METHOD OF MANUFACTURING A SEMICONDUCTOR STRUCTURE
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The
present invention relates to semiconductor devices. More patrticularly, the
present invention relates to field effect transistors such as
metal-oxide-semiconductor field effect transistors. 10 2. Description of the
Related Art Both fully silicided (FUSI) gate structures and embedded
silicon %ermanium eSiGe) structures have shown usefulness in
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MOSFET (Metal Oxide-Semiconductor Field Effect Transistor). However,
techniques for_manufacturing both FUSI and eSiGe structures involve
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(Complementary Metal Oxide Semiconductor) manufacturing processes.
20 In addition to typical CMOS processes, fully siliciding the gates of a
EET Telpid obH@tlaMaNERNing steps, and may require additional
chemical mechanical polishing (CMP) steps as well. For example, current
FUSI manufacturing techniques require steps of etching and polishing the
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addition to processes required to form recesses in the FET source an
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2. Description of the Related Art

Both fuily silicided (FUSI) gate structures and embedded silicon
germanium (eSiGe) structures have shown usefulness in enhancing the
i5 performance of field effect transistors (FET), particularly MOSFET (Metal-
Oxide-Semiconductor Field Effect Transistor). However, techniques for
manufacturing both FUS! and eSiGe structures involve processes that are
highly complex when compared to typical CMOS (Complementary Metal
Oxide Semiconductor) manufacturing processes.
20
In addition to typical CMOS processes, fully siliciding the gates of a
FET requires additional efching steps, and may require additional
chemical mechanical polishing (CMP) steps as well. For example, current
FUSI manufacturing techniques require steps of etching and polishing the
25  conductive gate layers prior to silicidation.

Likewise, embedded silicon germanium (eSiGe) structures require
additional manufacturing steps. In addition to processes required to form
recesses in the FET source and drain regions, and processes to grow the

30 embedded SiGe regions in the recesses, the eSiGe process requires



1 additional steps in order to protect the gates during growth of the eSiGe
region. SUMMARY OF THE INVENTION 5 It is an object of the present
invention to provide an improved method of manufacturing field effect
transistors (FET). It is another object of the present invention to provide a
method of 10 manufacturing field effect transistors (FET) that requires
fewer steps than current methods These and other objects and
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formiagiargate structure on a semiconductor substrate, and formlng a
recess in the substrate and embedding a second semiconductor material
in the recess. The gate structure includes a gate dielectric layer,
condeiotitiel Ay ¥re RntH-n NS @Myer. Forming said gate structure
includes a step of recessing the conductive layer in the gate 20 structure,
and the steps of recessing the conductive layer and forming the recess in

the substridie areqidelciroietdrpeesmg érsteptidmevepisdlse gordvipled/ad
FET devyice IEF CRIPTI F THE DRAWI 25FIG. lisa
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FIG. 2 is a cross-sectional view of a second step of the method of
it is another object of the present invention to provide a method of
10 manufacturing field effect transistors (FET) that requires fewer steps than

current methods.

These and other objects and advantages of the present invention are

achieved by a method of manufacturing a field effect transistor (FET) that

15 includes the steps of forming a gate structure on a semiconductor
substrate, and forming a recess in the substrate and embedding a second
semiconductor material in the recess. The gate structure includes a gate
dielectric layer, conductive layers and an insulating layer. Forming said
gate structure includes a step of recessing the conductive layer in the gate

20 structure, and the steps of recessing the conductive layer and forming the
recess in the substrate are performed in a single step. There is also
provided a FET device.

BRIEF DESCRIPTION OF THE DRAWINGS
25

FIG. 1is a cross-sectional view of a first step of the method of the
present invention.

FIG. 2 is a cross-sectional view of a second step of the method of

30  the present invention.



