SEMICONDUCTOR DEVICE EMPLOYING AN EXTENSION SPACER AND
A METHOD OF FORMING THE SAME TECHNICAL FIELD [0001] The

present invention is directed, in general, to semiconductor devices and, more
specifically, to a semiconductor device employing an extension spacer and a
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and the inherenfRBUEHI IS QR FOHRVENCETHES AMR etal-oxide
semiconductor field-effect transistor) has enabled continued improvement in

speed, performance, density, and cost per unit function of integrated circuits
over the past few decades. In accordance with a design of the transistor and
one of the inherent characteristics thereof, modulating a length of a channel
region underlying a gate between a source and drain of the transistor alters
a resistance associated with the channel region, thereby affecting a
TECHIfkmaee. pof the transistor. More specifically, shortening the length of the
channel region reduces a source- to-drain resistance of the transistor, which,
assuming other parameters are maintained relatively constant, may allow an
increase in current flow between the source and drain when a sufficient

[0001YoltagEhis peRligdieip galdpidlg tiarsisgall, 1& [BRRd]dauameaviiosmant flore
a transistor with a recessed source and drain (i.e., the regions of the source

specifaadl {rain sémiosalact Hellew e HipheyisyfacshdsiisitatefdriniRgibe of forming
foundation therefor), spacers about the gate may aid in a definition of the

the salgaggth of the channel region.

BACKGROUND

[0002] A reduction of the size and the inherent features of semiconductor devices (e.g., a
metal-oxide semiconductor field-effect transistor) has enabled continued improvement in speed,
performance, density, and cost per unit function of integrated circuits over the past few decades.
In accordance with a design of the transistor and one of the inherent characteristics thereof,
modulating a length of a channel region underlying a gate between a source and drain of the
transistor alters a resistance associated with the channel region, thereby affecting a performance
of the transistor. More specifically, shortening the length of the channel region reduces a source-
to-drain resistance of the transistor, which, assuming other parameters are maintained relatively
constant, may allow an increase in current flow between the source and drain when a sufficient

voltage is applied to the gate of the transistor.



More particularly, a source/drain region of the source and drain is often
formed by an ion implantation process employing the gate and spacers
thereabout as a mask to define the respective source/drain regions. Thus, a
width of the spacers about the gate directly impacts a dimension and
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slimmer the spacers, the closer the source/drain regions of the source and
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channel region is reduced and the source-to- drain resistance is also
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[0004] To further enhance transistor performance, strain may be introduced
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it is desirable to induce a tensile strain in the channel region of a N-type
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and to induce a compressive strain in the channel region of a P-type metal
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typical technique of creating the strain includes depositing a high stress film

dimerQ8! #hdabsiRebiaHvecuayet ANt aiibiy afxtbstatesaftardhentr angskisr or
constructed. The high stress film or stressor exerts significant influence on

slimmbralghgnretsagionomredifyiogadgiiannrtaliice cIpRERGIBthricdhanngkregiand about
and thus introducing strain therein. In this case, the stressor is deposited

the changglthgisansistare s hppeaaghistlesanined ivdiaidl RyvveShimime eiuate-to-
in a publication entitled "Local Mechanical Stress Control (LMC): A New

drain fesBite& s GG P aiéespyannentnpacemaningppp&iadatsdoetisheshiistor.
the Digest of Technical Papers of the 2001 International Electron Device

[00045\/Ieetu}%,f\6vr%%fr1 é?lﬁggger F%gclrtlasti(:é‘tdorh Sére gr%rggg?gggﬁlem%/ be introduced in the channel

region of the transistor to improve carrier mobility. Generally, it is desirable to induce a tensile
strain in the channel region of a N-type metal oxide semiconductor (“NMOS”) device in a
source-to-drain direction, and to induce a compressive strain in the channel region of a P-type

metal oxide semiconductor (“PMOS”) device in a source-to-drain direction.

[0005] A typical technique of creating the strain includes depositing a high stress film over a
transistor formed over and within a substrate after the transistor is constructed. The high stress
film or stressor exerts significant influence on the channel region, modifying a silicon lattice
spacing in the channel region, and thus introducing strain therein. In this case, the stressor is
deposited over the transistor. This approach is described in detail by A. Shimizu, et al., in a
publication entitled “Local Mechanical Stress Control (LMC): A New Technique for CMOS
Performance Enhancement,” pp. 433-436, published in the Digest of Technical Papers of the

2001 International Electron Device Meeting, which is incorporated herein by reference.



[0006] In accordance with the design features of the transistor, employing
slim spacers about the gate of the transistor may augment a strain within the
channel region thereof. As mentioned above, a prevalent method of
introducing the strain is to deposit a high stress film over the transistor. Thus,
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contact etching stop layer) is deposited in closer proximity to the channel
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within the channel region thereby augmenting a strain effect within the
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slim spacers into transistors (or any semiconductor device) appear decisive,
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transistor. One of the more prevalent limitations is that slim spacers about the

a contdaietbEEessapiM @iow acplisida [egioseiasrorinavabtie spaeel anddsiain of
the transistor to be in closer proximity to the channel region of the transistor.
Consddjibg Biligig digpiardifiuses thuasgh Righehih doprdraiaini(whigh ihtvipigalgion
adjacent the channel region) of the source or the drain, an electrical path

therebyaydieearpatadiainealdheisaurer ehdianeiadhosilisidadagian to the
channel region. As a result, the silicide region may create a short circuit with
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the gate of the transistor. One of the more prevalert limitations is that slim spacers about the
gate necessarily allow a silicide region formed over the source and drain of the transistor to be in
closer proximity to the channel region of the transistor. If the silicide region diffuses through a
lightly doped drain (which is typically adjacent the channel region) of the source or the drain, an
electrical path may be created through the source or drain via the silicide region to the channel

region. As a result, the silicide region may create a short circuit with the channel region thereby

potentially providing a silicide spike within the transistor.

[0008] Accordingly, what is needed in the art is a semiconductor device that may
incorporate slim spacers about the gate thereof to take advantage of the benefits associated with a
channel region having a reduced length while at the same time overcoming the deficiencies of

the prior art.



