Strained channel Field Effect Transistor using sacrificial spacer
Technical Field The present invention relates to the fabrication of
semiconductor integrated circuits, and more specifically to an apparatus
and method of making a strained channel field effect transistor (FETS)
such as an insulated gate field effect transistor (IGFET) in which a stress
is applied to the channel region by a semiconductor alloy material

disposed adjacent the region und Art Both theoretical
and empirical studies 'Pﬁ\{?i 5&1 cggn{‘e%%@c%gzilg%gagger mobility in a

transistor can be greatly increase en a strass of sufficient magnitude
is applied to the channel region of a transistor to create a strain therein.
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1 semiconductor alloy material disposed adjacent the channel region.

Backaround Art

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 tb 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 ifem, e.g., a change in its length,
versus the original dimension, e.g., the original length, when a force is applied in
the same direction, i.e., in the direction of iis length, in this case. Thus, strain can
be either tensile or compressive. In p-type field effect transistors (PFETs), 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 1o increase the

drive current of the PFET.

Commonly assigned, co-pending U.S, Patent Application No. 10/604,607



filed August 4, 2003 and U.S. Patent Application No. 10/605,134 filed
September 10, 2003 describe ways of applying stresses to the channel
regions of FETs to increase their drive current. These applications are
hereby incorporated by reference herein in their entirety. As described
therein, one way of applying stress to the channel region of a FET is to
form,shallow regi of a semiconductor allo aterial adjacent the
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channel region. Thus, in one example, shallow regions of single-crysta
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region that is provided in a region of silicon. As also described in the
incopfpaesIngin datisiientie'iGedesgibad therels posaveinchapplyiot thigess
substﬁteqh%at coincide with implants which define the source and drain
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from the equation io = 4W/L)
regions are disposed in areas of the substrate that coincide with implants which

define the source and drain regions of the FET.

However, it is not always desirable for the SiGe regions of a sirained
channel transistor structure to coincide with the locations of the source and drain
implanis. While the SiGe regions need to be placed close io the channel region to
appiy the stress needed {o 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 1o 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)



2 where io is the drive current of the transistor, W is the width, and L is the
length of the channel region, i.e., the spacing between the source and
drain regions of the substrate. However, there is a limit to how close the
-source and drain regions can be placed to each other. If they are placed
too close to each other, short channel effects occur, which could cause
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turned ofw excesswe?eakage current Is produced when the transistor is
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Excessive leakage current can also sometimes cause output signal levels
to aegianscsinalsybtaten&leienas, rihese is 2itivad iR s diesrale sgurce and
provide a structure and method of forming a FET in which, semiconductor
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region of the FET are at least partly disposed in

For the above reasons, it would be desirable to provide a structure and
method 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 fo 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-crysial
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



3 respective ones of the semiconductor alloy regions, such that the source
region and the drain region are each spaced a second distance from the
gate stack by a first spacer of the pair of first spacers, the second
distance being different from the first distance. According to another
aspect of the invention, a method is provided for fabricating a field effect
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spacers are formed overlying sidewalls of the PC, and portions of the
sinifjké apa@abbdmicandddist spgmmsatberecesstdifialurzntiong difersanfrion
the sacrificial spacers. Thereafter, regions consisting essentially of a
sm‘&f’e E?}/ "&&miconductor 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
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completed. Brief Description of Drawings FIG. 1 is a cross-sectional view
illustrdtiziina striahd dbbaniahsiclor ffEET" Iravidistdnclodesdpadidontig a gate
embodiment of the invention. FIGS. 2 through 11 illustrate stages in the
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accr:é)gr%w ft% %ﬂb%%?é) ?6'?&9% gf t% polyconductor ("PC"}. Thereafter, sacrificial
spacers are formed overlying sidewalls of the PC, and portions of the single
crysial semiconductor region are recessed in locations adjacent o the sacrificial
spacers. Thereafter, 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 removad

thereafter, and the FET is then completed.

Brief Description of Drawings

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

wansistor according 1o an embodiment of the invention.

