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AN OPTIMIZED Co/Ti-SALICIDE SCHEME FOR.SHABLOW JUNCTION

DEEP SUB-MICRON DEVICE FABRICATION

'BACKGROdNG OF THE INVENTION
{1) Fieid of ﬁhe Invention
The invention relates to the fabrication of integrated
circuit devices, and mére pafticularly, to a process for.a FET

with TiSi2 S/D contacts and CoSix gate contacts.

(2) Descriptién 6f the Priof Arf

 Field Effect Transistoré-(FET’s)-have:found wide
application in thé semicondﬁctof indﬁétry. The fabriéation:of a
FET typically startsIWith a single cryétal semiconductor:

substrate; a_thin layer of gate oxide is grown over the surface

of the substrate. A polysilicon'gate is patterned over the thin

layer of gate 6Xide, the gaté eiectrqde is then used as a
diffusion or implant baﬁrier mask to fofm se;féalighed soﬁrée
and'drain aréas in the substrate immediately adjacent fo:the
sides of the gate'elgct;ode; The'region betweenithé'source/d;ain
1regions is ca;led thé_éhannel_reéion, the diétance between the
source and thé-drain ﬁunction is called the channel length._In-

its simplest terms of operation, an input voltage is'applied to

the gate'electrode, this voltage establishes an electric field
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2 .
in the channel region of the device, and this electric field is

perpendicular to the surface -of the substrate and the thin layer

. of gate oxide. By varying the value of the applied voltage, the

conductance of the channel region can be controlled. Because the

electric field that iS'established by this voltage controls the

- output current flow through the device, the semiconductor’

devices created ueing-this-approach are called Field Effect

Transistors (FET’s).

In a typical FET, metal contacts are established with the

gate electrode and with the source and the drain regions of the

transistor. This can be done by sputtering-a layer of refractory
metal over the“exposed arees of these areas.-By heeting_fhie
layei'of metal (typicaily titanium,,tentalum) platinum, nickel
or cobalt) tp a temperature of between 200 aﬁd'850 degrees C., a
self-aligned salicide-fegien is-fofmed on top of the gate |

electrode and_on*the'SOurce region and drain regions.

‘Prior to the deposition of the above indicated laYer'of

metal, contact holes to- the source/drain regions have to be

opened_through.the'thin'layer of gate oxide. As transistor

dimensions have decreased, the conventional contact structures
-~ began to limit device performance. It was, for instance, not

possible. to minimize the contact resistance if the contact hole
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was of minimum size while probléms with cleaning small contact

holes became a concern. In addition, the area of the
‘source/drain regions -could not be minimized because the contact
hole had been aligned to this region using'a separa#e masking
step wheréby extra area had to be allocated to ahcommodate'_
misalignment. It was also practiCe.tq use sevgral, small conéact
holes of identical size meaning that'the fuli width of the
source/drain region was not availablé for the contact structure._'
This resulted in.the_sourcé/drain resigtance being |
' Proportionally.larger_thén it'ﬁould have:been in a device-having

minimum width.

Sélf—alignment is a fechnique'in which multiple
iegions on the wafer are fofméd using a single mask, thereby
eliminating the alignment toierances-that-are required by
additidnal masks. As circuit sizés decfease, this approa¢h finds
more épplication. One of thelareas wherglthe technique of-self;'_
alignment was used at alvery eérly stage was the self—aligned

‘source and gate implant to the poly gate.

One of thé-alternate structures that have been employed in
an effort to alleviate the problem of ihcreased source/drain
resistance is the formation of self-aligned silicidés on the

source/drain regions. Where these silicides are formed at the



same time as the polycide structure, this approach is referred

to as a salicide process;'The'enfire sourCe/drain region (dfg
. for instance,:a MOSFET device) is contacted with'a conductor

film. This approach becomes'even more attractive whére such. a
film can be forméd using a self—alignedlprécéss:that'does not

entail any maéking steps;

| Cbntinuous shriﬁkagé of the gate length deménds low
resistivity of the source/drain regions; as well as #héllow._
junctions in the soufce/drain'areas fo.aﬁoid short'chanﬁel
“effect, wﬁichlis mainly caused by inappropriate dopant
diétribution'underheath fhe éhannel ;égiqn._shailow junctioné

greatly help resolve this problem.

_.Various techﬁiques have been developed for.fprming'the
shallow source/dréin.jﬁnctioﬁs that are needed for sub—microﬂ_
CMOS devices. One such'approach uses.As_for the n-channel
deviceé while EF;'is used. for the p—chénﬁél.devices. Yet_anofhei
apprdéch uses the creation of'so—calied elevafed sourcé—dréin.

