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The present invention relates to silicon netal oxide sem conductor field
effect transistor (MOSFET),-and to a nethod of formng a netal s-'r---l18;i0@pzun5
contacts to the Si MOSFF |- . Description of the Related Art Metal oxide
silicon sem conductor field effect transistor (MOSFET) scaling requires the

cont i nuou$SEIAHIGNRDSILICIDRSALICIDE)FROGKES FORSTHAINED SHAORIMOSFERIe

short, the device threshold voltage, Vt, becones dependent on the gate

Lle::] gfjme:??dsggﬁﬁerw se devi%%ﬁ??g?’ﬁp %@tﬁgﬁélw\%ﬁ#ﬁgve a

different turn-on voltage. Since a variance in the gate length is always
expected due to production tools tolerance, the dependency of WVt on the
gate size may cause the circuits to fail. 2 18 OCT 2005 To suppress SCE, a
scaling of the silicon-on..insulator (SA) filmthickness is needed- As
shown bel ow, the design of a device with a shorter gate |ength would
require the use of a thi nndBACKGGROUNINOF. THEINVENTIONI s design rule hol ds
for both a single gate MOSFET and a double gate MOSFET. That is, Figure 1
shows the change in WVt as a function of the gate length for different S01
channel thicknesses (ti).' Specifically, Figure 1 shows that when a very
short gate length is produced, ingt of obtaining a very flat Vt, a
sharp roll-off of Vt is shown. Itr}?'gﬁf?gf’@c!”‘feﬁg‘?'f in any given

manuf acturing, there is always sone tolerance since it is not possible to
print exactly the sane fromwafer-to-wafer and even from devi ce-to-device
on the sane wafer. Hence, in fact there will be sone tolerance (e.g., 10 %

variation in dJHieprésenbinvemion oclates toasiliveh eictal okkle SerfteoRducto? FRldere8r takisfpC e

is nmade on the flat region of the plot of the gate length of Figure 1, no
probl em S(MOSEETY, hsto a method of forming a metal silicide contacts to the §i MOSFET,

Description of the Related Art

Metal oxide silicon semiconductor field effect transistor (MOSFET) scaling requires the
continuous .reduction of the gate length. When the MOSFET channel is made short, the device
threshold voltage, Vt, becomes dependent on the gate length. The effect, known as the “short
channel effect (SCE)", must be circcumvented or otherwise devices with different gate lengths
would have a different turn-on voltage. Since a vatiance in the gate length is always expected due

to production tools tolerance, the dependency of Vt on the gate size may cause the circuits to fail.



However, if such a 10% gate | ength variation occurs on the slopi npa;b(aﬂdg)n
of Figure 1, then a problemmay occur in that there will be a great 0.
difference in the threshold voltage (VM) of devices across the wafer. That
i's, some devices on the wafer may begin conducting at |ower voltages,

wher eas ot her Toesuppress Sy acscaling of thosilicmt-ominsalaton(IOIP fil tHiélawess ndddes. g he
circuit may not work and Figure 1 shows the inportance of controlling the

gate | enghéwn beEloaCthe e P4 8RR | ihaa to
very short gate IenSt hg.gnlgurther, 1&?@?};&% @g%t%ﬁg’fw&l]ﬁ k‘ﬁgﬁ?g{“’?‘;ﬂégﬁ‘#@eﬁg| e

and doubl T an _inpr.qved, SCE hehavi.o a thinner
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chal l enge. That is, as the channel is nmade thinner, the series resistance

to 3 18 &PSBBD5 the source and drain increases. The parasitic series

resi stance can affect the speed of the device, and therefore nust be

mi ni mi zed, To Theris(igird shews teahffe ﬁWwQMnﬁﬂoﬁMhdgﬁf R bOdHoRhPSOL
el 1&g or

t hi ckened. An optim zed devi ce would have a thin chan I on

suppr essi . LG urce and drain regions for |ow series
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sel ective epitaxy, but that would add silicon only to the source, drain and
gate reQrasiged, Histpad of abtainirg esverpflasViaa MEEH Eoll-off of Wt 1s'showd.t I ignctéchihakaned. "
silicon source and drain 8 by epitaxy. Specifically, Figure 2A shows a
silicon iveRinBmifactiaNg Uk [ :

silicon- girﬁa;gtnsul a?o?c(sig'?ﬁﬁrggler ﬁ %gﬁ?g?me @(')sﬁﬁq[eﬁtelséwgggﬁgéﬁﬂ%x %

di el ectr ' . on khe SA w,th a te 5 heing forned_on the gate
di el ectr Pﬁ‘”ﬁ‘.ﬂ"@%{”g{"gﬁegﬁ% ré“i?‘@”%%d?)‘?% H“’BH“E‘P"{F@&?&IW‘% epﬁ@mfac?
structur§i Th% Si epitaxy nust be selective or otherwise silicon will be
deposi t etheshmilhe somg teleranse (o8 p LY Yvasiation inrgatedength s¢rossithe wefes df suehand

tolerance/variance is made on the flat region of the plot of the gate length of Figure 1, no
problem should arise.

However, if such a 10% gate length variation occurs on the sloping portion of Figure 1,
then a problem may occur in that there will be a great difference in the threshold voltage (Vt) of
devices across the wafer. That is, some devices on the wafer may begin conducting at lower
voltages, whereas other devices would begin conducting at higher voltages, Thus, the circuit
may not work and Figure 1 shows the importance of controlling the gate length. Hence, some
problems may arise as technology progressing to very short gate lengths.

Further, it is noted that in Figure 1, both single and double gate MOSFETS show an
improved SCE behavior when a thinher channel is used. However, making the SOI channel

thinner imposes a new challenge. That is, as the channel is made thinner, the scries resistance to



drain to the gate. However, selective silicon epitaxy usually reqqiar@ﬁ@bsgh
grom h tenperatures (e.g., about 850-1200 'C), and is very sensitive’t
surface preparation (especially cleaning), which nmakes it a volatile

techni que for production. Indeed, the process is highly selective such that

the surf ahesousdecanid draiy inepruete Thepirastieieriel PR an JRREt B Ie,lsslgg 6m}~,giﬁ%9§,r e

is a small anpbunt of oxide such as a native oxide or the

remai ns r hor: ' : hose .afreas, . thereby
kgt A SR TS e i o rodi 1R n AR, B s B R Bewont BB e
the thin chapnel .is f.orm siljcon sidewall contacts to the source
and dr ai ﬁﬁ%@ea p?tgglaeq?ﬁevqc_e W‘gg PRVSA tjnq\ﬁqmgw?[qg;omfor suppgesgorr oDSGE.@ndur o,
M Ono, H.S Mnose, and H Iwai, "Silicified Silicon-sidewall Source and
Drain  Stthigk souree andrdrain gegionsfdoloweseries r2SistanceCMakingehgsdnraaaikals thickbP iy
Synmposi um on VLSI Technol ogy Di gest, page 11(e.g., Ref. 1). This nmethod

I : | f FET
St ruot ur oc PoufEvedby selcyioiepiafl, bt Mabolid pad SfcEEf, B nE Wi BB SRR <,
al. enti %@gjns Met hod for Making Single and Double Gate Field Effect

