapour deposition, rapid thermal oxidation or the like as known in the art. The gate electrode
440 comprisesuaceinglu e Qo5 efgibaaNHy ctiveoiatatiple, Non plitppid EEXaRpigstinctude: anaetal (e.g.
tantalum, titanium, aluminum), doped polysilicon, a metal silicide or a combination thereof. Other gate
structures apérifrorteitbiani lwsiratadadredbalsuppossib kes Q028 Fighra 2-showspiimg vedultsaofesishjecting the
semiconductor structure 100 of Figure 1 to a halo implant 500 so that a halo region 600 is formed in the
active regionm@b?%-sﬂbg’afﬁﬁ’éoﬁs in this device would be formed by implanting the substrate with a p-

type dopant such as boron. The purpose of forming halo regions is to suppress ‘punchthrough’,
one of several short channel effects that degrade the performance of the device. Punchthrough
occurs when the channel length of the device is sufficiently short to allow the depletion regions
at the ends of the source and drain extensions to overlap, leading to a breakdown condition.
[0027] The halo region 600 in Figure 2 comprises an upper vacancy rich region 620 that is
substantially crystalline and a lower buried amorphous region 640. The vacancy rich region 620
represents a region in which there are an excess number of vacancies. In one embodiment, the
vacancy rich region 620 has a vacancy concentration of between about 1E20 to 1E21
vacancies/cm’. Other vacancy concentrations are also useful. The buried amorphous region
represents a region in which the crystalline structure of the active region 240 in Figure 1 has
been transformed into an amorphous state.

[0028] As illustrated in Figure 2, the buried amorphous region 640 extends from the bottom
of the vacancy rich region 620 down to the upper boundary of the insulating layer 220.
However, this is merely one preferred embodiment and the invention is not limited as such.
Within the present invention, the halo region 600 as implanted overlaps the subsequently formed
source/drain extension as implanted or introduced. Preferably, the depth of the halo region 600

is deeper than the subsequently formed source/drain extension as implanted. Therefore, it is
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on opposite sides of the gate stack 400. In the presently described embodiment, dopant ions are injected
into the substrate at an angle to an axis transverse to the surface of the substrate 200 during the halo
implant 500. Therefore, as illustrated in Figure 2, the halo region 600 as implanted extends under the gate
stack 400. [opZsiMlalerBgibrdedrensPmB g AeH Irpeaadle sy thipldistirpsakothdasupktiste a dopant of
opposite conductivity type to that used for the subsequently formed source/drain and source/drain
extension rediSHRUES sy Tlexample, in a p-type PET (OFT), the source and drain extensions may be

made by implanting a substrate wijth an n-t dopant h as arsenic or phosphorous. Halo regions in
this device wiAD e faF Bt By S SRR D B QAT e purpose

of forming halg suppr nunchthrough’, ral short chanpel C t degrade
the performae S B R R 8 S . TP SO SRR T, reioncy

short to allowsth AERIFLAR IRAARRIFHLREBRMR Ol SPH ER ALt FR-HSDHAGR IR QYeHap, leading to a

breakdown condition. [0027]The halo region 600 in Figure 2 comprises an upper vacancy rich region 620
that is substaniialiceystalineanst R lawaEoried-AMeHNO WS RYIRD B4 TeauazaRa) Hehidiegion 620
represents a region in which there are an excess number of vacancies. In one embodiment, the vacancy
rich region 620thagrasvatpicy doncantiationnf the BeEe regiba Wl 20 daclib2lbwabansiesiena3. Other
vacancy concentrations are also useful. The buried amorphous region represents a region in which the
crystalline stmagtené@f. tAbclctNrereaiyio (8R40 Riguredioh am prdsiartnsfdraseatdrtdialy. amorphous state.
[0028]As illustrated in Figure 2, the buried amorphous region 640 extends from the bottom of the vacancy
rich region 620&®wn tdhmbalpseimaNdary of thenehshyamriariyer dpanteRselerythigisiterely one
preferred embodiment and the invention is not limited as such. Within the present invention, the halo
region 600 aShAPFIhtAABVRTRIPY (RSt yay ferfy Yot G s ubediarih @ﬁtﬁﬁéﬁ?fﬁ%qﬂﬁﬁrﬁrﬂ@d or
introduced. Phrqfe.rabﬁ/ﬁ the de Eﬂ of the Qg}o raegligsrg 600 is dee;,oFr than the subse% entl)c/) I1;%%ed

. alo 1m t 1s sele O Aas antially crystalll upper vagancy ri regr
source/drain €xteR8IoH a$ |mpfan S Therercte it 14 possibié ol thePBinéd Amorphois fedion 640 to be

hall h ' [ 0 [ , lo impl
Selover TR SIS SO WMy 78, GEReM st e b e e

500 may also penetrate through the insulating layer 22
the base semjcondpsinnsiPsikaiBAkbAddiienalyidths: Balgdmriaptcondiiohs ieauiieldq create the
buried amorphous region 640 may also cause an End of Range (EOR) region 680 to be created below
the amorphoysikegiefneinthg: presenpslesesibes igtraadimen e kR Br eaipp-689 e ghgated below the
lower halo region 660. The EOR region 680 comprises end of range defects such as interstitials.

vacancy rich region 620 and a lower buried amorphous region 640 or the dose and/or energy

should not be too high to result in the entire halo implanted region being amorphized.
Additionally, the energy and dose may also depend to an extent on the actual dopant species
being implanted. For example, the required dose to generate vacancies decreases with increasing
mass of the dopants. In one embodiment, the halo region 600 has a dopant concentration of
between about 5E18 to 1E19 atoms/cm’. Preferably, the halo implant dose is lower than the
dose for the source/drain extension implant to be carried out subsequently.

