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A NOVEL METHOD OF FORMING CONTACT TO POLYSILICON GATE FOR'MOS

DEVICES
BACKGROUND. OF THE INVENTION

(1) Field of the Invention
_The invention relates to the fabrlcatlon of 1ntegrated
clrcult dev1ces, and more partlcularly, to a method of forming

”contacts to a'poly3111con gate'structure_for MOS dev1ces._

(2) Descrlptlon of the Prlor Art

The semlconductor 1ndustry contlnuous to place heavy
empha31s on galnlng dev1ce 1mprovements by stre551ng reductlons
dev1ce feature dlmen51ons. The reduction in dev1ce dlmen51ons in
general leads to dev1ce performance 1mprovements even though the
efforts to contlnue to reduce dev1ce features frequently poses

unique technical challenges.

.The trend-toward-continued.miniaturization of semlconductorl
.dev1ces has led from the fleld for Very Large-Scale Integrated
{VLSI) dev1ces to the fleld of Ultra Large—Scale Integrated .
'(ULSI) dev1ces. For- ULSI dev1ces the target device feature size
is now 1n the micron and sub—mlcron range where there is

development-work taking place relating-to deep sub—micron_sizes



¢

'that reach below 0.5 um. The attalnment of the sharp reductlon

in dev1ce feature’ sizes has malnly been accompllshed with

gradual but significant advances in supportlng technologles such

as photolithography and 1mproved etchlng technlques such as
‘lReactive Ion EtChing (RIE); These develOpments have been taking

' place concurrent with- 1mprovements in photo-lmaglng technlques

and advancements 1n exposure methods and the wavelengths of the

.exposure sources that now reach into the Deep Ultra Vlolet

range. Spec1al technlques such as the appllcatlon of spec1a1

- layers of materlal;further improve focusing depth and-sharpness'
of focus in creating'images'in for'instance layers of
-photoresist that are applled to create 1nterconnect llnes, v1as,

.contact openlngs and the llke. These technlques are equally

applied in the formatlon of: for 1nstance Complementary Metal

Oxide'Semlconductor,(CMQS) devrces,

Further reductions in device dimensions have been made -

possible by the developmentcof-more sensitive-photoresist

materiaIS'as well as the rapid development of anisotropic dry -

etching procedures. These.latter two developments have allowed

‘for the successful transfer of mask'images to underlYing layers

"and the successful etchlng of these 1ayers w1th very small

dlmen51ons .of feature size or feature separatlon. Further major .

contributors to the_downsizing‘of'sem;conductor;devrces‘have
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been the development of LoW'Pressure'chemical-Vapor Deposition

(LPCVD) and the development:of ionuimplantation'that allows'for

very fine feature size.

Concurrent with the'improvements in the method to fabricate
semiconductor devices'muSt come improvements-in interconnecting
these devices. These methods of interconnecting frequently

involve interconnecting overlying layers of metal'where openings

w1th sizes down to O. 25 and 0 50 mlcrometers are used Vlas that-

_'have such small dlmen51ons offer. thelr own rellablllty

challenges where the materlals that are selected to create the
via and the connected metal 11nes are of great concern. Whlle

'alumlnum has mostly been used for 1nterconnect1ng metal llnes,

_this.material poses problems-of electromigration and problems of

penetration. Alternate methods and materials for metal line

formation together with materials that are used for plug £ill

' ‘are being investigated;_s

The technlque of creatlng complementary n—channel and p~

" . channel dev1ces has long-been known and applled in the

.semlConductor 1ndustry. The.sallent advantage_of these devices

is their low power usage due-to_the.fact that two transistors

are paired as complementary n-channel and p~channel transistors.

“whereby in either logic state (on/off) of the'deViCe, one of“the__
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two transistors is.off;and'negligible-current'is carried.through'
this transistor. The:loglc elements of'Complementary Metal dxide
(CMQS)_devlces draln signiflcant amounts of current'only at the
-'time_that'these devices switch from one state to another state.
. "Between these transitions thefdevices_draw.very little current

resulting in 1OW-power dissipation for the CMOS device.

Referrlng'now spec1f1cally to Figs. 1a through 1e, there is
shown a cross: sectlon of a typlcal gate electrode of a’ CMOS |
'device and its.surrounding_area; The gate“electrode_is
constructed'on the surface of.a nonocr§stalline silicon.
-'preferably hav1ng a cr&stal orlentatlon of <100>, the background
substrate dopant 1s of flrst conduct1v1ty type and preferably p-j
type, preferably w1th boron 1mpur1ty w1th a concentratlon in the

range of about 5E15 and 5E17 atoms/cm

Fig. 1a shows a cross section of the gate electrode l4 of'a
'NMOS device on the surface of a s111con substrate 10 A layer of
gate oxide 12 has been created over the surface of substrate 10,
via thermal oxidation‘at_a temperature between about 850 and 950
degrees-c. to ahthickness_of betueen'aboht 76 and SSQ'AngstrOm.':
‘A layer 14 of polysilicon is.debositednusing:LPCVD at-a.
temperature between.about SSO-and 700 degrees. C., to ahthickness

between about 2000 andb40QO Angstrom; The_layer_14.ofi
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polysilicon is provided with the required conductivity by an ion

implant procedure, using phosphorous as a source at an energy

between about 50 and 100 KeV with a does between about 1E13 and

5E15 atoms/cm®. Standard methods. of patterning and RIE etching
are applied using SFs as an etchant to form the gate electrode

14.

. p-type implant 16 forms deep doped regions 17 (the source

-'region) and 18 (the drain region) in the surface of the

substrate 10, these reglons are (due to the masklng effect of

the poly layer 14) self—allgned w1th the gate electrode 14.

Dopant-concentratlons 1n_reg10ns‘17_and-18'are higher than_the

dopant concentrations-in the_surrounding substrate.lO;-

Flg. 1b shows the llghtly doped (LDD) reglons 20 and 21 are'fln

formed by performlng for 1nstance an N-type 1mplant 22 1nto _

g substrate 10. This N-type 1mp1ant has a shallower junctlon depth-

and a hlgher dopant concentratlon than the prev;ously 1mplanted

regions.17 and 18 (Fig. 1a). As examples of.LDD.implants can be

-mentloned an NMOS 1mplant us;ng arsenlc w1th an energy within

-'”the range of between 1 to. 10 keV and a dose w1th1n the range of -

'between'1e14 to 1e16.atoms/cm . Further can be mentloned an PMOS'

‘implant using BF2 with anienergy'uithdn the range of between 1



to 10 keV and a dose within the range of between leld to 5el5

2
atoms/cm”.

