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Epitaxial-CoSi2 with Utra-Shallow Junctions Background

invention This invention relates generally to sem conductor fabrication,
and nore particularly to a nmethod for formng a void-free epitaxial CoSi?2
| ayer #‘ll%{l} fiﬁ conpatible with ultra-shallow source/drain junctions. 10
Descriplioh Prior Art Self-aligned silicide (salicide) processes are’

wi dely used in seniconductor gate and source/drain structures t-o reduce
sheet resistance. As the gate length of transistors are scaled down is for
each new generation of integrated circuits (1C) in order to achi eve higher
speeds and hi gher density, the source/drain junction depths are al so scal ed
down to reduce the short channel effects. Reduced junction depth can

si gni fi carm Method fadébridating Vedd-FresEpitaialeC6Sis withdllmbﬁlmél/omhmtmngl ons.
For exanple, for an 800 angstrom junction depth, a salicide process which
consunes 300 angstrons of silicon would reduce the junction thickness by
nore than a third. 20 Typically salicide processes use titaniumsilicide.
However, as |ine w dths continue t(?iackground

5 Field of the Invention

This invention relates generally to semiconductor fabrication, and more particularly to a
method for forming a void-free epitaxial CoSi; 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 i}igher 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



fi €S 99-355 decr ease, titaniumsilicide becones inpractical. This is
because titaniumsilicide sheet resistance increases dramatically as Iine
wi dt hs decrease to about 0.17 microns. Cobalt silicide does not exhibit
this |ine wdth dependance for sheet resistance, naking it an attractive
alterr@|9ves3:?§ltltanl umsilicide. s Several nethod for form ng a CoSi 2_

g . . :
| ayer ©On"4q ow source/drain junction have been proposed. In one

met ho j i i d epitax T ...a Co/Ti/Si scheme is used.

Tt anteiehdeC M HSIRALEL BRoBR Wapedcl s et iurar Aoy Sbipt S3PER | no.
Cobal t_is de&)osi t.gji onﬁ)io the titanium also preferably by igutteri ng. The
subst PATEAsFSdramgtically as ling widths decagnsataabent .07 mierpas: Sepbalt slicidsrioas mitng
anbient, wherein the cobalt and titaniumdiffuse through one another. The
cobal texhibidhis lingmidth dependindeorsheet resistanc€pBiakify It Sin Atteactivé hleerhdtivand um
mgrates to the surface and reacts with the nitrogen to formTi N This

pr ocedsarbmGilickfgpves native oxi des through a reaction with the titanium to
formTi O. The oxygen is rel eased.into the chanber anbient when the titanium
reacts with the nitrogen. 15 Another nethod for formng CoSi2 is

oxi de-nedi ated epitaxy (QOVE), which uses-a chem cal oxide-interfacial

| ayer with i S| t- ands W t.ira- hi gh, vacuum .anneal schene on
an’initial Sggé%lz’%@?/@?&qﬁo'ﬁﬁg 'é‘(rE,"%E%%YCEJ%%i Shefbey %0“5%5'%%&“’?%8? Bas brgn
fabricatio tf'rre, o . . _— . '
proposed. In one 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 preferably by sputtering. The substrate is exposed to a two-step anneal in a nitrogen
10 containing ambient, wherein the cobalt and titanium diffuse through one another. The cobalt reacts
with the silicon to form Co8i/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 TiO. The oxygen is released into the chamber ambient when the titanium reacts with the
nitrogen. |
15
Another method for forming CoSi; is ox_ide-mediated epitaxy (OME), which uses a
chemical oxide interfacial layer with multiple deposit-and-ultra~higﬁ vacuum (UHV) anneal
scheme on an initial CoSi layer. However, the UHV in this process increasing fabrication time,

reducing throughput. While both methods 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.



reduci n§ t hroughput. Wile both nethods have denonstrated good epitaxi al
CoSi 2 on flat (blanket) 20 substrates, voids can occur on patterned
substrates in high-stress areas such as adjacent to STI structures. T CS
99- 355 The inportance of overcom ng the various deficiencies noted above is
evi denced by the extensive technol ogical devel opnent directed to the
subj edS %% 3PScunmented by the rel evant patent and technical literature.