A thin.(for instance 652 um. ) epitaxial'layer of siiicon'can'be
sélectively dépbsited onto the exposed source/diain,afea# of the
Mos.transistér,.this fdilowing the implantation of the lightly
doped region of the LDD,strﬁcture and the formation of the

spacers.. This process leads to the formation of heavily doped, t
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shallow source/drain regions. The source/drain junction depths

in this case are less than 0.2 um.

Fig. 1 shows Prior Art formation of a gate electrode with
contact openings for the sOurce/drain regions. A_polysilicon
gate structure 24 is formed including the formation of Shalléw
Trench Isolation (STI) regions 18 between thé gaté structures.
After the source and drain éreas 12 aﬁd 14 have been implanted
to form the source/drain.jﬁnctions; thg sidewall spacers (not
shown) are formed. Spacers caﬁ-be.made using silicon-nitride or
siiiconébxide, BSG, PSG, polysiiicon, other materials preferably
of a dielectric nature; CVD oxide formed from a TEOS source.
Often ﬁsed'are amorphops maferials'tﬁat inhibif the depoéition

of epitaxial silicon thereﬁpon.

A thick (2¥layef deposition) layef 50 of undoped oxi&e is
deposited over the gate electrode 24,'thé.adjaceﬁt STI.regions
18 and the expoéed_surféce of the.semidonductor sﬁbstrate 13.
'Over:this ;ayer 70, a layer'72_of'boronphosphoéilicate glaSs
(BPSG) needs to be added for cohveﬁtional contacts. Contact
holéé 26 are opened iﬁ'laYer 72 and layer 70 down to the
source/drain regions 12 and 14, these contact openingé typical1y

have a width of between 0.20 and 0.30 um.
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Fig. 2 shows the effect that epréure to wet;cleaning_can

have 6n the surface of the STI aréaé. Gate electrode.24.is shown
-together with gate-spacers 22 and an adjacent STI region 18. The
surface 27 of the_STI-18 shoﬁs two irregularities in the areas
28 and 29 where this éurface 27 ihterfaces With'the surface of
the semicohdudtor substrate 13. During the formation of the STI
region, the silicon in the areas 28 and 29 can be ekposed by wet -
cleahing. The exposed silicon'can be salicided at that time ahd
can thereforelcépse leakage currents to occur. Onlthe'cfher
hand, a thicker siliéide layef can result in higher leakage

‘current especially for shallow junctioh devices.

The Saliqide'procesé:further hés é limitation related to
the fact that the gate and the sodrce/drain silicides are fofmed
" at the saﬁe time. On the gaté,'it is desirable for the siliéidé
to have the lowest possiblé sheet resistance (so the gate
electrode will have a low interconnect résistance)..To aéhieVe

this, a thick éilicide layer ié needed. Oﬁer.the SOurce/dréin_
regiéns, h0wever; thé'siiicide can only bé of limited thickneés
in order to preveht excess consumpfion of the substrate sili¢on
by siiicidé formation. Thus, a thickér silicide, thbuéhﬁ
.favqrable at.the gate level, is'detrimental to shaliow juncti§n-

" devices.
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Us 5,731,239 (Wong et al,) discloses a process for a FET

_with TiSiz S/D contacts 26 and CoSix gate contacts 30, see col.
j7,_1iné$ 4 to 1l4. A main purpose of the invention is to form two
different materiél'silicide layers over (aj the gate and (b) the
S/Da this patent uses CMP to remove a seéond layer of-insulgtor

with Si3Ng4 as a stop layér.

US 5,352,631 (Sitaram ét al.) shows a method of forming a
FET with a first Metal Silicide (e;g. TiSix) S/D contacts (see
col. 4, lines 16 - 35) and second metal silicide'(e.g.;
ref?actofy metal, see col. 5, lines 15-17.) gate contacts. See
claim 1. See Figs. 1 to 5. A main pﬁrpdse_of the patent'is to
form tﬁo different-mate:iéi.silicide layers over.(a) the'gate,
" and (b) the S/D. This patent forms the silicide first, after
" which the'source/drain regiohs are fbrmed using'iog implant.-Tﬁé

top layer of the gate contains TiSi..

US .5,447,875 (Moslehi) shows a method for forming 2 -

different composition'Silicide_layers over the S/D and Gate.
'US'5,464,782 (Koh) shows a salicide process using Ti.

Us 5,710,438 (Oda et al.) shows aJSalicide process using

Co.
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US 5,208,472 (Su et al.) shows a salicide process using two

spacers.

