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CROSS- REFERENCE TO RELATED APPLI CATI ONS The present application is rel ated
to U S. Patent Application No. 09/569,306, filed on May '11, 2000, to Chan
et al.,entitled "SELF-ALI GNED SI LI Cl DE PROCESS FOR LOW RESI STI VITY CONTACTS
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pri esent assignee) ) . f r d to U S. Patent
Application No. 09/%&%@%%@5%% hen et. al,
entitled 1  "SELF-ALIGNED SILICI DE (SALICI DE) PROCESS FOR STRAI NED

SI LI CON MOSFET ON SI GE AND STRUCTURE FORMED THEREBY", and i ncor porated
herein by reference. BACKGROUND OF THE | NVENTION Fi el d of the Invention The
present invention relates to silicon netal oxide sem conductor field effect
transi stor (MOSFET), and to a nethod of forming a netal silicide contacts
to the Si MOSFET. Description of the Related Art Metal oxide silicon

sem i conductor field effect transistor (MOSFET) scaling requires the
continuous reduction of the gate | ength. Wen the MOSFET channel is nade
short, the device threshold voltage, Vt, becones dependent on the gate

| ength. The effect, known as the "short channel effect (SCE)", nust

bei ci rcunvented or otherw se devices with different gate | engths woul d have
a different turn-on voltage. Since a variance in the gate length is al ways
expect ed due

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application is related to U.S. Patent Application No. 09/569,306, filed on
May 11, 2000, to Chan et al., entitled “SELF-ALIGNED SILICIDE PROCESS FOR LOW
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No. 6,323,130, filed on March 6, 2000, to Cabral et al., entitled “METHOD FOR
SELF-ALIGNED FORMATION OF SILICIDE CONTACTS USING METAL SLICON
ALLOYS FOR LIMITED SEI¢ON CONSUMPTION AND FOR REDUCTION OF
BRIDGING", assigned to the present assignee, and incorporated herein by reference, and to U.S.
Patent Application No. 09/7 12,264, filed on November 15, 2000, by Cohen et. al, entitled
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to production tools tolerance, the dependency of Vt on the gate size may
cause the circuits to fail. 2 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 length would require the use of a
thinner SO channel. Mreover, this design rule holds for bath a single
gate MOSFET and a double gate MOSFET. That is, Figure 1 shows the change in
Wt as a'siEchLK@NEb SINECIDE S A0OE) ﬁﬁocﬁskfmlesfrmm;@bNtm@hmsses

(ts;). Specifically, Figure 1 shows a very short gate Iength IS

Chown. 0N SEEARDSTREPTEE Eﬂ@ﬁ@?ﬁlﬁ%ﬁ’mﬁcﬁﬁ%rrﬁﬁiﬁegean}ygﬁ@é “some

tolerance since it is not possible to print exactly the same from

waf er -t o-waf er and even from devi ce-to-device on the sane wafer. Hence, in
fact there will be sone tolerance (e.g.) 10 %variation in gate length
across the wafer). If such a tolerance/variance is made on the flat region

of the plot of the gate length of Figure |, no problem should arise.
However, if such a 10% gap ¢lGROUNBIORTHINVENTION the sl oping portion
of Figure |, then a problemmy occur in that there will be a great

difference in the threshold voltage (Vt) of devices across the wafer. That
is sone devices on the wafer nmay begin conducting at | ower voltages,

wher eas ot her devices woul d begin_conducting at higher voltages. Thus, the
circuit may not work and Figure ia@ﬂéﬂﬁeWW@"WWbortance of controlling the
gate |l ength. Hence, sone problens nay arise as technol ogy progressing to
very short gate lengths. Further, it is noted that in Figure 1, both single
and doubl e gate MOSFETs show an i nproved SCE behavi or when a thinner

channel is Wpre%%ﬁﬂoﬂ%t&o%ﬁﬁoﬁgetﬁ BR{#RREmiddh&iesr AidIPOFES tAndiftvt

chal | enge That as the channel is nmade thinner, the series resistance
L ot MO8HEES élﬁ& g S RY5RRE u ool BRI EUohiaes ST MBSFEFANCE Can

. 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, becomesidependent on the gate length. The effect, known as the “short
channel effect (SCE)”, must beicircumvented or otherwise devices with different gate lengths
would have a different turn-on voltage. Since a variance 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.



and therefore nmust be mnimzed To reduce the resistance, the source and
drain regions are thickened. An optim zed device would have a thin channel
region for suppression of SCE, and thick source and drain regions for |ow
series resistance. Making the source and drain thicker may be achi eved by
sel ective epitaxy, but that would add silicon only to the sour ce, drain and
gate regions. Figure 2A illustrates a MOSFET structure with a "thickened"

Si1icon ubdbruPRSGhh %aﬁég GRbEBieonBERyER S g hﬂ%@%é@&?ﬁ‘%ﬁ% As

silicon-on-jnsulator (SO) Layer 3 is forned on the BOX | ayer ate
di el ecthewn helpw, thedesign o aldﬁlélCS@thGﬁ shartehgaie lpagth \sowé.rwmedhm it tlglmye@ at e
dielectric 4. Gate spacers 6 are al so provided on sidewalls of the

st r uct $04 chdiel. Mewoverxthisdessignralesalldefor bethar singlé gutaiNMOSEET iand a double ghte
deposited on the device gate spaces 6 which would short the source and

drai n fgogpergate. However, selective silicon epitaxy usually requires high
grow h tenperatures (e.g., about 850-1200 C), and is very sensitive to

Cechn quo. { GabioaLE Lo e Sinet ALV i olehimof s s 1t K ARREELION oy

the surface chem stry becones extrenely inportant For exanple, if there is
a smal chamelthicknessex (tde Specificaly Figatilwhowx il when tiveryl shioet gatel lehigth éstai ns on
the surface, there will be no growth at those areas, thereby making the