The closest, and apparently npre rel evant_ techni cal devel o nts.in the
pat ent | i t dhgtmpertanss opavesfuning thepipriopndstigenrisg netpe a‘P%’IeP%G\)RH%’CB‘iP%ﬁFs. 5 US
5,047,367 Wei et al. shows a Tl ME process wherein the epitaxial CoSi2 |ayer
i s forextesivbyechnologing develppinas direeied tosthe pubjest, asgoqumentes by e rsleanbpatentr r i er
and as a contact via fill. The titaniumlayer renpves native oxide by

r eact igng tavhhieal lteraGir@2Thoclbsestyund dppatently marelel¢vanhnidal dévelapmpntsiig thep t he

surface and rel eases the oxygen to the anbient, and titaniumsilicide

(Ti 5Sipatehnftekaturklcdh B} gleand tyscoabidémey the Fdlloving pdteitf.ace. However, Wi does
not di'scl ose how the Ti N diffusion arrier during annealing will survive

the subsequent wet etch step. Also, Wi does not disclose or suggest a
void formation issue or a nethod for preventing void formation in his CoSi2

PR S R P e L S e R
et al 'byspo?r\alr\llxsngaanTi%o%i- gy%r,ogsiggofilqiagg d?ffurg?gn largcizrsainldiagiacci:gntgé\{%iiazﬁll.f jl"ile[n
titanium layer removes native oxide by reacting with the SiO; to form titanium oxide (TiOy) which
travels to the surface and releases the oxygen to the ambient, and titanium silicide (TisSi; and
10 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 CoSiz scheme.

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

15 device using a metal silicide film.
US 5,449,642 Tan et al. shows an OME method of forming a‘metal_disilicide (MSiy) film.

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

20 CoSi; layer.

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



US 5,728 625 Tung shows an OVE process for device fabrication forning an
epi taxal . 20 CoSi 2l ayer. US 5, 536,684 Dass et al. shows an OVE process
designed to forma planar epitaxial CoSi2 CS 99-355 |[|ayer. US 5,970, 370
Besser et al. shows an unnedi ated process to formthe CoSi2 | ayer using a
Si/Cb/agth13§ ack and a 2 step RTA. Detrinental contam nations between the
silicon and Tobalt s are prevented by sputter depositing the cobalt |ayer
andCREEyJ]N, and Ti capping-layers in a vacuum US 5,567,652 Ni shio shows
an .7 process to forma CoSi2 layer using Si/SiOX/Ti/Co stack and a 2
step RTA. 10 Sum: nry of the Invention It is an object of the present
invention to provide a nethod of fabricating a void-free epitaxial CoSi2

| ayer on a patterned silicon structure. is It is another object of the
present i nvﬁﬁtﬁﬁlﬂ%’?e Besesgetrl. shows on gamediated procesy tp rf@maﬂW&‘@EZflﬁlé’é usiggat axi al
CoSi 2 | ayer which is conpatible with an ultra-shallow junction. It is

anot heSGuTREATi sthck bl 37 siep RTA. esritieotal cantgmioetions batwast Mrbilisonfaa oot | ng
an ultra- shallow junction by a diffusion process, using a void-free

epi t axarlpréveiled bly 3y@iter depayitthpRBOEobaR Myeand RO TIN ahé TV €dppaipdiyees inabjaeeEmof
the present invention to provide a nethod of fabricating an ultra-thin
(i.e., s 250 angstrons) CoSi 2 | ayer suitable for integration into future
sub-0.1 mcron CMOS '

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

stack and a 2 step RTA.

10 Summnry 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,

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

epitaxial CoSi, 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.
20
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



CS 99-355 architecture. To achieve these and ot her objectives, the
present invention provides a nethod for formng a void-free epitaxial

cobalt silicide (CoSi2) |ayer on an ultra-shallow source/drain junction. A
patterned silicon structure is cleaned using 14F. Afirst titaniumlayer, a
cobal Ig)égg 5and a second 5 titaniumlayer are successively forned on the
patterined’s PI con substrate. The patterned silicon substrate is anneal ed at
ate eéa%tctére of between about 550C and 580C in a nitrogen ambi ent at

at nDrsTgW FfEYSr essure; whereby the cobalt migrates downward and reacts with
the silicon structure to forma_CoSi l|layer, and the first titaniumlayer

ni gr at es upREFlcE et rRdpthes obertives, thepressns invaption prreidest Bisthod IoREVMAY ayer
react with the nitrogen anbient to formTiN. The Ti N and unreacted 10

cobal a vaidfreeepitasil cotiall silicidedCnSia) lapartamraa ultsa-shallow seurcaidrain jumetie.abur e of
bet ween about 825C and 875Cto convert the CoSi layer to a CoSi2 |ayer. The
CoSi 2 phawtaed dHeonotucwfedslcleabal usiiy ARt adirsivithhtushiaRgenta cobals layet, ahd asecond
subsequently diffused to formultra-shallow junctions. The present

