01 SEP 2005 Met hod for Fabrl cati ng Voi d- Fr ee ‘Epi t axi al - CoSi 2 vwmh1 SEP- 2935
U tra- Shal | ow Juncti ons Background 5 Field of the I nvention This invention
rel ates generally to sem conductor fabrication, and nore particularly to a
method for form ng a void-free epitaxial CoSi2 |ayer which is conpatible

‘“With ultra-shallow source/drain junctions. 'r0Q Description of Prior Art
Self aligned silicide (salicide) processes are widely used in sem conduct or
gate and source/drain structures to reduce sheet resistance. As the gate

-2 ]l ength of transistors are scaled down is for each new generation of

integrated circuits (1C in order to achieve higher speeds and higher
density, the source/drain junction depths are also scaled down to reduce
the short channel effects. Reduced junction depth can significantly

i ncrease the sheet resistance for the sourceldrain regions. For exanple,
for an 800 angstrom junction depth, a salicide process which consunes 300
angst roms d¥lethioldifoo Fahoichting ¥didsBrdcepikanistCo%i, WitlCBRESShllowTagctidian a
third. 20 Typically salicide processes use titaniumsilicide. However, as
line widths continue to | 14 1 SEP 2005 decrease, titaniumsilicide becones
inpractical. This is because titaniumsilicide sheet resistance increases
dramatically as |ine w dths decreazﬁ g qllgl ut 0.17 mcrons. Cobalt silicide
does not exhibit this |ine width P ance for sheet resistance, naking
it an attractive alternative to titaniumsilicide. .

5 Ficld of the Invention

This invention relates generally to semiconductor fabrication, and more particularly to a

method for forming a void-free epitaxial CoSij layer which is compatible with ultra-shallow

source/drain junctions.

10
Description of Prior Art
Self-aligned silicide (salicide) processes are widely used in semiconductor gate and
source/drain structures to reduce sheet resistance. As the gate length of transistors are scaled down
15 for each new generation of integrated circuits (IC) in order to achieve -higher speeds and higher

density, the source/drain junction depths are also scaled down to reduce the short channel effects. |
Reduced junction depth can significantly increase the sheet resistance for the source/drain regions.
For example, for an 800 angstrom junction depth, a salicide process which consumes 300
angstroms of silicon would reduce the junction thickness by more than a third.

- 20 Typically salicide processes use titanium silicide. However, as line widths continue to




5tois 20 Several nethod for formng a CoSi 2 |ayer on a shaH(ﬂbj SEP 2005
source/drain junction have been proposed. In one nethod, titanium nedi ated
epitaxy (TIME), a Co/Ti/Si scheme is used. Titanium is deposited onto a
silicon structure, preferably by sputtering. Cobalt is deposited onto the
titanium also preferably by sputtering. The substrate is exposed to a
twg-step anneal .j.n.a nitrogen containi.ng anbient, wher.ein the cobalt and
{1 AEAPE APPPOsaloAs B fEPEeEt e M7 BB A PELE IS e T RESS | | con
to.formCoSi/Co/Si2 and the titaniumm grates to the surface and reacts
wi ferreases damehepst pergeihs feaicaserp sbgi deldlsicsanse (ravplh visidsalopy Boloxi des
through a reaction with the titanium to form Ti O The oxygen is rel eased
i nteshibHdhis hianbadthaiebérslancadoe shacheestsianaairoahingd e sitwictive alkegnativiette ogen.
Anot her nethod for formng CoSi; is oxide-nediated epitaxy (OVE), which
usegardumckipidecal oxide interfacial layer with multiple
deposi t-and-ul tra-high vacuum (UHV) anneal schene on an initial CoSi2

< layer. However, the UHV in this process increasing fabrication tineg,
reduci ng throughput. While both nethods have denonstrated good epitaxi al

CoSi 2 ongd b3l n-%?lgﬁ%??&rmi@@égéi?gﬁ%ho% g'sa 10%%u9&?%f51§$Pn&1%§1th%(/@Sgen

substrates I n h- st ress “ar eas J acent structures. 2 10 |

SEP{)rggc())s%d.S Inlc())ne method, titanium-mediated epitaxy (TIME), a Co/Ti/Si scheme is used. Titanium

is deposited onto a silicon structure, preferably by sputtering. Cobalt is deposited onto the titanium,
also prefera‘bly by sputtering. The substratc is exposed to a two-step anneal in a nitrogen

{0 containing ambient, wherein the cobalt and titanium diffuse through one another. The cobalt reacts
with the silicon to form CoSi/Co/Si; and the titanium migrates to the surface and reacts with the
nitrogen to form TiN. This process also removes native oxides through a reaction with the titanium

to form Ti0O. The oxygen is released into the chamber ambient when the titanium reacts with the

nitrogen.
1S
Another method for forming CoSi; is oxide—mediated epitaxy (OME), which uses a
chemical oxide interfacial layer with multiple deposit-and-ultra—higli vacuum (UHV) anneal
- scheme on an initial CoSi, layer. However, the UHV in this process increasing fabrication time,
reducing throughput. While both methdds have demonstrated good epitaxial CoSi; on flat (blanket)
20 substrates, voids can occur on patterned substrates in high-stress areas such as adjacent to STI

structures.
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15 The inportance of overcom ng the various deficiencies noted l&bévaEl?sZﬂﬂS
evi denced by the extensive technol ogical devel opnent directed to the

