END OF RANGE (EOR) SECONDARY DEFECT ENGINEERING USING SUBSTITUTIONAL CARBON
DOPING BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The present invention
relates to the fabrication of integrated circuit devices, and more particularly, to a method of reducing
secondary defect formation due to indium halo doping in the fabrication of integrated circuits. (2)
DESCRIPTION Gind HirPRIQBART dialo of pocketrimphants @re masteninshe nabugatien of integrated
circuits in order to suppress n-chagoels and pralmnmel shemt channel |ftects, to suppress drain-induced-
barrier-lowering, and to suppress high electrical field regions that could cause punchthrough
phenomenon. The use of heavypenk ¢eguantioonyor indivmyas ardopant for the halo pocket of the
NMOSFET becomes more important with the shrinkage of the nMOS transistor to below the sub-0.1m
regime. Sge "@putimomoFalon Strugtire farcdub-0.1 }1_Pm CMOSFETSs", Wen-Kuan Yeh, IEEE
Transaction on Electron Deviaes; Vpk «&8:No. 10,v@etoben 260G ands'AntimameAssisted Arseria S/D
Engineertng fon sabx#kt ¢gym i nMOQISFEES: A dloyebapproack te steepanicreirpgrade mdivmipoedket
profiles,"Howaed! CcH n\Wasngye tEoM-2001k frdium, as a heavy ion, allows implantation to be carried out at
higher enesgyatithcsmakiereprofile spredduproviding better jonocesisncontrad. Thelindiamtdnmasdarge
cross-sectionad arsaeand; iwlweni ingplanted at high energy, causes much damage to the silicon lattices
compared to its boron counterpart. (See "Effect of End of Range on transient Enhanced Diffusion of
Indium ImM@lantedSarSiFdoONT ONoddFJdtkm@FofARPplied Physics, Vol. 88, No. 9, 1 November 2001.)
This causes formation of the Ezndoof Range (EOR¥ secomdaryadefect attive tailmedd of the profifeeupon
insufficieftémieaingoA prolohged soakeanaat wwoule canse udrecdssapy dopastdiffusion urwlesirable
for shallewdurietiohfomsationhFOR ddfectsswhenfigresént/in the depletion segior ofithenPINgenttion
cause selergjuncticrPieakaye. Additiona issuesrelatedtodhe mbwhicdirinkluieddw regions

that could cause punchthrough phenomenon. The use of heavy ions
(e.g. antimony or indium)as a dopant for the halo pocket of the
nMOSFET becomes more important with the shrinkage of the nMOS
transistor to below the sub-0.1lm regime. See "Optimum Halo
Structure for Sub-0.1 pum  CMOSFETs", Wen-Kuan  Yeh, IEEE
Transaction on Electron Devices, Vol. 48, No. 10, October 2001
and "Antimony Assisted Arsenic S/D Engineering for sub-0.1 um
nMOSFETs: A Novel approach to steep and retrograde indium pocket
profiles, "Howard C.H. Wang, IEDM 2001.

Indium, as a heavy ion, allows implantation to be
carried out at higher energy with smaller profile spread,
providing better process control. The indium ion has large
cross—sectional area and, when implanted at high energy, causes
much damage to the silicon lattices compared to its boron
counterpart. (See "Effect of End of Range on transient Enhanced
Diffusion of Indium Implanted in Silicon", T. Noda, Journal of
Applied Physics, Vol. 88, No. 9, 1 November 2001.) This causes
formation of the End of Range (EOR) secondary defect at the tail
end of the profile upon insufficient annealing. A prolonged soak
anneal would cause unnecessary dopant diffusion, undesirable for
shallow Jjunction formation. EOR defects when present in the
depletion region of the PN Junction cause severe Jjunction
leakage. Additional issues related to the indium ion include low
dopant activation (see "Enhanced electrical activation of indium
coimplanted with carbon in a silicon substrate", H. Noudinov,
Journal of Applied Physics, Vol. 86, No. 10, p. 5909, 15 November
1999) and transient enhanced diffusion (TED) (see "Indium
Transient Enhanced Diffusion", P.B. Griffin, Applied Physics



