STRAI NED CHANNEL FET USI NG SACRI FI Cl AL SPACER
Techni cal Field The present invention relates to the
woaeiossd77on of sem conductor integrated circuPCSUS2006/034948
nore specifically to an apparatus and net hod of making
a strained channel field effect transistor (FETsS) such
as an insulated gate field effect transistor (IGFET)
in which a stress is applied to the channel region by
a sem conductor alloy material disposed adjacent the
channel r edTRANEBERYEDERTASINGISABHTIRIAL BRAGFRt i cal and
enpirical studies have denonstrated that carrier
nmobility in a transistor can be greatly increased when
a stress of sufficient nmagnitude is applied to the
Teblamio&l Fiekbi on of a transistor to create a strain
therein. Stress is defined as force per unit area.
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which is known to increase the drive current of the

PFET. Commonly assi gned, co-pending U S. Patent

Application No. 10/604, 607fil ed August 4, 2003 and
BYcRyrotRbS Application No. 10/605,134 filed Septenber

Both theoretical and empirical studies have demonstrated that carrier
mobility in a transistor can be greatly increased when a stress of sufficient
magnitude is applied to the channel region of a transistor to create a strain
therein. Stress is defined as force per unit area. Strain is a dimensionless quantity
defined as the change in the dimension of an item, e.g., a change in its length,
versus the original dimension, e.g., the original Iength, when a force is applied in
the same direction, i.e., in the direction of its length, in this case. Thus, strain can
be either tensile or compressive. In p-type field effect transistors (PFETSs), a
compressive stress applied to the channel region in the direction of its length, i.e.,
a compressive longitudinal stress, creates a strain which is known to increase the

drive current of the PFET.

Commonly assigned, co-pending U.S. Patent Application No. 10/604,607
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reference herein in their entirety. As described
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define the source and drain regions of the FET.

However, it is not always desirable for the SiGe regions of a strained
channel transistor structure to coincide with the locations of the source and drain
implants. While the SiGe regions need to be placed close to the channel region to
apply the stress needed to obtain high drive current, placed them too close can
cause problems such as causing the threshold voltage of the transistor to deviate

from a desired value.

In addition, the source and drain regions of a FET are desirably spaced
close to each other to increase the drive current ip of the FET by making the
length (L) of the channel region small. This follows from the equation

ip = AW/L)
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transistor, Wis the width, and L is the length of the
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and drain regions of the substrate. However, there is

a limt to how close the source and drain regions can
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even when the transistor is off. Excessive |eakage

diin regions @anabe planedetd aach othese Ifdbepare Plaeed to@glase to each
to drift undesirably. For the above reasons, it would
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formng a FET in which sem conductor all oy regions are
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stack overlying a si ngil e-crystal sem conductor region
sohetimesisausataiput gignal levels fo dift updesirabldi sposed over
sidewal | s of said gate stack, and a pair of regions
consisting essentially of a si ngl e- cryst al
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alloy regions is spaced a first distance fromthe gate
mséttﬁ&é( of forming a FET in which semiconductor alloy regions are formed at a
spacing from the channel region, the spacing being selected independently from

the locations at which the edges of the source and drain regions are placed.

Disclosure of Invention

According to an aspect of the invention, a field effect transistor ("FET") is
provided which includes a gate stack overlying a single-crystal semiconductor
region of a substrate, a pair of first spacers disposed over sidewalls of said gate
stack, and a pair of regions consisting essentially of a single-crystal
semiconductor alloy which are disposed on opposite sides of the gate stack. Each
of the semiconductor alloy regions is spaced a first distance from the gate stack.

The source region and drain region of the FET are at least partly disposed in



The source region and drain region of the FET are at

| east partly disposed inrespective ones of the
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region and the drain region are each spaced a second

di stance fromthe gate stack by a first spacer of the
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t her aspect of the invention, thodls rovi ded
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whi ch includes patterning a gate polycrystalline
firgeapacardeictherpdiagtfirss\apacersaidha sscagd eligfapee aeing different from

sem conductor region of a substrate to forma gate
thpadirstadisiducgor ("PC'). Thereafter, sacrificial spacers

are fornmed overlying sidewalls of the PC, and portions

of the single crystal sem conductor region are

recessed in |ocations adj acent to the sacrificial
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thereafter, and the FET is then conpleted. Brief
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view illustrating a strained channel field effect
spdcans igpé %rrﬁ@@Q}"v@'er%gt 8ickRi B bedtHEE PIC, 0dnd PRortions of the single
invention. FIGS. 2 through 11 illustrate stages in the

r{lﬁgf b&rﬁdo‘?ﬁ'ﬂiuﬁforQe@bh%r%er%f%gaccor éjf chfibfs %HLa%“eb% to the sacnflmal

ransistor s ng to a

sp%fcetrshe'f“/eergéﬁer regions consisting essentially of a single crystal

semiconductor alloy are epitaxially grown in the locations, such that the sacrificial
spacers at least partly determine first spacings between the single-crystal
semiconductor alloy regions and the PC. The sacrificial spacers are removed

thereafter, and the FET is then completed.

Brief Description of Drawings

FIG. 1 is a cross-sectional view illustrating a strained channel field effect

transistor according to an embodiment of the invention.

FIGS. 2 through 11 illustrate stages in the fabrication of a strained channel

field effect transistor shown in FIG. 1, according to an embodiment of the



Best Mbde of Carrying Qut the Invention A strained
channel field effect transistor (FET) according to an
weonbmdisgant of the invention is illustrated i nPaT/US2005/034948
cross-sectional view, in FIG 1. The FET 10 is either
a PFET having a channel region 22 of p-type
ifeEwliegL i vity or the FET 10 is an NFET having n-type
conductivity. The channel region 22 is disposed bel ow
a gate conductor 29 of the FET. Wen the FET 10 is a
PFET, semi conductor alloy regions 39 are placed close
he ch.nnel region and apply a conpressive
«£1¥inaddyt th lRventigiannel regi on 22.
Preferably, the channel region 22 is disposed in a
region 14 consisting essentially of silicon and the
sem conduct or alloy regions consist essentially of
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alloy regions 39 are referred to herein as silicon
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abl e tude to the channel _regio
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current of the PFET, making the sw tching speed of the
befegt arpgatesicenpetor 029 hef ¢ t ERTngWeeedhef FET NPETs a PFET,
that does not have a stress applied to its channel
segycanduckvalogregionsi 3¢ atehplaced elede toeRHahnefregion and apply
conpressive stress decreases the drive current of the
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silicon germaniumregions 39 are of the t
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the semiconductor alloy regions consist essentially of silicon germanium.
Hereinafter, the semiconductor alloy regions 39 are referred to herein as silicon
germanium regions 39. The spacing of the silicon germanium regions 39 to the
gate conductor 29 is preferably 10 nm or less, in order for the silicon germanium
regions 39 to apply a stress having a desirable magnitude to the channel region
22. As discussed above, such siress increases the drive current of the PFET,
making the switching speed of the PFET more similar to the switching speed of
an NFET that does not have a stress applied to its channel region. However,
unlike the case of the PFET, a compressive stress decreases the drive current of
the NFET. Accordingly, when the FET is an NFET and the silicon germanium
regions 39 are of the type which apply a compressive longitudinal stress, the