subj ect, as docunented by the relevant patent and technical literature.
The cl osest, and apparently nore rel evant technical devel opnents in the
patent literature can be gl eaned by considering the follow ng patents. US
5,047, 3 i et al. shows.a TIME.process wherein the epitaxial CoSi2 |ayer
is for neqi“\{@é}ﬁ%“rcﬁi%av%{cﬂ‘ﬂ{bg&%raf “—SIdﬁg‘é‘F?C‘ﬁ%‘i‘(}j@d FHoNe A5 HAHICEd BEish barri er
an%x 1S .28 gﬁopt algt. Vli fill. The titanium| ayer renoves native oxide by

r e&ELTRYS Wer PO PREISCEplopRerightreterdita feusbissh aedecpnmmjeddti thh relevaay patsntt o t he
surface and rel eases the oxygen to the anbient, and titaniumsilicide

( TieB&oshaikal litggagiro) The plgpest aad apprsersly mersrrelemant téchoial dowmperentsiithaoes not
di scl ose how the Ti N diffusion barrier during annealing will survive the
subekgldisratystcae be Blegnedby winsiglierivg thedoewingtpatingc| ose or  suggest a voi d
formation issue or a nethod for preventing void formation in his COSi 2
schene. US 5,194,405 Sum et al. shows an OVE process for the nmanufacturing
of a semi conductor device using a netal silicide film US 5,449,642 Tan et

~al . shovgs ap4@VE7 vesiked. Sovkor TG pRod¥sd Rherdinght Lt %&ﬂ%‘yé}iié ﬁ}rmgg US

5,728,625 Tung shows.an OME process for device fabrication formng

P Saling OISy 35 3 BRSSO B B RRESS o
o 1 oay g el OO BY B ba BRI SR e Bt i ity RO bebien | he
Si ltira(\:fgg 8 ra% s%?tta)ngl: ;[md releases the oxygen to the ambient, and titanium silicide (TisSi; and

TiSi,) remains at the silicon interface. However, Wei does not disclose how the TiN diffusion

barrier during annealing will survive the subsequent wet etch step. Also, Wei does not disclose or

suggest a void formation issue or a method for preventing void formation in his CoSi, scheme.

US 5,194,405 Sumi et al. shows an OME process for the manufacturing of a semiconductor

device using a metal silicide film.
US 5,449,642 Tan et al. shows an OME method of forming a rr;etal_disilicide (MS1) film.

US 5,728,625 Tung shows an OME process for device fabrication forming an epitaxal

CoSi; layer.

US 5,536,684 Dass et al. shows an OME process designed to form a planar epitaxial CoSi,




5 are prevented by sputter depositing the cobalt |ayer and thelniLJSERiﬂwﬁ
capping layers in a vacuum US 5,567,652 N shio shows an 01\ 417, process
to forma CoSi2 layer using Si/SiOx/Ti/Co stack and a 2 step RTA. 10
Summary of the Invention It is an object of the present invention to
provide a nmethod of fabricating a void-free epitaxial CoSi2 |ayer on a
patterned silicon structure. .5 It is another object of the present
invéntion to provide a nethod of fabricating a void-free epitaxial CoSi?2

layer which is conpatible with an ultra-shallow junction It is another

obj ect of the present invention to provide a nethod of fabricating an
ultra- %bg@/ jéougcti on by a. diffusion process, using a void-free epitaxial
CoSi 2 | &yer” A& Y Htsantt dsherear prmpdiaipd progsst tedprmo BjedceSiplayehesing @sent
inyention to provide a nethod of fabricating an ultra-thin (i.e., <_ 250

‘ang¥EPonibly Tigtskang apattesRT AaBlearimhontal erngagniantiors behwaenftbe sitieorsaz @baltmi cr on

CMOS 4 10 1 SEP 2005 5 .0 .5 ?0 architecture. To achieve these and ot her

obpegitEvated yhepupterdapositing Heniobeln l4yePaidies TaNmaE Todaidte L96AING vac(l d-free

epitaxial cobalt silicide (CoSi2) layer on an ultra-shallow source/drain
junction. A patterned silicon structure is cleaned using HF. A first
titanium |l ayer, a cobalt layer, and a second

"US 5,567,652 Nishio shows an OME process to form a CoSi; layer using SifSiQ,/Ti/Co

stack and a 2 step RTA.

Summary of the Invention

It is an object of the present invention to provide a method of fabricating a void-free

epitaxial CoSi; layer on a patterned silicon structure.

It is another object of the present invention to provide a method of fabricating a void-free

epitaxial CoSiy layer which is compatible with an ultra-shallow junction.

- It is another object of the present invention to provide a method of fabricating an ultra-

shallow junction by a diffusion process, using a void-free epitaxial CoSi, layer as a dopant source.