i venigioim %t 4eSuddeiNdy fiikd 84 W%:}}aﬁgﬁ%d Qiehn hiberRE] Phe pdtlerneRflicon

significantly, is the present invention-provides a nethod for formng a

CoSi 2 J By &le ig\/ﬁhr?elﬁgjd%t Y QlrfhcldeGR o‘?ggtge%t%@ﬁg 'ﬂ?{ﬁ‘fbc %&J SScaH %inﬂ%ggﬁ | Blehi@ by

providing | nproved contr over ness at the con

interface. .A.so, the Si2 | ayer, forned .accordi ng to. the present jinyention
can’ bATTPES e MM A SoRHS M e SOU e AR SR b e G e sipieke

di f f usi ?n process to form.ultra-shallow junctions w t% m.nial silicon
danagdo form BEpeklaysssand;the fivsh tigpiumiayeymaigraigssupward and the first titanium layer and

the second titanium layer react with the nitrogen ambient to form TiN. The TiN and unreacted
10 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 CoSh, 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,
1§ the present invention provides a method for 'fom’aing 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 preéer;t invention can be injected
with dopant ions and us¢d as a dopant source in a diffusion process to form ultra-shallow junctions

with minimal silicon damage.

20 Brief Description of the Drawings

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



The :f'eatures and advantages of a semi conductor device fabricated according
to the present CS 99-355 invention and further details of a process for
frabricating such a seni conductor device in accordance wth the present
invention will be nore clearly understood fromthe follow ng description
taken in conjunction with the acconpanying drawi ngs, in which Iike
referemeedfudbal s designate similar or corresponding el ements, regions,
and portions, and in whjch; s Figs. |I - 4 illustrate sequentjal sectional
vi ews gveniiogragg dursher detanopia prgcessiar-fabricatingsuch gisgmicopdustor dexiga in sAaR5D| e
with ultra shallow junctions according to the present invention. Figs. 5
and 6 withthetpresest weentiontwilllbe smue clomdy undegsisodofrora ther fotlewingdlesariptidin takean inof
the present 10 invention, using a voi'd-free epitaxial CoSi2 | ayer forned
accor degurictiof éthphesebfnpariendradingdsinavhich fikedeféeenas ndmpalidesighate Sin{iBADS)
to formultra-shallow source/drain junctions with a diffusion process.

Fi gs. Zor?e@ﬂoriiiiﬁéfélb&ﬁéxﬁt@,&@gi&%‘}lﬁﬁd‘ﬁ%xﬁbnéﬁﬁinQ%Eh:V' ews of an method for
formng a void-Tree is epitaxial CoSi2 according to the present invention
erein an optional selective epitaxial growh silicon |ayer is forned

over a gate structure and a source and drain region having a thickness
equal to the siljgpn consuned.by the silicide progcess. .Detailed . .
bescr i pt Lont 8- 1 b ARER SRS abcrhBel e Fhe Fathn K Srvruink 1T G eBPied | n
detail with referenge to the acconpanying . . .

Co8i2 layer compatible with ultra shallow junctions according to the present invention.

Figs. 5 and 6 illustrate sequential scctional views of a preferred embodiment of the present
10 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
15 epitaxial CoSi; 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 (CoSiy)



drawi ngs. The present invention provides a nethod for forming an epitaxial
cobalt silicide (CoSi2) CS 99-355 layer on an ultra-shall ow source/drain
‘junction. Referring to Fig. 1, the present invention begins by providing a
patterned silicon structure (11). The patterned silicon structure (11)
’ShOUInS? b% ug,??rstood to possibly include a wafer or 5 substrate conprising
a se % U 'ng material such as nonocrystaline silicon, or a like
structure l %ﬁ}he art such as a silicon on insul ator (SA)
struc \(ﬁronqgé{ "ﬁ%‘ @‘P&H‘F % (11) should be understood to possibly
further incl ude one or nore conducting and/or insulating |layers forned
over the substrate or the |ike and one or nore active and/or passive
devices formed on or over the substrate or like. The key attribute of the -
pat t er ned Réfetrimgrto Fig. U¢thepeeséitlinventioh beding by pr@sidinglDpaternepIsiican stswdtareon t op
layer in at least a portion of its area. Referring to Fig. 1, patterned