silicon germanium regions 39 must either be omitted or be placed farther away



silicon germaniumregions 39 nust either be omtted or

be pl aced farther awayfromthe channel region 22 than
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i mpacting the drive current of the NFET. Methods of

simul taneously fabricating PFETs having strained
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modi fications to formthe NFET are such as descri bed
fabicatiag i it p dravingl sipjsiadc ahamnals and NAElfse panere tspbstrate are
FIG 1, in a preferred enbodi ment, the channel region
dégcrifed ire tiF-BEEréD ircodicrptesiedpplications! & itkel fplidving description,
singl e-crystal sem conductor-oninsulator (SO) | ayer
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separating the layer 14 froma bul k region
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InGaLjorg éia"’l‘%%'c ﬁ?'ﬁ%oe of such bul k substrate. Wen
field effect transistors (FETs) are fornmed in SO
substrates, faster switching operation is often
achi eved than when FETs are fornmed in bul k substrates,
becaWgih rieferehee SOFIGa$ein g prrede rired ecdpaliineat ¢ee channel region 22
el i mnated between the channel region 22 of the
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further described herein, a nethod is provided for
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separating the SOI layer 14 from a bulk region 16 of the substrate. Alternatively,
the substrate 17 may be a bulk substrate, in which case the BOX layer 18 is
omitted and such PFET has a channel region disposed near the top surface of
such bulk substrate. When field effect transistors (FETs) are formed in SOl
substrates, faster switching ope‘ration is often achieved than when FETs are
formed in bulk substrates, because in the SOl case, junction capacitance is

eliminated between the channel region 22 of the transistor and the bulk region 16

of the substrate.

As further described herein, a method is provided for fabricating an FET
such as a PFET 10 having a channel region 22 disposed within a single-crystal
region 14, the region 14 consisting essentially of a first semiconductor such as

silicon. When the first semiconductor is silicon, the PFET 10 includes



region 14, the region 14 consisting essentially of a

first sem conductor such as silicon. When the first
weemepayadact or is silicon, the PFET 10 PCT/US2005/034948
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about 50% by weight of the combined alloy.

However, the present invention is not limited to the fabrication of
transistors having channel regions disposed in a pure silicon crystal. The single
crystal SOI region 14 of the substrate may consist essentially of silicon
germanium in proportions according to a first formula Si,1Ge,s, where x1 and y1
are percentages where x1 + y1 = 100%, and the regions 39 of the second
semiconductor consist essentially of silicon germanium in different proportions
according to a second formula Si,.Geys, where x1 and y1 are percentages where
X2 +y2 = 100%, x1 being not equal to x2, and y1 being not equal to y2. In a
method according to a preferred embodiment of the invention, the second

semiconductor, being lattice-mismatched to the first semiconductor, is formed by



according to a second fornula Sic2CGy2, where x 1 and

y 1 are percentages where x2 + y2 = 100% x 1 being
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i nvention, the second sem conductor, being
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sem conductor region. As further shown in Figure 1
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dielectric 27. The gate dielectric 27 preferably
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n dielectric material such as silicon nitride, or
such materials conmmonly known as high dielectric
constant or "high-k" dielectric materials. In an

As further shown in Figure 1, the channel region 22 of the PFET 10 is
disposed below a gate conductor 29, preferably having a lower layer 26 of heavily
doped polysilicon in contact with a gate dielectric 27. The gate dielectric 27
preferably consists of a layer of silicon dioxide thermally grown on the single-
crystal semiconductor region 14. Alternatively, the gate dielectric can be any
suitable thin dielectric material such as silicon nitride, or such materials commonly
known as high dielectric constant or "high-k" dielectric materials. In an
embodiment, halo regions 23 and exiension regions 25 are disposed adjacent to
the source and drain regions 24 in the vicinity of the channel region 22. However,
in some embodiments, the halo regions 23 and extension regions 25 are not
provided, the halo regions 23 and extension regions 25 being optional features

that are provided according to the particular design requirements of the PFET 10.



enbodi nent, hal o regi ons 23 and extension regions 25
are di sposed adjacent to the source and drain regions
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in sone enbodi nents, the halo regions 23 and extension
regions 25 are not provided, the halo regions 23 and
extensi on regions 25 being optional features that are
provi ded according to the particul ar design
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10/8pamt. Bregéranty, the grolygiliconhiyprpBostethef PRET CH) frcltides a p-type
wor kf unction of the p-type conductivity of the
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suicide formed by a selfaligned process (a
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platinum, tantalum, titanium, tungsten, and vanadium. More preferably, the

silicide includes cobalt silicide, tantalum silicide, titanium silicide, tungsten silicide,

and/or nickel monosilicide.

Alternatively, the gate conductor can include a metal layer (not shown) in
the place of a polysilicon layer 26 in contact with the gate dielectric 27, which may
also take the place of the overlying low-resistance layer as well, the metal layer
preferably having been formed as a replacement gate after high temperature

processing of the source and drain regions of the transistor has been completed.

The source and drain regions 24 of the PFET 10 are disposed at least



the place of a polysilicon layer 26 in contact with

the gate dielectric 27, which my al so take the place
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oxide regions 3 1 are, illustratively, thin thernal
difigrerddrarorthe dspagingsi ofathieosiliasin gefrganiuit aboyreagiomsafrom the gate
that originally fills the space between the oxide
coreflicdrs 3 1. In the enbodi nent shown in FIG 1,
| ow-resistance | ayers 40 on each side of the gate
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re%? n%sé{ eln e emhbodlment shown in FIG. 1, low-resistance layers 40 on each

side of the gate conductor 29 are spaced from the source and drain regions 24 by
a second dielectric spacer 34. The low-resistance layer is preferably a silicide
formed in self-aligned manner, i.e. a "salicide", from a metal deposited on the
layer 39 of silicon germanium and thereafter reacted with the silicon germanium
to form the silicide. The silicide can be a compound of any suitable metal
including but not limited to cobalt, molybdenum, a monosilicide of nickel, niobium,
palladium, platinum, tantalum, titanium, tungsten, and vanadium. More preferably,
the silicide includes cobalt silicide, tantalum silicide, titanium silicide, tungsten

silicide, and/or nickel monosilicide.