It is yet another object of the present invention to provide a method of fabricating an ultra-thin (i.e.,

< 250 angstroms) CoSi; layer suitable for integration into future sub-0.1 micron CMOS




titanium |l ayer are successively fornmed on the patterned sili conlosJJbSEPalﬂ%
The patterned silicon substrate is annealed at a tenperature of between
about 550C and 580C in a nitrogen anbient at atnospheric pressure; whereby
the cobalt mgrates downward and reacts with the silicon structure to form

. a CoSi layer, and the first titaniumlayer mgrates upward and the first

.0

titapium |l ayer and the second titaniumlayer react with the nitrogen
anﬁrlcg'rtn‘?a‘fr& formTiN. The TiN and unreacted cobalt are renpved. The silicon
structure is anneal ed at a tenperature of between about 825C and 875Cto
conver t [PRehieytheseapdrothes ohiechBes2 theayesent Mient@eSirgvileyemethad opféronad | y be
inplanted wth dopant ions which are subsequently diffused to form

ul & vaidsfied ¢rotaxjal aettal iens:ideTio Spy) égenon kmvintihaliowsowicadsis uppiibn.cant

advant ages over the prior art. Most significantly, the present invention
pr paticdtesi dlioet swedtutors dened 0gng HBO I Zirdi @y:Riuritidyeh d ®b¥eifef, kG a de@nt O
reduced stress during annealing, by providing inproved control over

Co GidnGaSiadet MeekfRSEvay fihRd otithe BRI §FEACELstS OThd eg%.ﬁisﬁicl gver
formed according to the present invention can be injected wt 8opant i ons

u i9anitka e L By oY S G opr £ © falrorll 1 al!
anduiisal @S aleRRRIerSOHEGR: Iyl HR 0oL BG0SS-L, LALMALLESiagl | o

junctions w m ni ma con damage. scription aw ngs

The; - e .advant ages ,of. a sem conductor,devi ce fabricated according
! oy BhUAE T SN SRR Bl B SR She PR PP ES i o es e
for abri&a#.iln)g such a_seni condyctor device in accordance wth the present
i ndRHITGh ey Py Beatdohe gy S5niym ivge migiatsa uppars anddhe Brst Sianign ystandot i on
taken in conjunction with the acconpanying drawi ngs, in which |ike
r efts weerd hanwimlaserdeadt gritht the sitrrgenrmbient goforesphndihed idl aadentescted egi ons,
and portions, and in which: 5 '

cobalt are removed. The silicon structure is annealed at a temperature of between about 825°C

and 875°Cto convert the CoSi layer to a CoSi; layer. The CoSi; layer can optionally be implanted

with dopant ions which are subsequently diffused to form ultra-shallow junctions.

The present invention provides significant advantages over the prior art. Most significantly,
the present invention provides a method for forming a CoSi2 layer which is void free due to
reduced stress during annealing, by providing improved control over CoSi/CoSi2 thickness at the
silicon interface. Also, the CoSi2 layer formed according to the presleﬁt invention can be injected
with dopant ions and used as a dopant source in a diffusion process to form ultra-shaliow junctions

with minimal silicon damage.

Brief Description of the Drawings

The features and advantages of a semiconductor device fabricated according to the present




Figs. 1 - 4 illustrate sequential sectional views of a process mop $EPr rzﬂuﬁg

void-free epitaxial CoSi2 |ayer conpatible with ultra shallow junctions

according to the present invention. Figs. 5 and 6 illustrate sequenti al

sectional views of a preferred enbodi rent of the present o invention,

using a void-free epitaxial CoSi2 |ayer forned according to the present

i nvention as Si ICId -as-dop % source (SADS) . to formultra-shall ow

s ol ER™) Y rfurla?r tailsof apraress o abrSHgE sush gsemicondcier deyicgip ageordanget r at e

sequential sectional views of an method for formng a void-free is

ephitiihapreggsinvendebvdl beynees ¢lpslypendersinod; frne thd foHowingrdsiseripgiondptandnal

sel ective epitaxial gromh silicon layer is formed over a gate structure

andorgusahivnathathd adroaprny mgidonwings,iin grhicht liieakftesse agmatals degighhe siiiiaraon

consuned by the silicide process. Detail ed Description of the Invention 20

Theonpespsadihg eRwents, @igions) dndieréesciidiadviith:detail with reference to the

acconpanyi ng drawi ngs. The present invention provides a nethod for formng
5 an epitaxial cobalt silicide (CoSi2) 0Q 1 SEP 2005 5 .0 ?0 layer on an

ultra-shal l ow source/drain junction. Referring to Fig. 1, the present

i nventi @#,beqi 1€

pat t o ne's) 1 ol o RN oo R B yisSed il

Waf(,%glé)fa cr c%?xiaa?r%%tc wﬁ:l?u rrglrsﬁ%!p(g?’ ﬁlél%ﬁ{’?}sfﬁg? d B'I[gl tg Qhenl:?i'%sef\:n{ mvcr?t'ijcg:nh as

nonocr ys 1 con,

nclude a

Figs. 5 and 6 illustrate sequential scctional views of a preferred embodiment of the present

0 invention, using a void-free epitaxial CoSi, layer formed according to the present invention as a

silicide-as-dopant-source (SADS) to form ultra-shallow source/drain junctions with a diffusion

process.

Figs. 7 and 8 illustrate sequential sectional views of an method for forming a void-free
(S epitaxial CoSiy according fo the present invention wherein an optional selective epitaxial growth

silicon layer is formed over a gate structure and a source and drain region having a thickness equal

to the silicon consumed by the silicide process. -

Detailed Description of the Invention

20

The present invention will be described in detail with reference to the accompanying

drawings. The present invention provides a method for forming an epitaxial cobalt silicide (CoSiz)
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‘as is known in the arts such as a silicon on insulator (SO) stmuétsﬁpe.zaﬂs

Pattern silicon structure (11 ) Should be understood to possibly further
i ncl.ude one or nore conducting and/or insulating |ayers forned over the
substrate or the |like and one or nore active and/ or passive devices forned
on or over the substrate or like. The key attribute of the patterned
silicon structure (11) is that it has a non-planar silicon top |ayer in at
Ie&§@f9“BﬁﬂﬁﬁbﬁmH¢WﬁD@taﬂeanyﬁ@ﬁenr|ng to Fig. 1, patterned silicon
structure (11) can conprise a silicon substrate (12) having shallow trench
isolation (STI) structures (13) therein and gate structures thereon
between said STls. Gate structures.typically conprise an electrode |ayer .