SUMMARY OF THE INVENTION [0009] These and other problems are
generally solved or circumvented, and technical advantages are generally
achieved, by advantageous embodiments of the present invention, which
includes a semiconductor device formed on a semiconductor substrate. In

SUMMNR erogodrentbarseonconductor device includes a gate over the
semiconductor substrate and a dielectric liner on a sidewall of the gate. The

semiconductor device also includes an extension spacer adjacent and
extending laterally beyond the dielectric liner along the semiconductor

[00093UbstrEEscTHiR SRBicRadusiRrRaevisRiMhalRalUd e sRYteAd D Qsmiest
below an upper surface of the semiconductor substrate and adjacent a
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liner and the extension spacer. The semiconductor device still further

whichingdudrs a silicidmdeeionRvalcdnaito ool RenfINGR/dRiaRNdeXBNsling

laterally beyond the extension spacer along the semiconductor substrate.
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silicide region located over a portion of the source/drain. [0010] In another
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device on a semiconductor substrate including, in one embodiment, forming a
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the gate. The method also includes forming an extension spacer adjacent

substrafid @xtendingplatecallydeeientiner dicledisia ioefcalangnthe sembetnduatapper
substrate. The method further includes forming a source/drain located below

surfacafipRee fichchabihrisemicandudiacsihsinaimand Adipeaidrahelarnerhe
region under the gate. The source/drain extends under the dielectric liner and
sourcdfiain extends under the dielectric liner and the extension spacer. The semiconductor
device still further includes a silicide region over a portion of the source/drain and extending
laterally beyond the extension spacer along the semiconductor substrate. Thus, the extension

spacer is interposed between the dielectric liner and the silicide region located over a portion of

the source/drain.

[0010] In another aspect, the present invention provides a method of forming a
semiconductor device on a semiconductor substrate including, in one embodiment, forming a
gate over the semiconductor substrate and a dielectric liner on a sidewall of the gate. The
method also includes forming an extension spacer adjacent and extending laterally beyond the
dielectric liner along the semiconductor substrate. The method further includes forming a
source/drain located below an upper surface of the semiconductor substrate and adjacent a
channel region under the gate. The source/drain extends under the dielectric liner and the

extension spacer. The method still further includes forming a silicide region over a portion of



extension spacer. The method still further includes forming a silicide region
over a portion of -4 the source/drain and extending laterally beyond the
extension spacer along the semiconductor substrate. [0011] In yet another
aspect, the semiconductor device is embodied in a transistor formed on a
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over the semiconductor substrate, and first and second dielectric liners on
substraRposing sidewalls of the gate. The transistor also includes first and second
extension spacers adjacent and extending laterally beyond the first and

econd dielectric liners, respectively, along the semicon or substrate.
10011 PP B ST 3&?@&%&8&9%%&589&5%5&%05ffm@6d
semicopductor substr te and adj ent a channel region ugﬁer the gate.
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below an upper surface of the semiconductor substrate and adjacent a channel region under the
gate. The drain extends under the second dielectric liner and the second extension spacer. The
transistor still further includes first and second silicide regions over a portion of the source and
drain, respectively, and extending laterally beyond the first and second extension spacers,
respectively, along the semiconductor substrate. Thus, the first extension spacer is interposed
between the first dielectric liner and the first silicide region located over a portion of the source.

The second extension spacer is interposed between the second dielectric liner and the second

silicide region located over a portion of the drain.

[0012] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described

hereinafter, which form the subject of the claims of the invention. It should be appreciated by

those skilled in the art that the conception and specific embodiment disclosed may be readily



the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of
the invention will be described hereinafter, which form the subject of the
claims of the invention. It should be appreciated by those skilled in the art

utilizdas theasReeRtiRnfanG spesifiserehaaimanidisslasesoavheseagityird out the

utilized as a basis for modifying or designing other structures or processes for
same PAFRYNY SEHOBreSamenRbRPBae IthtNadPIRSEH IBYBMIOR, theQodialsm B art that

realized by those skilled in the art that such equivalent constructions do not

such dppanehiorotieisniisarinseARp-0f fogn Aversion Ak sebferdT (R thecanpaAdeek forth
claims. -6 BRIEF DESCRIPTION OF THE DRAWINGS [0013] For a more

in the GPpHRIELE aRgsstanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in
conjunction with the accompanying drawings, in which: [0014] FIGUREs 1 to
7 illustrate cross sectional views of an embodiment of constructing a
semiconductor device according to the principles of the present invention.
[0015] Corresponding numerals and symbols in the different figures generally
refer to corresponding parts unless otherwise indicated. The figures are
drawn to clearly illustrate the relevant aspects of the preferred embodiments
and are not necessarily drawn to scale. -7 DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS



[0016] The making and using of the presently preferred embodiments are
discussed in detail below. It should be appreciated, however, that the
present invention provides many applicable inventive concepts that can be
embodied in a wide variety of specific contexts. The specific embodiments
BRIEHIBDRSSRIPGTEYNNEY HipstrrRiwg 10§ gRecific ways to make and use the
invention, and do not limit the scope of the invention. [0017] The present
invention will be described with respect to preferred embodiments in a
specific context, namely, a transistor and a related method of forming the
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to other semiconductor devices of like construction and integrated circuits, in
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employed to form circuits for NOR gates, logic gates, inverters, XOR gates,

acconipAYRh gatesif-typewnaial oxide semiconductor ("PMOS") devices for pull-up
transistors, N- type metal oxide semiconductor ("NMOS") devices for

ull-d sistors, and the like. 018 Referring to FIGURES 1
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is partially constructed on a semlconductor substrate (also referred to as a
[0015]subsfrateysucinamsitcorisamdingulaity ifotha Biifkrsiichg)rssilgstratdinci tating

an underlying substrate 110 [e.g., a P-type or N- type silicon substrate with a
corresporfarg prgniatiess of A0} e (bll@acrd(1ThY, fofwoamz, deramtic dedtlg illkelage the

buried insulating layer 115 (e.g., an "insulator” such as a buried oxide layer of
relevaabesic@500 thagstiorms) antlcalinmreslymbalayert otsdisanl § déahaningaale.

thickness of about 1500 angstroms and located over portions of the buried
insulating layer 115. The buried insulating



-8 layer 115 and overlying layer of silicon 120 are formed over the underlying
substrate 110 employing conventional processes. Alternatively, the substrate
may be formed from bulk silicon having a surface orientation of (100). [0019]
Shallow trench isolation regions 125 are formed over the buried insulating

DETAfEDLHE sextepdiogntoypugh i rverivtoHayeOPT8IioQms 20 and about the

transistor. The shallow trench isolation regions 125 are formed by using a
photoresist mask to define the respective regions therein over the buried
insulating layer 115. The shallow trench isolation regions 125 are then
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combination thereof, or any other suitable dielectric material. Those skilled in
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conventional methods such as a local oxidation of silicon process. [0020] A
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electrode 135 formed and patterned using techniques well known in the art
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preferably a high-"k" dielectric material such as silicon oxide, silicon

and d@xyiifideslicopaiirigie.iaeaisie, a nitrogen containing oxide, a
combination thereof, or the like. Preferably, the gate dielectric Iayer 130 has a
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of the present invention, however, may also be applied to other semiconductor devices of like
construction and integrated circuits, in general. For example, embodiments of the present

invention may be employed to form circuits for NOR gates, logic gates, inverters, XOR gates,
NAND gates, P-type metal oxide semiconductor (“PMOS”) devices for pull-up transistors, N-

type metal oxide semiconductor (“NMOS”) devices for pull-down transistors, and the like.