FIGS. 2 through 11 are cross-sectional views illustrating stages in the
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| ayer 39 of silicon germanium and thereafter reacted

wWth the silicon germaniumto formthe suicide. The
weuniwidg7can be a conpound of any suitabl e nmetalT/US2005/034948

including but not limted to cobalt, nolybdenum a

nonosi | i ci de of nickel, niobium palladium platinum

fé@rg%ﬁbH fta'nt u!—éﬂbdt%éeigsét %ln%es C‘é@'&?‘#le‘l’@‘ef%%ﬁetransistor (FET)

era SUICI i hC sui cl
atsﬁﬁftﬂﬁiguﬁé S&”a?e%ﬁﬁ*?&@ ehdBe S pEaiE sy Eﬁntgfﬁa e Gise for al
cross-sectional views |IIustrat|ng sta es

drayuings relesenead beredh thadentaresishawe i FIG; Aade ciwkiawn to scale.
field effect transistor (FET) according to a preferred
Feebd dlustratesoén iridali staga in fabricaton & whighcasiicOoonaihkulator (SOI)
drawi ngs referenced herein, the features shown in FIG

sdbgiree NOpreviawd, fromsSEBach. thEIFET % fddrié@téoﬁt@s%sﬁ@wn in FIG. 2, the
initial stage in fabrication in which

I
SelsupeitaRM Y Y a%ggr@@gwﬁgmgéﬁoh%nel,gg@rd@%u 4814 and
ude | ati veI

a3 BI04 Fedal s “SOT IV er 1y b incoric: (B1PX) tayer

6 separat ed fromthe SO |ayer 14 by a buried oxide
1%BOX) layer 18. FIG 3 illustrates a stage in

fabrication in which a | ayered stack has been forned

over the SO substrate 17. The | ayered stack includes,

as listed in order fromthe SO |ayer 14 upwards, a

gat eFiti.e8 diustiated, stage &y eabrichtionliy sHicle @nlaybrecPsidck has been
| ayers of oxide 42, nitride 44 and oxide 46, in order,

folhesiNovdanbi SOI B@bﬁﬂi’t&ﬁ'?‘ 'T%nlak/ébé%f st%@k H&]Gﬂ@@é‘s listed in order

dielectric 27 includes a materi al such

fr@@f@%‘t%ﬂl P:f%eur d%f? Qw%ée?l‘o#@?hat?é(yérrb%rﬂg?ysmcon 26, and
layers of oxide 42, nitride 44 and oxide 46, in order, which overlie the polysilicon
layer 26. The gate dielectric 27 includes a material such as those described
above, and is formed such as by thermal oxidation or thermal nitridation of the
silicon-on-insulator layer 14. Alternatively, the gate dielectric 27 is formed by
deposition, especially low-pressure chemical vapor deposition (LPCVD). Still
other types of dielectrics such as those selected from any of several well-known

classes of high dielectric constant materials (also referred to as "high-K dielectric

materials) can be formed by deposition in place of silicon dioxide or silicon nitride.

As particularly shown in FIG. 3, oxide layer 46 functions as a patterned
hardmask layer for patterning the layers which underlie the oxide layer 46. Such

hardmask layer is preferably provided as a layer deposited from a
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silicon-on-insulator |ayer 14. Alternatively, the gate
dielectric 27 is forned by deposition, especially

woawepsessur e chem cal vapor deposition (LPCVDpCT/®SR4065/034948
ot her types of dielectrics such as those selected from
any of several well-known classes of high dielectric

S RIS G e
LTRSS SR ot ORCTE fole, ver 2

as a patterned hardmask | ayer for patterm&
prefoeably wareped el dehtle d@ﬁ@dcﬁhth'é Jtage of Japricgiion. and to be doped

har dmask | ayer is preferably provided as a | ayer
taleposicred ey dopEnt aenbghivatidn suth st brgudtOsN implantation, at a
precursor, or alternatively, borophosphosilicate glass

la(t&Péi@_);e@ffam@@md silicate glass (USQ. The
pol ysilicon layer 26 is preferably undoped or lightly

doped at this stage of fabrication, and to be doped to
a preferred heavy dopant concentrati on, such as

h | ant

¢ ar T o Dot 2 st Bhue i s18os 3 Hnidadih, ffter a gt stack has
fabrication, after a gate stack has been patterned -
beew RaitgEaChifertHeslayered atacknbarshowmringIG, 4¢ Hie gateepolysilicon

polysilicon layer 26, a gate cap oxide 42 and a gate
layep 26, ta i ghie Jcamowide il andsa agatat cay métidgadtd sowciemain as a
over the gate dielectric 27, which, in turn, overlies

phternedbgateatack7ovémtragd djatté aficlesiride®a) MhicH, inheurdatderlies the
polysilicon |layer 26 are exposed by the patterning and

sabStrdtdarre s A8ditie) Qdé\ﬁglls @ﬁtﬂé\’ ?)Bﬁfsﬂﬁ:bn% Sadgd Qfé eiébsed by

form oxi de regions . Ther ea sho in

the patt@RHing GhaSa 'tﬁér‘ééﬁer %Q@?z%rcf’ bl 52 RERS 8>ﬂdatlon, to form

oxide regions 31.

Thereafter, as shown in FIG. 5, a pair of sacrificial spacers 50 is formed on
the oxide regions 31 overlying the sidewalls of the polysilicon layer 26. The
spacers 50 are preferably formed of a dielectric material, for example, silicon

nitride, which has good etch selectivity in relation to silicon dioxide.

Thereafter, as shown in FIG. 6, a vertically directed ion implant 58 is
performed to regions 65 of the SOI layer 14 to help define the depth of the bottom
edge 60 and lateral dimension 62 of the silicon germanium regions that will be
formed thereafter. This ion implant has a function to alter the implanted single-

crystal silicon material in regions 65 to permit the material therein to be etched
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the oxide regions 3 1 overlying the sidewalls of the

polysilicon |ayer 26. The spacers 50 are preferably
woaooemdonf a dielectric material, for exanpl e, PETIUSZWME034948

nitride, which has good etch selectivity in relation

to silicon dioxide. Thereafter, as showmn in FIG 6, a

AT SR R0 SO 08 40,5 o
B PRS00 RO okl RIS oo

thereafter. This ion inplant has a function to alter
apdewithnausiigient energy der )ﬁ@zﬂm@rplhiz@orihﬁﬁléglieaﬂfyﬁﬁ' silicon material
regions 65 to permt the material therein to be

thereime dinecB Ot Exyer dklig SQI sWsitaton typicallyheedrtedayiis thof, e.g., less
the SO layer 14. Such ion inplant is perforned, for

HEARIDO &um, ahd MRk@BbAIMEly HaviiRy FRRIcKR 4B twedRSabBIAEI0 nm and
dosages and with suffici ent energy to "pre-anorphize”

Phﬁn Sp r%bﬁf a-?é r?ﬁﬂléﬁtoéktgﬁﬁ ?I dddis %g'v(?hlaﬂ_t?clgge to the top

St rates use

than 00 n nD nmon havi n
sg”%%f 9En%s@eb§©%e'sxe B0 B IRHE FCRAT rrvsde%g i ggtanium
the ion ngl ant extends to a depth 60 which is close
rqgions &0 sypsiantiali akesther plase of el apblayes, 14 in iepsr regions 65.
for the later forned silicon germaniumregions to
Degtigblintheadeptit 6k of tthe iph doplatt ftdre tsltop sapefacdofi BOI layer 14
those regions 65. Desirably, the depth 60 of the ion