dopant activation (see "Enhanced electrical activation of indium coimplanted with carbon in a silicon
substrate", H. Noudinov, Journal of Applied Physics, Vol. 86, No. 10, p. 5909, 15 November 1999) and
transient enhanced diffusion (TED) (see "Indium Transient Enhanced Diffusion”, P.B. Griffin, Applied
Physics 1 Letters, Vol. 73, No 20, p. 2986, 16 November 1998 and "Evolution of end of range damage
and transintrenhanced diffusign gbindium gn silicen’, T.ANedas<lpueral o Appliad PhysicsuVobal, No. 2,
p. 639, 15 dasHary-2002nRepadmhave shawnthatwith the incorpaesatian of carken io thetium
amorphous-crystallige silican interdiace ofthendapaint implant peofike, ROR seconrdary defects can be
removedp Thisimterfacesisranareaxyoegion at the tail end of the implant profile which maintains its
crystalline property, but it is saturated with the dopant impurity. (See "Elimination of secondary defects in
preamorphized Si by C+ implartation's $ateshidishikawaaAppliethPhysicsikettersc62(8),ck8 danuary
1993 and-‘Rernaval ot endcofarange-defectin-Gev pre-amorphized Stcdyy carbofriondmplantatior,
Peng-Shicghen, Jaurmah ot Applied 1 Physiaso®¥ 0l s8%,dNa.aa;v15 dMareht199%)arA eeammemmetkhad of
introducimgp carbamirge freeamadrphaus-ceystallinessilicanyisothraugh carort ed-implantation withelopant
ions. Substitutional carkonlwas’shownta aotas asinktfer sitigen mtérstitals rfopmedypreventinig:-the
clustering. ef siiconintersiitiats] tthereby prevamting FORcsecondary defect fdHiatiom {Seen'Sugpression
of dislocatindodnation tedikcoreby tarbapr #aplantationedl. Wi Sirhpson;Applied Rnysigsilcetters,
67(19), 65AovembeMNLIFE5) kEwe implamtatienl of Eartorritself aittotiuses  @dditional SBicoreinterstitials,
reducing 3¢ effectivehiessof acarbdn asa sifik .18 Paterts 8,541,829 to Nishinoleamalet z¢ diSéloses an
indium h&ly implanerU. SoPatenp 6 H14:886°10"J' Reanteathes af IRPCVD enethad pribr thrapitagyl.
SUMMARYIOR THE INVENTION Ateordinglyla piisrasobjecof the idventiomisn toprotide admethod to

prevent formatchof FOR secdrelary defexts the amorphous-crystalline silicon 1is
through carbon co-implantation with dopant ions. Substitutional

carbon was shown to act as a sink for silicon interstitials
formed, ©preventing the clustering of silicon interstitials,
thereby preventing EOR secondary defect formation. (See
"Suppression of dislocation formation in silicon by carbon
implantation”, T. W. Simpson, Applied Physics Letters, 67(19), 6
November 1995). The implantation of carbon itself introduces
additional silicon interstitials, reducing the effectiveness of
carbon as a sink.

U.S. Patents 6,541,829 to Nishinohara et al
discloses an indium halo implant. U.S. Patent 6,514,886 to U'Ren
teaches an RPCVD method prior to epitaxy.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the invention is
to provide a method to prevent formation of EOR secondary defects
in the fabrication of integrated circuits.

A further object of the invention is to provide a
method to prevent formation of EOR secondary defects in
connection with an indium halo implant.