si i cany. she p'é-tiebl{eﬂ stlichh s@auR NP sho@dde %hﬂér%@d &}J;Kb%éxb@txﬁcmée?a waftY bR
shal l ow trench isolation (STlI) structures 13) therein and gate structures

tsher e%sQ@tE%ﬁErx§ﬂ%; d séiﬁcénd@ahg ﬁt&ﬁ%&é& &S H{oxsé ahline SITR! SAi@ Strubluict r ode

| ayer (14) wt I ner oxlide Tayer der. ‘Gate’ structures can

LF&E“S% as‘%%%@ r?@;e'f%?u ¥ 23 %ﬁgﬁﬁﬁaﬁl&?ﬁ&§6§£‘s&r&%‘a§ ri%gﬁn%ﬁ%ctﬁ&"@ 5 of
I (N (11
|s cl &m&aefh &tiovéﬁtp |pa§5éﬁnﬁlr§1eém# t%%PE?ItP%refrog %&P@BF w?ﬁlraﬁgé l%&?eréh )

preferably has a concentration of betvveen about 1% and 2% is applied to
t he parmed ouer the pybstateor thedikgraad pna Pr mere achiv sidéar pabsivp depices fgmefl @nes

resulting in slight lateral under-etch in the |liner oxide |ayer (15).
over the substrate or like. The key attribute of the patterned silicon structure (11) is that it has a

10 non-planar silicon 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 betvseen 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 (LDD) (16) and sidewall spacers (17) as are known in the art.

15
Following formation of LDDs (16) and s?1dewa11 spacers (17), the patterned silicon structure
(11) is cleaned using a dilute HF cleaning solution. The HF solution; \:vhich 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).
20

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

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



20 Referring to Fig.2, a first titaniumlayer (20) is formed on the
patterned silicon structure (11). The first titaniumlayer (20) is
preferably deposited to a thickness of between about 50 CS 99- 355 angstrons
and 80 angstrons using a sputtering process. A cobalt layer (30) is forned
on t hedf ighhStystsi t ani um | ayer (20). The cobalt layer (30) is preferably
deposited to a thickness of between about 100 _angstrons to 150 angstrons

usi ng i ) eposition is preferably perforned
i n- si ?ﬁg’?ﬁﬁgﬁhg%gé‘n%t@g%g@uﬁ%aosﬁnﬁ%rﬁg BestoPOb L L P s Ul deposition). Still
referring to Fig. 2, a second titaniumlayer (40) is fornmed on the cobalt

| ayer (30). The second titanium|layer (40) is preferably deposited to a

t hi ckness of between about 80 angstrons to 10 150 angstrons using a

sput t eri ng dpedekdayer (3 isformedion the dinstuitandesp dayiet (260 The gbeltdayab(30) per f or med
in-situ. A key advantage of the second titaniumlayer is that it prevents
cont amprefetablyrdepbsitcieo & dticktriess dfdbeprechubdutd 00 angsaorits 1 Shshgshomamsingat s i n
the anbient. Referring to Fig. 3, the pattern silicon structure (11) is
agnealspattditigiBodsd, | ThelcoBAID 80BN $§ %_Erferaﬁlﬁ pekifmbd IS §inAMDARIshME dSiRRiohS
preferably a rapid thermal anneal (RTA) perforned at a tenperatture of
betmegﬂmﬁggq&t&;@gﬁﬁggkéﬁﬁgbgpr a duration of between about 45 to 90
seconds I n a nitrogen |e3t at atnospheric pressure. The first anneal
step causes the cobalt to mgrate downward and react with the silicon
structure (11) to forma CoSi 2/CoSi (50) layer. The titaniumin the first

E : E 22: 3m : %@f;re égxgr&rga}oﬁg#?\gasgc%n %gangxpn(? 1in¢{ (S4t0) %sif%r?rrxgduonrgtlg X(%altﬂgj%rt(%%. %ﬁgond

second titanium layer (40} is preferably deposited to a thickness of between about 80 angstroms to

10 150 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.
15 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 col.aa.lt to migrate downward and
react with the silicon structure (11) to form a CoSi/CoSi (50) layer. The titanium in the first
titanium layer migrafes upward and the first titanium layer and the second titanium layer react with
20 the nitrogen ambient to form TiN (60). A key feature of the present invention is that the thickness
of the CoSiy/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