(defiplednby fthergdtbedibleptriupipcie 80%S6H greater of4hédgdptnesk the top
by the gate dielectric 27), is 80% or greater of the

s@r%&é‘é)@foftﬂ'i@mIaﬁ}érrﬁ%celn%‘né)fen{%nﬁ% WPRERT ¢ gler 14 has
one enbodi nent, when the SO |ayer 14 has at S

Legi t
a%lcm%ég ?ﬁg (?hrf‘égf ﬂm gﬁé’ r8@8n9§ X: ng(fjiegsﬁr?rb {%lb@f&@?@) £%epth of
30§ | %r} rr?cf)ret. esmg,g?crysta? Srllbearregw}l 8#( {%e same or similar thickness as
the SOI layer 14 imparts a compressive stress on adjacent silicon regions. Such
stress imparted by a SiGe region at a depth 60 is higher than could be achieved

than if the SiGe region were much thinner than the SOI layer 14, due to

distribution of the stress over a larger area of the silicon.

Referring to FIG. 7, a process is performed which preferentially etches the
implanted regions of the SOI layer 14 selective to the single-crystal silicon
material of the SOI layer 14. This process results in producing opened regions 66
having depth 60 and lateral dimension 62 that generally coincide with those of the
pre-amorphized regions 65 (FIG. 6). Such etch process is performed by a

reactive ion etch (RIE) process, an isotropic etch selective to the single-crystal
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the SO layer 14 inparts a conpressive stress on
adj acent silicon regions. Such stress inparted by a
wei@s/mBegron at a depth 60 is higher than coul #CibaIS2005/034948
achieved than if the SiGe region were nuch thinner
than the SO |ayer 14, due to distribution of the
sHit 1@ BFateHalr ofday@r Dethahes raft beke wreldmomhiZéef er & canbination of
FIG 7, a process is performed which preferentially

FW(%SF(Srh&e{rﬂ@Eam Bfe TR IIRehE, é h#E%%cés@’%rpérﬂormed followed

tive t esmgecrystal [icon materi al

%%ghgsﬁrp ?%ﬁ?@%é%%%ﬁ@@@?ﬁ%ﬁb%uﬁt §? r?er a?dt%hgged areas of

di mrensi on 62 that enera coi nc

the ByahdAphat einaigd tﬁ@h%a& EFFPVGCG%§ dse%‘tﬁtc&%ﬁ ap‘?'%%’é'gg purpose
is perforned by a reactlve ion etch (RIE) process,

cai berpat of @tworstan pracess in whidhears xgdsectsyéace 63 Ig fdﬂshOXIdlzed
material of layer 14 that has not been pre-anorphized,

aSrbya aC EBTiERt dX@dation, tarel the oxfdy tiesraafibe remobvedeas by isotropic
enbodi nent, a RIE process is perforned, foll owed by an

elch QH C?%o%&rrbrﬁ%dlﬁﬂerﬁ' §¢I]Erkﬂocé’ér§ RASEforthedt, folldved by a short
reno amaged areas of the l'ayer 14 that rermain after

dB%%SEI EOQ‘BB?B?@B o e% %ﬁr@%g I laﬁe?lﬁaﬁf 8flc Mrr%%ﬁgm@afﬁ opened
<GPS BB oMo e eralli S beog din, e -2 %@aaed s (FG- 6. I
i sotropic etch% gg In anot her enbodi nent, a RIE

apethes siadipent, dhenieptranis PioReermhe Pesiopmeddindgr icenditions so as

i sotropic etch of the remai ning layer 14 of silicon,
to esdéricuhthe sernicenddctoe giadesaléénichiunkegieseations of the spacer 50.
coincide with the pre-anorphized regions (FIG 6). In

VWitPhbgitioRaDRM BRBE o tFIE. 1S Eid RRéR elistineatd Wich each spacer 50
performed under conditions so as to undercut the

is;g’ﬁ‘:’ér 86)} UFRERHIAY i¥M GirHBA§3drhfRidtoalARible Ob ©BRtrol the

proximity of the SiGe regions 39 to the channel region 22 of the FET 10.

Thereafter, as shown in FIG. 8, a layer of single-crystal silicon germanium
(SiGe) is selectively and epitaxially grown over the top surface 68 of the single-
crystal silicon to form silicon germanium regions 39. During this selective growth
process, the SiGe material is not grown or deposited in areas covered by the
spacers 50, oxide cap 42 and nitride cap 44. In an embodiment in which the SOI
layer 14 includes SiGe having some germanium (Ge) content, the SiGe regions
39 grown at this time have a substantially higher percentage of germanium than
that of the SOI layer 14. The percentage Ge content of the regions 39 is selected

as a parameter affecting the stress to be applied to the channel region of the
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Wth additional reference to FIG 1, the lateral

di stance to which each spacer 50 is undercut by such
wenalsioage7rs a further paraneter avail abl e to cearmskoos034948

the proximty of the SiGe regions 39 to the channel

region 22 of the FET 10. Thereafter, as shown in FIG

e, B8l I EFPLEI o5t b aarepioyce oo on
68 i i _
oo IcRe2SrauichRe s O K FSbRLBl b B R, ey of the

grow h process, the SiGe material is not grown or
S@Elaysi iéd i n areas covered by the spacers 50, oxide
cap 42 and nitride cap 44. In an enbodi nent in which
the SO layer 14 includes Si Ge having sone gernmani um
(Ge) content, the SiGe regions 39 grown at this tine

hav eAﬂﬁ%“l*i’fﬁ%?fHei S drificial epaseBECEMcageved tigsr fantiomof spacing
than that of the SO |ayer 14. The percentage Ge

I

G n { | | Ssi e W&Yd from the
S ogind 38 (HFELR Sarhdgaied Pob e s

regi on t heFET, Jn accordange W : i e
SRR g s SEar GRS GREO0PG are ik SRR B ¥t e siicon

the thickness of the regions 39 and the Ge ont.Fnt i f SiG
nitticle, mgtetigleoisthe |sa§@¢r8130 sqleglivestq oxile gRd to silicor and SiGe.

sacrificial spacers 50 have served their function of
ReprYahof tthe spaGers 6§ alse BSUlts dm theeragag\@l pi| §igi nitridsh cap 44,

26, and are then renpoved fromthe structure. The

leBPRgEhe SRdarcap samueiisiiewsyl aidé segioopi 31 &t placef overethe gate
silicon nitride material of the spacers 50 selective