30 the present invention. 2 FIG. 3 is a cross-sectional view of a third step
of the method of the present invention. FIG. 4 is a cross-sectional view of
a fourth step of the method of the 5 present invention. FIG. 5is a
cross-sectional view of a fifth step of the method of the present invention.
10 FIG. 6 is a cross-sectional view of a sixth step of the method of the
present invention. FIG. 7 is a cross-sectional view of a seventh step of the
method of  the present invention. 15 FIG. 8 is a cross-sectional view of an
eighth stdpBf thi§ AETRBErBFCHiRNBlieWIGhAithsterschieamethod of the
crossrsestipingeyigyn of a ninth step of the method of the 20 present
invention. FIG. 10 is a cross-sectional view of a tenth step of the method
of the present invention. 25 FIG. 11 is a cross-sectional view of an

eleventh step afighe sethod Gbing m@%ﬁ@@ﬁ%@%%%gma of the

cross-sectional view of a twelfth step of the method of

he present
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FIG. & is a cross-sectional view of a fifth step of the method of the
present invention.

FIG. 6 is a cross-sectional view of a sixth step of the method of the
present invention.

FIG. 7 is a cross-sectional view of a seventh step of the method of
the present invention.

FIG. 8 is a cross-sectional view of an eighth step of the method of

the present invention.

FIG. 9 is a cross-sectional view of a ninth step of the method of the

present invention.

FIG. 10 is a cross-sectional view of a tenth step of the method of the

present invention.

FIG. 11 is a cross-sectional view of an eleventh step of the method

of the present invention.

FIG. 12 is a cross-sectional view of a twelfth step of the method of
the present invention.



DESCRIPTION OF THE INVENTION The present invention provides a
method of manufacturing a field effect transistor (FET) that includes the
steps of forming a gate structure 5 on a semiconductor substrate, and
forming a recess in the substrate and embedding a second semiconductor
material in the recess. The gate structure includes a gate dielectric layer
and a conductive layer. In one embodiment, the method also includes

fomﬁj'é?%%&r%wgﬁeﬁ%imﬁ%@é\miched insulating layer between a

first and a second conductive layer, 10 and this insulating layer serves as
an etching stopper. Forming the gate structure includes a step of
recess!ngﬁﬁg é{%% H%‘i%%ﬁ%{% ?rgl}f?o%%t% %é?ﬁé%%fmgnﬁ%%%uofng 2 field
recessing the conductive layér and forming the tecess In the Substrate
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is losétectune a Teeateps of recessing the conductive layer and forming the
~ recess in the substrate are performed in a single step. There is also
provided a FET device. In one embodiment, the steps of recessing said
15  conductive layer and forming a recess in the substrate are performed

substantially simulianeously.

in another embodiment, the method further includes applying a metal
material to the conductive layer of the gate and o a source region and a
20  drain region of the substrate. A silicide is then formed on the gate, the
source region, and the drain region. The resultant gate is a fully silicided

gaie.

In another embodiment, the present invention provides a field effect
25  transistor (FET) device including a semiconductor substrate, a first gate
and a second gate. The first gate is located on a first semiconductor
substrate region having a first source region and a first drain region
proximate to the first gate. The second ga'te is located on a second
semiconductor substrate region having a second source region and a
30  second drain region proximate to the second gate. The FET device also

includes a semiconductor region embedded into the first semiconductor
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semiconductor substrate region having a second source region and a 30
second drain region proximate to the second gate. The FET device also
includes a semiconductor region embedded into the first semiconductor 4
substrate region or the second semiconductor substrate region. The first
source and drain regions, and the second source and drain regions, are
silicided. The first gate and the second gate are fully silicided. 5 Referring

to the drawings and, in particular, FIGS. 1-12, there is provided a method
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(MOSFET) structure. The FET transistor can be a n-type FET transistor
or a p-type FET transistor. 15 Referring to FIGS. 1-12, in one
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p-typeUREETPFIET). Substrate 105 may include n-doped silicon for
onstructing a PFET, and/or p-doped silicon for constructing a NFET.

ubstrate 105 is partitioned via STI, i.e., shallow
FET 100 is preferably a Metal-Oxide-Semiconductor Field Effect

Transistor (MOSFET) structure. The FET transistor can be a n-type FET
transistor or a p-type FET transistor.