Tr ansi st W th Sidewall Source Drain Contacts", and incorporated herein
by reference i:e. g..,, Ref 2). This nethod includes depositing a silicon film
(e.g., poly- SPEuERA dlustntess MOSFRThstaictuse with wi“Brickened csikicon (sourge andsdrain $15
reactive ion etching (RIB)) to formSi sidewalls on either side of the

gat e. ThbyspitteyaSpedificaily, Bigure2eshoive a silfcoh bbstrateric Bavimta bitfeddixidelayep 2Whi ch
nmetgl contacts can be later fornmed. Figure 2B illustrates a typical MOSFET

b e FAEokegeur SO et 18 B o e BB
tenper at Wefectric 4 is formed on the SOI 3, with a gate S being formed on the gate dielectric 4. Gate
spacers 6 are also provided on sidewalls of the structure. The Si epitaxy must be selective or
otherwise silicon will be deposited on the device gate spaces 6 which would short the source and
drain to the gate.
However, selective silicon epitaxy usually requires high growth temperatures (e.g., about
850-1200 °C), and is very sensitive to surface preparation (especially cleaning), which makes it a
volatile technique for production. Indeed, the process is highly selective such that the surface
chemistry becomes extremely important. For example, if there is a stnall amount of oxide such
as 8 native oxide or the like which remains on the surface, there will be no growth at those areas,
thereby making the yield very poor.
A simpler and more robust technique to contact the thin SOI channel is by forming

silicon sidewall contacts to the source and drain, as described in T. Yoshitomni, M. Saito, T.



can be relatively low (e.g., such as |lower than approximately 700 19:06 7
dependi ng upon the gas precursor used; for exanple, silanc (Sii J4)-~car1 gpé
used at approxi mately 460' C but has poor selectivity). Mreover, the

deposited silicon can be re-crystallized (i.e., by using the thin SO as a

seed) usi ok I n T Aol ke |l ow resi stancge.contacts,
the use o §lij\'|i" ci éh{‘% L{@‘h?ﬁ%r %ﬁ‘r@ﬁ%ﬁllg@gdgﬁwpﬁ'éﬁ?‘d'ﬁﬁg@“rcﬁm n
structure (e.g., sidewall or e7pi taxially grown). The conventional

sel f - al i giawtuss for HighPerfarmances/Sem Gats lapth pMOSFBTS, b1 995 Symposiomena¥icSIdr ai n
must be nodified in the case of a silicon sidewall source and drain.

However , TRechialezytDigest) pagetl (ng.oRef Iy ThisanelBodiwardliccshdemRs BE 06§ uidhulldl®d in
si dewal | source and drain shows the followi ng problens. 5 1 s” OCT 2005

First. 2t diskot bR MOBRT et S AR Tn DI PRRAIRE s 9% SRS O

to the Si  consunpt silrciderea I'"ncreas eries
resi stan That is,..the.left-ba .Si..si.de | .in_Fiqur has been nostly
convert e?aloﬁ’f(ﬁ' "é&giegmtlsfﬁwa ’E‘%IEP"V@)B‘,’M%QE‘W éelg T8RSISIOIE duced
conpared to the contact areas A.,, before anneal. Secondly, as shown in the
schemat i ovithSigewall Soutceldmin Gentacts's andhineerporatedshereis byrefartset(e.gn Refi2ir ogr aph
(TEM, encroachnment of the silicide into the Si channel occurs. The problem

arises due t Thiyinéthéd Mcluley RpEENAE A siﬁ&oﬂ@ﬁﬁtea%,\t,%?){lsi) Bﬁ&@ﬁcli{nﬁﬁtﬂﬁﬂ?& dewal | .

V\hile_t_he rretal reaction with the sillpon SI : I's se Imted due to
otal ot PRI 4 Sobf afRaPtvciOH Bohibg kit B SR Sioodf on R docie 1

channel _occur The TEM shows a dark_ region and a,ljghter region (and a
cl ear bom%@%hﬁéﬁmf %@@ﬁ)ﬁn exensiROFhe Sonare m@ghwum% gh Ricad geHaets
represents the silicide encroaching into the channel under the gate. This
encroachmbﬂatﬁrﬁl’g‘leﬂy undesirable and | eads to faulty device

operation/failure.
Figure 2B illustrates a typical MOSFET structure with silicon source and drain sidewalls

7. The sidewall technique does not require a selective deposition ahd the deposition temperature
can be relatively low (e.g., such as lower than approximately 700 'C depending upon the gas
precursor used, for example, silane (SiH,) can be used at approximately 460°C but has poor
selectivity). Moreover, the deposited silicon can be re-crystallized (i.e., by using the thin SOI as
a seed) using a rapid thermal anneal (RTA). |

. Tomake low resistance contacts, the use of a silicide is required, regardless of the source
and drain structure (e.g., sidewall or epitaxially grown). The conventional self-aligned silicide
process (salicide) used for planar source and drain must be modified in the case of a silicon

sidewall source and drain. However, a direct application of the standard salicide process to the

sidewall source and drain shows the following problems.



Anot her problem shown in Figure 4 is that the sidewalls are of unedLﬁaOCTsMﬂSe
and shape. That is, the left sidewall has been di mnished as conpared to
the right sidewall. Cenerally, it is desirable to have as, |large a surface
area for the sidewall as possible, since this is the ‘contact area. The

larger the coifirstcas itlusttated iNFigvoe8) reliittion 8F tieldoliabtarsd el \dus %o e!si have.
Hence, a nethod is desirable which consunes as little of the sidewall as

possi bl e e . |.de 0, neal i n | d Ve

Cubat ant PoeLwish O e sticidd et WBich SoorbRb S sl E8hsitEe " Phnde I e gmng,
to the presgnt jinventiogn, such a techni que has not been devel oped. 6 18 OCT
2005 SUMORRGEEL IRTEEIrE 3 hen peandnostiy convaied fnto 62Sko The mshlging eontattiacs, A is

probl ens, di sadvantages, and drawbacks of the conventional nethods, an

obj ect other¢forgneduned cornparedita the cortadtargas Ay), before anawalsel f - al i gned