O t 9 sShbia @ FRgdo Si Ge. Renoval of the
pé‘g%@&éélg%PgPéosresults in the renoval of the nitride
cap 44, leaving the oxide cap 42 and sidewal |l oxide

regions 3 1 in place over the gate

Referring to FIG. 10, with the sacrificial spacers removed, implants are
performed, using the gate polysilicon 26 and oxide regions 31 as a mask, to
define halo regions 23 and extension regions 25 adjacent to the channel region
22, This process results in the SiGe regions 39 being implanted to a depth 70 as
indicated in FIG. 10. The formation of the halo and extension regions after the
formation of the silicon germanium regions is beneficial as follows. The silicon
germanium regions are best formed on surfaces of a single-crystal
semiconductor, e.g. single-crystal silicon, which have a dopant concentration
which is spatially uniform. A vertically non-uniform dopant profile results when the
halo and extension regions are implanted. Epitaxial growth of silicon germanium
onto surfaces having a non-uniform dopant profile is undesirable, because non-

uniform dopant profiles can cause defects in the crystal lattice at the locations
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pol ysilicon [ayer 26, as shown in FIG 9. Referring to

FIG 10, with the sacrificial spacers renoved,
wOonpleaness7are perforned, using the gate polysi PCTS2008/034948

and oxide regions 3 1 as a mask, to define halo

regions 23 and extension regions 25 adjacent to the

WfeFoRe UL Befhanili 2l ARCSTARNAEY thddiosBkfferects can
dpcsnirenshanclanisted ohde sfest qgrr%aggpf"%ﬁitp §i RanSatar channel

regions is beneficial as follows. The silicon

regiemebl (he relicamgeamaniiertrepionged Bressurellemsoraa be avoided
singl e-crystal sem conductor, e.g. single-crystal
ascdrdimgnto thid emiboalireent dbtb@nihvenﬂmebyrgrbmrg thal siticdrs germanium
spatially uniform A vertically non-uniform dopant

rdyiehd batd SRfddes Mﬁ@ﬂmbhﬂe@cﬂéWﬁ&di%@éf fﬁésélﬁébﬁ f%a Sthrough use

are inpl ant ed. EpltaX|a grom h of silicon ge

o BRI GERS ULy B0 SBRLLAT g‘OmPéafPe;rO.:}éeﬁo%Mfg the halo

esirab because n unf T oF i ant” pro
defect |n the crystal lattice at the

ap@ Fei he silicon germani um and the silicon
cryst als rreet. Such defects can degrade the
characteristics of the stress to be applied to the
transi stor channel region by the silicon germani um
r egi bhereaftegswitiprefbtence todrCod 1aaonele pasraafmpdicers 82 are formed
this enbodi rent of the invention by grow ng the

osithecsidegeallsesfi the EBOUEIORS cvel ahsusitiases oxeé udgReist BE. In one
sidewal | s 30 of the silicon region, through use of

em®BHinhd i He ABACaterd QQDé/rbrl‘SrthS éﬁ%"ﬂfb%ﬁsmtr%d in order to permit

thereafter performng the halo extensi on |np

th-g gfaec%fré gcg be%h?%él%f SlﬁFE]QSIeEﬁvé: k&thel%iad% SRR 1Y oxide cap

cers are
42 and the silicon and SiGe materials of the structure. However, any dielectric

material, for example, other non-conductive nitrides, that can be etched
selectively to silicon dioxide and other silicon oxides, silicon and SiGe can be
utilized in forming spacers 32. Using gate polysilicon 26, oxide regions 31 and
spacers 32 as a mask, an additional implant 72 is performed is performed to
define the source and drain regions 24 of the FET. This implant also has the
effect of implanting the SiGe regions 39 to a depth 74 which may either be the
same or different from the depth 70 (FIG. 10) to which the halo implants and/or
extension implants were performed. In one embodiment, the source and drain
region implant 72 is performed at a dose which is higher by one or more orders of
magnitude than the implants used to form the halo and extension regions. Since

the spacings of the source and drain regions 24 from the gate polysilicon 26 are
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on the sidewalls of the structure over the sidewall

oxide regions 3 1. In one enbodi nent, the new spacers
wGB20mroa9¥7or ned of silicon nitride, in order tOPOEMUSRI05/034948

the spacers to be fornmed by RIE selective to the oxide

material of the oxide cap 42 and the silicon and Si Ge

gl f ructure. However ] [ tric .
o] bt Xprble. 35 8 Hb et Guna SRl orfid iyagrogions s0
that can be etched selectjvely to silicon di oxi de_and L
frgfhihe @tei RAYSTIBANGRE are fefinesh by ae Speificialsrseeln pp (Eky O), it is

in formng spacers 32. Using gate polysilicon 26,
evidetdbthaé gilibridissembadinepad dhe irB2ndion athesspacings can be controlled
additional inplant 72 is perforned is perfornmed to
indigbendeihe Ty, atilentle paiiculdesgpaisgonf thehgat&pblysilicon 26 of
This inplant also has the effect of inplanting the

thel SBufcR0IaPAS dAdnt R ghriepitha éa: &é%ir%%lyn@%séi foh&fode \%ﬁ@ﬁ silicon

same or different fromthe (FIG 10) to

0, ngj I re .
ob e e IPhE S ERosBieE AP ThET hBhE %R gGrG spaced either
region inmplapt 72 is performed at, a dose which is
SWingWg‘lat B@g%g’m‘egﬁ}?&p &PE YifarhefAWae than t he
i mpl ants used to formthe hal o and extension regions.
Since the spacings of the source and drain regions 24
fromthe gate polysilicon 26 aredefined by the spacers
32 aRdfdrlirg $p&t@nYagain, phecesisingris pegfarmendi tornonggéentie FET 10.
39 fromthe gate polysilicon 26 are defined by the

Asagriovin chéleirspagditionB0spdddrs 4 .aré tiohhe8Voll&idewhi®e of the first
with this enbodi ment of the invention, the spacings

SR 8oC Y é&’c’ii{igﬁalis'b%%@?s”ﬁjiﬁ%ﬁé’i?téﬁrdggfa d@é&tﬁc?@%eg?l, such as a

particular spacings fromthe ga ysilicon
o RSB U TRk B e ML Gffones
a%%%ﬁér%%x’?el{/er%gﬁ Si‘agtércrgt% Rm%ns )%8293%052 ee{nd SiGe. Thereafter, the
oxide cap 42 (FIG. 11) covering the top surface of the gate polysilicon layer 26 is
removed, as by an etch process which is selective to silicon nitride. A metal is
then deposited which is subject to react with polysilicon and with SiGe to form a
silicide. The silicide forming metal can be one or more of the following metals
including, but not limited to: cobalt, molybdenum, a monosilicide of nickel,
niobium, palladium, platinum, tantalum, titanium, tungsten, and vanadium. More

preferably, the silicide that is formed by this step is cobalt silicide, tantalum

silicide, titanium silicide, tungsten silicide, or nickel monosilicide.

