1 9 DEC 2003 1 AN OPTI M ZED Co/Tl-SALICIDE SCHEME FOR SHALLOW JUNCTI ON DEEP
SUB- M CRON DEVI CE FABRI CATI ON BACKGROUND .OF THE | NVENTION. (1) Fi el d18fDEh00s
| nvention The invention relates to the fabrication of integrated circuit

devi ces, and nore particularly, toa process for a FET wthTiSi2 S/D
contacts and CoSi x gate contacts. (2) Description of the Prior Art Field

Ef fect Transistors (FET's) have found wi de application in the

sem conductor industry. The fabrication. of a FET. typically starts with

a. single crystal sem conductor substrate; a thin |layer of gate oxide is
grown over the surface of the substratg. A polysilicon gate is patterned
over the thin ﬁ ate oxjde, the gate electrode is then used as a

di ffusi on ofNi RF Ntlzlgjé)r o 1T 14 40T D S HEL G _EGR gHEF AU rERNCTEHE dr ai n

areas in the substrate i mredi atel y adj-acent to the sides of the gate
el ectrode. The regi on PeERe®PBtHECBONr BBV 8FEI KABREGAEASNI s cal l ed the
channel region, the distance between the source and the drain junction is
call ed the channel length. In its sinplest terns of operation, an input
voltage is applied to '
BACKGROUNG OF THE INVENTION
(1) Field of the Invention
The invention relates toc the fabrication of integrated

circuit devices, and more particularly, to a process for a FET

with TiSi, 8/D contacts and CoSix gate contacts.

{2) Description of the Priof Art
Field Effect Transistors (FET’s) have found wide

application in thé semiconductor industry. The fabriéation.of a
FET typically starts with a single crystal semiconductor
substrate; a thin layer of gate oxide is grown oﬁer the surface
of the substrate. A polysilicon gate is patterned over the thin
layer of gate oxide, the gate electrode is then used as a
diffusion or implant barrier mask to form self-aligned sourde
and drain areas in the substrate immediately adjacent to the
sides of the gafe electrode. The region between the source/d;ain
1regions is called the channel region, the distance between the
source and the drain junction 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




the gate electrode, this voltage establishes an electric field 1 , 9 DEC
2003 2 in the channel region of the device, and this electric field 18DEC 208
perpendi cul ar to the surface of the substrate and the thin layer of gate
oxi de. By varying the value of the applied voltage, the conductance of the
channet region can be controll ed. Because the electric field that is
established by this voltage controls the output current fl ow t hrough the
devi ce, the sem conductor devices created using this approach are call ed
Field Effect Transistors (FET's). In ] typical FET, netal contacts are
established with the gate electrode aid with the source and the drain

regi onsn t¢het mhannedngiestian ohithec alehieagormmdytisputdlerding @ fiyed i
refractory nmetal over the exposed areas of these areas. By heating this

layer pbrhali el &) Ithd idatiaes danta Lg‘ﬂb@!z?éﬂ@%d rﬁﬂé‘%hu?ﬁ&;%’ﬁ' t)

to a tenperature of between 200 and 850 degrees C., self-aligned

I f t e e rce
- egi on°andoar Sﬁﬁfl?ieegf’&?"fa%&ﬂ%”t% R ttﬁ*oen"%épc’%h i %@nd.%?
I o] | e 0 the sourcel/drain re ve
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electric field that is established by this voltage controls the
cutput current flow through the device, the semiconductor
devices created using this approach are called Field Effect

Transistors (FET’/s).

In a typical FET, métal 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
_ﬁetal over the exposed areas of these areas. By heating this
layer of metal (typicéily titanium, tantalum, platinum, nickel
or cobalt) tp a temperature of between 200 and 850 degrees C., a
self-aligned salicide region is formed 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 laver 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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limt device performance. It was, for instance, not possible to m nP
t he contact resistance if the contact hole 9 DEC 2003 3 was of - m ni num
size while problenms with cleaning small contact holes became a concern. In
addi tion, the area of the source/drain regions could not be mnimzed
because the contact. hole had been aligned to this region using a separate
maski ng step whereby extra area had to be allocated to acconmmobdate

m salignment. It was also practice to uge several, small contact holes of
identical size nmeaning that the full wdth of the source/drain region was
not avdidSte MHMHe Tt Al se rREePR¥NS Whilk ¢heanted PR21heCSBhLRER/ drain
resi stance being proportionally larger than it woul d have been in a device
havi ng haied haranath. cEetdrnl | Ymnedditson, t bhinénee A whéch nmultiple
regions on the wafer are formed using a single mask, thereby elimnating
the al ignnmmng/d:0d a8t anagsonidatodl @ e Ubé efi Bymi 2ddi béoaake MBBKScoABagtr cui t
si zes decrease, this approach finds nore application. One of the areas
where the d effém:j% 1 8flda @ 1B YBS, USSP dl a As¥BE ¥a B hYsRIAGE Was

the selt-aligne
step whereby extra area had to be allocated to accommodate

di mensi ons have decreased, the conventional contact structures began%éggc 2003

misalignment. It was also practice to use several, small contact
holes of identical size meaning_thét the full width of the
source/drain region was not available for the contact structure.
This resulted in.the source/drain resistance being
proportionally lafger thén it would have-been in a device having

minimum width.

Self-alignment is a technique in which multiple
regions on the wafer are formed using a single mask, thereby
eliminating the alignment tolerances that are reguired by
additicnal masks. As circuit sizes decrease, this approach finds
more application. One of the areas where the technique of self-
alignment was used at a very early stage was the self-aligned

.source and gate implant to the poly gate.

'_One of the alternate structures that have been employed in
an effort to alleviate the problem of increased source/drain
resistance is the formation of self-aligned silicides on the

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




source and gate inplant to the poly gate. One of the alternate structbg@sc 203
t hat have been enployed in an effort to alleviate the probl em of increased
source/drain resistance is the formation of self-aligned silicides on the
source/drain regions. Wiere .these silicides are fornmed at the DEC 28 4

sane tinme as the polycide structure, this approach is referred to as a

sal i ci de process. The entire source/drain region (of, .for instance, a

MOSFET device) is contacted with a conductor film This approach becones
even nore attractive where such a fllnlcan be forned using a self-aligned
process that does not entail,K any nmask g%ste . Conti nuous shrinkage of

the gat®Merddt™ dehai H’WC%‘%%@VF‘W’F‘} f thessppPEefakal® FREFBRET as

wel | as shallow junctions in the source/drain areas to avoid short channel
ef fect taith isaheily reesess byThaappt bpei averdepansindregiobut obn
underneath the channel region. Shallow junctions greatly help resolve this
pr obl enicVaim i deec hni MREEEh alev been Hlevebopedtédrwi oh nangohdectshal | ow
source/drain junctions that are needed for sub-micron CMOS devices. One
such appreachriisesafifrdfh e dnéhadsh more attractive where such a

film can be formed using a self-aligned process that does not

entail any masking steps.

Continuous shrinkage of the gate length demands low
resistivity of the source/drain regions, as well as shallow
junctions in the_source/drain'areas to aveoid short chanﬁel
effect, which is mainly caused by inappropriate dopant
distribution underneath the channel region. Shallow junctions

greatly help resolve this problem.

Variocus techniques have been developed for forming the
shallow source/drain junctions that are needed for sub-micron
CMOS devices. One such approach uses As for the n-channel
devices while BFs" is used for the p-channel deﬁices. Yet another
approach uses the creation of so-called elevated source-drain.