(salicide) method which is applicable to silicon sidewall source and drain

contacts. In Seddnbift afshofAlin Re sEﬁ@mec%??ﬁ%ﬁ BYfdhb 9&%&%&“%1’5&% °{?§(§§% S d

a nmetal suicide confact on a non-pl anar I con contarning re

controll jon of the siljcon. containipng, region, ipcludes formng
a bl anke%@%ﬂm’ e&&é’fmm’é&Qﬂl’leéﬂ}?l‘@dﬂtpéﬂ%&r@@@gpﬁﬁws-f £ Brapiem arises
silicon layer over the netal |ayer, etching anisotropically and selectively
wi th res@ugto angofinite resarveir ofmetal atithe base of the sidewakhaWhileithemhstalreaction wiithi the
silicon at a first tenperature to forma netal silicon alloy, etching

unr eact esilipon sitlewsl] isfself-himited das td thy Einite thiclk@ats ofthehetal GvefngithediRAAAItHES tO
forman alloy of netal-Siz, and selectively etching the unreacted silicon

ayer. | AusblPAOARG & Wkdse ofthIRIdBNEN A nok AffHeB OTHus EREGRRAIGE At aRL|" ©

i ncludes providing a sem conductor substrate I Cl I'nc I'ng a

Si des of OBt 1B TR A X ot o B st o & et oy hleieen)

of the channel region. The dark region represents the silicide encroaching into the channel under
the gate. This encroachment is highly undesirable and leads to faulty device operation/failure.
Another problem shown in Figure 4 is that the sidewalls are of unequal siz¢ and shape.
That is, the left sidewall has been diminished as compared to the right sidewall. Generally, it is
desirable to have as Jarge a surface area for the sidewall as possible, since this is the contact
area. The larger the contact area, the lower the resistivity the device will have. Hence, a method
is desirable which consumes as little of the sidewall as possible. Thus, ideally, the sidewalis
before annealing would have substantially the same size/shape as after the annealing. However,

prior to the present invention, such a technique has not been developed.
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and drain regions, formng a silicon filmover the nmetal, etchi ng.'

ani sotropically and selectively ~the silicon Mn, reacting the rretzgl'oﬂimﬁu
with Si at a first tenperature to forma netal-silicon alloy, etching
unreacted portions of the nmetal, annealing the structure at a second’
tenperature to forma netal gGVMMARYOF TRY BRVESTIOR! Y etching the
unreacted Si. In a third aspect of the present 1 nvention, a nethod of
formng a silioide7 includes providing a substrate to be silicided
including formng a netal-silicon mxture over 7 18 OCT 2005 predeterm ned
regions of the substrate, formng a silicon filmover the netal-silicon

m xture, et cHhnigvweef the faregoingand pihon probiems; disedvantagess and diawbacks iof the
reacting the netal-silicon mxture with Si at a first tenperature to form

a net al - rdoavermoasionetbddslanebiert v the peaehtdfivantibh isab pRividd Enevw Rl Ralighkd | con
m xture, annealing the substrate at a second tenperature, to form

net al - Si | hi . S yet anot her
nspoct . Al meyRRCwinel RbEHIE | hTSh AL HRE b mboridlu i o

i ncl udes a non-planar siljcon containing region, and,a netal disilicide
contact f or medt&firstiagpechofihe present invention, s methaddonfompingametal silipide epntact ios
non- pl anar silicon containing region includes Ge. Wth the unique and

unobvi ousa foneplanag siliodn contriping segon havimgdontralled cdsihption of the dikconaohtdiing ar ea
occurring due to the Si consunption by the silicide reaction is prevented.

Hence, t hegien,iificlides ﬁmﬁ?agmwé: mdid IDHRY 0drithEsiBR RRtalffd RgRRCormfg 4 N the

ponv.en';]i onfal net hods and structures. Furt her, enproachment of thga | : I ci de
ot or Saegh B Grer ol Oby @ Geling dilBrrockanty Bd oo b7 WRKGR B

avai l abl e at. the base of the sidewall,, ..
val metal stucr| silicon ayer, reacrt}ng ﬁx'c m&?l with silicon at a first temperature to form a metal

silicon alloy, etching unreacted portions of the metal layer, annealing at a second temperature to
form an alloy of metal-Siz, and selectively etching the unreacted silicon layer.

In a second aspect, a method of forming & semiconductor structure, includes providing a
semiconductor substrate to be silicided including a sidewall source region and a sidewall drain
region formed on respective sides of a gate, forming a metal film ovef the gate and the source
and drain regions, forming a silicon ﬁl;n over the metal, etching anisotropically and selectively
the silicon film, reacting the metal film with Si at a first temperature to form a metal-silicon
alloy, etching unreacted poﬂiohs of the metal, annealing the structure at a second temperature to
form a metal-Siz alloy, and sélectively_ ctching the unreacted Si.

In a third aspect of the present invention, 2 method of forming a silicide, includes

providing a substrate to be silicided including forming a metal-silicon mixture over



Further, the sidewalls appear substantially the same size and shapi t@ﬁggﬁ
and after the annealing, thereby nmaintaining as much of the conta P

as possible for the device BRI EF DESCRI PTI ON OF THE DRAW NGS 8 1BO0CI. 21) 05
The foregoing and ot her purposes, aspects and advantages will be better

under st o fe?lﬂ?] eW} b dFoi¥ <28s Q@ﬁi%ﬁ Bh‘h ngrcﬂf)e fefd]-& l@&l{l\ﬁﬁdﬁe

enbodi nent o e|n ention wt ere cetot rawm ngs,

Funct | on SRS SREPIORRE R Pt lﬁ%rsﬂ“"' i wadile %@ﬁﬁg@e@ﬁﬁgmﬁbﬁ‘m

Il lustrates a MOSFET structure with "thickened" si Ilcon source and drain by
epi t axy; akh §ist emperaturets fornr metal-righ phase, etﬂmfﬁmysmrmwdrpemmtdf thei | i con
source and drain sidewalls; Figure 3 illustrates A reduction of the contact

area due nidaltsilécon mikaite, Wiidalifg tHeYsubiRte fial sb@drﬂ%r%a_géﬁﬁxi‘é)ib forth Q4hi&alSi; alloy,
illustrates a transm ssion el ectron mcrograph (TEM and a schematic of a

portion %ﬁgagﬁwmmgh%5§e§§1 showi ng the encroachment of the silicide

onto the gures | lustrate processing steps of a method
according to %gref erred enbodi nent, of the gresent i nvention,in which:
Figure 5 i |1 udR yekaoothar 45pect) a seymicnguetor saichae pecgrdingto thearesent inventien,

Figure 6 illustrates a silicon cap 9 is deposited over the structure;
Fit glﬁf ﬁg 7 él;cldltdm rmangianahslicdr containing fegidnoamdametab dizilickistconactdfonmst aethect i ve
’ non- planar silicon containing region, wherein the non-planar silicon containing region includes

Ge.

With the unique and unobvious features of the present invention, reduction of the contact
area oceurring due to the Si consumption by the silicide reaction is prevented. Hence, there is no
increase of the parasitic series resistance, as in the conventional methods and structures.

Further, encroachment of the silicide into the Si channel does not occur. That is, unlike
the conventional structures and methods, thete is not an infinite reservoir of metal available at
the base of the sidewall.

Further, the sidewalls appear substantially the same size and shape before and after the

annealing, thereby maintaining as much of the contact area as possible for the device.

