&A NOVEL METHOD OF MAKI NG SELF- ALI GNED SI LI Cl DE NARROW GATE ELECT ﬁ FOR
FI ELD EFFECT TRANSI STORS HAVI NG LOW SHEET RESI STANCE BACKGROUND % é‘

| NVENTI ON (1) FIELD OF THE | NVENTI ON The present invention rel at t he
fabrication of integrated circuit devices on sem conductor substrates, and
nore particularly relates to a nethod for maki ng sub- duarter-m croneter
gate el ectrodes by using a self-aligned mask ¥ o sel ectively anorphize the
pol ysilicon gate el ectrodes on which is formed.a | ow resistance titani um
silicide. A second NOVEL METHAR QF (MAKING SELT tAltGHNER kSILICHPEN NARBOW

resi stance cobalt silicide on gate el ectrodes. é%é DESCRI PTI ON OF THE PRI OR
ART Advances in tGaTEBLESTRONRS FOR FELD JTRANSESTQREMHAVENGS have

dramatically decreased the device feature size and increased the circuit
density and per f olPWhSHEFT RRFFEANME circuit chips. The field effect
transistor (FET) is used extensively for Utra Large Sfale - 2-
Integration (ULSI). These FETs are forned using polysilicon gate el ectrodes
and sel f-aligned source/drain contact areas. The conventional FETs are
typically fabricated by patterning polysilicon gate el ectrodes over a thin

gate BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to the fabrication
of integrated circuit deviges on semiconductor substrates,
and more particularly relates to a method for making sub-
quarter-micrometer gate electrodes by using a self-aligned )
mask to selectively amorphize the polysilicon gate
electrodes on which is formed a low resistance titanium
silicide. A second embodiment uses the self-aligned mask to

form a low :esistance'cobalt silicide on gate electrodes.

Lt

(2) DESCRIPTION OF THE PRIOR ART

Advances in the semiconductor process technologies
in recent years have dramatically decreased the device
feature size and increased the circuit density and i
performance on integrated circuit chips. The field effect'

. transistor (FET) is used extensively for Ultra Large Scale



:oxi de on a single crystal seniconductor substrate. The gate el ectrode
structure is used as a diffusion or inplant barrier mask to form

sel f-aligned source/drain areas in the substrate adjacent to the sides of
the gate el ectrode. The distance fromthe source junction to drain junction
under the gate electrode is defined as the channel |ength of the FET.
Advances in sem conductor technol ogi es,2such as high resol ution

Pave r educ 4 CRRE FH A AHEALY 1 Pigss P B f B8RS | H1AY, op BylEiRcBa O
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gate electrode width are currently used in the industry. However, as this
downscal i ng continues and the channel length is further reduced, the FET

devi ce experiences aqgpuheinintiviosi rabte akectppeahitharastecatiat bys.

One problem associated with these narrow gate -3- electrodes is the high
el ectri cal pgheRirniesf Yoaesi Mieh dapai ¢ sedbeodes f overnaethint fatent egr at ed

circuit. One nmethod of circunmventing this problemis to formon the gate

el ectrode @xIdcflorsid iinifle ayeystdhtsemiconductor substrate. The gate
electrode structure is used as a diffusion or implant
barrier mask to form self-aligned source/drain areas in the
substrate adjacent to the sides of the gate electrode. The
distance from the source junction to drain junction under

the gate electrode is defined as the channel length of the

FET.

Advances in semiconductor technologies, such as
high reésolution photolithographic technigques and anisotropic
plasma etching, to name a few, have reduced the minimum
feature sizes on devices to less than a quarter-micrometer.
For example, FETs having gate electrodes with widths less

ithan 0.35 micrometers (um5, and channel lengths that are
less than the gate electrode width are currently used in the

” industry.

However, as this downscaling continues and the _
channel length is further reduced, the FET device
experiences a number of undesirable electrical character-

istics. One problem associated with these narrow gate



‘substantially reduces the sheet resistance of the polysilicon gate
el ectrode, and also the local electrical interconnecting |lines nmade from
the sane polysilicon layer. A typical approach is to use a salicide
process. In this process the polysilicon gate el ectrodes are patterned over
the device areas on the substrate. Insulating sidewall spacers are forned
on the sidewalls of the gate el ectrodes,” 3AMd source/drain areas are
i npl anted adjacent to the gate el ectrodes. Using the salicide process, a
metal is deporttredeseisthbhepbighi blechrjead sheetr vésdssancehehdel -
aligned source/drain areas, and sintered to forma silicide |layer on the
pol ysi | i coriRRAKES bl sperEpaeanent aft sheninkegsatedecdrabatar eas. The
unreacted nmetal on the insulating |layer is selectively renoved.
Unfortunately, the formation of these salicide gate el ectrodes can result
I n undesirable effect$ suc aé rgsidual net al. or gLIi%ide stringers
ext endi ng over the nat?BvPEHNeS: Of (SEIEFHYVEPELPH; LRESsREPPLCReifed® t he
gate el ectr Q§§ and..t he urc g aip _areas secon roblemresults from
formng ti tfa)ml urﬁrgi‘fl]‘l%i%%g%negé {:ﬁﬂé?t%rl-n t@ﬁoﬁégéFQEET ?"Y‘Fﬁetgngl emis
-4- that itgy { f£4 + | Il Lei de on these
'S .
sub-0.257m<&§§é§é£i§ﬁ%% g%?égéghggﬁggﬁgﬁé %ggﬁgggpggcﬁFcﬁ ent this
problem i s g i fe&PbGhte 0618cPL68E! and also the local electrical
interconnecting lines made from the same polysilicon layer.
A typical approach is to use a salicide process. In this
process the polysilicon gate electrodes are patterned over
the device areas on the substrate. Insulating sidewall
spacers are formed on the sidewalls of the gate electrodes,
and source/drain areas are implanted adjacent to the gate
electrodes. Using the salicide process, a metal is
deposited over the polysilicon gate electrodes and the self-
aligned source/drain areas, and sintered to form a silicide
layer on the polysilicon gates and silicide contacts in the
source/drain areas. The unreacted metal on the insulating
i layer is selectively removed. Unfortunately, the formation
~ of these salicide gate electrodes can result in undesirable
effects, such as residual metal or silicide stringers
extending over the narrow spacers causing electrical shorts

between the gate electrodes and the source/drain areas.

A second problem results from forming titanium

silicide on sub-quarter-micrometer FETs. The problem is



'silicide to replace the titaniumsilicide. An alternative nmethod to inprove
the sheet resistance is to anorphize the polysilicon |ayer by ion

i npl antation prior to formng the titaniumsilicide, as detailed in "A Ti
Salicide Process for 0.10 um Gate Length CMOS Technol ogy,” by J. A Kittl

et al., published in 1996 Synposium of VLSI Technol ogy D gest of Techni cal
Papers, pages 14-15. Still another probTéntarises if the polysilicon is
anor phi zed by ion inplantation using the salicide process. The inplantation
t hat occurshatn iteisodif€idudinter dasmcdow sheet resdstands isid ididee,

whi ch can adversely affect the electrical characteristics of the device,
and i s notomddhese apweal edSonicropetero(am) RS d epgtdssi r e nathade a
process that avoids this jnplant_in the source/drain areas. Another related
ref erence ¥@ gjreumyentathisi proples is,tontisgya SoPalls oF 3 RAFke! o
cobalt silicide T-gate structure is forned on.a silicoﬁ suhstrate which

al | ows forS¥bi®ifg tel FeRLRGRI hbes StenrymaftIisdidsns At 1 LR RAYR) | over

rocess | SNERERA HR LBRFRERFAR, SHRFtaRes LHEanes o o (HOTEAT | TOF de and

damnge. AfSUREFEFEPRR ohoRaTRY 1BR MgTeReREdn SHIBY 1 i die | e
titanium silicide, as detailed in "A Ti Salicide Process for
0.10 um Gate Length CMOS Technology," by J. A. Kittl et al.,
published in 1996 Symposium of VLSI fechnology Digest of

Technical Papers, pages 14-15.