The substrate 17 is then heated to accelerate the reaction, resulting in the

formation of a silicide 40 overlying the SiGe regions 39 and a gate silicide layer
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somewhat closer to the gate polysilicon or farther

away. Referring to FIG 1 again, processing is
woendooyed to conplete the FET 10. As shown t heCeEius2005/034948

addi ti onal spacers 34 are fornmed on sidewalls of the

first spacers 32, the additional spacers 34 consisting

BBl FELORE AR 1B SR A dRuich form ol i the
a?gsgi%{wg‘glh §E¢ %@eﬁ?@?@rﬁt@gﬁ tgg %%&%@n‘%@%&? &%%fés self-aligned

oxide cap 42 (FIG 11) covering the top surface of the
sijaides | "galicidesn In Hiscage, ihe sikGideed0 and &9 a5 S@B‘éﬂfgned to the
process which is selective to silicon nitride. A netal _
sbacéraes2 denpotiat datensreh besweserbjteetgate palysiican 26 and the SiGe
polysilicon and with SiGe to forma suicide. The

r?%i{)ﬁé 4% fQ5dadre IEtdimearake PResdcar®r32, ddret bsed to control the
'ow ng netals including, but not [imted to:

ségﬁgﬁlgfﬂf Hﬁé’ls%i?gferﬂé@or% E@ggﬁéﬂa'téiy #SnPthd b5Shg of itl@'saitﬁ]%d regions

nam tan um Itani um tungsten,

vanadi um M e ferabl t ui Ci ' :
e sree Ry el 25T Sedhech o8, MERGRGho Bl il S4TBE adusted
titani um suici de, tungsten suicide, or ni ckeb _ .
indepesdenty fem sprcargik pllew the spacingedptwespdge sficide regions 40
accelerate the reaction, resulting in the formation of
andgbe gatkepdlsiticen Pgitodet indeg@entlygiopirolled. and a gate
sui ci de | ayer28 overlying the gate polysilicon |ayer

26. Such suicides, which formonly in the areas in

whi ch the netal contacts the silicon and Si Ge, are

kno - 8l elnadreS Hh& I rHshoBM has BbbRigHesided! erkit By which
cas?@?@@%‘&b?dées 4gr and 28 are self-al ianed to the y
spacer.s 32, N v ,
bR aeld Bl SERAUBATNG PeggRLes arp omed e
sfe(r)r{iggnddu%t[ct)reertllotyhreegls&nascgé Sc’n‘ ?é% F@'F %nlélsaer% goontrco(ﬂ%ri&'ﬂeéehn%ently from
the locations of the source and drain regions 24. Thus, the present invention

provides an improved method and structure for controlling the fabrication of FETs

having strained channel regions.

While the invention has been described with reference to certain preferred
embodiments thereof, those skilled in the art will understand the many
modifications and enhancements which can be made without departing from the
true scope and spirit of the invention, which is limited only by the appended
claims. For example, in the initial patterned gate stack (FIG. 4), nitride regions
can be disposed on sidewalls of the polysilicon layer 26 in place of the oxide

regions 31 and a nitride cap can be used in the place of the oxide cap 42
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spaci ng of the suicide regions 40 separately fromthe

spacing of the SiGe regions to the gate polysilicon
waaooehngs7spacers 34, the thickness of which caRCDIS2005/034948

adj ust ed i ndependently from spacers 32, allow the

spaci ng between the suicide regions 40 and the gate

oSy {HeCPBI ySificd® IR r I2Bd &R eNee BhkY, ﬁ\%r‘éﬂééﬂe'@% can be formed of

Accordi ngly, a structure and met hod has been provi de

Oéﬁg%#ggé{ Wi tgﬂ?d HEH @ro%%gé&e Iugé!acfg frgﬂb%ssp%%ers 50 can

ension reglon
conductor all o 9 of an FET and are

b%éﬁ qd%léfh thakpxid é %Peﬂrﬁ?i?ciw{@ oA ons of the

source and drain regions 24. Thus, the present

i nvention provides an inproved met hod and structure

for controlling the fabrication of FETs having
InslusimiahAgphdailitgl regi ons. Wiile the invention has been

described wth reference to certain preferred

enbodi nents thereof, those skilled in the art wll

under stand the many nodi ficati ons and enhancenents

o chng uBErTRAA A UEHRAR 14 B amATE Jsreﬂg i the

scope and spiri

he a For., ex . .
rePfieial of S EPRAIAGE e Sl cfing SR Prityicef ac a&%sﬁ%ﬂye
can be dIS osed on sidewal | s of the pol S|I|con Iax
mgqupfﬂna@@gcﬁ stfaigedghaeneldigidabedt tla%ﬁﬁioa FRt9)isye
can be used in the place of the oxide cap 420ver|y|ng
inshlatqabateiflald effectayansistér (IGHFEI)dm wiastea stiess spap@lies tBGhe
can be fornmed of oxide instead of nitride and then the

chanPee Fsxfion By edsdrpicoaduster Sheceiasterid] dispbsee st &tk channel
such that oxide is etched selective to nitride.

regffst rial Applicability
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The structure and nethod according to the invention is

useful in the fabrication of sem conductor integrated
woRomw3e37 and provi des a cost effective net hoBCDMUS2005/034948

maki ng a strained channel field effect transistor

(FETs) such as an insulated gate field effect

d%i%SiStor (IGFET) in which a stress is applied to the
el region by a sem conductor alloy nmateri al

di sposed adj acent the channel region.Clains 1. Afield
effect transistor (FET) (10), conprising: a gate stack
(29) overlying a single-crystal sem conductor region

1( Adeldeffectdangaistar @:E(E]Th(ﬂp), GOMRIIStN%gl e- cryst al

sem conductor region (14) having a first conposition;
a pair of afgats stakd@8) sveding disngleetysakseroispogueter region
sidewal I s of said gate stack (29); a pair of regions

(DD st (o7)esaientinglblarysbl serficogtector yedian (14) having a
sem conduct or al foy having a second conposition

fifl b BRRkiohy om sai d first conposition, said
sem conductér alloy regions (39) disposed on opposite

e o Tl A0 LR O R i

gate stack (29); and a pair of a source region and a
ggiestack&dP)on (24) at |east partly di sposed in

respective ones of said sem conductor alloy regions

(39), sai d paiueicegiang (8A) apasistinalesseaitially ehpsingle4yystal

each spaced a second distance fromsaid gate
semiconductor alloy having a second composition different from said first
composition, said semiconductor alloy regions (39) disposed on opposite sides of
said gate stack (29), each said semiconductor alloy region (39) spaced a first
distance from said gate stack (29); and

a pair of a source region and a drain region (24) at ieast partly

disposed in respective ones of said semiconductor alloy regions (39), said source
region and said drain region (24) each spaced a second distance from said gate

stack (29) by a corresponding one of said pair of first spacers (32), said second

distance being different from the first distance.

2. The FET as claimed in claim 1, wherein said second distance is longer than

said first distance.