A thin (for instance 0.2 um.) epitaxial layer of silicon can be
selectively deposited onto the exposed source/drain areas of the
MOS_transistor, this following the implantation of the lightly

- doped region of the LBb structure and the formation of the

spacers. This process leads to the formation of heavily doped,




devices while BF2+ is used for the p- channel devices. Yet another approach 753

uses the creation of -so-called elevated source-drain. A thin (for instance
0.2 um) epitaxial layer of silicon can be  selectively deposited onto the
exposed source/drain areas of the MOS transistor, this follow ng the

i npl antation of the lightly doped regi on of the LDD structure and the
formation of the spacers. This process |leads to the formation of heavily
doped, 19 DEC 2005 5 shallow source/drain regions. The source/drain
junction depths in this case are less than 0.2 um Fig. 1 shows Prior Art

fornatlon of a gate electrode wth contatt openings, for the source/drain

r egi onShal IR yEGYE QNPT et F AT ur"éh?4s?‘ér$%4“ﬁg%l? nErRaFhel t AePEBF nat i on
of Shallow Trench Isolation (STI) regions 18 between the gate structures.
Aft er tie Sols crsnce s algsartgasn 1. 2ananl4 have been inplanted to formthe
source/drain junctions, the sidewall spacers (not shown) are forned.
Spacers can bé made using silicon-nitride or silicon-oxide, BSG PSG
polysilicon, other materials preferably of a dielectric nature, CVD oxide

formed fromp gEQS S3RUL @3 R UShth Lo PNQYS &L FEE @ Sad had v nhi bi t
t he dep05|t|on of epitaxial silicon thereupon.

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 the gate structures.
After the source and drain areas 12 aﬁd 14 have been implanted
to form the source/drain junctions, the sidewall spacers (not
shown) are formed. Spacers can be made uéing silicon-nitride or
silicon-oxide, BSG, PSG, polysilicon,_other materials preferably
of a dielectric nature, CVD oxide formed from a TEOS socurce.
Often used are amorphous materials that inhibit the deposifion

of epitaxial silicon thereupon.

A thick (2-layer deposition) layer 50 of undoped oxide is
deposited over the gate electrode 24, the adjacent STI regions
18 and the exposed surface of the semiconductor substrate 13.
Over this layer 70, a layer 72.of boronphosphosilicate glass
(BPSG) needs to be added for conventional contacts. Contact
holes 26 are opened in layer 72 and layer 70 down to the
source/drain regions 12 and 14, these éontact openings typically

have a width of between 0.20 and 0.30 um,




A thick (2-1ayer deposition) layer 70 of undoped oxide is deposited ﬁygﬁ e
the gate el ectrode 24, the adjacent STI regions 18 and the exposed s ége°°
of the sem conductor substrate 13. Over this layer 70, a |layer 72 of

bor onphosphosi | i cate glass (BPSG needs to be added for conventional
contact's. Contact holes. 26 are opened in |layer 72 and |ayer 70 down to

the source/drain regions 12 and 14, these contact openings typically have

a wdth of between 0.20 and 0.30 um 1 9 DEC 2003 6 Fig. 2 shows the effect
that exposure to wet cleaning can have op the surface of the STl -areas.

Gate electrode 24 is showmn together with gate spacers 22 and an adj acent

STl region 19 .The shand ddee XL igch HehBT| edBoshonst e visetrebgan Ryt @8 in

the areas 28 and 29 where this surface 27 interfaces with the surface of

t he semaendictidre shsiaed ol hdwTNogatdes [ ocset | eheotrbie S isregown,

the silicon in the areas 28 and 29 can be exposed by wet cleaning. The

exposed oyd i ik Rgn sl d8d ek ato thad 4k "BapRdentagrihgegionei gausge
| eakage currents to occur. On the other .hand,” a thicker silicide |ayer can

resul t 4 Ajaher; | gakage sﬂ”lrs?rgh&f@%@' ii’ré@&]@?ﬂl&&’ P HnehLon, deyi ces.
The salicide process further has a [imtation related to
28 and 29 where this surface 27 interfaces with the surface of
the semiconductor substrate 13. During the formation of the STI
region, the silicon in the areas 28 and 29 can be exposed by wet
cleaning. The exposed silicon can be salicided at that time and
can therefore cause leakage currents to occur. On the other

~hand, a thicker silicide layer can result in higher leakage

current especially for shallow junction devices.

The salicide process.further has a limitation related to
the fact that the gate and the source/drain silicides are formed
at the same time. On the gate, it is desirable for the silicide
to have.the lowest possible sheet resistance (so the gate
electrode will have a low interconnect resistance). To achieve
this, a thick silicide layer is needed. Over the source/drain
regions, however, the silicide can only be of limited thickness
in order to prevent excess consumption of the substrate silicon
by silicide formation. Thus, a thicker silicide, though
favqrable at the gate level, is detrimental to shallow Jjunction

devices.




the fact that the gate and the source/drain silicides are fornmed at é% .
sane tine. On the gate, it is desirable for the silicide to have t Hes DEC

| owest possi bl e sheet resistance (so the gate electrode will . have a | ow

i nterconnect resistance). To achieve this, a thick silicide layer is
needed. Over the source/drain regions, however, the silicide can only be

of limted thickness in order to prevent excess consunption of the ' _
substrate silicon by silicide formation. Thus, a thicker silicide, though
favorable at the gate level, is detrinmental to shallow junction devices.
Li SDEC 2Q8 7 US 5,731,239 (Wng et al. ) i scloses a process for a FET with
TiSi2 S/D coMt s’ e 3hd st e lgatle boht2eleses, a seeoeess £qr @ HBE 4 to

14. A main purpose of the inventionis to formtwo different materi al
Silici de drayErsi 08¢0 cahthle sgatte anad Ad)ixt BateSkPnthbits pat eskeuges .CVP to
remove a second |ayer of insulator wth Si3Nd as a stop layer. US

5,352, 681 1(Sidaranet al A wdonsp @ ;r@é@%%hé%wﬂtﬁon%r t’\btf‘oﬁnft&rét
Metal Silsi ci de (e.g. TiSiX) S/Dcontacts (see ol. 4, lines 16 - 35) and

second rei'{fislérgége?cla% %1lfce:ﬂccieacltao};élrs[re&?er ?EF ’E}?e gg’te al@gs 1? % e

gate contacts

S/D. this patent uses CMP to remove a second layer of insulator

with SisNgs as a stop layer.

US 5,352,631 (Sitaram et 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 éilicide (e.g.,
refractofy metal, see_col. 5, lines 15-17.) gate contacts. See
claim 1. See Figs. 1 to 5. A main pﬁrpose of the patent is to
form two different material silicide layers over (a) the gate
and (b) the S/D. This patent forms the silicide first, after
which the source/drain regions are formed using ion implant. The

top layer of the gate contains TiSia.

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

different composition Silicide layers over the $/D and Gate.
US 5,464,782 (Koh) shows a salicide process using Ti.