[0031] In the presently described embodiment, since we are forming a PFET, the halo
implant ions are N-type dopant ions. Non-limiting examples of N-type dopants include
Phosphorus, Arsenic or compounds thereof. In one embodiment, the halo dopants are
Phosphorus or a compound thereof implanted at an energy of between about 40-60 keV, dose

between about 3E14 to 4.1E15 atoms/cm”. Preferably, the halo implant ions are implanted at a
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[0030]The halo region 600 may be formed by implanting dopant ions of any suitable chemical composition
or conductivity type. Within the embodiment, the energy and dose of the halo implant is selected so as to
form a substantially crystalline upper vacancy rich region 620 with excess vacancies and a buried
amorphous réigivHIsaRislbbe ey aLaiitdeaitas rEgipihe 201s| HaonecBmisshermerrcee Halhyiftent dose
should not be too low to result in interstitial defects being created in the halo implanted region instead of a
combination &¥%n upper crystalline vacancy rich region 620 and a lower buried amorphous region 640 or
the dose an erg sho t be to h to result in, the entire haJo im ed.region be
amorphlzedd@g}c? ? iona y, Lé%ﬁgrg% ah é"ggealﬁ%laoﬁl Hiss deyﬁgngl%rg '&Rtentd l‘] 1t1n Xapld)o%ant

species be'“9#5‘%'8%59%a59{n%¥6}i®?1{8fu%e ?@ Hiredt Q%%ES SEMRIale 6‘%% ﬁ”%&%ﬁg%?l%é%?ﬁﬁéﬁ’x fin

increasing mass opants. In one em ment, t O region as a dopant concentration of

between aboyf AR 8o dddd AU FreiesR R iihe hal RN HERISIPMEL (REN dbgk Apse for the

source/drain extension implant to be carried out subsequently. [0031]in the presently described

embodiment JsiRaRweearSHHIMING @ PEET3 thabala implantionsr gt fopanhionsphiasdlimiting
examples of N-type dopants include Phosphorus, Arsenic or compounds thereof. In one embodiment, the

halo dopantsaasehighosphissieareonyrounsitheetdmptantidd akianranesgy af hetweaceaiawt 40-60

keV, dose between about 3E14 to 4.1E15 atoms/cm2. Preferably, the halo implant ions are implanted at a
high tilt anglewdfsbetmith 30-40 degrees from the axis transverse to the surface of the substrate 200.
[0032]For an NTET, the halo implant ions are P-type impurity ions. Non-limiting examples of P-type
dopants inclU883HdiunThetarmyaidoispoundS nerarsbiunsEne et reertienealsubhants are Indium
or a compound thereof implanted at an energy of between about 80-100 keV, dose between about 7E13

to 9.2E13 atSRIRMECHIaANEbIC B R 61%‘?115?8}%§e§’r%“ﬁ1"fb%lhf8‘é“8‘fta§tﬁ?§r]?¥lﬁrﬁﬂ&% ‘BPBetween about

30-40 degrees frorE the axdg transverse to th surfa1 e of.the ubstrat 1§3l The vacancy | rich region
sites where t nts ecom T trlc%? aCélV one e % € eXCessS Vac
620 permits superior electrl activation 0 eas opan S use S SOCTEeriFaIN ektension

t t tive. |
o armbod o R e e R Aty o S recrdrain

extension dopants\activated (8ikeaheve: the solid solubility limit. [0034]Figure 8 shows a graph
representing measured series resistance (Rs) of transistors

[0034] Figure 8 shows a graph representing measured series resistance (R;) of transistors
versus temperature. As shown, line 894 represents results of a p-type transistor with Phosphorus
dopants implanted in accordance with one embodiment of the invention (energy = 45 keV and
dose = 3.9E14 atoms/cm?) while line 896 represents results of a p-type transistor without
Phosphorus implant. The level (concentration) of activation (N;) above the solid solubility can
be estimated using the equation Ry = 1/(integral over depth of (q.mobility.N;)). From the results,
it is clear that the halo implant of the present invention improves the activation above the solid
solubility limit.