Still another problem arises if the polysilicon is
amorphized by ion implantation using the salicide process.
The implantation that occurs in the source/drain areas can
result in crystalline damage, which can advefsely affect the
electrical characteristics of the device, and is not easily
annealed out. Therefore it would be desirable to have a |
process that avoids this implant in the source/drain areas.
5
i Another related reference is by A. L. Caviglia,

U. S. Patent No. 5,334,545 in which a cobalt silicide T-gate
structure is formed on a silicon éﬁbstrate which allows for
forming self-aligning source/drain regions while providing
lower gate resistance and lower parasitic capacitance. The'

disadvantage of this process is that the source/drain

implants are formed after the silicide and therefore limits



‘G, Givna et al. in which a chem cal/nechanical polishing is used to nake a
dual -netal gate. The chem cal/nmechani cal polishing is used to polish back a
gate netal |ayer over a trench in an insulating |layer thereby providing a
netal gate in the trench area. The netal gate el ectrode circunvents the-use
of the nore conventional polysilicon %ate el ectrode having a silicide, but

I n general appears to require additiorRat processing steps. Afinal related
reference is U S. Patent No. 5,494,857 in which S. S. Coopernann et al.

teach a nethed sheted Bk Gwdiad | £Y¢ LESHSPESg | PhEesigordueine adhabkat es
usi ng chem cal / mechani cal "polishing. Coopermann et al. do not address the

formation @hotHRrOYRA 4t Fieint 654 S aNse Batéene! R61 rofes7fevaFbys.
Therefore, there is still a strong need in the sem conductor industry for

maki ng subequartiemariedr Gilel ein gatifcle! € cdliatbsabmechahdeal pOEeEhiag Skance
usi ng i mproved silicide techniques, and for controllinf manufacturing costs
by reduci ngselde toumiake &f disdt-onetaktgateski Mthet ehemboal phéehapicagssi ng

st eps. -6- SUWARY OF THE INVENTION It is therefore a principal object
of this inpedtishing iz fised toipelishtback fargeteonetalf dayer over a

trench in an insulating layer thereby providing a metal gate
in the trench area. The metal gate electrode circumvents
the use of the more conventional polysilicon gate electrode
having a silicide, but in general appears to require

additional processing steps.

A final related reference is U. S. Patent No.
5,494,857 in which S. S. Coopermann et al. teach a method
for making shallow trenches in semiconductor substrates
using chemical/mechanical polishing. Coopermann et al. do
not address the formation of improved low sheet resistance

gate electrodes for FETs.

# Therefore, there is still a strong need in the

),semiconductor industry for making sub-quarter-micrometer
gate elecﬁrodes having lower sheet resistance using improved
silicide techniques, and for controlling manufacturing costs
by reducing the number of photoresist masking steps and

other processing steps.



transi stors having sub-quarter-mcronmeter wi de gate el ectrodes with reduced
sheet resistance. It is another object of this invention to provide these

| ow sheet resistance gate el ectrodes using a pre- anorphization

i npl antation while avoiding inplant damage in the source/drain areas. A
further object of this invention by a second enbodinent is to formfield
effect transistors having | ow sheet resi 8tance gate el ectrodes using
silicide cobalt. It is still another object of the invention to reduce the
nunber of photoresist maski ng SUMMARYnOF THE HNVENTIE process to provide
a cost-effective manu- facturing process. In accordance with the objects of
t he enbodi nents, a nmethod for fabricating inproved field effect transistors

(FETs) having deep sub-m cronmeter polysilicaon |ines used for FET gate

el ectrodes and el ect¥Ecaf tHeEEREOXSe& PFARCAHDAT | ®F dhisheet

resistance,is described. In a.fir %# w sheet
%%n of the

ARreste
N di :
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used to rediice, 308§6L L€2hSLBAGted sheet resistance.

It is another object of this invention to provide
-these low sheet resistance gate electrodes using a pre-
amorphization implantation while avoiding implant damage in

the source/drain areas.

A further object of this invention by a second
embodiment is to form field effect transistors having low

sheet resistance gate electrodes using silicide cobalt.

It is still another object of the invention to
reduce the number of photoresist masking steps and to
simplify the process to provide a cost-effective manu-

facturing process.

In accordance with the objects of the embodiments,
a method for fabricating improved field effect transistors
(FETs) having deep sub-micrometer polysilicon lines used for
FET gate electrodes and electrical interconnections with H

improved low sheet resistance is described. In a first



‘The met hod begins by providing a single crystal sem conductor substrate,
such as a single crystal silicon doped with a P-type dopant, such as boron.
Shal | ow trench isolation regions planar with the surface of the substrate
are formed that surround and electrically isolate device areas. Thernal
oxidation is used to forma thin gate'qfide on the device areas for the
FETs. A polysilicon layer is deposited on the substrate using | ow pressure

chem cal \apdadeaee then1okPeiBbe 2BHideRRBeikhaRhibivel byt daduef iave

dopant, for exanple, by inplanting arsenic (As75) ions. A silicon nitride

layer is QAROSAn@ELITZABEoROLMEILhEBibAYEE, ther pB19ER1ecobY galkeVD. The
silicon nitride layer and the polysilicon |ayer are then patterned by

phot or esi i1 awtskodgs acl @hieht aopi foenelli Agtitahdum gdldcakect r ages on the
device areas and to formelectrically interconnecting Lines over the
shal | ow t resmind selxedbmentgaonebaltt Aihichdel ani khel ysdid conglgatye doped
source/drain regions adjacent to the gate el ectrodes are forned by
i npl ant i neierkrodeghiasupsfiete] redusel shpe§ srsdadPncepacers are formed on
the sidewalls of the gate el ectrodes by depositing a -8- conformal first
insulating |ayer over the gate el ectrodes and ani sotropically etching back
the first insulatianIayer. FbavilX doged source/drain _contact areas are
formed next by he method begins by providing.a single crystal
semiconductor substrate, such as a single crystal silicon
~ doped with a P-type dopant, such as boron. Shallow trench
isolation regions planar with the surface of the substrate
are formed that surround and electrically isolate device
areas. Thermal oxidation is used to form a thin gate oxide
on the device areas for the FETs. A polysilicon layer is
deposited on the substrate using low pressure chemical vapor'
deposition (LPCVD), and doped with an N* conductive dopant,
for example, by implanting arsenic (As75) ions. A silicon
nitride layer is deposited on the polysilicon layer, for
example, by LPCVD. The silicon nitride layer and the
Jpolysilicon layer are then patterned by photoresist masking
‘and anisotropic etching to form gate electrodes on the
’-device areas and to form electrically interconnecting lines

over the shallow trench isolation regions. A thin

insulating layer and lightly doped source/drain regions

-

adjacent to the gate electrodes are formed by implanting

]

ions, such as As’5. Insulating sidewall spacers are forméd

on the sidewalls- of the gate electrodes by depositing a



i nmpl anting an N+ dopant, such as arsenic, adjacent to the sidewall spacers
of the gate electrodes. A blanket first titanium (Ti) layer is deposited
and annealed to formtitaniumsilicide on the N+ doped source/drain contact
areas. The unreacted titaniumon the insul ated surfaces of the substrate is
then renoved in a wet etch of deionizedgnater (DI Herr]O, 30% hydrogen
peroxi de (H202), and anmoni um hydroxide (NH err]OH). A relatively thick

bl anket secoiebimst! 81E8¢ ha&g&aﬁ;&age_&h%%l o¥ed! el igatl ledctirbdiaposi ted
on the substrate and chem cal/ nechanically polished (CWP) back to the

silicon nidgdd denisyeropichieydatenghecbhefteshe THe roitl linmiitirigla dyaaer
serves as a polishing-stop layer. The CWP results in global planarization

of the | LMidayEly dbpedi sbageerdraide coayartowtieashargatforilesl meddte oy S
selectively renoved by wet etching in a‘hot phosphoric acid (Herr]PJerr])
exposi ng timpMNmtihgpahyNi| dopangat sueheasr adesnik,k adffacsnir eoftheai s