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

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



invention. Best Mode of Carrying Out the Invention A strained channel
field effect transistor (FET) according to an embodiment of the invention
is illustrated in a cross-sectional view, in FIG. 1. The FET 10 is either a
PFET having a channel region 22 of p-type conductivity or the FET 10 is
an NFET having n-type conductivity. The channel region 22 is disposed
belqw,g.gate conductor 29 of the FET. When the FET 10 is a PFET,
semiconductor alloy regions 39 are placed close to the channel region and
apply a compressive longitudinal stress to the channel region 22.
Preferably, the channel reglon 22 is disposed in a region 14 consisting
pag ailioa g dmaestinductor alloy regions consist
essentlally of S|I|con germanlum Hereinafter, the semiconductor alloy
regions 39 are referred to herein as silicon germanium regions 39. The
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must either be omitted or be placed farther away
a compressive longitudinal stress to the channel region 22. Preferably, the

channel region 22 is disposed in a region 14 consisting essentially of siicon and
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 1o the
gate conductor 29 is preferab!%y 10 nm or less, In order for the silicon germanium
regions 39 to apply a siress having a desirable magnitude to the charinef region
22. As discussed above, such stress increases the drive current of the PFET,
making the switching speed of the PFET more similar 1o 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 siress 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 sither be omitted ‘or be placed farther away



5 from the channel region 22 than in the case of the PFET, in order to
avoid severely impacting the drive current of the NFET, Methods of
simultaneously fabricating PFETs having strained channels and NFETs
on one substrate are described in the herein incorporated applications. In
the following description, reference will be made to the fabrication of a
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the PFET 10 is disposed in a relatively thin single-crysta
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buried oxide (BOX) layer 18 separating the SO[ layer 14 from a bulk
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switching operation is often achieved than when FETs are formed in bul
substtaperaibe eppisatioee SO) 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 EET such as a PFET 10 having a channel region 22
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esgrha! e s SRIMSAH AL BHENPHin single-crystal semiconductor-on-
insulator (801} layer 14 of a substrate 17 having a buried oxide (BOX) layer 18
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 swilching ope.ration is often achieved than when FETs are
formed in bulk substrates, because in the SO! case, junction capacitance is
eliminated between the channe! 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



silicon. When the first semiconductor is silicon, the PFET 10 includes 6
semiconductor alloy regions 39 consisting essentially of a second
semiconductor material such as silicon germanium which has a lattice
constant which is mismatched to silicon. Again, the semiconductor alloy
regions 39 are referred to herein as silicon germanium regions 39. In one
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variation between x and y can be rather large, y illustratively varying from
1 Yomis88bedrid ailisuchAgabe thecosntspandiog bilvarggignscieaen8%ed to
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-single-crystal silicon being essentially devoid of Ge content and the silicon

germanium regions 39 have a Ge content which ranges between about 10% and

about 50% by weight of the combinead 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 SO!I region 14 of the substrate may consist essentially of silicon
germanium in proportions according 1o a first formula Sl1Gey, 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 1o a second formula SixGe,», 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



X2 +y2 = 100%, x1 being not equal to x2, and yl 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 7 epitaxial growth adjacent to the channel
region 22 of the PFET 10. The teachings of the present invention shall be

understaod to als I he fabrication of.frapsis in_other types of
sem‘;é)(g)éﬁE ugfgr@ks%df#gﬁ I%rg m?\?hggpﬁ%%%ﬁ%‘s%ﬁ ﬂ%ﬁtc'?lﬁypr@having a
composition AIAInBGacAsDPENF , wherein A, B, C, D, Eand F
represent the respective percentages of each element Al, In, Ga, As, P
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arsenide (GaAs), indium phosphide (InP), gallium nitride (GaN), and
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the teachings of .the present invention also a 0 the fabrication of a
e T P B LB A BB AR A RREF ORI A
Figgre 1p Be,aRa Rt EMHPRE e 9idBR/E PorlehR {2 s UF RSP A RINAR #RIE,,
conductor 29, preferably having a lower layer 26 of heavily doped
polsiliBamihieontize seviticandiate disjetiricha/perbentate ditdiol it0d7 Gallium
preferably consists of a layer of silicon dioxide thermally grown on the
singleeRippstandehingivat ehasriigen( o). gmivatviide ti@adtte aneldnGioasP
can ebig any_suitable thin diglectric materigll sfuch sili(g,on nitride, or such
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regions 25 are disposed adjacent to

compound semiconductor region.

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 dieleciric can be any
suitable thin dielectric material such as silicon nitride, or such materials commoniy
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 hale 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.



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. 8 The polysilicon lower layer 26 of
the gate conductor 29 is heavily doped to a concentration of between
about 1017 cm-3 and 1021cm 3, illustratively around 1019 cm 3.
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the PI;ET_is turned on in operation. The gate conductor 29 preferably also
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theoSBRLITHEN SRR O BPere, 2L IB e A ETARH R e g e

a

MetghRBH ot uieRrRisHES xmbefﬂmeeha%n'%@?ﬁﬁaggnﬁ@é%%% is

includes a silicide formed by a self- aligned process (a "salici eing a
suititedoaniy syitedtennthel gatiudingatisr ot rsitesbp gebakiciudes a fow-
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with the gate dielectric 27, which may
embodiment, the low-resistance portion 28 includes a silicide formed by a self-
aligned process (a "salicide”), being a silicide 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 siticide, 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