[0018] Referring to FIGURE:s 1 to 7, illustrated are cross sectional views of an embodiment
of constructing a semiconductor device (e.g., a transistor) according to the principles of the
present invention. At an interim step with reference to FIGURE 1, a transistor is partially
constructed on a semiconductor substrate (also referred to as a “substrate”) such as silicon-on-
insulator (or a bulk silicon) substrate including an underlying substrate 110 [e.g., a P-type or N-
type silicon substrate with a surface orientation of (100), (110) or (111), of quartz, ceramic or the
like], a buried insulating layer 115 (e.g., an “insulator” such as a buried oxide layer of about
3500 angstroms) and an overlying layer of silicon 120 having a thickness of about 1500

angstroms and located over portions of the buried insulating layer 115. The buried insulating



oxide layer, the gate dielectric layer 130 may be formed by any oxidation
process such as wet or dry thermal oxidation in an ambient environment with
an oxide, water, nitric oxide, or a combination thereof, or by chemical vapor
deposition techniques using tetraethyl orthosilicate -9 and oxygen as a

layer PISGMEBYcH A} eXRIBIAT@RIodime R it 93t telacitajayesubifdrahout

eight angstroms to about 50 angstroms in thickness, but more preferably
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conductive material such as a metal (e.g., tantalum, titanium, molybdenum,

havinfUN@§@0e PlasRudnANE oMM, hafnium, ruthenium), a metal silicide (e.g.,
titanium silicide, cobalt silicide, nickel silicide, tantalum silicide), a metal

itride titan itride, tantalu t d talli ili ,
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silicon process.

[0020] A gate of the transistor is constructed with a gate dielectric layer 130 and a gate
electrode 135 formed and patterned using techniques well known in the art over the overlying
layer of silicon 120. The gate dielectric layer 130 is preferably a high-“k” dielectric material
such as silicon oxide, silicon oxynitride, silicon nitride, an oxide, a nitrogen containing oxide, a
combination thereof, or the like. Preferably, the gate dielectric layer 130 has a relative
permittivity value greater than about four. Other examples of dielectric materials include
aluminum oxide, lanthanum oxide, hafnium oxide, zirconium oxide, hafnium oxynitride, or

combinations thereof.

[0021] In an advantageous embodiment in which the gate dielectric layer 130 includes an
oxide layer, the gate dielectric layer 130 may be formed by any oxidation process such as wet or
dry thermal oxidation in an ambient environment with an oxide, water, nitric oxide, or a

combination thereof, or by chemical vapor deposition techniques using tetraethyl orthosilicate



portions of the gate dielectric material and the gate electrode material to form
the gate dielectric layer 130 and the gate electrode 135. In an embodiment
wherein the gate electrode 135 is formed from polysilicon and the gate
dielectric layer 130 is an oxide, the etching process may be a wet or dry,
and o RAISAKORIBrOEUSRIFOMICaLIKR MPEESSmBYRReHRr akl isca s mapis dRY §ebout
process. -10 [0024] A width of the gate electrode 135 is a function of the type
eight HSSVIRORALSIAL SIBUIER BANICONHALSICBuhALIBPRAGEDE dBERMIFHhetoehs in
PMOS devices to a gate width of the NMOS devices may be about equal to
thickrnddatio of electron mobility to hole mobility in bulk silicon or strained silicon.
Alternatively, the ratio of the gate width of the PMOS devices to the gate
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doped or undoped polysilicon by low pressure chemical vapor deposition to a thickness in the

range of about 400 angstroms to about 2500 angstroms, but more preferably about 1500

angstroms.

[0023] The gate dielectric layer 130 and the gate electrode 135 may be patterned by
photolithography techniques as are known in the art. Generally, photolithography involves
depositing a photoresist material, which is then masked, exposed, and developed. After the
photoresist mask is patterned, an etching process may be performed to remove unwanted
portions of the gate dielectric material and the gate electrode material to form the gate dielectric
layer 130 and the gate electrode 135. In an embodiment wherein the gate electrode 135 is
formed from polysilicon and the gate dielectric layer 130 is an oxide, the etching process may be
a wet or dry, anisotropic or isotropic, etch process, but preferably is an anisotropic dry etch

process.

-10-



gate of the transistor. [0026] Typically, to form the lightly doped drains 140 of
the transistor, boron ions (or other P-type dopants) for a PMOS device or
arsenic ions (or other N-type dopants) for a NMOS device are implanted into
the overlying layer of silicon 120 and the gate serves as a mask. The ion

[0024IMplantaliRmRIPaRss.Rf R tRslPEs § QPRAMH@IN tY R dORaBESRAYORBuctor device
performed at an energy level of about Ito 5 keV and at a dose of 2 X 1014 to

being 3chstUtRaloRs eRIZaANLxREWIaN emhpeidedighity dopedidiaiag MAISNMOS

about 100 angstroms. In accordance with the orientation of the transistor as

devicélanasibrdbsiciyuthedigbityodangst oansobAR hayBoe SHHRGESy AHMRLIGRH or
(100). -11 [0027] Turning now to FIGURE 3, illustrated is a cross sectional
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accordance with the principles of the present invention. More specifically, the

of the lFkVIBISt Qe INEdY s e lassiC RIS oLeR, ssparersol 60 AP damxtemsiRR SRaRRITity to
170 about the gate and above an upper surface of the silicon-on-insulator

hole nsolIsRLE blilesdietacticdinges 1HQ talsmrefer adddiaseniiishaodbeeandand other
dielectric liners") are formed on side walls (i.e., opposing side walls) of the

featur@Qtd 1RO CethR SRALEsS dBhAcEiRAciThedr ekt asryfirshanddrcondtbnacafpiication
are formed on the dielectric liners 150. The dielectric liners 150 and the

and thepgperst 160idonivictoally acdrbemm biatiaoisdaekgoieferred to as slim
spacers about the gate of the transistor as described above. [0028] For

easons that will be arené .the extensian spacers é
[00255eferr§&r Fadttap LG U RCHCR A et IOV HELe BT hent of
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acer along thesilicon-on-
principles of the present invention. For the purposes of clarity, the source or the drain may also
be referred to as a “source/drain.” The lightly doped drains 140 are located below an upper
surface of the silicon-on-insulator substrate and within the overlying layer of silicon 120 thereof,
and adjacent a channel region 145 under the gate. The lightly doped drains 140 form shallow

junctions within the silicon-on-insulator substrate adjacent the channel region 145 underlying the

gate of the transistor.