Fig. lc shows the fé?ﬁétion of gate-spaéers 26 on thé.sides_
of the gate electrode 14: This is pefformed ﬁsiﬁg another LPCVD
process, using_tet;aéfhylbrthoéiliéate”és a source, to deposit a
silicon iaYér'2§_;t_a £em§eratu:e bétweén-ébouf 500“a53'700 '
degrees.c. tq.a'thickness betyeeﬁ.aﬁogt'zooo agd;4066 Anésti&m.
Anisdtropic selective RIE pfo¢és$ing @éiﬁé-CHg'and H£ aé'etchants
is hsed to create the=sili¢on:oxide sideﬁéll:spacers 26.:ﬁy.”
perfOrming.iﬁplant'ZS thefheavily:doped'regi§ns 24 aﬁd-25 are
- created in thg_Suﬁstréte”loﬁ'Siliéide layéfs'are creéted'over
the éurfade of'the_source/afain regions 24 énd Zsﬂ(ﬁbt showh)
and on the.top su:face Sb.bf_thé gaté-électrode 14. The§e_
silibide layers éfé, aéipxeviousiylindiéat;d;'used to _ f~'
:.intefcdnnect'the_éaté elé§t#odejand t§ connect the éate_‘

electrode to surrounding circuitry.

.Silicides are oftén uséd.to rgdﬁce,contact resistahcé}.FQr 
- very small_moderh'éilicqn.deviées,-whiéhJa;e sub?ﬁicr¢p; sub~
half-micron, andnéﬁen subfquaﬁﬁéi—microh} coﬂvenﬁiongl
.ﬁhotélithééraphiCjtééhﬁiqﬁe fo£ ﬁatterning céntécts wili'ﬁét_
lmeét the requiréd tolérance.qf'crifical'dimeﬁsions, Thé.methéd_

of.self-aligﬁed silicide (salicide) formation, which self-
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registers with the contacts at the top of the polysilicon gate,

the source and the drain,-helps solve the problem of critical

d1mens1on tolerance. Sallcldes have thus become almost universal =

in today s high-density MOSFET (Metal— Oxlde—Semlconductor
Field—Effect Tran51stors) dev1ces even though the gate metal is

now prevalently replaced by the poly51llcon gate. Metal 3111c1de

- can be tungsten silicide dep051ted u51ng LPCVD, at a temp.
.between 400 and 600 degrees C. to a thlckness between 1000 and

. 2000 Angstrom and can be tltanlum 5111c1de formed by depos1t1ng

PVD titanium and anneallng.to form thln_layers of tltanlum'
silicide'(TiSiz) over the polysilicon gate and the source/drain
reglons in a temperature range of between 600 and 700 degrees C.

for a time of between 20 and 40 seconds and then rapld thermal

-anneallng 1n a temperature of between about 800 and 900 degrees

C. for.a time between 20 and_40 seconds.._

Flg. ld shows a cross sectlon of the gate electrode w1th

"~ the 5111c1de contact regions 32 and 34 for the source and drain
.'regions respectlvely._The doplng of the source/drarn_reglons is
'-not ‘shown in Flg. 1d for reasons of clarlty. Silicide layer 30

-on.the top surface of the gate electrode 14 is also hlghllghted

| in Flg. ld.
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Fig. le shows a crossdsection_of the gate electrode after
the contact layers of siliclde have been formed, a layer of.

dielectric has been:deposited over the gate electrode while a’

'-layer of metal has been formed on the surface of the'layer of
‘dielectric. The doplng of the source/draln reglons is not shown

. in Flg. le for reasons of clarlty. Shallow Trench Isolatlons

(STI) reglons 38 bound the actlve reglon of the gate electrode
on the surface -of the substrate 10 The gate ox1de layer 12 is
1ocated under the. gate poly layer 14. A srllc1de layer 30 is

created to establlsh electrlcal contact with the gate electrode,

5111c1de layers 32 and 34 are created for maklng electrlcal

contact to the source and draln reglons respectlvely. A layer 37_

of dlelectrlc has been dep051ted over the gate electrode and the _

'surroundlng STI reg1ons 38, electrlcal contacts can be

establlshed between the s111c1de layers and, for 1nstance,“

" layer 36 of metal conductor, by patternlng and etchlng an

openlng through the layer 37 of dlelectrlc and fllllng thls
opening w1th'metal. This electrlcal contact has not been shown

is Fig. 1le.

To av01d damage to the gate oxide caused by plasma etch for

-poly gate contacts, the contacts to the polysrllcon gates are

typically placed .on contactlng pads (landlng pads) that are.

located outside the active:area of“the'MOS_device. This
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placement requires substrate surface area and therefore reduces

- MOS device density. The invention addresses this concern by

providing a method where'the contact pad to the polysilicon gate

can be placed inSide.the active area and therefore increases the

packaging density of MQS'devices,

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a

contact structure that aiiows_for-the contact to be placed

inside the active area of the. device while not causing piasma

etch damage.

Another objectlve of the 1nventlon is to prov1de a method
of creatlng contact pads for ‘active dev1ces such that no space

is used-outside.the active areas of the dev;ces.
Yet another objectlve of the 1nventlon 1s to provzde a
method for formlng MOs dev1ce contact pads that do not 1nfr1nge'

on dev1ce density.

In accordance with the-objectives of the invention a'nen .

'method 1s prov1ded for the creatlon of contact pads to the poly '

'igate of MOS devices. The 1nventlon contains two embodlments; the



“initial nrOGessingﬂsteps'underfthe.two'embodiments are
-identical. STI reglons are formed in the surface of a suhstrate,

. a 1ayer of gate oxide is dep031ted on the surface of the |
“substrate over which a layer of poly is depos;ted over.which a
_"layer of SiN iS'deposited._The'poly gate is patterned and.etched
:1 leaving a 1ayer Of.SiN onlthe surface of'the gate. An oxide
liner is dep031ted over the surface of the gate. LDD 1mplant is
performed, the gate spacers are created after whlch the
-source/draln reglon 1mp1ants are performed, A layer of tltanlum
1 is dep051ted over the surface of the gate and the surrounding
lsurface of the substrate and annealed, a sallc1de etchback is
-performed to the layer of” tltanlum creatlng s111c1ded surfaces
over the source and draln reglons. A layer of 1nter level |
dlelectrlc.(ILD) is dep051ted over the gate lncludlng the |
surface of the surroundlng substrate, the layer of ILD is-
'pollshed down to the SlN layer on the top surface of. the gate;_
The.layer,of SiN is removed,from the-top_surface of the gate
creating a:recessed gatelstructure._At'this point in the'
lprocessing sequence, the'processes.of the invention divergezlnto

.a First and a'seCOnd-embodiment of the invention..

Under the first'embodiment of the invention,'a three level.
1ayer of succes31vely t1tan1um followed by amorphous srllcon

followed by tltanlum (Tl/Sl/Tl) is deposrted over the layer of

10




ILD thereby including and- £illing the recess on top of the gate '

'1with Ti/Si/Ti; Thls three level layer is patterned and etched

forming a Ti/Si/Ti_stack that partially overlays the layer of
ILD while also penetrating'the recessed opening of the gate

electrode. This three"level.layer'is silicided_and forms the

~ . contact pad to the gate structure.

'Underfthe second embodiment-of the invention, a layer of

‘tungsten silicon.(WSix)'is'deposited oyer the'layer_of'ILD
thereby including and filling.the receSS'on top'of the.gate With.