15 Referring to FIGS. 1-12, in one embodiment, FET 100 is a MOSFET
100, and is manufactured on a substrate 108, as shown in FiG. 1.
Substrate 105 is preferably made from silicon, but may also be made from
a silicon substrate on an insulating layer. Substrate 105 may aiso be
made from a semiconducting material or a semiconducting layer on an

20  insulator. In one embodiment, MOSFET 100 is a structure having both an
n-type FET (NFET) and a p-type FET (PFET). Substrate 105 may include
n-doped silicon for constructing a PFET, and/or p-doped silicon for
constructing a NFET. Substrate 105 is partitioned via ST1, i.e., shallow
trench isolation, by structures 110, which isolate each FET in substrate

25 105, Structures 110 may be made from materials such as silicon nitride or

silicon oxide.

Referring to FIG. 1, a gate dielectric 115 is deposited on substrate
105 and structures 110. Gate dielectric 115 is preferably made from a
30 suitable dielectric material including oxides such as SiO;, SION, SizNs,
HfOg, ZrO,, AlxO3, TiO,, Lay0s, SrTi0Os;, LaAlOs, or any combinations
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trench isolation, by structures 110, which isolate each FET in substrate 25
105. Structures 110 may be made from materials such as silicon nitride or
silicon oxide. Referring to FIG. 1, a gate dielectric 115 is deposited on
substrate 105 and structures 110. Gate dielectric 115 is preferably made
from a 30 suitable dielectric material including oxides such as Si02,
SION Si3N4, HfO2, Zr02, A1203, Ti02, La203, SrTiO3, LaAlO3, or any
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Referring to FIG. 2, conductive layers 120 and 130 are pre-doped, as
necessary, with an n-type dopant such as As, P and Sb for NFET regions,
15 and a p-type dopant, such as Boron and BF,, for PFET regions. Gate
dielectric 115 and layers 120, 125 and 130 are etched to form gate stacks
132.

Referring to FIG. 3, first spacers 135 are formed on the sidewalls of
20 gate stacks 132. First spacers 135 may be formed by any suitable
method, such as deposition and etching. In one embodiment, spacers
135 are formed by using a thermal-oxidation process or a low-temperature
oxide (LTO) deposition and etching process. First spacers 135 are
preferably made from a silicon oxide or silicon nitride material. Also, halo
25  and/or extension implantation may be employed to form n and/or p

regions 137 in substrate 105.

Referring to FIG. 4, second spacers 145, along with buffer silicon
oxide layers 140, are formed on substrate 105 and surrounding first
30 spacers 135. Second spacers 145 are preferably made from a silicon

nitride material. Spacers 145 and buffer silicon oxide layers 140 are
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20 gate stacks 132. First spacers 135 may be formed by any suitable
method, such as deposition and etching. In one embodiment, spacers

135 are formed by using a thermal-oxidation process or a low-temperature
oxide (LTO) deposition and etching process. First spacers 135 are
preferably made from a silicon oxide or silicon nitride material. Also, halo
25 and/or extension implantation may be employed to form n and/or p
regions 137 in substrate 105. Referring to FIG. 4, second spacers 145,
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procggs=-After forming spacers 145, ion implantation may also be

performed to create n and/or p source and drain regions 139 in substrate

305 for both NFET and PFET. 5 Referring to FIG. 5, an additional layer of
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Referring to FIG. 7, a resist 155 is provided over the NFET portion of
FET 100. Referring to FIG. 8, the PFET portion of oxide layer 150 is
removed, preferably by wet efching. Resist 155 is then removed.

