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STRAI NED NMOS TRANSI STOR FEATURI NG DEEP CARBON DOPED
REG ONS AND RAI SED DONOR DOPED SOURCE AND DRAI N
WO EOsbaIA. FI ELD [ 0001] Enbodi ments of the i nvReI/UBIV05/045895
relate to sem conductor technology. In particular,
enbodi nents of the invention relate to nethods and

fﬁﬁ@%ﬁﬁﬁi &&egﬁﬁ?}%ﬁﬁs@%&@ﬁﬁ{ﬁ# P cATfRORBORED
ornmed on semni conductor wafers. The transistors ma

i ncl REGIONFRANDRAISEDRONOR DYRED SOYRLTINANIN PRAIN
channel region and nay be NMOS (N Channel Metal Oxide
Sem conductor) or PMOS (P Channel Metal Oxide

Sem conductor) transistors. The transistors and ot her

TECENICAS FIRyDPe interconnected to formintegrated
circuits (I1Cs). The ICs may then be packaged and sol d.

[Oofﬂge perf}%ﬂ@&lgﬁn fof &l &RioTH¥12R8P 888 BRI technology. In
performance of the transistors. BRI EF DESCRI PTI ON

g SRS LS B b By v

figures of the acconpanying draw ngs, in which the
trangsisos opBfEgaEiABes i ndicate similar el ements and in
which: [0004] FIG 1 illustrates a cross sectional
type view of an apparatus in accordance with one
enbodi ment of the present invention. [0005] FIGS.
BACRGEOUNIUStrate cross sectional type views of a

met hod in
[0002] In semiconductor processing, transistors may be formed on semiconductor
wafers. The transistors may include a gate structure, a source, a drain, and a channel
region and may be NMOS (N Channel Metal Oxide Semiconductor) or PMOS (P Channel
Metal Oxide Semiconductor) transistors. The transistors and other devices may be
interconnected to form integrated circuits (ICs). The ICs may then be packaged and sold.
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 similar
elements and in which:
[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.
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accordance wi th one enbodi nent of the present

i nventi on. DETAI LED DESCRI PTI ON [ 0006] In vari ous
wepdvetedrent s, an apparatus and net hod rel at i ngP@DUS2005/045895

strained NMOS transistors are described. In the

foll owi ng description, various enbodinents will be

descri bed. However, various enbodi nents nay be
DEW@Q@&WW}W one or nore of the specific details,

or with other nethods, materials, or conponents. In.
[0008] her i dstvaneussmbegihentacwrppareive eod ethadeekting fasstragped

operations are not shown or described in detail to
NMegaimsBhse teidogerivefe bt thedbllomaing descripiibndianiens embddimets will

invention. Simlarly, for purposes of explanation,

be dSREHEA] FloMIBE) Sriou¥Rhodahsnts RARFLE pRLHE Rith@RSn@bemore of
set forth in order to provide a thorough understandi ng

f e.lavent . I : i [
e Sesi0 RN U IE B DAL O Ty Bitanc
nder st ood that the various enbodinents shown in the.
welReiireatiehues, Pt DR asb AEai ART BRS" Arinat bimdifal o
necessarily drawn to scale. [00Q7] Various gperations
avoigi qbiscusingpsents eferrigys pubedipieats @i dier gy entione g Hrpurposes
turn. However, the order of description should not be
of exylasdtionespeadictrombep, ynatdrals, ahkemfigpmatians eresetfogth in order to
necessarily order dependent. In particular, these

proV@&4h Blor&ih haedtanaingtsf theibeittvad Nevettheles( therinvehtion may be
presentation. [0008] Transistor performance may be

prac%@g(?%ﬁgutl@éeaﬁlﬁ/&ﬁl(lﬂlgléﬁtﬁeﬁ% m}vfgtisté1 ?r%%?ét@&d)trhaﬂlﬂ@ﬂ%@-

or exanp anne X1 de

embgﬁgﬁ%ﬁgl i g»}n%r}%thqt ﬁ g&ﬁ%ﬁ@%ﬁ '%g{eg?eggxgtaﬁ%ea{rn%g Oﬁéo‘ﬁ é}l\é@eesgarily
tensile stress. Lateral tensile stress in the NMOS

dravahnssale. may stretch the silicon lattice in

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

electrode and gate dielectric, as further discussed below), source and drain tip regions 130,
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t he channel and allow el ectrons to nove nore easily