20 the fiitrogen anbient to formTile (60). A key feature of the present
invention is that the thickness of the CoSi 2/ CoSi (50) |ayer can be
precisely controll ed, which prevents stress induced voids in the silicon
substrate at STl and sidewall spacer edges. Al so, less silicon is consuned
than i grigr art CS 99-355 cobalt suicide processes. Another key advant.age
of the™p s R? invention is that, due to the HF clean, no titanium suicide

is for 1. ' j : -Sh AN Wed piE e

(1n).* i %2@%3%?%8%?%- %@?ﬁe’(t%ﬁ%%fn%ﬁ% gé@féf%%%i *%%E%é% i%_ f%éy*’e%f ‘t&,ﬂosfe_ .
i ckness i s, dependent upon the s tenper re.an ration. e firs

pr oce§§ﬂ“aﬂ9et1‘?’élﬁﬁ’e?‘lﬁlé"r ’é%%m*cfdg)ﬁ?"éﬁepé‘?? WA liﬂy%rt(g dthg lenostiptyre

critical, as this CoSi 2 seed | ayer essentially acts as a tenplate for

transffobbrmati on of the remaining CoSi in the CoSi 2/ CoSi |ayer 50 to CoSi?2

during the second RTA. Also the first RTA process tenperatue prevents

i nt er AHeiCuSiBECoSiEeyer (30 chbmpritestal Tl sem layps whodhicknesstihidepsident upon thet he

silicon structure (11). 10 Referring to Fig. 4, the TiN (60) and unreacted

cobal trerdi3fhtudd Smd RARUACIWS MEt RTAPrESRES. VEhe ehpaanedadh dieaie. of Bier fidst REA
ammoni um peroxi de m xture (APM clean is-perfornmed for between about 3

M NUt 63,aaela 8 c?iiti@él% @Ss;th's@o%fizesreé@iaye@égﬁéﬂiaﬁy o101 Lempie for tAngtinidtioh of the

peroxi‘de m xture _clean is performed for between about 3 m nutes and
o oSSR Tl 2HAFoapl D g A st
-S|-|p rsfii ;%lpge%g terrrne};[e?zgge gr%\rf]entt)sein?eegﬁiog %étw-le;gg thleaifrtst tﬁ\apnl\xﬂurgli Igyeir %2(55 %g&l e Qiti SHRY Bhe2NY
silicon structure (11).
10
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.
15 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 gate-to-source/drain leakage

or bridging and increasing yield.

20 Still referring to Fig. 4, a second annealing step is performed on the silicon structure (11).
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



oxi.de phases on the dielectric spacers and field isolation, mnimzing
gate-to-source/drain | eakage or bridging and increasing yield. 20 Still
referring to Fig. 4, a second annealing step is performed on the silicon
structure (11). The second annealing step is preferably a RTA at a
terrpercgtgyr(g_att%'f5 bet ween about 825C and 875C, preferably about 850C, for a
‘durati®n c?f et ween about 30 to 45 seconds. The second CS 99-355 anneal i ng

step copver t remai ni ng. CoSk d.n_t.h 1.24-CoSi el &D0) _to o2l
For i et eb Mple iRt enkos T ISCCAORU R GG Patiey gt
silicide with no grain-boundary induced silicide 5 asperity (roughness) at
t he jd%ﬁt%i(iﬂfs):' This is highly advantageous for future sub-0.1 m cron CMOS

t echnol ogy when the junction depth is |ess that 800 angstrons. To mnininmnze
Si consunption, an wultra-thin but highly-uniformepitaxial silicide forned
in this manner would result in relatively less Si consunption i.e. <300

angstroms, WHié Probéss degraihalizian uhifodDaniomE withabigrdib Yolhdarenadesed sdfci@S0C  for
RTA and 750C for furnace anneal). 10 Preferred Enbodinent In a preferred

egbodi ’ Ie; O fontal I ) ¢
hoor 1B 4y IR B e BHE TP NS IR B o 3 SRR VS

et ot i Bholshy Sy o juh R depb 1 82 6 S38ERE 1Y Ribfctss cBrlingfinl & M-

uftra-thin but highly-uniform epitaxial silicide formed in this manner would result in relatively less

Si consumption i.e. <300 angstroms, with no degradation in thermal stability (in excess of 950°C

for RTA and 750°C for furnace anneal).