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

Co.




claiml. See Figs. 1 to 5. A main purpose of the patent is to formtwo
different material silicide |ayers over (&) the gate and (b) the S/D. 1$Hw§35w3
patent forms the silicide first, after which the source/drain regions are
formed using ion inplant. The top | ayer of the gate contains TiSi2. US

5, 447, 875(Mosl ehi) shows a nethod for formng 2 different conposition
S|I|C|de 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 a Salicide process using

Co. 1 9 DEC 2003 8 US5,208,472 (Su gt al.) shows a salicide process

using two sp rs. US_5, 705,417 (Tsen shows a salicide process, using Ti
or Co. US 50%3@709‘3:&@% (Fotsd & E)QR%"F]%V% P EHF 14 REPretesishhdatyat e

with a large contact area. US 5,736,461 (Berti et al.) shows a salicide
struct §P&Agn bot h Ti Si xand CoSi x- on the S/D and gate. SUMVARY OF THE
| NVENTI ON An obj ective of the invention is to reduce excessive

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 gate 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.

Another objective of the present invention is to provide an
economical method for the formation of shallow salicide

Junctions.

Another objective of the invention is to eliminate the

narrow line width effect for the gate contact region thereby




consunption of substrate silicon in the formation of salicide source/dpaln,.,
el ectrical contacts. -Another objective of the present invention is to o
provi de an economi cal nmethod for the fornmation of shallow salicide

junctions. Another objective of the invention is to elimnate the narrow

line wdth effect for the gate contact region thereby 1 9 DEC 29,)3
elimnating the effect of increased sheet resistance for snmaller gate

el ectrode devi ce di nensions. Another objective of the invention is to
elimnate the adverse effect that silicon %onsunption has on the -formation

of shall.ow junctiqns. t her ohjective of .the invention is.to elimnate
eakagE PRI BRBwE Sile ot RIS T aCiS HHPTHb Gt o oMt bt
after contact salicidation. Another objective of the inventionis to
m ni m 2étee SLEGE LOGer S§Ve-C6f FIMeTFHfT e and drain regions. In accordance
with the objectives of the invention a new nethod is established to form
different silicide |ayers over the top of the gate electrode and the
surface of the source/drain regions. The shallow trench isolation regions
are forned iphdth@r objective of the invention is to eliminate the
adverse effect that. silicon consumption has on the formation of

shallow junctions.

Another 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 invention is to minimize leakage

currents of the source and drain regions.

In accordance with the objectives of the invegtion a new
method is esfablished to form different silicide layers over the
top of the gate electrode and the surface of the source/drain
regionsf The shallow trench isolation regions are formedrin the
surface of the semiconductor substrate, a layer of polysilicon
is deposited over the substrate. The gate electrode is
patterned, ﬁhe gate spacers are formed. During this latter
process a laver of TiN is formed on the top surface of the gate
electrode. The source/drain regions are doped together with the

shallow doping under the gate spacers. A layer of Ti is




surface of the semiconductor substrate, alayer of polysilicon is o
deposited over the substrate. The gate electrode is patterned, the gafdEC ZS
spacers are formed. During this latter process a layer of TiNis forned on
the top surface of the gate electrode. The source/drain regions are doped
together with the shallow doping under the gate spacers. A layer of Ti is
QDECciii," 10 deposited over the gate electrode and the surface of the

adj acent source/drain regions and the STl regions, this |ayer reacts with

the silicon of the substrate'surfacelgnd fornms a thin layer of TiSi2 over

t he source/drain regions. The unreact’®d Ti is renoved together with the

Ti N | aylsposi ttdte augy durd gt ofeladier g eared echie osler fimké ngf t tiee gat e

el ectrode a recessed gate structure. Afilmof Co is now deposited over the

surfacedfaddine donersaad)igatayRiectdndesnd hergat ey spaser shandi s herar ea
i mredi ately surrounding the gate el ectrode including the STI areas. This

layer qfededd acts MMd sitihe ol ysidie i the: tOprrsLt f2ce PEhbe,0ate

el ectrode formng CoSi 2. CoSi 2 has the characteristic that the electrical

resi st anas, dlaydines LI NINGKE0R s ndshendent, of e ne il

. U
The unre ayer renoved Teaving e e€ele ode W top

Ti is removed together with the TiN layer on the top surface of
the gate.electrode making the gate electrode a recessed gate
structure. A film of Co is now deposited over the surface of the
(recessed) gate electrode, the gate spacers and the area
immediately surrounding the gate electrode including the STI
. areas. This layer of Co reacts with the polysilicon cf the top
$urface of the gate‘electrode forming CoSiz. CoSiz has the
characteristic that the electrical resistance of'lines formed
using CoSiz is independént of the line width. The unreacted
1ayer of Co is removed leaving the gate électrode with a top
surface of CoSi:z (no line-width effect for making electrical
contact with the gate electrode) while.the top surface of the
source/drain :egioné consists of a thin layer of TiSi: thereby
minimizing source/drain fegion juenction leakage currents. By
creating a thin layer of TiSiz on the surface of the source/drain
regions, silicon consumption {that is typical of the Prior Art
salicidation process for the formation of contact regions over

the source/drain regions) is sharply reduced.




surface of COSi2 (no line-wdth effect for making electrical contact wth
the gate el ectrode) while the top surface of the source/drain reglodngECfﬂm
consists of a thin layer of TiSi2 thereby mnimzing source/drain region
junction-| eakage currents. By creating a thin layer of TiSi2 on the
surface of the source/drain regions, silicon consunption. (that is typical
of the Prior Art salicidation process for the formation of contact regions
over the source/drain regions) is sharply reduced. i9 DEC 2003 11 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. | shows a cross section of a Prior Art
gate electrode with source/drain contact points. Fig. 2 shows STl surface
damage that can occur BRIEHR HIERIIOICNrONgriheDRENIBESon of the ST
regions. Fig. 3 shows cross section of a sem conductor substrate after the
deposition of a layer of polysilicon and a layer of TiN Fig. 4 shows a

Cross secti Oﬁléftﬂsﬁ@@sfé’r@%éé’r‘s&étwﬁ ogaLepeh get ﬁ?@e ‘Qgﬁah tl'é%t%h%

spacers and the doping of tfF source/drain regions. shows Cross

sectloqugﬁegoapgeﬁgpgfﬁtéggkgﬁt points.

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

Vcleaning 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 TiS8i2 over the

source/drain regions.

Fig. & shows a cross section after simultaneous removal cof
the unreacted Ti and the removal cof the TiN cap from the gate

electrode.



| ayer of Ti and the formation of thin layer of TiSi2 over the source/drain
regions. Fig. 6 shows a cross section after sinmultaneous renoval of 1%pﬁ'czﬁﬁ
unreacted Ti and the renoval of the TiN cap fromthe gate electrode.” 1 %
DEC 203 12 Fig. 7 shows a cross section after the deposition of a |ayer of
Co. Fig.- 8 shows a cross section after the fornmation of a layer of CoSi2
on the surface of the gate el ectrode and the renoval of the unreacted Co.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now
specifically to Fig. 3, there is shommi@. cross section of the

sem conductor substrate 10, the Shallow Trench Isolation (STI) areas 12

t hat have be&ny.f of ngtbwan & hrosurdackeiaf dbeesubisé réadpodOtianl afes 14 of

pol ysilicon that has been deposited over the surface of substrate 10 while
a layenagler ofr W has been deposited over the layer of polysilicon 14. The
| ayer 14 of polysilicon will be patterned to formthe gate el ectrode, the

| ayer 16 of TiNwill be patterned to formthe top |ayer or cap of the gate
el ect r ode.