I nvention is that the source/drain areas are protected by the planar second
i nsul ati ngidgwallwespateabsofsthecgake glegitirodesgned iblpinket fHsist The
polysilicon gate el ectrodes are now inplanted with ions to anorphize the
pol ycryst atitapivnr {Téd dryeme igaderesdtedoand annsadedd th foxymer is
deposited and apnealed to formtitani,umsilicide on the anmorphized

pol ysi | i cortkapiwBegidicifde gat &he Hct foRed source/drain contact

areas. The unreacted titanium on the insulated surfaces of
the substrate is then removed in a wet etch of deionized
water (DI H,0), 30% hydrogen peroxide (H,05), and ammonium
hydroxide (NH,OH). A relatively thick blanket second
insulating layer (interlevel dielectric (ILD)) is deposited
on the substrate and chemiéal/ mechanically polished (CMP)
back to the silicon nitride layer on the gate electrodes.
The silicon nitride layer serves as a polishing-stop layer.
The CMP results in global planarization of the ILD layer.
The silicon nitride layer over the gate electrodes is
selectively removed by wet etching in a hot phosphoric acid
{H3PO4) exposing the N' polysilicon gate electrodes. A key
'feature of this invention is that the source/drain areas are
’-protected by the planar second insulating layer, which also
serves as a self-aligned implant mask. The polysilicon gate
electrodes are now implanted with ions to amorphize the
polycrystalline surface of the gate electrodes. A second Ti
layer is deposited and annealed to form titanium silicide on

the amorphized polysilicon surfaces of the gate electrodes,



‘while the Ti on the second insulating | ayer remai ns unreacted. The
unreacted Ti on the second insulating layer is then renoved by wet etching
t hereby conpl eting the FETs. The pre-anorphization inplantation (PAl) and
rapid thermal annealing to-formthe titaniumsilicide result in
substantially smaller grain sizes on the polysilicon gate el ectrodes, which
reduces the sheet resistance and inproVég-The circuit performance. A second
enmbodi menwhiigenthed&4conbdde @eomid ripsuiatsing dugrerreenzimset er (<0. 25
um gate el ectrodes having also a | ow sheet resistance (Rerr]). In this

al t er nat eupreaetsed.t h&her voreachadh Tigran hentsanond cinswslatops layehe
first enmbodi nent up to and includugg}the renoval of the silicon nitride

| ayer ovetSt kBegaremeved byyaeth peifhing idierabshispuplekingdte BRBSphi zi ng
B A A e B P
Convent | oRBPSASARG S5 FRBMMENE & ASA R A Fd% SRR ngh. anor phi zed
noul at | ngepaY i a0 Rna Y AT i RIS W AR R odl $dEg 2o O
cobal ¢ 1+ akBecEBake) OWHIRY (RS SHEP HnddP £lladindd S| fiTdved "¢

source/ drghg 2§8R8it performance.

A second embodiment is now described for making the
sub-quarter-micrometer (<0.25 um) gate electrodes having
also a low sheet resistance (Rg). In this alternate
process, the process stgps are identical to the steps in the
first embodiment up to and including the removal of the
silicon nitride layer over the gate electrodes by using wet
etching. Instead of amorphizing the surface by ion
implantation, as in the first embodiment, a cobalt layer is
deposited, and rapid thermal annealing is used to provide
&ow sheet resistance. The sheet resistance is much improved

' éver the more conventional method of forming a titanium
>silicide over non-amorphized implanted polysilicon gate
electrodes. The unreacted cobalt on the second insulating
layer is removed by wet etching to complete the FETs. Theﬂ

. self-aligning mask formed from the second insulating layer o
prevents the cobalt from reacting with the titanium silicide

contacts on the source/drain areas.



- 10 - BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects and ot her advant ages
of the invention will becone nore apparent in the preferred enbodi nents
when read in conjunction with the follow ng drawings. Figs. 1 through 7
show schematic cross-sectional views of a field effect transistor for the
sequence of processing steps for making gate el ectrodes using a self-

al i gned i nplant nmask to anorphize the polgsilicon gate el ectrodes and for
reducing the titaniumsilicide sheet resi 8 ance. Figs. 8 and 9 show
cross-sectional views by a second enbodi nment for naking a field effect

transi stor using cobalt SRIEE| BESCEIPEF e OFhIFHEEPRMUIANGS ectr ode sheet

resi stance, and also using a self-aligned nask for formng silicide gates.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Now i n keeping with the objects of

Subsquar cer - o oot oF PBobRIBESS: PRS HEE, SRR of she cpvantion
et onbodk ikhi Pp60ma, HBEE, eppipRet TS Brd e iR iiiee Undd®

read in conjunction with the following drawings.

Figs. 1 through 7 show schematic cross-sectional
views of a field effect transistor for the sequence of
processing steps for making gate electrodes using a self-
aligned implant mask to amorphize the polysilicon gate
electrodes and for reducing the titanium silicide sheet

resistance.

Figs. 8 and 9 show cross-sectional views by a
second embodiment for making a field effect transistor using
cobalt silicide to reduce the FET gafe electrode sheet
resistance, and also using a self-aligned mask for forming

silicide gates.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now in keeping with the objects of this inventidq,

the method for forming these improved sub-quarter-micrometer

gate electrodes with lower sheet resistance is described in



‘descri bed for an N-channel FET, but it should be well understood by one
skilled in the art that the nmethod can be applied to P-channel FETs by
appropriately changing the electrical polarity of the dopant, and both P-
and N-channel FETs having these | ow sheet resistance gate el ectrodes can be
.made by providing Nwells in the P-doped substrate and conpl enentary net al
oxi de seni conductor (CMOS) circuits cadlbe formed therefrom Referring now
to Fig. 1, detddds-sdhe setueancay of fabrbcatior sbepsviag ahpafirsit! y
conpleted field effect transistor fornmed on and in the substrate surface is
schemat i cal FFPeRdMentrie slaliadlad udtigsi ol | theowgbséd oThe methpd disngl e
crystal silicon havingﬁ§_<100> crystal - |l ographic orientation. Shall ow

trench i sol 36865 1&g @y IN-chanpel (FETedel bt jeheuldfbsewaddn about

4000 and 2000Q Angstrons around the active device regigns to electrically
i sol ate theYf '\?igct?t?é?l bé’e\ﬂr’(?efkuﬁf’éfs‘ﬁhlfr Fenthe s&‘ﬁt?‘%ﬁhP@gFéﬁsb%n

be made usin variety of netho Fqr exampl e, .one nmethod iis the Buried
OXi de (BOX) ag?g‘r“&ﬁ &® és'éﬂ‘af’if’reras ﬂ%‘?%%’f raeﬂfgxrp%%ﬂé}ﬁ%lﬁef'h@ag LRGoFhes
filling the_tr Wth a. ] v [ posited (CVD) siligon oxid
(Si®@) and t %g(%%e%? SRed pt?ral&no@rf c tg?nél%:eaﬁé)oog%r%ﬁ’aﬁ%%ﬁ?éﬂo T shed ﬁﬁ‘%’?@f‘&ia
pl anar surf@ge®s HA&ing thkse low sheet resistance gate electrodes can
be made by providing N-wells in the P-doped substrate and
complementary metal oxide semiconductor (CMOS) circuits can

be formed therefrom.

