e L6401k 14~-£L
METHQR FOR FORM NG A POLYCl DE GATE ELECTRCDE RTMP'S coP\(
BACKGROUND OF THE INVENTION 1. Field of the Invention

ptesent invention relates generally to gate el ectrodes, enpl oyed within
advanced Field Effect Transistors (FETs). More particularly, the present
I nvention relates to a nethod for form ng pol ycide gate el ectrodes enpl oyed
wi t hi n advanced Field Effect Transi-stlors (FETS). 2. Description of the
Rel ated Art Integrated circuits are formed upon

sem conductor substrates within and upon whose surfaces are forned
resistors, transistors, diodes and other electrical circuit elenents. The
electrical circuit elenents are connected internall lly to the
sem conduct or substmmcnmmmmﬁé/w&m&mg er ned
conductor |ayers which are separated by insul ator |ayers.

As integrated circuit technol ogy has advanced, there has been a continuing
trend towards increasing | yetkcHobRDIOFAHBENEVERYION! Nt egrati on,
integrated circuit performance an Integrated circurt function. Wthin
advanced integrated circuits within which there are forned Field Effect
Transi stors (FETs), such increasing levels of integrated circuit

i nt egr ati on, Fied efxthalnvention

The

The present invention relates generally to gate electrodes employed within
advanced Field Effect Transistors (FETs). More particularly, the present invention relates to a

method for forming polycide gate electrodes employed within advanced Field Effect Transistors
(FETs).

2. Description of the Related Art

Integrated circuits are formed upon semiconductor substrates within and upon
whose surfaces are formed resistors, transistors, diodes and other electrical circuit elements. The
electrical circuit elements are connected internally and externally to the semiconductor substrate
upon which they are formed through patterned conductor layers which are separated by insulator

layers. -

As integrated circuit technology has advanced, there has been a continuing trend
towards increasing levels of integrated circuit integration, integrated circuit performance and
integrated circuit function. Within advanced integrated circuits within which there are formed
Field Effect Transistors (FETSs), such increasing levels of integrated circuit integration, integrated
circuit performance and integrated circuit function have typically been achieved by simultaneously

decreasing within those Field Effect Transistors (FETs) both the thicknesses of gate dielectric



circuit performance and integrated circuit function have typically been
achi eved by sinultaneously decreasing within those Field Effect Transistors
(FETs) both the thicknesses of gate dielectric

- 2 - | ayers and the w dths of sem conductor channel regions which are
formed beneath those gate dielectric |ayers. The decreasing w dth of
semi conduct or channel regions within ¥i'eld Effect Transistors (FETs) has
in turn typically required a correlating decrease in areal dinensions of
polysilicon gate el ectrodes which are conventionally enpl oyed as a maski ng
element in defining wthin advanced Field Effect Transistors (FETs) the
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source/drain regions which are separated by those sem conductor channel

regi ons. dielectric layers. The decréasing widike of enficonduoter charmelkregioss within Rielddgiffett on
have successful |y provided advanced generations of integrated circuits

Wi t h i ncr edsansigtorsFETs) hes inJurmitypientin cegquiredia carraiating decreasein asephdimensiong of
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wi thin advanced Field Effect Transistors (FETs) have typically been
required i rehannelregibns. avoi d contact resistance induced gate el ectrode

electrical circuit delay which would otherw se result from hi gher contact
resi stance connections made directly to polysilicon gate el ectrodes of
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a tungst en g lrhidnd o MRkMI oA Wthh&Edsing 457 of Perfdrhle W function, the
continuing decreases in areal dimensions of polysilicon gate electrodes conventionally employed in
forming Field Effect Transistors (FETSs) within those advanced integrated circuits have required
the use of polysilicon gate electrodes having low contact resistance layers formed upon their
surfaces. The low contact resistance layers formed upon the polysilicon gate electrodes within
advanced Field Effect Transistors (FETs) have typically been required in order to avoid contact
resistance induced gate electrode electrical circuit delay which would otherwise result from higher
contact resistance connections made directly to ﬁolysilicon gate electrodes of reduced areal
dimension. The resulting polycide (polysilicon/metal silicide stack) gate electrodes have 'typically
conventionally been formed as either a tungsten silicide polycide gate electrode or a titanfum
silicide polycide gate electrode, often through a self-aligned silicide (salicide) method which
simultaneously provides corresponding tungsten silicide layers or titanium silicide layers upon the
surfaces of adjoining source/drain regions of the Field Effect Transistor (FET) within which is
formed the tungsten silicide polycide gate electrode or the titanium silicide polycide gate
electrode. See, for example, Ahmad et al., U.S. Patent No. 5,382,533, which illustrates the use of
a tungsten silicide polycide gate electrode within a Field Effect Transistor (FET).



silicide polycide gate electrode, often through a self-aligned silicide
(salicide) nmethod which simultaneously provides correspondi ng tungsten
silicide layers or titaniumsilicide layers upon the surfaces of adjoining
source/drain regions of the Field Effect Transistor (FET) within which is
formed the tungsten silicide polycide gate electrode or the titanium
silicide polycide gate el ectrode. See? <for exanple, Ahnad et al., US.

Pat ent No. 5,382,533, which illustrates the use of a tungsten silicide
ponC|de gate electrode within a Field Effect Transistor (FET).

3 - As areal dinmensions of tungsten silicide polycide
gate el ectrodes or th{aoiidihensibhs &'t ,g,% glﬁaaglﬁol Spaft @&ctroastuT titmRinPy ed
within Field Effect Transistors (FETS) have con nued to decrease and
define semgfigide peticide ﬁf@ﬂwodémimd hirhindidid Eﬂ'écs Fransistgsst (FETs)i Havecatinued
polycide gate electrodes or titaniumsilicide polycide gate el ectrodes of
| i newi dt h Itedecredseandadeting semicRBductar chammel regibns henesith éﬁwngﬁmtséﬂé@e pelyside ance
i nduced gate el ectrode el ectrjcal circuit
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about 0.25 mcrons. Thus, in order to avoid contact resistance induced gate

el ectrode ei;efstwlhﬂﬂleﬁncthb contiict gesistyicasiof both tunpsteq sifitideipalycide gateseléctrodesgnd
formed therein advanced Field Effect Transistors (FETs) with tungsten
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conpari son elther tungsten silTcide or titaniumsilicide
of linewidth less than about 0.25 microns, there has recently been proposed and implemented the

use of polycide gate electrodes comprising cobalt silicide layers or nickel silicide layers rather than
tungsten silicide layers or titanium silicide layers, since cobalt silicide and nickel silicide have an
inherently lower contact resistance in comparison with either tungsten silicide or titanium silicide

when formed in patterned layers of linewidth less than about 0.25 microns.

While the cobalt silicide polycide gate electrodes and nickel silicide polycide gate
electrodes so formed have served well in providing gate electrodes exhibiting the decreased levels
of contact resistance induced gate electrode electrical circuit delay desired within advanced
integrated circuits, the methods through which such cobalt silicide polycide gate electrodes and
nickel silicide polycide gate electrodes are formed within advanced Field Effect Transistors
(FETs) are not entirely without problems. In particular, it is known in the art that the
conventional self-aligned method for metal silicide layer formation within polycide gate

electrodes, when employed for forming a cobalt sificide polycide gate electrode or nickel silicide



when .f.ormed in patterned |ayers of linew dth | ess than about 0.25 m crons.
While the cobalt silicide polycide gate el ectrodes and nickel silicide

pol ycide gate electrodes so forned have served well in providing gate

el ectrodes exhibiting the decreased | evels of contact resistance induced
gate el ectrode electrical circuit delay desired within advanced integrated
circuits, the nethods through which-stich cobalt silicide polycide gate

el ectrodes and nickel silicide polycide gate el ectrodes are formed within
advanced Field Effect Transistors (FETs) are not entirely w thout
problens. In particular, it is known in the art that the conventional
self-align RV ey i O 'P‘ﬁd" sl ' gate
el ect rodes?gw\/\ﬁgi%ﬁg}%&gd’ folr‘ypsdgirwnﬁ ﬁgng g%ﬁ%lfcg&sléﬁ%i ewp%%déil%} égégl'%bgﬁlg

el ectrode @ibstintill @hcréachinentdato insulator spacers which adjoin the cobalt silicide polycide gate

- 4 - pol yci de gate el ectrode, will typical []y yield a cobalt silicide

| ayer or niclektzddesirmickel$dicide pelycidagatdledtrode. Sucheheosdhmentamayrledtn electricaint o

i nsul ator spacers which adjoin the cobalt silicide polycide gate electrode
or ni ckel qme&@eﬁ&v@bﬁ@w@@owéesatealems\sm tl@mqkeédmﬂemtﬂY%ysatead to
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particul arly under circCunstances I'ng source/dral
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cobalt silicide layers or nickel silicide layers. It is thus in general

towar ds t hdaygusallt isthus brgenergl towvards the gdalaf Gerchirig veithin &dvhed FitldEfectsTransistors
(FETs) cobalt silicide polycide gate electrodes, nickel silicide polycide gate electrodes and other

metal silicide polycide gate electrodes which exhibit limited susceptibility to encroachment upon

adjoining insulator spacers or source/drain regions that the present invention is directed.

