WO 2006/ 066194 PCTI US2005/ 045895 STRAI NED NMOS TRANSI STOR FEATURI NG DEEP
CARBON DOPED REG ONS AND RAI SED DONOR DOPED SOURCE AND DRAIN  TECHNI CAL
FIELD 5 [ 0001] Enbodi nents of the invention relate to sem conductor

technol o yrticular, enbodi ments of the inventj Late,L 0 met hods
and appagg?aga?%ﬁﬁchs transi stor optim zation. BAG&gﬂaﬁ aﬁ%g%[OOOZ] In

sem conduct or processing, transistors may be fornmed on sem conductor

waf ers. The transistors nmay include a gate structure, a source, a drain,
and a channSIRAREED OTMESARANSEE OR/EEATVRIN REENEARBQX POFEEL i conduct or)
or PMOS (P Channel Metal Oxide Sem conductor) transistors. The transistors
and ot her deviRBEGIONSG AND RAASEDAIDNOR BOPED FOQURCEMNERR&WN i rcuits (1Cs).
The I Cs may then be packaged and sold. 15 The perfornmance of the |ICs may
depend on the performance of the transi-stors, BRI EF DESCRI PTION OF THE
DRAW NGS [ 0003] The invention is illustrated by way of exanple and not by
way of |TEEmsidAObFEIDthe figures of the. acconpanying draw ngs, in which
the like references indicate simlar elenents and in which: 20 [0004] FIG

1 illaustpeegs a croafsdseatsiodtrlinfdiien MgstoetmRbndppatahugtogyn Iaccor dance
wi th one enbodi rent of the present invention. [0005] FIGS. 2A-2F illustrate

Cross seek#QnRRlenfbRfnhtLMBheQhventi PR fdMAslol fethde 6Ad SfpaceusbiliMaise enbodi ment
of the present invention. 25 1 _

transistor optimization.

BACKGROUND
10 [0002] In semiconductor processing, transistors may be formed on semiconductor
wafers. The transistors may include a gate structure,{a source,. @dta_in, and a channel
region and may be NMOS (N Channel Metal Oxicie Semiconductéfj’ or PMOS (P Channel
Metal Oxide Semiconductor) transistors. The transistors and oﬂ{ér_l dev.ices may be
interconnected to form integrated circuits (ICs). The ICs may then be -packaged and sold.
15 The performance of the ICs may depend on the performance of the transistors.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The invention is illustrated by way of example and not by way of limitation
in the figures of the accompanying drawings, in which the like references indicate sirmilar
elements and in which:
20 [0004] FIG. 1 illustrates a cross sectional type view of an apparatus in accordance
with one embodiment of the present invention.
[0005] FIGS. 2A-2F illustrate cross sectional type views of a method in

accordance with one embodiment of the present invention.

25




WD 2006/ 066194 PCT/ US2005/ 045895 DETAI LED DESCRI PTI ON [ 0006] In vari ous
enbodi nents, an apparatus and nethod relating to strained NMOS transistors
Sre de;cribed In the foll owing description, various enbodinments will be
escri be vari ous enbodi nents may be practi one or
nor e of qug@%@%20|flc details, or with ot%er ngthods?%q'HJS erla%;
conponents. In other instances, well-known structures, naterlals or
operations are not shown or described in detail to avoid obscuring aspects
of vari Bl AAMEIDERORPTIONt he i nvention. Simlarly, for purposes of
expl anation, specific numbers, materials, and configurations are set forth
i n orderggos] proviferidud dosoditgénty nd epataandind gnedfodtrbletingriv emingh.
Neverthel ess, the invention may be 10 practiced without specific details.
Fur t her nVIOS thahsibtersiid@e&iteadid hatfollohenpwibdription, veribadtimbedisnsha¥in i n t he
figures are illustrative representations and are not necessarily drawn to

scal e. [HQBLHHYR HOMSeRRBHAlsicRDSdiMehls nk§ bd @eatitddesitiagt di¢lot nplreofli screte
operations in turn. However, the order of description should not be

consty uggl, s?;émKﬁQ e, Yr \Rffm%thtaﬂ%&ﬁoé@m@ﬂéﬁmtdr QB p&chtsN BCAB& Anistdnter der
dependent. "I n particular, these operatlons need not be performed in the

order of, AEIGALALERRs, hdQ08] ol 5RR8H0R ot nB8hHRA FRAGE ¥, B8ithanced by
prOV|d|ng stress to transistor channels. For exanple, NMOS (N Channel