(14) W titufatrib wlgowﬂ:lep}e@mrm&%ﬁbnw REPAEN i bl rogf S ur ther

conprlse |'i ghtly doped source/drain eglo

£8Y STHelLg 9§ ng formali DDs (16) and
! doval i”pat%@?‘égl &%q%@ ]t)t ipfide upfers@it EPperdioly ieRils ByaTer @1 Saned
u5| F cl eani The HF sol ut.ion, which preferably has
Sg%ﬁ%éﬁ e o e e bl e tows S S iRt et ob R SRS hed
S|I|COQ struc&u%ﬁaépﬁ for., between about 7 to 8 mnutes, resulting in_
sl iAght “arendne &t g ptlican ep ansuiatrs (SER) %@ctt@vel?at(ems;llw@eﬁmurngl bo
Fig.2, a first titani'umlayer (20) is formed on the patterned silicon
st rshetldibe undarstood fthpossibilys furthiet mnludmohayemo(eZ@))lducstmgremﬂﬁﬁ aldujatilgdosirdi ed to a
t hi ckness of between about 50 7 [Q 1 SEP 2005 5 LOis 20 angstrons and 80
andstmoheven diergbstrapot the tikagnpoee@SBore active and/or passive devices formed on or
over the substrate or like. The key attribute of the patterned silicon structure (11)isthatithasa
non-planar sificon top layer in at least a portion of its area. Referring to Fig. 1, patterned silicon
structure (11) can comprise a silicon substrate (12) having shallow trench isolation (STI) structures

(13) therein and gate structures thereon between said STIs. Gate structures typically comprise an

electrode layer (14) with a liner oxide layer (15) thereunder. Gate structures can further comprise

lightly doped source/drain regions (LLDD) (16) and sidewall spacers (17) as are known in the art.

Following formation of LIDDs (16) and sidewall spacers (17), the patterned silicon structure
(11) is cleaned using a dilute HF cleaning solution. The HF solution; which preferably has a
concentration of between about 1% and 2%, is applied to the patterned silicon structure (11) for

between about 7 to 8 minutes, resulting in slight lateral under-etch in the liner oxide layer (15).

Referring to Fig.2, a first titanium fayer (20) is formed on the patierned silicon structure

(11). The first titanium layer (20) is preferably deposited to a thickness of between about 50

- nie e L T A TR AT o a7
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A cobalt layer (30) is formed on the first titaniumlayer (20) mTF]eSg%l;gﬁ
| ayer (30) is preferably deposited to a thickness of between about 100
angstrons to 150 angstronms using a sputtering process. The cobalt
deposition is preferably performed in-situ (in the same deposition chanber
as the titaniumdeposition). Still referring to Fig. 2, a second titanium
| ayer (40) is formed on the cobalt layer (30). The second titanium|ayer
(4@pgdtonpy idetabbyraepeshdt £ehdtRrids pRicekness of between about 80 angstrons
to 150 angstrons using a sputtering process. The second titanium
deposition is preferably performed in-situ. A key advantage of the second
titaniumlayer is that it prevents .contam nation of the cobalt [|ayer by
trace el enen an ant.am nants .n the anpienf. Referring to Fig. 3, the
pattern %?ﬁﬁ?ai@ﬂy?gf’@clﬁ T ff)tﬁ‘? rshHRBER Yﬁ"sézr% Lhg ?9@{tq%ﬁé§ni‘ﬁg st ep.
The %J?r?giy nneal ing step is preferably a rapid thernmal anneal (RTA)

pe™YF ogitgddRpdhigkpgse obpetysemelat 10danessspe tahil seBToMsusiagdur at i on of
bet ween_about 45 to 90 seconds in a nitrogen anbient at atnospheric

pr 8RB pragess.f ThaeotaHvieposiserels prefarably nehfermob al-situt @n Hiegraiealepaitoar d and
react with the silicon structure (11) to forma CoSi 2/CoSi (50) |ayer. The
t.i tchainben asrth¢ henhine d¢posttiobani um | ayer nigrates upward and the first
titaniumlayer and the second titaniumlayer react with the nitrogen
anbient to formTiN (60). A key feature of the present invention is that
the thickness of the CoSi2/CoSi (50) |ayer can be precisely controlled,

whi ch prawerirgrisk i€pR. noiesch NahE% laet @8) isThin&Uh HHRSEiAhSerdb oy Hnand
si dewal | spacer edges. Also, less silicon is consumed than in prior art 8
14 sbeoriRidRm I%yCIQALO)E*ls preferably deposited to a thickness of between about 80 angstroms to

150 angstroms using a sputtering process. The second titanium deposition is preferably performed

in-situ. A key advantage of the second titanium layer is that it prevents contamination of the cobalt

layer by trace elements and contaminants in the ambient.