Fig. 8 shows a cross section after the formation of a layer
of CoSiz on the surface of the gate electrode and the removal of

the unreacted Co.
. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 3, there is shown a
cross section of the semiconductor substrate 10, the Shallow
Trench Isolation (STI) areas 12 that have been formed in the
éurfacé of the substrate 10, a‘layer 14 of polysilicon that has
been deposited over the surfaée of substrate 10 while a layer 16
of TiN has been deposited over-the layer of polysilicon 14. The
layer 14 of polysilicon will be patterned to form the gate
electrode, the layer 16 of TiN will be patterned to form the top

layer or cap of the gate electrecde.

The layer of polysilicon can be doped as follows:
for NMOS: N+ doped using As or P as a dopant with a dopant -
concentration of between about 1x10 and 1x10%° atoms/cm®
- for PMOS: P+ doped using BF: or B as a dopant with a dopant

concentration of between about 1x10* and 1x10%° atoms/cm3



The | ayer of polysilicon can be doped as follows: for NMOS: N+ doped using

As or P as a dopant with a dopant concentration of between about 1x1D8 [Da&md253
1x10 20 atons/cnB for PMOS: P+ doped using .BF2 or B as a dopant with a

dopant - concentration of -between about 1x1035 and 1x1020 atonms/cn8 -19 D E:

C 2003 13 Prior technol ogy applied the LOCOS process to create field

i solation of devices on a. silicon substrate. This process used silicon
nitride as a nask and applied sel ective oxidation of the silicon surface

to formthe field isolation regions. Thiyg§ process however cause |ateral
oxidation of the silicon under the nitride mask resulting in the well know

bird' s beak Bff@ctteciiel®yy heppsiddt tlon LEUOSNSrbeyes nppeckeaear fasla
poorly defined vertical boundaries. This resulted in considerable

r educt i 0510t 1 BRCKAGNG: HeNsi L va Jﬁ;?c&?g@ﬁlbé’@rgééeC“f‘hi?OBPBc ggssg{egwﬁe“

the Shallow Trench Isolation (STI process I's used rn1t e fle

| sol atiom &gl %%%‘AQV&% £ %@) %5’E9eié‘c£9$esé>t{ﬁ8°& “bs%r%he by

first creating ard nas i ve afeas of
substrat.e.. The sili con sub trat Is.e ed | the field regions u3|ng for
i nst angseela K B Cohe ‘?w%’r‘?xjgg l?‘? FHHEP t FedtPRAchERIRi th a

chem cal vapor dep03|t|on (cwm
process however cause lateral oxidation of the silicon under the

nitride mask resulting in the well know bird’s beak effect,
where the isolation regions have none-linear and poorly defined
vertical boundaries. This resulted in considerable reduction of
packaging density. This negative effect is not present when the
Shallow Trench Isolation (STI) process is used to form the field
isolatidn regions. Shallow trenches are formed in the silicon
substrate by first creating.siﬁu hard mask over the activerareas
of the silicon substrate. The silicon substrate is etched in the
field regions using for instance a RIE etch. The method involves
filling the trenches with a chemical vapor depositioﬁ (CVD)
‘silicon oxide (8i02) and then applying.an etch back or
mechanically/chemically polishing to yield a planar surface. STI
regiqns are formed 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



silicon oxide (SiQ2) and then applying an etch back or ' 19 DEC 2003
mechani cal l y/chem cally polishing to yield a planar surface. STl regions .
are formed around the active device to a depth between 2000 and 6000
Angstrom Polysilicon layer 14 is typically deposited using | ow 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 LPCYD 1 9 DEC 2003 14 wusing a reactant gas such as
SiHA or SiH2A 2, typically in a tenpejature range of between 700 and 800
degrees C., to a thickness of about between 1500 and 3000 Angstrom Fig. 4
shows AT¥HEs? seRAFnar¥ad Pagras 131iBnea e iicdz, Byrhasbllbedh patterned
and etched. The polysilicon gate structure 18 has been created, spacers 22 .
are fortmatbed)acentrange antl bateoah atdOwehl §be dageessraciute 8. A | ayer

20 of TiN remains on the top surface of the poly gate el ectrode 18, |ayer

20 is aiwpichosnsest bdbe WetResRarsos 284 BODbhRhgShewR . are the inplanted
source (24) and drain (26) regions together with the shallow inplants 28

(LDD s) under the gate spacers 22. The latter inplants of the doped
regions wll, for purposes of -

Fig. 4 shows a croés 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 adjacent to
and in contact with the gate structuré 18, A layer 20 of TiN |
remains on the top sufface of the polyrgate electrode 18, laver
20 is also bounded by the gate spaceis 22. Further shown are the
implanted source (24) and drain (26) regions together with the
shallow implants 28 (LDD’s) under the gate spacers.22. The

latter implants of the doped regions will, for purposes of

clarity, not be shown in the following figures.

Layers 14.and 16 are typically etched using anisotropic
etching with an etchant gas of one of the group of CF4, CHF3,
CHCl3, CCl4, BCls and Cl2 at a temperature between about 100 and
200 degrees C. 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®



clarity, not be shown in the followi ng figures. Layers 14 and 16 are
typical ly etched using anisotropic etching with an etchant gas of one D&fC 2003
the group of CF4, CHF3, CHC 3, Cd4, BG4 and C 2 at a tenperature between
about 100 and 200 degrees C. Layer 20 of TiNis typically between about

500 and 1500 Angstromthick. The LDD inplant is typically performed as
follows: For NMOS: As - energy 1 to 10 key dose 1el4 to 1lel6 atons/cn2 1 9
DEC 2003 15 For PMOS: BF2 energy 1 to 10 keV dose l1leld4 to 5el5 atons/cn?.

It nmust be enphasized at this point thét the source/drain .formation takes

place befqrg thes foggatlcghégﬂgly Sunfageyof the substrate over the
t

source/draln regl ons here ectrlca contacts with the source/drain

regions will be establish Du ti naI ractices, the silicide
(for the electrical contggfi) '£ ?%r %ﬂé EP'mhich the ion inplant
for the source/drain regions.is perforned. In conventional processes a.

llayer of CoSix is often formed instead of a layer of silicide because it

is easier for the source/drain jon_ inplant to
It must be empha51zed at this point that the source/drain

_formation takes place before the formation of the surface of the
substrate over the source/dréin regions where the electrical
contacts with the spurce/drain regions will be established.
During conventional practices, the silicide {(for the electrical
contacts) is formed first after which the ion implant for the
source/drain regions is performed. In conventional processes a
_layer of CoSix is often formed instead of a layer of silicide
because it is easier for the source/drain ion implant to
-penetrate CoSix rather than react with the Ti that is present in
the silicide if TiSi» is used to prepare tﬁe substrate surface
for the establishing of the electrical contact points of the
source/drain regions. The invention, by first forming the
source/drain regions and after that preparing the surface of the
substrate for the electrical contact points and by creating a
layer on the surface bf the sﬁbstrate that contains TiSiy,

prevents the problems of conventional processes.