BRIEF DESCRIPTION OF THE DRAWINGS




the silicon cap 9; 9 1 B OCT 2005 Figure 8 illustrates the struct-w& 9

followng a first RTA and an etching of the wunreacted netal (e,qg., BDQS
figure 9 illustrates the structure follow ng a second RTA and an etchi ng of
the wunreacted Si cap 9; and Figure 10 illustrates the disilicide 11(e.qg.,

CoSi 2) fornat g R _ | ‘&{ oncentrat i i n.
the Si film h for gﬁ%gﬁ%ﬁ%’)ﬁﬁﬁnbéééf?%ﬁ’@?‘é&s)éde‘@#{}%%ﬁ( Fhe talErn fs&ﬂ?ﬁ&&?mng
silicide formation . in the case of a,Si .sidewall, and in the case of Go

i ncor por éﬁ%@%ﬁ’f@ Qa;pélcg!acgzpaié%pqr a prefeyiad £ otefiie ivertiormwith refermrRveD
EMBODI MENTS OF THE PRESENT | NYLINTI ON Turning now to Figures 2B and 5.1 |B,
preferred enbodi nent of the present invention w/ll be described

herei nafter. However, prior to discussing the present invention in detail,

it is notksdaWiigs, theshidhe sake of sinplicity only and not for limting the
scope of the invention in any way, the nethod discussed belowis for the

speci fic case LlLGlde. |t ‘has b d becayse |t '
provi des a I"O\%J{g?gsﬂjlss t."'s\?‘i?%“%% 11}%«:31@91530%? @ﬁt%@éﬁsﬁ & FF‘H"H@“P &of a
special interest due.to its superior properties, the nethod is general and
app! i cablgﬁu"teiﬁp%lil for @iffexent S chagnelthicknesseser netal's such as Ti, Pt, Ni, Pd, W

etc. 10 18 OCT 2001
Figure 2A illustrates a MOSFET structure with “thickened” silicon source and drain by
epitaxy;
Figure 2B illustrates a typical MOSFET structure with silicon source and drain sidewalls;

Figure 3 illustrates a reduction of the contact area due to the Si consumption by the
silicide reaction;

Figure 4 illustrates a tnmsmisﬁion electron micrograph (TEM) and a schematic of a
portion of the MOSFET of Figure 2B showing the encroachment of the silicide onto the Si
channel; |

Figures 5-9 illustrate processing steps of a méthod according to a preferred embodiment
of the present invention in which:

Figure 5 illustrates a metal film 8 is deposited over the structure;
Figure 6 illustrates a silicor; cap 9 i3 deposited over the snuctﬁre;
Figure 7 {llustrates the structure following the anisotropic and selective etching of

the silicon cap 9;



Turning now to the drawi ngs, Fig. 2B shows an initial device tof)
silieided. The structure includes-a Si substrate 1, a buried ox @@CJ&%
| ayer 2, a silicon-on-insulator (SOX) film3, a gate dielectric 4, a
patterned gate 5, two sidewall spacers 6, and the silicon sidewall source

and drain 7. The sFighe@ilbtpadahé Sndnfe hﬂﬁ%ﬁ%gﬁ%@k@A%ﬁaﬁ%%hh%&%i der ed
as source and drain extensions. As shown in Figure 5, athin film8 of

netal (e i sed~iyi.t he preferred enbodi nent due to a cobalt
disilici Hgfeﬁgé?ﬁﬁaévq'%mgbnt act resistance, but, as nentioned above, other
nmetals on be used_ in the exanple described below. Co will be assuned for
sake of di scussi onFighte Siblustratesithe sterorwe fllovdngmsesoad REAiand pn tchingmfshe ed
over the gate, source and drain regions (unreferenced). For exanple, in the

case of oameadted Sfcap9%eusdy | inn of cobalt, 3.6 nmof silicon is consuned.
Thus, if the cobalt is nmade extrenely thick, then a | arge anount of silicon

must be cons ; i : i - herw se
anon-cont i nuog i]| mﬂ\l}étﬁ?esst?%@ailth? iﬂ@%[(%%éreﬁ eﬁglﬁq@?ﬁ 01'8@5& %Ie%magse& &f"
continuoys Wmth a %\éenléﬁﬁip nmetal layer, then resistivity may be a

pr obl em Y& FORGFRIFRULH . 8l 48dc o, the sake of conpl eteness, preferably,
the thin netal film8 has a typical thickness of 8 nm yet other

t hi cknesses bBigwese i 1) anchhbpiespeativaly illustrate atmparinpGilioidecformitioniin ¢iik case of

Fol | owi ng the-Co deposition 8, as shown in Figure 6, a silicon film (such
as anor phEYSidevl], BAA ifr 5o Ladesof GRRRGBRAe@ RS thelS sidewhll! m 8, as a silicon cap
9. The silicon cap 9 provides the silicon which will be consuned in the
reaction with the netal to formthe nohosilicide. If the cap was not
present, then the problens of the conventional nethods would occur (e.g.,

proroechrent . cons PR 0N OF vk e nsb it o

OF THE FRESENT INVENTION

Tuming now to Figures 2B and 5-11B, preferred embodiment of the present invention
will be described hereinafter.

However, prior t(; discussing the present invention in detail, it is noted that, for the sake
of simplicity only and not for limiting the scope of the invention in any way, the method
discussed below is for the specific case of Cobalt (Co) silicide. Cobalt has been used because it
provides a lowest re§istivity silicide. Thus, although Co silicide is of a special interest due to its
superior properties, the method is general and applicable to silicides formed with other metals
such as Ti, Pt, Ni, Pd, W etc. |

10



be fromthe sidewalk. In the invention, with. the cap 9 present, ip the
wor st case at |least half of the consunption of silicon fromthe 80CT2005
sidewal | ,can be prevented. Mreover, with some processing techniques, the
silicon consunption occurring only fromthe cap 9 could be forced to occur.
First, it is Moimnghdwato madmgsfﬁhlmmtammﬁal devictlth bokilibided SiHel con f or
the reaction with the netal could be obtained fromthe silicon cap, and

t hus thegsj o Il G l,d : t, LS # ki con
cout d be TRl s Bibefite 7 REEL SIS (RT0 it:  bleoPRRIRIGHE 0D

anor phoug,. si,l i con with . the cobalt would beg slightly |ower. Hence, by
careful | @fﬂénﬂg@ﬁiw aqutemed gat 3, tvacsidewnblspagers 6 and thasilonsidsmalli on of
taking a substantially nmajority of the silicon for the reaction fromthe
si |icon eapce saldrainr?. Fheaiicon sidewilly drebemily dopet dudlthiy e @nsiderss aé Source
sonmewhat difficult to perform as the tenperature window is extrenely snall
and suchygd 8% dxtedsfin€’ ance may not be suitable for realistic, robust

manuf act uri ng processes. Secondly, the silicide could be fornmed by

consuni ng so t he .sideval |,.a he ¢ and.then.going . to i gh
enough terrperg‘f’gé%w'{]’él.lgé",“ xﬁb‘&ﬁﬁﬂ‘éﬁw@@&ﬂ ﬁfﬁ?&’ﬁ@e P%&H‘?ﬁaﬂg’o%gp?‘?tcon
in the ca}ngoul% fji ffuse through the cobalt disilicide and recrystallize on
the si deflig t0.a qobalt dislicidehavingiedowicantaeti resistpacechu, asanentioped shave, athsraketalsand
quite possibly even thicker than with what they started out. O course,

dependi neanipeowsed;hia thdexample deschitedd betob, Cosstl brdsimdforsike oRdisoutsibn Bed edse

advant ageous as the first technique. In addition, since the

di silici gehssd 'dfgpsqgﬂ' -sna;_ﬁb i ' Lk 0 obtain

ohm ¢ cont acti‘d,d&?ﬂle'jl | cgg@?h t emt&gt&e,f&rtgg éé,%ggﬁgggdﬁf%%gﬁnin | mport ant

feature Loveption is that the.silicon depgsition c e caryrjed,out

0t he. sCESraERtal: Pl SRl brtab cisd S Bobali 7 eiel it o debll b o slen i

Co surface cl egm 12 18 OCT 2005 .
consumed. Thus, if the cobalt is made extremely thick, then a large amount of silicon must be

consumed. By the same token, it cannot be made too thin, othefwise a non-continuous film will
result, Fusther, even if it could be made continuous with an overly thin metal layer, then
resistivity may be a proble;n. In view of the above and for the sake of completeness, preferably,
the thin metal film 8 has a typical thickness of 8 nm, yet other ﬂﬁcl;znesses between a range of
about 4 to about 10 nm can be used.