Referring now to Fig. 1, a cross-sectional view of
a substrate 10 having a partially completed field effect
transistor formed on and in the substrate surface is
schematically shown. The preferred substrate is composed of
a P-type single crystal silicon having a <100> crystal-
- lographic orientation. Shallow trench isolation regions
(STI) 12 are formed to a depth of between about 4000 and

20000 Angstroms around the active device regions to

¢ oA

electrically isoclate the individual devices. The shallow
>~ trench isolation regions can be made using a variety of
methods. For example, one method is the Buried OXide (BOX)
‘isolation used fbr shallow trenches. The method involves
filling the trenches with a chemical vapor deposited (CVD)
silicon oxide (8i0O,) and then etched back or chemical/

mechanically polished to yield a planar surface. The -



‘shal | ow trenches etched for the BOX process are aniso- tropically plasm
etched into the silicon substrate and are typically between about 0.5 and
0.8 mcronmeters (um deep. Still referring to Fig. 1, the FETs are now
formed in the active device areas by first thermally oxidizing the device
regions to forma thin gate oxide 14. The preferred thickness of oxide 14
“is between about 30 and 80 Angstrons. Alréﬁﬁafively, when tantalumoxide is

used i nst egthaafl g [treicwasd decché@ncdbhechs choxr geotBsskaessaafisbayer 14 is
bet ween about 80 and 120 Angstrons. A polysilicon layer 16 and a silicon

nitride (ShkINpidalyisf plasnie deghsd!t bato atile coDYRobhosabspbatel ahBographi c
t echni ques and ani sotropic plasma etching are used to pattern the Si3N4
| ayer 18 angygimldol isetwean dbget 065 Jhdsofdrmicrbmefjers €uedt dedps 16
for the FETs in the device regions and electrically copducting
i nterconnecting lines 16" el sewhere on the substrate 10 over the shal | ow
trench isolation regions 12. Polysilicon layer 16 is Ereferably deposi ted
using | ow pressure ch¥pdkhlrefesringpb’i ¥ign 1LPt®) FESBEngrer spwe foxmes
silane (SiHerr]). The thickness of polysilicon |ayer 16 is between about
1500 and 3000 tigysachiwe dgwire avpes Wi RimRtNtBprpaddndgeidiaiggpdte for
exanpl e, by inplanting arsenic %@s%erri lons. Alternatively, |layer 16 can
be doped i HeNHGP FLERARGEA ﬁ% nt 5% %sﬁ@ﬁeagxbﬂﬁsﬁ PneTgPH§fe% IS ne
(AsH[err])éﬂgéﬂggégmBPqé f Llfgnigegg %&égnabé%£650 and 80 Angstroms.
Alternatively, when tantalum oxide is used instead of
silicon oxide, then the preferred thickness of layer 14 is
between about 80 and 120 Angstroms. A polysilicon layer 16
and a silicon nitride (SizN4) layer 18 are deposited, and
conventional photolithographic techniques and anisotropic
plasma etching are used to pattern the SisN,; layer 18 and
the polysilicon layer 16. This forms the gate electrodes 16
for the FETs in the device regions and electrically
conducting interconnecting lines 16' elsewhere on the

substrate 10 over the shallow trench isolation regions 12.

Polysilicon layer 16 is preferably deposited using low

< wig

pressure chemical wvapor deposition (LPCVD) using, for
"example, silane (8iHg). The thickness of polysilicon layer
- 16 is between about 1500 and 3000 Bngstromé, and is doped
with an N* conductive dopant, for example, by implanting .
arsenic (As75).ions. Alternatively, layer 16 can be doped,
in situ by adding a dopant gas such as phosphine (PH3) or

arsine (AsH3) during the polysilicon deposition. After



- 13 - doping layer 16 the preferred dopant concentration is between about
1.2 E 20 and 2.8 E 20 atons/cnferr]. Silicon nitride or silicon oxynitride
| ayer 18 is deposited on polysilicon |ayer 16, for exanple, by LPCVD. The
silicon nitride layer is preferably deposited by LPCVD using a reactant gas
such as dichl orosil ane (SiCI[err]H[err]B and anmonia (NH err]), typically
in a tenperature range of between about3760 and 800[err]C. Layer 18 is

deposi t ed &&pfn%r E&géfredst Rihek ReSF o2 28 laupRm ta R cek¥h ttitsh 2090
y

Angstrons. Ligh oped source/drain regions 20 are forned adjacent to the

gate el ectb@E@sed babyulsiing EORO muidarz.® Epr2oofatamsydmhe ddidbintorspeci es
such as arsenic or phosphorus. A typical lightly doped source/drain region
can be formetrbiei opl shllicgnploxyplidmisie Rlagrar] )1 &tis depesideedweem about 1.0
E 13 and 1.0 E 14 atons/cnR at an energy of between abqut 30 and 80 KeV.
After formpolyshtitoghibyedogéd o exampdien abyildGVDRY, Theswsbkierp

si dewal | spacers 22 are formed on the sidewal|ls of the gate el ectrodes 16.
These si dembtridpadaverais 9@&ﬁ§¥4§}ﬁkﬂﬂ2§%ﬁﬁﬁfa?XxﬁﬁQﬁans¥4§s%

insul ating |layer, preferably a | ow_tenperature silicaon oxide (Si Q) and

ani sot r opi €erFyapragnt svehi ﬁflﬂ%ﬂb %ﬂﬁf&ﬁi?%ﬁ?2hé”§h&ﬂ%€ﬁ 10: For
ot et hox B hncCYREER) 14t 18 ForplieRnatant T HhdOr et e Boe 650
and 900[er(] ¢ g8p8ct Mo gheh N\ PUIUITEd b d PLIFSH Sk PARALNE 10N
of between about 1000 and 2000 Angstroms. Lightly doped
source/drain regions 20 are formed adjacent to the gate
electrodes 16 by using ion implantation of an N-type dopant
species such as arsenic or phosphorus. A typical lightly
doped source/drain region can be formed by implanting
phosphorus (P31) at a dose between about 1.0 E 13 and 1.0 E

14 atoms/cm2 at an energy of between about 30 and 80 KeV.