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 9 partly in the silicon germanium regions 39, each of the
source and drain regions 24 being laterally spaced from the gate )
corRRRNAP 45 Y IR R JHR: 35 R0 5 GRS AR dnm aions
regionydh GRRASAY QR Rt QLENGABIRIGORINFIRL FHEP FHE) Wt
the source and drain regions are placed at a desirably close spaantO
thedisiacirielsigions22ariiars PR e5RIN G RRREVSKIIR IS HEavall bP A gate
and in one embodiment 10 nm, such spacing desirably coinciding with the
spashdueriEsinavsyeandhtusauregiand draim regiosh A placsgieh @ sirably
However, the spacings of the source and drain re&éons from the gate
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embodiment shown in FIG. 1, low-resistance layers 40 on each side of
thetbRuRrasinas b RosarEcspaitt dironiagiensoiiere Hedgdtainamstliicing @xhibye
a second djelectric spacer 34. The low-resistance layer is preferably a
sili %Sr%‘rfﬁ"éﬂ ?hes@ﬁ‘?&ﬁ@ﬁé’é e Alieen; eermaniymigloy gegions fiema the gate
depgsiigdgn the layer 39 of silicon germanium and thereafter reacted
with the silicon germanium

The oxide regions 31 are, illustratively, thin thermal oxides formed by

oxidation of polysiticon material that originally fills the space betwsen the oxide
regions 31. In the embodiment 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 3¢ of silicon germanium and thereafter reacied with the silicon germanium

to form the silicide. The silicide can be a compound of any sultable metal

including but not limited to cobalt, molybdenum, a monosiiicide of nickel, niobium,

paliadium, 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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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 b Rr8: CARS éﬁ%&%ﬂ Q%Q%"’tr%iwgucftéﬁgﬂﬁ i :ﬁ'ﬁ%t? ftr&r?sis{g; (FET)

fabrication of an msﬁate gate strained channel fie ransis
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case for all drawings referenced herein, the features shown in FIG. 2 are
notciasngs cedemince f k@ rdln) it fattsanshotial St&te. ip fabriobtiamimniowkish.
a silicon-on-insulator (SOI) substrate is provided, from which the FET is
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thin, silican-on-insulator (SOJ). layer 1 d abulk regipn 16 sepa e%[e
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SO] substrate 17. The layered stack includes, as listed in order from the
SO4 faye reiglonpiGesdpamigd todictec 8l 2en falyby afpolysiticos 20@NEyer
layers of oxide 42, nitride 44 and oxide 46, in order, which overlie the
pol§/§1'licon 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 dielentri@3itustEae18d8Ye in fabrication in which a layered stack has been
formed over the SOl substrate 17. The layered stack includes, as listed in order
from the SOl layer 14 upwards, a gate dielectric 27, a layer of polysilicon 26, and
layers of oxide 42, nitride 44 and oxide 48, in order, which overlie the polysilicon
layer 26. The gate dieleclric 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. Altematively, 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 Jayers which underlie the oxide layer 46. Such

hardmask layer is preferably provided as a layer deposited from a
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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

lay ' e ask | r patterning the layer
b b A o o SRR b
proyisied @padayer dpasssiediiam agidds tetraethyiehasiisater T&ESks is
precursor, or alternatively, borophosphosificate glass (BPSG) or undoped
silicugiegblysude®) Thighiblydibedratdiyerstyes opfafecatibn uackh freteodoped
lightly doped at this stage of fabrication, and to be doped to a preferred

hedOy? FBaNEL REMH HIRRIH, SONCR IS IPRoBIAD iBh e dandmplantatinent a
sta fabrication. EIG. 4 illustrates a subsequent stage of fabrication,
aftgﬁgpg%%és%gcag rrlffalasm}g'een patterned from the layered stack. As shown in
FIG. 4, the gate polysilicon layer 26, a gate cap oxide 42 and a gate cap
nitride 44 now remain as a patterned gate stack over the gate dielectric
27, whiclFléh tstretrtiessthtsesubstrsitgd 3f fabadatitonakidennlis shtikehas
gate polysilicon layer 26 are exposed %the patterning and are thereafter

oxidBREIPEieBpS finarihe BRIsHSiads fsrshaide FaGiohsta oriearelisitieon
in Fl , ir. ificial 50.is f d the oxid
R e e

patterned gate stack over the gaite dielectric 27, which, in turn, overlies the
substrate 17. In addition, sidewalls of the gate polysilicon layer 26 are exposed by
the palterning and are thereafter oxidized, as by a thermal oxidation, to form

oxide regions 31,

Thereafter, as shown in FIG. 5, a palr 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 1o regions 65 of the SOl layer 14 to help define the depth of the botiom
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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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