Following the-Co deposition 8, as shown in Figure 6, a silicon film (such as amorphous
or poly-Si) is deposited over the Co film 8, as a silicon cap 9. The silicon cap 9 provides the
silicon which will be consumed in the reaction with the metal to form the monosilicide. If the
cap was not present, then the problems of the conventional methods would occur (e.g.,

encroachment, consumption of silicon sidewall, etc.) since the only source for the silicide would

11



W t hout exposing it to an air anbient prior to the Si deposition. '
Therefore, executing the Co and Si deposition sequentially (e.g.]GNWTﬂNE'“
same chanber) w thout breaking the vacuum of the chanber, elimnates the
chance of obtaining an undesirable interface at the Co/Si boundary. Hence,

a "pure 0 | AL i ther. . it ted
t hat thebgl ﬂ%’gg@g{gﬁl}sm&g%g@g ?@&&1 th‘r%jéaﬁ%ﬂ 1 %Vﬁl{}é’?‘%ﬁel%&baﬁ neal
has occursred. Theref e C on of the silicon can begin

subst ant it ‘r%';‘s‘t’t’l?ﬂﬂ“t%ﬁf"ae Swﬁ E@ﬂbm berpreveated; Moreysrouth sIEETPessting
bel ow) of the inventive nethod. Next the Si cap 9 is etched using an

ani sot r ofchniguesh thewilicon sorsumption oomningomdy fairthe ¢4 Epould be foreedita o&iur.
sidewal | cap 10. The structure following the RIBis showm in Figure 7. At

this point, Fisg, nmmmttﬂemmmrwmﬂuawm of the sﬂt fif BaYedti %lhe(l)

t he etchls selectlvetoCoan not etch the Co

etch che r d cas the ess
shoul d bglez&ellde‘c obitep Hork 15 sifoh pa a’f"?ﬂt‘ﬁ\‘;t}‘?st‘i?“tﬂﬁéﬂ&a’c‘é° prsstrve

f or med. setch seIet|V|t){reqU|rerrent is fulfilled by RIBWhIChIS
based on LPgkis, amprphoys ‘;‘WW‘I‘-I é‘hf%tbe&mp@hcﬂps&wmmpemmwﬂwsed f or
Si etching would not etch the Co film@8, and therefore falls under the
first casworphhus filikdnositinthedobaltweuld beuﬁgmlgt lower Hence; bpeanefivtly rhdidforing éndt ch
is selective to Co. Following the RIE step, the Co film8 would be exposed

on pl anagomtllione te Veich dn opetationdf tﬂlﬂ@w@ﬁﬂmﬁﬁa@ ﬁgﬁﬂtsy%fftlg‘;%ﬁéof Xt

the wafer is anneale by RzI'Atoformt nono-silici 1. For

Fol 1 o nittrhigh o o GG éﬁﬁ%%ﬁﬁ%@ﬂ@’ fgoh Bglt,tr@aée"%m%bgtﬁteffﬁec

dielectric ggﬁgl s is etched selectively, by for exanple, A wet etch or
the |itrim qtts‘h? @t toneripen, %tthqwteme@twwmdgws extremely small and such a small

tolerance may not be suitable for realistic, robust manufacturing processes.

Secondly, the silicide could be formed by consuming some of the sidewail and the cap,
and then going to a high enough temperature (e.g., approximately 800 °C) that the remaining
silicon in the cap would diffuse through the cobalt disilicide and recrystallize on the sidewall. In
this way, the sidewall spacers could be made thicker and quite possibly even thicker than with
what they started out, Of course, depending upon the thermal budget, this second technique may
not be as advantageous as the first technique. In addition, since the disilicide/silicon junction
must be formed in doped silicon to obtain ohmic contacts, the Si cap in the later case must be
doped.

An important feature of the invention is that the silicon depogition can be carried out in

the same deposition chamber used for the Co deposition. This keeps the Co surface clean

12



may use, for exanple, a sulfuric acid with H202 or the |ike. Thus,.'aé@ﬁ
unreacted netal (Co) is renoved. The structure follow ng the RTA ”ﬂ@s
etching of the unreacted Co is illustrated in .Figure 8. During the RTA,
the Co film8 which is sandwi ched between the Si sidewall 7 and the Si

si dewal | [ «d 1 t i i

Dy 1 of er dn bt eoBAg g ol AionFbA! BRI dpodR THersHtle; oRURRE HICTHRNT
i's reduc by approxi mately one-half duye to. the. Si PR on bo si des of
he Co- 1 1 ARpsRIRR SRR 6 g b 10 eims chembeR) Wb BresbiRBApCysepum OR e nce
where the nono-silicide film11l is formed without the Si cap 10. Next, the
waf er i s chamber, elimimatesihe chancg.of ohtainingamurahesicable) inteofabmatithe Go/Stibaindanyi de
phase, CoSi212. For the case of CoSi 2, the anneal tenperature is about 620

'C to abOMencE5R“Sureinterfacs Riobtainddont SR Co/SItiouadurp’ the Si sidewal | is
reduced by hal f due to the capping of the CoSi Tilm 11 with the Si

sidewal | cap of.l: ow ] I Ri Y cap 10
is renoved bg;:Ql gh Eri' gﬁ‘lo?f/&és%hé{@? g@%?@%ﬁ%&@%@% %&cﬁgﬁﬁ MW&?&%% um
hydr oxi de (T . The trycture follow ng the second RTA and the etching
of the umiéa% medaaip@¥qrpa the consmpuenof the glicen ean begin;sybstantielly freaxthe
Figure 9 illustrates a unique sidewall in which a small step 12A is forned
at the bdeginoingt(tg., st the fiest hnriedl desorilredabekaw)of thetirpentifémiethoflor ned because,
when the silicon was there, not all of the silicon has been consuned. That

i's, going fromexehdSixap it &ehed ushi rﬁiﬁu&ﬁceﬁhw%mv&hﬁéém@é)
I provi ded

shown thereat, it can be inmagined tthat there was too nuch silicon

reason a NAEF SRS caE o B, AR folloBBIRRATI SR Ity T sl ol
enough s It\';via %gsrés g{ée sengxtguitsl?cdf \ ra?t 1Is,h &e %gse% gre%crmzz 8())319, etch is selective to Co and will

not etch the Co film 8; and (2) the etch chemistry will attack the Co film 8.