fromthe source to the drain, thus inproving drive
w@oseet194 n t he NMOS transistors. [0009] FI G RCT/US2005/045895

illustrates a cross-sectional type view of an NMOS

transi stor 100. NMOS transi stor 100 includes a

substrate 110, a aestructur ncl uding a gate
a stigined chywes! Ky S@%&egﬂ ‘éﬁ U pibstifufigna &%@H&F%}B’?S ﬂéo ga%lé%gsoume
bel ow), source and drain tip regions 130,a strained
structhenb#, andioraissdabainstragiore @Qbs@@lgﬁtcﬁtﬁz dhamay iaheds monocrystalline
regi ons 160, a raised source structure 170, and a
silicoaios ethetlimateniaBtas fatthiralist8Ged Belost rSafbstithiiGnaiagrbioncégioes 160
nonocrystalline silicon or other materials as further

maﬂ'nél‘ﬁ%ﬁ athtR Rl Péﬁlce%%@ﬁty domprRma! s1lﬁkﬁ1)|hb6ﬁl; ih&@diag sarbof atorys
include a material lattice nostly conprising silicon,

subgﬁte!é gh n[!)l%i'éje' &gsﬂ?(t% %Q&DQL%C%HQSS%BQ Fa‘%gce! JuBhAC eTid

sone sites attice structure

sub%ggtégré arll?ctgf etltbglggrll F}g:ﬂ@t? og ml%%ﬁ gﬁves§qop86ﬁ %fl tﬁeﬂla{l r%won atoms

|attice. As a result, substitutional carbon regions
in thedlpttivay ABe reswfepubstigitionslcarbon degipns ke may be yadef psiegsyas
only silicon atons. Substitutional carbon regions 160
compayedtto atatitd of ¢rilg sdicpeswnen Sabjtaateertal barben egions 160 may
structures and, in particular, may cause a uni axi al

trankiAitQhB strése @ﬁ'a'dj%icéﬁtr 18tiSe Btﬁuc&lréﬁﬁrﬁﬁ@h plraiouled, mb4Qaufed0dilhxial
The tensile stress in strained channel 140 may i nprove

late{alfq?engﬁ ;tl%[s l%ugd MR ha@nsi stor 100 by stretching

ttlce in the strained channel 140 and
bI|t

er eby t.he
[Oogﬁrainedh?ﬁgﬁﬁgﬁggﬁﬂngﬁgnmkgp'aglng rf%@ﬂgﬁaﬁgﬁ?ﬂb?ﬂmweOf
eneral, the larger the fractjon of substi i on
T hanc O e erening g LIS £1R TSR CLEBoO and
regi ons 160, the greater the stress provided on
thersby @icreasing Ith;qmeblhmof elegironp &n srabendi ohanrel 1¢¢and increasing drive
percentage of carbon in substitutional carbon regions
currkff) IAmyndigl, the larger the fraction of substitutional carbon and greater volume of
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
to substitutional carbon regions 160 and source and drain tip regions 130 such that the
dopants 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

invention. Referring first to FIG. 2A, gate structure 120 may be formed on substrate 110
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in the range of about 0.1 to 5.0% In another
enbodi nent, the percentage of carbon in substitutional
W@ 200606519£gi ons 160 nay be in the range of aboRCT/0SH0%/015895
3.0% [0011] Raised source structure 170 and rai sed
drain structure 180 may be adjacent to substitutiona

carbon regions 160 _and source and dr.ain,t on
by KpaumGRRSFOdeh S bEFRe ALY OF P Ate) Qapic hti el HTEHe U o
170 and raised drain structure 180 may be separate
morfacnysiallinsssilicont sitiperl o wswaierrasgithss sutabte magriglsd SybsfFae 110
structure 170 and raised drain structure 180 may
ma3palevincledé owier Bsestannectoes (et shown pbatessprioe stsustived
channel 140. [0012] FIGs. 2A-2E illustrate a net hod
con&%% g} fnibOn AR S BAGHARNSUBStr €10 MvEBE Hoped Weh arp-iype
first to FIG 2A, gate structure 120 may be forned on

dopgrﬂk&otrr Q&Iﬁ%l% 1I%}Xnﬁ%%ﬁ J}n' %Qﬁ‘st &uth fhat ?\@I/I’]@@%rakﬁ%sﬁ)r 100 is