reg}?@%@ﬁ%}‘g@"i#gelé%ﬁ%do %ﬁ@gﬁ%@?ﬂ?%ﬂpa’ié‘rt Pﬁ%%{_ﬁ‘%ﬁggﬁhﬁ%m is

alter nted single- crysta Icon material in eglions

the paateiakitier einifplae yahpthriRiBRese EHRNILI (BBIRRIUAIERHosages

regions of the SOI layer 14. Such ion implant is performed, for example,
by iamol avitatioificienjeensagiuin {Be)mogtizd® tidosmgescrandiveilhauifiatens
energy to "pre-amorphize" the single-crystal silicon material therein. The

so&iR- 1herebRRIb RSOl sbaIpas SPieHM s dHnRtay i s $ ghdess
10 d mare,commonly having a thickness between about 40 nm
and 00 0 B e S S R e itk ERth o
close idheriapasyrineSoRdrpbiie Sitdeyeh Hepth QS4TGB the top
formed silicon germanium regions to substantially take the place of the
SOsluipee B4 wf theS¥e fapers 5 .inDredinalaly b datiaithreédofitbeni@8rmanium

implant from the top surface of SOI layer 14 (defined by the gate -
diefEGIARS 2% subgipoiialy tpkadbedrase abpn SOhaep!$uRfimesedegliom65.

BO Igy rgl%.bn 0 bodiment,.whe g—le SOl layer 14 has
e i
thickness of a oﬁ?g{% %?r:l?%%aerg&c‘m q%‘% ’}%mdéa ir f%?ﬁgr%%% gver 14
dentimies LM I e ARROELNSIIBIGe eaion &f Mg &'the top
similar thickness as the SOI layer 14 imparts a compressive stress on
adjaudatsstit ohtheditislagerchB. In one embodiment, when the SOI laysr 14 has
a thickness of about 40 nm, the regions 65 are desirably implanted to a depth of
30 nm or more. A single-crystal SiGe region of the same or similar thickness as
the SOl 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 SO! layer 14 selective to the single-crystal silicon
materiai 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 eich process is performed by a

reactive ion etch (RIE) process, an isofropic etch selective to the single-crystal
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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

matgrishGhisiaQf 1asen dndiHasMecsss BrulimifoRRsl &g &anRskion of

regions 66 having depth 60 and lateral dimension 62 that generally
coitieederwitiotizeamab! e opeccarbatjphépt ch rEBgiarre @Sy & Ger®)rriad; Hodliteted
process is performed by a reactive ion etch (RIE) process, an isotropic
etcRYsBIbEAHORE BIENSTAG R YARIRD PYSIHRDNErHatE ReIvVRRAMBeEARAS of

; Ottﬁgri%(g ar i@ﬁ@?@%@%ﬁé r"i‘h%c?ﬁlEi n?&%@s‘?fsﬁh cta\{\clz?l f%oé % e%rrrt}ﬁéfgt;tgpcse

one e cess is pertormeéd, Tollowed by an’isot

elcBdpb RN G OMEREA W AARRENQAVTACEHALE 28 B elaets

14 that remain after the RIE process. Such etch for a cleaning purpose
carebespaat wEany@dtatigroasd dhe whitd therexpasethenddcass8yisidusbpic
oxidized, as by a thermal oxidation, and the oxide thereafter removed, as

by BltiBgidn areihny anhadknest SHB AR & R ReRG JaliRWssr Ryt et
followed by.a short dyratjon isotropic etch of the remaining layer 14 of
ST TG SInEl Ve T R ED LIl Ay e REAE i cpened
PreramnP B GRILRUORS AT GoiRdid® vARAHEHRIRRAMAL. o IROIBI%). In
etch can be performed under conditions sous to undercut the
senaahausttrotlimkatiaiha isohrapic etdle sapastqrsiahtbe spdwarobitioMtbo as
additional reference to FIG. 1, the lateral distance to which each spacer
50 io undercut the semiconductor material which underlies portions of the spacer 50.
With additional reference to FIG. 1, the lateral distance to which each spacer 50
is undercut by such etching is a further parameter available to control the

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

Thereatter, 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 conient of the regions 39 is selected

as a parameter affecting the stress to be applied fo the channel region of the
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is undercut by such etching is a further parameter available to control 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 r i '
ar@aETc&EFgarg?%?ew‘}%&%P§W%§<i§eﬁ(':%ﬁeg rg’nggrﬁ{l\?;%g ca Bﬁ. ttIﬁngak%Jam
embodisnentiR WiGHiiRGa Y 1AY§EJidoedRa RIS BhEATRY, of the
gefmanium (Ge) content, the SiGe regions 39 grown at this time have a
sulkgtapiiallydligher 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