In the secbnd case, the process should be.selective to the dielectrics from which the gate
spacer is formed. This etch selectivity requirement is fulfilled by RIE which is based on HBr
chemistry. The HBr chemistry which is conventionally used for Si etching would not etch the Co
film 8, and therefore falls under the first case. The following discussion would therefore assume
that the etch is selective to Co.

Following the RIE st;p, the Co film 8 would be exposed on planar surfaces, and covered
by a Si sidewall on sloped surfaces. Next, the wafer is anncaled by RTA to form thg
mono-silicide phase, CoSi 11. For the case of CoSi, the anneal tempcraﬁuc is about 470 " C to
about 520 °C. Following the anneal, the unreacted Co in the field regions and over the diclectric

sidewalls is etched sclectively, by for example, a wet etch or the like, The selective wet etch

13



disilici
t he sma

de and riot to consune/deplete the silicon of the sidewall. Thus,
| step 12Ais forned and is shown after the unreacted slb”gnggas -

been etched selectively. It is noted that the silicon consunptio

further reduced if a mxture of Cb and Si  replaces the pure Co film$8
deposi ti g&@ S

above- nmen 8%%30 ﬁjﬁ gdag%]g ﬁlzé’é*stw THR%@‘P? catTon ﬁofap(édﬁs

09/ 515, 033. i nstead of  a dep05|t| n (e.g.,._ as.shown in

Fi gure 6)'6‘1’@633@?? SHacER fgélswstt Qie ctaling Qg@e geregeted 6 is ustrateddnyr o
Is limted to about x < 0.3, othermnse bri dgi ng fron1source/dra|a to the

gate wobigdreo&cur. The reduction in the Si consunption fromthe Si sidewall
7 is achieved due to various reasons. For exanple, some of the silicon

whi ch 15 reauDififlg iR KK, thé 06 it 8 Witk ispaRAchel b sﬂﬂcgémg%mtﬁ

deposited mixture, and thus, the

nsunption 1s reduce

e Lot B Mo g B R e et e~

anneal t
anneal t
renmoval

an earli
the sil

hat forns the nono-silicide phase, CoSi, with a | ower te erature
hht Theedors, the consumption ofthe Si mﬂewgihawedmdby approvimately bre-balf dwe tohe

of excess Co-Silicon m xture at the base of the Si sidewal | 7 at

the i soypdy o béthaidesbthe @oifiim § Mhag ke conbrRt GBY isTiftclogsed gompared fodee of
i ci de encroaching onto the Si channel (e.g., see Figure 4).

Addi ti on vention to further
ﬁ*f%ﬁ““‘i‘?‘ééﬂﬁﬁsﬂ‘?a%?ﬁ‘%p{‘?gn‘“‘ﬁarﬁﬂ"aﬁ?§f§§% O ati on.  For exanpl e,

reduce t
i ncor por
to form

o 9260 S e A ., R e B ™ 2

aboverrentloned rel at ed U S Pat ent Application No. 09,112, 264. 15 18 OCT

1005

CoSlz 12. For the case of CoSi,, the anneal temperature is about 620 "C to about 750 "C. As
before, the consumption of the Si sidewall is reduced by half due to the capping of the CoSi film
11 with the Si sidewall cap 10. Foll(;wing the second RTA, the unreacted Si sidewall cap 10 is
removed by a highly selectivo etchant such as tetramethylammonium hydroxide (TMAH). The

structure following the second RTA and the etching of the unreacted Si cap is illustrated in

Figure 9.

It is noted that Figure 9 illustrates a unique sidewall in which a small step 12A is formed
at the base of the sidewall 11. Such a small step 12A is formed because, when the silicon was

there, not all of the silicon has been consumed. ‘That s, going from the processing of Figure 8 to

Figure 9 and the step 12A shown thereat, it can be imagined that there was too much silicon

provided for the silicon cap 9 than was actually needed to form the disilicide. The reason an

over-abundarice of silicon is provided is to ensure that there is enough silicon present to form the
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The incorporation of even small concentrations of Ge in the Si sidewall

fi Fm pushes the CoSi2 formation tenperature to be significantlyliggh

than the CoSis formation tenperature in pure Si. Thus, incorporating the -
Ge into the Si sidewall' retards the formation tenperature of the

di si 1 1 o ah A Rorkf obishBldeleRtnt BclPSH e iasoa, Thls, WsIIBiAY A0 2

function © concentration 1nt | | m For exanple, the
formatiop tepperature en usin ur.e silicon e.0.,. having 0 % Go shown
2t (e riomaed s @ ehomn KheE Grecrebusd ol e Foop ortb SegVENL "85
contrast, if a small anmpbunt (e.g., 3-4 %9 of CGo is incorporated into the
silicon si deviid notedtbat thhelicarsomsumption wayles firtherreduced dasmixturg of o @pd $io
"C. Simlarly, if 15% Ge is incorporated into the silicon, then the

format i oRplaBEERE plre o filt & Mo B ThE procéB®f using Centleys wis firskadisslossd iethal | 7
I s made OP a SiCGe alloy, and the second anneal tenperature is chosen to be

Lo R R s o 92, e
I E RS NS RTRE A MRECR: S LT SRV

the second anneal (e.g., formng the disilicide), the anneal tenperature
can be t@bilSi@ixture ishimitdieabait ki<chB, atbgrwisedridging fronhsouneceidraip tothegate
reaction with the SiGe since the required reaction tenperature is about
740 ' C, whhidbebr, TBé fedBi0KEn HESi oodinion HRAPME 81 tidewdE7 it achitbelduedds ' C)
for the pure silicon cap. Using this process, the Si consunption.fromthe
Si sidewal | u% ' educed -by about 75% (Moreover, when using this process
conbi ned Y réﬁ?ﬁ;sxwre (alloy) of cobalt "~ and silicon, the Si consunption

from the si deal L coh! & b0 A MRSth FlioRROHAGEA hor' e Hoids A Patrey

contained in the deposited mixture, and thus the sidewall consumption is reduced.

Further, the temperature window in which the metal rich phase, Co;Si, is formed is
broadened to about 100 ‘C. This makes it possible to replace the first anneal that forms the
mono-silicide phase, CoSi, with a lower temperature anneal that would form the metal rich
phase, Co2Si. That would allow the removal of excess Co-Silicon mixture at the base of the Si
sidewall 7 at an earlier stage of the silicidation process, thereby reducing the chance of the
silicide encroaching onto the Si channel (e.g., see Figure 4). |

Additional methods may be combined with the present invention to further reduce the Si
sidewal] consumption by the silicide formation. For example, incorporating Ge into the Si .
sidewall 7 could force the disilicid_e, CoSiz, to form mainly in the Si cap 10. The use of Ge was

disclosed in the above-mentioned related U.S. Patent Application No. 09/712,264.
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Fi gures 11A and-11E respectively conpare the CoSi2 formation in the case of

a Si sidewall and in the case of a Si sidewall incorporating GCe. BT 005
in Figure 115, the sidewall is thicker and |arger, and thus the contact
area is nmuch larger if Ge is present inthe Si sidewall. It is noted that

the i ncor por aTh@incoipofetion 6f SvehRfalbicoRded@idns of Gean tHessi ARIBIVEN Bl Pisiies MO CESS
I ncl udi ng deposition of We for the formation of the sidewalls 7, inplanting

Ge into . 9 ' i O {. oq fid ositign,,.and sel ective
depos 1 S Formeff iftctandioBh b biahiPiekls the o CRBE g eBipenal e &
regions. In gontrast to selectjve silicon e itax3/ which requires a hi&h
deposi t i BiretSendusginearporpting,the GW@KhﬁSIaﬁldQ&WE}é'ebf sabsformatian temperatue ofithe1200
'C), selective Ge deposition can be carried out at a |ow tenperature.