15

Referring to FIG. 9, recesses 160 are formed in the PFET portion of
substrate 105. Second conductive layerd 30 is also removed, preferably
by dry efching, to expose the top of insulating layer 125, Preferably, both
the removal of the second conductive [ayer 130, and recesses 160 are

20 {ormed in the same eiching step.

insulating layer 125, which is preferably a silicon nitride layer, in this

embodiment, prevents etching of first conductive layer 120. The presence
of insulating layer 125 allows for the simultaneous, or substantially

25  simultanecus, removal of second conductive layers 130 and formation of
recesses 160. Layer 125 also results in a uniform height of the portion of
gate stack 132 remaining after etching. Layer 125 also allows the recess
depth of recess region 160 on substrate 105 to be larger than the depth of
etching of gate stack 132 that results from the simultaneous etching, or

30 etching in a single step, of gate stack 132 and recess 160.



15 Referring to FIG. 9, recesses 160 are formed in the PFET portion of
substrate 105. Second conductive layer 130 is also removed, preferably
by dry etching, to expose the top of insulating layer 125. Preferably, both
the removal of the second conductive layer 130, and recesses 160 are 20
formed in the same etching step. Insulating layer 125, which is preferably
a silicon nitride layer, in this embodiment, prevents etching of first

conducti erl esence ting layer 125 allows for the
simultané%?fg 6?%38£%tlgﬁ) Qe %%’t?ﬁe@%”?% aﬁgt%xg&%grown In
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resultsjnau :r & ortion of tack 132 a|n| after
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substnaiev&a5 to be larger than the depth of etchlng of gate stack 132 that

esults from the simultaneous etching, or 30 etching in a single step, of
{gate stack 132 and recess 160. 7 Referring to FIG. 10, doped SiGe
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linclugledrieke)didi. cobaliréia)is then annealed at an elevated temperature,
for example at greater than 300 °C, so that the metal will react to the poly-
Si of conductive layers 120 in the gate, to the substrate, and to the doped
silicon in the substrate to form a silicide layer 170. By adjusting the
thickness of the first conductive layer 120 and the thickness of the metal
15 layer, the remaining gate can be fully silicided. The remaining metai layer
is then removed, preferably by a wet etch technique. FET 100 is thus a
fully silicided (FUSH) gate device.

in an alternative embodiment, insulating layer 125 is not removed

20  prior to silicidation of the source and drain regions. In this embodiment,
the source and drain regions are silicided as described above. Then,
insulating layer 125 is remaoved, followed by silicidation of conductive
layers 120. This embodiment allows different materiais to be used for
silicidation of gates 175 relative to the source and drain regions.

25 |

The resulting FET is shown in FIG. 12. FET 100 includes gates 175

formed on substrate 105. Gates 175 include buifer silicon cxide layers
140 and spacers 135 and 145. Gates 175 also include gate dielectric 115
and first conductive layer 120, which after silicidation, is now fully silicided

30 layer 170. The NFET portion of substrate 105 includes a central p-doped

region 180, a n-doped source region 182, and a n-doped drain region 184.
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10 and Tungsten. The metal is then annealed at an elevated temperature,
for example at greater than 300 C, so that the metal will react to the poly-
Si of conductive layers 120 in the gate, to the substrate, and to the doped
silicon in the substrate to form a silicide layer 170. By adjusting the
thickness of the first conductive layer 120 and the thickness of the metal
15 layer, the remaining gate can be fully silicided. The remaining metal

layer. | d, preferably by a wet etch technique. FET 100 is
e B ERRE b S SHE g OB el ek RELTA GripRERhgaIon 0.
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and drain regions. In this embodiment, the source and drain regions are
silicfielPEs a8 ibRer above. Then, insulating layer 125 is removed,
followed by silicidation of conductive layers 120. This embodiment allows
different materials to be used for silicidation of gates 175 relative to the
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buffer silicon oxide layers 140 and spacers 135 and 145, Gates 175 also
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substrate 105 includes a central p-doped region 180, a n-doped source

regidFAPIORdAH USRI RhiN sBSibhPIRSINS depopiier (fiARdn & addition,
1GUbEmEQST inedesayernialsrdepeshiRaamAdR a%@oéﬁ@%é@tﬁ?%ny
eoSl

region 192, a p-doped drain region 194, and embedded eSiGe region
165 suitable known method. In"one embodiment, etching is accomplished by

a reactive ion stching technique (RIE).