Met al 'v?‘ﬁ gﬁhﬁ& \é&g Of Yarfoh @b &ifEnts &%J ﬁl%{ﬁﬁﬁe Sﬁ‘ﬁ}érl'y NBf PiBosbeEN the

fhannfl transistor Is under lateral 20 tensile stress. Latera
ensile str I H 4 hattice in

Ei he chanOEe p%nat © F%c\?\? Je#uglcl:bt@rg()%}sa%?l gﬁn%l\gg&}r%rugﬁggg?&ga f%mn%ﬁ%ré%ur ce to the
rain, thus [ovin o t sy 4e0009] FIG 1
|IIustré?%édeaggﬂm'hs%%Sanb ?ﬁﬁgp%yga}ggg;hﬁ%ﬁ%f@??iﬁgﬁgpo?tk

10 practiced without specific details. Furthermore, it is understood that the various
embodimenté_ shown'ih_‘fh;_: figures are illustrative representations and are not necessarily
drawn to séaie. -

[0007] Various 6ﬁérations will be described as multiple discrete operations in turn.
However, the order of description.should not be construed as to imply that these

15 operations are necessarily order dependent. In particular, these operations need not be
performed in the order of presentation.

[0008] Transistor performance may be enhanced by providing stress to transistor
channels. For example, NMOS (N Channel Metal Oxide Semiconductor) transistor
performance may improve when the channel of the NMOS transistor is under lateral

20  tensile stress. Lateral tensile siress in the NMOS channel may stretch the silicon lattice in
the channel and allow electrons to move more easily from the source to the drain, thus
improving drive current in the NMOS transistors.

[0009] FIG. 1 illustrates a cross-sectional type view of an NMOS transistor 100.
NMOS transistor 100 includes a substrate 110, a gate structure 120 (including a gate

25  electrode and gate diclectric, as further discussed below), source and drain tip regions 130,




NMOS transi stor 100 includes a substrate 110, a gate structure 120
(including a gate 25 el ectrode and gate dielectric, as further discussed
bel ow), source and drain tip regions 130, 2 WD 2006/ 066194

PCTIUSZOS%é%ﬁg&%%H1a strai ned channel 140, spacers 1§Qgﬂgﬁ£gk&£ylional

carbon r a raised source structure 170, an rai sed drain
structure 180. Substrate 110 may include nonocrystalline silicon or other
materials as further discussed bel ow. Substitutional carbon regions 160

may i nclawdeinad okdneelildd, dpaters ©F, sabsithyoneormpirdngiegignsslioli awmsed beired ncl udi ng
carbon atons 5 substituted in place of silicon atons at sone sites in the

| atti ce st W0eand BhgisedsdrmtstrtititiedR@l Swdatrien |@meyrsichude nivaodratizliice may have
shorter bond lengths than silicon atonms in the lattice. As a result,

subst i t Ui @At oA RARIJIEH ABer HEQusIAYbehay. URdstitudorst case mgioncbipared to a
| attice of only silicon atons. Substitutional carbon regions 160 may

transm tyfyynsudd £ 85SriANafieh A6ARcolpliting &lisdr] betintl@ingabon aopar ti cul ar, may
cause a uniaxial 10 lateral tensile stress in strained channel 140. [0010]