After forming the lightly doped source/drain
regions 20, insulating sidewall spacers 22 are formed on the
§idewalls of the gate electrodes 16. These sidewall spacers
;re formed by depositing a conformal first insulating layer,

"brefe:ably a low temperature silicon oxide (Si0O5) and
anisotropically plasma etching back to the surface of the
substrate 10. For example, the SiO, can be a chemical vapor
deposition (CVD) using tetraethoxysilane (TEOS) at a §

temperature in the range of between about 650 and 900°C, an&

the etch back performed in a low pressure reactive ion



--14 - etcher. Heavily doped source/drain contact areas 24 are forned next
adj acent to the sidewall spacers 22 of the gate electrodes 16 by inplanting
an N err] dopant, such as arsenic, to conplete the source/drain areas. For
exanple, arsenic-ions (As[err]) can be inplanted at a dose of between about
2.0 E15 and 1.0 E 16 atons/cnferr] at an ion energy between about 20 and
70 KeV. Referring nowto Fig. 2, a blanket#first titanium (Ti) layer is

doped sour SSFBERT T BEmdy Hidhe! %%‘é‘éz‘é%‘??%'&%%f’&eﬁ %é%%%aége?ﬂcé%fibﬁ[ ol
d ited ' | { | T t t hi t
about. 200 SERRES AT AN & AR gl R e %ﬁe% %ﬁfaﬁﬁéﬁa?gﬁ S z‘e
th 700 I i Q

7001 er 1] C PLeFTadeR, T Hy, Gl Lgeing S IPE hsits I hUER a8 BHheR3R . The

i nsul ated g4l LRI ctle e WBES)Eratn tdE8at SMOMEH Aﬁ!ﬁ?ﬁa g%gF?iEUCh as

dei oni zed water (DI Herr]O, 30% hydrogen peroxide and

anmoni um hydnexi(de’ENH @i K3 inpl SeEeNdat eANS6 56 UsE BbeResh abeut
850[err]Cin nitrogen (N2) or argon (Ar) can be carried out to |lower the

Ti Si 2 sheeR.0e&i dGamed And tH THnPtane/ ¢t It SR phasenefgyBetnashi on.
Preferably the first anneal in Nerr]/Ar is carried out by rapid thernal
about 20 and 70 KeV.

Referring now to Fig. 2, a blanket first titanium

{Ti) layer is deposited and annealed to form titanium
silicide contacts 26 on the Nt doped source/drain contact
areas 24. For example, the Ti layer can be deposited by
physical sputtering from a Ti target to a thickness of
between about 200 and 450 Angstroms. The Ti is then

- annealed at a temperature less than 700°C, more specifically
at a temperature between about 650 and 700°C to form the
titanium silicide (TiSiy). The unreacted Ti on the
insulated surfaces of the substrate is then removed in a wet
;etch, such as deionized water (DI H,0), 30% hydrogen
-peroxide (H20,), and ammonium hydroxide (NH4OH). A second

’-temperature step of about 850°C in nitrogen (N) or argon
(Ar) can be carried out to lower the TiSi, sheet resistance
and to complete the TiSi, phase of the reaction. Preferably
the first anneal in N,/Ar is carried out by rapid thermal
annealing (RTA) in a temperature range of 600 to 700°C for a

time of between about 20 and 40 seconds, and.the second



-annealing (RTA) in a tenperature range of 600 to 700[err]C for a tinme of
bet ween about 20 and 40 seconds, and the second - 15 - anneal in
Nlerr]/Ar is carried out at a tenperature of between about 800 and

900[ err] C for between about 20 and 40 seconds. Referring to Figs. 3 through
7, the remainder of the first enbodi nent 1pel ates nore specifically to the
‘obj ects of this invention. The nmethod uses a self-aligned mask for carrying
out pre-anpaphéaht ionNp fpradsacasriedl tuwt Bdp asheinpey atfutchehHdigtsidaencon
gate el ectrodes, while nmasking frominplant damage the source/drain

regi ons. ThikouppBeacand| Bﬁﬂﬂ%t &ort betwesn abeatt 26f and Ajissaands oxi de

| ayer and photoresist masking | evel. The anorphi zation reduces the sheet
resi stance on the narrow polysilicon gate el ectrodes when a TiSi[err] |ayer
is formed on the gate_el ectrodes. Contin i%%\Mtrlthe rocess and referring

to Fig. 3, a rel at!veB?fFEF&Rgbité?nﬁéﬁsse 0 rﬂ\’ﬁ?ﬂ dvi 'q Fpmainger: gfon| y
(ol e 1083 B! ShboKSheth ol LS (D) e SSRONLEd 01D g
0y, LPOVD, UohgeRel 3R B 338 SRR, TS5 Wbl U
and 15000 A@géﬂrfg§'carrying out pre-amorphization implantation of the

top surface of the polysilicon gate electrodes, while

masking from implant damage the source/drain regions. This

approach eliminates the requirement of an additional oxide

layer and photoresist masking level. The amorphization

reduces the sheet resistance on the narrow polysilicon gate

electrodes when a TiSi, layer is formed on the gate

electrodes.

Continuing with the process and referring to Fig.
3, a relatively thick blanket second insulating layer 28,
commonly referred to as an interlevel dielectric (ILD), is
deposited on the substrate and over theé gate electrodes 16.
;Preferably layer 28 is deposited by LPCVD using a reactant
> gas such as TEOS to a thickness greater than the height of
the gate electrodes,. and more specifically between about

10000 and 15000 Angstroms.

Referring to Fig. 4, second insulating layer 28 is

chemical/mechanically polished (CMP) back to the SiqNg



Referring to Fig. 4, second insulating |layer 28 is chemi cal/nmechanically
polished (CWP) back to the Si 3N4 - 16 - capping layer 18 on the gate
el ectrodes 16. The Si3N4 | ayer 18 serves as an endpoi nt detection for the
CWP process.. The CWP results in global planarization of the ILD | ayer 28.
Referring nowto Fig. 5 the silicon nitride |ayer 18 over the gate

el ectrodes 16 is renoved by wet etching 4 i6a-hot phosphoric acid

H P A ' th | y.si |, I
! [l %, Y g%gﬁ@;;iﬁgi%g.k - afq thbedt i Haﬁ?%féq#ar&‘@%sg%%séﬁgé r%ﬁaijée?éﬂar
I nsul atin ayer i e ur.e K
sour ce/ dr gpns FE8S 3% %%}d&%e#{tedp %"ye lzjdplr%cﬁf]arﬂg%c%%% l?f%ﬁ% at i ngT??ayer
28, which ' L t ‘11l b t
el ect rodeSHEs TR R, A A R R o e L Y b otal I ne

surface of the gate el ectrodes, as depicted in Fig. 5 By the dowward
arrows 5, while the inplant mask 28 protects the source/drain areas 24 from

ion inplant damage. R¥@iEFaRY ndwecd Eig M8 Antied | ©D11i6os aniteideulager! ow
i npl ant energy. For exanple, the inplantation can be carried out using

As[err] hag paredn tHE|qHde WEEcHfodss ViERN Abpethoded by lWetndtéhing if

atons/cnferr] and at an ion energy of between about 20 and 60 KeV.

Ref erri ngat adtl phdsptorsiae anclid i (RyPaY) |exmosBYgi the N polysilicon

| gate electrodes, and leaving unetched the self-aligned
implant mask composed of the second insulating layer 28. A
key feature of this invention is that the source/drain areas
24 are protected by the planar second insulating layer 28,
which now serves as a self-aligned implant mask. The
polysilicon gate electrodes 16 are now implanted with ions
to amorphize the polycrystailine surface of the gate
electrodes, as depicted in Fig. 5 by the downward arrows 5,
while the implant mask 28 protects the source/drain areas 24
from ion implant damage. Preferably the ion implantation is
carried out at low implant eneréy. For example, the
;mplantation can be carried out using as75 having an implant

dose of between about 1.0 E 14 and 8.0 E 16 atoms/cm2 and at

an ion energy of between about 20 and 60 KeV.