nocryst al
b 131I|con1 silicon on |nsulator or other suitable
uilfn ap-elldeSi8ihst rat e 110 may al so i ncl ude other |ayers
or structures &not shown) that conprise_ insula
[00Ednduct iRnether, Fien?4 dhestra ﬁ9élyr?emcé?lplap’%sub§a%§t1#éthé“il&@Smgle
may be doped with a p-type dopant (for exanple, boron)
NMOS idvisIStdr 180 oisthe sakeadfictansy .s Sidbstriateal 1 ONMIS it luda aivgreEnus
100 is built in a p-well region. [0013] Further, FIG

add@fdnhl NM@S 2485t618] BMOSAPrCHagRel MW etaliOside St—:ﬁndolﬂuhtav)l tregpsistors
a single NMOS transistor 100 for the sake of clarity.

(notﬁ?’iﬁ%%sal{e%:) ean%]&]&){% (CE§: @(159 flul £E€8)0 W@g%ahél%?sl art¥\&er devices

ors anne

G SRR RIR o v B Qc?iechh}%%t b o

ot her devices may be covered by photoresist or a
NI\MF@SW@HP&?@IS%ESH c layer by known methods during

NMOS transi stor 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
embodiment, gate dielectric 220 may include a high-k material. In one embodiment, gate
electrode 210 may include polysilicon. 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
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

130 may self align to gate structure 120.
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[0014] Gate structure 120 may include a gate el ectrode
210 and a gate dielectric 220. In one enbodi nent, gate
waele@bmedird c 220 may be an insul ative materi al . PCTIUS2005/045895
anot her enbodi nent, gate dielectric 220 may i nclude a
high k material. In one enbodinent gate el ectrode 210

i ncl.ude pol ysilicon. ther enbodi nment te
[00]&] ect r od@ 2 £ vnfinhétpua@ a&“ gsgnt%ﬁ&a 15]8?% g?t]e(’sgﬂgtu{e 120.
yet anot her enbodi ment, gate el ectrode 210 may i ncl
Afreg tipgmglant PR 153 dopantsingy bemligned withi thpdaes of g@te rtﬁycts@ 0. An
perfornmed to formsource and drain tip regions 130.
anndall paiy el penfordedamtspuicecind dieainmy regibnspl Odopadiffuse sligdlysinder
enbodi nents, tip inplant 230 may include phosphorous

gate%'trué‘tﬁ?@m(}: Ian’tﬁer%ﬁ%aﬁn@m ti@limipthnt 230 tewbeperfddfedmyn angle
be shall'ow relative to ot her inplants and tip inplant

sucth AR YmREnP LA TR BhOGnRay goENEr Y 1 TP] a0t

draln t 1 ons may be |nplanted into

e surface of su 110 th ace
00137 ot B ReHO G ZCotret® ntiy BEAOTRD dl@eBtb Bore
130 may self align to gate structure 20 [,00 Q ﬂn
strugthitsoldiOrretmacers il pO My ligledeaadses nigidg gn ﬁlﬁysm og]a?i y known
structure 120. After tip inplant 230, the dopants may
methadsahitlyaedeposition tahé spdgesiclof Ingwmes ambodinents spacers hy) ma}’ be
anneal nmay be perfornmed and source and drain tip

narfo®Gipactes, haGingayiddisfid theeasdd @hbbyt Umdes 3§ate Istathet ure
120. In other enbodinents, tip inplant 230 may be

em%ﬁ M8 Ha@ls MD ARSh& b%%ﬁné oﬂt@ﬁle' SipsaMistRxddEndSGS. 2D

er date structure 120. [0017] Referring now to FIG

andéﬁr Bl&t%ﬁ%}g 150%3%%1 Koy %’logg rﬁegs %dﬂu lffe?glescggseg %tef(‘;orw in reference to

nitride and nmay be forned by knovvn nmet hods such as
FIGel%%ositi on and spacer etch. In sone enbodi nents,

spacers 150 may be
[0018] In FIG. 2D an amorphization implant 240 may be performed to disturb the