14 FET, in accordance with the proximity qf the regig 39fto tthe egge of
the gate ARHOSN e SHBRLRHREL S P RAE RS S (R Shecing

CORErt; - AAYI P13 1R taYghd Bolpdiidth BBCatharARERGEhERaE aPlhe

have served their function of Spacing the SiGe regions 39 from the gate

polygiliter 26rangoatertnen emnmrechfomsty stristiiopicTétensphiter siidon
are removed as by an isotropic etch of the silicon nitride material of the
spauisde Soateliebbiche exegera i teoltvn ih@iieanRinfiganoireSiGe.

spacers 50 also results in the removal of the nitride cap leaving the
o BT 108 SORSETRI e RS, S T ECR AL 418 e ol 44,

po'?é%li\ljﬁ%r’tﬁ%y&i@e? CQE §B%WH Lr.i'dg\'r@il Dxide regions 31 in place over the gate

polysilicon layer 26, as shown in FIG. 9.

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 & 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 sufaces 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 resulis When the
halo and extension regions are implanted. Epitaxial growth of silicon germarium
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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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 ,E,e ions after the formation of the silicon germanium

the il i

regtdifdSs'tad 0| SRTEAGINY 2P G iRy SRR B Seferss can
for@@&éﬁ%_ﬁH&f%ﬁ%@%ﬂsﬁm@-ﬂﬁ@sﬁm%ag@féafmeﬂ% o f&%ﬁ‘@!mn

silicon, which have a dopant concentration which is spatially uniforni.
vertiggby mgnieitrse i geanaRLANlecardls Whesk tRRotIees ki SHCRRLd
regions are implanted. Epitaxial growth of silicon germanium onto
surfgscesiingviadhis sorbeditherthod dpaimventifie by grovesi aircsiirmosgsmatom
uniform dopant profiles can cause defects in the crystal lattice at the

Ioc KRS PENAATRCT eI o iianeate kB issn cogiomHiauah uso
Such delapiscan oAb aderalcs e shess o b coler

to the transistor channel regio the silicon germanium’région
probiasgsaichensyeed according to this embodiment of the invention
by growing the silicon germanium regions onto surfaces including the
sidewalls 30 of the silicon region, through use of sacrificial spacers,
removing_the spacers, and thereaftellr%performing the halo and extension

implants. salater iR camere iRE - A APEWRE R pRRGSrs Ba dssJamed

areiPRne il He %ild%‘é{aélf?ugfu%eo%tép%Le'ares%\é(\?vrawgx?ieesygg L aige In one

regions 31. In one
embodiment, the new spacers 32 are formed of silicon nitride, in order to permit
the spacers to be formed by RIE selective to the oxide material of the oxide cap
42 and the siicon and SiGe materials of the structure, However, any dislectric
material, for example, other non-conductive niirides, that can be etched
selectively to silicon dioxide and other sificon 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
efiect of implanting the SiGe regions 39 to a depth 74 which may either be the
same or different from the depth 70 (FIG. 10) fo 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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embodiment, the new spacers 32 are formed of silicon nitride, in order to
permit the spacers to be formed by RIE selective to the oxide material of
the oxide cap 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

e e MY e
Implans 2 &w@g&%@a%&%&%ﬁﬁa%ﬁ@cme;sae_eay cﬁ{ﬁi@.t@én is

regions 24 of the FET. This implant also’has the effect of implanting

SiGevitegiahat I@thaissceptodivianbighnd ayitivar e thackadeaanditeradled
from the depth 70 (FIG. 10) to which the halo implants and/or extension
impResRenEatiye it adileriivheodistadrramgosHosothe gatn dalyailicon 26 of

region imBIant 72 is performed at a dose which is higher by one or more
ordﬁ% BPUHR oA HARIPHRIS A RS ERAIEPRY FGIRSRNE RS SRl the silicon

extension regi ' e i r rai lans. 24
e SRR it 1RO LY SRS LA g
spamingweatbesiliee thg gerailyaiteg eiiarddr oy the gate polysilicon 26
are defined by the sacrificial spacers 50 (FIG. 6), itis evident that with

this embodiment of the invention, the spacings can be controlled

independently. Thus, while the particular spacings from the gate
polycoN R e L5 OB RSAIER B RS 78 (RETIRRE D8 R 10.