Referring to Fig. 3, the pattern silicon structure (11) is annealed using a first annealing step.
The first annealing step is preferably a rapid thermal anneal (RTA) performed at a temperature of
between about 550°C and 580°C for a duration of between about 45 to 90 seconds in a nitrogen

ambient at atmospheric pressure. The first anneal step causes the cobalt to migrate downward and

react with the silicon structure (11) to form a CoSip/CoSi (50) layer. The titanium in the first
titanium layer migrate;s upward and the first titanium layer and the second titanium layer react with
the nitrogen ambient to form TiN (60). A ke.y feature of the present invention is that the thickness
of the CoSi,/CoSi (50) layer can be precisely controlled, which prevents stress induced voids in the

silicon substrate at STI and sidewall spacer edges. Also, less silicon is consumed than in prior art




Yc cobalt silicide processes. Another key advantage of the pr es@ng SEP 2005
invention is that, due to the HF clean, no titaniumsilicide is forned

- between the CoSi 2/ CoSi |ayer (50) and the silicon structure (11). The

CoSi 2l CoSi | ayer (50) conprises a CoSi2 seed |ayer, whose thickness is
dependent upon the tenperature and duration of the first RTA process. The
tenperature and duration of the first RTA process are critical, as this

CoSbRalssiBcde pyetsses sanbthed ley AGkRa@Soht BRRLAL S, | g of the
remaining CoSi in the CoSi2/ CoSi ?%f/%r LB cOs‘??l%B‘aBit?%%B?i%qé%%?nd RTA.

Al fitah; : .ent s LAt ti. bet th
e e N B SR A R O O AP S TeeiRe (11

Referying to Fig. 4, the TiN (60) and unreacted cobalt (30) are renoved
usi'ng a"sel ective etchback process. First an ammoni um peroxi de m xture
(APIWe(,CqLﬁe% %3 erg rmed f or?\getween about 3 minutes and 8 m nutes,

pr ef Srai'y - ABoBYCr £ B RIPEses aeqpiz seeddlaysryphesegbicknesdés ddpendaneupgrsiy) cl ean
is perforned for between _about 3 minutes and 8 mnutes, preferably about 5
i ﬁ%?@%f .at““‘Ffi“H’afﬁFS'}}ona?f s RE A rropesst dhermpastutsendelemtmpadthafini RTAes and
5 mnutes, preferably about 4 mnutes. A spray clean nethod can be _
apIrPeEas arpKaticgsas thisNgafiipsded laysedsseuiialyrmstsasartymplateSiox ransfomdtida ofieses on

the dielectric spacers and field isolation, mnimzing gate-to-source/drain

| edkmgaingdoBrin thyi CofisdSi ageresistioth Sy dlrthe tHé kdcond BTV r ARE theOfidki ATAS, A
second annealing step is perfornmed on the silicon structure (11). The

s equoctsatergetdtingprat@s inferitRheeadon tBe Bl titatui] akyng en
about 825 C and 875C, preferably about 8§OC,ufo%y%g@§Zratl{or?H%PR§Jie ween

abq,mcoa(},trh@m{le's(ﬁgconds. The second 14 1 SEP 2005 s

Referring to Fig. 4, the TiN (60) and unreacted cobalt (30) are removed using a'selective
etchback process. First an ammonium peroxide mixture (APM) clean is performed for between
about 3 minutes and 8 minutes, preferably about 5 minutes. Next, a sulfuric peroxide mixture
(SPM) clean is performed for between about 3 minutes and 8 minutes, preferably about 5 minutes.
Finally, an APM dip is performed for between about 3 minutes and 5 minutes, preferably about 4
minutes. A spray clean method can be applied. The last APM dip is used to remove any TiSix or

oxide phases on the dielectric spacers and field isolation, minimizing g‘ate—to-source/drain leakage

or bridging and increasing yield.

Still referring to Tig. 4, a second annealing step is performed on the silicon structure (1 1)..
The second annealing step is preferably a RTA, at a temperature of between about 825°C and

875°C, preferably about 850°C, for a duration of between about 30 to 45 seconds. The second




1(c) is 20 annealing step converts the remaining CoSi in the CO@I &/%%%ﬂﬂﬂ'i
| ayer - (50) to CoSi2, formng a CoSi2 |ayer (50A). This process results in
hi ghl'y uniformsilicide with no grain-boundary induced silicide asperity

(roughness) at the junctions. This is highly advant ageous for future

sub-0.1 mcron CMOS technol ogy when the junction depth is |less that 800
angstrons. To minimze Si consunption, an wultra-thin but highly-uniform
epianagdliag stipldoaivetes therdildning oS & KB TRSK,/M01 18 ek esthd cbBi,! kAt MetYsil ess
Si consunption i.e. <300 angstrons, with2 no d%grg%gti on 1iz’n thergrfa:(lf 2

st gtdri30a)Yi n excess of 950C for RTA and 750C for furnace anneal).