crystal lattice structure of substrate 110. Amorphization implant 240 may include any
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 in the
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 1E16/cm?®. In another embodiment, carbon
implant 250 may be at a dose in the range of about 4E15/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.
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narrow spacers, having widths in the range of about 5
nmto 35 nm In other enbodi nents, spacers 150 may not
wheoohoedred prior to the steps illustrated in RP@IUSRDG/045895
and 2E, but may be fornmed later or not at all, as is
further discussed belowin reference to FIG 2E
0018] In FIG 2D _an anoprphization inplant 240 nay be
[0018% f or néd seme embwmﬁntSh@e@fw}wqoatlmpl@élt 8t F%Ig%if%ﬂ%‘?t may be
substrate 110. Anorphization inplant 240 may incl ude
accommpaneddnt 7 losallésy dorurt ingllant ipupptess pacties leakpgeoia one
enbodi nent, anorphization inplant 240 may i ncl ude
emb8Hine#Ohe Hﬂncﬁtmﬁyhﬁrp}ﬁﬁltmﬁwﬁe Mh an@har guhb it therdohamitnplant
240 may include germanium In FIG 2E, carbon may be

may'ngJt %Qfog il tﬁE ?an%b‘ bs Eﬁ(ﬁltt QEl-i/me)in(ﬂlE%/Qﬂh ahdB A ne90n the

I ‘one enbodr e car bon inplant 250 may be at an

rangg glaﬁ%lft 1§r}soe @2&%@7 g%ﬁqltbogipﬁgtl té%&% r{iﬁ%(nt df{bhosrPhorous at

energ n the ran a V§o 12 keV, In yet
an e@?%&&éﬁ%&féprﬁ?{taﬂg %H ? t %O%fp epEcdt a éose

in the range of about | El14/cm 2 and | E16/cm 2. In

[0028hot her Avnbogehmay be perfasoediters-enmstalizg theglpttise, iggluding carbon
dose in the range of about 4E15/cn? to 6E15/cm 2. In

in thetlhgelyesitiami Iarioe, 30 forul dubptitatiosi babon megiemst K0oflnwae yi ng
energy may be used to achieve a desired carbon

emb@lihdrt RHE bkal ﬁ‘la§ ¥ba ikt Andckl af DQAPEranire 986%: about 900°C. In
enbodi’ment's, the” anorphization |nplant or carbon

anot{hrrlpérﬁlgcgdl%}{t he aﬂﬁé?aq |fgpcf}rﬂeecldsd%ym t 1a9% H984. 319 BRE eﬁl’fﬁéﬂlf‘h@ﬁt the

Fess’junction Peakage. In one e i ment
donor hor oys. | n another enbodi nent, the
sub- Hlﬂ%arnnre ‘P?rﬁ SEE a dose in the range of about

| E13/cm 2 and | E15/cm 2 and at_an _energy in tff ra
[00231 aboutAlmughthegethad jeillustratedineshontpd Feaugrtially a@&;gl'luzatlon

i npl ant of phosphorous at
implant 240, carbon implant 250, 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
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
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

may comprise silicon. In an embodiment, raised source structure 170 and raised drain
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an energy of about 30 keV and a dose of about | E14/cm
2 may be used. [0020] An anneal may be perfornmed to

WO eso6yadal | ize the [attice, including carbon PeT/UR®05/045895
largely silicon lattice, to form substitutional carbon
regions 160. |In one enbodi nent, the anneal may be a

spi ke anneal  at erature ahove abqut. 90
strugihis, KOS B P EbY SORG GRS Hahpn S b OB ioe] seugpe
anneal . In one enbodlnent the sub-nelt anneal may be
strugtufd Eandnnised drajronaeiural $hoayhe foraedasigehegical vapor
iIlustrated by showi ng sequentially anorphization
depdsida(@ V12N ORaisal doarceisiptiard 17250 raised thhenstarcheall §0 trag include
order is not nmeant to be limting. In particular, any

a dopBhiReh WS RpARBuLS RShid. SinPHE S/BbI RNt [the dbpint ia@ be provided
Structure has been disturbed prior to anneal may be
[
aurfg S8 Fral 8 8 R o R Ay K onee of
yocessing flows and orders, for
abona%?%ﬁgmncﬁﬁ% I'ant, anneal, anorphization
ant, anneal, may be avai | abl e, di scusse