in another embodiment of the present invention, layer 125 is not
15 included in the method. In this embodiment, a single thick conductive
layer is deposited on dielectric fayer 115, which is later etched away

during the step of forming recesses 160.

In the embodiment shown in FIG. 12, the embedded semiconductor

20 region of FET 100 is shown as SiGe regions 165 embedded in the PFET
region. In yet another embodiment, the embedded semiconductor region
may be formed in the NFET region. In this embodiment, silicon carbide
(SiC) is a preferred material for the embedded semiconductor region. The
steps of the method used to produce a FET having an embedded region

25  inthe NFET region are similar to the steps described above. However, in
this embodiment, the step of forming recesses is performed in the NFET
region instead of the PFET region, and silicon carbide is preferably
embedded in the recesses in the NFET region.

30 The resulting FET in this embodiment is similar to the FET of FIG. 12.

However, in this embodiment, the NFET portion of the substrate includes
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5 Deposition of various layers described above can be accomplished in
any known manner suitable for constructing semiconductor devices.
Examples of suitable deposition techniques include chemical vapor
deposition (CVD), plasma-enhanced CVD (PECVD), atomic layer
deposition (ALD), and high density plasma deposition (HDP). In addition,
10 etching of various layers described above can be accomplished by any
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region. In odiment, the embedded semiconductor
region may be formed in the NFET region. In this embodiment, silicon

carbide (81C) i BEE{5TR MALEIEL R ARRSOEY FRTIRIORFA! having

region. The steps of the me used to produce a aving an
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9 during the same step. This feature reduces the number of steps needed
to construct an FET device, particularly one that includes both FUSI gates
and eSiGe. The use of one simple recess step as described above also

15 avoids the disadvantages of CMP and etch-back processes

In addition, this method eliminates the need.to protect the gates,
particularly the gate over the PFET region, which also greatly simplifies
the process of manufacturing such FET structures.

20

In one embodiment, an insulating layer is deposited between a first
and second conductive fayer. The insulating layer allows the method to
control the thickness of the final conductive layer in the gates at an initial
step. In prior methods, a conductive layer must be deposited at a

25 thickness greater than the thickness of the conductive layer of the final
gate, and then etched and polished to the desired thickness after the
gates are formed. In the present invention, the first conductive layer may
be deposited to the desired final thickness. The insulating layer protects
the first conductive layer as the second conductive layer is etched away

30 and recesses are formed. Thus, the steps of etching and polishing the

gates’ conductive layer can be eliminated in the present invention.
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a central p-doped region 180, a n-doped source region 182, a n-doped
drain region 184, and an embedded SiC region. The PFET portion of the
substrate includes a central n-doped region, a p-doped source region and
a p-doped drain region 194. The PFET portion in this embodiment can 5
have an embedded SiGe region as well. The method of the present
invention provides FET structures having both FUSI and embedded
semiconductor features, while requiring fewer steps than typical
processes for forming such structures. For example, 10 the method

provides thag theeRosIEHE byeHodRh B URE BB IR TIBEORSEES B RS ent

recesses for embedding the SiGe region can be formed, during the same
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The use of one simple recess step as described above also 15 avoids the
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PFET region, which also greatly simplifies the process of manufacturing
such FET structures. 20 In one embodiment, an insulating layer is
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conductive layer of the final gate, and then etched and Eglished to the
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be deposited to the desired final thickness. The insulating layer protects
the first conductive layer as the second conductive layer is etched away
30 and recesses are formed. Thus, the steps of etching and polishing the
gates' conductive layer can be eliminated in the present invention. 10 The
exemplary embodiments of the MOSFET device of the present invention
are provided to demonstrate the aspects of the present invention. The
present invention is not limited to the MOSFET transistors described 5
abieT \VEaabtibis&Sthe configuration, such as the size and position of
the gate, source and drain, fall within the scope of the invention. It should