11088 QhEi HERL, OEIBRINLLEEEIANS AN AOUICE 20BN 189K St

24 can be spaced either somewhat closer to the gate po ysm'con or

fartmicawa®g, the additional spacers 34 consisting of a dielectric material, such as a
nitride, especially silicon nitride, which can be etched in a manner which etches at
a comparafively much faster rate than oxide, silicon and SiGe. Thereafier, the
oxide cap 42 (FIG. 11) covering the top surface of the gate polysilicon layer 26 is
removed, as by an etch process which s selective to silicon nitride. A metal is
then deposited which is subject to react with polysilicon and with SiGe o form a
stlicide. The silicide forming metal can be one or more of the following metals
including, but not limited to: coball, molybdenum, a monosilicide of nickel,
niobium, palladium, platinum, tantalum, fitanium, 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 tayer
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Referring to FIG. 1 again, processing is performed to complete the FET
10. As shown therein, additional spacers 34 are formed on sidewalls of
the first spacers 32, the additional spacers 34 consisting of a dielectric
material, such as a nitride, especially silicon nitride, which can be etched
in a manner which etches at a comparatively much faster rate than oxide,

ili d SiGe. Th ter, th id 2 (FIG, 11 ing t
SurER BB DR BN BURyBS et Seotisress Hick TP i2he
whigh is seleaily e orsiisan Rilidans el dsdbribOaRAG e Wb Edrigigned

subject to react with polysilicon and with SiGe to form a silicide. The
siligitgdesmingameias can this oassphmsineiosshs fatid @énayereeligigned to the
including, but not limited to: cobalt, molybdenum, a monosilicide of nickel
niobiaserp AR dRdnthas| AnsNaNabRaiGan (Randal, pohgieaD 2AR0dnhadive

More preferably, the silicide that is formed by this siep is cobalt silicide,
tanBHRTE e i SRCRbAAGE B B e

?e?P M r|Sde, or rrﬁcfég? mMonosi

Th r Issthe reesl \ag Bdles
for%@#ﬁ%cﬁf g“él%ﬂ%%ﬁ%%@%ﬁ%ﬂ%éﬁ% %@ﬁg%\?%%iﬁgfg%’aétg%ilic?de
layes d @Reuriiiognthe. gatespatesdisgrtianicdtess ot wiitic ceshedditisted
form only in the areas in which the metal contacts the silicon and SiGe,
areikernendestiveifonligpreprsifidiiovo e shiafies befiwesr g siiciHe SuieRR4C

40 and 28 are self-aligned to the, spacers 32, 34, that intervene between
the @%ﬁ@ﬁ@%ﬁ@&’ﬁ‘%‘&ﬁ& iﬂé"élé%’% ﬁ% %’?ré\p%aqliers 34, formed after

the spacers 32, are used to control the spacing of the silicide regions 40
separately from the spacing of the SiGe regions
Accordingly, a structure and method has been provided herein by which

the location of the halo regions 23 and the extension regions 25 are formed after
semiconductor.aﬂoy regions 39 of an FET and are controlled independently 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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to the gate polysilicon 26. The spacers 34, the thickness of which can be
adjusted independently from spacers 32, allow the spacing between the
silicide regions 40 and the gate polysilicon 26 to be independently
controlled. Accordingly, a structure and method has been provided herein
by which the location of the halo regions 23 and the extension regions 25
ar%\f,g];@%sj_ ALl SRR PRYLCEY ﬂl@éﬂ?@é@@?tﬁ% HRBEET ALBBrmed of
controlled independently from the locations of the source and drain
regigias Aétehbius, iieiprase Hdn\Raipocgag desdivimpeneshanets &b can
and structure for controlling the fabrication of FETs having strained
chaarseladetoishiiel oxide invihedseledive&nnidéderibed with reference to
certain preferred embodiments thereof, those skilled in the art will
understand the many modifications and enhancements which can be
Mg WO Q@iﬁ' g from the true scope and spirit of the invention,
which 1S Timited only Dy 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 cdpeahustiiesatimetiog kaseding todiiisveaiionds ugefudnifiag the
polysilicon layer 26. In such case, the spacers 50 can be formed of oxide
in

PRIt e AR FStP TR Sl IR A EPFENIRS S A Sos bR P an
be L ) . -
R e e
in thsulated gate field effect transistor (IGFET) in which a stress s applied to the

channel region by a semiconductor alloy material disposed adjacent the channel

region.
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fabrication of semiconductor integrated circuits, and provides a cost
effective method of making a strained channel field effect transistor
(FETs) such as an insulated gate field effect transistor (IGFET) in which a
stress is applied to the channel region by a semiconductor alloy material
dis adjacent the channel region. 19 Claims 1. A field effect
transistor (FET) (10), comprising: a gate stack (29) overlying a
single-crystal semiconductor region (14) of a substrate (17), said
singlexeriglatss isRREIGIETEGION dddpitavgng a first composition; a pair
of first spacers (32) disposed over opposite sidewalls of said gate stack
(29); a pair of regietess{adh Gnsivtimdessemdiiiprostal skemlecndystal region
semiconductor alloy having a second composition different from said first
corfBtiarsHbsi@sdifibanfl e amoria sRInSadctns Feied A disybsie