Another object of the invention is to provide a
method to prevent formation of EOR secondary defects in
connection with an indium halo implant through the presence of
substitutional carbon acting as a silicon interstitial sink.



in the fabrication of integrated circuits. A further object of the invention is to provide a method to prevent
formation of FOR secondary defects in connection with an indium halo implant. Another object of the
invention is to provide a method to prevent formation of FOR secondary defects in connection with an
indium halo implant through the presence of substitutional carbon acting as a silicon interstitial sink. 2 Yet
another object of the inventior és-togprevidera setbed to preveat trarsigntienhansed diffusiopiefdndium in
connectien with ag inditen haledaptant: Yet anether ebjeshefthe inventien isnto providesa unethed to
prevent teasisient enbanged diffusiomefingiuns ino cenpection. with an indium halo implant through the
presence of substitutional carbon acting as a silicon interstitial sink. A still further object of the invention is
to provide a method to enhance electrical activation of indium in connection with an indium halo implant.
Yet another object of the inventiem isctogprovidg ea meikiod te-enhanaetaleetrical activation,abiadism in
connectiere tvitdanirdiupr balerimplantthsdugita redueed-pressite chemical waporideyasition {(RPCVD)
of carboncpracess.iYet anotiter ahjectref the inventioniwwa pravidehaongthodhe preventtiansient
enhanced diffitsicniofiindiim e conneetiani with an indisi halorimiplard thrtolighead reducked pressure
chemical vapor deposition (RPCVD) of carbon process. Another object of the invention is to provide a
method to prevent formation éf FORL$éconmdaryidefectsinecannedtion mdth anwrditidmaloiimplant
through areduced peesserteh chemicalesapan depasitart (RREVD R ot darbon grocess. ind@ceordance with
the objectohthetingentiont a erethod! forminéerporating lcartion into a wafer at the interstitial a-c silicon
interface of the halo doping profile is achieved. A bulk silicon substrate is provided. A carbon-doped
silicon layer is deposited on thetbuksifiter sulbsirate. At epitexial silicohilayeris growpovedyiag the
carbon-depe¢ siliedn tayesipance electrical activation of indium in connection

with an indium halo implant through a reduced pressure chemical

vapor deposition (RPCVD) of carbon process.

Yet another object of the invention is to provide
a method to prevent transient enhanced diffusion of indium in
connection with an indium halo implant through a reduced pressure
chemical vapor deposition (RPCVD) of carbon process.

Another object of the invention is to provide a
method to prevent formation of EOR secondary defects in
connection with an indium halo implant through a reduced pressure
chemical vapor deposition (RPCVD) of carbon process.

In accordance with the objects of the invention, a
method for incorporating carbon into a wafer at the interstitial
a-c silicon interface of the halo doping profile is achieved. A
bulk silicon substrate is provided. A carbon-doped silicon layer
is deposited on the bulk silicon substrate. An epitaxial silicon
layer 1is grown overlying the carbon-doped silicon layer to
provide a starting wafer for the integrated circuit device
fabrication.