,, penetrate CoSix rather than react with the Ti that is present in- €BebEC 2003
silicide if TiSi2 is used to prepare the substrate surface for the .
establishing of the electrical contact points of the source/drain regions.
The invention, by first formng the source/drain regions and after that
preparing the surface of the substrate for the electrical contact points
and by creating a layer on the surface of the substrate that contains

Ti Si2, prevents the problens of conventional processes. 1 9 D E C 2003 16
Typi cal separation between the source and the drain region of the gate

el ectrode is 0.,12 um__This separatjon fol Il‘ngs_ froma typical physical gate

| ength of 0.10 WR%4&Rd :ieg’ﬁﬁégf‘onvﬁ"fﬁ‘ﬁe%‘? Q) FYFRCeSFRCeF8ecdR*b® made usi ng
silicon-nitride or silicon-oxide, BSG PSG polysilicon, other materials
pref erabl &R ofi &heécorte pieakeodevis dxidarfofdgd Beparat FEOSEeblavwe.
Oten wused are anorphous materials that inhibit the deposition of

epi t axi al Bi4% cort vPHierdupbrsipasi gdtonlendide cpdcdl wanabd af spaeelr vi a

ani sotropic R E of said silicon oxide |ayer, using CHF3 or CF4-(2--He as

an et chantwidklsidfi do®5nuti de spacer can be fornmed via anisotropic RIE of
said silicon nitride |ayer, using

Spacers can be made using'silicon—nitride-or silicon-bxide,
VBSG, PSG, polysilicon, other materials preferably of a
dielectric nature, CVD oxide formed from a TEOS source. Often
used are amorphous materials that inhibit the deposition éf
epitaxial silicon thereupon; A silicon oxide spacer can be
:formed via anisotropic RIE of said silicon oxide layer, using
CHF3 or CF4-O2~He as an etchant. A silicon nitride spacer can be

formed via anisotropic RIE of said silicon nitride layer, using

CHF3 or SE@jOZ as an etchant.

ILDD areas for the source and drain regions can be formed
immediately after the formation of the spacers by ion
implantation for the n' and the p' contacts followed by

annealing.

The source/drain implant 24/26 is typically performed as

follows, this implant forms the S/D regions 24/26.



CHF3 or SF6-02 as an etchant. LDD areas for the source and drain regions

can be formed imediately after the formation of the spacers by ion 18 DEC 7063
i npl antation for the n+ and the p+ contacts foll owed by annealing. The
source/drain inplant 24/26°is typically perfornmed as follows, this inplant
forns the S/D regions 24/26. 19 DEC 2003 17 Conditions for inplant 24/26

are as follows: For n*/p} NMOS: As - energy: 15 to 100 keV dose: 1leld4 to

5e16 atons/cn2 P - energy: 10 to 100 keV - dose: 1el6 to 5el6 atons/cnR

Typi cal conditions for the doping are as7follows: For PMOS B - energy: 1

to 50 keV ke d3 ot o BF2. -- energy: 5 to 180 keV dose:
lel3 to 1é¥) aﬁgﬁg cnng?8&5é§Eﬁ%§£§éﬁ%gﬁéﬁb§Qﬁ%8Hsdf a bl anket |ayer 30 of

Ti that is depaqgsited,ov he surface of the top |layer 20 of the gate
el ectrode 18/2 Friﬁe/%xg%%%b ?Fdes—o?n?ﬁ%YSp%%ég% %Qé keYe |

- dose: leld to 5e16_atoms/cm2
P - energy: 10 to 100 keV
- dose: lelé to 5el6 atoms/cm®

Typical conditions for the doping are as follows:

For PMOS : B - energy: 1 to 50 kev
- dose: lel3 to lel6 atoms/cm’
BF2 -~ energy: 5 to 180 keV
- dose: lel3 to 1e16.atoms/cm2

Fig. 5 shows the deposition of a blanket layer 30 of Ti
that ié deposited over the surface of the top laver 20 of the
gate electrode 18/20, the exposed sides of the spacers 22, the
surface of the source/drain regions 24/26, (Fig. 4) and the
adjacent STI areas 12. The main purpose of layer 30 is to form
reactant layers 31 of TiSi: over the surface of the source/drain
regions 24/26 (Fig. 4)}. The silicon of the substrate reacts with
the layer of Ti fofming TiSiz, this reaction is an annealing
process. No TiSi: forms over the gate due to the presence of the

TiN cap layer 20.



surface of the source/drain regions 24/26, (Fig. 4) and the -adjacen 9§ﬁh 5003
areas 12. The main purpose of layer 30 is to form reactant |layers 3170

Ti Si 2 over the surface of the source/drain regions 24/26 (Fig. 4). The
silicon of the substrate reacts with the layer of Ti formng TiSi2, this
reaction is an annealing process. No TiSi2 forns over the gate due to the
presence of the TiN cap layer.20. 1 9 DEC 2003 18 Layer 30 of Ti can be
deposited by physical sputtering from a T| target to a thickness of :

bet ween about 150 and 450 Angstroms. Thel@nnealing process of the Ti film
into the substniater 6veofthe souriee/dbmiditeegbgnghiysitypi st tenm deadirtbn
Thermal Annealing (RTA) process at a tenperature of between about 600 and

850 degrees 16 theged tbMB PRIMEALL AR A0 AR 2808useE99dsng Ay Pi Cal
anneal ing process is rapid thermal annealing in a tenperature range of

bet ween ab@%%tQQQSQHd 850 degrees C. for a tine between about 20 and 60
seconds used to activate the dopants and to formreactant |ayers 31 of

Ti Si 2. A second tenperature step of about 850 degrees C. in nitrogen (N2)
or argon can be carried out to lower the Ti Si2 sheet resistance and

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 degrees C. for a
time between about 20 and 60 seconds used to activate the
dopants and to form reactant layefs 31 of Tisi». A_second
temperature step of aboﬁt 850 degrees C. in nitrogen (Né) or
argon c¢an be carried out to lower the TiSiz sheet resistance and

to complete the TiSiz phase of the reaction.

Fig. 6 shows the simultanecus removal of the unreacted
layer 30 (Fig. 5) of Ti and the removal of the top layer 20
(Fig. 5) of TiN of the gate electrode 18/20 (Fig. 3). CMP may be

used for this removal process.




to conplete the Ti Si 2 phase of the reaction. Fig. 6 shows the si mul t aneous

renoval of the unreacted Ilayer 30 (Fig. 5) of Ti and the renova

of therr oni

. . : . 003

top layer-20 (Fig. 5) of TiN of the gate electrode 18/20 (Fig. 3). éﬁgﬁﬁﬁyﬁ“
be used for this renoval process. 1 9 DEC 2093 19 A typical process to
renove the unreacted Ti is a wet etch, such as deionized water - (DI) with

30@6hydrogen peroxi de (H202) and ammoni um hydr oxi de (NH4OH) Fi g.

7 shows a

cross section after a blanket deposition of a |ayer 34 of Co. The Co will
chemcally react by annealing with thé9%oly of the gate 18 and. create a

layer of CoSh2tg@piddle gricRislsae® hemhweenthBeuteaitthd e PGl ¥ @ Beag!i on
occurs between the deposited |layer of. Co and the Ti Si2 of layer 31. Layer

34 15 tYDiLAl %o08ROshE 80at fa foi N PKNGESIOT oRELYRAGBROYL o 00, 211do300

Angstrom The cobalt anneal 1s typically perfor

bet ween ahoif 300n306 B99r-defseepuzondt atmospheric pressure or

t a tenperature

in a N2

envi ronnent -(al so under™ at nospheric pressure) for a tinme between about 20
And 60 seconds. Layer 34 is deposited using a PVD sputtering process.

Fig. 7 shows a cross section after a blanket deposition of a ,'

layer 34 of Co. The Co will'chemically react by annealing with

the poly of the gate 18 and create a layer of CoS8iz at the

interface between the Co and the poly. No reaction occurs

between the deposited layer of Co and the TiSiz of layer 31.

Layer 34 is typically deposited to a thickness of between about

100 and 300 Angstrom.