" Preferred 'Enbodi nent In a preferred enbodi nent of the present invention, a

10
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CoSi 2 |l ayer (50A) fornmed as described above is used as a silicide as
dopant source (SADS) |ayer. Referring to Fig. 5, inpurity ions of a desired
type (e._egrH Por As for N+, and B for P+) are i.n*gl anted into the CoSi2

| ayer  ush HYPLCHSAFmIRRighlyyun Sawtsiicida with ao gerin-bbwslagnindpeastsilicads s wi t hi n
the CoSi2 |layer, to prevent damage to the underlying silicon. For, exanple,
f orasBerey Siopehugseyat die jupetionee A h 250 hwhlystdvenwegand f30DuaOgSE-0.0mBicrdR Clols woul d
be inplanted at an energy of between about 2 KeV and 10 KeV at a dose of
bettphwnlagovientFl Bingtion dergh &rds<3EAB0aanfrns. Far méhim@e i 2ohay@itionf abet ween
250 angstrons and 300 angstrons, B ions would be inplanted at an energy of

betulgathiaboubighly2uk@vmapiadialsikaNe frmad 08Rs Ahnke WHARN RO rethtiFel}Fedt M CN2
and 3E15 10 10 1 SEP 2005

Si consurption i.e. <3 00 angstroms, with no degradation in thermal stability (in excess of 950°C

for RTA and 750°C for furnace anneal).

Preferred Embodiment

In a preferred embodiment of the present invention, a CoSi, layer (S0A) formed as

described above is used as a silicide as dopant source {SADS) layer.

Referring to Fig..S, impurity ions of a desired type (e.g. P or As for N+, and B for P+) are
‘implanted into the CoSiz layer using a minimum.ene‘rgy, such that thé i)eak impiant profile is within
the CoSi, layer, to prevent damage to the underlying silicon. For, example, for a CoSi; layer of
between 250 angstroms and 300 angstroms, P ions would be implanted at an energy of between
about 2 KeV and 10 KeV_at a dose of between about 1E15 atm/cm® and 3E15 atm/cm?. For a

CoSi; layer of between 250 angstroms and 300 angstroms, B 1ons would be implanted at an energy

of between about 0.2 KeV and 1.0 KeV at a dose of between about 1E15 atm/cm? and 3E15
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5 1a 15 20 atmcn2. Referring to Fig. 6, the inpurity ions are@i?f&%peaﬂm
into the underlying silicon to formultra- shallow source/drain regions

(72) using a thermal anneal processes. For an epitaxial CoSi2 |layer having

a thickness of between about 250 angstrons and 300 angstrons, an anneal is
performed at a tenperature of between about 875C and 925C, preferably
about 900C for a time of between about 15 seconds and 45 seconds,

pr efrefcaBl y about 30 seconds. An ultra-shallow junction (72) of |ess than
800 angstrons is forned beneath the CoSi2/Si interface. Referring to Fig.
7, an optional selective-epitaxial growh process can be used to deposit
epitaxial silicon (90) on a polysilicon gate el ectrode (14) and

sour ce/ i 1 Lon 16 ri.or to..silicidgtion..The thickness of the

sel ecti %%*‘8%?2%% %@%&%ﬁ“‘@%l?%ﬂ&ﬁe f‘é%@%ﬂto Hhy o W SGPT tesfors ulkses j ust
suféi@ient f9ﬁ t he siliﬁﬁn consuned during the epitaxial silicide formation
pr GERLLY purge/digipregions g H@@‘ﬁﬁdﬁ%’j‘?al anngal Repessesy it @8 spitaxigdeabis yen he
surface clean prior to the SEG Si process in place of a high-tenperature
He TB¥Ieg & Bckness o betvrsp abrut PR Ragstionsand A0P angsrems) rrearneat smeddrm¢datat i on
regions. This structure is especially advantageous for ultra-thin
undepegrasey ofesiveasatpyel 1D G 4nal B8¢ Ceprefanblp about00 A@ fecutime bflbetiween Whi ch
reduces the problematic increase in-parasitic resistance associated with

t hizbomt thiccendsume 45Ascatisypreferably ghouB30 tdtensd. | As LHALIHANOROEEDS (73 of
descri bed above, fornms the CoSi 2 |ayer (50) using the SEé—Si wi t hout

corlsssthng8@Ninpdfrofb & faREET batoR (8d LbSO/Y ifledefte, source/ drain regions (16) or
the polysilicon gate el ectrode (14).
Referring to Fig. 7, an optional selective-epitaxial growth process can be used to deposit

epitaxial silicon (90) on a polysilicon gate clectrode (14) and source/drain regions (16), prior to

silicidation. The thickness of the selective cpitaxial growth silicon (SEG-S1) can be controlled to

be just sufficient for the silicon consumed during the epitaxial silicide formation process (e.g. 250 -

300 angstroms). A HF vapor process is used for the surface clean prior to the SEG-Si process in

place of a high-temperature H, bake to minimize dopant redistribution in the already-formed

junction regions. This structure is.especially advantageous for ultra-thin undoped-SOI devices due
to the better fan-out in the source/drain, which reduces the problemaﬁc- increase in parasitic

resistance associated with this architecture.

As shown in Fig. 8, the silicidation process as described above, forms the CoSi; layer (50)
using the SEG-Si without consuming any of the underlying silicon in the source/drain regions (16)

or the polysilicon gate electrode (14).