(00241t h resi?é’é‘!qup@ﬂbﬁlfﬁsech@ur@pﬁ%%WEG h@%ﬂﬂé@awﬁ@fsir%vgl%sﬂgo

formed prior to the steps illustrated in FIGS. 2D and

may2tke silicidedi(riot simivor)itorpritvide lewbsiesistansoeladtrieadoarectio foplgctrical
160 may not have an offset fromgate structure 120 due

conta®t HRREEKSs Hhowhuih eyt mSfagaahlal fagsedtsourch etregred 70fand
gate structure. [0023] Referring nowto FIG 2F,

rais%%%ﬁﬁgstﬁgﬂfr? ¢3¢ hi: 9‘% Wi &iclehtly /e s@nsask He ﬁie&l%éﬁl%h@'&&or

orne Ral sed source structure 170 and

t 1 :
aﬂox%%%%mﬂﬁﬁg@ﬂge E M BB ai?%béfa#é%ﬁslé n
[OO%r]aloﬂzt gf%a%@%t%gsga @gg ghgr ge r?l%t sﬁould fot 68 égn%f(d%red

limiting, 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
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
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,



structure 170 and raised drain structure 180 may be
formed using chem cal vapor deposition (CVD). Raised

W@ ouwsoes134 ruct ure 170 and rai sed drain struct uPET/LSM05/045895
may i nclude a dopant such as phosphorous or arsenic.
I n one enbodi nment, the dopant may be provided during

epi t axi al %romﬁh or gp 8 The g%pant

mat%reﬂlfe enehazag @rﬁtlﬁﬁpiabfebe opmppgd i ARyeS b leBRAneY IRasHyT e
to 8.0E20/cnB. [0024] Subsequently, raised source

embstimentsur e 170 and rai sed drain structure 180 nmay be
sui cided (not shown) to provide | ower resistance

[0027] ect ri gtaik t€ bonRdrstoad that tht ebbvd deatripamtiagtientgt ¢o bal s
as is known in the art. In particular, raised source

iuus%ﬁz@ bHA ﬁ‘otlrégneﬂ% I RlaEShEY ShBodiEsts il ®e hBParbEto Bitbse of

C|ent y thick such that the netal -sem conduct or

al | oy..f.or.oe
orcify St GG PGS aeﬁ*”feéfhﬁéhé%lé%eﬂ?%“dﬁﬂe epeg iy inpyention
descri n of the abgve_nethod shoul d, no
Sho g ribrare GO OGS SR S, 1igagvi the Rl
operations out of order or with om ssions or
scopradietiiiyalentsfio whishasush elaims argieapdedbl e spacer” net hod
may be used. In such an enbodi nent, the spacers may
first be forned adjacent to the gate structure and the
spacers may be used to offset the substitutiona
carbon regions and rai sed source and drain during
i npl ant. The spacers may then be renoved and a tip
i npl ant may be perforned. Ot her variations may be
avai |l abl e. [0026] Reference throughout this
specification to "one enbodi nent” or "an enbodi nent”
nmeans that a particular feature, structure, material,
or characteristic described in connection with the
enbodi nent is included in at |east one enbodi nent of
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the invention. Thus, the appearances of the phrases

"in one enbodi nent” or "in an enbodi nent" in various
w@bk@emesivhr oughout this specification are not PCT/US2005/045895

necessarily referring to the sane enbodi nent of the

i nvention. Furthernore, the particular features,

structures, materials, or characteristics may be
CLAM®i ned in any suitable nanner in one or nore

enbodi nents. [0027] It is to be understood that the
Whahouleimbelsisr i ption is intended to be illustrative, and

not restrictive. Many other enbodinents will be

1. appel &pardnes ¢omomsimgt ordinary skill in the art upon
reviewi ng the above description. The scope of the

[ n\éegagé' Qcao Y a subgFd;ore, be determined with
h

reference to the appended clains, along with the full

scqpe. ' [ such clainms are
ent%rgsé%@r%ﬂ%%%@ﬁ%@p}@e %@gﬁgn%d is: 1. An apparatus

conprjsing: a gate structure atop @ substrate; a
raiaé'é’ée‘t%ﬁ‘glrﬁe e giow the ﬂ']r?s'ir%g’ %’lﬁlbstrate; a raised

source structure atop the substrate; and a ,

subsubstiutionadcarban Fmefony kel shepibaifate patacggad bgloay the raised

surface and below the raised drain structure to induce
draihefisithe totimdes témilastodsammathanagi mgion2. The appar at us

of claiml1, further conprising: a second

substitutional carbon region bel ow the substrate

surface and bel ow the rai sed source structure to

in i L 8SHHdr LoEpGhannel region. 3. The
2 apgfgl%:\aph%ap Oglcgdltnpnq_l,ﬁﬂ\}%gr(ge}ﬁ% tﬁ% substi tuti onal
¢ arabs%Qor{cF gllbgt?mgglqg? CaBeR re?gion below the substrate surface and below the

raised source structure to induce tensile stress in the channel region.