Methods and materials through which may be formed within integrated circuits
cobalt silicide layers and/or nickel silicide layers exhibiting desirable properties are known in the
art, For example, Duchateau et al. in U.S. Patent No. 5,302,552 disclose a method for forming
without encroachment a self-aligned cobalt silicide layer or nickel silicide layer within an
integrated circuit. The method employs annealing upon the exposed silicon portions of a silicon
semiconductor substrate an amorphous alloy comprising cobalt or nickel in combination ﬁth an
additional metal selected from the group of metals consisting of titanfum, zirconium, tantalum,
molybdenum, niobium and hafnium. In addition, Geiss et al. in U.S. Patent No. 5,356,837
disclose a method for forming within 2 silicon semiconductor device an epitaxial.cobalt silicide
layer with limited susceptibility to agglomeration. The method employs annealing a silicon
seﬁﬁconduaor device having formed thereover a bﬁayer comprising a cobalt layer formed over a
refractory metal layer or a refractory metal silicide layer. Finally, Chen et al. in U.S. Patent No.

5,457,069 disclose a method for forming within an integrated circuit a silicon semiconductor



(FETs): cobalt suicide polycide gate el ectrodes, nickel silicide polycide
gate el ectrodes and other netal suicide polycide gate el ectrodes which
exhibit limted susceptibility to encroachnment upon adjoining insul ator
spacers or source/drain regions that the present invention is directed.
Met hods and materials through which may be fornmed within integrated
circuits cobalt silicide layers andf & ~nickel silicide |ayers exhibiting
desirabl e properties are known in the art. For exanple, Duchateau et al.
in US. Patent No. 5,302,552 disclose a nethod for form ng w thout
encroachnent a self-aligned cobalt silicide layer or nickel silicide |ayer
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exposed silicon portions of "a silicon sem conductor substrate an anorphous
al | oy conpilickderiayecotptitinumrsilicide logér dontactad ishallawijsretion. t Theanethslibniplor #bmiigs al
selected fromthe group of netals consisting of titanium zirconium

tant al um and@nyashieginen the sdispR samicradpctordevier a metad Hithyed consistidgiof  layver aeral i n
U S. Patent No. 5,356,837 di 0sg t ho or formpg within a silicon
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suscepti bi 'EM?PIe? Lalok:@f. The nethod enpl oys annealing a silicon
sem conducl'%l%)tr evf%%%ggiﬁng ornmed thereover a bilayer conprising a cobalt
| ayer forned over a refractory nmetal layer or a refractory netal silicide
| ayer. Finally, Chen et al. in U S Patent No. 5,457,069 disclose a nethod
for form ng within 3esirablednythetrdreadditional netisods iandmatetals thesugh otbich metal

- 5 - device having simltaneously fornmed thereover a titaniumtungsten

barrier | aSicidedugrssuethasobalisilicidgilayersiang aicke siligide tayers may b¢ foometbwithiner
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nickel silicide layers when employed in forming polycide gate electrodes such as cobalt silicide
polycide gate electrodes and nickel silicide polycide gate electrodes within Field Effect Transistors
(FETs) within integrated circuits may be formed without encroachment of the low resistance and
high encroaching metal silicide layers onto insulator spacers or source/drain regions adjoining the

polycide gate electrodes formed with the low resistance and high encroaching metal silicide layers.
SUMMARY OF THE INVENTION
A first object of the present invention is to provide a method for forming within a
Field Effect Transistor (FET) for use within an integrated circuit a low resistance polycide gate
electrode employing a low resistance and high encroaching metal silicide Iayer such as a cobalt

silicide layer or a nickel silicide layer.

A second object of the present invention is to provide a method in accord with the



Desirable in the art are additional nmethods and materials through which
metal silicide layers such as cobalt silicide |layers and nickel silicide
|"ayers may be formed within integrated circuits while exhibiting specific
properties. Particular desirable are nmethods through which | ow resistance
and hi gh encroaching netal silicide |layers such as cobalt silicide |ayers
and nickel silicide |ayers when enptdyed in form ng pol yci de gate
el ectrodes such as cobalt silicide polycide gate el ectrodes and ni ckel
silicide polycide gate electrodes within Field Effect Transistors (FETS)
within integrated circuits may be fornmed w thout encroachment of the | ow
resi st anceg@ibjechbifie prRSenPMELDE whBleR théiow &kx&&:de%ﬁ&hx ditréachi ? wHefhl Slficide
spacers or source/draln regions adjoining the polycide gate electrodes
formed wi tlaydrindthinthe palgside gateabectnde isinghsubject toaadéroamestt uplon Fishlator spacérager s.
SUWARY COF THE | NVENTI ON A first object of the present
i nvent i on soyraesirgin rgions adioimag thedow sesistancepolyrcidd satg lecarogs within ther Kield Effect
Transi st or, . ( FET use within an integrated circuit a |ow resistance
T @B

pol ycide g ‘ode enpl oying a | ow resistance and hi gh encroachi ng
metal silicide |ayer such as a cobalt silicide layer or a nickel silicide
| ayer. A second object of the present inventionis to
provide a method i n Qgk@AoBiedd dfithe fiésent invention is to provide a method in accord with the
- 6 - first object of the present invention wherein the | ow resistance

and hi gh efirst chjedhiofithe preset invedtioniatk theayanind abjetti off thelpresput|ipvention, which method

el ectrode | s _not subject to encroachnent upon insul ator spacers or
is also readﬂy manufacturable.

In accord with the objects of the present invention, there is provided by the present
invention a method for forming within a Field Effect Transistor (FET) for use within an integrated
circuit a polycide gate electrode. To practice the method of the present invention, there is first
provided a semiconductor substrate. Formed upon the semiconductor substrate is a patterned
polysilicon layer. Formed then upon the semiconductor substrate and the patterned polysilicon
layer is a blanket insulator layer. The blanket insulator layer is then patterned through planarizing
to form a patterned planarized insulator layer while simultaneously exposing the surface of the
patterned polysilicon layer. Finally, there is formed upon the exposed surface of the patterned
polysilicon layer a patterned metal silicide layer. The patterned metal silicide layer and the
patterned polysilicon layer form the polycide gate electrode.

There is provided by the present invention a method for forming within a Field
Effect Transistor (FET) for use within an integrated circuit a low resistance polycide gate
electrode, where a low resistance and high encroaching metal silicide layer within the low
resistance polycide gate electrode is not susceptible to encroachment upon insulator spacers or

source/drain regions which adjoin the low resistance polycide gate electrode within the Field



source/drain regions adjoining the | ow resistance pol yci de gate el ectrode
wthin the Field Effect Transistor (FET). A third object
of the present invention is to provide a nethod in accord with the first
obj ect of the present invention and the second object of the present

I nvention, which method is also readily manufacturable.

In accord with the objects of the pr&sent invention, there is provided by
the present invention a nmethod for formng within a Field Effect

Transi stor (FET) for use within an integrated circuit a polycide gate

el ectrode. To practice the nethod of the present invention, there is first
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is a patterned polysili‘con [ ayer. Forned en upon the sem conduct or
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The bl anket insulator layer -is then patterned through planarizing to form
a pat t er neatepfoaming and-patierning of s blanket ynsulatdnldyer toiyinld 2 pattscned Iplananiasd inisulator he
surface of the patterned polysilicon_layer. Final]ly, .there is forned upon
the exposd#esa %PWSFK@%QE%%%“ P%ﬂ}@mlqyebw Flupems the lower dayaeef thiet al
silicide | .t erne | :S1 1 L Cl. I r
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Ef fect Transistor (FET) for use wthin an integrated circuit a | ow

r esi st anc eTransisyeri (BET pwitidn whick istformskd theloar resistadce polycide gdtaelectroda thriughlithe
encroaching netal silicide |layer within the | ow resistance polycide gate

el ect r ode methodbef thepresept invention, shednwresistinee and highoencraashingunetel sfisidedaysr or
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invention is not susceptible to encroachment upon those adjoining insulator spacers and

source/drain regions,

. The method of the present invention is readily manufacturable. The method of the
present invention provides for forming a low resistance polycide gate electrode through a novel
ordering of integrated circuit fabrication methods which are otherwise known in the art of
integrated circuit fabrication. Since the ordering of the integrated circuit fabrication methods,
rather than the existence of the individual integrated circuit fabrication methods, is unique to the

method of the present invention, the method of the present invention is readily manufacturable.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects features and advantages of the present invention are understood within
the context of the Description of the Preferred Embodiments, as set forth below. The Description

of the Preferred Embodiments is understood within the context of the accompanying drawings,



- 7 --+ Effect Transistor (FET). Through the nethod of the present

I nvention, the | ow resistance and high encroaching netal silicide |ayer
wi'thin the | ow resistance polycide gate electrode is formed after formng
and patterning of a blanket insulator layer to yield a patterned planarized
I nsul ator | ayer and an exposed surface of a patterned polysilicon |ayer
which forns the lower |ayer of the td@wresistance polycide gate el ectrode.
Since remaining portions of the patterned planarized insulator |ayer cover
t he insul ator spacers and source/drain regions within the Field Effect
Transi stor (FET) within which is formed the | ow resistance pol yci de gate

el ectrode thichferm 4 Materidlphdt ofithizfdiscideurd/ wheaelh: | nvention, the | ow resistance
and hi gh encroaching netal silicide |ayer within the | ow resistance

pol ycide gate el ectrode fornmed through the method of the present invention

IS not susceptible to enc achpent upon _t hose_ adj oi ni ng .i hsul at, spacers
and source/drain reg Fog 4 show a series of schematiccrogsrsagipngdiagrams ggtﬁ'{gtﬁe
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ot herwi se known In the art of i1ntégrated circuit fabrication. Since the
orderi ng oferdbbéimesmttof thieahetbbdooftife présehtcibvdntion.i on net hods, rather than the
exi stence of the individual integrated circuit fabrication nethods, is
unique to the nethod of the present invention, the nethod of the present
I nvention is readily_manuf act ur abl e
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of the acconpanyi ng-draw ngs,
preferred embodiment of the method of the present invention.