[0026] Typically, to form the lightly doped drains 140 of the transistor, boron ions (or other
P-type dopants) for a PMOS device or arsenic ions (or other N-type dopants) for a NMOS device
are implanted into the overlying layer of silicon 120 and the gate serves as a mask. The ion
implantation process of the P-type dopants or N-type dopants may be performed at an energy
level of about 1 to 5 keV and at a dose of 2 X 10'* to 3 X 10" atoms/cm’. An exemplary depth
of the lightly doped drains 140 is about 100 angstroms. In accordance with the orientation of the

transistor as described herein, the lightly doped drains 140 have a surface orientation of (100).
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insulator substrate. The dielectric liners 150 and extension spacers 170 are
typically one or more layers of an oxide formed by any oxidation process
such as wet or dry thermal oxidation in an ambient environment including an
oxide, water, nitric oxide, or a combination thereof, or by chemical vapor

[00279lepositieRiieGRNIcYEs GEIRE tetiagthvt QIR asiic 8 RN RXXIER &Sad embodiment of
precursor. In an exemplary embodiment, the dielectric liners 150 have a
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about 150 angstroms. The extension spacers 170, in an exemplary

invenGsAbodiRetieaft ADRULd G- ARESHOMS 188 0041EH0 BRASIIBMS PAdRICHBOSHI
but more preferably about 30 angstroms to about 100 angstroms, and have

extendoliEhcefaPmiRRA eitgstiamsdianahe uh 4P anastieanst tbk[REXRbAhtsulator

spacers 160, which form a spacer for another ion implant, typically include

substratdcornpitficlec siigarR @IV ide RTaeambiRatiRe hrrefohd arREEWMRER ") are
embodiment, the spacers 160 are formed from a layer including silicon

formetibidadbatingskesspiymeddsing shemisabyapandaRapiienstecbnigueteferred to
using silane and ammonia as precursor gases. A ratio of a width of the

as “filspas@kecthd tpadhickarsp ahéae figledirdinkrsnkkd ISdesetharitiveicinstrs 150
more preferably, less than three. [0030] The spacers 160 may be patterned

and thRYs PRy M0 Jiadi VEQIEDRi©Oh ARiISLIFRRIcHe ithy PeorgssciMber ampipyiRgsabout the
isotropic etch process, a solution of phosphoric acid may be used with the

gate ofli@leatiigiinaraslhlaatidagasvan etching stop. Inasmuch as a thickness of the
spacers 160 is greater in the regions adjacent the gate electrode 135, the

002810 S SoreS e, Sieon i (el Ry 0 Y RSP A Drerea

to as “first and second extension spacers”) are formed adjacent the dielectric liners 150 and
extend laterally beyond the dielectric liners 150 and the spacers 160 along the silicon-on-
insulator substrate. The dielectric liners 150 and extension spacers 170 are typically one or more
layers of an oxide formed by any oxidation process such as wet or dry thermal oxidation in an
ambient environment including an oxide, water, nitric oxide, or a combination thereof, or by
chemical vapor deposition techniques using tetraethyl orthosilicate and oxygen as a precursor. In
an exemplary embodiment, the dielectric liners 150 have a width of about 50 angstroms to about
400 angstroms, but more preferably about 150 angstroms. The extension spacers 170, in an
exemplary embodiment, are about 10 angstroms to about 150 angstroms in thickness, but more
preferably about 30 angstroms to about 100 angstroms, and have a width of about 50 angstroms

to about 400 angstroms.

-12-



areas of silicon-on-insulator substrate not immediately adjacent the gate
electrode 135, leaving tapered spacers 160. A width of the spacers 160
varies as the gate length of the transistor. In an exemplary embodiment, a
ratio of the width of the spacers 160 to the length of the gate electrode 135 is

[0029Rbouth8 dpaakiaulch, SvERABH e giRlactsic dieRcl 30nmay ks RePRINBintande

example, by performing an isotropic wet etch process using a solution of

silicolMerRfUQIIk e ick yhnefine ot Bambihatichaydpeorsesl 4f axdRipthie Qhbodiment, the
concentrated sulphuric acid and hydrogen peroxide, commonly referred to as

space® [H0RRBAsRIBUITR MPR9sPhRIIGaGId iSbiianRfcnhasRObiC A¢H AN WRier

may also be used to pattern the dielectric liner 150. The extension spacers

chemiédOviapy BeppatisinedniafRxarintesikinenedanminethanatbricisabppisesenetsio of a
process using a solution of hydrofluoric acid. Another etchant that may be

width éFeBkispadaixiLee ©f concaniatadRnmRraisdMaEexiIc i@ Radtahtiee, and more
extension spacers 170. -13 [0032] It should noted that the width of the

preferaPBS&ESs iRa@aRgs@l, may vary with the type of semiconductor device. For
example, it has been found that input/output devices may benefit from larger
pacers due to the@(?lmount of curregt the in 1gut/output .device is exlpected 1o

mmoiand NEPRIE eI NS P AISE SRR S ETHTAIG 8P SiSHEAS QRanfpptropic etch
? filar it has.been found that Iar%)er S acer for th q? deV|c S helg d

Proceyy MR PHERO UPEA OIS fLLRE S adesd EOEp FSR 8%%%‘?@ 8‘&350 © use

out te perc larger. To fab cate spagers of va widths, it

it R o S A, WA, ARG Ll
[0033 Turning now to FIGU E 4, illustrate |§%cross sectional view of an

160 is e%net:):lt giind t P?glons adjacent ¢ ghte electrode the 1sotropic etch removes the

silicon nitride (which may form the spacers 160) on the top of the gate electrode 135 and the

areas of silicon-on-insulator substrate not immediately adjacent the gate electrode 135, leaving

tapered spacers 160. A width of the spacers 160 varies as the gate length of the transistor. In an

exemplary embodiment, a ratio of the width of the spacers 160 to the length of the gate electrode

135 is about 0.8 to about 1.5.

[0031] The dielectric liner 150 may be patterned, for example, by performing an isotropic
wet etch process using a solution of hydrofluoric acid. Another etchant that may be used is a
mixture of concentrated sulphuric acid and hydrogen peroxide, commonly referred to as a
piranha solution. A phosphoric acid solution of phosphoric acid and water may also be used to
pattern the dielectric liner 150. The extension spacers 170 may be patterned, for example, by
performing another isotropic wet etch process using a solution of hydrofluoric acid. Another
etchant that may be used is a mixture of concentrated ammonia hydroxide to pattern the

extension spacers 170.
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forming source/drain regions 180 for the source and drain of the transistor
according to the principles of the present invention. An ion implantation and
rapid thermal anneal process in excess of 1000 degrees Centigrade is
performed to create the source/drain regions 180 (again, albeit shallow

[0032junctiongidakia @B wapeieskidace higsiiconmonahasilatar sulstiats aRdype of
within the overlying layer of silicon 120. Typically, to dope the source/drain

semicERAIRNST R 6 they rtERASISION it RKOBEINNGS (8l ARREMBotY@ SIRRRISI A8 benefit
PMOS device or arsenic ions (or other N- type dopants) for a NMOS device

from RFedMplariedust e aveiing lyrmotisilicpatiifpanddiice @At ROSRAGENS e,
160 serve as a mask. The ion implantation process may be performed at an