Us 5,705,417 (Tseng)'shows a salicide process using Ti or-
Co.
US 5,726,479 (Matsumoto et al.) shows a salicide process on .

a géte with a large contact area.

US 5,736,461 (Berti et al.) shows a.salicide structure with

both TiSix and CoSix on the S/D and gate.

SUMMARY OF THE INVENTION

An objective of the invention is to reduce excessive
consumption of substrate silicon in the formation of salicide

source/drain electrical contacts.

.Anbther objective of the present invention is tO'pfévide an
economical method for the formation of shallow salicide -

junctions.

" Another objéctive of'the_invéntion is to eliminate the

narrow line width effect fbf'the'gate contact region thereby
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eliminating the effect of increased sheet resistance for smaller

'~ gate electrode device dimensions.

Another objective of the invention is to eliminate the
adverse effect that silicon consumption has on the formation of

shallow junctions.

Anofhér objective of the invention is to eliminate leakage
currents between the source/drain contacts and the gate contact

‘after contact salicidation;

Another objective of the invenﬁion is to minimize leakage

currents of the source and drain regions.

In acco;dance with the objectives of the invention.a hew
method is esfabiished to form differen£ si1icide'layers oﬁer the
top of the gatg'electrOde and the surface of the source/drain
regibns, The.shallow trench isdiation regions. are formedyin the:
surface of the semiconductor substrate, a layer of polysilicon :
is depoSifedjover the substrate. Ihe gate'electrbde.is
pattérned, the gate sbacers are formed. During-this_laﬁter 
process a layer of_TiN is formed on the:top surface of the gate
electrode. Thelsourceldrain regiohs éré doped togeﬁher ﬁith_the

shallow_doping under'the gate spacers. A layer of Ti is
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deposited over the gate electrode and the surface of the

adjacent source/drain regions'and the-STI'regions, this layer
reacts with tﬁelsilicon of the.substrate surface and forms a
-thin'layer of TiSiz over the.source/drain‘regions. The unreacted
Ti is removed together with.the TiN.layer-on the top surface of
-the gate electrode makingtthe gate electrode a recessed gate-
structure. A film of Co is now deposited over the sﬁrface of the
(recessed) gate electrode, the gate sﬁacers and the area
immediately-surroundiﬁg.the gate electrode including the STI
areas. This layer of Co reacts w1th the poly51llcon of. the top
surface of the gate electrode forming CoSiz.  CoSiz has the
characteristic that the electrical resistance of lineS'formed
using CoSiz is independent of the line width._The unreacted '
layer.of Co is remoyed leaving the gate electrode with a topy
surface of CoSiz (no line-width effect for making electrical
contact with the gate electrode) while.the top surface of the .
source/drain reglons consists of a thln layer of TlSlz thereby _
mlnllelng source/draln region junctlon leakage currents. Ey
.creatlng a -thin layer of TlSlzon the surface of the source/draln
regions, slllcon consﬁﬁptlon (that is typical of the Prior Art
salicidaticn proceSs for the formation of.contact reglons over -

the source/drain regions) is sharply reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a croSs section of a Prior Art gate electrode

with source/drain contact points.

Fig. 2 shows STI surface damage that can occur by wet

.cleaning during the formation of the STI regions. -

Fig. 3 shows cross section of a semiconductor substrate
after the deposition. of a;layer of polysilicon and a layer of:

TiN.

Fig. 4 shows a cross section after the formation of the
gate electrode with the gate spacers'and'the'doping'of the

source/drain regions.

Fig. 5 shows a cross section after the-deposition of a
layer of Ti and the formation of thin layer of TiSi2 over the

source/drain regions.

Fig. 6 shows a cross section after simultaneous removal of
the unreacted Ti and the removal of the TiN cép from the gate

electrode.
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Fig. 7 shows a cross section after the deposition of a

layer of Co.

Fig. 8 shows a cross séction after the formation of a layer

of CoSiz on the surface of thézgate electrode and the removal of

the unreacted Co.
DETAILED DESCRIPTION QF'THE'PREFERRED EMBODIMENTS

Referring now specifically fo Fig. 3, there is shown.a
.éréss_secfion of ﬁhe'semiconductor substrate 10, thelShallow
Tfench Isolation-(STi) aréas'lz that_have been formed in the
surfaée of the_éubstrate-ib, a layer.14 of.polysilié§n that has
been.depbsited over the_surface_of subsf;até 10 whilé'a'layer 16
of TiN has been deposited.9Vér-the layer of polysiliconll4. Thé
"layer 14 of_pplysilicdn wiil be pattgrned to form the gate
electrode, the:layer'lG-of_TiN will be pattérned to.forﬁ the top