3. The FET as claimed in claim 1, wherein said single-crystal semiconductor

region (14) consists essentially of silicon and said semiconductor alloy regions
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stack (29) by a corresponding one of said pair of

first spacers (32), said second di stance being
wdizbdemse1t fromthe first distance. 2. The FETP@®/US2005/034948

claimed in claim1, wherein said second di stance is

| onger than said first distance. 3. The FET as cl ai ned

' | ai e N:S.ai i ngl e-crystal sem conduct or
(%@&%&%‘S?]f%ewg%iggﬁgéggﬁhagfw of silicon and said

sem conductor alloy regions(39) consist essentially of

silicon germanium 4 . The FET as clainmed in claim1,

wherein said sem conductor alloy regions (39) are at
4| the t-EJaas cipinded poslaimiln wheseinrsadd desinsmeltictan adlay degions (39)

singl e-crystal sem conductor region (14). 5. The FET
amsatleasingitly dispogedid trenbRée dizpdsed irs sdiatsirigle-chylstal i s

a silicon-oninsulator (SO) substrate and said

i {4y con region (14) is disposed above a

S%TE@Q?“E@@%@PQ%@' (18) of said SO substrate ( 17).

6. The FET as clainmed in claim5, wherein said

sem conduct or alloy regions (39) have bottom edges

(60 isposed at,. 6 a depth of about 80% or greater of a
50@5% ﬁ%éfg%dﬁ%e uIaBR 1o wnereln SRS dBstEe ( Kye & 2iggon-on-
_froma top surface of said single-crystal silicon
Inﬁé@t@dwgyubstrateﬁm@l T single-caistal gilicanaegiom (64) is disposed

wherein the depth of said bottom edges (60) is about
algove atbutibd odiget lnyer (18iofl shigpSO64)bsifats i A). buri ed oxi de

layer ( 18). 8 . The FET as clainmed in claim1,

further conprising extension regions (25) underlying

said first spacers (32) and at |east partly underlying

6 SPhSIFEF & GhA% in claim 5, wherein said semiconductor alloy regions (39)
have bottom edges (60) disposed at a depth of about 80% or greater of a depth of
a top (64) of said buried oxide layer (18) from a top surface of said single-crystal

silicon region (14).

7. The FET as claimed in claim 6, wherein the depth of said bottom edges (60) is

about 90% of the depth of said top (64) of said buried oxide layer (18).

8. The FET as claimed in claim 1, further comprising extension regions (25)
underlying said first spacers (32) and at least partly underlying said gate stack

(29).

9. The FET as claimed in claim 8, further comprising halo regions (23) underlying

said first spacers (32) and at least partly underlying said gate stack (29).
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(29). 9. The FET as clainmed in claim8, further
conprising halo regions (23) underlying said first
wepeamasss7(32) and at | east partly underlying SRaCTUA06/034948
stack (29).10. The FET as clained in claim1l, wherein
said sidewal | s of said gate stack (29) are oxidized,
wherein said first spacers (32) are disposed over said
oxi di zed sidewalls (31). 11. The FET as clained in
| Qj further conprising formng second spacers
185he T es elamed & SR To BGSPIR SAGROERAYS of Paid gate stack (29)
spacers (32). 12. The FET as clained in claim 11,
aruexiegedcohprain saig firat spaters ¢8R)oare digmsesvevdrgaithoxidized
sem conductor alloy regions (39), said suicide regions
sitié@plispdtled from said gate stack (29) by said first
spacers (32) and said second spacers (34). 13. The FET
as clainmed in claiml1, wherein said gate stack (29)
i ncludes a gate suicide region (28) and a

' ] u regi.on. .saj at e
TN BT R ST EOEH Dl SR Bt gt agers
| ycrystal |l i sem copduct aor, .regi on (2 14. A field

(i"“fgf%?ﬁ&é?gjﬂ@fé]@oqu @E‘?’E}O(“l%"}'g f%%}rﬁmcgf%@% gate stack

(29) overlying a single-crystal silicon region (14) of

a silicon-on-insulator substrate (17); a pair of first

spacers (32) disposed over opposite sidewalls of said
13athe EEddcds ¢laied im qlainn 10f furihgr comp(isMg silicidgé ségiogs (40)

essentially of single-crystal silicon
overlying said semiconductor alloy regions (39), said silicide regions (40) spaced

from said gate stack (29) by said first spacers (32) and said second spacers (34).

13. The FET as claimed in claim 1, wherein said gate stack (29) includes a gate
silicide region (28) and a polycrystalline semiconductor region (26), said gate
silicide region (28) overlying and self-aligned to said polycrystalline

semiconductor region (26).

14. A field effect transistor (FET) (10), comprising:

a gate stack (29) overlying a single-crystal silicon region (14) of a
silicon-on-insulator substrate (17);

a pair of first spacers (32) disposed over opposite sidewalls of said
gate stack (29);

a pair of regions (39) consisting essentially of single-crystal silicon

germanium disposed on opposite sides of said gate stack (29), each said silicon
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ger mani um di sposed on opposite sides of said gate

stack (29), each said silicongermani umregi on (39)
wepemadoz7first distance fromsaid gate stack P2oUS2@5/034948

pair of a source region and a drain region (24) at

| east partly disposed in respective ones of said

siIi_con umre of) d
gefgraaawm d "t2§$ k 2“%&?1 Whesfibt SREGEE SRSk B2

romsaid gate_ stac 9 di

omsad gate slatk (20) by 5 CouLSSALID. ISPl

at | east one of said suicide regions (28) di sposed as
digpdsaylén redpexiive ogmsmfwubuhqmgermumrelw ghesai source

said suicide regions (40) at |east partly overlying

re@%h%nﬁi ddig @lﬂanﬁ%@%ﬂl (24) bach spacdBa)sectsd distanenivomogaid gate
abricati ng a field effect transistor (FET) (10),

stécmgﬁg ﬁﬂo{ﬁd(‘grg Y p%’r‘ dﬁfrﬁﬁérﬁide'r@ €32); and

S conau t overlying a single cryst al
or r ion
s ?onsém%r o a%iefe?-ﬁt§Fgaqf%s%'9@§§aé%§é% (g Spdsed as
or fi [
2 leyakobsAd OoHe sinck (2O, (P82t HEREre s pBReoBPne Q) =
single crystal sem conductor region (14 | n | ocations
le§&Gartyl paerying ssaidssiliebnsgemaniemaiegiggdsPs (50) ;
epitaxially growi ng regions (39) consi stl ng

essentially of a single crystal sem conductor alloy in
sai d |ocations (66), said sem conductor alloy regions