PMOS a8l iaviel af bauBita 4@ kaYeanshat sasarmhakracdiod 3195 béckDifand that

atoms/cm2. An exemplary depth of the source/drain regions 180 is about

larger 2PRcangsir e PMUBCEeVHRBERIYIkIIRG tefigRtatien aidReAransistar @8ase, the
described herein, the source/drain regions 180 may have a surface

space@rigai@atiomed (&) abuithal matenapditondly gibitplaniadeaybepeiierwiaths, it

to create differing graded junction configurations. -14 [0034] Consequently,
may b8ctansistas acopporaadalesithaladyanhagaspasaasiaiad withishaligw

junctions in the silicon-on-insulator substrate associated with a source and
rain thereof. As |II the ed drains 140 tend nder
100330 e DRTTE AOT6l, El o AN o ST s e I AR o e iment of
f electrlcal onnchon tlglafvte the source d.draig and the chann lreglo
orming S0 IR TR GatS b th e ST L R s %lsrtoru%‘hco arehe

rme ad acent the li ed dral s 140 and.the nneI re 145

ht
princig 1 Giihd 13%%‘%0%%%6‘{) P W R G S e

excess OF?IS:&OO(IetEr%eSéI l& OTlgrng %J Ipaetr E)rsmug)(f ttE)a(t:?eate the source/drain regions 180 (again,
albeit shallow junctions) below an upper surface of the silicon-on-insulator substrate and within
the overlying layer of silicon 120. Typically, to dope the source/drain regions 180 of the
transistor, boron ions (or other P-type dopants) for a PMOS device or arsenic ions (or other N-
type dopants) for a NMOS device are implanted into the overlying layer of silicon 120 and the
gate and spacers 160 serve as a mask. The ion implantation process may be performed at an
energy level of about 5 to 40 keV and at a dose of 1 X 10" to 5 X 10" atoms/cm®. An
exemplary depth of the source/drain regions 180 is about 200 angstroms. In accordance with the
orientation of the transistor as described herein, the source/drain regions 180 may have a surface
orientation of (100). Furthermore, additional ion implants may be performed to create differing

graded junction configurations.
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(extending under the dielectric liners 150 and the extension spacers 170) and
adjacent the channel region 145 under the gate. A depth of the junction,
however, is quite shallow thereby preserving the benefits associated with
transistors exhibiting shallow junctions and, in particular, reduced short

[0034¢hannedefigatand (RifiahiIQDE AEdemkadmithRUIEAMBPESMISIDEIARR! With shallow

current of the transistor. [0035] Turning now to FIGURE 5, illustrated is a

juncti6hiesh SRAIABeH BN IR esbasineRiRiafedring siivide: ragiongid BRiesthas
transistor according to the principles of the present invention. Generally, a

illustrgiigidatioRRIGCRPEdNUalMe S Aepasiingnddnaia iRyt st GRas MHokepa@balio and
palladium, platinum, copper, molybdenum, titanium, tantalum, tungsten,

exteng6RIUPAceZ COOIRN faraombinatianhtherpebhtbe ken andscakwingdigamedal the
layer to react with silicon, thereby creating a silicide. In an exemplary

chann€nbagimest i siligidaiiosnrrocasstilizas 2 Mmetabsesmrsingduekelso are
cobalt, platinum, palladium, a combination thereof, or the like. The metal

formel@y@jabeay the fighneddpeemy@ptianaldapesibiamée ebslsh es5SUhudsthe source and
evaporation, sputter deposition, chemical vapor deposition, or the like. -15

drain (90861 RER denesiingtkiewnataljpyesuitisaseiperatdonclaamibrivaiabi@ate
remove native oxide. The cleaning solutions that may be used include

(exterlay¥affideri chacidlsitihlinie aCil) ahydregarepsioxigecammoniadydjadsehe
solution, a combination thereof, or the like. The silicidation process may be

channpEféQisrenibyiAduread g eausiigp tho feiahiryionaselaetveyuRashalwé® thereby
exposed silicon regions (e.g., the source/drain regions 180) and the

preserfd@ly e GBNERIONS dEiged thalpataviasiy edrbilBD) den flvinjansticideankd anparticular,
advantageous embodiment in which the metal
reduced short channel effect and “off” current or leakage without compromising the “on” current

of the transistor.

[0035] Turning now to FIGURE 5, illustrated is a cross sectional view of an embodiment of
forming silicide regions 190 for the transistor according to the principles of the present
invention. Generally, a silicidation process involves depositing a metal layer such as nickel,
cobalt, palladium, platinum, copper, molybdenum, titanium, tantalum, tungsten, erbium,
zirconium, a combination thereof, or the like, and causing the metal layer to react with silicon,
thereby creating a silicide. In an exemplary embodiment, the silicidation process utilizes a metal
comprising nickel, cobalt, platinum, palladium, a combination thereof, or the like. The metal
layer may be formed by conventional deposition techniques such as evaporation, sputter

deposition, chemical vapor deposition, or the like.
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layer comprises nickel, platinum, palladium, or cobalt, the silicidation process
forms nickel silicide, platinum silicide, palladium silicide, or cobalt silicide,
respectively. The excess material of the metal layer may be removed, for
example, by performing a wet dip in a solution of sulfuric acid, hydrogen

[0036PErOXigigs At mpDia ydRXiata P lRe KR RIS A il ksiiatedy ife iR ve native

regions 190, located over a portion of the source/drain regions 180 (also

oxide Fefar e 4RiAs sdirsianrcinr R RiliGee iFRUIEB hy MR ROHIN ShIRISOUGE,
and drain, respectively), extend laterally beyond the dielectric liner 150 and

hydrogXiension®pasehdn hlaoditke siticen; andassilaiassukstcte aweYikonrike
gate. Thus, the extension spacers 170 are interposed between the dielectric

siliciddpieispkoteanghihesihiciferrdipnadRaliacaiad avaha merianyef ttheelectively react

source/drain regions 180. A length of the channel region 145 of the transistor

with dgpducaetdnassmeyag amddthuridamdielectic iveysddbthapoisnaceisddons (e.g.,

about the gate is relatively thin. The transistor according to the present

the gatRv@etieniean3 thesataia sk iadvantagedoh biebanafiihediinaarpowation e metal
channel region 145 having a shorter length. Additionally, the extension

layer &Papeikes hidkenpledindistanseibalweesbine ghamhatieoeprddsandiienickel
silicide regions 190 to reduce the possibility of silicide spikes as described

silicidabpMéinlmagitierdanseliaarewilivitiRe dransigtaiResefispEonve BMamg etbess material
things, an enhanced strain effect (associated with contact etching stop layer

of theafetabrgjpafiar deseisdlwibhisxhepthaynairfegignd 4 éhaipol ardlacwidsn sulfuric
of the extension spacers -16 170 can be modulated as necessary to reduce

acid, liperdgtatpeionsdeffaatacfisfay isiansaraticidie:. spikes within the transistor.
[0038] In an alternative embodiment, after the silicide regions 190 are formed