The tsensy|,8inskd BShack Br SiliEcH AGHs 4R8O Gles ke TRYcd sEPEOE ThBe per formance of
NMOS transistor 100 by stretching the silicon lattice in the strained

channel 40l daibeh SR¥usl iR BeARRES My e BB bo 10fguRl I SRS atdisst T al ned
an r

channel i ncreasi ng ive current. In general, the larger the

fract i on, of, ;gHBSUAL HLAnThn GBI 0Bt SERAL B0 A WTRdSE 2 dRssubSLT Ut i Onal

carbon regions greater the stréss provided on strained channe

- 140. I n_one_ egnbodinen - t -0of: | Liptional carbon
2o ont BRI RUNTE N oy RELSRP" SRSl eRan, bppst Rtk

"N to 5. | n anot her

R S LT ) AR S R

170 .and rai sed drain.structure 1 may be adj acent 20 to substitutional
car b&h H@GW@W@ﬁgﬁgaﬁﬁﬂS%%ﬁ?ﬂ%mgﬁggﬁ¥ain tip regions 130 such that the

[0010] The tensile stress in strained channel 140 may improve the performance of

NMOS transistor 100 by stretching the silicon lattice in the strained channel 140 and

thereby increasing the mobility of electrons in strained channel 140 and increasing drive

current. In general, the larger the fraction of substitutional carbon and greater volume of
15 substitutional carbon regions 160, the greater the stress provided on strained channel 140.

In one embodiment, the percentage of carbon in substitutional carbon regions 160 may be

in the range of about 0.1 to 5.0%. In another embodiment, the percentage of carbon in

" substitutional carbon regions 160 may be in the range of about 0.5 to 3.0%.

[0011] Raised source structure 170 and raised drain structure 180 may be adjacent
20  to substitutional carbon regions 160 and source and drain tip regions 130 such that the

aopants in raised source structure 170 and raised drain structure 180 may be separate from

substitutional carbon regions 160. Raised source structure 170 and raised drain structure

180 may provide low resistance contact or access to strained channel 140.

[0012] FIGs. 2A-2E illustrate a method according to an embodiment of the

25 invention. Referring first to FIG. 2A, gate structure 120 may be formed on substrate 110




dopants in raised source structure 170 and rai sed drain structure 180 may
be separate from substitutional carbon regions 160. Rai sed source
structure 170 and raised drain structure 180 rmay provide | ow resi stance

contact Qr_access to strained channel 140. [0012] FI | ustrate a
met hod aé@%FHpW%’FO an enbodi rent of the 25 |nvent|o%%né¥h?5-ﬁ% first to

FIG 2A, gate structure 120 may be formed on substrate 110 3 WD

2006/ 066194 PCT/ US2005/ 045895 by known net hods. Substrate 110 rmay be a
waf er orbykndive nefddsayubstat Utemayrbnoenies bied die aml LY incbde silicon on
insulator, or other suitable materials. Substrate 110 may al so incl ude

ot her | aﬁ@{o‘éry@tﬁlhﬁé kiliEbn) 6B o Moisionn) othbratitebdampatcsas.i Bshstraieil Ve,
conductive or sem conductive materials. Substrate 110 nay be doped with a

P-type Snglonaithel(dcasth@iaR & stridire(not shoiviXBat coapsissineulatiegi ons such t hat
NMOS transistor 100 is built in a p-well region. [00131 Further, FIG 2A

i 11 USt T Al B8R0 & BrRPhbHERe ShicaMBS BiRtete 110 xhAwE Beped vaitngh-e/pe NVOS
transi stor 100 for the sake of clarity. Substrate 110 nay i ncl ude nunerous

addi 5 o alll\f! eﬁaﬁﬁﬂl:s 'b§1to?12 i NS08 st@hﬁﬁﬂ&ﬁé subethat NOXh glgafsemrcomguct or)

transisto O (not illustrated), and other devices (not illustrated). PMOS

tranS|sq§{§ quw %Q%& devices may be covered by photoresist or a patterned
dlelectrlc f nown met hods during NMOS transistor processing.