sid f _sai _stack (29), each said semiconductor alloy region (39)
spa?fggcg?ﬁpg ggésﬁance from said gate stack (29); and a pair of a source

region and a draipefesiaR(<icatdeas] RestivedlSRPSBHJNEa IS NP ES]

of said semiconductor alloy regions (39), said source region and said
dragetegiank(Z2Byeach spaced a second distance from said gate stack
(29) by a corresponding one of said pair of first s?acers (32), said second
a pair of regions (39) consisting essentially of a single-crystal
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 least 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 or 2, wherein said single-crystal semiconductor

region (14) consists essentially of silicon and said semiconductor alloy regions
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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 | or 2, wherein said single-crystal
semiconductor region (14) consists essentially of silicon and said

senfico AETRELPERRYIFBMOALCRD 2898 BHRISt essentially of silicon
germanium. 4. The FET as claimed in any one of claims 1 to 3, wherein
said semiconductor alloy regions (39) are at least partly disposed in

trenches hanesadit-aaichai She- sk e L aMdHaIPs e dianitbAdudtor

The FET as claimed in any one of claims 1 to 4, wherein said substrate

(1 Ay regitieof39) rana stiledel fSO/ Hspbstrdie mdisesdispgieddnysial Sigen
region (14) is disposed above a buried oxide layer (18) of said SOI
sulsSEiRESErTrosaypiarregioa tHaimed 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

laysT{ASF o 2Rt arg ahssitaingle-@ysiperllicondetin it 7is a
The FET as claimed in claim 6, wherein the depth of said bottom edges

(6GyliscrabountsRgordShie tlbptiztel sal ddositgle-ofystts icoreck giridel 4ayer
(18). 8. The FET as claimed in any one of claims 1 to 7, further comprising
ex(@RRISRI ARTVHS ossdPiesae sH dieridpcbyREBiahd ht least
partly underlying said gate stack (29).

6. The FET as claimed in claim 5, wherein said semiconduétor 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 any one of claims 1 to 7, 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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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). 21 10. The FET as claimed in any one of claims | to 9,-wherein
said sidewalls of said gate stack (29) are oxidized, wherein said first

Spﬁ‘ﬁeﬁé%ﬂ% 85%%3?9 %‘ﬁéﬁf%éc%%ﬁ% §I9RWalS Gdsiddw R ef il

as claimed in any one of claims rther comprising forming

SeGaARLERRGOTS AR ,HiRRRS QM AR el apdl ik iremasaicLishsnarsys:

(32), 12. The FET as claimed in claim 11, further comprising silicide
regisidotitedveidyimtsg8it).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 any one of

claj t . wherein,said gate stack (29) . includes a gate silicide region
oaTarefef o BRI ol SR D BERG S E

a polycrystalline semiconduc

regiathhaBhaverying aagbeat BlgnRiiawwaid rr Ry shall 32).
semicont%:to??é(gfgn (26). 14. Afi@ﬁjoeffect transistior (Fé%c(?g)(, )

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)

dishost bl ShpaiEned e ofustier cureitinac(izile regancofBgions

(39) cansisting essentially, of single-crystal silicon .germanium disposed
on bR TR D 38 el e e o PSR

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

13. The FET as claimed in any one of claims 1 to 12, 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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22 germanium region (39) spaced a first distance from said gate stack
(29); a pair of a source region and a drain region (24) at least partly
disposed in respective ones of said silicon germanium regions (39), said
source region and said drain region (24) each spaced a second distance

fro. SRl 1S alarlo 67 S Ruea LALATEORAIAANERS SA Al it

- spacers (32); and silicide regions, at least one of said silicide regions (28)
disposed as a daysif of Saidigatiedtackn@ drantraditeasio aeigdss pighly

silicide regions (40) at least partly overlying.said silicon germanium
regianoY3o N IEspACtvethiors of salstivninganisitiurfeegioniSigiora(f Equrce
(121), com risin%z Fatterning agate olycrystalline semiconductor layer
(267808 RIAG3 SlREILaIgatarse 8%%%?&&%%‘?1"@%}"8? qomsan sae
(17): havi IS it WA cton (BC) (26);
forr%&#% {s%g)ér? |c%a%osﬁgﬁgﬁsa%%gi%/éﬁﬁ/gl?r?gpg%rgwa }s%%%sg# d@& ?2%);
recessing portigisidd sajidrainglessycial saibi¢emeustRgieeiqpellddgtsed as
locations (66) adjacent to said sacrificial spacers (50); epitaxially growing
reidage(39 paisiaattiatpdeciniany dileasingle of Azadikucaisgiehctéd)aioy
in said locations %66 said semiconductor alloy  regions (39) having a