Thus, wi disilicide. uni que and unobvi ous features of the present invention, a
new self-aligned silicide process for silicon sidewall source and drain

contacts has bagk MG hOLRIET TGyl AYGRRLNE Y RS IAERS |11 S

consunption o e si S I ncreases the
contact are nd.l .S b seri esl stance. Additiqnally, the problem
oo™ net BBt i S B or WA oS BociaR mpefatise Wb itk Purpslion
controlled than in the conventional process. The Co and Si bap deposition

can be c&giayingd % Geshowntai theifirshpioint on the laf-hand side of Bigwred6),tiH62CE. tla
anbient, thus a clean Co/Si interface is obtain. The process does not

requi re contiasg ifaasmlliamdune(elg)S-4184) off Gedeincoportddtittothe silicon s1osWAL theRthé

pl aner silicide process. The process is conpatible with single gate and

doubl e g , reh bael. i is
above. (DDAt iteigifrt erealehuo el 246, Sinil bR 5% e M ladrpBiatid e
several ﬁﬁggn‘? Ehre%%ee fébngg{io%%emwg lsé%pproximately 780 °C. .

Hence, if the Si sidewall 7 is made of a SiGe alloy, and the second anneal temperature is

chosen to be lower than the CoSi, formation temperature in SiGe, the silicide reaction would be
limited only to the Si cap 10.

That is, in such a process, for the first anneal, there is no difference from the above
discussion (e.g., the behavior and formation of the monosilicide is the same). However, for the
second anneal (e.g., forming the disilicide), the anneal temperature can be tailored to the pure
silicon cap. As such, there will be no reaction with the SiGe since the required reaction
temperature is about 740 'é, which is well above the reaction temperature (e.g., about 625 'C)
for the pure silicon cap. Using this process, the Si consumption from the Si sidewall 7 is reduced
by about 75%. (Moreover, when using this process c;)mbined with a mixture (alloy) of cobalt

and silicon, the Si consumption from the sidewall could be reduced by about 80%.).
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skilled in the art wll recognize that the invention can be pract|c§g Wi th
nodi fication within the spirit and scope of the appended cl ains 08T 88T
2005 19 Cains: 1. Anethod for formng a netal suicide contact on a

non- pl anar silicon containing region having controlled consunption of said

non-pl anar si |Figwres b0 ntm@spece@slpaommaﬂfeleoMonﬁﬂrdﬁuﬂmeacabé efkgit net al
| ayer over said non-planar silicon-containing region; formng a silicon

| ayer ov

silicon f‘s;"y%?ﬂ‘%“tﬂﬁﬁ e chVA AN AEE 0 o TER B, ol
said sili.cgn at a first tenperature forma .netal silicon alloy;
et chi ng Fl&lé éﬁ‘il,&[ﬁ%lﬂaﬂ@lﬁﬁh% HB‘CW%PS mﬁ@@arge!a&ﬁﬁ‘@ﬁ PresEng in @e&;é@mﬂ?
tenperature to forman alloy of netal-Si2; and selectively etching

enr eact ed por tlt ismetedithat shedinedrporation oﬁ;@enﬁo the STkidewall 7 osh bd achieved bt a prdvessi n
said formng said bl anket netal |ayer includes form ng a netal |ayer

cont ai ni ﬁﬁc]ﬁdlﬁg u&wsmoﬁfof sme%r ﬁi&%ﬁﬁdﬁoﬁ%the?s deWafs B n? tin§ GelifitoThe 8i

further includring formng said non- anar 511 con: 'co ng r eg| on. 4.
-Crgﬁ ¢ g?tn Ih%gd %&%@"ﬁ‘i%%%&@ﬁ&ﬁg sg@ctb\p I J‘noo 8 tlxm ! la?rér c'w%t(') the
silicon source, drain and gate regions.

In contrast to selective silicon epitaxy which requires a higﬁ deposition temperature (e.g,,
within a range of about 850 "C to about 1200 ‘C), selective Ge deposition can be carried out at a
low temperature.

Thus, with the unique and unobvious features of the present invention, a new seff-aligned
silicide process for silicon sidewall source and drain contacts has been described above.

The inventive process reduces.the Si consumption of the sidewall source and drain, and
thus increases the contact area, and lowers the series resistance.

Additionally, the problem of the silicide encroachment into the silicon channel is much
better controlled than in the conventional process. The Co and Si cap deposition can be carried
out sequentially without the need to expose the Co to ambicent, thus a clean Co/Si interface is
obtain. The process does not require an increase in the thermal budget compared to the
conventional planer silicide process. The process is compatible with single gate and double gate

structure MOSFETS, as described in Refs. 1 and 2 mentioned above.
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5. The method of claim4, wherein said formng said alloy of SiGe ipgkm?zmﬁ
inplanting Ge into said non-planar siliconcontaining region. 6. The nethod
of claim1, wherein said nethod is devoid of using any of a patterning of
said netal layer and a mask. 7. The nethod of claiml, wherein said nethod
i s sel f-al i gnhileghe ifvention haobben describedrinltermiafiseveralynefdrred embodimeftsy thosr
conprises reacting said netal layer with said non-pl anar

si |1 con- Q@MédinThd gt WaDeRBenid thét thE nverticf cah BE Frddfcdd W oRITLHG rPMthiPitlé? ded

structure, conprising: providing a sem conductor substrate to be si

i ncl udi ng.. i d | la.SOUrC reqgion and a sidewall drain region fornmed on
respectiﬂ%ﬁgﬁggﬁgﬁ%oqyaaaﬁéﬁmﬂéﬁﬂpﬁg a netal filmover the ggte and t he
sidewal | source and sidewall drain regions; formng a silicon filmover
said netal film etching anisotropically and selectively said silicon film
wWith respect to said netal film reacting said netal filmwth said silicon
filmat a first tenperature to forma netal silicon alloy; 20 etching
unreacted portions of said netal film 18 OCT 2005 annealing said structure
at a second tenperature to forma netal-Si 2 alloy over regions which are

non-pl anar with respect to said substrate; and selectively etching
unreacted portions of said silicon film
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10. The method of claim9, wherein said nmetal includes at |east on&8diCTQ005
Ti, Pd, and Pt. 11. The nmethod of claimQ ~wherein said thin filmof netal
has a thickness in a range fromabout 0.3 nmto about 50 nm 12. The

met hod of cl @lginfd: Wherein said silicon filmincludes one of an anorphous
Si (a-Si), a poly-Si, and a mxture thereof. 13. The nethod of claim9,
wherein said silidon f# mehad for fomning s smetal silicideeapsact fonoamenplanar] dlicom-t o