”Wslx. Thls layer is patterned and etched formlng a layer of WSlx"

over the layer of ILD that also penetrates the recessed openlng

'of the gate electrode. Thls layer of Wsleorms the contact pad

to the;gate'structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a Prior Art formation of a polysilicon gate

' electrode, as follows:'

Fig. la. shows a cross section of a substrate over whlch a'
layer of gate ox1de ‘has been grown and a poly gate structure has

been created, 1n1t1al source/draln reglons have .been 1mplanted

11



Fig;ilb shows a Cross section-of-the gate electrode-with:'

the LDD implant

Fig. 1lc shows a cross section of the.gate_electrode'with

' the final implant for the source/drain. regions

Fig. 1d shows a cross section of the gate electrode-with

silicided source/drain_regions'and gate'contact :

" Fig. le shows a cross sectlon of the gate electrode w1th a
layer of dlelectrlc depos1ted over which a layer of metal has

been deposited -

Fig. 2 shows a cross .section of a semiconductor surface

into which Shallow'Treneh_Isolation regions have-beeh_formed,

Fig. 3 shows a cross sectlon of the semlconductor surface
after a layer of_ox1de, a layer of polysrllcon and a layer of

SiN have been deposited over the surfaoe.of the substrate.

Fig. 4.showstaICross_seotion;of the semiconductor surface
after'thehgate electrode strhcture'of-poly/SiN has been etched,

. | i ) : = e exenel
after an oxide liner has been created and after LDD implant.

12




'Fig. 5 shows a cross sectlon of the. semlconductor surface'
. after oxide spacers  have been formed ~and after source/draln

implant has been completed.'

Fig. 6 shows a - cross sectlon of -the semlconductor surface

after a layer of titanium has been dep051ted and first annealed.

Fig. 7 shows'a Cross section:of_the semicondnctor surface
after the layer of titanium has been etched back and second-

-annealed.

Fig. 8 shows a cross sectlon of a semlconductor surface
after a layer of Inter Level Dlelectrlc has been dep031ted and

pollshed,

:Fig.'Q shows a cross section of the-semiconductor snrface
after the SiN has been removed ‘from the top of the gate

~ electrode.
Fig. 10 shows a cross section of the semiconductor Surface

‘of the flrst embodlment of the 1nventlon after a stack of 1ayers

of Tl/Sl/Tl has been dep051ted and masked.

‘13



Fig. 11 shows a cross 5éction of the semiconductor surface
of the first embodiment of the invention after the layers of

'Ti/Si/Ti have been etched.

' Fig. 12 shows a cross section of the semiconductor surface
: of the first embodiment of.the"ihﬁenti¢ﬁ after the la&ers.of'

'Ti/Si/Ti have. been siliéided,;

Fig. 13 shows a cross séction of the semicondﬁ¢tbr surface -
of the second embédiment of the invention after a'léye; of WSix

has been deposited and masked.
Fig. 14 shows a cross section of the semiconductor surface
of the second embodiment'of the invention afterfthe iayer'of

WSix has been etched. -

Fig.. 15 shows a-top.viewfof the semiconductor surface aftéf

the gate contact of the invention has been.fofmed.

: .14



DESCRIPTION OF THE PREFERRED-EMBODIMENTS

Referringsnow specifically to'Fig. 2,uthere is shown a

: crosstseCtion of a semiconductor surface 40 into which Shallow
-Trench Isolatlon reglons 42 have been formed. The semlconductor
surface 40 is typlcally the surface of ‘a single crystalllne.

: silicon substrate Wlth a-crystal orlentatlon of <100>. The
Shallow Trench Isolatlon (STI) reglons 42 are typlcally used in
'creatlng MOSFET devices to reduce or ellmlnate leakage currents

. between or around_the'perlphery of_these devices.

STI can.be made u81ng a.varlety of methods. For lnstance,

‘one method is the Burled Oxlde (BOX) 1solatlon used for shallowf
-trenches. The method 1nvolves fllllng the trenches w1th a
-chemlcal vapor depos1tlon (CVD) silicon ox1de (SlOQ) and then._
-_etched'back or mechanically or chemlcally pollshed to.yleld a'

‘planar. surface. The shallow trenches etched for the BOX process
- are anlsotroplcally plasma etched 1nto the 5111con substrate ‘and
are typlcally between 0.2,and 0r5 mlcrometer (umf) deep. STI_are
formed'around the aétiveideVice to'a,depth between 2000 andl5006._

~ Angstrom. -

Another approach in formlng STI is to dep051t silicon -

Jnltrlde on thermally grown oxlde. After dep081tlon of:the

-15



nitride, a shallon;trench isletched[lnto the substrate using'a
mask. A layer of oxide.is then deposited into the ‘trench so.that"
the trench forms an area of'inSulate dielectric.which acts'toy
isolate the devices in a chip and thus reduce the cross'talkV

. 'between active devlces. The excess deposited.oxlde must be

5 polished_off and the.trench planarized to'brepare for the next.r
1evel of'metaliaation_'iﬁglsilicon nitrldehseryesras a stopping

layer for the CMP polishing. -

'-Fic. 3 shows a cross section of the'Substrate-40 after a'
.layer 44 of gate ox1de, a layer 46 of poly31llcon and a layer 48
of SiN have been dep031ted over the surface of substrate 40. Thet
_1ayer 44 of gate ox1de 1s a thln thermal ox1de, whlch allows
better adhesion between the overlylng layers (for 1nstance
poly31llcon) and the (underlylng) s111con and acts as a stress B
”'relaxatlon layer.-Gate oxlde can be formed by thermal oxldatlon
of the underlylng slllcon and can also be formed in conyunctlon
with a-deposlted oxide layer,.nltrlde layer_or_any.other
material suitable for use as a gate dlelectric. Gate_Odee.is.
usually'forned as a'sillcOn.dioxide material but may be ‘a
composite oxide,csnch as'TEOS-and silicon dicxide;.or'a;nitride :

oxide layer or a like gate dielectriC.

16



A gate oxide 1layer can for instance be grown"in an
oxidation steam ambient_at a temperature betweendabOut 850 and
1000 degrees C. to a. thickness between_ about 30 and 250

" Angstrom.

"The.layer_46_ofhpolysilicon can be grown at a temperature
between 600 and 640_degrees-c. using LPCVD to-a”thickness_of

between about 2000 and 4000_ Anéstr_o_m; B

The layer 48 oftsiiicon nitride-(sisNig) can be-deposited
..u51ng LPCVD or PECVD procedures at a pressure between about 200
mTorr and 400 mTorr, at a temperature between about 600 and’ 800
degrees C., to a thickness of-between.about_1$00;and 3000 |
'Angstrom using NHs and SiHq or':81Clez.. The silicon n:ttride layer
48 can also be dep051ted u51ng LPCVD or PECVD procedures using- a:

reactant gas mixture such ‘as dJ.chloros:Llane {SiC1l12H3) . and ammon:.a '

(NH3) .