Referring to Fig. 6, a second titanium layer 30 is
blanket deposited over the polysilicon gate electrodes 16
and elsewhere on the second insulating 28. Layer 30 is

deposited using the same process as the deposition of the



‘bl anket deposited over the polysilicon gate el ectrodes 16 and

el sewhere on

the second insulating 28. Layer 30 is deposited using the sane process as
t he deposition of the - 17 - first Ti layer that was used for form ng
the Ti Si2 contacts 26 on the source/drain areas 24. Preferably the

t hi ckness of layer 30 is between about 200 and 480 Angstrons.

Al ternatively, layer 30 can be a nul tilZayer that includes a top |ayer of

titani um ngfgisgert ThblyeRa\UhaG 3dd) iEee SO Horaihal Ahanth

A LT -

The substrate |s_then annealed to forma titaniumsilicide | yer 30' on the
anor phi zedz §0obyMsthikC8Busdel/aeas mofardde gat.e @ﬁ%ﬂéﬁ&#%?3¥he“@ﬁi@kﬂéséayer

30 on the second insulating |ayer 28 renmains unreacte

Preferably the

TiSi2 is feEnkdyly 30rdp theitheiemlaboute A0MNGNERIR0 iAhdstidmeer at ure range

of between about 650 and 700[err] C for about 20 to 40 seconds.

Referring to

Fig. 7, thelternmatiiedl¥, dagek I80arcanm depaeultiietyert Hhaty inchudes a
phosphoric acid (Herr]PJerr]) solution. A second rapid thermal annealing
i s carriedtopt lageromfl &tidantianTingitr idead§iNgndhawirqra hericlaks® t he sheet
resistance of the TiSi[err] 30" on the gate el ectrodes. Preferably the
second annketweencippPi eadod0laingstanssr-at Fhe ifabsdaratshda o8 and

900[err] C for between about 20 and 40 seconds. The | ow sheet resistance is
al so fornegnpeateghéo form a titanium silicide layer 30' on the

amorphized polysilicon surfaces of the gate electrodes 16,

while Ti layer 30 on the second insulating layer 28 remains

unreacted. Preferably the TiSi, is formed by a rapid

thermal annealing (RTA) in a temperature range of between

about 650 and 700°C for about 20 to 40 seconds.

Referring to Fig. 7, the unreacted Ti and TiN are

removed by wet etching in a hot phosphoric acid (H3POy4)

solution. A second rapid thermal annealing is carried out

to complete the TiSi, phase, and to further reduce the sheet

resistance of the TiSi, 30' on the gate electrodes.

Preferably the second anneal is carried out at a temperature
®

between about 800 and 900°C for between about 20 and 40

> ‘'seconds. The low sheet resistance is also formed over the

interconnecting lines 16'. The pre-amorphization and the

silicide formation result in grain sizes less than the gate

length. This provides gate electrodes with lower sheet

resistance (Rg), for example, as low as about 2 ohms/square.



-interconnecting lines 16'. The pre-anorphization and the silicide formation
result in grain sizes less than the gate length. This provides gate

el ectrodes with | ower sheet resistance (R err]), for exanple, as |ow as
about 2 ohns/square. - 18 - This is approximately a 50% reduction in
sheet resistance over the conventional prgcess. The self-aligned inplant
mask formed fromthe second insulating Iayer 28 not only protects the

sour cel df 4 SRS R LA IR At (0 TBGRcE  IRLASCEN:LOSsEbnR

|ntegrate CIFCUI prov? an esséen | anar surface for

further Igyrglrs ‘i’1f @g&%@ﬁ r}%}gﬁééggs Referring to F| gs. 8-9, a second

enbodi nent’ 1'S nOW Ing the sub-quarter-micronmeter (<0.25
um) gate el ectrodes al so having a |l ow sheet resistance (Rerr]). In this
alternate process, the process steps are identical to the steps in the

first enbodi nent up iy adsh £0e] 16héd LhE1aeronask OfokRBASELbRORNRI t1i de
| ayer 18 fromthe gate el ectrodes 16, as shown in Fig. 4. Furthernore, the

struct ur e selcomatindul dthimdglr bayen S2 &irmot daml y cptbyetsbehed, except for a
cobalt silicide, which replaces the pre- anorphization inplant and the
second Ti Sodrafe Admmifn raateasidtli freorh . implant damage, but remains in
‘the final integrated circuit structure to provide an
essentially planar surface for further levels of metal

interconnections.

Referring to Figs. 8-9, a second embodiment is now
described for making the sub-quarter-micrometer (<0.25 um)
gate electrodes also having a low sheet resistance’ (Rg). In
this alternate process, the process steps are identical to
the steps in the first embodiment up to and including the
removal of the silicon nitride layer 18 from the gate
electrodes 16, as shown in Fig. 4. Furthermore, the
structure elements in the drawings are identically numbered,
?xcept for a cobalt silicide, which replaces the pre-
émorphization implant and the second TiSi, of the first

* embodiment .

Referring to Fig. 8, SigN, layer 18 (as also
depicted'in Fig. 4) is removed by using a hot phosphoric
acid etch, while essentially leaving unetched second

insulating layer 28.



‘Referring to Fig. 8, Si3Nerr] layer 18 (as also depicted in Fig. 4) is
renoved by using a hot phosphoric acid etch, while essentially |eaving
unet ched second insulating | ayer 28. - 19 - Now, as shown in Fig. 9, a
self-aligned cobalt silicide layer 32 is forned over the polysilicon gate
el ectrodes 16 and al so over the polysilicon electrical interconnections
16'. The cobalt silicide is forned by depd¥9it+ing a cobalt |ayer (not shown
in Fig. 9) having a thickness of between about 100 and 300 Angstronms. The
cobalt layer is then annealed using a rapid thermal annealing (RTA) to

provide | ow sheet rewpogt anee sHR aplidg ! RE ﬁﬁf i&n%&‘%&%%l?“t in a

tenperature range of bet'ween about 650 and 72 C tor™ about to 50

seconds. ThHe1uBiEaChaYeqOld tid ForRE 'FE athd bR Pl 1t Shtdydro-
chloric acid (HO) and hydrogen peroxide (Herr]J(err]) at room

t enper at ur gledecdeB e agidRidlsd Rre®itidpeBhal1isbhfeiderpieyide a nmuch
| ower sheet resistance than woul d ot herwi se be achieved with the nore

convent i onghtéirtenhe@tioniscilde .pr airs Tt oS dide USE SOrmé@ i zed
i mplant. The self- aligning silicide mask formed from |l ayer 28 prevents the

cobalt frodepeadting w tclobiald Jayreor/(hati rslvowt aid Fodt, @nchasingsa |eft in
pl ace during the conpletion of the
thickness of between about 100 and 300 Angstroms. The
cobalt layer is then.annealed using a rapid thermal
annealing (RTA) to provide low sheet resistance. Preferably
the annealing is carried out in a temperature range of
between about 650 and 725°C for about 30 to 50 seconds. The
unreacted cobalt is then removed in a solution of hydro-
chloric acid (HCl) and hydrogen peroxide (H,07) at room
temperature. The smaller grain sizes of the cobalt silicide
provide a much lower éheet resistance than would otherwise
be achieved with the more conventional titanium silicide
process that does not use an amorphized implant. The self-
aligning silicide mask formed from layer 28 prevents the
Ecobalt from reacting with the source)drain contacts 24, and
fis also left in place during the completion of the
> integrated circuits to provide a more planar surface for
additional levels of interconnections.
Whilg the invention has been particularly shown

and described with reference to the preferred embodiments

thereof, it will be understood by those skilled in the art



‘integrated circuits to provide a nore planar surface for additional |evels
of interconnections. While the invention has been particularly shown and

described with reference to the preferred enbodi ments thereof, it will be
understood by those skilled in the art - 20 - that. various changes in
formand details may be nmade w thout depajgting fromthe spirit and scope of
the i nvention. CLAI V5 - 21 - 1. Anethod for fabricating

field effecthatansiribuss didnipds hayifgm e BetaiPsindpNse H388 §Leabhedes
conprising the steps of: providing a sem conductor substrate, formng

shal | ow tr edehartdngt iforom ddieorspisirt andliswpndb ] €6d rigebhyiosol ati ng
device areas; formng a gate oxide on said device areas by thernal

oxi dation; depositing an N err] conductively doped polysilicon | ayer on
sai d substrate; depositing a silicon nitride |ayer on ggid pol ysilicon
| ayer; :