[0035] In embodiments where the source/drain extension regions are formed by
implantation, the implantation process often produces defects, known as interstitials in the
substrate. These interstitials decrease the electrical activation of the implanted dopant ions by
assisting in the segregation and/or clustering of the dopants. The excess vacancies generated in

the vacancy rich region 620 during the halo implant help to remove the interstitials thereby
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versus temperature. As shown, line 894 represents results of a p-type transistor with Phosphorus dopants
implanted in accordance with one embodiment of the invention (energy = 45 keV and dose = 3.9E14
atoms/cm?2) while line 896 represents results of a p-type transistor without Phosphorus implant. The level
(concentratiofy§rEREvaSE (NN SBRe MRl s XIBIRE Aditiensdkinthtaaningfiatasiélon fis =
1/(integral over depth of (g.mobility.Ns)). From the results, it is clear that the halo implant of the present
invention immla%glmé%%ﬁ%ﬂﬁéﬁlé&%@kﬁ@%%f%mwﬁ%ﬁmhﬁﬁt@%ﬁﬁiﬁﬂéﬂt&%here the
source/drain (ﬁﬁtensio re%ion are formed g\éoigggrll?t teation, the im Iantation%)rocf?ss of]ten glrod ces

usion.of at.least the dopants use urce/drain extension, reducing laterdl an
defects, known as mtersh gS int éDSU Stra ese II%?GI’S?('[I&?S ecrease the e ectlrléail SC ivation of the

implanted do?&ﬁéi?g‘ﬁf@%o%??ﬁ%@% lﬁlﬁ?oevé(?95%9@%@&94?%%‘1%%@%0%‘;.the dopants. The excess

vacancies generated In the vacancy rich region uring implant help to remove the interstitials

thereby incregigigp Sow{RR(drAMLIENSIAR ARRRhACHYARARe AgHaBALY, theusmpKak gfdnterstitials also

helps to suppress interstitial aided diffusion mechanisms such as transient enhanced diffusion of at least

the dopants yugeelde fosmuthe soweaidiainexiansiatnByy etusinglatend andivesticakbditfusion, there is
improved control of source/drain dimensions. [0036]Further, it has been discovered that where the dopant

ions in a halgamplack 4ve. ihjeéatedsabam aingle ¢e:thldr anisperadeaxisnoacdfecivs auppeesadadin the
substrate underneath the gate stack 400. It has also been discovered that this provides a more effective
suppression bfdetetdldifio sionpeos parde néhy depath éodopantionsldaraninfestdd transvarseftthi¢he surface
of the substrate 200. In a preferred embodiment, the tilt angle is between about 30-40 degrees from the
axis transver&® A riaceriigied apbadiac st itrasls ssbarucarsebauitdbid depeatioiFactors

such as the thickness of the active layer 240 and the parameters of the device being formed. The higher

the angle, th&SRMSHEGH L th & EREE SRqatiriadtt i Aprbssitit !I9S A5PER IR

amorphous re ion 64%, it helps to reduce channelin inl%subse uent soyré:e/drain extension
. . gtors uch as the thickness ogt?} actlveﬁagfq %ﬁ and the C%?r meters? the device belnr% .
implantation. By reducing channeling, better control of the sour rain extension junctiorr depth is

ided th | ' tj [ | . the iconduct
rovded s gl SR LGIAnS DRV e BT Fagus g gemiconducr

adjacent to oppagite SidesPiibe FRIEABENIdiiEsBr aSRMV SRR eH.GRARGIRARE the source/drain

extension regions 720 are formed by ion implantation of first dopant ions 700. Alternatively, other
methods of iRtiadycingsderantais s asdnidiflusignaraslsapass e dniascrsdancasitbithe invention,

the source/drain extension regions 720 overlap with both the vacancy rich region 620 and the buried
amorphous regiae/64h értenpiefeinedoarddablimgol;itdee tiepthalthe halo¢cion; 600w daepee than the
source/drain extension 720 as implanted.

formed.

[0038] Figure 3 shows the semiconductor structure 100 of Figure 2 after a source/drain

extension region 720 has been formed in the substrate 200 adjacent to opposite sides of the gate

stack 400. In the presently described embodiment, the source/drain extension regions 720 are

formed by ion implantation of first dopant ions 700. Alternatively, other methods of introducing

dopants such as in-diffusion are also possible. In accordance with the invention, the source/drain

extension regions 720 overlap with both the vacancy rich region 620 and the buried amorphous

region 640. In a preferred embodiment, the depth of the halo region 600 is deeper than the

source/drain extension 720 as implanted.

[0039] The source/drain extension regions 720 may be formed by implanting lightly doped

P-type impurity ions. Non-limiting examples of P-type dopants include Boron, Aluminum,
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[0039]The source/drain extension regions 720 may be formed by implanting lightly doped P-type impurity
ions. Non-limiting examples of P-type dopants include Boron, Aluminum, 9 Gallium, Indium or
compounds thereof. In one embodiment, first dopant ions such as Boron or BF2 are implanted at an

energy of befiddimabetivPon enpeuniiethaiprf atnecae sesidhatne s bban SEIYsHs P B IBOEB Ris/cm2.