The cobalt anneal is typically performed 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 electrode now contains layer 36 of

Co3iz. CoSi:z does not, as previously pointed out, have the small

line effect, line resistance will therefore remain low and

independent on the width of the line. This characteristic is




Fig. 8 shows the results after renoving the unreacted Co. The top surface

of the gate el ectrode now contains |ayer 36 of (C0Si2. COSi 2 does not}jgagC 2003
previ ously pointed out, have the small |ine effect, line resistance wll
therefore remain low and independent on the width of the line. This
characteristic is 20 clearly an inportant advantage for the creation of

i ncreasingly smaller devices. A further advantage of the creation of the

top surface 36 of the electrode containing COSi2 is that COSi 2 is of

smal ler grain size when conpared with the frequently fornmed top surface of

Ti Si 2 for .t B § 9PagUIface At tafa%a%taeeekset £Rder i fon W NGRS added

advant age that el ectrical contact wth. the gate electrode Is easiér'to

establ i sh cont npr.ove charagcteristi,cs of iabilit
e ey S AP B Lol .csﬁvsoﬁta&sf ChE e Gorf g, BB Rob 1
typicall erfor te erat re tween abo 500 ee C.
ot mospRBTTEChr S6soF chtt SAAFLIoNE. GROLRORRBR: COatsaSuldar Lombor
pressure) using a RTA rocess for a tine between about 20 And 60 seconds

From t hémé%% geRty o?ﬁ%%dWr‘?“i fompgreg Fithsties eRFequRitt thd©H6r &fFPng

obj ectives.  have been obtained: - the top surface of the gate el ectrode -
cont ai ns ecepfacepfjPi$k for the top surface of the gate electrode. This

brings the added advantage that electrical contact with the gate
electrode is easier to establish while this contact has improved
characteristics of reliability as compared with Prior Art

electrical contacts.

The CoSi» anneal is typically performed at a temperature
between about 500 and 850 degrees C. at atmospheric pressure or
in a Nz environment (also under atmospheric pressure) using a

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

From the cross section shown in Fig. 8 it is clear that the
folleowing objectives have been obtained:

- the top surface of the gate electrode contains CoSiz. CoSi:2 is
of smaller.grain size than conventional TiSiz and thereby
forms a better contact interface.

- the top surface of the gate electrodercontains CoSiz. CoSiz
does not‘have the line-width effect, which means that the
line resistance for the electrical contact that is to be

established with the top of the gate electrode is not




of snaller grain size than conventional TiSi2 and thereby forns a better
contact interface. - the top surface of the gate el ectrode contains CGSIEL Z303
COSi 2 does not have the line-width effect, which nmeans that the Iline

resi stance for the electrical contact that is to be established with the

top of the gate electrode is not 1 9 DEC 2003 21 dependent on the w dth of
the gate contact area. The line resistance for conventionally used TiSi?2

is highly dependent on the line width. - the top surface of the substrate:
in the source/drain regions contains TLSi 2 which neans that |ess silicon

substrat e Wage,SORSHTRE, ithof 9iBLAGoE! ehL ?,p. Caﬁw use FHegasthar 1 ihe

source/drain reglons when conpared MAt The conparatlve

nunbers are %%t er, @Q)g:s m.af.d n glg:‘reg?d ”ﬁs% F%? elgc”'&e ‘

cont act s, Fom of SITTcon i's Use ere
t he surface gf the subst%% e contalns aTiSi2 |nterface as opposed to 3.64

Angstrom for."a E%%r%h in fface that contains Co. the top surface of the

substrate in the source/draln regions contains TiSi2, which mnimzes
surface junc¥?%nfﬂéé%5§@09 of thé substrate in the source/drain regions

contains TiSi, which means that less silicon substrate was
consumed in forming electrical contact areas for the
source/drain regions when compared with typically used Co.
The comparative numbers are that, per Angstrom of deposited
metal to form electrical contacts, 2.27 Angstrom of silicon
substrate is used for the case where the surface of the
substrate contains a TiSi: interface as opposed to 3.64
Angstrom for a typical interface that contaiﬁs Co.

- the top surface of the substrate in the source/drain regions
contains TiSiz, which minimizes surface junction leakage
currents in the source/drain regions because now silicon
atoms form the dominant diffusion species in these regions
and avoid the possible CoSi, spiking problem that is currently

widely reported.

In sum: the invention provides better contact characteristics
for the gate electrode, no narrow line effect for the gate
electrode contact, less silicon consumption in forming the metal

contacts with the source/drain regicns (which facilitate the




currents in the source/drain regions because now silicon atons formthe

dom nant diffusion species in these regions and avoid the possible todier &ﬂj
spiking problemthat is currently wdely reported. In sum the invention
provi des better contact characteristics for the gate el ectrode, no narrow
line effect for the gate electrode contact, less silicon-consunption in
formng the netal contacts wth the source/draln regions (which facilitate
the 1 9 DEC 2003 22 formation of shallow junctions), mnimzed surface

| eakage currents in the source/drain regi®ns. Wile the present-invention

has been desfkibef ¥ftihdefEs SAER tEQNnaN I hhi HShI 2dd Vaueradi®iMaget hi s
description is not to be construed in a limting sense. Various

modi fi cat i-QRseaRd i Gophl nald ﬁdf%iﬂ”%%hléﬁ ot her enbodi ments of the
invention reference to the description. is therefore intended that the

appended cl ai ns enconpass any such nDdlflcatlons or enbodi ments. 1S DEC
20D3 23 CLAIMS |I. A nethod of fabricating Field Effect Transistor (FET's)

While the present. invention has been described with
reference to an illustrative embodiment, this description is not
to be construed in a limiting sense. Various modifications and
combinations, as well as other embodiments of the invention
reference to the description. It is therefore intended th;t the

appended claims encompass any such modifications or embodiments.




having | ow sheet resistance gate el ectrodes conprising the steps of : 1
proviging a sem conductor substrate; formng FET devices in and on é%P%F‘@g
- substrate, each FET device having. a polysilicon gate with spacers on the
gate sidewalls and adjacent source/drain regions in said substrate, each
FET device further having a titanium nitride cap layer on top of said poly
gate, said titanium nitride cap |ayer being forned by.dep05|t|ng_a | ayer

of titaniumnitride over a layer28f polysilicon of said polysilicon gate
after which said layer of titanium nitride and said I ayer of polysilicon
are etchegyat Q reby form ng said polysilicon gate over which said titanium
nitride cap of ‘titaniumnitride remains in place; depositing a blanket

| ayer of titanium (Ti) over said gate electrode and its adjacent areas;

anneal i ngl Sah dméthaai gm f@bi@&&t‘ihbaﬁh@mﬂsE%!f@bgeT%;hﬁigEorO\(?ﬁTsgg
source/drai n cont act areas renovi ng unr eact ed rom above sai d ate

eIectrodeh%ﬁﬁngl%%WaﬁPﬁ@EnFeéiébéncﬁeGDVEnglsatdodesanomprmstngdeheap | ayer
from abovgrsgi d,rgate el ectrode;

providing a semiconductor substrate;

forming FET devices in and on said substrate, each FET
device having a polysilicon gate with spacers on the gate
sidewalls and adjacent source/drain regions in said
substrate, each FET device further having a titanium
nitride cap layer on top of said poly gate, said titanium
nitride cap layer being formed by depositing a layer of
titanium nitride over a layer of polysilicon of said
polysilicon gate after which said layer of titanium
nitride and said layer of polysilicon are etched, thereby
forming said polysilicon gate over which said titanium
nitride cap of titanium nitride remains in place;
depositing a blanket layer of titanium (Ti) over said gate