F'

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming within a Field Effect
Transistor (FET) for use within an integrated circuit a low resistance polycide gate electrode
employing a low resistance and high encroaching metal silicide layer, where the low resistance and
high encroaching metal silicide layer within the low resistance polycide gate electrode is not
susceptible to encroachment upon insulator spacers or source/drain regions within the Field Effect
Transistor (FET) within which is formed the low resistance polycide gate electrode. The manner
by which the method of the present invention avoids encroachment of the low resistance and high
encroaching metal silicide layer of the low resistance polycide gate electrode onto insulator
spacers or source/drain regions adjoining the low resistance polycide gate electrode is through

forming the low resistance and high encroaching metal silicide layer within the low resistance



which forma material part of this disclosure, wherein:

Fig. 1to Fig. 4 show a series of schematic cross-sectional diagrans

"l lustrating the results of progressive stages in formng within a Field
Effect Transistor (FET) for use within an integrated circuit a cobalt
silicide polycide gate electrode forned in accord with a first preferred
enbodi nent of the nethod of the pres®mt invention. Fig. 5
to Fig. 7 show a series of schematic cross-sectional diagranms illustrating
the results of progressive stages in formng within a Field Effect

Transi stor (FET) for use within an integrated circuit a cobalt silicide
pol yci de f it inhezed i thyeriigétedoved the
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i nvention provides a nethod for formng within a Field Effect Transistor
(FET) for use within an integrated circuit a | ow resi stance pol ycide gate

el ectrode enpl oyi ng | o es| st ance, and, hi gh, encr.oachi netal silicide
| ayer, where the Ioﬁ?@gﬁ\ggéSgé‘%l’@ﬁ??tW@‘W%H%VBEBE‘F}P‘H&%?‘%W%I?W&S“f"rayer
within the | ow resi | t ' Eﬂxteh't%r%
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pol yci de gate el ectrode. The nmanner by which the nmethod of the present

i nvent i on mathdisf theypreseatinventibn mby bédiemployed tefoinning fove reaistindei pplycide gateoachi ng

metal silicide |layer of the | ow resistance polycide ?ate el ect r8d,e onto
i nsul at or electrodes within Field Effect Transistors (FETs) and Bipolar Complementary Metal Oxide

Semicénductor (BiCMOS) transistors within integrated circuits including but not limited to
Dynamic Random Access Memory (DRAM) integrated circuits, Static Random Access Memory
(SRAM) integrated circuits and Application Specific Integrated Circuits (ASICs). The method of
the present invention has broad applicability in forming within Field Effect Transistors (FETs) and
Bipolar Complementary Metal Oxide Semiconductor (BiCMOS) transistors within various types

of integrated circuits low resistance polycide gate electrodes.

While the preferred embodiments of the method of the present invention disclose a
low resistance polycide gate electrode employing a low resistance and high encroaching metal
silicide layer fprmed from a cobalt silicide layer, the method of the present invention may also be
employed in forming low resistance polycide gate electrodes employing a low resistance and high
encroaching metal silicide layer other than the cobalt silicide layer. Such other low resistance and
high encroaching metal silicide layers may include but are not limited to nickel silicide layers.
Although the method of the present invention provides most value when the low resistance and
high encroaching metal silfcide layer employed in forming the low resistance polycide gate
electrode exhibits substantial encroachment, the method of the present invention may nonetheless

also be employed when forming a low resistance polycide gate electrode employing a low



spacers or source/drain regions adj-oining the | ow resistance polycide gate
el-ectrode is through formng the | ow resistance and hi gh encroachi ng net al
silicide layer within the | ow resistance

-9 - pol yci de gate el ectrode after formng a patterned pl anari zed
I nsul ator |ayer which covers the insulator spacers and source/drain
regi ons. The nmet hod B¥ -t he present invention nay be

enployed in formng | ow resistance polycide gate electrodes within Field
Ef fect Transistors (FETs) and Bi pol ar Conpl enentary Metal Oxide
Sem conductor (Bi CMOS) transistors within various types of integrated

Circuits. JdiStanctiind Qv lcrdabiinPmeRtiMicideINRAT T &R &Feh eftdiapention ingy M Ng
| ow resi stance polycide gate el ectrodes within Field Effect Transistors
( FETs) . andnéiiefhieless stilprgpvidervalut &r fprrhiig a lowresisanceolyicide gate electrodeBmpldying a
transistors within integrated circuits including but not limted to
Dynami ¢ Raledoresistausegnd lomnencsoagibirawtal silicidglayeewheni thelomresistaicn pplycidgegato m
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Wil e the preferred enbodi nents of the nmethod of the present invention

di scl ose alimitedseparaiicor feom ehepolrgeintin rggibes satiethhr evee the il cegistagcesant dow

resi stance and hjigh encroaching netal silicide [ayer forned froma cobalt

si licide | sywspachingmetnbsiliaide layer pithinshelow resistange nelyeide gatg/cleqtzode.den fmeded in
formng | i st | yci.d | d l,0yi | i st
and hi gh  SRESERASTRAA st e ddiaion, HaL orBaR SR AT B Aot o

| ayer. Sucpeg%lger | ow resi stance and

Referring now to Fig. 1 to Fig. 4, there i§ shown a series of schematic cross-
sectional diagrams illustrating the results of progressive process stages in forming within an
integrated circuit a cobalt silicide polycide gate electrode in accord with a first preferred
embodiment of the method of the present invention. Shown in Fig. 1 is a schematic cross-

sectional diagram of the integrated circuit at its early stages of fabrication.

Shown in Fig. 1 is a semiconductor substrate 10 having formed within its surface
isolation regions 12a and 12b which define the active region of the semiconductor substrate 10.
Although semiconductor substrates are know in the art with either dopant polarity, many dopant
concentrations and various crystallographic orientations, the semiconductor substrate 10
employed within the first preferred embodiment of the method of the present invention is
preferably a (100) silicon semiconductor substrate having an N- or P- doping. Although it is also
known in the art that isolation regions may be formed within and/or upon semiconductor

substrates through several methods, including but not limited to isolation region growth methods



hi gh.encroaching netal silicide layers may include but are not limted to
nikckel silicide layers. Although the nethod of the present invention
provi des nost val ue when the | ow resi stance and high encroachi ng netal
silicide |layer enployed in form ng the | ow resi stance pol yci de gate

el ectrode exhibits substantial encroachnment, the nethod of the present

I nvention may nonet hel ess al so be eaplioyed when form ng a | ow resi stance
pol yci de gate el ectrode enploying a | ow C

- 10 - resi stance and | ow encroaching netal silicide |ayer. The method
of the present invention may nonetheless still provide value in formng a
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cobalt silicide polycide gate electrode in accord with a first preferred
Also shown within or upon the active region of the semiconductor substrate 10 as

illustrated in Fig. 1 is the presence of several structures which are employed in forming a Field
Effect Transistor (FET). The structures include: (1) a gate oxide layer 14a formed upon the
active region of the semiconductor substrate 10; (2) a patterned polysilicon layer 16a formed and
aligned upon the gate oxide layer 14a; (3) a pair of insulator spacers 20a and 20b formed along a
pair of opposite edges of the patterned gate oxide layer 14a and the patterned polysilicon layer
16a; and (4) a pair of source/drain regions 18a and 18b incorporating a pair of Lightly Doped
Drain (LDD) low dose ion implant structures formed within the active region of the
semiconductor substrate 10 at areas not covered by the gate oxide layer 14a and the patterned
polysilicon layer 16a. Each of the preceding structures employed in forming the Field Eﬂ'ect
Transistor (FET) may be formed through methods and materials as are conventional in the art of

forming Field Effect Transistors (FETs) within integrated circuits.

For example, the gate oxide layer 14a may be formed through patterning through
plasma etch methods as are conventional in the art of a blanket gate oxide layer formed upon the
active region of the semiconductor substrate 10 through methods including but not limited to

blanket gate oxide layer thermal growth. methods and blanket gate oxide layer deposition



enbodi ment of the nmethod of the present invention. Shown in Fig. 1 is a
schematic cross- sectional diagramof the integrated circuit at its early
stages of fabrication. Shown in Fig. 1 is a sem conductor
substrate 10 having formed within its surface isolation regions 12a and 12b
whi ch define the active region of the sem conductor substrate 10. Although
sem conductor substrates are know in the art with either dopant polarity,
many dopant concentrations and various crystallographic orientations, the
sem conductor substrate 10 enployed within the first preferred enbodi nent
of the method of the present invention is preferably a (100) silicon
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anisotropic Reactive Ion Etch (RIE) etching through methods as are conventional in the art of a
blanket layer of insulator spacer material formed upon the semiconductor substrate 10, the
patterned gate oxide layer 14a and the patterned polysilicon Jayer 16a. Although insulator spacers
may in general be formed of several insulator materials, including but not limited to silicon oxide
insulator materials, silicon nitride insulator materials and silicon oxynitride insnlator materials, the
insulator spacers 20a and 20b formed through the first preferred embodiment of the method of the
present invention are typically and preferably formed of a silicon oxide insulator material. Finally,
as is common in the art, the source/drain regions 182 and 18b incorporating the Lightly Doped
Drain (LDD) low dose ion implant structures are preferably formed within the active région of the
semiconductor substrate 10 through a two-step ion implantation method employing a dopant of
polarity suitable to the polarity of the Field Effect Transistor (FET) desired to be formed.
Typically, the first step within the two-step ion implantation method forms the Lightly Doped
Drain (1L.DD) low dose ion implant structure while employing the gate oxide layer 14a and the °
patterned polysilicon layer 16a as a mask, while the second step within the two-step ion
implantation method provides the source/drain regions 18a and 18b incorporating the Lightly
Doped Drain (LDD) low dose ion implant structures while employing the patterned gate oxide

layer 14a, the patterned polysilicon layef 16a and the insulator spacers 20a and 20b as a mask.