10
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.
15

Referring to Fig. 5, impurity ions of a desired type (e.g. P or As for N+, and B for P+) are
implanted into the CoSi; layer using a minimum energy, such that th;a peak implant profile is within
the CoSi; layer, to prevent damage to the underlying silicon. For, example, for a CoSiz layer of

between 250 angstroms and 300 angstroms, P ions would be implanted at an energy of between
20 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 ions would be implanted at an energy

of between about 0.2 KeV and 1.0 KeV at a dose of between about 1E15 atm/em? and 3E15



i mpl'anted into the CoSi2 |ayer using a mnimum energy, such that the peak
inplant profile is within the CoSi2 |ayer, to prevent damage to the
“underlying silicon. For, exanple, for a CoSi2 |ayer of between 250
angstrons and 300 angstrons, P ions would be inplanted at an energy of
.bet\l\eﬁ,in g.g)_%)gut 2 KeV and 10 KeV at a dose of between about 1 E15 atnkn®
and 3E15 atmicn2. For a CoSi2 |ayer of between 250 angstrons and 300

angst t 2B ions would be inplanted at an energy of between about 0.2 KeV
and 1. eV at a dose of between about 1 E15 atm cnR and 3E15 CS 99-355
atm cn2. Referring to Fig. 6, the inpurity ions are diffused into the
underlying silicon to formultra- shallow source/drain regions (72) using a
thermal anpeal processes. For an epifaxial CoSiz layer s having a thickness
of bet weenRefstring to 5iie. fnthetimpwsitydon 180 diffusersintootirg undaslyingligonite Igsay vlganed at
a tenperature of between about 875 C and 925 C, preferably about 900 C for
a ti nshatibwizetiswedmin adgiorts (125 \smgartbemahannksdl rocasds Fopareémiaaial Colibdayer 30
seconds. An ultra-shallow junction (72) of |ess than 800 angstrons is

fsor neHavigne eidknedico fGatedh 2boiit 256 ah @t ms hdd Bed efdstrbis, 4 dnheal is/performedit onal
sel ective-epitaxial growh process can be used to deposit epitaxial

i |1 cfngefilize OF betooh WStk RIS SR rseLefichatlty Lidhl 900 BRUIER/ dimaiibehegi ons

(16), prior to silicidation. The thickness of the sel ective epitaxial

0o s ST 500, BECTRI AT U B R (09
the. e Gan 3Pl abiscomy s PBRA bR G SR Gipta: ure 12 bake to minim ze
dopant redistribution in the already-fornmed
10 Referring to Fig. 7, an optional selective-epitaxial growth process can be used to deposit
epitaxial silicon (90) on a polysilicon gate electrode (14) and source/drain regions (16), prior to
silicidation. The thickness of the selective epitaxial growth silicon (SEG-Si) 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
15 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.

20 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).



junctidn regions. This structure is especially advantageous for ultra-thin
undoped- SO devices due to the better fan-out in the source/drain, which
reduces the problematic increase in parasitic resistance associated with
this architecture. 20 As shown in Fig. 8, the silicidation process as
descr E&Eeg ggge forms the CoSi2 |ayer (50) wusing the SEGSi without
consu y~of the underlying silicon in the source/drain regions (16)
or the polysilicon gate electrode (14). 4 CS 99-355 The invention provi des
a void-free epitaxial CoSi2 [ayer on patterned substrates (patterned
silicon strri.;cture The, |nver1t| on provides. a nethod which is robust

| ow sensi t iLDF iMyerEpn pavides vaiddes chitaxial CoSid leyerom pattemned sihstiates (Hart?@@d
titaniumlayer). The invention furthér provides high s throughput and ease
of i nsidigomstrustureMiiHeanvendion proavittes o melttas! Wiieln isgpabust withdew yershiomy taths
described with reference to the preferred enbodinents thereof, it will be
under gticlagsdyf thd e fasial titagthm Ofifshitafiiim labar). Ve inverftio Hadige providesthégbm and
details may be made without departing fromthe spirit and scope of the

iV enthriighpubandake bSinfaitioRd i s: 14 jiijilit 111CS 99-355 1 1. A net hod
for formng a void-free epitaxial cobalt-silicide (CoSi2) |ayer on an
ultra-shal | ow

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.