seddF PR, BRI iSRS ISR THY CEAPBSIRSh, such that said

sacrificial spacers (50) at least partly determine first spacings between
said semiconductor alloy regions (39) and said PC (26); removing said

sacrfigiahspreassiibidatiifa field effect transistor (FET) (10), comprising:
patterning a gate polycrystalline semiconductor layer (26) overlying a
single crystal semiconductor region (14) of a substrate (17) having a first
composition to form a gate polyconductor (PC) (26);
forming sacrificial spaceré (50) overlying sidewalls of said PC (26);
recessing portions of said single crystal semiconductor region (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 détermine 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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completing said FET (10). 23 16. The method as claimed in claim 15,
wherein said single-crystal semiconductor region (14) consists essentially
of silicon and said semiconductor alloy regions (39) consist essentially of
silicon germanium. 17. The method as claimed in claim 15 or 16, wherein

s EehoLRHEIA A TRLOR RUCR g seeanp spacers

(32) overlying si ewa said ) and pertormi urce and drain

implamisdedatisasheaic ﬁ%ﬁl@ﬁg@@@hﬁdl@)’oﬂﬁﬁi@ﬁ‘%r(é%bd@éﬁﬁlo%ﬂ@bﬁ&-
(26) and said second spacers (32) as a mask. 18. The method as claimed

in ciiim EgjanhB8irclveatiars eftalyofksiindrdgaimansigions (24) of said
FET (10) are determined by said source and drain implants, and said
second spacers (32) at least partly determi'ne second spacings between

Saifl SNSRI iegions (34) A0 SALRCB0LI 9 The metiod 2.

claimed i clainy ereln S8d firse spat:mgs are
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19, wherein said step of completin FET (10) urther includes
pe Hing ipéngratingastiuorseantiainagxiepiziots tnaplaast(25) aadiechdiatonpllapt
(23) prior to forming said second spacers (32). 21. The method as

claPRIS BhiHTAS SR Efeif A0SR 8918 §Ra% (Caispoa SRRk a

silicon-on-insulator (SOI) layer (14) of said substrate (17) overlying a
buried oxide layer (18) of said substrate (17). 24

18. The method as claimed in claim 17, wherein locations of source and drain
regions (24) of said FET (10} are determined by said source and drain 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 any one of claims 15 to 19, 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 to.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) overlying a

buried oxide layer (18) of said substrate (17).
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22. The method as claimed in any one of claims 15 to 21 , 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

SeCaRAVGLAN IS AONLMBWNIEY BFE ePéfaka'?ﬂs%P,yvﬁ%%ég%gJ@@ of

23. The method as claimed in claim 22, wherein a depth of said implanting
detexnineg sdiegrstore ptir{RMinglseabaithROMIDBR AIE) G ERI Rthidbs

The method as claimed in any one of claims 15 to 23, wherein said silicon

regivpianindgsakspoiensiarl siferedialin stahirg IFOMPIgRiedytions sthtive
strate (17) overlying a buried oxide layer (18) of said substrate (17),

iR BRI A TEL R SEIBOIRT Al A

se%%%gé@g&rsrggj%%}r{&cludes 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
(6033oTherneihegiaselaivad inrdaiarddsueraitdawheieim sadmelastivglepth
(60) extends to about 80% gr greater to a depth of a top (64) of said

USSR BRI i A AR A RCASgn (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
layex.(60¢. rAéthbhadneihad as alqishedinlglagn 2& shamirepaid single

crystal S%E#&QH%M%m {(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 implaniing 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 fo

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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25 region (14) consists essentially of silicon, and said implanting implants
germanium into said silicon regions (14). 27. The method as claimed in

any one of claims 15 to 26, further comprising forming third spacers (34)
over said second spacers (32), and forming a silicide (40) overlying said

sem)j jctor alloy.region <gaid silicide. said PC
20) B T A e B B T
metheshaniGRimed Hidaicen eafciaims) 15 to 27, 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

oxid&s TBRiESH AR S SIRBRYBRARLPIGH JRMPhE RIS’ GaREg ™ any

s e e S o Werd U RS MR R

siliqigts 46V BN SePADRADISOARBY LI ARABOTSEHRNSIIERR) (4 spaced

from said PC (26) by said second spacers (32) and said third spacers (34).

28. The method as claimed in any one of claims 15 to 27, 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 any one of claims 15 to 29, further comprising
forming a gate silicide (28) from said polycrystalline semiconductor (26} while
simultaneously forming said silicide (40) overlying said semiconductor alloy

regions (39).

26