illustrated in Fig. 1 is the presence of several structures which are
enployed in formng a Field Effect Transistor (FET). The structures
include: (1) a gate oxide |ayer 14a forned upon the active region of the
sem conductor substrate 10; (2) a patterned polysilicon |ayer 16a forned
and aligned upon the gate oxide |layer 14a; (3) a pair of insulator spacers
20a and 20b fornmed along a pair of oppdsite edges of the patterned gate

oxi de layer 1l4a and the patterned polysilicon layer 16a; and (4) a pair of
source/drain regions 18a and 18b incorporating a pair of Lightly Doped
Drain (LDD) | ow dose ion inplant structures formed within the active region
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the second gate oxide layer 14a and the second patterned polysilicon layer 16b, The second

patterned polysilicon layer 16b is typically employed as a polysilicon interconnect within the
integrated circuit formed upon the semiconductor substrate 10. The second gate oxide layer 14b
is preferably formed simultaneously with and through patterning of the same blanket gate oxide
layer employed in forming the gate oxide layer 14a. In addition, the second patterned polysilicon
layer 16b is preferably formed simultaneously with and through patterning of the saxﬁe blanket
polysilicon layer employed in forming the patterned polysilicon layer 16a. Finally, the s.econd pair
of insulator spacers 20c and 20d is preferably formed simultaneously with and through anisotropic
Reactive Ion Etch (RIE) etching of the same blanket layer of insulator spacer material which is
employed in forming the pair of insulator spacers 20a and 20b.

Finally, there is shown in Fig. 1 the presence of a blanket first Pre-Metal Dielectric
(PMD) layer 22 formed upon the surface of the semiconductor substrate 10 including the
structures employed in forming the Field Effect Transistor (FET) and the polysilicon interconnect.
Methods and materials through which Pre-Metal Dielectric (PMD) layers may in general be



about 4000 angstrons. Preferably, the patterned polysilicon |ayer 16a has a
| hnewi dth of |less than about 0.25 mcrons. Further, the insul ator spacers
20a and 20b are preferably formed through anisotropic Reactive lon Etch
(RIE) etching through nethods as are conventional in the art of a bl anket

| ayer of insulator spacer material fornmed upon the sem conductor substrate
10, the patterned gate oxide |ayer -1%a "and the patterned polysilicon | ayer
16a. Although insulator spacers may in general be forned of several

i nsulator materials, including but not limted to silicon oxide insulator
materials, silicon nitride insulator materials and silicon oxynitride
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Preferably F“Q‘!‘fé“_’hqs‘? schemstic srosssertianl dissramys Lpstrated hy Figr thropgh ?g#%t hod is
provi ded ai AN 108 emical Vapor Deposition (PECVD) method. Preferably, the blanket first Pre-Metal
Dielectric (PMD) layer 22 so formed is from about 7000 to about 15000 angstroms thick.

Referring now to Fig. 2, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit whose schematic cross-
sectional diagram is illustrated in Fig. 1. Shown in Fig, 2 are the patterned planarized first Pre-
Metal Dielectric (PMD) layers 22a, 22b and 22¢ which are formed through planarizing through
methods as are conventional in the art of the blanket first Pre-Metal Dielectric (PMD) layer 22.
When planarizing the blanket first Pre-Metal Dielectric (PMD) layer 22 to form the patterned
planarized first Pre-Metal Dielectric (PMD) layers 22a, 22b and 22¢, the blanket first Pre-Metal
Dielectric (PMD) layer 22 is planarized sufficiently such that the patterned polysilicon layers 16a
and 16b are simultaneously exposed as the patterned planarized first Pre-Metal Dielectric layers
22a, 22b and 22¢ are formed. Although it is known in the art that dielectric layers may be
planarized through methods including but not limited to Chemical Mechanical Polish (CMP)
planarizing methods and Reactive Ion Etch (RIE) etch-back planarizing methods, for the first



| npl antati on dose of from about 1E13 to about 1E14 dopant ions per square
centineter and an ion inplantation energy of from about 20 to about 100
keV. Preferably, the second step within the two-step ion inplantation
method is provided-at an ion inplantation dose of from about 1E15 to about
5E15 dopant ions per square centineter also at an ion inplantation energy
of fromabout 20 to about 100 keV. - 15 - There is also, as
shown in Fig. 1, formed upon the isolation region 12b a second gate oxide
| ayer 14b having forned and aligned thereupon a second patterned
polysilicon | ayer 16b, and a second pair of insulator spacers 20c and 20d
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methods employing cobalt source materials suitable to the individual methods. For the first
preferred embodiment of the method of the present invention, the blanket cobalt metal layer 24
may be formed within the integrated circuit whose schematic cross-sectional diagram is illustrated
in Fig. 2 through any of the foregoing methods, Preferably, the thickness of the blanket cobalt
metal layer 24 is from about 200 to about 1000 angstroms. |

Referring now to Fig. 3, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit whose schematic cross-
sectional diagram is iflustrated in Fig. 2. Shown in Fig. 3 is the results of thermally annealing the
blanket cobalt metal layer 24 as illustrated in Fig. 2 to form the patterned self-aligned cobalt

- silicide layers 24a and 24b in contact with the patterned polysilicon layers 162 and 16b.
Following formation of the patterned self-aligned cobalt silicide layers 24a and 24b, unreacted

portions of the blanket cobalt metal layér 24 remaining upon the patterned planarized first Pre-



- 14 - formed wthin integrated circuits are known in the art of

I ntegrated circuit fabrication. Pre-Metal Dielectric (PMD) |ayers may be
formed within integrated circuits through nmethods including but not
limted to Chem cal Vapor Deposition (CVD) nethods, Plasma Enhanced

Chem cal Vapor Deposition (PECVD) nethods and Physical Vapor Deposition
(PVD) sputtering nmethods through whiechleray be forned Pre-Metal Dielectric
(PVMD) layers of dielectric materials including but not limted to silicon
oxide dielectric materials, silicon nitride dielectric materials and
silicon oxynitride dielectric materials. For the first preferred
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are formed through planharizing through nethods as are conventional in the

art of the kburcdsdor dompatatiflyshbiitinde petiedse For the fitsPpfeferted ymbodient ofthe method
pl anari zing the bl anket first Pre-Metal Dielectric (PMD) layer 22 to form
t he pat t er nofthepresend invertionf portionspf the biankst cobalt metalddyer 24inppntact pathdhep0a  22b
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art that di gREAYmethod aPrempéBtird ¥ from about S00 to about 900 degrees centigrade for a time
' period of from about 10 to about 60 seconds. Following exposure to the Rapid Thermal
Annealing (RTA) method through which is formed the patterned self-aligned cobalt silicide layers
24a and 24b, the remaining unreacted portions of the blanket cobalt metal layer 24 are preferably

removed through etching with an etchant solution comprised of concentrated hydrochlgﬁc acid,
concentrated hydrogen peroxide and deionized water at a HCI:H202:H20 volume ratio of about
1:1:6. Following removal of the remaining unreacted portions of the blanket cobalt metal layer
24, the patterned self-aligned cobalt silicide layers 24a énd 24b are preferably re-annealed through
exposure to a second Rapid Thermal Annealing (RTA) method at a temperature of from about
500 to about 900 degrees centigrade for a time period of from about 10 to about 60 seconds to
fully optimize the contact resistance characteristics of the patterned self-aligned cobalt silicide
layers 24a and 24b. Within the context of the methods and materials disclosed within the first
preferred embodiment of the method of the present invention, the patterned self-aligned cobalt
silicide layers 24a and 24b typically have a thickness of from about 200 to about 1500 angstroms



pl anari zed t hrough nethods including but not limted to Chem cal Mechani cal
Polish (CWP) planarizing nmethods and Reactive lon Etch (RIE) etch-back

pl anari zi ng nmet hods, for the first

- 15 - preferred enbodi nent of the nethod of the present invention, the
bl anket first Pre-Metal Dielectric (PMD 7Layer 22 is preferably planarized
to sinultaneously expose the patterned olysilicon | ayers 16a and 16b and
formthe patterned planarized Pre-Metal Dielectric (PMD) |ayers 22a, 22b
and 22c through a Chem cal Mechani cal Polish (CWP) planarizing nethod.
There is also shown in Fig. 2 the presence of a blanket cobalt netal |ayer
24 formed upgpnt he exposed surfaces of the bl anket planarized first
Pre-Metal Dielectric (PMD) |ayers 22a, 22b and 22c, and the patterned
polysilicon |ayers 16a and 16b. Methods and materials through which

bl anket cobalt netal |ayers may be forned within integrated circuits are
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forming patterned cobalt silicide layers are typically not preferred since they involve additional
masking methods providing additional process complexity and the potential for mis-registration of

the patterned cobalt silicide layers upon the patterned polysilicon layers 16a and 16b.