'..Eig. 4-shows a.croes-seetion of_thedsubstrate 40'érter.tbe'
poiy gate 46/48'of:po1y)SiN.has been etched, after an'oxide
_111ner 50 has been created and after LDD 1mplant 52 has been.
-performed. The etchlng of the poly gate structure uses |
conventlonal photollthographlc and RIE proce351ng and an SFg -

'chemlstry. Another LPCVD process, using tetraethylorth05111cate .

s ..17 -



as a source, is used to depos1t the 51llcon ‘oxide layer 50 at a .

temperature between about 500 and 700 degrees C to a thickness

between about 50 and 200 Angstromt.

The LDD 1mplant 52 forms the llghtly doped reglons 54 (for
the source) and 56 (for the draln) of the MOS dev1ces. The LDD
implant 52 can by perfdrmed u51ng processlng condltlons that'are

determlned by the- type of dev1ce that is belng created._For _

| instance, if the dev1ce is a. NMOS dev1ce, the 1mplant uses
~ arsenic or phosphorous w1th an .energy w1th1n the range of

'between 5 to 60 keV and a dose w1th1n the range of between 1E15

to 5E15 atoms/cm . If the device is a PMOS deV1ce, the LDD
1mplant uses BF2 w1th an energy within the range of between 1 to

30 keVv and a dose within the range of between 1E13 to 5E14-

_atoms/am.

Fig. 5 shows a cross section of the semiconductor surface

after SiOz2 spacers 58 have been formed and after_source/drain-

'implant 60 has been completedL Spacers for gate electrodes can:hﬂ
. be made'using a7yarietytof materials such as silicon:OXide, BSG)

-PSG, other materlals preferably of a dlelectrlc nature, CVD
--ox1de formed from a TEOS source. The preferred materlal of the

1nventlon is 3111con dlox1de (Sﬂh) that is depos1ted over the

surface of the layer 50 of oxlde llner u31ng LPCVD procedures

18



'(for'better step'coverage) at alpressure=between about 200 nTorr
and 800 mTorr, at a temperature between about 600 and 800
degrees C., to a thlckness between about 1000 and 2000 Angstrom
- using TEOS The 51llcon ox1de layer 50 can also be deposited .
‘using LPCVD procedures u51ng a reactant gas mlxture such as
dlchlor0511ane (SlClez) and O2.’ The silicon. oxide spacers 58 are
formed via anlsotroplc RIE of the dep051ted layer of s111con

oxlde layer, using. CHFa/CE4or SF%~02 as an etchant.'

' "~ The source and draln 1mplant 60 creates the source reglon----
62 and the ‘drain reglon 64 of the gate electrode 46/48. Source..
- and drain 1mp1ants can also be made.under dlfferent processing
.h. condltlons that are dependent on the: regulrements for the dev1ce

that.ls belng created For 1nstance a flrst conduct1v1ty
1mpart1ng dopant u31ng phosphorous ¢an be 1mp1anted to create a
-_llghtly-doped source and:draln_reglons,_lon 1mplanted at an
energy between about 5 to;60 Kev;.at'a dose between aboutg1E12.
g to-lEl4.atoms/cm3. A.second_conduCtivity imparting'dopant Can”be
used to create medlun doped ‘'source and draln reglons, such as
arsenlc or phosphorous; 1on 1mplanted at an energy between about
5 to 60 KeV, at a dose between about 1E13 to ‘5E14 atoms/cm A
third.conduct1v1ty 1mpart1ng dopant can_be used.to create

heavily doped source -and drain regions, such as arsenic, ion



implanted at an enérgyjbetwéen about 5 to Gp'KeV, at a dose o

between about 1E15 t6'5E15jétoms/Can

Fig. 6 shows a .cross Section of the substrate 40 after a

.'layex 66 of'titaﬁium has been deposited and annealed.

_Titaniﬁm_isldepositéd én'thé_exposéd-upper:sur£a¢é5_§f the'
séurce/draiﬁ.regibns 62 aﬁd 64 aﬁd.the.top_surfaée;Qf Siﬁ of the
.gate'regibn 48'and'énnéaled{.theréby.caﬁsing_thé.£itanium to
__reéct with the underlying siligoﬁ of thelsubstratefsource/dréinf
iegion§.62 ana_64't9 fo£m titanium'sa1icidé on thesénsﬁrfaces;
‘The layer 66 of tifaniﬁmICAﬁ be déposited:én.thé suffaée of the -
suﬁstrate to a :thickﬁégg_ibetween about _250.'t6:.3$0 A° at a
température of 25 to 300:degr§é§ c. uéiﬁg either rf. spﬁttering

or CVD technigques.

The first anneal that is performed to the layer 66 of .
titanium is a rapid thermalianneéling in a temperature range of
between about 600 and 800 degrégs-c. for'a time between about 20

‘and 40 SécondS'iﬁ a nitrogen ambient.

_ Fj’ig'. 7 shows a cross séction of the substrate --afi:er the,'_

layer 66 of titanium has ‘been etched and a second anneal has.
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‘been applied to.theIetched_haek.layer'ef salicide that has been

' formed during the first anneal of'Fig. 6.

The layer 66 of titanium'ean be'removeq with an etchback
-uSing'a wet NH4OH and H202 solution. A CVD titanium may also be

‘etched using a dry CFs and oxygen environment.

The seeend anneal tb?transform layers 68 Qfﬁtitaniﬁm'
siiicide (TiSiz2) otef-the.seu;ceydraih_fegiens_from.the hiéh
iesiStivity phase to the 1oﬁ_resistivity-phase is a“tapid__
therﬁal anneal_in a tempetatufe fange_of-between abeut 800.anda:
.900'degreeslc; for a.time betweenazo.and 40 secondeih'an ﬁg

-ambient;'

Flg. 8 shows a cross sectlon of a substrate after a layer-

+ 70 of Inter’ Level Dlelectrlc (ILD) has been dep031ted.

'Asfdielectric matesialhcanlbe”ﬁsed any*of the.tYpically

. ;apblied dielectries suCh as.silicbn.dibxide.(doped:or-undeped);
silicon- oxynltrlde, parylene or polylmlde, spln-on-glass, plasma-
ox1de or LPCVD ox1de The materlal that is used for the
_dep031tlon'of layer 70'o£ ILD_of-the'lnventlon is not limitedhto'
' the materials indicated.aboye-hut“Cantinclude ahy of the':
cOmhpnlj used-dielectties ih:the.art. ' |
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A typlcal appllcatlon of a layer of ILD is dep031t1ng a
layer of S$i02 . using CVD technology at a temperature of between
about 400 and 800 degrees c. The layer 70 of ILD is dep051ted
Tto a thickness that is adequate to cover the gate spacers 58 and
to (sllghtly) extend above the top surface of the gate electrode-'
46/48 The 1ayer 70 1s, after it has been depos1ted, pollshed
uslng CMP technology down to the surface of the layer 48 of SlN

that forms the top layer of the gate electrode 46/48.