An integrated circuit device 1is fabricated on the starting wafer
by the following steps. A gate -electrode 1is formed on the
starting wafer. LDD and source and drain regions are implanted in
the starting wafer adjacent to the gate electrode. Antimony or
Indium is implanted to form halo implants adjacent to the LDD
regions and underlying the gate electrode wherein the halo
implants extend to an interface between the epitaxial silicon
layer and the carbon-doped silicon layer wherein carbon ions in
the carbon-doped silicon layer act as a silicon interstitial sink
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provide a starting wafer for the integrated circuit device fabrication. An integrated circuit device is
fabricated on the starting wafer by the following steps. A gate electrode is formed on the starting wafer.
LDD and source and drain regions are implanted in the starting wafer adjacent to the gate electrode.
Antimony or Indium is implanted to form halo implants adjacent to the LDD regions and underlying the
gate electrode ywhereisrthe halo- dmplanis extendie anigtedface hetweendbe-gpitaxiabsiicen dayer and
the carbamdopgad siicop layer wiesein caren-ionsdpntheicathon-doped silicon layer act as a silicon
interstitial sink 3 for silicon interstitials formed by the halo implants to prevent end of range secondary
defect formation. Also in accaxdance with the-ehjectsraidhe waventiophan indegrateds circilit having a
substitutionalcarbomn ,layer at the-igterstittal amosphouskerystaliine siices interfaces of thedaalp sloping
profile is ackievedtThe integratedsifcalit deyvicegomprises a stasting wafes cComypsisincha dutkasikcon
substrate; & carkontdoped siicondayer overlying the btk silieon suhstrate,tand-an epitaxial silicon layer
overlyingdbe icarbonetdqpeidssikicon layera©nithe stadifgrwatestis a gate celestrodel kDDsand source and
drain regionisdieriatthe starting avafen adjacedt tostheigate elecirpde. Ingdiem haloémplahts lieowadiacent to
the LDD eegidnandsuindertying theagate electrode anhiereinsthé hadm implarts extendltpiaryintertace
between cepitaxiat $iticon laperlamd carbensdoped&ilicarhlayes whereingcarlzdreionsiia carboredeped
silicon laydreant asdesiliddrD irnerstitial siniefor sdicair mterstiteads formed by the haloe insplantsitoprevent
end of rangé secentary defects: BRIEF PESCRIRION OF. THE DRAWING $dn thedecdmpadriyéing
drawingsadrmingre materidlhpart-ofthis elescriptionntherenis shdowhn Figs Nk thesugh 3edrecdrosstsectional
representdtions of a préeferrededmbodimeht of the mesemd inveatiorrFig.ifisex §eaphicabedpresentation

of acarbepitaxial silicon layer and carbon-doped silicon layer wherein
carbon ions in carbon-doped silicon layer act as a silicon
interstitial sink for silicon interstitials formed by the halo
implants to prevent end of range secondary defects.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material
part of this description, there is shown:
Figs. 1 through 3 are cross—sectional
representations of a preferred embodiment of the present
invention.

Fig. 4 is a graphical representation of a carbon
implanted profile of the prior art compared to that of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention introduces a layer of
substitutional carbon to the tail end of the halo doping profile
in order to reduce the secondary defect formation due to the
indium halo doping implantation. It 1is a simple process, yet
superior to carbon co-implantation as no additional implant
damage is introduced through this method.

A carbon implant by itself would inherently cause
damage at the tail end of the implantation profile. This causes
additional damage which can be avoided if the carbon is doped
using the CVD method. Carbon doped by this method 1is
substitutional and does not require an additional annealing
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implanted profile of the prior art compared to that of the present invention. DESCRIPTION OF THE
PREFERRED EMBODIMENTS The present invention introduces a layer of substitutional carbon to the
tail end of the halo doping profile in order to reduce the secondary defect formation due to the indium
halo doping implantation. It is a simple process, yet superior to carbon co-implantation as no additional
implant damage is intnedyced through this feethed <A carbomimplantby itselbwould inherentlyicause
damage at-the:taibend ofdhe hnplaniatior prefilesdhis causese additienal damage whickhgan be avoided if
the carbafis doped ausing the G¥B.methgsh Carben doped by this methedis. substitutiersl and«does not
require apagditionalannesating4 precess. Hig.s4 illustratesrthetcarhoniimplant prefilerdl-ofi the taior art
methods ydiere carbemis implaftetdnto siicor; The profitecdb is askewed gaussiar-like cistebttion.
Moreovet, ike rsmaller carbam atomsodifuservery $ast making doditficult tod epatial the-profiles Using the
RPCVD methothefdhe presantuisiventien eomueh morergdregcise and accurate doping profile is obtained,
as illustrated by 43 in Fig. 4. In the process of the present invention, a layer of substitutional carbon is
introduced into the starting wafer tiefore deviceSfakricatior. Theamethodiusedris RRCVDR ta.dope-a layer
of the silicdn with satboncpriorad growthaof a siicom tepitdxy dayei. e cansonsdepedilayervs febe placed
at the inteediitiad ricteamosphbais:crystaline silicammterfaiceat thes ddavys ioREaNTMamy ardpdium) halo
doping profilesin ovrder theprevient farmation lnf E@Rosecopdarydefertsy Thetihvenfiorrapplies dorboth N
and P MGSFEEIsyhowerer,.the Rdle dopamiospetigssfdr RMOSFETS isausbellyrantinrohy a& hedey ion.
Referringimdve nsdretparticutarhtodRigr bhihere- ¢g shown hibbglk silicor semicohduttorsubdtratedo. In a
key step hofalie present iaventiom a layer ofidarboh-dopéd sificorn 12 ivdepositedion thedsuik Silicon
wafer by ehemrcal vapomdéegositionr (EVD)secprederablyddyseddced pressureeCVIEP(RPEYD) ¢6 a