Together, the patterned self-aligned cobalt sificide layer 24a and the patterned
polysilicon layer 16a form a cobalt silicide polycide gate electrode formed through the first
preferred embodiment of the method of the present invention. The patterned self-aligne.d cobalt
silicide layer 24a within the cobalt silicide polycide gate electrode so formed is not susceptible to
encroachment' onto the insulator spacers 20a and 20b or the source/drain regions 18a and 18b
adjoining the cobalt silicide polycide gate electrode since the insulator spacers 20a and 20b and
the source/drain regions 18a and 18b have formed thereupon the corresponding patterned
planarized first Pre-Metal Dielectric (PMD) layers 22a and 22b. Thus, although there may be
some encroachment of the patterned cobalt silicide layer 24a upon the surfaces of the patterned
planarized Pre-Metal Dielectric (PMD) layers 22a and 22b, there will be no electrical shorting of
the patterned self-aligned cobalt silicide layer 24a to the source/drain regions 18a and 18b.



il lustrating the results of further processing of the integrated circuit

whose schematic cross- sectional diagramis illustrated in Fig. 2. Shown in
Fig. 3is the results of thermally annealing the blanket cobalt netal
| ayer 24 as illustrated in Fig. 2 to formthe patterned self-aligned cobalt

silicide layers 24a and 24b in contact with the patterned polysilicon
| ayers 16a and 16b. Follow ng formatign-of the patterned self-aligned
cobalt silicide |ayers 24a and 24b, unreacted portions of the bl anket
cobalt metal |ayer 24 renaining upon the patterned planarized first Pre-
- 16 - Metal Dielectric (PVMD) |layers 22a, 22b and 22c are sel ectively

removed. Methods thrlﬁéﬁ&?%&&ﬁg%%&é@s wiPa SURER PR sbctiBRil Blaglagyers i n

contact with pattern con cOntaining layers within integratéd circuits

nmay be anngmkesling thefresults Bﬁhhﬁér?@eﬁﬁgfcf&ﬁd ififepted@iralit whidsk scletiatid @ygrs are
known in the art of integrated circuit fabrication. Portions of blanket

cobal t et aéctional diagramris losttageskin Figt B. ShawreinFigl 495 thie prasence nf the pattegnadasgeond
within integrated circuits may be annealed to formpatterned, 6 self-aligned

cobal t si | Pes-Metal Relactricy(RMD) yers2bm 298, 265c20dnd 6o rriich are fprmed upen the surface
tional, t . | | t hod i d_Th | | | RT.
ot hods. et 8 TGRS SO Shosd Sndinddes Sifiont Rntram S IR al B 1o Abiell
For the fi ];ﬁﬁ[ mﬁﬂlﬁ@m i@ﬁh‘, i tion,
pg:tioﬁs Ior '%rﬁge{{vgl an ogtg co a%iti netya?%ge?r}gn ﬁﬂe%a%fﬁ?g%t&c\?\nﬁtﬁ {}%eethlnven o
patterned ptlydiid (POMD) lhyy£26a, 36b2264) d6d 4l Foe QrdirefeRbR Fboned MitORdhafethdlisfafd M

the corresponding patterned self-aligned cobalt silicide |ayers 24a and
24b t hr ougmateriRispnalogiue tathe méthodaitidgatédalsdmphayet odforting the patderned planarized f r om

about 500 to about 900 degrees . centigrade for a tinme,  period of from about
10 to aboutirsBroMeish HEIect g YR o, 00 4b and 225, REpagh H4F Mo O oripi 1 | ng

(RTA) et g LR P U S D1 SEMS i 265, A5 26 b B 80 2

silicide |
included an etch patterning method for forming a series of apertures which individually reach the
surfaces of the source/drain region 18a, the patterned self-aligned cobalt silicide layer 24a, the
source/drain region 18b and the patterned seif-aligned cobalt silicide layer 24b. Through this etch
patterning method there is simultaneously formed from the patterned planarized first Pre-Metal
Dielectric (PMD) layer 22a the etched patterned planarized first Pre-Metal Dielectric (PMD)
layers 222’ and 222, and there is also formed from the patterned planarized first Pre-Metal

Dielectric layer 22b the etched patterned planarized first Pre-Metal Dielectric layers 22b’ and
22b°¢. |

Also shown in Fig. 4 is the presence of conductive contact studs 28a, 28b, 28¢c and
28d formed into the apertures between the patterned second Pre-Metal Dielectric (PMD) layers
26a, 26b, 26¢, 26d and 26e simultaneously making contact with the corresponding surfaces of the
source/drain region 18a, the patterned self-aligned cobalt silicide layer 24a, the source/drain
region 18b and the patterned self-aligned cobalt silicide layer 24b. Methods and materials through

which conductive contact studs may be formed within integrated circuits are known within the art



24a and' 24b, the remmining unreacted portions of the blanket cobalt netal

| ayer 24 are preferably renoved through etching with an etchant sol ution
conpri sed of concentrated hydrochloric acid, concentrated hydrogen

per oxi de and dei oni zed water at a HCl: Herr]Jerr]H err] O volune ratio of
about 1:1:6. Follow ng renoval of the remaining unreacted portions of the
bl anket cobalt netal |ayer 24, the-pa®terned self-aligned cobalt silicide
| ayers 24a and 24b are preferably re-anneal ed t hrough exposure to a second
Rapi d Thermal Annealing (RTA) nethod at a tenperature of from about 500 to
about 900 degrees centigrade for a tinme period of fromabout 10 to about 60

g ' e _ . i ;
et torned <dieapBEbich Briefifon CoAfyd it BB WIS fidptiled 1€
context of &bgitymicigsMmehods tkidig it fotlinSifedqs Bérid] ettipBratib® meihbas, ghamemer red

enbodi nent of the nethod of the present invention, the patterne

sel f - al i gnedapoo Pepdsition (CYVD) methayrami Physica Wdp&t Aepbsitioro@VID) spatteeingmethodk ness
of from about 200 to about 1500 angstrons . L. .

- 17 - ethesygh which may be formed condpglive sontpat studs efrendirtive patedadningliding bt nop

noni nal |y ckTaa e, BBl Ao 0 SHsEHEeq PO IcGhe RorChE Rt refer P PRt ot
24 d 24 ' | - ] ' | it
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in Fig. 3. The other nethod ypi cal'ly form "patterned cobalt silicide

| ayers t hr oDegositiah (CVD} methed, agiskbmitiontin theast! The tdndaetive cormyee studn2iapestyest | y
formed in place of the blanket cobalt neal layer 24 illustrated in Fig. 2.

Such ot her #ndt28d ats preferably formed of pauflicient thicknets 40 reachi the uppee surfpesof ther e
Pl cal Y O g b Bre MOt Dibiig e (EMB) tesers 365, 2685 330, 264 and 26s.

Finally, there is shown in Fig, 4 the presence of patterned first conductor layers
30a, 30b, 30c and 30d which are formed contacting the corresponding conductive contact studs
28a, 28b; 28c and 28d. Methods and materials through which patterned conductor layers may be
formed within integrafed circuits are known within the art of integrated circuit fabrication.
Patterned conductor layers are typically formed within integrated circuits through patterning
through methods as are conventional in the art of blanket conductor layers formed within
integrated circuits. For the first preferred embodiment of the method of the present invention, the
patterned first conductor layers 30a, 30b, 30c and 30d are preferably formed through patterning
through methods as are conventional in the art of a.blanket first conductor layer formed at least in
part of an aluminum containing conductor alloy, as is common in the art. Preferably, the
patterned first conductor layers 30a, 30b, 30c and 30d are from about 4000 to about 8000

angstroms thick each.

In addition to the first preferred embodiment of the method of the present



maski ng met hods providing additional process conplexity and the potenti al
folf ms-registration of the patterned cobalt silicide |ayers upon the
patterned polysilicon |ayers 16a and 16b. Toget her, the
patterned self-aligned cobalt silicide |layer 24a and the patterned
polysilicon | ayer 16a forma cobalt silicide polycide gate el ectrode forned
through the first preferred enbodi mentzoof the nethod of the present

i nvention. The patterned self-aligned cobalt silicide |ayer 24a within the
cobalt silicide polycide gate electrode so fornmed is not susceptible to
encroachnent onto the insulator spacers 20a and 20b or the source/drain

L?EL@”E hés?wgﬁfo&l@?feg%%%%ﬁé‘53%35‘2%?%%%'%ﬁ%%@o?ﬁﬁfrﬁ%?@%ﬁa R
o ! | K .
an a\éesgf.lgsr Jtchehldfié EURORCAM %ﬁgﬁg@gﬁ&%g{}@{eﬁﬁg of PlogRadiveilcesd 1 St

Pr e- Met al ectric (PMD) |ayers al though™t here may be

sone encr oatbesEn fordingtwithinneFitld Bifect Tramsistdr (FET) witlde an inyegfatedidicchip @ Bobalte
surfaces of the patterned planarized Pre-Metal Dielectric (PMD) |ayers 22a
and 22b, t Isiicide pplydidagateniectrode inaceat withdhe secopdafreferrédeembadimentiefithe method of
self-aligned cobalt silicide |ayer 24a tl‘pigthe source/drain regions 18a and

18b. the present invention is shown by reference to Fig. 5 to Fig. 7. Shown in Fig; 7.iS'a schematic

Ref erri ng to.Flg. 4, there i own .a ,sche i C ss-sectional diagram
il lustrati ﬁgégf %uegl?%agﬂﬂa?‘smoq?g?ed?tfﬁéé SFS‘B@?&F ﬁﬁ%agfﬂég%{f%%&ét ed circuit
whose schematic cross sectional diagramis illustrated in Fig. 3. Shown in

Fig. 4 is the presence of the patterned second Pre-Metal Dielectric (PVD)

| ayers 26a, 26b, 26cShodadn #igds daeschidihaftic cidse-séctibng diapmamoflah intepratbdicireuitof t he
integrated circuit whose schematic cross-sectional diagramis illustrated

in Fig. 3. otherwiseieswivalent iothraschermativisrassdectional diagtany of shesintegmpted|cirouitiBlustrated

enpl oyed, tixt] xgplait\;[rigxrt g gxc%an%grtll?at tPhre?e- hl\gtbgén formed upon the surfaces of the source/drain
region 18a, the pattemned polysilicon layer 16a, the source/drain region 18b and the patterned
polysilicon layer 16b a corresponding series of low encroaching and low silicon substrate
consuming metal silicide layers 21a, 21b, 21¢c and 21d. The low encroaching and low silicon
substrate consuming metal silicide layers 21a, 21b, 21¢ and 21d are preferably formed in a self-
aligned fashion through a blanket metal silicide forming metal layer annealing ahd selective etch
removal method analogous to blanket cobalt layer annealing and selective etch removal method
employed in forming the patterned self-aligned cobalt silicide layers 24a and 24b witlﬁn‘the first |
preferred embodiment of the method of the present invention, with the exception that there is
employed a metal silicide forming metal of a composition and thickness which when annealed
upon the source/drain regions 18a and 18b and the patterned polysilicon layers 16a and 16b forms
a metal silicide exhibiting low encroachment and low silicon substrate consumption. Although
several metal silicide forming metals fulfill these characteristics, tungsten metal and titanium metal
are commonly employed within the art and preferred as low encroachment and low silicon

substrate consuming metal silicide forming metals.