Ko o bfeB hstor Bl e AR RiS e AR IERRDE A Ty R T B s "

drain, as described in T. Yoshltom M Saito, T.. 4 Chgur.o, M, Ono, S.
Monose an&awemmwécturms. ihegs ia elwass o foleremsings it ot SoSERIe by Biin egﬁwtbtt ure
for H gh Performance 7S-nm Gate Length pMOSFETs," 1995 Synposi um on VLSI
Technoltleyganisi fyéretwaferagewdftr grel evgn froRedevide-Yo-dévidesonrthe barme waferaHence; mofact t o
be very useful also in the case of double gate MOSFET structures, as

descri iggge Will be SomEadlerahcdNe: g S0 % adddon 1 nﬂ%lfé ThgtBQcFIE® theShated): Iiesli‘xhhfa.' ed
"Met hod for Making Single and Double Gate Field Effect Transistors

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% igate 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 devicesiwould 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 aj thinher channel is used. However, making the SOI channel

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



with Sidewall Source Drain Contacts", and incorporated herein by reference
(e.g., Ref. 2). This method includes depositing a silicon film¢(e.qg.,
poly-Si) and etching it with a directional etcher (e.g., such as reactive
ion etching (RLE)) to fonn Si sidewalls on either side of the gate. The
sidewal | forns an~extension of the source and the drain on which netal
contacts can be later fornmed. Figure 2B illustrates a typical MOSFET
structure with silicon source and drain sidewalls 7. ..The side t.echni que
does s Mssoblre R iR e fnsticRel RS Sanlarill Tre et Bhohs RGPS
be relatively low (e.g., such as |ower than approxi mately 700 C dependi ng
upon t iaad ghesefpreanustdeminyaiged.fLo redyueathp eesistancgibe @@arpmynczdmubr@gm&areat
approxi mately 460C but has poor selectivity). Mreover, the deposited

si | i conhickenebleAn eptimyzdaleyice eduld have a thin dhahmg rédieén foristppelsiasofB G el
using a rapid thermal arnmeal (RTA). To make | ow resistance contacts, the

use of [ o i.S | , [ A ure
(o g, TReRorEy HR) dic Rt Rt lot SEALSHGANA. ML o2 B0 Bl ikl
silicide process (sal.icide) used for anar,..sourge apd drain, nust be

ol £1 28 FHOTHESIEHE B Ph Sroldai SUETH S K5 iRe apuch rRpvBIgRte o
'direct application of the standard salicide process to the sidewall source
and dr &goshowy the followng problens. S First, as illustrated in Figure
3, reduction of the contact area occurs due to the Si consunption by the
silicide re@gguredA iMiitalies MOSFRTSstudfure Qithes thiekrRiapiticon SdiRée arkl draides

| eft-hand Si sidewall in Figure 3 has been nostly converted into CoSi2. The

resul t k&%ﬁ%@; 3 cﬁfcﬁll%ﬁﬁéugb%A@ﬁ&z%%ﬁ&oh%ﬂ%‘f&% f,%g?@g%%lﬁﬁdtoﬁgite‘i%% act

ar eas e anne econdly, as snown 1n hemat'| c Igure 4

and the,_associ ated,transm ssion el ron mi.crograph (T encroachnent of
the i IpRrcidhraps. Ariam-cnmsaior (oD FickaredPa stk e £ gty
infinite reservoir of netal at the base of the sidewall. Wile the netal
react i ehielodtrie 4ihforgied opdhe SO with a gateSeheing fonmed an theegateodieleetrici i Gage

t hi ckness of the netal covering the sidewall, the supply of netal at the

base ofspidess &heildl provided oh sidewhll£6f thd bimscturen dthe 36 ey maiist bbeeledibang!

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 small amount of oxide such
as a 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. Yoshitomi, M. Saito, T.



occurs. The TEM shows a dark region and a lighter region (and a cl ear
boundary therebetween) of the channel region. The dark region represents
the silicide encroaching into the channel under the gate. This encroachment
is highly undesirable and | eads to faulty device operation/failure. Another
probl em shown in Figure 4 is that the sidewalls are of unequal size and
shape. That is, the left sidewall has been dim nished as conpared to the

right sidewall. GCe y, It i esjr t q.have. as e a syrface area
for th @%M@ngﬁég@wg,aﬂéﬁhgwm’ Siiciied SiisopoEall Sices ooy 2y ger
the contact area, the lower the resistivity the device will have. Hence, a
met hod Stsicties fordligk Petfommance 75mme Gateddngtht pMOSFET k& 18958ywmaposiws opddsSibl e.
Thus, ideally, the sidewalls before annealing would have substantially the

sane SipRhaaREDARSRPARY 11t FUTER). THE mMUEWRS lé)ﬁlhd%i?nfoooet MeBHAMNo i
i nvention, sﬁ%ﬁ gg%tsegh%f qu@%as ngjt beenrll devel o?)gd 6 RY OF THE]n

o awbadiectst of REIE s ATOSRET iRl gﬁcrﬁnsﬂié?f‘%ﬁi?ﬁ%% S?Z%?Wﬁe%r}wa

is to provide a new self al |d%ned g(sal i ci de) nethod which is applicable to
si | i comoleraemed al. entitled eMg paMakingntingle 9nd DﬁublefGat%Fl%Eﬁeqt pnsisters

present invention, a nmethod for formng a netal silicide contact on a
non- pl awitr Sidewalt Soure MrainCorgacts!gamhinberporgedismnein blylrefirenoa ssigpReHR).of t he
silicon containing region, includes form ng a bl anket netal |ayer over the

i1 con- contpigtnthoateiiades dePbdiifiga 1isbh iR LY. SYRId dbiEngRiln 4 ver

etching anisotropically and sel ively with Féspect to the netal sald

For m & derGaL R b B BRee fh aﬁbw&é&*@@iﬁ%{fmn M GIR IR R g0,

annealing at a second tenperature to forman alloy of netal -Siz, and
sel ect ithepafe.ckherfidgyvalformmpuaxterdon pf the spurcaged t the |dﬁa1a ogé\dbﬂuma@b&ntact&

met hod of forming a sem conductor structure, includes providing a
sem cordnbt datersfiomed.at e to be silicided including a sidewall source region
and a sidewall drain region formed on respective sides of a gate, formng a

netal film qygire DRGIIAAEReIpicAEMEBFEICstAREird hvith3i1{ B8 s88e ah@ArFimddéwalls
silicon filmover the nmetal, etching anisotropically and selectively
7. The sidewall technique does not require a selective deposition and 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).
To make 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 planér 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 1o the

sidewall source and drain shows the following problems.