be undeystood thatyarigusaligrnatives Lambinptions.and.mediications

of the teachings described herein could be devised by those 10 skilled in
thePBRSPRIRF S8t Shvention is intended to embrace all such alternatives,
modifications and variances that fall within the scope of the appended
claims. 3drifigATgbe GlAME BH S dericaipiliast fansianifastisngadighle
eetAslac (T dRvies, camlaing e aiRas.0l fapming a gate
structure on a semiconductor substrate, wherein said gate structure
includes a gate dielectric layer and a conductive layer; and forming a
recess ifogaichsu rstadenarait enilsgdtirgd seioanihgenssond seicamatgnal

in st FESSq WheLein forming said gate structure includes a step of
recessing said conductive layer in said gate structure, and

wherein forming said gate structure includes a step of recessing said

conductive layer in said gate structure, and

wherein said steps of recessing said conductive layer and forming a recess
in said substrate are performed in a singie step.

2. The method of claim 1, wherein said steps of recessing said
conductive layer and forming sald recess in said substrate are performed
substantially simultaneousiy.

3. The method of claim 1, wherein said second semiconductor material
is selected from the group consisting of silicon germanium (SiGe) and silicon
carbide (SiC).

4. The method of claim 1. whersin said FET is a Metal-Oxide-
Semiconductor Field Effect Transistor (MOSFET).

5. The method of claim 1, wherein said subsirate is selected from the
group consisting of a silicon substrate, a silicon substrate on an insulating layer, a

semiconducting fayer, and a semiconducting layer on an insulator.

8. The method of claim 1, wherein said FET includes a NFET and a

PFET region, and wherein said recess in said substrate is formed in a region
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wherein said steps of recessing said conductive layer and forming a
recess in said substrate are performed in a single step. 2. The method of
claim 1, wherein said steps of recessing said conductive layer and
forming said recess in said substrate are performed substantially
simultaneously. 3. The method of claim 1, wherein said second
semiconductor material is selected from the group consisting of silicon
germanium (SiGe) and silicon carbide (SiC). 4. The method of claim 1.
whrigsipddeier FEINS B VRaian @xddeidSEmicHi®Rictor Field Effect Transistor
(MOSFET). 5. The method of claim 1, wherein said substrate is selected
from the, 0roypeqpsisting oL@ alieoauBRIaley Aalicon NPl AR

insulating layer, a_semiconducting layer, and a semiconducting | ayer on
oSS atorS8Y THEEh RN 0PORISRE, SATERSn AR BRI T ide & a SRR T

angrenaREETSiegion, and wherein said recess in said substrate is formed
in a region 12 selected from said NFET region and said PFET region. 7.

The method o]t clalm %5 e{vhferc?llr}n sgld recess éré E&a? suﬁbstratel 45, Jgsr{gge i
said PFET reglon "Bnd Said SECond Conductsr matenial i sificon

gePrmERiihs ISty gegipe ATEtRaE SPEIamhTBIANFeTSFISAR FeTies PRI
suBstsate is formed in said NFET region, and said second conductor
material is silicon carbide (SiC). 9. The method of claim 1, wherein said

forming sald grate structélre includes the followin steﬁs: ‘
he method of claim 1, wherain said Yormihg said gate structure

inciudes the following steps:
depositing a gate dielectric layer on said subsiratg;
depositing a first conductive {ayer on said gate dielectric jayer;
depositing an insulating layer on said first conductive tayer,
depositing a second conductive layer on said nitride layer,

atching sald gate dielectric layer, said first and second conduclive layers,
and said insulating layer to form a gate stack; and