[0040]For an NTET,_ the first dopant ions 700 are lightly N-type impurity ions. Non- limiting examples of
N-type dopaﬁ%&iﬁfaa'aelﬁﬁ%ﬁwerﬂwgéHF&W&M&H%&‘?H&%EM A BABOAIMENEhE K dopant

ions of Phoigg%us I %%argted ft an energy of between about 200 eV to 1 keV, dose between about 5E14
to 2E15 atoms E.H[’% 4?Lﬂlr11lS ¢Qordance with one embodiment of the invention, as illustrated in Figure 6,

mplanting MARARPANT9NS Ok BreReiteiag GOIonS Al It SRR, AN SO SRS ale produces a

concentration profile depicted by Curve I. Implanting source/drain e n ant ions into preselected

regions of the SHBRIAGPIOIMCRS HEARGRINALRPAPPADIGHEHIY AR MRICH hasiaRedk-rRCENBALion Npd at

a depth of Rpd, the projected range. The depth illustrated in Figure 6 is measured from the surface of the

substrate. In gne,embadimeai: depant consErisaianis impases i iuns of pumberapsnciod while depth
is measured in nanometers. The spread of the source/drain extension dopant profile (Curve II) is

measured byetheoparavetae Sawdhichbisidefined aB thatdepindt which the drain extension dopant
concentration falls to Npd/e 5. Portions of the graph indicated as A, B, C and D represent the vacancy rich
region 620, H0A¢H amdnplacerdamgiontibdd; imsldiimgiaydre2Bfecanchbasel seraticbmdiigtor Substrate 210
respectively. For non-SOT applications, region C is eliminated. [0042]In one embodiment, the conditions
of the halo aﬁﬂ@@ﬁ?@%’ﬂ'ﬂ&i@éﬂéﬁﬁ%mﬁmﬁﬂl@ﬁ@ regions of, for example, an SOI substrate produces

a concentration profile depicted by Curve I. Implanting source/drain extension dopant ions into
preselected regions of the substrate produces a concentration profile Curve II which has its peak
concentration Npd at a depth of Rpd, the projected range. The depth illustrated in Figure 6 is
measured from the surface of the substrate. In one embodiment, dopant concentration is
measured in terms of number per cm’ while depth is measured in nanometers. The spread of the
source/drain extension dopant profile (Curve II) is measured by the parameter S¢ which is
defined as the depth at which the drain extension dopant concentration falls to Npd/e’>. Portions
of the graph indicated as A, B, C and D represent the vacancy rich region 620, buried amorphous
region 640, insulating layer 220 and base semiconductor substrate 210 respectively. For non-
SOI applications, region C is eliminated.

[0042] In one embodiment, the conditions of the halo and source/drain extension implant are
chosen such that depth of the vacancy rich region A is between about 1 to 3 times the projected
range (Rpd) of the source/drain extension region. In another embodiment, the depth of the
vacancy rich region A is between about 1 to 10 nm. Preferably, the depth of the vacancy rich
region A is between about Rpd to Rpd + 2Ss. The tail end of the source/drain extension profile

(Curve II) should be within the amorphous region B because the amorphous region reduces
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chosen such that depth of the vacancy rich region A is between about 1 to 3 times the projected range
(Rpd) of the source/drain extension region. In another embodiment, the depth of the vacancy rich region
A is between about 1 to 10 nm. Preferably, the depth of the vacancy rich region A is between about Rpd
to Rpd + 2S, chhenedinepideststhacsehir darlraipdaqne msisiy Pedfile LCaRiclspisHisalarpisaifighiB the amorphous
region B because the amorphous region reduces channeling effects .wherebé%mplanted ions penetrate to

a greater depfi4rias Jrojaetag cHy realiding ehHHaIig B AR ShEarswe B e EIERSth extension regions
may be formed. [0043]In Figure 4A the halo implant and squrce/drain extension dopants are electrically
ctatod by NS Mng PPHELEL Aact O FOULS o B e SoMEBABTRIOr 5 CERE 80 of Figure 3
is also re-crystalli concurrentlyto for ried recrystallized regio hown in Figure 4B.

o During B O I8 o iure
4A acts as a ped layenigrihe et neiebizaliongf R RHUed Am Al auRifegieR St dndhrRiesently
described embodiment, the buried amorphous region 640 re-grows by "reverse” solid phase epitaxy
whereby the furiegt@nmrphous region 640 re-crystallizes by growing downwards starting from the bottom
of the vacancy rich region 620 towards the insulating layer 220 interface. This regrowth advantageously
helps to swe@4dsiduaddefedis initke foted, amatiheusliayeregdd douttveaintulatiagclayieh Zointerface. In
one embodiment, the lower halo region 660 also re-crystallizes in an upward direction from the base
semiconduct6?Gubisigate 44 actowar dscthieysoflorthofeaivey indlilating ¢yer R2EdPRudmhdne mgioeal process,
the EOR defects 680 such as interstitials also diffuse outwards but the insulating layer 220 serves as a
barrier to pre¥&ht ihEm mressn e lenrrgah enskaieeayibp pasdvieserieay sEgn e daiesrivus effects.
These deleterious effects include deactivation of the dopants in the active region 240 such as the
source/drain XY&REI0HP O PR RIS MHEREH PR HRARIPEP U ING Sty 55 Butsathat are
transported via an in erstltlalgg/ mechaf%%tthgtIgtter Im acts the (?IP%B (;[r? &%nﬁtrol {Hnﬁqtéon depth of the