layer or cap of the gate'electrode. ,

The léyer of p@lysilicon can be doped as follows:
i fér_NMOS: .N4 ddped'using_As or P as a dopaﬁt with'a_dopant ‘
qoncentraﬁion of betwéen about 1x10%° andilxioﬂ’atdms/cﬁé
--.f6r-PMOS: P+-dopéd uSiné:BEb ér B as a dopant with a dopant

concentration of between aboﬁt 1x10%° and.lxlom’atoms/ém3
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Prior ﬁechnology.applied'the LOCOS prdcess_to create field
isolation of devices on a silicoh substrate. This prpdess used
:si}icdﬁ'nitride aé a mask and applied selective oxidation of the
silicgn surface to form the field isolation régionsf_This
process however cause lateral oxidation of the silicon under the
nitride mask resulting_in'the weil know bird’s beak effect, |
Where the iSOlation.régions have'noneflinear and_poorly defined
vertical boundaries. This resulted in considerable.reduction of .
packaging dehsity. This néQati&e_effect is not present when the
Shalloﬁ Trehch Isolation;(STI)-process ié used to foim“the field .
isoiatidﬁ regions. Shallow trenéhes are formed in the silicon
substrate by first creating SisNg hard_mask over tﬁe active-areas
of thelsilicon substrate;nThe silicon substrate is etched in the
field regions using fof ins£ance a RIE etch. Thelmethod involves
filling the trenchés-with é éhemical vapor depositioﬁ (CVD) - B
silicon oxide (SiOz)land'then'applying-én etch back ér
mechahically/qhemically-poliéhing to yieid a planar surface. STI
regiqns.are forﬁed_around the active'device to a depth between_:

2000 and 6000 Angstrom.

Polysilicon layer 14 is tYpically deposited using low-
‘pressure vapor deposition (LPCVD) using, for example,'silane
(SiH4) . The thickness of polysilicon layer 14 is between 1500

and 3000 Angstrom. Layer 16 is preferably deposited by LPCVD '
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using a reactant gas such'as SiH4_or'SiHQClz, typically in a

temperature range of between.700 and 800 degrees.c., to a

thickness of about between 1500 and 3000 Angstrom.

Fig.“4 shows a cross section after layers'14 and 16 (Fig.
3) have been patterned and etChed. The polysilicon gate
structure 18 has been created, spacers 22 are formed adjaceht-to-I
and in contact with the gate structure 18. A layer 20 of TiN |
remains on the top surface of the poly gate electrode 18, layer
20 is also bounded by the gate spacers 22. Further shown are the
_1mplanted source (24) and drain (26) reglons together with the
shallow implants 28 (LDD's)-under the gate spacers 22.'The
latter implants of the doped regions will,.for purpoSeshof

' clarity,:not be shown in the following figures.

Layers i4 ano 16 are typlcally etched using anlsotroplc

. etching with- an etchant gas of one of the group of CF4, CHFj3,
CHCla, CClL BC14 and Clz at a temperature between about 100 and
200 degrees cC. Layer 20 of TiN is typically between about ‘500

and 1500 Angstrom ‘thick.

The LDD implant is.typically performed as follows:
For NMOS: As - energy 1 to .10 keV

- dose leld to lelé atoms/cm?®
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For PMOS: BF2 — energy 1 to 10 keV -

2 dose lel4d to 5e15:atoms/cn3.

It must be emphasiied-at thié point that;ﬁhe source/drain
formation takés place before the formation of the SQrface of thé
substrate over the source/drain regions where the electrical
contacts with the source/drain regibns_will be established.
During conventional practiées, the silicide (for the electrical
cdntactsf is férmed first after which the ion impiant for.the
: sou:ce/d:ain.regiohs is pgrformed.-In'conventiqnal.processeé a’
layer of CoSix is theﬁ forﬁed instead of a layér of éilicide
because it is easier for the sourée/drain ion implant to
,penetrate.CoSix rather than react with the Ti that is present in
thelsilicide if TiSié-is used to prepare tﬂe_substrate surface
for the establishing of the electrical cbntacfnpoipts 6f the
source/drain regiops. The invention; by first forming the
source/drain- regions and after that préparing the'surface of the' 
substratg_for'the'eléctrical ;ontact points and by creétingfa
layer On.the.éurface of the substréte that'c0ntains Tisiz,

prevents the problems of conventional processes.



16
Typical separation between the source and the drain

region of the gate.electrode is 0.2 um. This separation follows
from a typical physical gate length of 0.10 . um and a spacer

width of 0.05 um.