to both N and P MOSFETs; however, the halo dopant species for

PMOSFETs 1is usually antimony, a heavy ion.

Referring now more particularly to Fig. 1, there
is shown a bulk silicon semiconductor substrate 10. In a key step
of the present invention, a layer of carbon-doped silicon 12 is
deposited on the bulk silicon wafer by chemical vapor deposition
(CVD), or preferably, by reduced pressure CVD (RPCVD) to a
thickness of between about 100 to 700 Angstroms. The percentage
of carbon in the silicon layer 12 is up to about 0.5%.

Referring now to Fig. 2, a crystalline silicon
layer 14 is grown by epitaxy over the carbon-doped layer 12 to a
thickness of between about 300 and 500 Angstroms. The thickness
of the silicon layer 14 is controlled to be the thickness of the
shallow Jjunction formation region. Ideally, the halo implants
will be formed to the depth of the carbon-doped layer.

This completes formation of the starting wafer
according to the process of the ©present invention. Now
semiconductor device structures are fabricated in and on the
wafer according to conventional methods.

For example, referring to Fig. 3, shallow trench
isolation (STI) regions 16 may be formed in the substrate to
separate active areas. A thermal gate oxide layer 18 is grown on
the surface of the substrate. A gate material layer, such as
polysilicon, 1s deposited overlying the gate oxide layer and
patterned to form the gate electrode 20.



thickness of between about 100 to 700 Angstroms. The percentage of carbon in the silicon layer 12 is up
to about 0.5%. Referring now to Fig. 2, a crystalline silicon layer 14 is grown by epitaxy over the
carbon-doped layer 12 to a thickness of between about 300 and 500 Angstroms. The thickness of the
silicon layer 14 is controlled to be the thickness of the shallow junction formation region. Ideally, the halo
implants will be formed to the depthiaf thesgarBonsdoped layer This completes formatiomof the starting
wafer acgerdingiaibe pracessof the prespptinyestian Nove semicongdustoy device stueturezare
fabricated pnand onthe avafer aeerrdingtogeaventiana metheds. Hios example; referringito Gigd3,
shallow teenghcisolatian ($dd)ikegiens 16vaydee faraeddin the substratete sepakaie active argas. A
thermal gate pxidedayerdid isrgrowdniom dhe sueace ohtheusubsitate. A gatenmaterial layeyesucivas
polysilicoants depositedovenyingithe gateoxidedayerand patemedto foom the gate electrode 20. 5
Lightly doped source and drain regions (LDD) 22 are formed within the substrate adjacent to the gate
electrode. Spacers 24 are fotimed ontke sidewalls ohthe @ate electrotierandr saurceangydrabrregions 26
are formedhimithetstbstrateo Theesaurte and draimaregivhs extenorthrotgh the lcarbernzdoped Byer 12

and into thiecunderlymg-ulk siicdr galbstidte 46t Mows the edvicions {e.geinstiuin D& AntimokyXare
implanteg irto ¢he sitiben layema4 to formfthBdialcregions39. dThé catlzon-dopedlayer b2 dotseas a
silicon intezstitial 3ink 43 grevertthe formdtion of HEOR secorddry medettsl ifheicarbon-dbped layer 12
also preventsthesramsientenbardetsdiffusion (TEDPobdopants whichr diffuses &% thraughears aderstitially
enhancediemeeharsism. Thissalsolappliesio othver dopanisssuch @sdioren andhphospborusnDifugion is
affected wairiphyhigh terpéiatsrecstepss As thespreseénceaf the substitutionhl cadyapedigéestsehe
availablediiterstitiafss eitfrenced diffusion offthé ldepamtwhich udiffases threudiran ibtarstitial ntéchanism is
suppresseda Thigb tows for irmpidved reversa khorachadndlfeffetenofaie MOGSKEPant which