[ 00141 ﬁahﬁlgt HChY for 140, guas&gtwaﬁy Aphdht oBhBEEAOER) @axﬁlgemgee gate

di el ect one ‘e gate dielectric 220 may be an

i nsul at | Wﬁaﬁéh@r od £ ﬁx@%% o clafllgf nb%ﬂgﬁg'térﬁ@tm ﬂélﬁ?@ﬁﬁﬁe@@&s“ c 220 may

i ncl ude erla n one i ment ectrode 210 nmay

e R BRI LTGRO ! u

10 (not illustrated), and other devices (not illustrated). PMOS transistors and other devices
may be covered by photoresist or a patterned dielectric layer by known methods during
NMOS transistor processing.
[0014] Gate structure 120 may include a gate electrode 210 and a gate dielectric
220. In one embodiment, gate dielectric 220 may be an insulative material. In another

15  embodiment, gate dielectric 220 may include a high-k material. In one embodiment, gate
electrode 210 may include pelysilicon. In another embodiment, gate electrode 210 may
include a pre-doped polysilicon. In yet another embodiment, gate electrode 210 may
include a metal.
[0015] In FIG. 2B, a tip implant 230 may be performed to form source and drain

20 tip regions 130. Tip implant 230 may include any n-type dopant. In some embodiments,
tip implant 230 may include phosphorous or arsenic. The source and drain tip regions 130
may be shallow relative to other implants and tip implant 230 may be performed using a
low energy implant. Source and drain tip regions 130 may be implanted iﬁto the surface

of substrate 110 that is adjacent to gate structure 120 such that source and drain tip regions

25 130 may self align to gate structure 120,




include a netal. [0015] In FIG 2B, a tip inplant 230 may be perforned to
formsource and drain 20 tip regions 130. Tip inplant 230 nmay include any
n-type dopant. In sone enbodinents, tip inplant 230 nmay i ncl ude

phosphor eni c. The source and drain tip regi Q. be

shal | ow 3@5?‘{6{92&@0 other inplants and tip inplant 23‘%912%%‘?%/ 435t f or med
using a |low energy inplant. Source and drain tip regions 130 may be
inplanted into the surface of substrate 110 that is adjacent to gate
struct ur @016]0 suclin thetibehmerc gippinglait 23hmey gsa igglaphgate 3BuchgO 12y sel f al i gn
to gate structure 120. 4 WO 2006/ 066194 PCT/ US2005/ 045895 [0016] In an
enbodi meAtter tip ipnplanpl N the2BPantdyiaabesaighapivante gddes of patestrustige 120.An After tip
i npl ant 230, the dopants may be aligned with the edges of gate structure
120. An armBhealy begyribenddend ssungthnd dehis tp fag@na 3 dapdiffutd Pightginales 130 nay
diffuse slightly under gate structure 120. In other enbodinents, tip

i mpl ant BN DE 0P 8k bok@ebodimeits, 8pghSlaf 2306Ry bbptrfdhed anpl aple ext ends
under gate structure 120. [0017] Referring nowto FIG 2C, spacers 150 nay

be f oy MediRdhAGe RhplhQ SRhes undbd 446 herd?d0. Spacers 150 may include oxide or
nitride and may be forned by known nethods such as deposition and spacer

etch. I nggpfe embededBIN Sow RAAGESS, sfaé&rmnﬁ? be AGHQWdRB&E &Y &e havi ng
widths ih the range of about 5 nmto 35 nm [n other 10 enbodi nents,

spacers %ﬁ@mf@%o” %EJ?c%fsrr{;grﬁq‘%gn&ﬁ&eq{xi&e%rrn'ﬂﬁdesin@ 91§ay' He! fb‘ﬁﬁé’d@y@&ioﬁfﬂ FIGS. 2D

and 2E, but may be er or not at all, as is further discussed

bel oW | e BBIENCR oo &l GruZlicol 0018) sbil R 320, AR B kg on | bl ant

240 may erforme Istu crysta attice structurée of substrate

110. Amrqa?l%iwzs%géa%r] hé\n}i’é Fhinsat %eqﬁygeio@%c}ﬁg?nﬁqg 35 nm. In other

10  embodiments, spacers 150 may not be formed prior to the steps illustrated in FIGS. 2D
and 2E, but may be formed later or not at all, as is further discusééd below in reference to
FIG. 2E. . |
[0018] In FIG. 2D an amorphization implant 240 may bé’__béfformed to disturb the
crystal lattice structure of substrate 110. Amorphization implant 240 inét_y include any