. TOWINg.downwar rtin ol t vacancy ri owa
source/drain EXtEnsion region. HHererore, hybrid Slbstrated Comprisingtan insuldliig layer 220 tend to

observe mor?n?thigtg%gr agéerrﬁ%ﬁ’ﬁ‘&g CSQPEPSW%@%#?%%%E%L%%Q@%%% RBSURES; D @f’etci% possible to

have the annea ocess carried out anyti ter the source/ extension implant. The annealing

process can i HGAGaiRe-AL A RERRHRY BHISEHAHEN ANACRS FRARE OHt i IneLSIaRdAr dRrocessing

steps to complete fabrication of the semiconductor structure. Additionally, electrical activation of the halo

implant and sewecialbaiyioXienSInNG dopantsiand ftasrysializatian of therlueegamarpbugkggion can
also be achieved in separate anneal steps. In a preferred embodiment, the annealing process is a spacer

anneal. ThatdshdhaaDiteahacduts: doriog tiehd epogitiap laj a2 @r Mohedielecikal lyesssiohtorm spacers
on the sidewalls of the gate stack 400 which will be described in the succeeding paragraphs. Other
annealing méifBd¥feotsliriteuctoaRiapic tithés st Affnead (RAATS buidke Bpikdingniagal 2GR vwes Thermal
Anneal are also suitable. In one embodiment, the annealing process is a low temperature anneal at a
temperature DEAESPABFNEH0AAPBORRIGELES TS Baither @ msaeiihrarinay kpiRddeinaalat a

temperature of between about 1000 to 1100 degrees C for about less than 10 seconds is carried out.
effects. These deleterious effects includ€ deactivation of the dopants in the active region 240

such as the source/drain extension dopants and enhancing the diffusion of dopants such as Boron
that are transported via an interstitialcy mechanism. The latter impacts the ability to control
junction depth of the source/drain extension region. Therefore, hybrid substrates comprising an
insulating layer 220 tend to observe more superior performance compared to bulk semiconductor
substrates.

[0045] It is possible to have the annealing process carried out anytime after the source/drain
extension implant. The annealing process can be dedicated anneal steps or subsequent anneals

carried out during standard processing steps to complete fabrication of the semiconductor
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[0046]As discussed earlier, the excess vacancies in the vacancy rich region 620 facilitates superior
electrical activation of the dopants used to form the source/drain extension regions. Additionally, the
excess vacancies also remove interstitials thereby helping to suppress interstitial aided diffusion of
source/drain ®tehsior atitireBpurieendealadiopieito b hglainrant wHertrddgp AR in the halo
implant are injected at an angle to the transverse axis, excess vacancies are also created in the substrate
underneath tAREHY T tFReF BREVAGHE hiS rEhEt AP SER TR AT Paif TS RT By tBdking diffusivity
of the dopants, th?r(t-:- IS irﬂprove C(g{ﬂrobl Oi[ soutrcE/drain xtension dimensions an(ij c?rdirﬁ%ly shallower
junctions an 1elEEE st BRAFANS! eftéd lg}%npéses%fga cﬁpég(ﬁ)egﬁ(lﬁﬁgsl%ct‘ﬁea Wdrcerdrain €xtension
regions 720 in Fi 4 ve little, e sion compared to the as-implanted profil 31910 in Figure 3.
[0047]This re%lu %%éﬁ%uﬁrglt%g %rgﬁéi(glflﬁg% vﬁgﬁnghoé)v%s? {%élg‘é%?gﬁ?%ygﬁc%’nﬁ%}g agfr%%i e Fglga Boron doped

source/drain gXIGRFION BRIBASIAR!3GERACAEE Mﬁ%&@&@&&%@%@%ﬁ%@i@@ﬁ@”- The Boron

doped source/drain extension is formed such that as implanted it overlaps with the vacancy rich and

the buried angsphipsagiRs&f admalosagipn femas hyaaqrimizedsEigspbamznalgipliant. As
observed in Figure 7, the Boron extension undergoes very little diffusion with respect to the as implanted

profile. [0048}kguwb/mshdws the rasulis . offorningholispacats AR dinthewielwallkef the gate stack 400.
Second dopant ions are then implanted into the substrate using the spacers 900 as a mask. Thus source
and drain regiomzaterfommed i ttermebstatbeoreecespecti¢eOoppGSitalsidas Of thewgetestack 400 spaced
from the edge of the gate stack by the spacers 900. The second diffusion regions 920 are preferably
highly dopedeaReHaa s REpransabatRyEyPe HBising ket e sberbeIaPHin e AsesyEdiomT20 but

opposite impurity doping type to the halo region 600. In a preferred embodiment, the source/drain regions
at least partiaffy SFeridr RN ds st region 620. [0049]Each of the foregoing spacer 900 and

source/drain gggion 920 fqrmalon are geperally conventonal in the semicpnductor aprigation art
[0050]For example, the 'spacers 60 are fSrme f)y 8eposmng ore of more diefectic ayers on the

semiconductoy SHYCIIS Anfl QIENING, @%Eg%ﬁﬁ}g JRYPIoHER EF@E&E%SS' %@ﬁ%"i‘&ﬁé’é%‘%ﬁ@.‘ to the gate

stack 400 remains. Non-]ilmltlng examples of dielectric materials inclu ilicon nitri llicon oxide,

TEOS, silicon gxynfttids o canbinatians.thess efArarfromihe eassrerafiled!ugipaied in Figure 5, other

types of spacers such as L-shaped spacers, disposable spacers, multiple spacers, offset spacers are also
suitable. Accprigingiyl saaeritianisoptihr presarkisyeatiandroaw wilkze diffespni doning aefies.