10

What is claimed is:



2 'source/drain junctiomconprising the steps of 3 4 a) providing a
patterned silicon strudtp T=1I“mgﬁl“uﬁrnlng a first titaniumlayer on said
“silicon structure; 7 1 Ll balt |ayer on said first titanium
layer; 9 10 d) fornming a Secdnd” tlianlun1layer on said cobalt layer;, .1
.12 e) g@eél ng said silicon structure at a tenperature of between about
550C an in a 13 nitrogen anbient at atnospheric pressure; whereby
said cobalt mgrates downward and reacts with 14 said silicon structure to
forma CoSi 2/ CoSi |ayer conprising a CoSi 2 seed | ayer on the surface of 1is

fhe gili CQ(‘m%EHo'd%x“ﬂ‘oﬁmn@%@o?&h‘ée é;!nfa%ial bobANiERd @6 ) Ty G fSulttRRIbwANd
said first titaniumlayer and sald second titanium | ayer react with

ald nitr .S f) renmoving said Ti N and

unr eact ed%gg% %ﬁg‘%ﬁﬁﬁ&g‘émlyégﬁ%&% Eg said silicon structure at a

t enperature of between about 825C and 875C to 21 convert the CoSi 2/ CoSi
fayer to a CoSi2 |ayer.

4 a) providing a patterned silicon structure;
5
6 b) forming a first titanium layer on said silicon structure;
7
8 ¢) forming a cobalt layer on said first titanium layer;
9
10 d) forming a second titanium layer on said cobalt layer;
.1
12 ¢) annealing said silicon structure at a temperature of between about 550°C and 580°C in a
13 nitrogen ambient at atmospheric pressure; whereby said cobalt migrates downward and reacts with
14 said silicon structure to form a CoSi»/CoSi layer comprising a CoSi, seed layer on the surface of
15 the silicon structure, and said first titanium layer migrates upward and said first titanium layer and
16 said second titanium layer react with said nitrog.en ambient to form TiN;
17
18 f) removing said TiN and unreacted cobalt; and
19
20 g) annealing said silicon structure at a temperature of between about 825°C and 875°C to

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



CS 99-355 2. The nethod of claim1 which further Tnctudes;—prior—t6 step b,

cleaning said patterned silicon structure using Hglm E i of claim
2 which further includes, subsequent to HF cl eani ngh m | ”m ﬂ orm ng
said first epitaxial layer, form ng a selective epitaxialt growsh silicon

| ayer @yveyg.spyyce and drain regions and polysilicon gate el ectrode, having
a thickness approximately equal to the thickness of silicon consuned by

forming t heryaRiod 88@him PwhibhFuiRk BRshRt, Foridutdp Mhenging saifttiest

titaniumlayer 1s fornmed to a thickness of between about 50 angstrons and

80 angstro | t yer is fornmed to a thickness of between about
100 angstro@ﬁ%cog%ggﬁt&%b%# sliuf'oms, and said second titaniumlayer is fornmed

to a thickness of between about 80 angstrons and 150 angstrons. 5. The
met hod of claim| wherein the anneal in step e is a rapid thernmal anneal
performed for a_ duration_of i‘f%etweer,\ about 45 seconds and, 90 seconds, and
t he setond Hresthod ghelainhe whithdyrthrincludessugsqogent to BE deapHigang Prigh Real
performed for a duration of between about 30 seconds and 45 seconds. 6.
The mefoihgohiddirst epitaxiahleyei formingh solective epatixisl giowtnsibcorueyaroaet spurdeaafed
usi ng HF vapor at a concentration of between about 0.5% and 2% for a

dur at | dainakgioas welpolgsilidsh gétendlsvtiods, hanigd thiokivgs esproibiatel OSu@bto3bS

thickness of silicon consumed by forming the CoSi, layer.

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 second 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 ¢ 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.



7. -The nethod of claim 1l wherein said CoSi2 | ayer ha ickness o

bet ween about 150 angstrons and 300 angstrons. 1 8. !ﬁm Mw[ﬂm ng a
void-free epitaxial cobalt silicide (CoSi2) |ayer whi i 4 2
silicide-as-dopant-source to forman ultra-shallow source/drain junttion,
conpricy ngt3ke steps of 3 4 a) providing a patterned silicon structure; 5
6 b) cleaning said patterned silicon structure using HF;, 7 8 c¢) formng a

first 7tit arphdmdiosest c%sl%ﬂeréihlshﬁ%ﬁ}lfag%thg Q]'zhéck?legsoof@et&e%ﬁ gg .i 1?0 cobal t

| ayer on said first titaniuml ayer; rmng a secon ani um

| ayer i I r; 13 14 f) annealing said silicon structure

usi ng aggsrtg)%?sgantg%learanagffgt%ﬁlﬁéal at a tenperature of between is about 550C and
580C in a nitrogen anbient at atnospheric pressure; whereby said cobalt 16
m grates downward and reacts with said silicon structure to forma