the silicon film reacting the netal filmwth Si at a first tenperature to
forma netal -silicon alloy, etching unreacted portions of the netal,

anneal ing the structure at a second tenperature to forma netal-Siz all oy;
and selectively etching the unreacted Si. In a third aspect of the present
invention, a method of farmng a silicide, includes providing a substrate
to be silicaded including formng a netal-silicon m xture over

predet erm n ﬁl E r é %) er t he
el i 11 oarsh s RReRl A PR S Rbdlitn of B tpfelyBl brfadss @wf & silicon
elm reactin the met al - SI|ICOI’1 mxture wwth Si at a first terrperature to

f or m a CRaguARton by thesibigide geachpmgvhiply ingrrasescihe serissresigancss Thatisnie defi-band con

m xture, annealing the substrate at a second tenperature, to forma
met al - Si Ridawhlbyn Figork Shdsdeen velsily edmiertad intb €olizr dhe rexltitig contacy axe, Apas her
aspect, a sem conductor structure according to the present invention,

| Nl U eRereroRORAMANBIpdd (6% SR bt BoRnogAld @ metal disil icide

contact formed on the non- planar sil | con contal ning region, wherein the

oonmi o+ Ssbdrile o8 B B8 stehaR ok Riaie pEhic bt Fonfiishih Sfétron .0

occurring due to the Si consunption b the silicide reaction is prevented.
Hence, mipgeaphd THYD); prgredchmest of the swtd@sntol the Siehaanelroseirst Bircproblem arises he
conventional nethods and structures. Further, encroachnent of the silicide

i nt o t ldae & arcindinite resdp@dr sfahetale dhie baké afth'esidewalli Wahilehlke metay egactionafith the
structures and nethods, there is not an infinite reservoir of netal

avai | alhigg 1&%11 *?@&?f-%jt&&‘aué%%ﬁ'ﬁhlw gﬁfi&fe&e&ﬁt ¢ Dferad IRl he SAPRAL, the

subst ant i a e sane slze an re an after the annea ng,
ther eby, i O 210l P2 Ball 608 b e G0N ASheed! Fhud 2nB AR of B dfdndd®V! o€

occurs. The TEM shows a dark region and a lighter region (and a clear boundary therebetween)
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 size and shape.
That is, the left sidewall has been diminished as compared to the right sidewall. Generally, it is
desirable to have as large a surface area for the sidewall as possible, since this is the contact
arca. The larger the contact aren, 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 sidewalls
before annealing would have substantially the samé size/shape as after the annealing. However,

prior to the present invention, such a technique has not been developed.



The foregoing and ot her purposes, aspects and advantages will be better
understood fromthe follow ng detailed description of a preferred

enbodi ment of the invention with reference to the drawi ngs, in which: ..
Figure 1 illustrates a change in threshold voltage (Vt) of a MOSFET as a
function of a gate length for different Si channel thicknesses; Figure 2A
Illustrates a MOSFET structure with "thickened" silicon source and drain by

epitaxy; Figure 2B il ustr gy j %/[i)ﬁ cture with silicon
source and drain sidewal | SW%Q%?ﬁ% t %fgéﬁeduction of the contact
area due to the Si consunption by the silicide reaction; Figure 4
illustrates a transm ssion electron mcrograph (TEM and a schematic of a

portion of the MOSFET of Figure 2B showi ng the encroachnent of the silicide

onto the Si lakiewef the forgpoiag afd Bthet problenal disapdvanrgss, agd dissybackd ofahé¢ret hod
according to a preferred enbodi ment of the present invention in which:

gi gure c&bé&%ﬁ&lrxﬁétﬁﬁdé %H‘ég%htgﬁ*i tg% ﬁre'bém Wgﬁbﬁ &0 ﬁb}@ﬁ%% Dhiew tsél?-%fiélie%? Figure

6 illustrates a si Ico ~deposited over tl ructure; Figure 7

e e VB e A R e o o

first RTA and an etching of the unreacted netal (e.g., Co) 9; Figure 9

illustratesIn laé‘lrsttasu@cttwg thefratdentrinventions e snsthb d{onfamangm metad kilisidesontagton

unreacted Si cap 9; and Figure 10 illustrates the disilicide 11 (e.g.,

CoSi 2) o inaplhhaRilicoRRen@iniiEregtonchaling@ohfollef consumption of the silicon containing
region, includes forming a blanket metal layer over the silicon containing region, forming a
silicon layer over the metal layer, etching anisotropically and selectively with respect to the
metal said silicon layer, reacting the metal 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-Si,, and selectively etching the unreacted silicon layer.

In a second aspect, a method of forming a 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 over the gate and the source
and drain regions, forming a silicon ﬁlin 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 portions of the metal, annealing the structure at a second temperature to
form a metal-Si, alloy; and selectively etching the unreacted Si.

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

providing a substrate to be silicided including forming a metal-silicon mixture over
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the Ge concentration in the Si film and Figures 11 (a) and 11 (b)
respectively illustrate conparing silicide formation in the case of a Si
sidewal |, and in the case of Ge incorporated into the Si sidewall. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS OF THE PRESENT | NVENTI ON Tur ni ng
now to Figures 2B and 5-11B, preferred enbodi nent of the present invention
w Il be described hereinafter. However, pri or to di scussi ng the present

i nvention, in detail ot ed hat sake | l10| ty. onI y and
not forpr?quﬁ"cTH"FFé‘ YFB\'@“%%%ES tftafFe ‘?fﬂ%&n%ﬁ ﬁ°‘i‘ Irg Qyyex Stiliropmgiyture,

di scussed below is for the specific case of Cobalt (Co) silicide. Cobalt
has beetchimeahitndopicaty and pelestivdbysthe silioom filmy resétintg the metadisilicon deixtuTéwith Si