1
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Il 10 1 SEP 2005 The invention provides a void-free epitaxial dﬂsﬁst%JQBS
on patterned substrates (patterned silicon structure). The invention

provi des a nmethod which is robust with |low sensitivity to the thickness of
the interfacial titanium ( first titaniumlayer). The invention further
provi des high s throughput and ease of integration. Wile the invention has
been particularly shown and described with reference to the preferred
enbodi nents thereof, it will be understood by those skilled in the art that
various changes in formand details may be made w thout departing fromthe

]Spizr i3t 43[213 éﬁ\‘f%‘?ng@ré 9&0&&% A VYEREL OR taxd P AR lagzér & ﬁtt%?n%diS%Bstrla%(es](gatg'emse%l: 2005
silicon structure). The invention provides a method which is robust with low sensitivity to the

thickness of the interfacial titanium ( first titanium layer). The invention further provides high

throughput and ease of integration.
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 ¢laimed is:
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112 13 14 15 16 17 18 19 20 21 1. A method for forming a voi dff § <3EP 2008
epitaxial cobalt silicide (CoSi2) |ayer on an ultra-shallow source/drain
junction, conprising the steps of. a) providing a patterned silicon
structure; b) formng a first titaniumlayer on said silicon structure; c)
form-ng a cobalt layer on said first titaniumlayer; d) formng a second
titanium |l ayer on said cobalt layer;. e) annealing said silicon structure
at a tenperature of between about 550C and 580C in a nitrogen amnbient at
at nospheri c pressure; whereby said cobalt mgrates downward and reacts with

saild si |A owthasitioufrirmire; 4 voifldtan opitieisi @bel Silicl RNEOSEPIRE & A0ulda GRS’y Seed
| ayer on the surface of the silicon structure, and said first titanium
llayer msgtakaizain puRiign adehp3aing (hé &8ps 4t ani um | ayer and said second
titanium |l ayer react with said nitrogen anbient to formTit; f) renoving
said Ti N and unreacted cobalt; and

a) providing a patterned silicon structure;
b) forming a first titanium layer on said silicon structure;
¢) forming a cobalt layer on said first titanium layer;

d) forming a second titanium layer on said cobalt layer;

¢) annealing said silicon structure at a temperature of between about 550°C and 580°C in a
nitrogen ambient at atmospheric pressure; whereby said cobalt migrates downward and reacts with
said silicon structure to form a CoSi»/CoSi layer comprising a CoSi, seed layer on the surface of

the silicon structure, and said first titanium layer migrates upward and said first titanium layer and

said second titanium layer react with said nitrogen ambient to form TiN;

f) removing said TiN and unreacted cobalt; and

g) annealing said silicon structure at a temperature of between about 825°C and 875°C to

convert the CoSi/CoSi layer to a CoSi; layer.

I3




- g) annealing said silicon structure at a tenperature of betweenmalt;)oSEPE@ng
and 875 C to convert the CoSi2/CoSi layer to a CoSi2 |layer, 13 [a 1 SEP
2005 2. The nethod of claiml which further includes, prior to step b,
cleaning said patterned silicon structure using HE 3. The nethod of .claim
2 which further includes, subsequent to HF cleaning and prior to formng
said first epitaxial layer, formng a selective epitaxial growmh silicon

| ager ovide nmhrrcbfa"dmdmld/hﬁ:hﬁuftﬁ@llﬂﬂﬁdeanﬂnmb)éﬁ:bm eRMnigatadpheGhepde, having
a thickness approximately equal to the thickness of silicon consuned by

f or m ng siliven €e&itdrelBYRIHE. 4. The nmethod of claim 1 wherein said first
titaniumlayer is fornmed to a thickness of between about 50 angstrons and
80 angstrons, said cobalt layer is forned to a thickness of between about
100 angstrons and 150 angstrons, and said second titaniumlayer is formed

h O . 5. Th
method E?"é?@%?%%fﬂﬁéﬁ?"i?ﬁ@ﬁﬁ“‘aﬁﬁﬁgﬁa‘&sEu%%eapuea% EBRRE SPREFAL anncal

per, dur t| on, of ween about ds and 90 seconds, and
PR S Bt B ) PRiRL oA v SRy B1Gid g Eoth ey s oA e
perforned for £ gxurat on of between, about 30 seconds and 45 seconds. 6.
éir%tr%‘ansoal‘“ JPRSHen gRlsredsarode hgvissta Bickaeps eppiogrrtelyregualip éhd s ¢l eaned
_usi HF v a-concentration of between about 0.5%and 2% for a
duﬁﬁlgk%%sagmﬁe%mu@%hy formmmtedsoSanldys. ninutes. | }F 10 1 SEP 2005

4. ‘The method of claim 1 wherein said first titanium layer is formed to a thickness of between
about 50 angstroms and 80 angstroms, said cobalt layer is formed to a thickness of between about

100 angstroms and 150 angstroms, and said sccond titanium layer is formed to a thickness of

between about 80 angstroms and 150 angstroms.

5. The method of claim 1 wherein the anneal in step e is a rapid thermal anneal performed for
a duration of between about 45 seconds and 90 seconds, and the second anneal, and the anneal in

step g is a rapid thermal anneal performed for a duration of between about 30 seconds and 45

seconds.

6. The method of claim 1 wherein said patterned silicon structure is cleaned using HF vapor at

a concentration of between about 0.5% and 2% for a duration of between about 7 minutes and 8

minutes.
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wherein said CoSi 2 | ayer has a thickness of between about 150 angstrons and

300 angstrons. 8. A nethod for formng a void-free epitaxial cobalt

silicide (CoSi2) layer which is used as a silicide-as-dopant-source to
forman ultra-shall ow source/drain junction, conprising the steps of: a)
providing a patterned silicon structure;

7

The method of claim 1 wherein said CoSi; layer has a thickness of between about 150

angstroms and 300 angstroms.