1 éf A ?Q,T} 4 BBiabric8&Nd fepiBRsdttitazigiof (FEBM 0, oomsiry:

corrp03| tion,” such that said sacrificial spacers

( g% gfam pgagﬁea g:)ér bé dﬁél%rg%ﬂl&gwfg' 4 cégﬁgétgg?ﬁ?@@%ﬂ/erlymg
a (si%g}e crystal semiconductor region (14) of a substrate (17) having a first
composition to form a gate polyconductor (PC) (26);

forming sacrificial spacers (50) overlying sidewalls of said PC (26);

recessing portions of said single crystal semiconductor regioh (14)
in locations (66) adjacent to said sacrificial spacers (50);

epitaxially growing regions (39) consisting essentially of a single
crystal semiconductor alloy in said locations (66), said semiconductor alloy
regions (39) having a second composition different from said first composition,
such that said sacrificial spacers (50) at least partly determine first spacings
between said semiconductor alloy regions (39) and said PC (26);

removing said sacrificial spacers (50); and

completing said FET (10).
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renovi ng said sacrificial spacers (50); and conpleting
said FET (10).16. The nethod as clained in claiml15,

wohersmsys7sai d si ngl e-crystal sem conduct or regPOmUS1005/034948
consi sts essentially of silicon and said sem conduct or
all oy regions (39) consist essentially of silicon

S aTelBfiadls piltfef L 08n 33, ARSI RORPIRY uaes
Skl ep0Rn AL QS TAb S R R sbeancucior
to at |east said sem conductor alloy regions (39),
alley regieng BIPcopgis) easrnticdly ©f sdticongespabiens (32) as a

mask. 18. The nethod as clainmed in claim17, wherein

| ocations of source and drain regions (24) of said FET
(10) are determ ned by said source and drain inplants,

1THhS Aedh 6& 68MhIFRAGASaitn3H5 vﬁﬁekﬁﬁ%id%?égi by csRpREiRY R8id FET

second spaci ngs between sal d source and rain regions
(A iafdes RS e spditre (59 JRINED hafiafls FEfalPe (26) and
PPHOEER oECE SR B ToRfains fest BRSETpPem iy By regions
10) further includes performng at |east one of an
(38}t é+i89 681d Rl @/ apd spicsreandsnagers32Ams & o@skpr i or
to form ng said second spacers (32). 2 1. The nethod
as claimed in claim16, wherein said silicon region

(14) is disposed in a silicon-on-insulator (SO) layer
18.1e nfetisad ds Suimictiah eldih )7, averbin 160aforiiéf SilirébHE drain

layer ( 18) of said substrate (17).22. The nmethod as
re?écif’lﬂ\ds‘@) lof s&IAFET 190) AYeedcbiningt bySdh® s8lirdeeiRP & dl¥implants,

and said second spacers (32) at least partly determine second spacings between

said source and drain regions (24) and said PC (26).

19. The method as claimed in claim 18, wherein said first spacings are different

from said second spacings.

20. The method as claimed in claim 15, wherein said step of completing said FET
(10) further includes performing at least one of an extension implant (25) and a

halo implant (23) prior fo forming said second spacers (32).

21. The method as claimed in claim 16, wherein said silicon region (14) is
disposed in a silicon-on-insulator (SOI) layer (14) of said substrate (17) ovetlying

a buried oxide layer (18) of said substrate (17).
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portions of said single crystal sem conductor region
(14) includes inplanting said portions and
wonefomse1tri al | y etching said i npl anted porti onBCT/US2005/034948
relative to portions of said single crystal
sem conductor region (14) which are not inplanted by
said inplanting. 23. The nmethod as clainmed in claim
22, wherein a depth of said inplanting determ nes a

ss depth (60) tg .which said portions are recessed..
ﬁ%ﬁn@eﬁ@wﬂ%%ﬁ“@g i FaEie, whare £8Id dlieerQliracessing said
silicon region (14) is disposed in a
RArtipr At $aidisingle srystal(sBonyonduotor regin @f4)sadlddes implanting said
substrate (17) overlying a buried oxide |ayer (18) of

rationsahd prefeeertiblly ctorieg eaid ifplthtsd poridng REERSIt6Portions of
said portions of said single crystal sem conduct or

JaR 5Pl drfbidl BEMERRIUCTR 8 k;hggﬁ)ﬁ?vh%hpﬁetﬁ&ﬁﬁugﬁd?ﬁed by said

preferentially etching sal anted portion

iﬁﬁyéﬂfn e to portions of said single crystal

sem cofduct or region (14) which are not inplanted by
said inplanting, wherein a depth of said inplanting
determines a recess depth (60) to which said portions
are recessed, and wherein said recess depth (60)

Sk tlbpdvethedasoelaingainelaign 83t wherein a drgib Iof saidampianting
(64) of said buried oxide layer (18) froma top
deterinioes afresessidapthi (60 pta wiichrsad Bdrtiors.ard hecesicod as
claimed in claim?24, wherein said recess depth (60)
extends to about 90% of said depth of said top (64) of
said buried oxide |ayer (60).

24. The method as claimed in claim 15, wherein

said silicon region (14) is disposed in a silicon-on-insulator (SOI) layer (14)
of said substrate (17) overlying a buried oxide layer (18) of said substrate (17),

wherein said step of recessing said portions of said single crystal
semiconductor region (14) includes implanting said portions and preferentially
etching said implanted portions relative to portions of said single crystal
semiconductor region (14) which are not implanted by said implanting,

wherein a depth of said implanting determines a recess depth (60) to
which said portions are recessed, and

wherein said recess depth (60) extends to about 80% or greater to a depth
of a top (64) of said buried oxide layer (18) from a top surface of said silicon
region (14).

25. The method as claimed in claim 24, wherein said recess depth (60) extends

to about 90% of said depth of said top (64) of said buried oxide layer (60).

26. The method as claimed in claim 23, wherein said single crystal semiconductor
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26. The nethod as clainmed in claim23, wherein said

singl e crystal sem conductorregion (14) consists
wesserneday |y of silicon, and said inplanting i RPTAS2E®S/034948

germaniuminto said silicon regions (14). 27. The

method as clained in claim15, further conprising

form L

r ”Wiganﬁgfﬁ%%i'aﬁ%5?’4%1%&{ TS IBrERRgIpgRS

sem conductor, al]o 39), said suicide (40
Q@WW'F‘W%QSH'CP r@g%’w 2?4 kai d second spacers((3)2)

and said third spacers (34). 28. The nethod as cl ai med

in claim15, further conprising oxidizing said

sidewal I s of said PC (26) prior to form ng said second

2B PR hRGRAs cREmeThe cladnhid] fasherd cimpidsing femangnthia) spacers
wherein said second spacers (32) conprise a nateri al

(514%%?@9@%(:%9%%@@ @24, 3Rl torinth Ogsalsni@me @0) desslying said

Icon a I'i Con ger nai n| um 30. The net hod as

d
ST B S0 Attt e o
S| mu
REDRTRCT (e e R L R RS

28. The method as claimed in claim 15, further comprising oxidizing said

sidewalls of said PC (26) prior to forming said second spacers (32).

29. The method as claimed in claim 16, wherein said second spacers (32)
comprise a material that can be etched selectively to silicon oxides, silicon and

silicon germainium.
30. The method as claimed in claim 15, further comprising forming a gate silicide

(28) from said polycrystalline semiconductor (26) while simultaneously forming

said silicide (40) overlying said semiconductor alloy regions (39).
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