Where the dopant ions in the halo implant are injected at an angle to the transverse axis, excess
vacancies are also created in the substrate underneath thereby further providing more effective
suppression of lateral diffusion. By reducing diffusivity of the dopants, there is improved
control of source/drain extension dimensions and accordingly shallower junctions and reduced
short channel effect are possible. Correspondingly, the source/drain extension regions 720 in
Figure 4B have little expansion compared to the as-implanted profile shown in Figure 3.
[0047] This result is illustrated in Figure 7 which shows the dopant concentration profile for
a Boron doped source/drain extension both as implanted and after anneal in an embodiment of
the invention. The Boron doped source/drain extension is formed such that as implanted it
overlaps with both the vacancy rich and the buried amorphous regions of a halo region formed
by an optimized Phosphorus halo implant. As observed in Figure 7, the Boron extension

undergoes very little diffusion with respect to the as implanted profile.
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[0051]In the presently described embodiment, since we are forming a PFET, the second dopant ions
implanted are P-type. For an NFET, the second dopant ions are N-type. [0052]Thereafter, a S/D anneal is
carried out to anneal/activate the S/D regions 920. It may be possible to use this S/D anneal in place of
the post soul®8f$hin dkearsoriharindsl wHacHyeamne tiemsrs AnBrKasiss vad i 8¥®@ae053]The
semiconductor structure gﬁag be further processed using standard fabrication techniques to form the IC.

For example S&ffcti9-regrond denamians s Hishdetplenabnie ditarbsiritteisetty tharetif44yérs and

(]%he semiconductor.structure of the Fi%ure 5 is formed using a method
u

interconnect car‘kbenflormed. [0%531 L Of € r
that providesnzlaa?]alo rlelzsgiS(())Hrﬁ? fhe § nsf?ﬁ@“é&f cért ?8 1(51ppeo§ nérsai &g 6 e§é¥§ SRR THE R lo region

comprising 3 pRet V8eansY el RAIRN,20.809 AdNeL AR AMAIpouRfegipn,edfiA source/drain

extension regio overlap e vacancy rich region a ower buried amorphous region is

then formed. {QRRRIT &%ﬂ%‘@f@ﬁ%&}ﬁ%ﬁﬁg%@{%%@& tha hale HERIAN £ANLRE aqé\éadl}ﬁqg‘ayﬁlx optimized

to generate an upper vacancy rich region 620 with excess vacancies and a lower buried amorphous

region. As disekissrELIA SR NiBReEING PasagiappssibenyacapeyFish degieniepiRvesithesastivation of the
dopants used to form the source/drain extension region. The vacancy rich region also reduces the extent

of interstitial prifiarebechitelsotinceidkairexdensien dopantdiffusianydudngsiibsacientriztoegssing steps.
In one embodiment, the extent of source/drain diffusion during subsequent processing steps is also
reduced. TheédBuried amorphous region on the other hand reduces the extent of channeling.

[0049] Each of the foregoing spacer 900 and source/drain region 920 formation are generally
conventional in the semiconductor fabrication art.

[0050] For example, the spacers 900 are formed by depositing one or more dielectric layers
on the semiconductor structure and etching the dielectric layer such that only the material
adjacent to the gate stack 400 remains. Non-limiting examples of dielectric materials include
silicon nitride, silicon oxide, TEOS, silicon oxynitride or combinations thereof. Apart from the
spacer profile illustrated in Figure 5, other types of spacers such as L-shaped spacers, disposable
spacers, multiple spacers, offset spacers are also suitable. Accordingly, embodiments of the
present invention may utilize different doping profiles.

[0051] In the presently described embodiment, since we are forming a PFET, the second
dopant ions implanted are P-type. For an NFET, the second dopant ions are N-type.

[0052] Thereafter, a S/D anneal is carried out to anneal/activate the S/D regions 920. It may
be possible to use this S/D anneal in place of the post source/drain extension anneal to
recrystallize the buried amorphous region 640.

[0053] The semiconductor structure may be further processed using standard fabrication
techniques to form the IC. For example, silicide regions, an interlevel dielectric layer, contacts,

inter-metal dielectric layers and interconnect can be formed.
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[0056]Since the halo implant is one of the standard semiconductor processing steps, the present
invention achieves the above advantages with no additional process steps incurred. Additionally, as
compared to methods where it is also not necessary to form a mask for blocking the gate stack compared
to instances WA ionShssepaseistugier stalsdirpra o s e sTog o etelbpe Hiherenidgs Finally, to
the extent that the ions in the halo implant are injected at an angle to the axis transverse to the surface of

the substrate’ARd 45408 tdpantesiiriepidiestrbitripaidng s st acahitarbs its #e FRER effective