. nh



‘patternin ' kg i ri de | ayer and said polysilicon |ayer by
phot or esi gJﬂmﬂmmﬂgﬂﬂ"gﬂ sotropic etching | eaving portions over said
device areas tto torm sai &k gate el ectrodes and to formelectrica

I nt erconnections over said shallow trench isolation regions; formng
l'ightly doped source/drain areas adjacenfy to said gate el ectrodes by ion

i npl ant ati on; depddi¥Mhg a conformal first insulating |ayer over said gate

el ectrodes and dl.seuhaietiood Seofl Sabsicatengapiendr apfeat! ¥ranshist@dack
said first insulating |layer thereby form ng sidewall spacers on said gate
el ect r odes; -(FXrs) fmawinmg bowrskédt arestobtanceé gateselgcitapndes

I npl antati on adj acent to said sidewall spacers; depositing a blanket first
titanium (Ti) | aomprmisicgrthei sgepsidfsubstrate to formtitaniumsilicide
on said source/drain contact areas while |eaving unreacted titani umon

i nsul at ed surf aces RFOEkAINg Bseenieondueton; subsbratafr eacted first

titaniumfromsaid substrate, depositing a, bl anket second insulating |ayer
on said substrate: forming shallow tren isolation regions surrounding

and electrically isolating device areas;

forming a gate oxide on said device areas by thermal
oxidation;

depositing an Nt conductively doped polysilicon
layer on said substrate;

depositing a silicon nitride layer on said
polysilicon layer;

patterning said silicon nitride layer and said
polysilicon layer by photoresist masking and
anisotropic etching leaving portions over said device
areas to form said gate electrodes and to form
electrical interconnections over said shallow trench
isolation regions;

forming lightly doped source/drain areas adjacent to

. nYy

said. gate electrodes by ion implantation;
» depositing a conformal first insulating layer over
said gate electrodes and elsewhere on said substrate;
anisotropically etching back said first insulating
layer thereby forming sidewall spacers on said gate

electrodes;



-then1ca|/nechan|call pol i shing said second insulating layer to said
silicon I’Il“lmml ﬂ“ |H“Isa| d gate el ectrodes; renoving selectively said
silicon said gate el ect r odes by wet etching while

| eavi ng sai d° setorld i*nsdil ati ng layer as a self-aligning inplant nask;

inplanting ions in said gate el ectrodes caonggsed of said polysilicon |ayer
t hereby anor phi zing the surface of said polysilicon |ayer, while masking

sai d source/drai nfggﬁﬁ % )/Iﬁ 45 lh et dthfLa3ndidmsul ating | ayer;
ium'layer

depositing a secon and annealing to formtitaniumsilicide

on said gate el ‘f:tla %%E\MH Ry KBHD TP B Cb:.d@#&mlsfﬁhééy@i unr eact ed

portions of sal second titani'um | ayer; - 23 - stripping said unreacted

second titani um oI t5i8RP Y B NEket | figrdyiel tad het eQi k obayet | agdsai d
field effect transistors having said | ow sheet resistance. 2. The nethod of

claim1, whereanneaildny eydild dapestpotey std i fram | Hiean ivh deopkiicive homar seni ¢
and has a dopant concentration of between about 1.2 E 20 and 2.8 E 20
atons/cn{err]. said source/drain contact areas while leaving unreacted
titanium on insulated surfaces of said substrate;
stripping said unreacted first titanium from said
substrate;
depositing a blanket second insulating layer on said
substrate;
chemical/mechanically polishing said second
insulating layer to said silicon nitride layer on said
gate electrodes;
removing selectively said sil;con nitride layer over =
said gate electrodes by wet etching while leaving said
second insulating layer as.a self-aligning implant
mask;

implanting ions in said gate electrodes composed of

said polysilicon layer thereby amorphizing the surface

-

of said polysilicon layer, while masking said
- source/drain contact'areas protected by said second
insulating layer;
depositing a second titanium layer and annealing to
form titanium silicide on said gate electrodes while
leaving on said insulating layer unreacted portions of

said second titanium layer;



3. The n11 wherein said polysilicon |layer has a thickness of
betmeen ﬁﬂﬁ FM 000 Angstrons. 4. The nethod of claim1l, wherein
said siltcon er has a thickness of between about 1000 and 2000

Angstronms. 5. The method of claim1, wherein said first titanium |l ayer has

a thickness of between about 200 and 450 Angstrons. 6. The nethod of claim
1, wherein said first titaniumlayer is anéaled by rapid thermal annealing

in a tenperature rw{ngeg ; anﬁpgﬁgtééoséggnéogﬁ_g R Gmf ef‘eﬁa&hne of

bet ween about 20 an secon en rapi erna annea In a

tenperat ure ranga-dia 1nsuf&t1n§61&§€£ a@ﬂéﬁeﬁﬁocéﬂ 18@Qh§réh§6fQEe§dt'”E
of between about 20 and 40 seconds. 7. The nmethod of claim 1, wherein said

second i nsul at igRFdcly et rdsistbhsckaesngobabat vewnsnbeut ré880anrd .15000
Angstrons. 8. The method of claim 1, wherein said anorphization of said
polysilicon layer is achieved by inplanting arsenic (As¥5) ions having a
dose of between about 1.0 E 14 and 8.0 E 14 ions/cnferr] and an inpl ant
energy of 2. The method of claim 1, wherein said N* doped
polysilicon layer is doped with arsenic and has a
dopant concentration of between about 1.2 E 20 and

2.8 E 20 atoms/cm3;

3. The method of claim 1, wherein said polysilicon
layer has a thickness of between about 1500 and 3000

Angstroms.

4. The method of claim 1, wherein said silicon nitride-
layer has a thickness of between about 1000 and 2000

Angstroms.

5. The method of claim 1, wherein said first titanium

layer has a thickness of between about 200 and 450

B Y

Angstroms.

6. The method of claim 1, wherein said first titanium
layer is annealed by rapid thermal annealing in a
temperature range of between about 650 and 700°C for

a time of between about 20 and 40 seconds and then

rapid thermal annealed in a temperature range of



‘bet ween about 20 and 60 KeV. 9. The nethod of claim1l1l, wherein said second
titam"mwﬁ;mu“ﬁruﬂ t hi ckness of between about 200 and 450 Angstrons. 10.
The wherein said second titaniumlayer is anneal ed by
rapi d*t hér nal %nﬁeallng in a tenperature range of between about 600 and

700[err]C for a tinme of between about 20-at¥d-40 seconds and then rapid
thermal annealed in a tenperature range of between about 800 and 900[err]C

for a time of bgbpReBn2BBBLE2B0N G IRV EDr a tim® of Wetwded®t hod for

fabricating field effect transi-stors (FETs) having | ow sheet resistance

gate el ectrodesabedpr 2o aad 30 SeRPudef.. providing a sem conduct or
substrate; form ng shallow trench isolation regions surroundi ng and

electrically isolating device areas; formng a gate oxide on said device
areas by thermal oxidation; depositing an N err] conductively doped
pol ysilicon | aygr ofheametholdsofatcdaigedosivhienein sSsdidwegondi de | ayer on
said polysilicon |ayer;

insulating layer has a thickness of between about

10000 and 15000 Angstroms.