8. A method for forming a void-free epitaxial cobalt silicide (CoSi,) layer which is used as a

silicide-as-dopant-source to form an ultra-shallow source/drain junction, comprising the steps of:

a) providing a patte'rned silicon structure;

b) cleaning said patterned silicon structure using HF;

¢) forming a first titanium layer on said silicon structure;

d) forming a cobalt layer on said first titanium layer;

¢) forming a second titanium layer on said cobalt layer;

f) annealing said silicon structure using é rapid thefmal anneal at a temperature of between
about 550°C and 580°C in a nitrogen ambient at atrhospheric pressure; whereby said cobalt

migrates downward and reacts with said silicon structure to form a CoSi,/CoSi layer, and said first

titanium layer migrates upward and said first titanium layer and said second titanium layer react

with said nitrigen ambient to form TiN:

g) rerﬁoving said TiN and unreacted cobalt; and

15




b) .cl eaning said patterned silicon structure using HF;, c) forn#nglasgﬁraﬁﬁ
titanium |l ayer on said silicon structure; d) formng a cobalt |ayer on
said first titaniumlayer; e) formng a second titanium/|layer on said
cobalt layer; f) annealing said silicon structure using a rapid thernma
anneal at a tenperature of between about 550C and 580C in a nitrogen

anbi ent at atnospheric pressure; whereby said cobalt mgrates downward and
reacts with said silicon structure to forma CoSi 2/ CoSi |ayer, and said
first titaniumlayer mgrates upward and said first titaniumlayer and

sai d setpmhehliigiidistlit@ygfucti®sing Wirkfid ﬂfﬂnqalnéﬁn'éhlgﬁﬂt rﬁtﬂ}e aoocm%p T

g) renoving said TiN and unreacted. cobalt; and Is (Q I P 2005

anpiealtignge S ahdgdda h I anneal at a
tenperature of bet \Ag)?r?n%ﬁg%b%goq é%dgagn)% g@,@g@f %()Efeert sai d CoSi 2/ CoSi

| ayer to a CoSi2 layer; 3 4 i) inplanting inpurity ions into said CoSi2

| ayer such that the peak dopant profile is within 5 the CoSi2 | ayer; and 7

, anne n ai d_patterned, si 0 tructure to diffuse said dopant ions
‘.)m o oar i e e GO R Rt EOPa bt SR siepiakonsamaploys PRGE | one.

qu %WOd of claim8 which further includes, subsequent to step b and
prlllﬁ' ?$TE @ dtep ¢, i forming a sel ective epitaxi al growth silicon |ayer
over source and drain regions and polysilicon gate 12 electrode, having a
t hi ckness approxi mately equal to the thickness of si'licon consuned by
form ng SR

J) annealing said patterned silicon structure to diffuse said dopant ions into said patterned

silicon structure to form ultra-shallow junctions.

9. The method of claim 8 which further includes, subsequent to step b and prior prior to step c,
forming a selective epitaxial growth silicon layer over source and drain regions and polysilicon gate

electrode, having a thickness approximately equal to the thickness of silicon consumed by forming

the CoSi; layer.

10.  The method of claim § wherein said {irst titanium layer is formed to a thickness of between
about 50 angstroms and 80 angstroms, said cobalt layer is formed to a thickness of between about

100 angstroms and 150 angstroms, and said second titanium layer is formed to a thickness of

between about 80 angstroms and 150 angstroms.

I, The method of claim 8 whe_r‘ein the anneal in step fis performed for a duration of between

about 45 seconds and 90 seconds, and the anneal in step h is performed for a duration of between




33 the CoSi2 |ayer. 10. The method of claim8 wherein said firslp !.$Eﬁuzﬂﬂﬁ

| ayer is forned to a thickness of between about 50 angstrons and 80
angstrons, said cobalt layer is fornmed to a thickness of between about 100
angstrons and 150 angstrons, and said second titaniumlayer is fornmed to a
t hi ckness of between about 80 angstronms and 150 angstrons. 11. The net hod
of claim8 wherein the anneal in step f is performed for a duration of
bethwee A0 sabvods artbdSsecomtss and 90 seconds, and the anneal in step his
performed for a duration of between 16 [0 1 SEP 2005 about 30 seconds and
45 seconds. 12. The nmethod of claim@8 wherein said patterned silicon
structure (11) is cleaned using HF. vapor at a concentration of between

about OTh¥mithd2Hciamn SwHeteRlsaRMRkrRaNREA sBRAUe (T1THRIGLAS udPI® M nutes.
13. The method of claim8 wherein said CoSi 2 |ayer has a thickness of

betyeeR 2BGenR R AR ivaNELERD. SA%LNARIE %%]9.1 ratich ofmg)v&'ﬁtagggt Phikh& M 9

wherein said CoSi 2 | ayer has a thickness et ween about 0 angstrons and
300, ppgshias. 15. The nethod of claim 14 wherein the anneal in step | is
per?orne at a tenperature of between about 875 C and 925 C for a duration
of between about 20 seconds and 40 seconds. 17

13. | The method of clai;n 8 wherein said CoSi, layer has a thickness of between about 250

angstroms and 300 angstroms.

4. The method of claim 9 wherein said CoSi, layer has a thickness of between about 250

angstroms and 300 angstroms.

15. The method of claim 14 wherein the anneal in step j is performed at a temperature of

between about 875°C and 925°C for a duration of between about 20 seconds and 40 seconds.