al though Co silicide is of a special interest due to its superior

proper ta @:ﬁrsttté}ﬁ RO foﬁnQQﬂétﬁlahclﬁﬂ%@Fb%Hlﬂg'i%{ﬁuﬂr@a&éd portietesf ther med wi th

ot her netal s such as Ti, Wet ¢ Turning now to the

dravVi 0 e Ci The vve
ol uadtoiak-ién B %ﬁ%f?’ gl P il 1 Tt o Rl sia o
silicon-qgn- |nsul ator (SA) film3, a gate dielectric 4, a patterned gate 5,
two si dadaslectiyehicatehing theieated i 1i con sidewal | source and drain 7. The
silicon sidewalls are heavily doped and nmay be consi dered as source and
drai n ext endh@yssanofiser abpect) aisamidopductobstruieturd accordingtSthefpreventahvémionp, , Co i s
used in the preferred enbodi nent due to a cobalt disilicide having a Iow

cont actind)fddsst lﬁi?lcﬁana{?‘ﬂhcoﬁ%oﬂﬁﬂﬁﬁﬁé?ﬂmam £mefdl 'Eli’sﬂld?&t ﬂiﬁn?ac@ I8 onSRE

the exanpl e descrl bed bel ow, bé assuned for sake of di scussion and
ease of th er's u derstandl % 03| t ed tfver nee and
drain r8gi B a"( fonreont NUBETE'Fo Jlorilanay sitiedn g0 m@@o’&%’f‘ IHdpdes, er y
1 nmof_cobalt, 3.6 nmof silicon is consurred. Thus, if the cobalt is nade
extremﬁ'%/ t hi ck, then a | arge anobunt of silicon nust be consuned. By the
sanme tol ~en, it cannot be made too thin, otherw se a non-continuous film
wil | With the unique and unobvious features of the present invention, reduction of the contact

area occurring 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, there 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



result. Further, even if it could be nmade continuous with an overly thin
netal |ayer, then resistivity nay be a problem In view of the above and
for the sake of conpl eteness, preferably, the thin metal film8 has a

typi cal thickness of 8 nm yet other thicknesses between a range of about 4
to about 10 nm can be used. Follow ng the Co deposition 8, as shown in
Figure 6, a silican i'ilm (such as anorphous or poly-Si) is deposited over
the Co fil , as a silicon cap 9. The siljcpn cap 9.provides the silicon
W onow |1 BBe ERagnBand e EnPests. PRI ARis R will b Pt Rrdatgood o
nonosilicide. If the cap was not present, then the problens of the

conv entliediotibwing detalledwesdription ofia ptefeged embodinmohofithe inventisuwjth irefierente to
silicon sidewall, etc.) since the only source for the silicide would 11

be fromthe sidewall. In the in~rention, with the cap 9 present, in the
wor st case at least hal f of the consunption of silicon frorri the sidewall
can beprevent ed. r.eover, wth sone processing techniques, the silicon
conSLudﬁ%4ﬁ$”§@§dpﬁgﬁglonly fromthe cap 9 could be forced to occur. First,
it is noted_that thepretically substantially all of the silicon for the
reaction w THWHE ilystrates achargeda tyssholdueltase §NDiafa MPSFES s edpnctinpitanus
the sidewall silicon could be preserved. That is, anorphous silicon could
be usegatederigin fortdiffersid Sichanmed thiclkaredseshe t enperat ure of the anor phous
silicon with the cobalt would be slightly | ower. Hence, by carefully

moni toring Fghr& QRLNMNtakdIG MOSFEITRAERIHRN “BHERNEI” GQRESAIOuRR Jall drAiib)g 2
substantially majority of the silicon for the reaction fromthe silicon
cap. F% ver, such a nonitoring and controlling process is sonewhat

di f fi cfP¥e¥e perform as the tenperature windowis extrenely small and such
a small tolerance_nmay not be suitable for realistic, robust manufacturjng
processes. SigusndByllostrgtes a; typigal MOSEHT stryetureowith gilison seynee mddrationdevelst he
sidewal | and the cap, and then going to a high enougH tenperature (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 si genpéh iBRAGRSS réQistidn BE tHERdatacharek Ghe AWe SULIRBURPHESH BY Yheeven
thicker than with what they started out. O course, dependi ng upon the

t her ”alsilf%%g(‘éﬁctiotn?i s second ‘'t echni que may

Figure 4 illustrates a transmission 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 method 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 silicon cap 9 is deposited over the structﬁre;
Figure 7 illustratgs the structure following the anisotropic and selective etching of

the silicon cap 9;



not be as advantageous as the first technique, In addition, since the
disilicide/silicon junction nust be fornmed in doped silicon to obtain ohmc
contacts, the Si cap in the later case nust be doped. An inportant feature
of 'the invention is that the silicon deposition can be carried out in the
sanme deposition chanber used for the Co deposition. This keeps the Co
surface clean 12 Wi t hout exposing it to an air anmbient prior to the S
deposition. Therefare, . cutin h nd. Si { tion seguent.i.ally
(e.g., in the saﬁggﬁg&@éﬁ?%tkﬁ%ﬂi&%ﬁgﬁvﬂﬁgfl r@g&m%?ff%? etfﬂ'é‘gé’hg}?oer,

el imnates the chance of obtaining an undesirable interface at the CalS
boundatfreagied eetal{e:g3&%; i nterface i s obtained at the Col Si boundary.
Further, it is noted that the silicon cap is de~asited directly on the

met al before any Fagurealillintatedglstruecire Tollovahg s 8econd R 0 asdiamétching of thehe
silicon can begin substantially fromthe beginning (e.g., at the first
anneal ﬁﬁ%&%h@?QNPQMﬁNﬂ of the inventive nethod. Next, the Si cap 9 is

et e>~ed using an ‘ani sotropic etch such as a reactive ion etching (RE) to

Fgure 7. A 0 JRReteR e digEie 11 kg ol Riefon msgiufeds SER onhS.