8. The method of claim 1, wherein said amorphization
of said polysilicon layer is achieved by implanting
arsenic (As75) ions having a dose of between about

1.0 E 14 and 8.0 E 14 ions/cm2 and an implant energy of '

between about 20 and 60 KeV.

9. The methed of claim 1, wherein said second titanium’
layer has a thickness of between about 200 and 450

Angstroms.

10. The method of claim 1, wherein said second

titanium layer is annealed by rapid thermal annealing

aty

in a temperature range of between about 600 and 700°C
- for a time of between about 20 and 40 seconds and then

rapid thermal annealed in a temperature range of

between about 800 and 900°C for a time of between

about 20 and 40 seconds.



'patféfﬁTﬁﬁ‘EﬁTﬁ‘sﬁ#&eeﬂ-nitride | ayer and said polysilicon | ayer by

e o MR

i nt ercdnnectly oms @

aid gate electrodes and to formelectrical
said shallow trench isol.ation regions; formng

H Vtgﬂd ani sotropic etching | eaving portions over said

lightly doped source/drain areas adjacent_ 9 said gate el ectrodes by ion
depositing a conformal first 1nsulating |ayer over said gate

| d d el ' i ng | '- k
el ectrodes and qusewions Gl P4k S A £ingt 016 00 ALY LANL DOCDACK

I npl ant ati on;

said first insulating layer

el ectrodes;

titanium (Ti)

'(F%Q‘si) IH%NS’%I %;ﬁ%gﬁ & & LOMAREL ﬁ@é‘sei’t\fcjcg?des

I npl ant ati on adj acen

spacers on sal

spacers; depOsiting a anket

A ANGH i Siedati g substrate to formtitaniumsilicide

on said source/drain contact areas while | eaving unreacted titanium on

i nsul at ed surf aces povaalithe Wb sddmi condictepi sigbserdtapt eacted titani um
fromsaid substrate; depositing a bl anket second insulating |layer on said

substrat e;

forming shallow trench isolation regions surrounding
and electrically isolating device areas;

forming a gate oxide on said device areas by thermal
oxidation;

depositing an N* conductively doped polysilicon
layer on said substrate;

depositing a silicon nitride layer on said
polysilicon layer;

patterning said silicon nitride layer and said
polysilicon layer by photoresist masking and
anisotropic etching leaving portions over said device
areas to form said gate electrodes and to form
electrical interconnections over said shallow trench
isolation regions;

forming lightly doped source/drain areas adjacent to

said gate electrodes by ion implantation;

depositing a conformal first insulating layer over
said gate electrodes and elsewhere on said substrate;

anisotropically etching back said first insulating
layer thereby forming sidewall spacers on said gate

electrodes;



-chenical/ﬁﬁﬁﬁaﬁfeg_ ' “ing said second insulating |ayer to said
silicon nit Am\“ﬁ \\ %“
silicon nit I "

d gate el ectrodes; renoving selectively said
i over *said gate el ectrodes by wet etching while
| eavi ng sai d *second insulating |ayer as a self-aligning inplant nask;
depositing a cobalt layer on said gate el ectrodes and el sewhere on said
second insulating layer; annealing said-@ébalt |ayer to form cobalt

silicide on SM(jgkgfhfﬁécééeggﬁ{&?hhﬁ LeatkRe ggeggiggigggjating | ayer

unreacted portions of saifd co ayer; stripping said unreacted cobalt

layer on said sggprshtdeibat idJabaer tot Baiabxiaewnh et spacesisd fiel d effect
transi stors having said | ow sheet resistance. - 27 - "12. The nethod of

claim 11, wherein gapésengl adppadkpel ¥sithhsan [(@N9r 1byedoped W th arsenic
and has a dopant concentration of between about 1.2 E 20 and 2.8 E 20

atons/cnferr]. shthedhitngesidd stbskeattelto Bbemeititaaidmpelijdidideowr ayer
has a thickness of between about 1500 and 3000 Angstrons.
said source/drain contact areas while leaving unreacted
titanium on insulated surfaces of said substrate;
stripping said unreacted titanium from said
substrate;
depositing a blanket second insulating layer on said
substrate;
chemical/mechanically polishing said second
insulating layer to said silicon hitride layer on said
gate electrodes; |
removing selectively said silicom nitride layer over’
said gate electrodes by wet etching while leaving said
second insulating layer as a self-aligning implant
mask;
depositing a cobalt layer on said gate electrodes

and elsewhere on said second insulating layer;

L 1Y

annealing said cobalt layer to form cobalt silicide
> on said gate electrodes while leaving on said
insulating layer unreacted portions of said cobalt
layer;
stripping said unreacted cobalt layer on said
second insulating layer, thereby completing said field

effect transistors having said low sheet resistance.



-14. The nethod of claim 11, wherein said silicon nitride |layer has a

t hi ckness of - 1000 and 2000 Angstrons. 15. The nethod of claim
11, wherei ' j | | ayer has a thickness of between about 200 and
450 Angst vmmmy"ﬁM!hod of claim 11, wherein said titaniumlayer is
anneal ed by reapi s annealing in a tenperature range of between about
600 and 700[err]C for a tinme of between aboa? 20 and 40 seconds and then
rapid thermal annealed in a tenperature range of between about 800 and
900[err]C for a tine of between about 20 and 40 seconds. -28 - 17. The
met hod of cl ai ml2l, Wher eiethesl S adarion iTisulviiergin ageid eSS dopdd ckness of
bet ween about 10000 and 15000 Angstrons. 18. The nethod of claim 11,

wherei n sai d copalysidjiconhdayen His danad ofitletawsenidaand 190s amd 300
Angstrons. 19. The nmethod of claim 11, wherein said cobalt |ayer is

anneal ed by rapf@PgRér eencemiaatian iof datergan ahout @R E 30 bndeen about

650 and 725[errLC8f%r2% tkﬁﬁ ej q§tmeen about 30 and 50 seconds.
. atoms/cm”.

13. The method of claim 11, wherein said polysilicon
layer has a thickness of between about 1500 and 3000

Angstroms.

14. The method of claim 11, wherein said silicon
nitride layer has a thickness of between about 1000

and 2000 Angstroms.
15. The method of claim 11, wherein said titanium
layer has a thickness of between about 200 and 450

Angstroms.

16. The method of claim 11, wherein said titanium

nw

layer is annealed by rapid thermal annealing in a

) temperature range of between about 600 and 700°C for
a time of between about 20 and 40 seconds and then
rapid thermal annealed in a temperature range of

between about 800 and 900°C for a time of between

about 20 and 40 seconds.
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17. The method of claim il, wherein said second
insulating layer has a thickness of between about
10000 and 15000 Angstroms.

>
18. The method of claim 11, wherein said cobalt layer

has a thickness of between about 100 and 300 Angstroms.

19. The method of claim 11, wherein said cobalt layer
is annealed by rapid thermal annealing in a temperature
range of between about 650 and 725°C for a time of

between about 30 and 50 seconds.