CoSi 2/ CoSi | ayer, and said first 17 titaniumlayer migrates upward and
shid B rst A metherden forpiag axioid-Fae epitaaindpebaltisilioideu@oS Y byerwiich isi8edws h sai d

nitrigen anmbient to formTiN,

2 silicide-as-dopant-source to form an ultra-shallow soyr'ce/drain junction, comprising the steps of:
3
4 a) providing a pattémed silicon structure;
5
8 b) cleaning said patterned silicon structure using HF;
7
8 ¢) forming a first titanium layer on said silicon structure;
9
10 d) forming a cobalt layer on said first titanium layer;
11
12 e) forming a second titanium layer on said cobalt layer;
13
14 f) annealing said silicon structure using a rapid thermal anneal at a temperature of between
15 about 550°C and 580°C in a nitrogen ambient at atmospheric pressure; whereby said cobalt
16 migrates downward and reacts with said silicon structure to form a CoSi»/CoSi layer, and said first
17 titanium layer migrates upward and said first titanium layer and said second titanium layer react
18 with said nitrigen ambient to form TiN;

19 g) removing said TiN and unreacted cobalt; and



19 }g) renoving said TiN and unreacted cobalt; and jti ttt~ti ttittitittit
tt CS CS 99-355 20 21 h) annealing said sitieon—structure using a rapid

thermal anneal at a tenperature of between 22 Imﬂmm\‘ 75C to
convert said CoSi 2/ CoSi layer to a CoSi2 Iayer;\ ﬂm“lﬁ LU nting
i mpurig¢y dpnssd nto said CoSi2 layer such that the peak dbpaht *orofile is
within 25 the CoSi2 layer; and 26 27 j) annealing said patterned silicon
sgructure to diffuse said dopant ions into said patterned 28 silicon
structure to formultra-shallow junctions. 29 30 9. The nethod of claim8
I ch furth8r.hde: : i d prio rior.to s o 31
forming o sorasfbl B suRHeRRANGEL ke s R el aPly Ba PlnsSk® o bRe i
gi on | ysilLgQn gate. 3 ectrode, havin .t hi ckness
ggpr Oxa?)%a{%ssﬁeaéagbk t@to[ %’é‘v %F%&ﬁgggféﬂs‘g‘?ﬁf@&n&%ﬁhgﬁﬁéd by forming 33 the
CoSi 2 |l ayer. 10. The nethod of claim@8 wherein said first titaniumlayer is
fdrmed to a thickness of between about 50 angstrons and 80 angstrons, said
cobalt layer is forned to a thickness of between about
24 i) implanting impurity ions into said CoSi, layer such that the peak dopant profile is within

25 the CoSi, layer; and

26

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

28 silicon structure to form ultra-shallow junctions.

29

30 9. The method of claim 8 which further includes, subsequent to step b and prior prior to step c,
31 forming a selective epitaxial growth silicon layer over source and drain regions and polysilicon gate
32 electrode, having a thickness approximately equal to the thickness of silicon consumed by forming

33 the CoSi; layer.

10.  The method of claim 8 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 ’Ehickness 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.

11. The method of claim 8 wherein the anneal in step f is 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



100 angstrons and 150 angstrons, and said second titaniumlayer is forned
to a thickness of between about 80 angstrons and 150 angstrons. 11. The

met hod of claim8 wherein the anneal in ﬁéﬁgﬂi_;__peLLoLﬁed—for a duration
of between about 45 seconds and 90 seco and the @ in step his

ﬂ nds and 45

per for, C duration of between CS 99- :‘mw l _
seconcjf?%(j O’j‘rfllﬁe met hod of claim8 wherein l“ -o sSilicon structure

11) g d .08 4 or at a concentrfti‘on of bet ween about 0.5% and
2%for a urat?lgi%ao? gig?c\%}e{gﬁ about 7 mnutes and 8 mnutes. 13. The net hod
of claim8 wherein said CoSi2 |ayer has a thickness of between about 250
angstrom; and 300 angstrom; 14. The net hod of cI ai m 9 wherein said CoSi 2

| ayer cknes en apout 250,. an nd 300 ,an,

O GO S o S ke e abison ARvccen! B e AOTREC T
t enper ature of bet ween_ about 875C and 925C for_ a dur at| on of between about
20 secHRasatafenamtatonpiketween about 0.5% and 2% for a duration of between about 7 minutes

and 8 minutes,

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

angstroms and 300 angstroms.

14.  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.