are when: (1) the etch is selective to Ca and will not etch the Co film
8: and tiexie conceptratiorcinghe St fikmvandl attack the Co iilm8. In the second
case, the process should be selective to the dielectrics fromwhich the

gate spacer Figuré! B andTHi(ls) respebtivedy ARisirvtelcymipatbs sibioRe fornsationlif tHe ek by
RI E which is based on H3r chem stry. The HBr chem stry which is

conveny UM AL oS PSR AGARH ke Sighbide O 11 m o, and

t herefore rt Irst ca ow ng di scussi on woul d
therefore assunme that the etch is selective to Co. Following the RIE step,
the Co film8 would be exposed on planar surfaces, and covered by a Si
sidewal | on sloped surfaces. Next, the wafer is anneal ed by RTAto formthe
nono- si |l i ci de phaBETAGRED DESCRIPTION OFEHEPREEERRER Fé\dﬁéﬁ)IMENﬁ& ature
is about 470 C to about 520 C. Follow ng the anneal, the unreacted Co in
the field regions and over QOFETHEPRESENT INVENTION

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

However, prior to 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 resistivity siligide. 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.
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sidewalls is etched selectively, by for exanple, a wet etch or the |ike.
The sel ective wet etch 13 may use, for exanple, a sulfuric acid with H202
or the like. Thus, the unreacted nmetal (Co) is renoved. The structure
following the RTA and the etching of the unreacted Co is illustrated in
Figure 8. During the RTA, the Co~film8 which is sandw ched between the Si
sidewall 7 and the Si sidewall cap 10 reacts at bath interfaces to formthe

CoSi_phase %Infiﬂg%w% tl’gfecirg{yﬁ@g,e%g%&?dws -mﬂgﬁgﬂ% fob LG FyaPL i on o~

the Si sidewa 'S redu proxi nately ue to the Si supply
on both sides of tt-~e film8 Thus, the gontact area is jngrea

conpar SHUEHYr inSuds e Sighrtents e BELOHids @?QPZ) teyeid. piliconragrnslater fﬁglat t he
Si cap 10. Next, the wafer is anne~.led by RTA (e.g., a second anneal) to

f or m t Hdmdl, sigatecdiclectuicds e patBorBed® gdte 5, fvar sidévenlbspmecrs 6, Quidihe siliche sidawek |
tenperature is about 620 C to about 750 C. As before, the consunption of

the Si sgh/deuad lraiS7r THS SiBE0RNMdORAIS eﬂb‘ﬁeéﬁly@&ﬁe&ﬁrﬁﬂnﬂb@ﬁoﬁs’ft&r@ﬁ soﬁ%jdem, 11

with the SI sidewall cap 10. follow ng thé secon t he unreacted Si
si dewal | 10, 1 enoved by a highly selective etchant such as
tetran@ﬂ?@ﬂﬁ%ﬁpﬁﬂé%ydr oxide (TMAH). The structure follow ng the second
RTA and the etching of the unreacted Si cap is illustrated in Figure 9. It
is noted thd}s shoypnin Frgure §, athinshiles 8 of meta) (e 2s Cadtmsed in thepreterred embgdiment o p
12A is fornmed at the base of the sidewall 11. Such a small step 12Ais

f or ned doe tma sebaltdisihicide dasingiadow contact fesistance) but, ad ineafionddabsie,iothen niedals been
consuned. That is, going fromthe processing of Figure 8 to Figure 9 and

the st @pn be sl AheleRBhBRdesdribedBRINE GBI BEstsihad forREkLofMBSousoh MtFdase
silicon provided tor the silicon cap 9 thin was actually needed to formthe

0 1 s SRR A PR Shes  nd faigded ' 10
(unreferenced). For example, in the case of cobalt, for every 1 nm of cobalt, 3.6 nm of silicon is
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, otherwise a non-continuous film will
result. Further, even if it could be made continuous with an overly thin metal layer, then
resistivity may be a problem. 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 thicknesses between a range of
about 4 to about 10 nm can be ysed.

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
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disilicide and not to consune/dplete the silicon of the sidewall. Thus, the
smal | step 12A is fornmed and is shown after the unreacted silicon has been
etched selectively. It is noted that the silicon consunption may be further
reduced if a mxture of Co and Si replaces the pure Co el m8 deppsition.
The process of using Co alloys was first disclosed in the above-nentioned
related applic~.tion U S. Patent Application No. 09/515,033. Thus, instead

of a pyre Co,.deppsitiqn.(e.q...as wn in Figure ,..Co, can be

co- dep i ottt parnalt: Htsindonioh whRHH oo Srefbbh ip e wory 30 atlopes balfgf x <
4.3, otherwi se bridging fromsource/drain to the gate would occur. The

r educt ithghcansumpeorspf sliepnufigritlmsidewat Qﬂ@ebeS?Te‘éan/vngpre?V‘FrsW&b §PIBQ PEOGBBNE o
vari ous reasons. For exanple, sone of the silicon which is required to form

t he si i¢ohnilpenikssilicen @nsgrapiorcestufingeshly frofmibe depo sohlddeforcedtedccand t hus
t he sidewall consunmption is reduced. Further, the tenperature w ndow in

whi ch the ”ﬁl‘y it'ib & e@?ﬁa?%egé?é?ely ﬂ}béta%ﬁ?l@?ﬂl Bﬁth@rsﬁ{%ﬁﬁ 354t Pea@?ﬁgﬁitil%e C.

Thi s makes ossibletor anneal at fornms

nono-si |l i ci de phase,. i, with a |ower tenperatur neal t would form
e ot conld s oHEkineE o the isen G anc o6 G S HRvaTksiiosn copld 85 piERved.
Co-Silicon mxture at the base of the Si sidewall 7 at an earlier stage of
t he si [Thet idaamenphpusotiiiens coukibbeped te finmi the siliven cérannd theftemperatire pfihgde
encroaching onto the Si channel (e.g., see Figure 4). Additional nethods

nmay be agiptione dilioba ithitBe potsiensulll By ehgtitylotver, TlEdde ey ¢arefullg nidagtoShg and
sidewal | consunption by the silicide formation. For exanple, incorporating

Ge int Pl ' D ei i g _
i iy SPhiPEize (¥ EERIpIré, LOKLE obbif SNIHES bty s of B SR
related U. S. Paten | ication No. 09/712,264. 15 The, incorporation of
cven st Teatinn omag S &P aloeyes muchy moniSitis S sonro inaESCeRhE- Codi 2
formation tenperature to be significantly higher than the CoSi 2 formation
t enper aomewhatrdiffioult teiperfomuas thentempprature wigdawiis extremetysmallang; sugh aemalll
retards the formation tenperature of the disilicide.