15 electrically neutral implant species. In one embodiment, amorphization implant 240 may
include silicon. In another embodiment, amorphization implant 240 may include
germanium. In FIG. 2E, carbon may be implanted into substrate 110 by a carbon implant
250. In one embodiment, carbon implant 250 may be at an energy in the range of about 5
keV to 15 keV. In another embodiment, carbon implant 250 may be at an energy 1n the

20 range of about 8 keV to 12 keV. In yet other embodiment, carbon implant 250 may be at a
dose in the range of about 1E14/cm? and {E16/cm?; In another embodiment, carbon
implant 250 may be at a dose in the range of about 4B15/cm? to 6E15/cm”. In other
embodiments, multiple carbon implants of varying energy may be used to achieve a

desired carbon distribution in substrate 110.




15 electrically neutral inplant species. In one enbodi nent, anorphization
i nplant 240 may include silicon. In another enbodi nent, anorphization
i npl ant 240 may include germanium In FIG 2E, carbon nay be inplanted

into sub by a carbon inplant 250. In one j t-eqal bon
Sk eyHe RELTER

i npl ant e at an energy in the range of abou {015 keV. In
anot her enbodi nent, carbon inplant 250 may be at an energy in the 20 range
of about 8 keV to 12 keV. In yet other enbodi nent, carbon inplant 250 may
be at a [00i®e in ThencmgedoienabibatmbEbiaGoPinghot bERsaiRplahtmanbi her
enbodi nent, carbon inplant 250 nmay be at a dose in the range of about
4E15/ cnfictandinkd/ v owldoseatcher impeaib adiup@adsgunotioh tdapdge. Emeifson i npl ant s of
varying energy may be used to achieve a desired carbon distribution in

subst r ategbbdPnend MHcAGPHADGGIRSpHIEHIs U008 Db BAbmeft0fid 8¢nol g enre
enbodi nents, the. anorphization inplant or carbon inplant may be

acconmpanhfohely a AobOn1aa i @F Rut | BPI/aft antlQ ES SRRF esdatjatBadr0m theakage. | n
one enbodi'nent; the donor may be phosphorous. |In another enbodi nent, the

donors i TRl abdBY S REV & 44098 ohBehbRiihangeddior a0t of fibdpindisand 1E15/ cng
and at an energy in the 5 range of about 15 keV to 45 keV. In one

enbodi Meft.ne ygEMuti}»m% aqosé)@%@ﬂpl@@/%maﬁnag%@ ueder gy of about 30 keV

and a dose o out 1E14/cm may be used. [002 An anneal nay be perforned

to re crypil! i 2e Ahgnldflibl 6€pertREbUE 0UnLANDAe lffcl BR1ldAHRtBnST | | cON

| attice, form stitut carbon réegions 160. I'n one enbodi nent, the

anneal R Y SE AR0S8 kot Bl SRS ARG ABOVR0BAYE 900 10 10

anot her € annea a supb-ne aser anneal. In one

emboct g B BT BERSRLe T Pl BoAEaby J90214,A L hous e

10  another embodiment, the anneal may be a sub-melt laser anneal. In one embodiment, the
sub-melt anneal jmay-be a ,ﬂésh anneal.
[06021] A:lthough the rﬂéthod is iflustrated by showing sequentially amorphization
implant 240, carbon implantéﬁiO, and then anneal, the order is not meant to be limiting. In
particular, any method where the carbon is present and the lattice structure has been

15 disturbed prior to anneal may be available. In one embodiment, carbon implant 250 may
come before amorphization implant 240 and an anneal may follow. Other processing
flows and orders, for example: carbon implant, anneal, amorphization implant, anneal,
may be available.
[0022] As discussed with respect to FIG. 2C, spacers 150 may not have been