Spacers can be made using §ilicon—nitride-or silicon-oxide,
BSG, PSG, pblysilicon, other materials preferably of a
dielectric nature, CVD 6xide'f9rmed'from a TEOS source. Often_
used are amorphoﬁs maﬁe;iais that inhibit the deposition of
_epitaxial.silicon thereupon;lA silicon.oxide spacer can'be.
formed via anisqteric“RIE of said silicon o#ide 1ayef,.using
CHF3 or CFs~Oz-He as an etchant. A'silicon ﬁitride_spacer can be:
forﬁed via anisgtropic EIE-Of éaidféilicon.nitride layer;_ﬁsing

CHF3 or SFe¢-02 as.an_etéhant.

LDD areas for the source and drain regioﬁs can be formed
immediately after the formation of the spacers by ion
" implantation for the n* and the p* contacts followed by

annealing.

_ The sourée/drainfimplant 24/26 is typically performed as

follows, this implant_forms the S/D regions 24/26. .
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Conditiohs for implant_24/26 are as follows:

For n*/p* NMOS: As - .energy: 15 to 100 keV
= dose: ‘leld to 5é16,atoms/cm?
P - energy: 10 to 100 keV

- dose: 1lel6 to 5el6 atoms/cm’

Typical coﬁditions for the doping afe as follows:
For PMOS : B —.energy:_l'to_SO keV
. = dose: . lel3 to lel6 atoms/g:m2
BF2 - énergy:-S to 180 keV

- dose: lel3 to lels atoms/an

Fig. 5 shows the deposition of a blanket layér 30 of Ti
thaf is deposited over thg surface of the top layér 20 qf the
gate electrode.lB/ZO, the exposed sides of the spacers 22, the_
surface of the sou;ce/dréiﬁ regions'24/26, (Fig. 4) and the'
adjacent STIlareas 12. The main purposé of'layer 30 is to form
reactant layers 31 of TiSi» over the surface of the sourcé/draip
regions 24/26-(Fig. 4) . The silicon of the substrate reaqts.with
the layer of Ti fofming TiSia this reaction is an annealing
process. No TiSia forms over the gate.due to_thé presence of the

TiN cap layer 20.
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Layer 30 of Ti can be deposited.bj physical sputtering from -
a Ti target to a thickness of between about 150 and 450

Angstroms. .

The annealing process of the Ti film into the substrate
over the source/drain regions is typically a Rapid Thermal
Annealing (RTA) process at a temperature of between-about 600

and 850 degrees C. for a time between about 20 and 60 seconds;

A typical annealing process is rapid thermal annealing in a
temperature range of between'about 600 and 850 deorees Cc. for a
time between about 20 and 60 seconds used to activate the
dopants and to form reactarnt 1ayers 31. of TisSiz. A second
temperature step of about 850 degrees C. in nltrogen (N2) or
argon can be carried out to lower the TlSlz sheet re31stance and

to complete the TiSi: phase of the reactlon.

'Fig. 6 shows the. simultaneous removai of the unreacted.
layer 30 (Fig. 5) of Ti,and the removal of . the top laYer 20'
'(Flg. 5) of T1N of the gate electrode 18/20 (Fig. 3). CMP may be

used for this removal process.



. 19
A typiCal process to remove the unreacted Ti is a_Wet etch,

such as deionized water (DI) with 30% hydrogen peroxide (H202)

and ammonium hydroxide (NH40H).

.Fig;-7 shows a cross sectiqn'after a- blanket depésition 6f a i
layer 34 of Co. The Co will chemiéélly react by anﬁealing Qith
the poly of the.gate 18 and create a layer of CoSiz at the
interface between the Co and the poly. No reaction occurs
between the deéosited_liyer'of Co and the TiSi:z of layer #1.
Layer 34_is typically deposited to a thickness of between about

100 and 300 Angstrom.

The cobalt anneal is typically pefformed at a temperature -
between about 500 and:850 degrees C. at atmospheric pressure or .
in a Nz environment (also under atmospheric pressure) for a time

between about 20 And 60 seconds.
Layer 34 is deposited using a PVD sputtering process.

:Fig. 8 shows the results after removing the unreacted Co. The
top surface of the gate eléctrode now containé iayer 36 of
CoSiz2. CoSi2 does not, as previously pointed out, have the smali
line effect, line resistance will thérefore.remain lbﬁ and

independent on the width of the line. This characteristic is-
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clearly an important advantage for . the creation of increasingly

smaller devices. A furthef adﬁantggé of the gréation of the top
su;facé 36 of the electrode c6ntaining CoSiz2 is that CoSiz2 is of
smallér g:aih size wheﬁ compared with the frequentiy.formed top
surface of TiSi» for the top surface of the gate électrode.'This
| brings the added advantage that électrical confaét with ;he-gate
electrode is easigr to establish while this contadt has imprpved_
charactefistics of reliaﬁility as compafed with'Prior Art |

electrical contacts.