'Fig. 9 shows a. cross sectlon of the substrate after the..
1ayer 48 of S:LN has been - removed from the top of the gate
electrode. The 51llcon nitride layer 48 can be removed v1av
_anisotropic RIE 'usingr CHfb or SE%—Oz as .an etchant, but -is
preferably removed applylng an 1sotrop1c wet etch process using
hot phosphorlclac1d. The removal of the layer 48 of SiN. creates

" a recess or_opening'71 in the top surface of-the gate=electrode. L

.At'this.point in the,processlng sequence-of the invention;
the”sequence branches-fnto the first and the_secondgembodiment
aof the'iinvention.ﬁ-Eigs.-Hld_.through l12 address'fthe flrst
embodiment of“the'inventlon whlle-Figs..13 and 14 address the

. second embodiment“offthe invention.=



Referring noulto Fig. 10, there is Shown'a cross section of
the substrate of the f1rst embodiment of the lnventlon after a
.stack of layers of Tl/Sl/Tl has been dep051ted and masked. The-
three 1ayers are,dep051ted in the sequence that is reflected in
Fig. 10, that is first a'layert72 of'titanium‘is.deposited.ever
the'surféce'of the 1ay¢r'5o ef?iLn thereby inecluding the_epenfhg o
- 71, after-thfs a layer 7ifof'amorbh6us siliéon is deposited over
the surface of the layer.§2 of-titahium;_after thisla_layer 76

of titanium is deposited over the layer 74 of amorphous silicon.

s:The-two 1ayers-of'titahium, that is layers 72 and 76,.can
be_depoéited on the surface of the substrate to a thickness_ L
between about-depositing 300'tp7600 a° at_a.temperature of 25 to

'3003degrees'c. uSing eithertrf.ﬂsputtering_er CVDitechniques..

.The layer 74 of‘amorbhous”siiicoh cah be greun by using,
:.for 1nstance, Siz2Heé gas- and Nz gas w1th flow rates of between
about 60 to 100 scem and 200 to 240 sccm respectlvely us1ng
-'_LPCVD'technologylat a temperature of_between about between 480
"_te'590 degrees C.-anafa-pressure.betweenjabout 0.2 and Q,3 Torr N

':grown'to a thickness of betweehfabout 200 and 500 Ahéstrom..
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a layer 78hgfhphotores;st is-deposited.over the layer'76.of
titanium and patterned and etched using standard.procedures of"
photolithography and photoresist etch-and ashing’folloWed by'a_
thorough rinse. The photoreSist mask that is created in this
: manner covers the surface of:layers 72/74/76 where these iayers
_ penetrate the.recess 71.of the oate electrode- fhe area covered .
b§ the photoresist extendssby a measurable distance-over the'
area that is adjacent to and as a contlnuatlon of the three

-layers that are dep051ted 1n51de the recess 71 of the gate.

_Fig; 11 shows a cross section of the substrate of the first
embodiment of the invention after the layers  72/74/76 .of

Ti/si/Ti have been.etcheda

The etch of the layers 72/74/76 of Tl/Sl/Tl can be a dry Cl
'based environment. ThlS etch can also be performed u31ng a dry
‘CFs4 and oxygen env1ronment. The etch back of the layers 72/74/76
-of-T1/s;/T1 results in Tl/Sl/Tl depos;tlon 82 over the,surface
Of.thehlayer 70 of ILD whereby this deposition of,Ti/si/?i

further makes contact with the surface'of_theggate electrode'46. -

' The cross section that 1s shown in Flg. 11 hlghllghts that a

- the layers of Tl/Sl/Tl remain in place inside the openlng 71 -of |
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-_the receSS~of the gate electrodefand'in an area that extends
from this openlng. This extenslon of the layers away from the
openlng 71 prov1des a surface of a metal connect to the gate

" electrode that can be used to_connect'to_the gate electrode.

Flg. 12.shoWs a'crOSS section of the semiconductor surface
- of the flrst embodlment of the 1nventlon after the layers
72/74/76 of Tl/Sl/Tl have been 5111c1ded formlng metal silicide
.layer 84._Layer 84 of Tl/Sl/Tl can become TlSlz by an anneal at
a temperature between about 800 and 900 degrees C for between |
30 and 60 mlnutes to form the layer 84lof Ti 51l;clde to,a

_thickness between about. 1000 and 2000 Angstrom.

Figs. 13 and 14 address the second embodlment of the
-1nventlon where thlS second embodlment of the 1nventlon dev1ates'
from the processing- steps that are common to both the flrst and

the second embodiment of the_lnventlon.-

Referrlng now to Flg. 13, there is shown a cross section of
the substrate 40 of the second embodlment of the 1nventlon after.
" a layer 86 of WSlx has been dep051ted and masked, whereby x=2. 7:

before anneal and equals 2 2 after a’ 750 degrees C. anneal
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The layer 86 of wsix'ca'n' be deposited on the surface of the.
substrate to a thlckness between about dep031t1ng 1000 to 2000
A’ at a temperature of 400 to 600 degrees C. ‘using CVD

teChniques.

A layer 88lof photoresistiis deposited over.the layer_86 of

WSlx and patterned and etched u51ng standard procedures of
-photollthography and photore51st etch and ashlng followed by a
'thorough rinse. The photore51st mask that is created in this
“manner covers the surface of layer 86 where thls layer |

" penetrates the recess 71 offthe gate electrode. The area under

the photoresist extends-over a measurable'distance adjacent'tog

and as a.continnatlon of'the 1ayer-86-that.is deposited.lnslde

the recess 71 of .the gate.

Fig. 14 shows a cross sectlon of the substrate of. the.'

- _second embodlment of the 1nventlon after the layer 86 of WSlxhaS

been etched,

The etch of . the 1ayer 86 of WSlxcan ‘be a Clz plasma etch
.~ The etch of the 1ayer 88 of WSix results in WSix depos1tlon 92
over;the surface of,the layer 70 of ILD_that further makesa

-cOntact with the surface of the gate=electrode-46.'
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The cross section that is shown in Fig. 14 highlights that

the layer-92 of WSix. remains”in place-inside the opening 71 of

the recess of the gate electrode and in an area that extends

'.from thls openlng. This extens;on of the layer 92 away from the

-openlng 71-prov1des a_surface”of a metal.connect to the gate'

electrode that;can be u$ed'to_¢onneCt to the gate electrode. The

_layer 92 of WSix has a thickness between about 1000 and 2000

Angstrom.

© Fig. 15 shows a top view of the contact of the invention . .~

and it’s surrounding area. Highlighted as 84/92 is,the'contact'
_bar of the invention that connects to the gate electrode. The

point of contact where the gate'electrodes are COnnected to

surrounding circuitry-is point"91} 1nput connectlon 94 is the
connectlon to the surroundlng c1rcu1try. The drain reglons of

the gate electrodes are highllghted as 61, the source reglons of

'the gate electrodes .are hlghllghted as 71 and 81. The draln

: reglons 61 are connected to the output termlnal 96 of the gate

electrodes, source regions 71 are connected;to ground.termlnal

97 while-Sourceﬂregions 81 are connected to supply voltage'vab

_The-top view that is Shown.in Fig. 15 clearly demonstrates”

that the pointrof contact,rthat'isprint 91, is containedfwithin
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' the active aréé of the-gaté-électrodes and.therefore.allows for

increased density of the gate'electrodes_struéture.