suppression of lateral dlffu3|on 0057]The prefer @ bodim nt of the in entlon |sé trative of the
T ERIRE PSS B e a%ﬁgir Wodh

invention ratfi&l rés’rl]nﬁr%ntﬁ%’ of t OFE' Y e und‘% S vf’s‘f%ﬁe A" modifications may

b det t terial t hile still
e made to meihods, MRS aTErUC Wfi%%@ﬁa%s“%% g]vag%n%a/ %Cclal iy A %é%%\ﬁr‘%’uﬂig St

providing a semiconductor that in the sc pe e inc matters hithertofore set
forth herein of, 3o IRHE S ERNRGEAY drawings are to be interpreted in an illustrative and
non-limiting sense. What is claimed is: CLAIMS 1. A method for fabricating a semiconductor device

comprising: JoO¥E}ing aRURSHRE: REQVigNG R Ga B sidckhAn theisust ateidvantage ARIOSPIAG.&1halo
implant, the halo implant forming a halo region in the substrate adjacent to opposing sides of the gate
stack, the halo gegiomecomppising:ancy rich region 620 with excess vacancies and a lower buried

amorphous region. As discussed in the preceding paragraphs, the vacancy rich region improves

the activation of the dopants used to form the source/drain extension region. The vacancy rich

region also reduces the extent of interstitial enhanced the source/drain extension dopant diffusion

during subsequent processing steps. In one embodiment, the extent of source/drain diffusion

during subsequent processing steps is also reduced. The buried amorphous region on the other

hand reduces the extent of channeling.

[0056] Since the halo implant is one of the standard semiconductor processing steps, the

present invention achieves the above advantages with no additional process steps incurred.

Additionally, as compared to methods where it is also not necessary to form a mask for blocking

the gate stack compared to instances where ions not part of the standard process flow are used

for defect engineering. Finally, to the extent that the ions in the halo implant are injected at an

angle to the axis transverse to the surface of the substrate, the halo dopants are placed under the

gate stack. This results in a more effective suppression of lateral diffusion.

[0057] 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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a crystalline upper vacancy rich region having excess vacancies; a lower buried amorphous region;
forming a first diffusion region overlapping both the upper vacancy rich region and the lower buried
amorphous region; recrystallizing the buried amorphous region; and activating dopants in the first
diffusion regi®Matettsimeddsexcess vacancies in the vacancy rich region improve the electrical activation
of the first diffusion region. 2. The method of claim 1, wherein during the halo implant dopants are
injected into the substrate at an angle to an axis tr&ri<VBYSke to the surface of the substrate. 3. The
method of cIa}im 1, Wher%inthe tfirbst diffusion rsﬁoio has & dogant concentration that varies with depth
from the surface of‘%h%lestu%s FAte, Fi& AL AT d B(étﬂ conceftra fésﬁnI%eing located at a depth Rpd from
the surface of the substraﬁq %Q%%Qesﬁ/&%%pcy rich region has a depth that is greater than or equal to Rpd.

4. The method of claim 3,'wherein the vacgﬁcy rich region has a depth of about Rpd to 3 Rpd. 5. The

method of claim 3, where;g}(;t_;gixﬂ Cangy Jich mainhas-adepth of about Rpd to 2 So, S, being the depth
where the dopant concentration drops to 1/e0 5 of the maximum dopant concentration. 6. The method of
claim 1, wherein the vacapgydiginegian hapiandertmab abplh L@ NaRABRIEES: in the substrate
adjacent to opposing sides of the gate stack, the halo region comprising:
a crystalline upper vacancy rich region having excess vacancies;
a lower buried amorphous region;
forming a first diffusion region overlapping both the upper vacancy rich region
and the lower buried amorphous region;
recrystallizing the buried amorphous region; and

activating dopants in the first diffusion region wherein the excess vacancies in the

vacancy rich region improve the electrical activation of the first diffusion region.

2. The method of claim 1, wherein during the halo implant dopants are injected into the

substrate at an angle to an axis transverse to the surface of the substrate.

3. The method of claim 1, wherein the first diffusion region has a dopant concentration that
varies with depth from the surface of the substrate, the maximum dopant concentration being
located at a depth Rpd from the surface of the substrate; and

the vacancy rich region has a depth that is greater than or equal to Rpd.

4. The method of claim 3, wherein the vacancy rich region has a depth of about Rpd to 3

Rpd.
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7. The method of claim 1, wherein forming the halo region comprises implanting dopants at an angle of 30
to 40 degrees to the axis transverse to the surface of the substrate. 8. The method of claim 1, wherein
forming the halo region comprises implanting dopants at a dose of about 5E13 to 4.5E14 atoms/cm2. 9.
The method &f clairhhe, meteaéit tdrmidgwhertialbaegioncorviprisenihipladeirih dopantRad &odoke that is
less than a dose used in forming the first diffusion region. 10. The method of claim 1, wherein forming the
halo region conpiisebdrigidnthgdohs dopmHosprmasion drssricl/dT of s methodiodetain 1, wherein
forming the halo region comprises implanting ions of Indium or Gallium. 12. The method of claim 1,
wherein the ff3tcdiffiagioh region is formed by ion implantation. 13. The method of claim 1, wherein the
substrate comprises an insulating region, the halo region and first diffusion region being located above
the insulating region. region. 15. The method of claim 13, wherein the insulating region is a buried nitride

or buried oxide layer, 16, Ihe method of claim & further Somerising, fominghne. Lmers fpacers
adjacent to sidewalls of the gate stack; an

nanometers.