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

Secondly, the silicide could be formed by consuming some of the sidewall 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 gthe 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
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Figure 10 illustrates the CoSi2 formation tenperature as a function of the
Ge concentration in the 5i film For exanple, the fornation tenperature
when using pure silicon (e.g., having 0 % Ge shown at the first point on
the left-hand side of Figure 10), is 625 C. In contrast, if a small anount
(e.g., 3-4 % of Ge is incorporated into the silicon sidev~rall, then the
formation tenperature increases to about 740 C. Simlarly, if 1 S%CGe is
incorporgted into the sil.icon, then.the f.onnation te rature..i s

o ox HiBiour gxepsee Sl AR pn ey U, iSRRG LRREES sXéchniEme Co puy
and the second anneal tenperature is chosen to be |ower than the Co$iz

f or mat iSo depasitiar sgauentially (G4 i the lseme changbetp witbowsthreakingibe vagpm pftheed onl y
to the Si cap 10. That is, in such a process, for the first anneal, there

i 'S no @hhhBeEBEMirate3thd Hignad 6F ebtdinSipUisiiiesitldinterfdte abBBTH/Sirbodfdary.
formati on of the nonosilicide is the sane). However, for the second anneal

(e.g., 1 pg. the. disiLi.cide: @% erature can be tailored to
t he pur%lgéélg; ?c%%ﬁacé'g%’%/f% lés:g@ﬁ?neg%g@g W Fdotl)légn "reaction with the Site
since the required reaction tenperature s about 740 C whi .S well above
the react i orf Wkpakanaied the the Siheaasp isdeposiied oo onghe @egqﬂﬁr:@wwap.
Using this process, the Si consunption fromthe Si sidewall 7 is reduced by
about 7B8gal hvboewvred. Theinefore, thenmpnsimptiqy afthe silicombamlexgimsubistaatialiyfromehe
(alloy) of cobalt and silicon, the Si consurnption:fromthe sidewall could

be redmfégﬁhnmg (@.@Qlﬁ tl'f_%(i%t)annéﬁ desdﬂlﬂu'b@ﬁw@)?ofﬁ)eaiﬂdenﬁﬁle%xétﬁ&l?ecti vely conpare
the CoSi2 formation in the case of a Si sidewall and in the case of a Si

sidewal | in [ : i,0: Fl QL ' |, ] qeker

and 1 arger | S 6 5 O B caHRa TR An'a%sbir b Buchgh b'F el Bh o (RIE

the Si sidewal|. It s not that the incorporation of CGCe intg the Si .

i dewaltp forma st sidewthean iy T SH“?W’E?J@E%WI%R% i shepadn Fievre bf Atthisreipt

the formation of the sidewalls 7, inmplanting Ge into the Si sidewall 7

prior twotchses@e distimguishddpdbattis,che camsliarseviznt {1)¢haletply isi selestivefo Go ad wilce

| ayer over the silicon source, drain and gate regions. In contrast to

?el ect inteeehlthe 0o fii & and (QYheEtch eBkhises wall Bitadk e il &N tenperature
e.g,,

In the second case, the process should be selective to the dielectrics from which the gate
spacer is formed. This etch selettivity 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 step, the Co film 8 would be exposed on planar surfaces, and covered
by a Si sidewall on sloped surfaces. Next, the wafer is annealed by RTA to form the
mono-silicide phase, CoSi 11. For the case of CoSi, the anneal temperature is about 470 ° C to

about 520 "C. Following the anneal, the unreacted Co in the field regions and over the dielectric

sidewalls is etched selectively, by for example, a wet etch or the like. The selective wet etch
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within a range of about 850 C to about 1200 C), selective Ge deposition can
be carried out at a low tenperature. Thus, with the uni que and unobvi ous
features of the present invention, a new self aligned silicide process for
silicon sidewall source and drain contacts has been descri bed above. The

I nventive process reduces the Si consunption of the sidewall source and
drain, and thus increases the contact area, and |owers the series

resi st ance. ditionall t.he prohl of the siljcide encroachne into the
ST comaaner ruina e aragin Haps ardhe kS This HE A PIRMCHboess.
The Co and Si cap deposition can be carried out sequentially w thout the
need t oeresysds Ehe steucBue followibg gt RTAnd the ¢thing oftheSinr¢actedGaisdllugrataskiai n.
The process does not require an increase in the thermal budget conpared to

the copygipé 8onal planer silicide process. The process is conpatible with
single gate and double gate structure MOSFETs, as described in Refs. | and

ceveral pr ePUPEReREAunAeY Bish AN bbb REPporRREN R el 7 e ¥

the invention can be practiced with nodification within the spirit and
scope &FcWAR cap h@ Fraets a bathngterfages to dormy the Qi phass asishow By reference nurperah o
for formng a netal silicide contact on a non-planar silicon containing

r egi on 1haVhergfoos the ainked ptaneithp Si sidewdl] 3 as cbdsédd yoappooximaiehyi org-hadfidwerto
conprising: formng a bl anket netal |ayer over said silicon containing

regi onihd S?irsﬁl'})Plg of okl 61869 ofl tAY €0 MY, THAs IhéBShctlafdass incPdaSéll E¥inpared to the
ani sotropically and selectively with respect to said netal said silicon

| ayér ' case where the mono-silicide film 11 is formed without the Si cap 10.
| Next, the wafer is annealed by RTA (e.g., a second anneal) to form the disilicide phase,