20  formed prior to the steps illustrated in FIGS. 2D and 2E. In such embodiments,
substitutional carbon regions 160 may not have an offset from gate structure 120 due to
spacers 150, but may instead align to the edges of gate structure.
[0023] Referring now to FIG. 2F, raised source structure 170 and raised drain

structure 180 may be formed. Raised source structure 170 and raised drain structure 180

25 may comprise silicon. Inan embodiment, raised source structure 170 and raised drain




i npl ant 240, carbon inplant 250, and then anneal, the order is not neant to
be limting. In particular, any nethod where the carbon is present and the
| attice structure has been 15 disturbed prior to anneal may be avail abl e.

In one e carbon inplant 250 may cone bef ore. tion
i mpl ant 59(8 an anneal may follow. O her processi ngTﬁgPJG%lsg%d orders,

for exanple: carbon i npl ant, anneal, anorphization inplant, anneal, nay be
avai l abl e. [0022] As discussed with respect to FIG 2C, spacers 150 may not
have beanuct?@ 186 mmayde formed by celetive spitepy. Inl dngsmbadisngni, RIFREESICPD and 2E. In
such enbodi nents, substitutional carbon regions 160 may not have an offset
f r om gatseustreUd ufi@rals20 dehirestivoturs faceyde fapedbsingwhymicrstpad align to the
edges of gate structure. [0023] Referring nowto FIG 2F, raised source

st ruct urgepdstbnamVD)aRRSREd iugdcirusthie 1T airderal8O drrinystinetufeoStahy iRdidred sour ce
structure 170 and raised drain structure 180 25 may conprise silicon. In

an enbog Eﬁbsuét?ds%ﬁ@sgﬁ@ﬂéﬁ§@r dtenitC Tnls chlddanehi,lisd Gopelntchizi e pHowMRd
2006/ 066194 PCT/ US2005/ 045595 structure 180 may be formed by sel ective

epi t axy.qulif %x% B By irdpin S €The YOPHNE Concshtraieh ulag bd Fdtharage af sed drai n
structure 1 e fornmed using chem cal vapor deposition (CVD). Raised

source %Bﬁt&tcltdﬁz%/cg% gpgad/ahsed drain structure 180 may include a dopant
such as osphorous or arsenic. In one enbodi nent, the dopant may be

- provi deg o‘mﬁ““ ”95%3§Mt1 |l O Qfuchife | PPAR iscd RSindRGe 180NCeNt r at i on
may be i'n the range o about 1. OF20/cnB to 8. OE20/cnB. [0024]

Subsequent |y o czﬂ ?zgotﬁﬂwr\%ﬁg ﬁltolifﬂﬁtI&We? régs‘t)dné@geétﬁ&aﬁ e6hrdE@inno slebieiiur e 180

may be Si ICI provi de | ower resistance electrical

connect Ontagt ma% r?a Eg %men a%ﬁ%ur a %r@%ﬁl@tj gus%a sblﬁcé(ﬂﬁ%ré WOtam@ art. In

parti cul gl’ ralse SOUI’CE S ruc

10 raised drain structure 180 may be sufficiently thick such that the metal-semiconductor
alloy formed during silicide is separate from substitutional carbon regions 160.
[0025] The order of description of the above method should not be considered
Jimiting, methods may use the described operations out of order or with omissions or
additions, for example, a “disposable spacer” method may be used. Insuch an

15  embodiment, the spacers may first be formed adjacent to the gate structure and the spacers
may be used to offset the substitutional carbon regions and raised source and drain during
implant. The spacers may then be removed and a tip implant may be performed. Other
variations may be available.
[0026] Reference throughout this specification to “one embodiment” or “an

20  embodiment” means that a particular feature, structure, material, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the invention. Thus, the appearances of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification are not necessarily referring

to the same embodiment of the invention. Furthermore, the particular features, structures,