3. The apparatus of claim 1, wherein the substitutional carbon region comprises a

substantially monocrystalline silicon lattice having about 0.1 to 5.0% substitutional

carbon.

4. The apparatus of claim 1, wherein the substitutional carbon region comprises a
substantially monocrystalline silicon lattice having about 0.5 to 3.0% substitutional

carbon.

5. The apparatus of claim 1, further comprising:
a tip implant region below the substrate surface and below the raised drain
structure, wherein the bottom of the substitutional carbon region is below the bottom of

the tip implant region.



substantially nonocrystalline silicon lattice having
about 0.1 to 5.0% substitutional carbon. 4. The
wappanetias of claim1l, wherein the substituti oPel/US2005/045895
carbon region conprises a substantially
nonocrystalline silicon lattice having about 0.5 to
3. 0% substitutional carbon. 5. The apparatus of claim
1, further conprising: a tip inplant region bel ow the
substrate surface and below the raised drain
6. st Mheuppaatunhieleinn S} Wwherot thotp dfiplaheregiobSoMpuiseso dgast one of
carbon region is below the bottomof the tip inplant
phodpBBtB of arsdiie. apparatus of claimb5, wherein the tip
i npl ant region conprises at | east one of phosphorous
or arsenic. 7. The apparatus of claimb5, further
conprising: a spacer atop the substrate, the spacer

bei adj acent .to th ycture. 8. The apparatus
T of Tn@ggppér?t,usﬁﬁg?lgilg’ ﬁ’ﬁ%‘%‘t}%@gg&ﬂﬁ ain structure is
adj acent to the spacer. 9. The apparatus.of claim8
whérseRer e the PSP ihe P BneRBaiaL kb e atb Mt
a portion of the spacer. 10. The apparatus of claim 8,
wherein the tip inplant region extends under a portion
of the gate structure. 11. The apparatus of claimS8,
8. Whdmeiappiragis sfiblainh 7ytvheredl the aaipdriraiegiroetuiesis adjacent to the
substantially aligned with a surface of the spacer
spacPposite the gate structure.

9. The apparatus of claim 8, wherein the tip implant region extends under at least a

portion of the spacer.

10. The apparatus of claim 8, wherein the tip implant region extends under a portion of

the gate structure.

11. The apparatus of claim 8, wherein the substitutional carbon region is substantially

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

12.  The apparatis of claim 8, wherein the substitutional carbon region extends under a

portion of the spacer.

13. The apparatus of claim 1, wherein the raised source structure and the raised drain

structure comprise at least one of phosphorous or arsenic.

10
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12. The apparatus of claim8, wherein the
substitutional carbon regi on extends under a portion
w@boobhesispacer. 13. The apparatus of claiml, PEBEUSI0N5/045895
the rai sed source structure and the raised drain
structure conprise at |east one of phosphorous or
arseni c.14. The appar at us of claln11 wherei n the
14. 1 aThegpraie ef eleiny dt heremd F8W§8Suﬂﬁﬂﬁﬁngﬁ?%%wﬁ?éhmn
conprise a dopant having a concentratlon in the ran
strugsfireaiooyprisd 2 00N basing @ cAn@ETaliemnghe 1ange phebas &E&P?fsﬂ to
of claim1l, wherein the gate structure includes a gate
8.0B2oset ode and a gate dielectric, the gate el ectrode
conprising at |east one of polysilicon or netal. 16.
An apparatus conprising: a substitutional carbon
regi on bel ow a substrate surface to induce tensile

2: { u%%g#ar}at%}%gf‘ag[}ﬁ |1 &/ﬁ%‘lsfmh g @5’(%&%5‘1&8@3%‘ te electrode and a

e’ su ace and above the
bstltu i onal . car bon re The. a rat us of
gateiglpeiriaghe Pils eheroROrmTn aRAt 5t e SRR LBh 8 rfela

carbon region bel ow the substrate surface to induce

tensile stress in the channel region; and a raised

source structure above the substrate surface and above
16. t heAisgparathsswingirisingt i onal carbon regi on. 18. The

apparatus of claim 17, further conprising: a gate atop

t he sYaaitcHaBcab6E A%ERin below a substrate surface to induce tensile stress in a
channel region; and

a raised drain structure above the substrate surface and above the substitutional

carbon region.