Di el éctric (PVMD) |ayers 26a, 26b, 26c, 26d and 26e are preferably forned

t irough net hods and materials anal ogous to the nethods and materials
enployed in formng the patterned planarized first Pre-Metal Dielectric
(PMD) layers 22a, 22b and 22c. Through the nmethod of form ng the patterned
second Pre-Metal Dielectric (PVMD) | ayers 26a, 26b, 26c, 26d and 26e, there
Is also included an etch patterning 2iethod for formng a series of
apertures which individually reach the surfaces of the source/drain region
18a, the patterned self-aligned cobalt silicide |ayer 24a, the source/drain
region 18b and the patterned self-aligned cobalt silicide Iayer 24Db.

Uhe.patternad pl anar ool fi B peagpd ik dinpatolthl bARRS presbal Blenkbg ™

et ched patthesdiesofibwtaérodchthgiahd Biw SHictn Mitistthte BhhREig patterhiMhgtal snaide dyer$2a’
and 22a", and there is also fornmed fromthe patterned planarized first

Pre- Met al 212 21be2tadnd 2|l disemosPprieferdbly fotmdddnl a pelf-aliznebniethbd employingithemyad t
Pre-Metal Dielectric |ayers 22b' and 22b" Al so shown in
Fig 4 is tineeslipge %Uerﬁ@t trtwmmal {ayerfomedapon thednsegraied civeis, wipse schermatizg

EE&B?% S SSepPaL AgranpisOS SR B, S Loest e pRaFR ST My D BHEL eatmdth
Soltoal i orih Klshe BY 26 eﬁ el oB s oRihs bE s Bl BrandeiCn gyt 10
the patterpegrsg! fht%lahﬂéi%mﬁﬁhﬂét&l 18et k%&?aﬁoamo 184bout Yo agstrackhidRESS | al s

through which conductive contact studs nay be formed within integrated
circuits athe blankettungitermetal layer or the blanket titanium metaldiyer istpeeferatilp snnealed thrdugh
fabrication. Conductive contact studs may be fornmed within integrated

circuits thRepidRhermahbunealing {RTA) methpdat atemperatere efcframyabont600ep abaws 769 at i on

t hod al
et hods, e%{'ge(s: centigrade for a time period of from about 10 to about 30 seconds, although other

annealing methods may be employed. Under these conditions, there is typically formed titanium
silicide low encroaching and low silicon substrate consuming patterned metal silicide layers 21a,

21b, 21cand 21d of thickness abdut 200 to about 1500 angstroms each.

Referring now to Fig. 6 and Fig. 7, there is shown a pair of schematic cross-
sectional diagrams illustrating the results of further processing of the integrated circuit whose
schematic cross-sectional diagram is i}lustrated in Fig. 5. The methods, materials, structures and
dimensions employed in forming the integrated circuits whose schematic cross-sectional dxagrams
are illustrated by Fig. 6 and Fig. 7 are otherwise nominally equivalent to the methods, materials,
structures and dimensions employed in forming the integrated circuits whose schematic cross-
sectional diagrams are illustrated by Fig. 2 and Fig. 3, with the exception of the presence of the
series of low encroaching and low silicon substrate consuming patterned metal silicide layers 21a,
21b, 21c and 21d. Although not specifically illustrated, the integrated circuit whose schematic
cross-sectional diagram is shown in Fig. 7 may be further processed with the formation of

additional dielectric layers and conductor layers to yield an integrated circuit whose schematic



Vapor Deposition (CVD) nethods and Physical Vapor Deposition (PVD)
sputtering methods through which may be formed conductive contact studs of
conductive materials including but not limted to netals, netal alloys and
hi ghly doped polysilicon. For the first preferred enbodi nent of the nethod
of the present invention, the conductive contact studs 28a, 28b, 28c and
28d are preferably forned at |east 2n-part of tungsten netal deposited

t hrough a Chem cal Vapor Deposition (CVvD) nethod, as is common in the art.
The conductive contact studs 28a, 28b, 28c and 28d are preferably formed of
a sufficient thickness to reach the upper surfaces of the patterned second
Pre-Metal Dielectric (PMD) | ayers 26a, 26b, 26c¢c, 26d and 26e.

Finally, there is showm in Fig. 4 the presence of patterned first conductor
| ayers 30a, 30b, 30c and 30d which are formed contacting the correspondi ng
conductive contact studs 28a, 28b, 28c and 28d. Methods and material s

t hr ough whéross-seetianaldiagam isradalogoys thedntegratedgipcuitovtiose sabematictdnpss-seqtiosd)r at ed
circuits are knq withi,n_the art of integrated circuit fabrication.

Pat t er ned é’éﬁa@d‘\i,\’[g\’s“laﬁfgéﬁglga‘f"e typically formed within integrated circuits
t hrough patterning through nethods as are conventional in the art of

bl anket conductor |ayers forned within integrated circuits. For the first
preferred enbodi nent s s O L : 'g%mgg'ﬁy&h :ned
first conductor Iayé?ga%Eggdgggﬁﬂgggﬁ%ﬁgﬁggggZﬁgﬁﬁke erg%ly f%ﬁﬁ%@ﬁ%ﬁggugh

pat t er ni ngalighed Rebibd aldpoastoabe Rifaligd wRftiddAhedesilis of Wich hie ilhistrated kniFij &X
first conductor layer formed at |east in part of an al um num contai ni ng
conduct or and Kg.,3 the patterred iseibaligned ¢dbelt silicide Byers 24azdnl 24b.t Asshopatwithimiég 7,i r st
conductor | ayers 30a, 30b, 30c and 30d are from about 4000 tq about 8000
angst rons theipateraed seif-aligned cobalt silicide layers Pfia andcB4biserformediupen thedey epgreachinged

?m;gdi_ ment ax?J lo;[v@?ﬁcorrnegu%?tgatg Longtpn%n el Hicide layers 21b and 21d. Thus, through the second
preferred embodiment of the method of the present invention, there is formed a cobalt silicide
polycide gate electrode comprising in addition to the patterned polysilicon layer 16a and the
patterned self-aligned cobalt silicide layer 24a the intervening low-encroaching and low silicon
substrate consuming metal silicide layer 21b. Through the second preferred embodiment of the
method of the present invention, there is thus provided within an integrated circuit a Field Effect
Transistor (FET) possessing an optimally low contact resistance cobalt silicide polycide gate
electrode whose cobalt silicide layer is not susceptible to encroachment upon adjoining insulator
spacers or source/drain regions within the integrated circuit within which is formed the Field
Effect Transistor (FET). The Field Effect Transistor (FET) simultaneously also possesses low

encroaching and low silicon substrate consuming metal silicide layers upon the source/drain

regions of the Field Effect Transistor (FET).

As is understood by a person skilled in the art, the preferred embodiments of the
method of the present invention are illustrative of the method of the present invention rather than
limiting of the method of the present invention. Modifications and revisions may be made to
methods, materials, structures and dimensions through which are formed cobalt silicide polycide

gate electrodes through the preferred embodiments of the method of the present invention while



i nventti on, there also exists a second preferred enbodi nent of the method of
the present invention. A series of schematic cross-sectional diagrans
which illustrates the results of progressive process stages in formng
within a Field Effect Transistor (FET) within an integrated circuit a
cobalt silicide polycide gate electrode in accord with the second
preferred enmbodi nent of the method_of; _the present invention is shown by
reference to Fig. 5to Fig. 7. Shown in Fig. 7 is a schematic
cross-sectional diagramof the integrated circuit at its early stages of

fabrication. Shown in Fig. 5is a schematic
cross-sectional diagramof an integrated circuit otherw se equivalent to
the schematic cross-sectional diagramof the integrated circuit illustrated

in Fig. 1, with the exception that there has been forned upon the surfaces
of - the soyGrllial Eobakt G ol;ﬁe?d ReIRAbY rf&%féd byghi d théthSd tAY&Ird Wit the' €
sour ce/dr%ﬂ ﬁ’?r egliﬁ%n 18b a‘?])éc}pt eep%itter nedé po y??l 1|¥%10n l ayer 16b a

cor r espongethed sfthe preseat inveitior s idefieti b thepPerded\Chinks. con substrate

consunm ng netal silicide |ayers 21a, 21b, 21c and 21d. The | ow encroachi ng
and low silicon substrate consumng netal silicide |ayers 21a, 21b, 21c and