The CoSiz anneal is typically performed at a temperature
. between about 500 and 850 degrees C. at atmospheric_preésure or
in a N2 envirohmeﬁt {(also under atmospheric. pressure) using‘a

RTA process for a time befwéen about 20 And 60 seconds.

From the cross section Shéwn in Fig. 8 it is clear thét the _

following pbjectives have béen,obtainéd: |

- the top'sﬁrfaCe of ‘the gate electrode contains CoSi2. CoSi: is
ofﬂsméller.gfain siie'than cgnventional;fisié.and theﬁeby. |
.forms'a bettér conﬁadt interface.

- the top sﬁrface of"fhe gate electrode.contains CoSiz. CoSiz -
does notjhavé'the'line—widthlefféct, which means.£hat the
line resistance for ﬁhe electrical cbntaCt that'iSTtolbe:'

established with the top of the gate electrode is not
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dependent on the width of the gate contact area. The line

' resistance for convenrionally used TisSiz is highly dependent
on the line width.

- the top surface.of thé éubétrate in the source/drain regions
ccntaihs Ti8iz which means_that less silicon Subsfrate was
consﬁmed in forming electrical contact areaslfor the
source/drain regions when comparec_with tYpically used Co.
The comparative numbers are that, per Ancstrcm of depoéited
metal to forﬁ eléctrical contacts, 2.27 Angstrom of silicon
substrate is'céed for the case where the surface of the |
substrate contains a.TiSié interface as opposed to 3.64
Angétrom for a typical interface that.contaiﬁs Co.

= the top surfcce of thc,substrate'ih the sourcé/drain regions“
ccntains riSié, which minimizes surface junction leakage
currents in the source/drain rcgions because noﬁ silicon
atoms form the dominant diffusicn'species in tﬁeseiregioné
and avoid the possible CcSiz spiking problem that is currently

widely reported;

In sum:-the.ihvention provides better contact characteristics
for the gate electrode, no narrow line effect for the gate
electrode contact, less silicon cdnsumptioh.in'forming the'metél

' contacts with the source/drain regions (which facilitate the



22
formation of shallow junctions), minimized surface leakage

currents in the source/drain regions.

While the present invenfion has been described with
reference to aﬁ illﬁstrétive embddiment, thié deséfiption is not
to be construed in a_iimiting sense. Various modificatidns and
combinations, as weil as 6ther embodiments of the invention
reference to the.deséription. it.is'thefeforé intended.th;t the -

appended dlaimsfencompass any such_modificaﬁions-or embodiments.
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What is claimed is:

1. A method of fabricatiqg Field Effect Traﬁsistor-(FET’s)
_having low sheetsresiStance gate electrodes comprising the
steps of:

providing a_Semiconductor_substrate;

forming FET aevices in and on said substrate; each FET devicé
having a polyéilicon géte with séacers on the gate sidewalls.
and adjacent source/drain regions in said substrate;

forming a caé layer on top of said poly gate, said cap layer
not contalnlng silicon; |
dep051t1ng a blanket 1ayer of tltanlum (Ti) oﬁer said gate
electrode and its adjacent areas; |

annealing said titamium to form titanium silicide (Tisiz) over
séid source/dréin_contagt areas; |
removing unreacted Ti;l

removing said cap layer;

depositing a layer of cobalt over said gate and its adjacent

T areas;

annéaling said cobalt to form CoSiz over said gate; and

removing unreaéted cobalt.

This Sheet Has Been

M I i
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2. The method of claim 1 wherein said forming a FET device

is:

formihg shallow trench isolation_ateas Sutrounding and
electrically isolatihg device.areas;.

Depositlng a polysilicoa.layer oo said substrate}'
-Depositing.a layer of titaniﬁm'nitride on said polysilicon
layer; |

Patterning Saidltitaniﬁﬁ nitride layer and aaid polysilicon
layer b&zphotoreslst masking and anisotropic etohing thereby
forming'saidlgate electrodes.and leaving_portions-over tﬁe
top of said gate ‘electrodes;

Forming llghtly doped source/draln areas adjacent to sald
:_gate-electrodes by ion 1mplantatlon;

Depositing a oonfotmal dielectric layer over said gate
electrode and the surface.of said substrate; |
Anlsotroplcally etchlng back said conformal dlelectrlc layer
thereby forming eldewall spaoers_on said gate electrode, and
Forming-souree/drain_oontact areas by ion implantation

adjacent to 'said sidewall spacers.