CoSi; 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. Following the second RTA, the unreacted Si sidewall cap 10 is
removed by a highly selective 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 is, 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 th:an was actually needed to form the disilicide. The reason an

over-abundance of silicon is provided is to ensure that there is enough silicon present to form the
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1

reacting said netal with silicon at a first tenperature to forma netal
silicon alloy; etching unreacted portions of said netal |ayer; annealing at
a second tenperature to forin an alloy of metal-Si2; and selectively
etching said unreacted silicon layer. 2. The nethod of claim1l1, wherein
said formng said bl anket netal |ayer includes formng a netal |ayer
containing a mxture of netal and silicon. 3. The nethod of claim1,

further,. includi formn i n- AN nt & ni.n Khop. 4. The
et hod i HE S0 fora cPhAGher@ofest R 01 G, TR PR BEP 1888 i ng
region includes formng an alloy of Side. 19 5. The met hod of claim 4,
wher ei doragdpndds shayn afigrdheypmregcted sibrerchastheen atebed sglectivelyng Ge into sai d
non- pl anar silicon containing region. 6. A nmethod of fonning a

sem conduct gt issiotedctharthe sitioopcorsumgtiop hayibdifogher reduced dihmbitore of QosdndBie t o
be silicided including a sidewall source region and a sidewall drain region

formed r%aé&%ﬂ@ﬁﬁrgtgarﬁlhgg desitford 3t prﬁws%ﬁ&iﬁ @Eraﬁ#)ysf\wsnﬁ@f’(%cl&%ﬁ i fe®

and t he 'source an aln regions; formng a silTcon f1lmover sald netal;
et chi ng, ani sotr.opi,cal ly, and sel i yel ai.d siljco ' reactin aj d
Lol " opYe-fietiots TEtetell abpheationd TS, Vet Afiigafon Mo oObial i TR oEad oL 5
etching unreacted portions of said netal; annealing said structure ~ at a
second puesipe deposition (s. & .o shewnrin Bigusi 6, @ cay be eordepnsited withSiy The vse of sai d
unreacted Si. 7. The nethod of claim6, wherein said netal includes at

| east @R, Sif miBrelis linfitéd 16880tk < 8.3, diherwissd biodRing fromAontde/draifies diepateal d

thin filmof nmetal has a thickness in a range fromabout 0.3 nmto about 50

nm 9. yJdifid BERROPhéHedfidtfinTh fhe ¥MhGidpiH MoMBhES; diddwail PistRRRVE due to

various reasons.

For example, some of the silicon which is required to form the silicide phase is already
contained in the deposited mixture, and thus the sidewall consumption is reduced.

Further, the temperature window in which the metal rich phase, C0,8Si, 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, Co,Si. 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
sidewall consumption by the silicide formation. For example, incorporating Ge into the Si
sidewall 7 could force the disilibide, CoSi, 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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20 10. The nmethod of claim9, wherein said first tenperature is in a
range from about 48/ C to about 625 C. 11. The nethod of claim 10, further
"~ conprising: selectively etching any itnreacted netal. 12. The net hod of
claim6, wherein said silicon filmincludes one of an anorphous Si (a-Si),
a poly-Si, and a m xture thereof. 13. The nmethod of claimb, wherein said
silicon filmhas a thickness in a range from about 15 nmto about 150 nm

14. The nmethod.of claim®6, wherejn said seco tenperatyre .j s, higher .than
appr oxi nat elhReBesrpasation of even small CaacenRtians Al Hesin the, St sifeallitm poshes the

metal -silicon formation occurs in the deposited silicon filmand in the
si | i coCoSixfemadtionstemperature ¢ basigmficantlyi ligirer shabethe CoSdrfammtiongemperatife inThe
nmet hod of claim6, wherein said nmetal-Si2 formation occurs in the deposited

si | i coputesil Thid) thebfpdritgSthe Gedtoshé SMaldwAPrEA8s 1B FoidhiRAdeRpéraf®lof the
sidewall drain region. 2l 17. The method of claim®6, wherein said second

terrperat ulacq Is higher than said first tenperature. 18. The nethod of claim
6, whef&f g%i d nmethod is self aligned whereby said nethod is devoi d of
using any of a patterning and a mask. 19. The method of claim®6, wherein
sai d f or ni ngigwe $Qilipstrates thedConi; fematien tempergtnig as afinctionfitheGe ni xture by
co-sputtering netal and silicon, a percentage of said silicon to said netal
fil m bebnentretien intha SPAY. B exdinplenthe fomafonataperature whe asing padedilivehal

filmconprises 99.99 % netal.
(e.g., having 0 % Ge shown at the first point on the left-hand side of Figure 10), is 625 °C. In
contrast, if a small amount (e.g., 3-4 %) of Ge is incorporated into the silicon sidewall, then the
formation temperature increases to about 740 °C. Similarly, if 15% Ge is incorporated into the
silicon, then the formation temperature is approximately 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 °C, 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 combined with a mixture (alloy) of cobalt

and silicon, the Si consumption from the sidewall could be reduced by about 80%.).
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21. The nethod of claim®6, wherein said netal el mconprises a netal-silicon
m xture. 22. The nmethod of claim?2l, wherein said reacting is perforned at
a tenperature to forma netal -rich phase and said etching of said unreacted
portions includes etching the unreacted netal-silicon mxture. 23. The

met hod of claim 22, wherein said netal-rich phase is CozSi. 24. A nethod of
formng a sili~ide, including; 22 providing a substrate to.be silicided

including fqrmn nme =silicon, m xture over,.ptedet erm ned regi gns of
sa " subst r dueurey bARR 1B Sreprffnfoine e (EsitYorarlat Muftashgla

ani sotropically end selectively said silicon film reacting said

net al - sidewadlrangiin thercasewf | Sisidgwal indogpnratingfpe ris showntin Figwrer EB.rthe sidewalt h
phase; etching any unreacted portion of the netal-silicon m xture;

anneal ijnthicier dné lHpgdr! Aidethad the contaNfted BIMeThahrgerif Geois pRssBhtdn iR Sil sidgwall.
all oy; and selectively etching said unreacted Si. 25. A sem conduct or

structure, Cl?moi(t:cfd t?{gtr ‘F}é g{bgﬁsogg(?(g%f & inid:@l@ st gi:afe@.hlrl‘ Hin 'b? g&lﬁ@ée% ﬁrgg@sg al

disilicide conta non- pl anar I'con contal ni ng

St uct dPaogedeReRIGLY Sife i e SATRB At B Eed? 7 BRSO GF ING et on

I ncl udes inplanted Ge. 27. The structure of claim25, wherein said

non- pl andewadli 7 parto clwnCaifiliaédepesjiion, and ctledine dbppsition efia thén G23ayer over the
silicon source, drain and gate regions.