21d are preferably forned in a self- aligned fashion, through a bl anket
metal silicide for ﬂﬁlﬁﬂ“ﬂﬂ%’a@dlaﬁwtﬁmﬁl%’%gméhw wipstitted f%%@@ﬁm%fﬁval

met hod angl ogou a. bl anket, cob I r _anneal i ng.and sel ective .etc
Bk e S B e e S SR R e S
silicide AT g%?a GEst anafnle s f the
met hod of l hgﬁ%lpgﬁiggﬁqﬁﬁgfgﬁ%%%\% t f&?@xﬁggpﬁgﬁ&%ﬁgﬁt her egiﬁgmgﬁpl oyed
a netal séedcreachifg inetahdilividelien| while sill dornwitiin & FRiddE bl Triatdsor (FBTYfor ukeen
anneal ed uggn the source/drain regions 18a and 18b and the patterned

pol ysi | i cwithinay integrat&hcizenitl a 1B resistanee polycide ghteeleciradedbroaginthb intethod of the
encroachnent and | ow silicon substrate consunption. Although several netal
silicide Ppestinyention.as defingd by the appended Elsimsact eri stics, tungsten nmetal and

titaniumnetal are comonly enployed within the art and preferred as | ow
encroachnent and low silicon substrate consum ng netal silicide formng

netal s. What is claimed is:



- 21.- Thus, for the second preferred enbodi nent of the
mét hod of the present invention, the series of |ow encroaching and | ow
silicon substrate consunming patterned netal silicide |ayers 2la, 21b, 21c
and 21d is nost preferably fornmed in a self-aligned nmethod enpl oyi ng

t hermal ™ anneal ing of a blanket titaniumnetal |ayer forned upon the

i ntegr i “mm ﬁg schematic crpgss-sectional ‘diagramis illustrated
in Fi gT“ﬁmﬂBgm Bhlanket Pre-Metal Dielectric (PVMD) |ayer 22, followed
by selective etch rendval of unreacted portions of the blanket titanium
netal layer. Preferably, the blanket titaniumnetal |ayer is from about

200 to about 1000 angstrons thick, and he bl anket, tungsten netal |ayer or
the bl anket th f*a‘ﬁF‘Sﬂ‘?g’é{WéW@fycpggHFé#‘éﬁr%gﬂ?mﬁﬂﬁ%l ed through a Rapid

Ther mal Anneal i ngr&gaﬁ%amﬁug{org&@%er ature of from about 600 to about
gra T

700 degrees cent for atine périod of fromabout 10 to about 30
seconds, al t houghg raporfihB Séhibtdusiel et poliSilicmayey.ed. Under these
conditions, there is fypically forned titanium “silicide | ow encroaching
and | ow silicon sfdmingaben the sanivendgctpasubsttaeahdthe pittesiet ipolysiicondayer s 21a,
21b, 21c and 21d of thickness about 200 to about 1500 angstrons each.
Ref erri ng nomanketmsylatoslaxert! Fig. 7, there is shown a pair of schematic

cross- sectional djagrans, illustrating the results of, further ocessi ng of
the integrated ci P%H&F“’&/ﬁ}?fsté“@ riayet %é@ﬁmlpqmﬁéﬂ?ﬁa?r%’“
illustrated iBuEl . j I : di mensi ons
enpl bk b ghoo AP oSS s BE BF 8 bier B AR ang L e

enpl oyed in formng . . emati’c ’cro_ss-secti onal
diagrams are il ugdriniig@fdoRthelekftbsednitfatle &f the paftefie® pBlyKiRdonildyer Hpaennl| ¥

equi valent to the nethods, materials, structures and dinensions enployed
in form ng t heetalsiicide hyergthe pattemicd snetd] slicids nperrand the patterssd polysilicon layer

forming a polycide gate electrode.

2. The method of Claim 1 wherein the thickness of the patterned polysilicon layer is from
about 1000 to about 4000 angstroms. |

3. The metbod of Claim 1 wherein the linewidth of the patterned polysilicon layer is less

than about 0.25 microns.

4. The method of Claim 1 wherein the blanket insulator layer is a blanket conformal
silicon oxide insulator layer formed through a Plasma Enhanced Chemical Vapor
Deposition (PECVD) method,

5. The method of Claim 1 wherein the patterned metal silicide layer is formed from a
metal silicide chosen from the group of metal silicides consisting of cobalt silicide and

nickel silicide.



sectional diagrans are illustrated by Fig. 2 and Fig. 3, with the exception
of the presence of the series of |ow encroaching and |low silicon substrate
consum ng_patterned netal-siicide |layers 2la, 21b, 21c and 21d. Although
not specifically illustrated, the integrated circuit whose schematic
cross-sectmmmu'nﬂﬂlﬂﬂ)ﬂﬂshov\n in Fig. 7 may be further processed with
the formati ! & " 1 | dielect Egc_ | ayers and conductor |ayers to
yield an int egfat ed circuit whose schenmatic

- 22 - cross-sectional diagramis anal ogous the integrated circuit
whose schematic cross-sectional diagramis illustrated in Fig. 4.

Shown specid ifal oy i : WL ] ,Ng

t hrough a séél?@ A%H&gérfeééﬁwgtﬂb%ng%g}g%%eg z{nl.éﬁtst]ligﬁg gﬁ%fﬁgﬁ%ﬁ%od t he
results of Maﬁ%neammda!t&_s%gﬁ&ﬁ&nhga blagket &etaﬁmger'?éxamd%p&me padtdrdaned
self-aligned cobalt silicide |ayers 24a and 24b. As shown within Fig. 7,

t he patt er ryoliysiliedd lapdriandithe pattdoaddtplaniafized ibalaton Jageswithiseleativk rémbvalng f or med
upon the | ow encroaching and |ow silicon substrate consum ng net al )
silicide | ajnegasted pprtignsioftheblankiet metaklayeough t he second preferred enbodi nent
of the method of the present invention, there is fornmed a cobalt silicide
polycide gate el ectrode conprising in addition to the patterned polysilicon
: . . el crein the patterts a co

layer 16a a0 iGemfPAELER Wwielh i palifich GARAHdR 1dykeil 8 Battdi¥ed copalft e
i nterveni ng'I ow encroaching an ow'siTicon substrate consumng netal
silicide | ayiRideddfer, thdBlRe métal3ayeris A blhnkét RbBult iedlal ¢V LHd TR fhicRhest BBheet hod
of the present invention, there’is thus provided within an integrated
circuit a Phlaiket dobélemietal layer is from about 200 to about 1000 angstroms.

8. The method of Claim 7 wherein the blanket cobalt metal layer is annealed through a
Rapid Thermal Annealing (RTA) method at a temperature of from about 500 to about 900
degrees centigrade for a time period of from about 10 to about 60 seconds.

9. The method of Claim 8 wherein the thickness of the patterned cobalt silicide layer is

from about 200 to about 1500 angstroms.

10. The method of Claim 1 further comprising forming a second patterned metal silicide
layer upon the patterned polysilicon layer before forming the blanket insulator layer upon
the semiconductor substrate and the patterned polysilicon layer.

11. The method of Claim 10 wherein the second patterned metal silicide layer is formed

to a thickness of about 200 to about 1500 angstroms.

12. The method of Claim 11 wherein the second patterned metal silicide layer is formed
through a self-aligxied method and the second patterned metal silicide layer is formed from



Tran5|stor (FET) possessing an optimally | ow contact resistance cobalt
silicide potyeide. gate electrode whose cobalt silicide |ayer is not
susceptlble encroachnent -upon adj oi ni ng i nsul ator spacers or
source/dral the integrated circuit within which is forned
the Field E (FET). The Field Effect Transistor (FET)
S|nultaneously I§0 pos s | ow erce®aching and | ow silicon substrate
consunm ng netal silicide |ayers upon the source/drain regions of the Field
Ef fect Transistor (FET). As is understood by a person
skilled in the art, the preferred enbodi nents of the nethod of the present
i nvent i on ar e mietal sildidextiose foin 118 Sro¥BiORRRaPEIiGiNE CORRERD Bfthg@é%tshigﬁe aaf her
than limting of the nmethod of the present invention: fications and
revi si ons matitabignyrsilgilet 0 nmet hods, materials, structures and di mensions

t hrough which are forned cobalt silicide polycide gate el ectrodes through
the preferred enbodi nents of the nethod of the present invention while

-23- [0V, cobal i de gat g, .el ectrodes forned
t hrough a maﬁ#ioé“?eﬁh zgcido &"W %441%&@ ﬁmgrﬁF%%W@mt?%n as
defined by tke.fPMe rGOERd-ATIRs | nd as is
not e above, there ngy be su'gstlﬁt(gg'r? "e”ﬁ"’%“[eég‘r?%gr&sf% t"futl-mé}nééllt 35‘8‘(1
cobal t sili ctetpristiger s 24a and 24b ot her | ow resi stance and high
encroaching netal silicide layers including but not limted to nickel

silicide |ayers, providingla semicardaetor substratesi st ance and | ow

forming upon the semiconductor substrate a gate dielectric layer;

forming upon the gate dielectric layer a pattemned polysilicon layer;

forming into the semiconductor substrate while employing the patterned
polysilicon layer as a mask a pair of source/drain regions;

forming upon the semiconductor substrate, the gate dielectric layer, the patterned
polysilicon layer and the source/drain regions a blanket insulator layer;

planarizing the blanket insulator layer to form a patterned planarized insulator layer
while simultaneously exposing the surface of the patterned polysilicon layer; and

forming upon the exposed surface of the patterned polysilicon layer a patterned
metal silicide layer, the patterned metal silicide layer and the patterned polysilic'on layer

forming a polycide gate electrode.

14. The method of Claim 13 wherein the ttﬁcknqss of the patterned polysilicon layer is
from about 1000 to about 4000 angstroms.