10 raised drain structure 180 may be sufficiently thick such that the

net al - sem conductor alloy fornmed during silicide is separate from
substitutional carbon regions 160. [00251 The order of description of the
above net not be considered limting, net A _t he
describedgggggggﬂ%ﬂs out of order or with om ssions 2@9§%%§¥P#%%§, for
exanpl e, a "di sposabl e spacer” nethod may be used. In such an 15

enbodi ment, the spacers may first be forned adjacent to the gate structure
and t he mpadss, or clpagtdbisticssedy beaombinse in driysusabbshiitngt inamalor s@roon regi ons
and rai sed source and drain during inplant. The spacers may then be
renoved ashdandnty | npl ant may be perfornmed. OQther variations may be
avai l abl e. [00261 Reference throughout this specification to "one

enbodi ne@bi7ior " an is Abeatigadion® it thewvs dedaibtien ipandrideditedie f eat ure,
structure, material, or characteristic described in connection wth the
embodi meMtstiaBivd, RRd e sktidtival Mag@stheQR® oaTRae wilinke apfarert Rethosevent i on.  Thus,
t he appearances of the phrases "in one enbodinent” or "in an enbodinent”
in vayi oyginRhak®Sn HAAUPOR WvidwthSths BEGieldeScaiption Blc@chiflofMaciassdon |y
referring to the sane enbodi nent of the invention. Furthernore, the

parti cul a6 HEALUERS be SLbMGheH §fh roferdiR ZORBLARAIRAIRET] ASPRANG R4BBO5

material's, of characteristics nmay ée conbi ned in any suitable nanner in one
or nore (W1 ' nder st ood that the above
descript?dﬁgﬁgqgﬁgéﬁﬁgﬁggézégh%Prﬁﬁgg?gﬁkeé, and not restrictive. Many

ot her enbodi nents will be apparent to those of 5 ordinary skill in the art
upon revi ewi ng the above description. The scope of the invention should,
therefore, be determined with reference to the appended clains, along with
the full scope of equivalents to which such clains are entitled.




8 CLAIMS What is clainmed is: 1. A nethod conprising: formng a gate
structure on a substrate; perform ng an anorphi zation i nplant on the
substrate; inplanting carbon into the substrate; annealing the substrate
to forma substitutional carbon region; formng a raised source structure
and a raised drain structure on the substrate; and inplanting a dopant to
forma tdpapm ant regi on, wherein the botoom of the substitutional carbon
region is below the bottomof the tip inplant region. | 2. The nethod of
claim1l1, wherein the substrate conprises nonocrystalline silicon. 3. The
met hod q&h%La&gllajmherein i npl anting carbon includes inplanting carbon at
an energ Bt WeEA“GBout 5 keV and 15 keV and a dosage between about |
El 4/ cn2 and 1E16/cnR. 4. The method of claim 1, wherein inplanting carbon
includes nultiple carbon inplants of varying energies. 5. The nethod of

cl ai m 1,1 where stk qogmmmisig: t he anor phi zation inplant includes inplanting
at | east one YR r [ 6. The nethod of claim11, wherein
anneal i ng thggéﬁ%gfﬁggﬁmﬁﬁggﬁéggQQ&QEF?e anneal at a tenperature above
about 900C. ‘perfoheingenhachrptizaoaiimplant vhéiceiubstangieal i ng the substrate

i ncludes a sub-nelt

mmplanting carbon into the substrate;

annealing the substrate to form a substitutional carbon region;

forming a raised source structure and a raised drain structure on the substrate;
and

implanting a dopant to form a tip implant region, wherein the botoom of the

substitutional carbon region is below the bottom of the tip implant region.

2. The method of claim 1, wherein the substrate comprises monocrystalline
silicon.
3. The method of claim 1, wherein implanting carbon includes implanting carbon

at an energy between about 5 keV and 15 keV and a dosage between about 1E14/cm®
and 1E16/cm”.

4. The method of claim 1, wherein implanting carbon includes multiple carbon

implants of varying energies.

5. The method of claim 1, wherein performing the amorphization implant

includes implanting at least one of silicon or germanium.

6. The method of claim 1, wherein annealing the substrate includes a spike

anneal at a temperature above about 900°C.