17. The apparatus of claim 16, further comprising:

a second substitutional carbon region below the substrate surface to induce tensile
stress in the channel region; and

a raised source structure above the substrate surface and above the second

substitutional carbon region.

18. The apparatus of claim 17, further comprising:
a gate atop the substrate surface;
a tip implant region below the substrate surface and below the raised drain

structure;
a second tip implant region below the substrate surface and below the raised source

structure; and

11



atip inmplant region below the substrate surface and
bel ow the raised drain structure; a second tip inplant

WO e@bo6sibel ow t he substrate surface and bel ow P¢EUS2005/045895
rai sed source structure; anda first spacer and second
spacer, the first and second spacers being adjacent to
the gate. 19. The agpparat us_of aim18, rein.th
fig trstssaa‘eeé@néﬁawaép%b &ﬁjﬁ@ba@%" Sé’a%éﬁf:m% Al to the
nmin w dth. 20. The apparatus of claim 16, wherein

gatet he substitutional carbon region conprises a
substantially nonocrystalline silicon |attice having
about 0.5 to 3.0% carbon. 21. The apparatus of claim
16, wherein the raised drain structure includes a

19. dog@Rtbppdrheis @PBRMH 18 ORRrEiRIthE figd spR@Sindane s&ond spacers are
phosphor ous or arseni c. 22. An apparatus conprising: a

5 abo&%{)tgﬁ rﬁ'ﬁH& patop a substrate; a first spacer on the
strate an djacent to the gate structure; a raised

source structure on the substrate and adjacent to the
first spacer; a second spacer on the substrate and
adj acent to the gate structure; ed drain
20. st riherpparats of glaim dBsvhereim the wbéaF‘éleéfﬁtcalib&ntrﬁ%mg SEHREses 2
spacer; a first tip inplant region bel ow the substrate
subsantiafy mcmndr}dstallluw siliven datiisebhviegiabout 8 6rto3t0% earban.
second tip inplant region below the substrate surface
and bel ow the raised drain

10 21.  The apparatus of claim 16, wherein the raised drain structure includes a dopant, the

dopant comprising at least one of phosphorous or arsenic.

22.  An apparatus comprising:
a gate structure atop a substrate;
15 a first spacer on the substrate and adjacent to the gate structure;
a raised source structure on the substrate and adjacent to the first spacer;,
a second spacer on the substrate and adjacent to the gate structure;
a raised drain structure on the substrate and adjacent to the second spacer;
a first tip implant region below the substrate surface and below the raised source
20  structure;
a second tip implant region below the substrate surface and below the raised drain
structure;
a first substitutional carbon region below the substrate surface and below the raised

source structure to induce stress in a channel; and

12
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Structure; a first substitutional carbon region bel ow
the substrate surface and bel ow the rai sed source
W@ aotavL to i nduce stress in a channel; andaPGBUSNIS/045895
substitutional carbon region bel ow the substrate
surface and bel ow the raised drain structure to i nduce
stress i.n the chapnel, wher the b tt the. first
S UBStcong LB PO IS8 Oaﬁ’ o 18 sBip A B BeE R ‘?IOW the
the first tip inplant region and the bottomof th
raised sleain gtrocibss totinduce ﬁﬁPSSd&%WaF@él VoReTPI8 thePefiem ﬁ’éthe first
bott om of the second tip inplant region. 23. The
subsdfupidnaltcasbaf regloaiinb2@y thdertminnof the fifst tiptimplant region and the
substitutional carbon region conprises a substantially
bottdﬁi’ QAP HeYssEAd JuBStithiibrat earbbkddiGifis Badwnitie dbavin dF the dedond tip
0% of substitutional carbon. 24. The apparatus of
nnpl&llt%g] 42, wherein the first substitutional carbon
n conprises a substantially nonocrystalline
S|I|con | attice having about 0.5 to 3. 0% of
substitutional carbon. 25. The apparatus of claim 22,
wherein the first tip inplant _region under at
23. | edbe 2ppais Phelais 2%, Wéheg%}fléh%ﬁ%%{bé‘il@tm@% B region comprises
apparatus of claim 22, wherein the first
a sulsstésinlly mdrongistalmelsdivon dajtionhavintecabost Qi ded 03 of substitugional
portion of the first spacer. 27. A nethod conpri sing:
carbb@rmng a gate structure on a substrate; perform ng an
anor phi zation i nplant on the substrate;

24. The apparatus of claim 22, wherein the first substitutional carbon region comprises

a substantially monocrystalline silicon lattice having about 0.5 to 3.0% of substitutional

carbon.