diffuses through an interstitial mechanism is suppressed. This
allows for improved reverse short channel effects of the MOSFET.
Indium normally has a very low electrical activation of 0.5%, but
when co-implanted with carbon, the electrical activation of

indium can be improved to 30-50%. Substitutional carbon is even
more effective in improving indium activation than co-—
implantation.

The halo implants are exactly at the carbon layer,
but they may lie anywhere from the base of the LDD regions 22 to
the EOR of the halo.

The process of the present invention reduces EOR
defects, prevents transient enhanced diffusion of heavy ions, and
improves electrical activation of dopants in a heavy ion halo
process by forming a CVD carbon-doped silicon layer on a bulk
silicon layer and underlying an epitaxial silicon layer to form a
starting wafer. The carbon-doped silicon layer is placed at the
interstitial rich amorphous-crystalline silicon interface of the
heavy ion halo doping profile.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing
from the spirit and scope of the invention.

What is claimed is:



Indium normally has a very low electrical activation of 0.5%, but when co-implanted with carbon, the
electrical activation of indium can be improved to 30-50%. Substitutional carbon is even more effective in
improving indium activation than co- implantation. The halo implants are exactly at the carbon layer, but
they may lie anywhere from the base of the LDD regions 22 to the FOR of the halo. The process of the
present invention reducessFORr defects, prevents transignatenhansed diffision et Beavydons.and
improvesrelgetiicakaciivatiomef depants in a heavy ion halo process by forming a CVD carbon-doped
silicon layer on gk iliegndayarandsundestyingsam epitaxial;silicon layer to form a starting wafer. The
carbon-doped siispn dayer is;placed at dhe- dotesstitial niekk amorpheus-erystalline silicon kerfaceof the
heavy ion halo dopirg prafie.aNhile the invention has been particularly shown and described with
reference to theqareferresl embodiments i thereef, lit witbe lungerstenceby those skiled indberastithat
various changesdn ferni and detailganay be prade withautdepartingy front die spirit and sgepe etithe
invention. Whatiswclaimeddsi6dt Aomethod of preparing a wafer for integrated circuit fabrication
comprising: providing a bulk silicon substrate; depositing a carbon-doped silicon layer on said bulk silicon
substrateZand Grewing anepitaxialsilicondayer ovetlying said earhon: dopedisilicon tayertd previde a
starting wafer fovintegrated circuitifabricatienl 2b¥hermeéthoebacpordirg toeClaine i wtrdrein saige
carbon-ddped ssilicorrlayer is deposited by reduced pressure chemical vapor deposition. 3. The method
according to Claim 1 wherein said carbon-doped silicon layer has a thickness of between about 100 and
200 Angstromi$ie method according to Claim 1 wherein said carbon-doped
silicon layer has a thickness of between about 100 and 200
Angstroms.

4. The method according to Claim 1 wherein said carbon-doped
silicon layer has a carbon content of up to 0.5%.

5. The method according to Claim 1 wherein said epitaxial silicon
layer has a thickness of between about 300 and 400 Angstroms.

6. A method of fabricating an integrated circuit device
comprising:
providing a bulk silicon substrate;
depositing a carbon-doped silicon layer on said bulk silicon
substrate;
growing an epitaxial silicon layer overlying said carbon-
doped silicon layer to provide a starting wafer for said
integrated circuit device fabrication; and
fabricating said integrated circuit device on said starting
wafer by the steps comprising:
forming a gate electrode on said starting wafer;
implanting LDD and source and drain regions in said
starting wafer adjacent to said gate electrode; and
implanting a heavy ion to form halo implants adjacent
to said LDD regions and underlying said gate electrode
wherein said halo implants extend to an interface between
said epitaxial silicon layer and said carbon-doped silicon
layer.