[0037?Ver %sr tf-ﬂlrllssfrated, the silicide regions 190, located over a portion of the source/drain
regions 180 (also referred to as “first and second silicide regions” over a portion of the source
and drain, respectively), extend laterally beyond the dielectric liner 150 and extension spacer 170
along the silicon-on-insulator substrate away from the gate. Thus, the extension spacers 170 are
interposed between the dielectric liners 150 and the silicide regions 190 located over a portion of
the source/drain regions 180. A length of the channel region 145 of the transistor is reduced
inasmuch as a width of the dielectric liners 150 and spacers 160 about the gate is relatively thin.
The transistor according to the present invention can, therefore, take advantage of the benefits of
incorporating a channel region 145 having a shorter length. Additionally, the extension spacers
170 control a distance between the channel region 145 and the silicide regions 190 to reduce the
possibility of silicide spikes as described above. In accordance therewith, the transistor benefits
from, among other things, an enhanced strain effect (associated with contact etching stop layer as

hereinafter described) within the channel region 145 thereof and a width of the extension spacers
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of the source/drain regions 180, the extension spacers 170 may be removed,
or substantial portions thereof, from the transistor. Inasmuch as the

extension spacers 170 have defined and maintained a distance between the
channel region 145 and the silicide regions 190, it may not be necessary for

170 cah®ExieAsIN SRARE!SsIAY t0 Fednainbaeaiiabul et IBIRIGRSINE, silicide
extension spacers 170 may be removed, for example, by performing an

spiked SPRIARIMWELRIRRProcess using a solution of hydrofluoric acid. Another
etchant that may be used is a mixture of concentrated sulphuric acid and

o e, S e 0 o Pt soton A ROPRIE
oo SRR 1 OS0 Tungnov g ACURE S s etle

oo SR fdfa?ggvsazmﬁ% L
o T R S RS T

tensne stress mai ial and ma rmed lé)%a chemical

nece%%iéﬁ 1BR BrSRYON SPASSER &%F%QBB} Sf)c'i‘ ition Prt Qs}g%%‘hceﬁe% |8W“51°“
I depositi id th | ch I )
spaceige ii?“re B S i‘%“ STk SR EHE o SrbE B chin o
! g aéjen anced chemic ‘1 osmon Eroce S, as commo?g known d
solution, 4t IodieHYRECA1t o O QLB B ENE LA SP ALY

sulph Sr%%p (lz? %%%4(18 X%;Ss%aerté naal(l)ecsotreréslcsé% nr%:Qe err g ce)z?sf ila.glcr)grtl}?aoso o P%\S %osphoric

out rain -
acid solution of phosphoric acid and water may also be used to remove the extension spacers

170.

[0039] Turning now to FIGURE 6, illustrated is a cross sectional view of forming a contact
etching stop layer 194 over the transistor in accordance with the principles of the present
invention. The contact etching stop layer 194 (typically embodied in a high stress film) is
formed over portions of the transistor to create a tensile stress along the <100> direction. The
contact etching stop layer 194 may be silicon nitride or any other tensile stress material and may
be formed by a chemical vapor deposition process. The chemical vapor deposition process can
be a low pressure chemical vapor deposition process, a rapid thermal chemical vapor deposition
process, atomic layer chemical vapor deposition process or a plasma enhanced chemical vapor

deposition process, as commonly known and used in the art.

[0040] In an advantageous embodiment, contact etching stop layer 194 exerts a tensile stress

in the range of about 50 mega Pascals to about 2.0 giga Pascals along the source-to-drain
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direction. A thickness of the contact etching stop layer 194 is about 300
angstroms to about 1000 angstroms. In one embodiment, the contact
etching stop layer 194 may include silicon nitride deposited by low pressure
chemical vapor deposition process having a magnitude of about 1.2 giga

directBASCARlh RRHe B NAhesRAebadimRNdh tagantaatie Y RHTO RIBUES O b St
include silicon nitride deposited by a plasma enhanced chemical vapor

1000 SeRAFHAN DIOGeSHBBMIAG R Magsiilde @t aReUtd) 7.9i9a RAsEaIsdARE Kilicon

The contact etching stop layer 194 for PMOS devices may be a compressive

nitrid SHESSs ifdIbON e pretEass dHemivdligoe &piacbateRing sipRilayemlhiabe of

NMOS devices may be a tensile stress film The compressive stress film

about 'ESWISAPAEANNINE S MactHa B itbdienshianmel coagiorneafhing SN eraand)
the source-to-drain direction to enhance hole mobility. In general, the contact

includetshitehsiradayrRpdatexsrispsigniiicani iofd enemienl g shaanslitiedipd4s having

modifying a silicon lattice spacing in the channel region 145, and thus

a magiiiiRRBUSIABRINaIN heignRscdike resulting strain effect introduced into the
channel region 145 of the transistor improves carrier mobility to enhance a

for fth ist to FIGURE 7, illustrated
10041 R R o7 ST 1ol TSRS T8 I AGSRPRE o Suess
ith th les.of t t t h ectric |
film of gL R e oA bELPATGEALS 138 1 oo N.f#% TR b
die ectq;(f r 198p%/ |cal has Ianarl%ed surface and ma |ncJud}¢]a silicon

tensile,elressiime Sition %%rc?ﬁsmques Lichag 8%‘%%%%%%5 PHdp o gpnnel

r dielectric layer 198 be.about 150 ms t u{
reg%@ﬁ@%ﬁé@ R e R SR e mebinRe
generaal %etc%% é’ctaélgﬁ%%"s‘t%pﬁ%}%@%ﬂ%&%&? Qne advantageous smpodiment. e 145,
modifying a silicon lattice spacing in the channel region 145, and thus introducing strain therein.

The resulting strain effect introduced into the channel region 145 of the transistor improves

carrier mobility to enhance a performance of the transistor.

[0042] Turning now to FIGURE 7, illustrated is a cross sectional view of an inter-layer
dielectric layer 198 in accordance with the principles of the present invention. The inter-layer
dielectric layer 198 is formed over the contact etching stop layer 194. The inter-layer dielectric
layer 198 typically has a planarized surface and may include silicon oxide formed by deposition
techniques such as chemical vapor deposition. The inter-layer dielectric layer 198 may be about
1500 angstroms to about 8000 angstroms in thickness, but more preferably about 3000 angstroms
to about 4000 angstroms. Furthermore, in one advantageous embodiment, the inter-layer
dielectric layer 198 exerts a tensile stress along the <100> direction with a magnitude of about

0.1 giga Pascals to about 2.0 giga Pascals. Thereafter, standard processing techniques may be
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dielectric layer 198 exerts a tensile stress along the <100> direction with a
magnitude of about 0.1 giga Pascals to about 2.0 giga Pascals. Thereatfter,
standard processing techniques may be -18 used to complete fabrication of
the transistor including process steps such as forming metal lines and layers,

used tEEBHHIEABRLPIE S BRCKAFINGe PRE 1IN keolQQ4 e phvise S SOHEANAREIAT lines

device and method of forming the same with readily attainable and

and lageaNifialie-adyantagasdiapdeenoiradugrdikthose skilled in the art should

understand that the previously described embodiments of the semiconductor
and related method of forming the same are submitted for ustr tlve