'Althbugh the inyenti§n”ha§'been described and iilustﬁated
with reference to spegific iilﬁstrative embodiménts thereof,. it.
.: is not intepded_that_fhefinvgnfion'be_iimited to those
illuStrétive émbbdimeﬁts; Those skilledﬂin the-éftrwill
récognizé thgt yariaﬁions.aﬁdjﬁodiﬁicatioh§ can.be ﬁéde.ﬁithout5'
 departing from_the spirit dfltﬁe inﬁenﬁioﬁ. It.is Fhe#éfore
'inténded to'include_within_fhe inﬁénti&n all.such.éariatiohs and
.modificatidns whiéh fall'withig tbe scope:of'the apﬁended claimé

and equivalents thérebﬁ..ff7
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_What'ls claimed is?

.1. A method of creating MOS'devicesfwith salicided gate7and
source and drain, comprisincfthe steps of: | |
oroviding a semiconductor scbstrate whereby a recessed gate
electrode structure has beeh'created on the-surface'of said
_'substrate whereby sa1d gate electrode ls surrounded by a layer
- .of Inter Level Dlelectrlc (ILD), |
deposltlng a comp051te layer of a flrst layer of Ti followed by g
a layer of amorphous Si followed by a second 1ayer of T1 over
the surface of said substrate thereby'lncludlng thejsurface of]
said recessed gate. electrode,_ | . _ l_
patternlng and etchlng sald composite layer of Tl/Sl/Tl thereby |
creatlng a strlp of Tl/Sl/Tl overlaylng said layer of ' ILD o
-whereby saldlstrlp'of Tl/sl/Tl contacts the top surface-of;said_
gate'electrode and extehds rrom saidigate.electrode'by:a _
'measurable amount;.and N

.y__sa11c1d1ng said layer if. Tl/Sl/Tl thereby prov1d1ng a 1oﬁ_ :

resistivity contact to said top surface of said gate electrode.

" 2. The ﬁethod of_claih l:wherein_said:creation of said recessed
gate electrode'structcre compriseSche'steps of: |
-'providing a semiconductor substrate} |

'formlng a battern of actiye:regiohs'in'the,surface of said

‘substrate;
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__thermally'growlngda gate base layer.on:the:surface of said
substrate over sald active;area whereby said base gate layer'"
serves asla stress relieve layer.between sald gate structure and
;said_substrate;'

- ‘depositing a layer of gate electrode_materialloyer the surface
of'sald gate base layer;, | o |
depositing.a layer_of-gate'contact material:oyerfthe sorfacedof

~ said gate electrode materlal,_ o

-.patternlng and - anlsotroplcallyllon etchlng sald layer of gate
contact material and sa1d layer of gate electrode materlal ‘and
-sald gate base 1ayer materlal thereby formlng said’ gate
.'.electrode structure that_is overlaid with said gate_contact
material; N

.depositiag a liner over the_surface_of said gate andysaid actlve_
regiohi | o L

tperforming:a'self¥alignedlﬁbb'implant‘intO'the'surfacevof'Said.

- substrate;

depositing'a layer of gate:Spacer ﬁaterial over.said layer of
'liner;‘ |

. forming gate spacers on the 31dewalls of sald gate;

performlng a self-allgned source/draln 1mp1ant 1nto the surface
- of sald-substrate, .

depositing a layer of-matefiallthat can be salicided oyer said_'

gate and the'Sﬁrface_of'said:substrate;



A g

performing a rapid thermal anneal of said layer of salicidable_

material to form silicides;

performlng an etchback of sa1d 5111c1des thereby leaving thin

layers of silicides over the surface of said source and draln
regions; |

performihg a rapid.thermai ahheal of said thin layers.of _
5111c1de over the surface of sald.source and draln reglons

thereby forming low re51st1v1ty SlllClde layers over the surface'

of-sald source and drain reglons;

'depositing a layer of inter level dielectric over the surface of. -

said Substrate{

pclishrﬁg'saidflayer'cf inter ievelhcielectric down'to-the”_'
_surface of-said_;ayer.cf gatehccntact'materia; of said-gate
electrcde; ahd---

removing said layer ofjgate'ccntact_material from_saidlgate

'thereby.creating said recessed gate.

-3, The method.of claim 1 wherein said first layer of titanium

has a thickness between about 300 and 600 angstrom. ..

-4, The method of clalm 1 whereln said’ layer of amorphous 3111con K

“has a thlckness between about 300 and 600 angstrom.
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5. The method of claim 1 wherein said secogd layer of titanium

has a thickness between abpﬁt 300 and 600 angstrom.

6. The method of claiﬁ i_whereig said saiiciding said'patterned_
-‘layer of titaniuﬁ—éilicon-titanium iS.Performgd.at a températuré
between about BOdjaﬁd 90d degrées C. for bétﬁeen_36 and:§°'
mip'ﬁtes to form a layer of Ti/Si/Ti silicide to a i:_hickxiess |

- between about 1000 and 2000 Angstrom.

.7.-A metﬁod'of creaiing Mos devices ﬁiﬁh'salicided'gate and
source and dréin, ¢oﬁpfisipg tﬁe étéps.Of: - | -
:;_prbﬁiding-a'semicdndudﬁo: substf5£e; B

forming a patﬁérn of acﬁiﬁé.régions on thé surface of said.
substrate; g

grbwing a 1ayer'6f'gaté bése ﬁéferial on'fﬁe surféce of;saiél o
__subsﬁrate in said active éiea whereb§ said-gate layer of gate
‘base material serves as g;stxess reliéve.buffér_between'séid.
gate electrcde.and.the ﬁndefiyipg silicon substiate:
-depositing.a'iayer ofigate;éiectrqde material over tﬁe:éﬁrféee.
' of said substrate; | |

depositing a'layefqu gatelc$n£a¢t mateiiall§§er the surface ¢f.“
séié_gate'éléctfode'mate#ial; |

masking and anisotfépically:etEhing'said layer of gaté:contact  

material and said layer of gate eleétrode-material and said
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layer of gate base.materiai'tclform a gatelelectrode structure
overlaid b&_a layer of gate contact material;’ |

depcsitinc a liner over tﬁe surface'cf said gate electrode and. -
said.active regions}p |
perfcrming a self-alignec LDD iﬁplant into the'surface of ‘said
subsfrate; | | |
depositiqg.a ;ayer of gééé spacer.material_over said iayer.of
oxide liner; - | |

-.formlng gate spacers on the 51dewalls of said gate,

: performlng a self-allgned source/draln 1mp1ant into the surface'
of sald_substrate; |

depositihg a laYer-of salicidable material cver'said gate-and,‘
‘the surface of said substrate,..

-performlng a rapld thermal anneal .of sala layer of sa11c1dab1e
material tc;fcrm reacted,anq,unreacted 51l1c;des::.