7. The method of claim 1, wherein annealing the substrate includes a sub-melt

laser anneal.




| aser anneal. 9 8. The nethod of claim 1, wherein form ng the raised source
structure and the raised drain structure includes an epitaxial growth of
nonocrystalline silicon doped wth at | east one of phosphorous or arsenic.
9. The nethod of claim1l1, wherein formng the raised source stricture and
the raised drain structure includes a chem cal vapor deposition. 10. The

met hod & cl art® thethbd lolf REAmCD NPdrsin imingRtha RiibdlscurdeadtAReirs ahdighdir e dopant
into the raised source structure and the raised drain structure. 11. The

met hod d&fised diain souctyisapelodes Hecpitaxid graviuek npeodppelline sbiepr ideped at | east

one of r.senic. The nethod of claim1, wherein the gate
structuﬁﬁafﬁgg%gé% %pg}lgsfélog+lgsc rga(gjsc?glc'corrpri sing a netal.. 13. The nethod of
claiml1, further conprising: formng a spacer adjacent. to the gate

structure. 14. The nethod of claim 13, further conprising: renpving the

spacer. 215, e Rebpdat slaim) bihergn iGramei the rpdasiir iigseatBse and teg udes an
| Pl ant ol @b AlE! AEferdkalIBoSRARSHoRPPOST tE the gate structure.

16. A nmethod conprising: formng a gate structure on a substarte;

perform ng an anor phi zation inplant on the substrate; inplanting carbon
into the substrate; : . o
10. e method of claim 1, further comprising:

implanting a raised structure dopant into the raised source structure and the.

raised drain structure.

11. The method of claim 10, wherein the raised structure dopant comprises at least

one of phosphorous or arsenic.

12. The method of claim 1, wherein the gate structure includes a gate electrode

comprising a metal.

13.  The method of claim 1, further comprising:

forming a spacer adjacent to the gate structure.

14.  The method of claim 13, further comprising:

removing the spacer.

15,  The method of claim 13, wherein implanting carbon includes an implant

aligned with a surface of the spacer opposite the gate structure.

16. A method comprising:
forming a gate structure on a substarte;
performing an amorphization implant on the substrate;
implanting carbon into the substrate;
annealing the substrate to form a substitutional carbon region; and
forming a raised source structure and a raised drain structure on the substrate,

10




anneal ing the substrate to forma substitutional carbon region; and formng
a raised source structure and a raised drain structure on the substrate,

10 wherein inplanting the carbon includes nultiple carbon inplants of
varying energies. 17. A method conprising: formng a gate structure on a
substrate; perform ng an anorphization inplant on the substrate;

i mpl ant i ygkr&ia iR RintiRg heldfonURahdAtRuttipRRaAM NS plAe FuRslis@bRrsies.f or m
substitutional carbon region; and formng a rai Sed source structure and a
rai sed drain structure on the substrate, wherein annealing the substrate
i ncl ude sup-nelt, | aser.anneal. 18. A method conprising: formng a gate
struct u?lfon ‘gn%%glboﬁ%oﬂp&SIDﬁerfor m ng an anor phi zation inplant on the

substrate; ifophiagtd g Sakchedon REGbstAR; substrate; annealing the substrate
to forma substitutional carbon:region; formng a raised source structure

and a rai sed REFRPAINGEADGEIUPEZEIPRIAPIas BB theatbstraleor ni ng a spacer adj acent
to the gate SLEMGHHECabBR b BIENLAG L e spacer. 11

annealing the substrate to forin"a substitutional carbon region; and
forming a raised source structure and a raised drain structure on the substrate,

wherein annealing the substrate includes a.sub-_ipelt laser anneal.

18. A method comprising:
forming a gate structure on a substrate;
performing an amorphization implant on the substrate;
implanting carbon into the substrate;
annealing the substrate to foi"m’-a s_ubstitﬁﬁ_onal carbon region;
forming a raised source strucfufe and a raised drain structure on the substrate;
forming a spacer adjacent to the gate stmcttii‘e; and

removing the spacer.
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