3. The method of claim 1 wherein said annealing said
' titanium to form titanium silicide (TiSiz) over said
source/drain regions is a rapid thermal annealing:in a

temperature range of.between 600 and'700'degrees C._fbr'a-
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time of between 20 and 40_second$_and then rapid thermal

annealing in a temperature of between about 800 and 900

degrees C. .for a time between 20 and 40 séconds,

'4. The method of claim 1 wherein said annealing said
‘deposited layer of cobaltwthereby creating CoSi2 over said
gate is annealing at a temperature between about 500 and 850

degrees C.

5. A method of-fabriqéfing'Fiéld Effegt Transistor (FET's)
having low sheet-resistanﬁe'géte electrodes éompriSing.the
steps of:

Providing a éemiconductor subSt?ate;

Fdrming'shallow t;encﬁ isdlation areas surrounding and
electrically isolating de#ice areas;

Depoéiting a polysilicén:laYer on- said substrate;

Depositing a 1aYér of titanium nitride on said polysilicon
‘layer; |

PatterningISaid titénium nitfide~laye: and éaid polys%licon )
"layer by photoresist masking and anisotrépic etghing thereby 
formiﬁg said gate gléétrodes'ahd leaving portions over the
" top of said_gate electrodes; | |

Forming_liéhtly doped source/drain areas adjacent_to'éaid.

'gate electrodes by ionfimplantétion; ; 7*‘;-—————~————_;;_;
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Depositing a conformal dielectric layer over said gate

-electrode and the surfece.of_said-substrate{

Anisotropically etching.ﬁack said eonforhai dielectric layer :
thereby forming sidewall_spacers on said éate electrode;
Formihg source/drain contact areas by ion impiantation
adjacent to said sidewall spacers; |

Depositing a blanket layer'of titanium (Ti) over said gate
electrede and the areas adjacent to said gate eiectrode'
thereby:including'said shallow trehch‘isolation regienS}.

| annealiﬁg said titaniﬁm to form titaﬁiUm silicide (TiSiz)'on
said source/drain contact‘areas thereby leaving unreacted
titssium'on the insulated'surfaces'of said substrate;

- Stripping said unreacted tltanlum from said substrate,
'Strlpplng sald portlons from said top oflsald gate electrodes
thereby forming a recessed gate electrede;

Depositing a blanket iayer;of cobelt.(Co) over.Said stripped
portion of seid'gate-electrode therebyliecluding the-exposed-
. pertions ef said spacers thereby_fﬁrther including the
surface of said substrate adjacent to said gate eiectrode{
annealing'said eobelt to forﬁ CoSiz over said Qste;'snd..
Removing-selectifé@y said cobelt layer over said-gate .
electrodes-by wet etching while leaving the layer ef formed'

CoSizon-seid-top’surfsce ef.said gate electrode..
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6. The method of claim 5 wherein sald poly51llcon layer has a

thickness of between 150 and 450 Angstrom.

7. The method of claim 5 wherein said titanium layer has a

thickness of between 150 and 450 Angstrom.

8. The method 6f claim 5 wherein said portions over the top
of said gate electrodes contain Tiﬁ and is between 500 and

1500 Angstrom thick.

9. The method of claim 5 wherein said conformal dielectric
layer contains one_of'the.elements from the group silicon
nitride or silicon oxide or CVD oxide formed from a TEOS

source thereby forming said spécers,_

10. The method of claim'5 wherein'said cobalt layer has a -

thickness of between 100 and 300 Angstrom.

11. The method of ciaim 5 Qnerein said annealing said;
‘titanium to form titanium silicide (TiSia) is a rapid thermaln
anneaiing_in a temperatute range of'between 600 and 700
degrees C. for a time of between 20 and 40 séconds and then .
'rapid therﬁal-annealing in.a temperatnre.of between ébnut 800

and 900 degrees C. for a time between 20 and 40:seconds.

,
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12. The method of claim 5 wherein_said annealing said
:deposited layer of cobalt thereby creating CoSié over said
géte is annealing at a temperature between about 500 and 850

degrees C.

13. The method of claim 5 with'the additional step of formihg
a gate oxide on said device areas by thermal oxidation:eaid_
gate dﬁide'to be patterned to create openings above said
source énd drain regions'saia.steb of forming a gate.okide te
be performed prlor to sald depos1t1ng a poly8111con layer on

sald substrate.