7. The method according to Claim 6 wherein said carbon-doped
silicon layer is deposited by chemical vapor deposition.



4. The method according to Claim 1 wherein said carbon-doped silicon layer has a carbon content of up
to 0.5%. 5. The method according to Claim 1 wherein said epitaxial silicon layer has a thickness of
between about 300 and 400 Angstroms. 6. A method of fabricating an integrated circuit device
comprising: providing a bulk silicon substrate; depositing a carbon-doped silicon layer on said bulk silicon
substrates growirg an-epitaxiaksiicarlaygr overlyingsaid earhonsloped siticen layendeprevigea starting
wafer for said dategrategesircyit deyigetabrieatiop; anddabreating saigsintegraied ireuil deyige-en said
starting wafes Hyithesteps comprising: forming a gate electrode on said starting wafer; implanting LDD
and source and drain regions in said starting wafer adjacent to said gate electrode; and implanting a
heavy iorpto fanme hale tmplants adiacenh do said DBiregienswanskunderlyiag said gate-alegtrpdel
wherein said hatmimplapts-extend tosanintedaoce between baithepitaxialisiicon fager andsaid 00
carbon-doped sitieas .layer. 7. The method according to Claim 6 wherein said carbon-doped silicon layer
is deposited by chemical vapor deposition. 7 8. The method according to Claim 6 wherein said
carbon-doped shicomlayepis depositetl by reducedlpressuse cliemicahvaper depesitiom -9 dgwedmethod
according {d Ctaim 6 shereihsaichcarbohedopedn siticon tdyenhasa thickhess of between about 100 and
700 Angstroms. 10. The method according to Claim 6 wherein said carbon-doped silicon layer has a
carbon cadritent hep to5%d 11aFhemethod daccordingito Claimvdwherein saad epitaxiat sHicah layer
has a thickness of betwgen aliout 300 anhd 500N ARgstroms. kX Wdermetiodiaccarding 2o Claimd 6 wherein
carbon iolsdn fsajdns .

12. The method according to Claim 6 wherein carbon ions in said
carbon-doped silicon layer act as a silicon interstitial sink for
silicon interstitials formed by said halo implants to prevent end
of range secondary defect formation.

13. The method according to Claim 6 wherein said heavy ions
comprise antimony or indium.

14. A method of fabricating an integrated «circuit device
comprising:
providing a bulk silicon substrate;
depositing a carbon-doped silicon layer on said bulk silicon
substrate;
growing an epitaxial silicon layer overlying said carbon-
doped silicon layer to provide a starting wafer for said
integrated circuit device fabrication; and
fabricating said integrated circuit device on said starting
wafer by the steps comprising:
forming a gate electrode on said starting wafer;
implanting LDD and source and drain regions in said
starting wafer adjacent to said gate electrode;and
implanting heavy ions to form halo implants adjacent to
said LDD regions and underlying said gate electrode wherein
said halo implants extend to an interface between said
epitaxial silicon layer and said carbon-doped silicon layer
wherein carbon ions in said carbon-doped silicon layer act
as a silicon interstitial sink for silicon interstitials
formed by said halo implants to prevent end of range
secondary defect formation.