15. The method of Claim 13 wherein the linewidth of the patterned polysilicon layer is

less than about 0.25 microns.



encrdaching metal silicide |ayers, while still forming within a Field
Effect Transistor (FET) for use within an integrated circuit a | ow
resi stance_polycide gate electrode through the nethod of the present

i nvention, as defi ned by the appended C ai ns. What is
claimed is: “l m"“l lml A method for formng a polycide gate el ectrode
conpri si ng: “m g a sem-cenductor substrate; form ng
upon the sentconduct8r & patterned pol ysilicon | ayer, form ng upon
t he sem conduct or substrate and the patterned polysilicon |ayer a bl anket

I nsul ator | ayer; pl anari zing the bl anket insulator layer to forma
patterned planarized insulator |ayer while sinmultaneously exposing the
surface of the patterned polysilicon |ayer; and form ng upon the

exposed surf akbe 'Blp methodef Claim riéthp@inyhe blanimnmk\ﬂgztef layer jxat tilanketabnfommalal

sui ci de | ayer, att ned tal sili CI de Iayer and the patterned
pol ysilicon I%‘R‘F@ °’“ %‘Eﬂ’?@ esmadinbenged Chengical ¥apomet hod of

Claim1 wher the patterned polysilicon layer is from
about 1000 t?b‘g‘t?%)lg? %@Hﬁ%‘?% 3. The method of Claim1l wherein the
| inewi dth of the patterned polysilicon layer is |ess than about 0.25

m crons.

17. The method of Claim 13 wherein the patterned metal silicide layer is formed from a
metal silicide chosen from the group of metal silicides consisting of cobalt silicide and
nickel silicide.

18. The method of Claim 13 wherein the patterned metal silicide layer is formed through a
self-aligned method through annealing a blanket metal layer formed upon the patterned
polysilicon layer and the patterned planarized insulator layer with selective removal of
unreacted portions of the blanket metal layer,

19. The method of Claim 18 wherein the patterned metal silicide layer is a patterned
cobalt silicide layer, the blanket metal layer is a blanket cobalt metal layer and the
thickness of the blanket cobalt metal layer is from about 200 to about 1000 angstroms.

20. The method of Claim 19 wherein the blanket cobalt metal layer is annealed through a

Rapid Thermal Annealing (RTA) method at a t_emperantre of from about 500 to about 900
degrees centigrade for a time period of from about 10 to about 60 seconds.

21. The method of Claim 20 wherein the thickness of the patterned cobalt silicide layer is
from about 200 to about 1500 angstroms.

22. The method of Clain_l 13 further comprising forming a second patterned metal silicide



4. The’nmethod of Claim 1 wherein the blanket insulator layer is a blanket
conformal silicon oxide insulator |layer formed through a Pl asma Enhanced
Chemi cal Vapor Deposition_(PECVD) nethod. 5. The method of daiml
wherein the patterned netal silicide layer is formed froma netal silicide

chosen fro ““m‘,al silicides consisting of cobalt silicide and
ni ckel sil ﬂi“ \ﬂ“‘“ﬂ“‘ -+ 6. The @&Bthod of Caim1 wherein the
alc

patterned sitl i 8 d& layer is fornmed through a self-aligned nethod
t hrough annealing a bl anket netal |ayer formed upon the patterned
polysilicon |ayer and the patterned planarized insulator layer with
sel ective renoval of wunreacted portions of the blanket netal |ayer. 7.
The nethod of Claim6 wherein the patterned netal silicide layer is a
patterned cobalt silicide |ayer, the blanket netal |ayer is a bl anket
cobal t net al layesypen the pattemed pelysilicandayep befotedorntingthi blanked Inatlatonisyexiupbmyer i s
fromabout 200 tq ahout 1000 angstrops. . 8. The nmethqod of Claim7 wherein
the bl anket '©fBEIREONGEGiaN supsirals, thegate tielegtricayes, the paitemerpplysilicondayenind
Anneal i ng (RTA)..] d at a tenperature of from about 500 to about 900 .
degr ees cenﬁ%%%'t‘%%&%?@%s‘rm period of from about 10 to about 60 seconds.
9. The nethod of Caim8 wherein the thickness of the patterned cobalt
silicide layer is )

23. The method of Claim 22 wherein the second patterned metal silicide layer is formed

to a thickness of about 200 to about 1500 angstroms.

24. The method of Claim 23 wherein the second patterned metal silicide layer is formed
through a self-aligned method and the second patterned metal silicide layer is formed from
a metal silicide chosen from the group of metal silicides consisting of tungsten silicide and

titanium silicide.

25. The method of Claim 13 further comprising forming a series of additional
semiconductor structures within and upon the semiconductor substrate, thus forming the
Field Effect Transistor (FET) within an integrated circuit.



from about 200 to about 1500 angstrons. 10. The method of Caim1l further
conprising formng a second patterned:-netal silicide |ayer upon the
patterned polysilicon |layer before form ng the blanket insulator |ayer upon
t he sem conductor substrate and the patterned polysilicon |ayer. 11. The
met hod of Claim 10 wherein the second patterned netal silicide |ayer is
formed to a thickness of about 200 28 about 1500 angstrons. 12. The

met hod of Claim 11 wherein the second patterned netal silicide |ayer is
formed through a self-aligned nmethod and the second patterned netal
silicide layer is forned from

26 a netal silicide chosen fromthe group of netal silicides consisting
of tungsten silicide and titaniumsilicide. 13. A nmethod for formng a
Field Effect Transistor (FETABSKRACT OF THEDICLOSEREated circuit, the

Field Effect Transmuetwop féi-ForitenG AOPGLYPODE GAtie HYECEROBECCt r 0de f or med
therein, conprising: provi di ng a sem conduct or subst rate;

form ng upon the se ggﬂg
form ng upon the ga{%‘ el ectri ? %x&dﬁﬁ%@#ﬂd& 32;?1 i con I{”e‘athlgran

integrated circuit a polycide gate electrode. There is first provided a semiconductor substrate.

D

Formed upon the semiconductor is a patterned polysilicon layer. Formed then upon the
semiconductor substrate and the patterned pélysilicon layer is a blanket insulator layer. The
blanket insulator layer is then patterned through planarizing to form a patterned planarized
insulaior layer while simultaneously exposing the surface of the patterned polysilicon layer.
Finally, there is formed upon the exposed surface of the patterned polysilicon layer a patterned
metal silicide layer. The patterned metal silicide layer and the patterned polysilicon layer form a
polycide gate electrode. The metal silicide layer within the polycide gate electrode is not
susceptible to encroachment upon adjoining insulator spacers or source/drain regions within the

Field Effect Transistor (FET) within which is formed the polycide gate electrode.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



formng into the sem conductor substrate while enploying the patterned
polysilicon |ayer as a mask a pair of source/drain regions; form ng
upon the sem conductor substrate, the gate dielectric layer, the patterned
pol ysilicon | ayer and the source/drain regions a blanket insulator |ayer,,
pl anari zing the bl anket insulator |layer to forma patterned planarized
insulator |ayer while simltaneously_exposing the surface of the patterned
pol ysilicon |ayer; and form ng upon the exposed surface of the
patterned polysilicon |ayer a patterned netal silicide |ayer, the
patterned nmetal silicide layer and the patterned polysilicon layer formng
a polycide gate el ectrode. 14. Th 13 erein the

t hi ckness of the patterned pol ysylicon | ayer t o about
4000 angstrons. 15. The meth of Claim13 th of the

In the |inew

patterned polysiligen_ Ifayer 1s le about 0.25 pcron
16. The net hod of ai M\ 13 wherei ¢f {t he bl anket i nsulgfor | aye a bl anket
conformal silicon oxidg insul atof, yér rmed thr 1h a_Plig Enhanced

Chem cal Vapor Dagpgbgityon[{PECVD nod '
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17. The method of Claim 13 wherein the patterned netal silicide |layer is
formed froma netal silicide chosen fromthe group of netal silicides
consisting of cobalt silicide and nickel silicide. 18. The met hod of
Claim 13 wherein the patterned netal silicide layer is fornmed through a
sel f-aligned nethod through annealing a bl anket netal |ayer fornmed upon the
patterned polysilicon |ayer and the_Qggtgrned pl anari zed insul ator |ayer
with selective renoval of unreacted portions of the blanket netal |ayer.
19. The method of Claim 18 wherein the patterned netal silicide layer is a
patterned cobalt silicide |ayer, the blanket nmetal |ayer is a bl anket
cobalt netal |ayer and the thickness of the blanket cobalt netal |ayer is
from about 200 to about 1000 angst r aipg,., 2206 'The mezpoed of Claim 19
wherein the bl anket cobalt al, lé ] 2'8 8%1 ed through a Rapid Thermal
Anneal i ng (RTA) net hoS t a%‘pé& - &3P SRyt égOt out 900
degrees centigrade forP%9time pexifod/of f out QH) 60 seconds.
21. The nmethod of Caim 1 \N roRe—t | clehe
silicide layer is
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a{er dpon the patterned polysilicon |ayer before form ng the bl anket
nsul at or | ayer upon the sem conductor substrate, the gate dielectric
| ayer, the patterned polysilicon |ayer and the source/drai.n regions. 23.
The nethod of C aim 22 wherein the second patterned netal silicide |ayer is
formed to a thickness of about 200 to about 1500 angstrons. 24. The
met hod of Claim 23 wherein the secondspatterned netal silicide |ayer is
formed through a self-aligned nethod and the second patterned netal
silicide layer is forned froma netal suicide chosen fromthe group of
metal silicides consisting of tungsten silicide and titaniumsilicide.
25. The nmethod of Caim13 further conprising formng a series of
addi ti onal sem conductor structures within and upon the sem conductor
substrate, thus formng the Field Effect Transistor (FET) within an
integrated circuit. 21b 21c 21d
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