forming one or more spacers around said gate stack,

wherein said step of recessing said conductive layer is accomplished by

recessing said second conductive layer,

10.  The method of claim 8, further comprising the step of removing said
insulating laver after recessing said second conductive layer.
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depositing a gate dielectric layer on said substrate; depositing a first
conductive layer on said gate dielectric layer; depositing an insulating
layer on said first conductive layer; depositing a second conductive layer
on said nitride layer; etching said gate dielectric layer, said first and
second conductive layers, and said insulating layer to form a gate stack;
and forming one or more spacers around said gate stack, wherein said

step of recessing said co %ucti layer is accomplished by recessing said
second ?:%Ondsﬁgéﬁvee%?/dgﬁpi frq'ﬁ:’(?un%ﬁ?ﬁg(gn& cfafn 9, further comprising
the step of removing said insulating layer after recessing said second

condgctziz\oewa;gea &%t&ﬂ_mﬁmian_&tmﬁhoiar@jmhfa fwélﬂ@?_@@mwé&éngad tc a
appiviagRBelR DasHaiRsaid Seudugtve Igyer of said gate and to a

source region and a drain region of said substrate; and forming a suicide
on said gate, said source region, and said drain region, so that said gate
is fully Sitieitiede $ficiyhermseithoakofseldinrgesvisieinasgidaidstRinireg lelyeo
preyentis saisliist coiodegtive layer from being etched away during
recessing of said second conductive layer. 13. A method for
manufacturing a fully silicided (FUSI) field effect transistor (FET) device
having df emBEdHTENSR i LRI 2ELIMTHRIRG ME" fEyenet; sac
deépositinguatifiestagenductiveitay efcaad avgateldiede ctreskyerdrad second
subatiaig.Naying a NFET region and a PFET region;

13. A method for manufacturing a fully silicidged (FUSIH field effect
fransistor (FET) device having an embedded semiconductor region, comprising the
steps of:

depositing a first conductive layer and a gate dielectric iayer on a substrate
having a NFET region and a PFET region;

depositing an insutating layer on said first conductive layer;

depositing & second conductive layer on said nitride layer;

efching said gate dielectric layer, said first and second conductive layers,
and said insulating layer to form a first gate stack and a second gate stack, and
forming one or more spacers around said first and second gate stacks to form a first
gate and a second gate;

removing said second conductive layer from said first gate and said second
gate, and forming a recess in said substrate in a source region and a drain region

proximate to said first gate, in a single siep;

embpedding a semiconducting material in said recess,
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depositing an insulating layer on said first conductive layer:. depositing a
second conductive layer on said nitride layer; etching said gate dielectric
layer, said first and second conductive layers, and said insulating layer to
form a first gate stack and a second gate stack, and forming one or more
spacers around said first and second gate stacks to form a first gate and
a second gate:. removing said second conductive layer from said first gate
and saicbaReMRG aRIRuRNALIRIRIRGA 80eFSs ihaaisksubghiatednqa source
region and a drain region proximate to said first gate, in a single step;
embedding a semiconducting material in said recess, 14 removing said
insulatirfiy YaSAET Heh IRt T e B nBPEERNAG A8 SRHUSRHIV S TREIang S 8¢
firstigateyicaitcdcerdgatd] faidgatyresdregionrean tkgaid addaind@giongion
PrRxiRale {9 salddist §ie. and a source region and a drain region
proximate to said second gate. 14. The method of claim 13, wherein said
first gate is located on a region selected from the group consisting of: said
PFET rédion, Wwharetivs afd-eimbEd deareie ragiso gl esisgsnicsrieralrs sifkaien
gesmapirairand gaieh Nrkidtirgaion, wherein said embedded
semiconducting material is silicon carbide. 15

said PFET region, wherein said embedded semiconduciing matenal s silicon

germanium, and

said NFET region, wherein sald embedded semiconducting material is sificon
carbide.
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