0043 B B A BT B BEOAMRFES ELGE B B b od
aain G HR ggénﬁ%%hﬁ%% it v i Gl

o B B SO BRSS9

h ithout departing f it and f th ti
met b BE B B S B %5°‘£éeﬂ S T
b $l cussed % can be implemented in different m thodolg ies and
embog iR R 689 0t Pﬁ?&%%e S%Plﬁo Bifatio hcﬁ%?“é? Y1BR AR MBSy than

f th tio t ded to be limited to the particul
exen R GHHENES 1 e (TRLLEL NI TP RABLiton of matter

means, methods and steps described in the specification. As one of ordinary
[0044$Kill iMthe, atthwiligtetdiyreappraciatednomdiie disalospes lohihbgpredesatibed in
invention, processes, machines, manufacture, compositions of matter,
detail nitedhos|divethods;sarost€ps, arésenthaegesting stitigiensaunbaltevaiopedan be made
herein without departing from the spirit and scope of the invention as defined by the appended

claims. For example, many of the processes discussed above can be implemented in different

methodologies and replaced by other processes, or a combination thereof.

[0045] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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that perform substantially the same function or achieve substantially the
same result as the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the appended claims
are intended to include within their scope such processes, machines,

WHAMaURAIVEEI0GRIPOSitions of matter, means, methods, or steps. -19 WHAT
IS CLAIMED 1S: 1 1. A semiconductor device formed on a semiconductor

sybstrate, camesisineiod@\dedSRURIISHth SBRICONAILELR s SHIRIAtes Bptising:
dielectric liner on a sidewall of said gate; 4 an extension spacer adjacent and

extendisgdaiaiallyrhryand-saidubalagsric liner along 5 said semiconductor
substrate; 6 a source/drain located below an upper surface of said

serisRREUCIRRssASiaR Wil of asiaceft a channel region under said gate,
said source/drain extending under said dielectric liner 8 and said extension

SRAGRTeAN%spasticidameegionPyRkAdRrtioRafisHeysaureaddair @R liner along
extending laterally beyond said 10 extension spacer along said

said sS@mBigRNMuGtotisghstrate. 1 2. The semiconductor device as recited in Claim
1 wherein said semiconductor 2 substrate is a silicon-on-insulator substrate

ingkiding/amundestyingesonstraippé burfack instdatingni2 dayac@ndu@dtrate and
overlying layer of silicon. 1 3. The semiconductor device as recited in Claim 2

adjacaihgreimabaiio i anekrisatation, saieginnscaimfouneddvensad idiaeklectric liner
insulating layer.
and said extension spacer; and

a silicide region over a portion of said source/drain and extending laterally beyond said

extension spacer along said semiconductor substrate.

2. The semiconductor device as recited in Claim 1 wherein said semiconductor
substrate is a silicon-on-insulator substrate including an underlying substrate, a buried insulating

layer and an overlying layer of silicon.

3. The semiconductor device as recited in Claim 2 wherein shallow trench isolation

regions are formed over said buried insulating layer.

4. The semiconductor device as recited in Claim 1 wherein said gate includes a gate

dielectric layer and a gate electrode.

5. The semiconductor device as recited in Claim 1 wherein said source/drain,
includes:
a lightly doped drain located below said upper surface of said semiconductor substrate

and adjacent said channel region under said gate, said lightly doped drain extending under said
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1 4. The semiconductor device as recited in Claim 1 wherein said gate
includes a gate 2 dielectric layer and a gate electrode. 1 5. The
semiconductor device as recited in Claim 1 wherein said source/drain, 2
includes: 3 a lightly doped drain located below said upper surface of said

dielecBe@MigePaMCtAiSHRsHAM dand, adipcent said channel region under said
gate, said lightly doped drain extending under said -20 5 dielectric liner and

SAIdRXIBNIAN RRASEToaNEIGhBISRWGE/EPH? SaEiRR CakaddialoynSaitby PRSrate
surface of said semiconductor substrate 7 and adjacent said lightly doped

and adjiRih 3£d TiBRiBedoisQngiagior device as recited in Claim 1 further comprising
a spacer 2 formed on said dielectric liner. 1 7. The semiconductor device as

recited in Claim 1 further comprising a contact 2 etching stop layer located
over poribnsohizaitdisemicknilvciordadwicen Clin Hefisehricandpidtngevjeeer
as recited in Claim 7 further comprising an inter-layer 2 dielectric layer
formetbomed dueiaaiit dmetact etching stop layer. 1 9. The semiconductor device
as recited in Claim 1 wherein said extension spacer is 2 about 30 angstroms
to about 100 angstroms in thickness. -21 1 10. A method of forming a
sémicondbetsnueviskanraleenticoneeittdns(hsimalefutheseprisigng a contact

etching stop layer located over portions of said semiconductor device.

8. The semiconductor device as recited in Claim 7 further comprising an inter-layer

dielectric layer formed over said contact etching stop layer.

0. The semiconductor device as recited in Claim 1 wherein said extension spacer is

about 30 angstroms to about 100 angstroms in thickness.
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10

11

3 forming a gate over said semiconductor substrate; 4 forming a dielectric
liner on a sidewall of said gate; 5 forming an extension spacer adjacent and
extending laterally beyond said dielectric liner 6 along said semiconductor
substrate; 7 forming a source/drain below an upper surface of said

sqmicondugtansy bsticaiaRd Sadivcant@coansebiegiemindansadidsoniBate,
said source/drain extending under said dielectric liner 9 and said extension

compgpiager; and 10 forming a silicide region over a portion of said source/drain
and extending laterally 11 beyond said extension spacer along said

SeoRiaRRoMEHeE SubsiiRehibbndi@dnaibaehas recited in Claim 10 wherein
said semiconductor substrate is a 2 silicon-on-insulator substrate including

afoeieilyngitaveriofisidicon faimehn\araiddtied 3 insulating layer formed
over an underlying substrate. 1 12. The method as recited in Claim 11 further

CEBARTISHEh foxreiRm SRpHEW Amaeht A1aYRkanirpdiaBs DY B said BMteHelectric liner

insulating layer. 1 13. The method as recited in Claim 10 wherein forming

along Said gatectirlueles fopsitaga 2 gate dielectric layer over said semiconductor
substrate and forming a gate electrode over said 3 gate dielectric layer. 1 14.

The miathedoasceggites e1&iaim udpyvhareiceforNitbssailk sRlifa@ei@sirate and
includes: 2 forming a lightly doped drain below said upper surface of said

adjac&gMigondUCiesisdsiiefead] @tk AgiRcaNirsad ghanneldngiandendsid shidectric liner
gate, said lightly doped drain extending under said -22
and said extension spacer; and

forming a silicide region over a portion of said source/drain and extending laterally

beyond said extension spacer along said semiconductor substrate.