carbon-doped silicon layer act as a silicon interstitial sink for silicon interstitials formed by said halo
implants to prevent end of range secondary defect formation. 13. The method according to Claim 6
wherein said heavy ions comprise antimony or indium. 14. A method of fabricating an integrated circuit
device comprising: providing a bulk silicon substrate; depositing a carbon-doped silicon layer on said bulk
silicon sulsstrate;groywipg s epitagiadisiicondayer overlying saidsashon- doped siticon fayes e grovide a
starting weaifer tossaid aiptagrated ciespd device falrication: and fahricating saidiriegraied cigud:device
on said starfing iwafer by the steps comprising: forming a gate electrode on said starting wafer;
implanting LDD and source and drain regions in said starting wafer adjacent to said gate electrode;and
implantingdheavy ionsde foren hade dnplants adiacentton said Ldh:regionsancbunderying-saig gate
electrodeswhereim sadidhato implants exterid-iman integfacedeatween saithepitaxialsilicorilayer @nd said
carbon-doped siticas layer wherein carbon ions in said carbon-doped silicon layer act as a silicon
interstitial sink for silicon interstitials formed by said halo implants to prevent end of range secondary
defect formationh8 1hethetethocbaccording to Clainind 4 Whekéinsaichcashartdoped silicdodayer is
deposited by reducedhprasstureschemicabvaparodepositiart. 16 The methvd according to Claim 14
wherein said carbon-doped silicon layer has a thickness of between about 100 and 700 Angstroms. 17.
The methddl. ac@oreingutd Ttaim 44 avhereimossaidcarbonidopddt silidarriayer has edcaronteontenit of up to
0.5%. 18sThe meethodaaceordimgso EGlaimhli4 vhesein sdid dpitaxitrsiliedrrlayer hag a #idknesg)of
between abgat30and 500

19. The method according to Claim 14 wherein said heavy ions
comprise antimony or indium.

20. An integrated circuit device comprising:
a starting wafer comprising:
a bulk silicon substrate;
a carbon-doped silicon layer overlying said Dbulk
silicon substrate;and
an epitaxial silicon layer overlying said carbon-doped
silicon layer;
a gate electrode on said starting wafer;
LDD and source and drain regions 1in said starting wafer
adjacent to said gate electrode; and
heavy ion halo implants adjacent to said LDD regions and
underlying said gate electrode wherein said halo implants extend
to an interface between said epitaxial silicon layer and said
carbon-doped silicon layer wherein carbon ions in said carbon-
doped silicon layer act as a silicon interstitial sink for
silicon interstitials formed by said halo implants to prevent end
of range secondary defect formation.

21. The device according to Claim 20 wherein said carbon-doped
silicon layer is deposited by reduced pressure chemical vwvapor
deposition.

22. The device according to Claim 20 wherein said carbon-doped
silicon layer has a thickness of between about 100 and 700
Angstroms.

23. The device according to Claim 20 wherein said carbon-doped
silicon layer has a carbon content of up to 0.5%.
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Angstroms. 19. The method according to Claim 14 wherein said heavy ions comprise antimony or
indium. 20. An integrated circuit device comprising: a starting wafer comprising: a bulk silicon substrate;
a carbon-doped silicon layer overlying said bulk silicon substrate;and an epitaxial silicon layer overlying
said carbon-doped silicon layer; a gate electrode on said starting wafer; LDD and source and drain
regions in said starting wafer adjacent to said gate electrode; and heavy ion halo implants adjacent to
said LDDyregionsandq underdyingsaid gateselectoder wherein saigihala-implagtsi extensli taan interface
between saidiepitaxialssiicon layer and saidl cearbop-deped siiena dayerawhenrein satbonr iens #osaid
carbon- dopgéhsiliean.layer act as a silicon interstitial sink for silicon interstitials formed by said halo
implants to prevent end of range secondary defect formation. 21. The device according to Claim 20
wherein sdid carhen-deped silieet tayet issdepositetdbyreducedpeessine chemicatyapeor deposition.
22. The devigeraceordingitadclaine 20 wiweretn.said carbon-doped silicon layer has a thickness of
between about 100 and 700 Angstroms. 23. The device according to Claim 20 wherein said
carbon-doped silicon layer has a carbon content of up to 0.5%. 9 24. The device according to Claim 20
wherein said epitaxial silicon layer has a thickness of between about 300 and 500 Angstroms. 25. The
device according to Claim 20 wherein said heavy ions comprise antimony or indium. 10
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