_perfcrming an etchback.cf:said.cnreacted'siiicides thereby

leaving a thin layer of --reac'téd_ silicides over the surface of

. said source and'drain5regionsr

performlng a rapld thermal anneal of said thin layer of high
re51st1v1ty reacted s111c1de over the surface of Sald source aﬁd
i.;draln reg;ons thereby formlng_lcw re51st1v1ty silicide layers~
'cOVer rhe surface of said scﬁrcefandldraip regions;.u o
depcsicipg a'layer_of'inter_Levelsdielecﬁric over the sdrface of

said substraté;
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-polishing said layer of inter level dielectric down to the

surface of said layer of gate electrode contact material;

removing said layer of gate contact material-from'said gate

thereby creating a-recessed gate;

" depositing a first layer of titanium followed by a layer of

amorphous silicon.followed by a secondnlayer of titanium oyer_
the surface of said polished layer of inter level'dieleCtric
thereby including-said recess_in said.éate.thereby forming a

trlple layer of tltanlumrs1llcon—t1tan1um,_

-patternlng sald trlple layer of t1tan1umr3111con-t1tan1um
:whereby sa1d patternlng exposes sald layer of tltanlumr5111con-

- titanium in a pattern that ‘is the mirror- 1mage of sald layer of

tltanlumrs111con—t1tan1um above the surface of sald gate
electrode thereby'includ;ng~an exten31ontof said layer of

titanium—silicon—titanium that is contiguous'with-and extends_.'

. from said layer of titaninmrsilicon-titaniumeabove the surface

of'said gate electrode;'

etching said layer of titanium—silicon-titanipm.in-accordance
witn-said pattern thereby-leaving'sald layerlof titaninn—
silicon—titaniun:in.placehabove'the_surface of said gate whereoy .
said etching furthermore leayes.in'place_said laygrfof'titanium-'.
silicon-titaniuﬁ'over a reoion.that is contiéuonS'witn and |
extends from said layer of tltanlumr31llcon—tltanlum in: place

above the surface of sald gate, and |
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silioiding said patterned layer of titanium—silicon-titanium.

8 The method of claim 7. whereln sald layer of gate contact

‘material has a thlckness between about 1500 and 3000 Angstrom.

9.fThe_method'of olaim 7 wherein said layer of salicidabie
material has a thickness between about 250 and 350 Angstrom for

salicide formation.

10. The method'of claim 7 wherein said first layer of titanium

has a thickness between'aboutl300_and 600 anéstrom,

~ 11. The method of claim 7 wherein'said.laYer'of.amorphous

‘silicon has a thickness between_about 300 and 600 angstrom.

"1z, The-method of claim 7 whereln said second layer of t1tan1um -

" "has a thickness between about 300 and 600 angstrom. :

13 The method of clalm 7 whereln Sald amorphous 5111con is-

dep051ted by low—pressure chemlcal vapor dep051t10n.'h

14. The method of clalm 7 whereln sald amorphous 5111con is

'dep051ted by sputterlng
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15. The method.of:claim-7'wherein-said siliciding said patterned
layer of t1tanlumr31llcon-t1tan1um is performed at a temperature
between about 800 and 9500 degrees c. for between 30 and 60
‘minutes to form a layer of Tl/Sl/Tl silicide to a thlckness

“'between about 1000 and 2000 Angstromr.

l16. A method of.creatlng Mos.devices with.salicidedlgate and
sourCe;and drain; COmprising;the.stepsfofﬁ | :
proyiding a semiconductor'substrate'whereby a.recessed.gate
electrode structurebhas beenfcreated on the surface of said B
substrate; - . | o

. depositing a_layer_of-WSixfoyer the surface‘of said-boliShed
layer.of inter leyel-dielectric_thereby inc1uding said recessuin:
saidygateé | i | |
patterning'said'layerfofuﬁSixfwhereby said whereby said -
'f_patterning exposesvsaid 1ayer'¢f Wsig“in'a'pattern that is the.
‘mirror 1mage of sald layer of WSix above the surface of sa1d o
gate electrode thereby 1nclud1ng an extensron of said 1ayer of
WSix that is contlguous w1th and-extends from said 1ayer Of:WSlx
- above the surface of sald gate electrode; and )

" etchlng said layer of WSlx thereby leav1ng said layer of WSlx 1n.
-place above the surface of sa1d gate whereby sald etchlng

furthermore leaves in. place sald layer of WSlx over a reglon
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- that is contiguous with and extends frem said layer of Wsix'in-

place above the surface of said gate.-

-i7. The method of claim 16'ﬁherein said creation of said

'breceSSed gate electrode‘stracture comprises the steps of: -

'proﬁiding'a semicendﬁetor substrate; |

forming'a pattern ef-actiye regions on the_surfaee of.saidl.

sﬁbstrate; | | |

| grewing-a layer of Qate basebmaterial'en.the Surface.of'said

asubstrate in sald actlve area. whereby said 1ayer of gate base
aterlal serves as a stress relleve buffer between sald gate

-electrode and.the underlying silicon substrate;

_depositing a_layer'ef Qate eleetrOde material oter'the surfaee?

of said.substrate; | |

depositingaa_;ayerqu gate ebﬁtact materiai over tbe sarfaee_of'

'ssaid”gate'electrodelmaterial;'H | | |

masking and_anisetropically,etebing said_layer_of.gate'éeﬁtact'a

material'and“saiq_layer oftgate_electrbde ﬁaterial_and said -

layer“of gateabase materia; to formla”gate'electrodefstruétare

. overlaid by aflayer'of'éate.centact materiai}- |

.dep051t1ng a llner over the surface of said’ gate electrode and

{sald active- reglons, o

.performing a_self—alignedTLbD implant_ihto the surface.of.said"

substrate;
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'depOSiting a layef of. gate spééér material over said layér'of
liner;

'forming géte spacers on thé Sidewalls of said gate;

' performing a self-aligned source/drain implant into the surface
" of said substrate; | |
depositing a 1ayer.of_saiicidagle mateiial.ove;.said gate and
the sﬁﬁféce of said éubsfrate; | |

perférming a rapid thermai annéal'pf'said layer1of sélicidable
-material to form reécted and ﬁnreacted silicides;
performing'an_etchback of said unreacted silicides-therebf'
1eaving a thin layer of-reactéd'silicides oﬁér the'surfaﬁé_of'
said source and drain regions; ” |
'perfqrming a rapiq tﬁefmal ahneal of said-thin layer of high
resistivity reacted silicide over the surface of said source and
draiﬁ regiOns_thefeby fqrming low reéistivity silicide iayers_
| - over the surface of_said;SOﬁrcé and d;ain_régions;
5depositingwa layer of inﬁer lgﬁel dielectric over the surface df
said.substraté;

pdiishing said layer of intef.leﬁel dielectric.down_td;the
surface 6f'$aid'laYer_b£'gate eléctrodé cohtact matefial;'aﬁd-'
: remgvingxsaid ;ayér 6f gate cﬁntact materialifrom-said gate .

- thereby creating a recessed ga;é,.
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'18. The method of'claim-lﬁ wherein aaid layerIWSix has a

thickness between about 1000 and'2000 angStrom.