25.  The apparatus of claim 22, wherein the first tip implant region extends under at

least a portion of the gate structure.

26. The apparatus of claim 22, wherein the first substitutional carbon region extends

under at least a portion of the first spacer.

27. A method compr'ising:
forming a gate structure on a substrate;
performing an amorphization implant on the substrate;
implanting carbon into the substrate;

annealing the substrate to form a substitutional carbon region; and

13
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i mpl anting carbon into the substrate; annealing the
substrate to forma substitutional carbon region
w@paboeadng a rai sed source structure and a r aPGEUS2005/045895

drain structure on the substrate. 28. The nethod of
claim 27, wherein the substrate conprises
nonocrystalline silicon, 29. The t hod of cl ig;é?,
whETEHRE # FRited sPPIeg SEUFBEsAnA Adpisebdraithrughre HQ%P gpte:
at an energy between about 5 keV and 15 keV and a
dosage between about | E14/cm and | E16/cm 2. 30. The
nmet hod of claim 27, wherein inplanting carbon includes

28. NMulThi pleghoeiaoflotiimi 27p dwbiesn e sutastrptengnepresegin@socrgdalliibeilicon.
met hod of claim 27, wherein performng the
anor phi zation inplant includes inplanting at |east one
of silicon or germanium 32. The nethod of claim 27,
furdh S ng: nampl: [11G; f: b

29 { e LRSI, WLRRE R iR RADples PRk cBrbon o
substitutiopal _cagpo Lon is. bel ow the bot f 2

an R PPYYERAPNS WEUGHENS 13 hiiqiaen v R g Yom’ and
wherei n anneal i ng the substrate includes a spike

1El@méal at a tenperature above about 900C. 34. The
met hod of claim 27, wherein annealing the substrate
i ncludes a sub-nelt |aser anneal.35. The nethod of
claim 27, wherein form ng the raised source structure

30. andhk hethcd srethifl 7, Whskdin Ghipliingnatbideiaciatesiltiplid @rbon
growm h of nonocrystalline silicon doped with at | east

. 51?9%51 pyQuUs or arsenic. 36. The nmethod of claim
‘mp‘%ggo\%% ei Q{éo%lm ng the raised source structure and
the rai sed

31. The method of claim 27, wherein performing the amorphization implant includes

implanting at least one of silicon or germanium.
32.  The method of claim 27, further comprising:
implanting a dopant to form a tip implant region, wherein the bottom of the

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

33.  The method of claim 27, wherein annealing the substrate includes a spike anneal at

a temperature above about 900°C.

34.  The method of claim 27, wherein annealing the substrate includes a sub-melt laser

anneal.
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drain structure includes a chem cal vapor deposition.
37. The method of claim27, further conprising:
w0 ppbaetidfng a rai sed structure dopant into thePCHUSHAS/045895
source structure and the raised drain structure. 38.
The nethod of claim 37, wherein the raised structure

dopant conprj ses east .one o hosphor ou r .
35. ar BAMEIOE IR Het PG THOTEE e B G G T e gk he reised
structure includes a gate el ectrode conprising a_ .
draimstrdture g ludes @n pitarael geewib) of] imﬁ@m#ahlmwcoadﬁ?ﬁﬁi gfithgt least
form ng a spacer adjacent to the gate structure. 4 1.
one dhshoptidiok @farsdnad. m 40, further conprising: renoving
the spacer. 42. The method of claim 40, wherein
i mpl anting carbon includes an inplant aligned with a
surface of the spacer opposite the gate structure.

36.  The method of claim 27, wherein forming the raised source structure and the raised

drain structure includes a chemical vapor deposition.

37.  The method of claim 27, further comprising:
implanting a raised structure dopant into the raised source structure and the raised

drain structure.

38.  The method of claim 37, wherein the raised structure dopant comprises at least one

of phosphorous or arsenic.

39.  The method of claim 27, wherein the gate structure includes a gate electrode

comprising a metal.

40.  The method of claim 27, further comprising:

forming a spacer adjacent to the gate structure.

41.  The method of claim 40, further comprising:

removing the spacer.

42.  The method of claim 40, wherein implanting carbon includes an implant aligned

with a surface of the spacer opposite the gate structure.
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