< hi ghor 1 naoasing YegR 140fe Shubhe Priuplil 6 il AplRAC M EIBRIAR LS,

si dewal | souregion; eampmsinginpri ses a silicon sidewal | source region, and

sai d sidewal | dralnin Lop_¢ rises a.silicon I dewal |, drain region,
and wherein said Pg&éﬁgﬁd@ch%Xgﬁv&s i‘&’r’@aﬁ“ﬁ sﬁ'ﬁg "GPHRINEIBEIAR) | con
filmand in the firi iﬁ“ﬁqaﬁbv&(ggm%mq@egn and silicon sidewall drain
region. 16. The nethod of claim®6, wherein said sidewal] source region
conprises a siliEGANE iaa'é%emcaﬁ]m%@lqcéwlmmdgmorslmr witleespact tocdsaid metakygi on
conprises a silic | L Qn ' : r.ef | |
formation occurs %‘%cﬁé&%@#g&l?& g?tpﬁgigﬁﬁy?@%ﬂgé%ﬁiaﬁﬁ@%t}ﬂpg{al@%géﬁ%gml I
sour ce regi ometahgilison allyh si dewal | drain region. 17. The method of claim9,

The method of o o by 0 Caied hoia St sBBRIAIBRG . T 21 | gnea wher cby smid

annealing at a second temperature to form an alloy of metal-Si,; and

selectively etching enreacted portions of said silicon layer.
2, The method of claim 1, wherein said forming said blanket metal layer
includes forming a metal layer containing a mixture of metal and silicon.

3. The method of claim 1, further including forming said non-planar silicon-
containing region.
4, The method of claim 3, wherein said forming of said non-planar silicon-

containing region includes forming an alloy of SiGe.

5. The method of claim 4, wherein said forming said alloy of SiGe includes
implanting Ge into said non-planar silicon containing region.

6. The method of claim 1, wherein said method is devoid of using any of a
patteming of said metal layer and a mask. |

7. The method of claim 1, wherein said method is self-aligned.

8. The method of claim 1, wherein said reacting further comprises reacting
said metal layer with said non-planar silicon-containing region.

9. A method of forming a semiconductor structurs, comprising:

providing a semiconductor substrate to be silicided including a sidewall source
region and a sidewall drain region formed on respective sides of a gate;

forming a metal film over the gate and the sidewall source and sidewall drain
regions;

forming a silicon film over said metal film;

etching anisotropically and selectively said silicon film with respect to said metal
film; |

reacting said metal film with said silicon film at a first temperature to form a metal
silicon alloy;
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tenperature I's°'n a range out 481C to about 625C. 27. The nethod of
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13.  The method of claim 9, wherein said silicon film has a thickness in a range
from about 15 nm to about 150 nm.

14.  The method of claim 9, wherein said second temperature is higher than
approximately 625°C.

15.  The method of claim 9, wherein said sidewall source region comprises a
silicon sidewall source region, and said sidewall draining region comprises a silicon
sidewall drain region, and

wherein said metal-silicon formation occurs in the deposited silicon film and in
the silicon sidewall source region and silicon sidewall drain region.

16.  The method of claim 6, wherein said sidewall source region comprises a
silicon sidewall source region, and said sidewall drain region comprises a silicon sidewall
drain region, and

wherein said metal-Siy formation occurs in the deposited silicon film and in the
silicon sidewall source region and silicon sidewall drain region.

17.  The method of claim 9, wherein said second temperature is higher than
said first temperature.

18.  The method of claim 9, wherein said method is self-aligned whereby said
method is devoid of using any of a patterning and a mask.

19.  The method of claim 9, wherein said forming of said metal film includes
forming a metal-silicon mixture by co-sputtering metal and silicon, a percentage of said
silicon to said metal film being less than 28%.

20.  The method of claim 9, wherein said metal film comprises 99.99% metal.

21.  The method of claim 9, wherein said sidewall source region and said
sidewall drain region are doped in advance of forming the metal-Si; alloy.
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29. The nethod of claim 28, wherein said reacting is perforned at 4 5
tenperature to forma netal -rich phase a said etching of said unreggéﬂg
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substrate; and seP®ct i Vhe method pf elaim wherivsridmetal Ghe isowobslsi d silicon film
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continuous such that no p erning o al 1's perfor
met hod of cl ahout 381°Cloambeutr625%C.d r egi ons of sai d predeterm ned regions
whi ch are non-plapar ihaclud i,dewal |. source region and a sidewall drain
region and [RV D 'OSS@%@B@P&P&IW” ,ﬁmﬁ\ercompns :

selectively etching any unreacted metal.

28.  The method of claim 9, wherein said metal film comprises a metal-silicon
mixture.

29.  The method of claim 28, wherein said reacting is performed at a
temperature to form a metal-rich phasc and said etching of said unreacted portions
includes etching the unreacted metal-silicon mixture.

30.  The method of claim 29, wherein said metal-rich phase is Co,8i.

31. A method of forming a silicide, including:

providing a substrate to be silicided including forming a metal-silicon mixture
over predetermined regions of said substrate;

forming a silicon film over said metal-silicon mixture;

etching anisotropically and selectively said silicon film with respect to said metal-
silicon mixture;

reacting said metal-silicon mixture with said silicon film at a first temperature to
form a metal-rich phase;

etching any unreacted portion of the metal-silicon mixture;

annealing said substrate at a second temperature, to form a metal-8i, alloy over
regions of said predetermined regions which are non-planar with respect to said substrate;
and

selectively etching unreacted pottions of said silicon film.

32.  The method of claim 31, wherein the metal is blanket deposited and is
continuous such that no patterning of said metal is performed.

33.  The method of claim 31, wherein said regions of said predetermined
regions which are non-planar include a sidewall source region and a sidewall drain
region, and
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18 OCT 2005 22 wherein said sidewall source region and said si devvqlgl qum;n
region are-doped in advance of formng t44e netal-5i2 alloy. 34. Th thod
of claim 31, wherein said silicon filmis etched into a silicon sidewall
cap by a bl anket uviherin saixhsidewalt bouncp fegivnumnit ngidesidewadlt drwiey region atecdoped in

(RIB). 35. The neth of claimg3l, erein said reacting further conprises
reacting saF@vaﬁﬁ?%nga?&?}‘W?tﬁééaf’@g}predeterm' ned regions of said

substrate. 36.A npaal FThé meihdd of QRIAGY, WhASMGRR dlicohHniRihAed Hio aRiicene Of
claims 1 to 8., 37. A sem conductor, structure fornmed by the nethod _of any one

of clainms 9 fidewall capdbysa tlanket dinections! elching jnglydingp resstivedon shing (RIB) ¢l ai ns
31 to 35. [RAL(r)9503 PREmEMAd bFelaim 31, wherein said reacting further comprises reacting

said metal layer with said predetermined regions of said substrate.
36. A metal silicide contact produced by the method of any one of ¢laims 1 to

37. A semiconductor structure formed by the method of any one of claims 9 to

30.
38,  Anjilicide formed by the method of any one of claims 31 to 35.
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