14.A method for forﬁing e transietor comprising.the steps of:
-.Providing aleemiconduetor-SubStrate; |

Forming shallow trench isolation (STI) reglons w1th1n sa1d
_substrate sald STI's borderlng on and dellneatlng said
transistor; | |

lForming.a_gate electrode everlying said substrate and within
tte area delineated by said STI’'s said gate_electrdde.haring
‘a lower layer conteihing polysilicon énd'ah upper.leyer-
containing-afdieieetric material that functions as a masking
layer;

_Forming;sidewall spacers that are laterally adjacent to said

gate electrodes;
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Forming source and drain regions within said substrate and

adjécent to said gate ele;tfode;

‘Depositing a layer of titanium over said electrode thereby
inciuding said g%te spacers and the'area édjagent to said
gate-electrode including said STI’s;

Anneéling éaid_deposited lé&er of titanium with éaid:
.substrate ovef the source and- drain regions thereby forming
thin layers of TiSiz over tﬁese regions;

Remoﬁing seléctively said ﬁnreacﬁed titanium thereby aléo
removigg said'upper_léyergpf-said gate electrode;_ |
Depositing a blanket 1aye¥ of cobalt over saié_the éxposed
poly surface of'said gate eiectrode including séid gate
spacers and tﬁe areas adjacent fp-éaid electrode_furfhe:
“including said STIfareag; |

annealinglsaid cobalt thefeby forming a reactive 1aye£ of
CoSiz.oq the surface of fhe poly 1ayer.of said gate électrode;
and | | |
'Selectivély'rgmoving unxéacted cobaltlthereby,exposing'said '
Tisiz léyers over said soufce and dfain regions.thereby
'further_eprsing the layer.of CoSi» oﬁ the top surface of éaid

gate electrode.
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15. The method of claim 14 wherein said forming a gate

‘electrode comprises:

Dep051t1ng a poly51llcon layer on.sald substrate,

_Dep031t1ng a layer of titanium nitride on sa1d poly3111con'
layer; and

_Eatterning'said titanium nitride layer and said polysilicon
layer by photoresis£ masklng and anisotropic etChing tnereby
. forming said gate'eleoﬁrode whereby said gate_electrode |
containe an upper layeraof titanium nitrideuand a;loner layer

of polysilicon.

16. The method of claim 14 whereby.said annealing to form

thin layers of titanium.eilicide_(Tislz) overlthe source/drain"
'_regione is_a rapid thermal-annealing ln a_temperature range

of between 609 and 700ldegrees c. for a time of between 20

and 40 seconds and_then raoid rhermal annealing in a
temperature of betﬁeen about 800 and 200 oegrees C. for-a

time_betWeen 20 and 40 seconds.

17, The method of clalm 14 whereln said anneallng sald
dep031ted layer of cobalt thereby creating COSlz over sald
" gate 1s-annea11ng5at ajtemperature between about 500 and 850

degrees C.y S _
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18. The method of.claim 14 wherein said removing sélectively
said unreacted fitaniﬁm;is:
removing said titaniuﬁ from the surface of said*substrafé;
remoﬁing_said titaniﬁm from said gaﬁe spacers; and
removihg said upper layer of said gate-électrode thereby
'expOSing the top su;facé of the polySilicon af said gate
elecﬁrodé thereby further exposing the top areas of'said gate

spacers.

19. The method of claim 14_wherein éaid.polysilicon léyer has

- a thickness'of between 1500 and 3000 Angstrom. -

20. The method of claim 14 wherein said titanium layer has a:

_thickness of between-iso and 450 Angstrom.

21. The method of claim 14 wherein said upper layer of said
gate electrodes contain TiNrand'is_betweén 500 and'1500

Angstro@ thick.

22, The method of claim 14 wherein said sidewall'épacers:
contain one of the elements from the group silicon nitride or
silicon oxide or CVD oxidelformed from a TEOS source thereby

- forming said spacers.
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23. The method of claim 14 wherein said cobalt layer has a

thickness of between 100 and 300 Angstrom.

24;.The method of claim 14 wheréin said annealing éaid
.substrate to form titaniumlsilicide {TiSiz) is a :apid Lhermai-
annéaling in a temperature rangé'of between 600 and 700
degrees C. for a time of betweeﬁ 20 and 40 seconds and then
rapid thermal annealing in a temperature of between.about 800

and 900 degrees C. for a time between 20 and 40 seconds.

25.;fhe method of claim 14 with the additional step-of
forﬁing a gate oxide on said deviée'areas by thermal
oxidation said gate'ogide to be §étterned'to create openings-
above said sohrce;and qrain regions said step of forming a
gate oxide Eo be perfoxmed priér.to said deposiﬁing a

polysilicon layer on said substrate.