.19 A method of creatlng MOS dev1ces with salicided gate and
-"source and draln, comprising -the steps of'

'proyiding a semicqnductor substrate;

fdrning a battern oflaCtiye[regions in.the surface of said"
substratef | | | ” “
grewing_a layer of gate baée“ﬁaterial"bn“tne surface.of'said
esubstrate over sald active area whereby said layer of gate base
'dmaterlal serves as a.stress relleve layer between sald gate |

. structure and sald substrate; |

_depdaiting a layeryof:gate-electrode material ever_the aurfacer

of said layer of gate'base_material{_

depositing a layer of gate contact material overitheISurfaEejef“

q_said_layer Of gate'electrédefhaterial;

fpatternlng and anlsotroplcally ion etchlng said layer of gate

~contact materlal and said layer of gate electrode materlal and

'sald layer of gate base materlal thereby.formlng'sald gate-

.electrode,structnreithat.is overlaid with said:gate cdntact

- material;

“depositing a liner'dyer-the”surface of said gate electrode and

said active region;
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berfbrming a Self;éligned LDD iﬁplaﬂt into ﬁhe surface of said.
substrate; |

depositing a layer of gaté spacé:'mate:ial ovéi.said liner;
forming gate spaceré-on-the sideﬁalls of said gate electrode;
performing a.self¥aligneé sour¢g/drain implaﬁt'inﬁo the surféce
of séid.substraté; | |

L.depqsitiqg.a laye? of méﬁerial that cén be salicided évér said
gate-electrode and the.surfacé-of'gaid_sﬁbétrate;

pgrforming a rapid:therﬁai_annéal of said layer.of_saiicidable
material to fd;m reacted and'unreactéd siiicides; |
performiﬁg an-etchback of:said_uﬁreacted siiicides theréb&
1eavihg fhin 1éYers of reacted siliciaes over the surface of

- salid source and drain'regioﬁéf

performing a_rapid thermal'ghﬁéai of saia thin layers of re?éted
silicides.dvér the’sgrface anéaid'source,;nq.drain':eéiqnsn
thérgby-forming.low resistiviéf Silicide 1é§er$ 0ve£-thelsﬁrfaée'57:
of said source and draih.regibhéf- | | |
. deposifing.a 1éyer of inte:.lgvéi_éieiéctfic:oveﬁ.the surface of
said substraté'the;éby'including.said.gate'electrode;_ f. |
polishihg.said-layerlgf:inter_leﬁei.diélecfric'down to the
'sufface of-said layef of gate qqntactuhaterial of said gate
electfode; = |
rembving said layer of'gaté éohtact material from said gate .

Vthereby'creating a recessed gate;
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_depositing a layerjofeWSi;.over the surface of said bolishedi_
layerhof inter level dielectric thereby lncludiné.said recess in ;
said gate; | |
'patterning said layer of WSix whereby said patterning exposes

" 'said layer of WSlx in a- pattern that is the mirror image of sald
1ayer of WSlx above the surface of said gate electrode thereby
1nclud1ng an exten31on of said layer of WSlx that is contlguous
with and extends from said layer of layer of WSlx above the
surface of sald gate electrode, and : |
-etchlng said’ layer of WSlx in accordance with sald pattern..'
_lthereby 1eav1ng sald layer of WSlx in place above the surface of'
-sald gate whereby sald;etchlng furthermore leaves 1n_placersa1d-5
.layer of WSix over:a region:that is contlcuousrwith.and'extende

from above the surface of said gate,_

- 20. The method of.claim'lé'wherein said layer of gate contact

 material has a thicknese.between about 1500 and 3000.Angstrom;..

21. The methdd:of claim 19 wherein said layer of salicidable

_material has a thickness between about 250 and 350 Angstrom.

-22 The method of clalm 19 whereln said layer WSlx has a

thlckness between about 1000 and 2000 angstrom.
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:23 The method of clalm 19 whereln said performlng a rapld

thermal anneal of said layer of sa11c1dable materlal is
performed in a temperature range of between about 600 .and 800_r

degrees C. for a time between about.zo_and 40 seconds in No

ambient.

24. The method of claim'ig wherein said performing a rapid

thermal anneal of said sa11c1dab1e materlal is performed in a

H temperature range of between 600 and 700 degrees C for a time
of between 20 and 40 seconds and~then rapid thermal anneallng.ln.:'

. attemperature of’between about_SOO'and 200 degrees-c._for a time

between 20 and”40 seconds.

25. A method of forming contacts to gate electrode structures,

comprising-the-steps of:

providing a semiconductor substrate whereby_a recessed gate

-electrode structure has been created on the surface of said’

substrate whereby said recessed gate electrode_is surrounding by

a layer of Inter Level Dlelectrlc (ILD),

dep031t1ng a thin layer of electrlcally conductlve material over
_the.surfagenof_sald layer of ILD thereby 1nc1ud1ng the recess . of

said gate electrode; and

patterning and etohing said_layer_of electrically conductive

material'thereby-leaving said layer of electricaily conductive
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_materlal in'place'above-the'surface of said gate electrode
whereby said etching furthermoregleaves.injplace said layer of
‘electrically conductive material overlaying said layer of ILD
over a region that is contiguous'with-and extends-from'above-the

-surface of said gate. -

26. The method of clalm 25 whereln said creation of sald
recessed gate electrode structure comprlses the steps-of.
prov1d1ng a sem;conductor substrate:
~ forming a pattern ot_active-regions'ln_the surfaCe'of said’
-gsubstrate;' | o . |
rgroﬁing a gate base'layer'on.the surfaceﬁof'said substrate_over-
_said'active area.whereby'said base gate layer serves as a stress_
-relleve layer between sald gate structure and sald substrate.
dep031t1ng a layer of gate electrode materlal over the surface‘”
~_of-sa1d gate base-layer; | “ |
dep081t1ng a layer of gate.contact material over the surface of
sald gate electrode material; | ~
patternlng and anlsotroplcally 1on etching sald layer ot gate
contact materlal and sa1d layer of gate electrode material and
a:sald gate base layer materlal thereby formlng said gate
welectrode structure that is overlaid w1th sald gate contact

. material;
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depositing a liner over the sutface of said gate and said'active

region;

performing a self-aligned LDD implant into the surface of said
substrate;
depositing a layer of gate spacer material over said liner;:

forming gate spaceré on the éidewalls §f said gate;

'. performing a sglf—aligned source/drain iﬁplant inte the surface

df'Said'éubstfate;

Edebositing a layer of material that can be salicided over said

'gaté and the surface of éaid.subStrate}

performing a rapid thermal anneal of said layer of salicidable . .
material to form silicides;

performing an etchback of said silicides thereby leaving thin '

layers of silicides over the surface of said source and drain

regions;

_performing a rapid thermal anneal of said thin layers of
silicide over the surface of said source and drain regions .

theréby]fgrming low resistiVity_Silicide layers over the surface

of said source and drain regions;

depbsiting a'layer qf'ihter_level'diéléétric-over the surface of |

said substrate;

polishing said layer of inter level dielectric down to the

surface of said layer of gate contact maﬁeriai of said ga#e .

_ electrode; and
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removing said layer of gate contact material from said gate:

thereby cfeating said recessed gate.

27. The method of claim 25.whe;eby'said eléctrically conductive_

| ' ‘material contains materials=thét can . be salicided.

28. The method of claim 26 with the additional step of

saliciding said elgctrically_conductivé materiailthereby fbrming

silicides.