" electrode and its adjacent areas;

annealing said titanium to form titanium silicide (TiSi,)
over said source/drain contact areas;
removing unreacted Ti from above said gate electrode and

its adjacent areas;

1}
removing said titanium nitride cap layer from above said

gate electrode;

depositing a layer-of cobalt over said gate and its

adjacent areas;

annealing said cobalt to form CoSi, over said gate; and
removing unreacted cobalt from above said gate electrode

and its adjacent areas.




deposj'ting a | ayer of cobalt over said gate and its adjacent ar eas; .
angedlinggsaid Xobalt to form CoSi 2 over said gate; and renoving uid Se3iet eal3
cobalt from above said gate electrode and its adjacent areas. 1 9 DEC 2003
24 2. The nethod of claim1 wherein said formng a FET device is: formng
shal l ow trench isolation areas surroungding and electrically isolating

devi ce areas; depositing a polysilicon |layer on said substrate; depositing

i conl ayer on said substrate; deposi
£ umni PP OE SET (AR PR RititonniBl 4 AT Al st o maski ng

and ani sOtrZFOic etching thereby formng said gate el ectrodes and |eaving

portions overormiagtshallofv wench Falstion seias @dﬁ@hnﬁﬁ{meﬂebﬁﬁdl%ﬁepﬁﬁl

source/drain areas adjacent to said gate electrodes by ion i ant atT on;
deposi téln conformal dielectric |ayer over said gate el ectrode and the
surface %‘gcgé"ir‘aa%ubst rate; anisotropically etching back said confornal
direl ectric layer thereby formng sidewall spacers on said gate el ectrode;

and form ng Wﬁﬁﬁgr@bmﬁﬂ@é&ﬂaﬁr%sﬂﬂ §u%§tﬂa'f@l antation adjacent to said
' depositing a layer of titanium nitride on said polysilicon layer;
patterning said titanium nitride layer and said polysilicon layer by
£ photoresist masking and anisotropic etching thereby forming said gate electrodes
and leaving portions over the top of said gate electrodes;
forming lightly doped source/drain areas adjacent to said gate electrodes by
ion implantation;
depositing a conformal dielectric ‘layer over said gate electrode and the
surface of said substrate;
anisotropically etching back said conformal dielectric layer thereby forming

sidewall spacers on said gate electrode; and

forming source/drain contact areas by ion implantation adjacent to said

sidewall spacers.

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

in a temperature range of between 600 and 700 degrees C. for a



sidewal I' spacers. 3. The nethod of claim1l wherein said annealing said
titaniumto form titanium suicide (TiSi2) over said source/drain reginemsm;
is arapid thermal annealing in a tenperature range of between 600 and 700
degrees C. for a 1 9 DEC 2003 25 tinme of between 20 and 40 seconds and then
rapid thermal annealing in a tenperatyre of between about 800 and 900
degrees C. for a tinme between 20 and 0 seconds. 4. The nethod of claiml

wher ei ng:saj i i posited | a of cobalt thereby creating
Cosi 2 il STHAERAT R0 Bl SFTRE RS . Fhef creie wermel 250D Bind
850 degrees C. 5. A nmethod of fabricating Field Effect Transistor (FET' s)
havi ng temperhrt ofttesiveanbeus 806 f1E900 Qf;é%?eé‘s‘)@f’rdﬁsé. fighd BE’E@&&P?O%d
provi ding a senm conductor substrate; formng shallow trench isolation areas
surrounging and electrically isolating device areas; depositing a
pol ysi | BQCQ‘Egser on said substrate; depositing a layer of titaniumnitride
on said polysilicon |ayer; patterning said titaniumnitride |ayer and said
pol ysilicon | ayer by photoresist maski ng and ani sotropic etching thereby
form ng said gate el ectrodes and |eaving portions over the top of said
gate el ectrodes; ] ,

4. The method of claim 1 wherein said annealing said deposited layer of cobalt

thereby creating CoSi, over said gate is annealing ata temperature between about

500 and 850 degrees C.

Pl
{_J

5. A method of fabricating Field Effect Transistor (FET’s) having low sheet
resistance gate electrodes comprising the steps of

providing a semiconductor substrate;

forming shallow trench isolation areas surrounding and electrically isolating

device areas;

depositing a polysilicon layer on said substrate:

depositing a layer of titanium nitride on said polysilicon layer;

patterning said titanium nitride layer and said polysilicon layer by
photoresist masking and anisotropic etching thereby forming said gate electrodes
and leaving portions over the top of said gate eléctrodes;

forming lightly doped source/drain areas adjacent to said gate electrodes by

ton implantation;



form ng'lightly doped source/drain areas adjacent to said gate el ectrodes ,
by ion inplantation; 1 9 DEC 200; 26 depositing a conformal dieleck$DEC 200
| ayer over said gate electrode and the surface of said substrate;

ani sotropically etching back said conformal dielectric |ayer thereby

formng sidewall spacers on said gat §6el ectrode; formng source/drain
contact areas by ion inplantation adjacent to said sidewall spacers;

d iting a . - of titgnium(Ti) over said gate electrode and

t ﬁgos;r eag a%?é@gelﬁ?‘%t %%l@lﬁal’faat Ql‘gf’ﬁﬁ'ﬁ &%&t q’l\éﬁ’rewai srtF Ripeigodaiands Hag | ow

- trench isolation regions; annealing said titaniumto formtitanium

sili ci demurfdceSoL parehsdsstehte sour ce/ drain contact ar eas thereby leaving

unreacted titaniumon the insulated surfaces of said sub_s'élrat eé_ stri ]E)pl ng.
id unreacted tjtani fromsaid substrate; stripping said portions from

23: d top of %@FB“BE%‘@TQ dehingdeack srad eppfarenatidiglectric lyes tetelypferming

el ectrode; depositing a bl anket | ayer of cobalt (Co% over sahd st[! pped f
rtiongj i &g& reby including the exposed portions o

Egi d sgsalg%\r@ﬂt eafe y%ngﬁs¢gé?§§1ﬁ%p§é§hg the surface of said substrate

adj acent to said gate el ectrode; annealing said cobalt to form CoSi 2 over

sai d gate; afftming source/drain contact areas by ion implantation adjacent to said

sidewall spacers;

- depositing a blanket layer of titanium (Ti) over said gate electrode and the

=~
i

areas adjacent to said gate electrode thereby including said shallow trench
isolation regions; annealing said titanium to form titanium silicide (TiSi,) on said
source/drain contact areas thereby leaving unreacted titanium on the insulated
surfaces of said substrate;

stripping said unreacted titanium from said substrate;

stripping said portions from said top of said gate electrodes thereby forming
a recessed gate electrode;

depositing a blanket layer of cobalt (Co) over said stripped portion of said
gate electrode thereby including the exposed portions of said spacers thereby
further including the surface of said substrate adjacent to said gate electrode;
annealing said cobalt to form CoSi, over said gate; and

removing selectively said cobalt layer over said gate electrodes by wet

etching while leaving the layer of formed CoSi, on said top surface of said gate

electrode.



removiing sel ectively said cobalt |ayer over said gate el ectrodes by \gffat
etching while leaving the |ayer of fornmed CoSi2 on said top surface Y BB 003
gate electrode. 1 9 DEC 2003~ 27 6. The nmethod of claim5 wherein said
polysilicon | ayer has a thickness of between 1500 and 3000 Angstrom 7.