In contrast to selective silicon epitaxy which requires a high 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 self-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 nead to expose the Co to ambient, 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 MOSFETsS, as describéd in Refs. 1 and 2 mentioned above,
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28. The structure of claim25, wherein said netal disilicide contact

i ncludes a step portion. 29. A product formed by the nethod of claiml. 24
.Ay& AHF . A@. A@ . AS[ . AS[ % Afnl 9. ASH. A, [ . A@b6 AS[ YL. A@r. AS[ . Al . ASn. A@ Af H. AS
L. AS. YL. Af. A . A@ % ASA3_. Af %Rk 7x] QRSWKAV # }

=E~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] cal] ca] ca] ca] cRa] ca
] c<a] ca] ca] ca] cHigRlEA)S; sa cal)] ca] c$a] c$a! Ed$

Nh_~5Wé. A }xsnid_Z] ca] ca é‘i%@&?wd@mﬁb&pﬁlq@%&ggcaélca‘] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]skilieedh ¢ & 1}@ ] ca] ca] ca] ca] ca] ca] cal CPSRYat3limrefetred embodim

}xsni d_Z] ca] ca] ca caz[f r@épgm]m:ﬁ;bgﬁ\]aqﬁ‘]eﬁ%cag ca] cal ca] ca] ca] ca] ca?caej"@a}]@é‘}
ca] ca] ca] ga; ?a&a ca] ca] ca] ca] ca] cal 108 ¢an be practiceq with modi 1 s

I~ LA™ # E%'] 455 Ride 'p'eﬁdéﬁ(cE% K** +m++, } xsni d_Z] ca] ca ca‘jﬁgﬁt]‘%‘]"tthl}laht} c
aJ ca] ca] ca]cal ca]ca]ca] calca]ca]cC '}" ‘a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
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2B2&x222303334] 4445} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 5905z2555966666<727778H
888 99999: b: : +;
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having controlled consumption of said silicon containing region, comprising;

forming a blanket metal layer over said silicon containing region;

forming a silicon layer over said metal layer;

etching anisotropically and selectively with respect to said metal said silicon layer;

reacting said metal with silicon at a first temperature to form a metal silicon alloy;

etching unreacted portions of said metal layer;

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

selectively etching said unreacted 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 claim 3, wherein said forming of said non-planar silicon containing region

includes forming an alloy of SiGe.
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etching anisotropically and selectively said silicon film;

reacting said metal film with Si at a first temperature to form a metal-silicon alloy;
etching unreacted portions of said metal,

annealing said structure at a second temperature to form a metal-Si; alloy; and

selectively etching said unreacted Si.
7. The method of claim 6, wherein said metal includes at least one of Co, Ti, Pd, and Pt.

8. The method of claim 6, wherein said thin film of metal has a thickness in a range from about

0.3 nm to about 50 nm.

9. The method of claim 6, wherein said metal film is cobalt.
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12. The method of claim 6, wherein said silicon film includes one of an amorphous Si (a-5i), a

poly-Si, and a mixture thereof.

13. The method of claim 6, wherein said silicon film has a thickness in a range from about 15

nm to about 150 nm.

14. The method of claim 6, wherein said second temperature is higher than approximately 625 °

C.

15. The method of claim 6, 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 metal-Si, formation occurs in the deposited silicon

film and in the silicon sidewall source region and silicon sidewall drain region.

21



10f L- $10%8& () - f

+#1090& () -, (1 109%& () - S& 10%& () - S$" 109H& () - SY" #109& () - MAINKK XnXoXpXgXX
xmbC 10S"10%&' ()-1 10b 10b

10bf 810%& () - f 3$10%& () - f 1#10%& () - 3f/" 10%& () - XYWYY9ZZZdEmbC

10S" 109%& () - Sy#109%& () - S$109%& () - SS$L10%& () -, ! 109& ()- SL109%& ()-ZJ b[[

\"\\ dEnbC 10f3"Z" 109%' ()- @ 10% ()-f 10% ()-@

e 17 B A e Tl b i

} ~ 5 bC 10S$100& ()- ' 110%& ()- 10 10 10710%& (

109& ( yerpnergipng’ ()-5° NaadebC 10Sf &$10%& () - S@#lO%& ()-

SSH109%& () - 109%& ()- @10%& ()- @ $10%& () - 3bubbcpcccdEbC 10@8I 109%& () - Sl ™
109& ()-S@ $109& ()-,! 109 ()- SMLOY% ()- S&$10%& ()- cGddeaeef dEbC

10f 1#109& ()-f/$10%& () - f L- #109%& (

()-
hor &;io%% "?% 109! %’H g s‘@?“"’? idpe &ill\(§§181 $ikn % ‘g?%%%/s etod s AN En

of using any of a patterning and a mask.

19. The method of claim 6, 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 6, wherein said metal film comprises 99.99 % metal.

21. The method of claim 6, wherein said metal film comprises a metal-silicon mixture.

22. The method of claim 21, wherein said reacting is performed at a temperature to form a
metal-rich phase and said etching of said unreacted portions includes etching the unreacted
metal-silicon mixture.

23, The method of claim 22, wherein said metal-rich phase is Co,Si.

24, A method of forming a silicide, including;
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phase;

etching any unreacted portion of the metal-silicon mixture;
annealing said substrate at a second temperature, to form a metal-Si; alloy; and

selectively etching said unreacted Si.

25. A semiconductor structure, comprising:
a non-planar silicon containing region; and
a metal disilicide contact formed on said non-planar silicon containing region, wherein

said non-planar silicon containing region includes Ge.

26. The structure of claim 25, wherein said non-planar silicon containing region includes

implanted Ge.

27. The structure of claim 25, wherein said non-planar silicon containing region includes

deposited Ge.
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