7. The method of claim 1, wherein forming the halo region comprises implanting dopants at

an angle of 30 to 40 degrees to the axis transverse to the surface of the substrate.

8. The method of claim 1, wherein forming the halo region comprises implanting dopants at

a dose of about 5E13 to 4.5E14 atoms/cm”.

9. The method of claim 1, wherein forming the halo region comprises implanting dopants at

a dose that is less than a dose used in forming the first diffusion region.

10. The method of claim 1, wherein forming the halo region comprises implanting ions of

Phosphorus or Arsenic.

11. The method of claim 1, wherein forming the halo region comprises implanting ions of

Indium or Gallium.
12. The method of claim 1, wherein the first diffusion region is formed by ion implantation.

13.  The method of claim 1, wherein the substrate comprises an insulating region, the halo

region and first diffusion region being located above the insulating region.
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forming a second diffusion region on opposing sides of the gate stack after forming the spacers. 17. The
method of claim 16, wherein forming the spacers comprises depositing a blanket insulating layer and
etching the insulating layer, the annealing occurring during the depositing of the blanket insulating layer.
18. A method 4or fabbi atfttpa Ferhidohurbsredelie o wsth prisingoprvatingbats tisstatttivioviding a gate
stack on the substrate; performing a halo implant where dopants are injected into the substrate at
an angle to dfY&X¥s transverse to the surface of the substrate, the halo implant forming a halo region in
the substrate adjacent to opposing sides of the gate stack, the halo region comprising: a crystalline upper
vacancy rich region that having excess vacancies; a lower buried amorphous region; forming a

sourcefdrain xtensygn egion SURSIANHALYIEN ARk DFIRAR LEHRNR nitride or buried oxide

layer.

16. The method of claim 1, further comprising forming one or more spacers adjacent to
sidewalls of the gate stack; and
forming a second diffusion region on opposing sides of the gate stack after forming the

Spacers.

17.  The method of claim 16, wherein forming the spacers comprises depositing a blanket
insulating layer and etching the insulating layer, the annealing occurring during the depositing of

the blanket insulating layer.

18. A method for fabricating a semiconductor device comprising:
providing a substrate;
providing a gate stack on the substrate;
performing a halo implant where dopants are injected into the substrate at an
angle to an axis transverse to the surface of the substrate, the halo implant forming a halo region
in the substrate adjacent to opposing sides of the gate stack, the halo region comprising:
a crystalline upper vacancy rich region that having excess vacancies;
a lower buried amorphous region;
forming a source/drain extension region substantially within each of the halo

regions;
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annealing the substrate to activate the dopants in the first diffusion region and recrystallize the buried
amorphous region, wherein the excess vacancies in the vacancy rich region improve the electrical
activation of the first diffusion region. 19. The method of claim 18, wherein the source/drain extension
region has a dopant concatiteatips theabatide Wwithlijaistherérnatie i ukrades ol thsisumgieranthe maximum
dopant concentration being located at a depth Rpd from the surface of the substrate; and the vacancy rich

region has a'§eptielHat Regreatd AR EETOBPE N bF 78S BHBaST RIHIFY 49 N S comprising

forming one or more spacers ald'£acent to, sidew Isﬁo .the {ate stack; and forming a source/drain
. re(%on ll’IlPé%)VCt fie ectrical actiyati [0) 6 e st iihg us1on r&géon . .. .
region on opposing sides of the gate stackK after forming the spacers. 21. A transistor comprising: a gate

stack disposed above the surface of a substrate; halo regions in the substrate on opposing sides of
the gate stack, the halo region at an initial stage comprises upper and lower regions, the upper region

comprises a ggystaine feaion AV PXGERSHRMRNGIER BAINEINRI"RGIOR E&%@BQ?&% an amorphous

region; and source/drain diffusion regions disposed in the halo regions adjacent to the gate stack, the

source/drain diffssionitRaions SRRMIIEAGUHaRih weish-iscbelan: apkiadase ahinausppesand lower
regions, wherein the upper region reduces transient enhanced diffusion.
concentration being located at a depth Rpd from the surface of the substrate; and

the vacancy rich region has a depth that is greater than or equal to Rpd.

20. The method of claim 19, further comprising forming one or more spacers adjacent to
sidewalls of the gate stack; and
forming a source/drain region on opposing sides of the gate stack after forming the

spacers.

21. A transistor comprising:

a gate stack disposed above the surface of a substrate;

halo regions in the substrate on opposing sides of the gate stack, the halo region at an
initial stage comprises upper and lower regions, the upper region comprises a crystalline region
having excess vacancies and the lower region comprises an amorphous region; and

source/drain diffusion regions disposed in the halo regions adjacent to the gate stack, the
source/drain diffusion regions comprise a depth which is below an interface of the upper and

lower regions, wherein the upper region reduces transient enhanced diffusion.
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