11. The method as recited in Claim 10 wherein said semiconductor substrate is a
silicon-on-insulator substrate including an overlying layer of silicon formed over a buried

insulating layer formed over an underlying substrate.

12. The method as recited in Claim 11 further comprising forming shallow trench

isolation regions over said buried insulating layer.

13.  The method as recited in Claim 10 wherein forming said gate includes forming a
gate dielectric layer over said semiconductor substrate and forming a gate electrode over said

gate dielectric layer.

14. The method as recited in Claim 10 wherein forming said source/drain, includes:
forming a lightly doped drain below said upper surface of said semiconductor substrate

and adjacent said channel region under said gate, said lightly doped drain extending under said
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4 dielectric liner and said extension spacer, and 5 forming a source/drain
region below said upper surface of said semiconductor substrate 6 and
adjacent said lightly doped drain. 1 15. The method as recited in Claim 10
further comprising forming a spacer on said 2 dielectric liner. 1 16. The

dielectrethash aad egiteskiBrisiaigphlefurther comprising forming a contact etching 2
stop layer over portions of said semiconductor device and an inter-layer

diRIBRIHE JaVRIrQYeFSRid o R ORIBG! SIRNIDFIOR ARVEHT Jald shR JNEHRRS SSbstrate
recited in Claim 10 further comprising substantially removing said 2

and adj¥tensianiInatRr @ffruferaming said silicide region. 1 18. The method as
recited in Claim 10 wherein said extension spacer is about 30 2 angstroms

to about 100 angstroms in thickness. -23 1 19. A transistor formed on a
sdmicondihetor dwdsisate;itedipdiiing: 1 @ fagaie covgprsaig $emit@nadsietosr on said
substrate; 3 first and second dielectric liners on opposing sidewalls of said
dielecgatdinédrfirst and second extension spacers adjacent and extending laterally
beyond said first and 5 second dielectric liners, respectively, along said
semiconductor substrate; 6 a source located below an upper surface of said
sdficondbetoedwistsars isgtindjldcent G furtbhnepabrégigriemiag saidngatectching

said source extending under said first dielectric liner and said 8 first extension
stop laysagaier portions of said semiconductor device and an inter-layer dielectric layer over said

contact etching stop layer.

17.  The method as recited in Claim 10 further comprising substantially removing said

extension spacer after forming said silicide region.

18. The method as recited in Claim 10 wherein said extension spacer is about 30

angstroms to about 100 angstroms in thickness.

23-



10

11

12

13

14

9 a drain located below an upper surface of said semiconductor substrate
and adjacent said 10 channel region under said gate, said drain extending
under said second dielectric liner and said 11 second extension spacer; and
12 first and second silicide regions over a portion of said source and drain,

regpectivelya@idod BaxiensingsiaigcathiReyoamaaie ficshandisgeond

extension spacers, respectively, along said 14 semiconductor substrate. 1

2Q. ghheoansisiae ascakitRebiNsGaimd:O wherein said semiconductor
substrate is a 2 silicon-on-insulator substrate including an underlying

sypstrate secbhdiadinadiatineriayebppskmg stievallyingstayernes;silicon. 1 21.
The transistor as recited in Claim 20 wherein shallow trench isolation regions

ang sRdmed rvesaithhupecinaulating lavesxtRind edaRsIEE RBsEHRS and

in Claim 19 wherein said gate includes a gate dielectric 2 layer and a gate

secon@l@RlERee: i, 28pEbEVEBNSISIY Asd eeiteehititdinmiRivdierein said

source, includes: 2 a lightly doped drain located below said upper surface of

saidosesaitatichelcsy hstipier 3and adfasantsaidosiacne siegiendndpidaidnt a
gate, said lightly doped drain extending under said 4 first dielectric liner and

channSBigdisst @xdensiansspacald anek& @:-aehieesdiader &gibArkcated brltvnesaid said
upper surface of said semiconductor substrate 6 and adjacent said lightly

first edepsiddlspired; 24. The transistor as recited in Claim 19 wherein said drain,
includes:

a drain located below an upper surface of said semiconductor substrate and adjacent said
channel region under said gate, said drain extending under said second dielectric liner and said
second extension spacer; and

first and second silicide regions over a portion of said source and drain, respectively, and

extending laterally beyond said first and second extension spacers, respectively, along said

semiconductor substrate.

20. The transistor as recited in Claim 19 wherein said semiconductor substrate is a
silicon-on-insulator substrate including an underlying substrate, a buried insulating layer and an

overlying layer of silicon.

21. The transistor as recited in Claim 20 wherein shallow trench isolation regions are

formed over said buried insulating layer.

22. The transistor as recited in Claim 19 wherein said gate includes a gate dielectric

layer and a gate electrode.

24-



2 a lightly doped drain located below said upper surface of said
semiconductor substrate 3 and adjacent said channel region under said
gate, said lightly doped drain extending under said 4 second dielectric liner
and said second extension spacer, and 5 a source/drain region located below

saigl uppensHHRGS 6 SalcaemicenEwetry SHBRIAR IS Rud-adinagntsaid
lightly doped drain. 1 25. The transistor as recited in Claim 19 further

CQMBHgINGolkst anchaseard sRBGesaidufsienegrpRsaid fistand SRRRAGK substrate
dielectric liners, respectively. 1 26. The transistor as recited in Claim 19

and adiidber CRMPHEIRY R SoRtasdEteking 3t0Raid |RRTy AepteOieYar-ROEMAS Bhder said
said transistor. 1 27. The transistor as recited in Claim 26 further comprising

first daleliiel fAKe b Aielgictiicselayaiiiormpacepviidsaid contact etching stop layer. 1
28. The transistor as recited in Claim 19 wherein said extension spacer is
ahaduAR/& Angstion® tatad BeloOh RNGSIEPME it $iekaRBSe m2&nductor substrate

and adjacent said lightly doped drain.

24. The transistor as recited in Claim 19 wherein said drain, includes:

a lightly doped drain located below said upper surface of said semiconductor substrate
and adjacent said channel region under said gate, said lightly doped drain extending under said
second dielectric liner and said second extension spacer, and

a source/drain region located below said upper surface of said semiconductor substrate

and adjacent said lightly doped drain.

25. The transistor as recited in Claim 19 further comprising first and second spacers

formed on said first and second dielectric liners, respectively.

26. The transistor as recited in Claim 19 further comprising a contact etching stop

layer located over portions of said transistor.

217. The transistor as recited in Claim 26 further comprising an inter-layer dielectric

layer formed over said contact etching stop layer.

28. The transistor as recited in Claim 19 wherein said extension spacer is about 30

angstroms to about 100 angstroms in thickness.

5.