The met hod of claim$5 wherein said titgniumlayer has a thickness of

bet ween 150 and 450 Angstrom 8. The thod of claim5 wherein said

portions: ove he t;,0p, 0 aid gate | electrodes contain TiN and is between
500 and%ISOOTk%g‘EFﬁBﬁ Pkic 4N g “WRRECIREIAHE PAly's lc&nnfayewhésa thigkness of
conformal dielectric |layer contains one of the elenents fromthe group

si | i conb@ivkgdrd €500 aglidlj,mAqggsﬁ%rﬁy CVD oxide forned froma TEGCS source
thereby form ng said spacers.” 10. The nethod of claimb5 wherein said cobalt

| ayer has a thickness of between 100 and 300 Angstrom 11. The met hod of
claim5 wherein said annealing said titaniumto form titaniumsilicide
(TiSi2) is arapid thermal annealing in a tenperature range of between 600

and 7007degr [ f en.20.and 40, secands d t hen api d

t her mﬁ'annegﬁﬁ nlgelﬂﬁl&% O?e%{elﬁ a u‘?rglg%%ﬁﬁbﬁlaetéﬁné%lay%&%a r‘éés C.

for a-tine between 20 and 40 seconds.
between 150 and 450 Angstrom.

{\ 8. The method of claim 5 wherein said portions over the top of said gate

electrodes contain TiN 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 spacers.

{ 10. . The method of claim 5 wherein said cobalt layer has a thickness of between

100 and 300 Angstrom.

11.  The method of claim 5 wherein said anncaling said titanium to form
titanium silicide (TiSi,) is a rapid thermal annealing in a temperature range of
between 600 and 700 degrees C. for a time of between 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.




1 9 DEC 2003 28 12. The nethod of claim5 wherein said annealing said
deposited | ayer of cobalt thereby creating CoSi 2 over said gate is 19 DEC 2003
annealing at a tenperature between about 500 and 850 degrees C. 13, _ The
method of claim5 with the additional step of form ng a gate oxide on.

said device areas by thermal oxidationgsaid gate oxide to be patterned to
create openings above said source and drain regions said step of formng a
gate oxjs4le t rf ri,or to said depositi a pol.ysilicon_ | ayer on
sai d su g‘t raf 8° %%BSQQ Omglﬁg PHerely ?ﬁ*‘ﬁé‘ngeﬁhﬁﬁﬁ-‘éf‘gﬁp%gﬁﬂr ?‘E‘i’rr@fo ‘%‘ﬂ‘-@ﬁét eps
of : providing a senm conductor substrate; formng shallow trench isolation
(STI) ridgrehs cigatimgCelideuiseid gate isainteakiiy'at atenperatoge batvaeeh about
delineating said transistor; formng a gate el ectrode overlying said
subst r a3@0 and 80 ﬁégretelgec_ar ea delineated by said STI's said gate el ectrode
having a | ower |ayer containing polysilicon and an upper |ayer containing
a dielectric material that functions as a nasking |layer; form ng sidewall
spacers that are laterally adjacent to said gate el ectrodes; 19 DEC 2003 29
form ng source and drain regions within said substrate and adjacent to said
gate el bt r ollag method of claim 5 with the additional step of forming a gate oxide on

said device areas by thermal oxidation said gate oxide to be patterned to create
openings above said source and drain regions said step of forming a gate oxide to

é:tl be performed prior to said depositing a polysilicon layer on said substrate.

14. A method for forming a transistor comprising the steps of :

providing a semiconductor substrate;

forming shallow trench isolation (STI) regions within said substrate said
STI’s bordering on and delineating said transistor;

forming a gate electrode overlying said substrate and within the area
delineated by said STI’s said gate electrode having a lower layer containing
polysilicon and an upper layer containing a dielectric material that functions as a
masking layer;

forming sidewall spacers that are laterally adjacent to said gate electrodes;




depositing a layer of titaniumover said el ectrode thereby including said
gate’ spdcers and the area adjacent to said gate el ectrode including SsREd 2003
STl's; annealing said deposited layer of titaniumw th said substrate over
the source and drain regions thereby formng thin layers of Ti Si2 over

t hese regions; renoving sel ectively s?gd unreacted titaniumthereby al so
renovi ng said upper |ayer of said ga el ectrode; depositing a bl anket

| ayer of cobalt .over said e exposed poly surface of said gate electrode
i ncl udi ng sﬁmagéoyﬁ%%@ﬁlé 'Eiswa @E@%@@%ﬁﬂé&ﬁm@b‘: and adjasient to saisl
further including said STl areas; annealing said cobalt thereby formng a
react i veatbaJe¢trefle;CoSi 2 on the surface of the poly layer of said gate

el ectrode; and selectively renoving unreacted cobalt thereby exposing said
Ti Si 2 layers, over said source and drain regions thereby further exposing
the |ayer ofdepssitinga layereofitdpnaim ioveesaitl dedtiodmtlerebentalodiag shed Pae 2003
30 15. The nethod of claim 14 wherein said formng a gate el ectrode

Tayer opeEeroan e Afef adRskalld G0 S Rle i Rt R RTRT N ng S
titaniumnitride | ayer and said polysilicon |layer by photoresist masking
and aniamuteatinigcsadd deposited &y ititaniumg vith daidahibselaes by efthe source and
drain regions thereby forming thin layers of TiSi, over these regions;
g\’ | removing selectively said unreacted titanium thereby -also removing said
upper layer of said gate electrode:
depositing a blanket layer of cobalt over said the exposed poly surface of
sald gate electrode including said gate spacers and the areas adjacent to said
electrode further including said STI areas;
annealing said cobalt thereby forming a reactive layer of CoSi, on the
surface of the poiy layer of said gate electrode;
/ and
selectively removing unreacted cobalt thereby exposing said TiSi, layers

over said source and drain regions thereby further exposing the layer of CoSi, on

the top surface of said gate electrode.



wher eby’ sai d gate el ectrode contains an upper layer of titaniumnit L dg and
a lower layer of polysilicon. 16. The method of claim 14 whereby sdi%PEC 2003
annealing to formthin layers of titaniumsilicide (TiSi2) over the
source/drain regions is a rapid thermal annealing in a tenperature range

of between 600 and 700 degrees C. for3g tinme of between 20 and 40 seconds
and then rapid thermal annealing in a tenperature of between about 800 and

900 degrses td t %F Jhe et hod of
ol ai m 11 wher by hed A TRals 1 Sherra0Rd 10p R lfdre HecniifefomiRGesh,
creating CoSi 2 over said gate is annealing at a tenperature between about
500 and 850 drppwting@ polysilicon layer on said substrate
depositing a layer of titanium nitride on said polysilicon layer; and
patterning said titanium nitride layer and said polysilicon layer by
photoresist 'masking and anisotropic etching thereby forming said gate electrode

whereby said gate electrode contains an upper layer of titanium nitride and a lower

'S layer of polysilicon.

16.  The method of claim 14 whereby said annealing to form thin layers of
titanium silicide .(TiSiz) over the source/drain regions is a rapid thermal annealing
in a temperature range of between 600 and 700 degrees C. for a time of between
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.

17. The method of claim 14 wherein said annealing said deposited layer of
cobalt thereby creating CoSi, over said gate is annealing at a temperature between

about 500 and 850 degrees C.



