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(57) ABSTRACT 

A method for forming epitaxial Si Ge of a PMOS transistor. In 
an example embodiment, the method may include providing 
a semiconductor wafer having a PMOS transistor gate stack, 
extension sidewalls, source/drain extension regions, and 
active regions. The method may also include performing a 
recess etch of the active regions and forming epitaxial SiGe 
within the recessed active regions by forming a selective epi 
SiGe region coupled to the surface of the recessed active 
regions and a selective carbon-doped epitaxial cap layer 
coupled to the selective epi SiGe region. 
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FORMATION OF A SELECTIVE 
CARBON-DOPED EPITAXIAL CAP LAYER 

ON SELECTIVE EPITAXIAL SIGE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a method of forming epi­
taxial SiGe in PMOS transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a cross-sectional view of a partially fabri­
cated semiconductor wafer. 
[0003] FIGS. 2A-2J are cross-sectional diagrams of a pro­
cess for forming a semiconductor wafer. 

DETAILED DESCRIPTION OF THE INVENTION 

[0004] The present invention is described with reference to 
the attached figures, wherein like reference numerals are used 
throughout the figures to designate similar or equivalent ele­
ments. The figures are not drawn to scale and they are pro­
vided merely to illustrate the invention. Several aspects of the 
invention are described below with reference to example 
applications for illustration. It should be understood that 
numerous specific details, relationships, and methods are set 
forth to provide a full understanding of the invention. One 
skilled in the relevant art, however, will readily recognize that 
the invention can be practiced without one or more of the 
specific details or with other methods. In other instances, 
well-known structures or operations are not shown in detail to 
avoid obscuring the invention. The present invention is not 
limited by the illustrated ordering of acts or events, as some 
acts may occur in different orders and/or concurrently with 
other acts or events. Furthermore, not all illustrated acts or 
events are required to implement a methodology in accor­
dance with the present invention. 
[0005] Referring to the drawings, FIG. 1 is a cross-sec­
tional view of a partially fabricated semiconductor wafer 10. 
In the example application, CMOS transistors 20, 30 are 
formed within a semiconductor substrate 40 having an 
NMOS region 50 and a PMOS region 60. The CMOS tran­
sistors 20, 30 are electrically insulated from other active 
devices (not shown) by shallow trench isolation structures 
170 formed within the NMOS and PMOS regions 50, 60; 
however, any conventional isolation structure may be used 
such as field oxide regions ( also known as "LOCOS" regions) 
or implanted isolation regions. The semiconductor substrate 
40 is a single-crystalline substrate that is doped to be n-type 
and p-type; however, it may be a different material such as 
GaAs and InP and it may have additional layers. 
[0006] Transistors, such as CMOS transistors 20, 30, are 
generally comprised of a gate, source, and drain. More spe­
cifically, as shown in FIG. 1, the active portion of the transis­
tors are comprised of source/drain extension regions 70, 
source and drain regions 80, and a gate stack that is comprised 
of a gate oxide 90 and a gate polysilicon electrode 100. The 
CMOS transistors 20, 30 also have a channel region that is 
located directly below the gate oxide 90 within the p-well 110 
or then-well 120. 
[0007] The example NMOS transistor 20 is an n-channel 
MOS transistor. Therefore it is formed within a p-well region 
110 of the semiconductor substrate 40. In addition, the source 
and drain regions 80 as well as the source/drain extension 
regions 70 (which may be lightly doped ("LDD"), medium 
doped ("MDD"), or highly doped ("HDD")) have n-type 
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dopants. The NMOS transistor gate is created from an n-type 
doped polysilicon electrode 100 and a gate oxide dielectric 
90. However, it is within the scope of the invention for the 
NMOS transistor to have a metal gate instead of a polysilicon 
gate. For instance, the alternative metal gate electrode 100 
may be a fully silicided ("FUSI") polysilicon electrode that is 
comprised of any commonly used metal such as Ti, Ta, Ir, Mo, 
or any combinations thereof-including their molecules and 
complexes. 
[0008] Similarly, the example PMOS transistor 30 is a 
p-channel MOS transistor. Therefore it is formed within an 
n-well region 120 of the semiconductor substrate 40. In addi­
tion, the source and drain regions 80 as well as the source/ 
drain extension regions 70 have p-type dopants. The PMOS 
transistor gate is created from a p-type doped polysilicon 
electrode 100 and a gate oxide dielectric 90. However, it is 
within the scope of the invention for the PMOS transistor to 
have a metal gate electrode 100, as discussed supra. 
[0009] A sidewall spacer structure comprising offset layers 
130/140 may be used during semiconductor fabrication to 
enable the proper placement of the source/drain extension 
regions 70, the epi SiGe regions 150, and the source/drain 
regions 80. The source/drain extension regions 70 are formed 
using the gate stack 90, 100 and the extension sidewalls 130 
as a mask. Similarly, the source/drain regions 80 are formed 
using the gate stack 90, 100 and the source/drain sidewalls 
140 as a mask. It is to be noted that the source/drain extension 
anneal and source/drain anneal will likely cause a lateral 
migration of the source/drain extension regions 70 and 
source/drain regions 80 toward the channel region of the 
transistor. 
[0010] The gate stack 90, 100 and the extension sidewalls 
130 of the PMOS transistors 30 are also used as a mask to 
form the source/drain epitaxial SiGe regions 150 (also called 
"embedded SiGe source/drain", "epitaxial SiGe", or "epi 
SiGe"). The epi SiGe regions 150 may improve transistor 
performance by increasing the mobility of the carriers in the 
channel of the PMOS transistors 30 that result from the inten­
tionally created lattice mismatch that induces mechanical 
stress or strain across the channel region. Specifically, a com­
pressively-strained channel typically provides an improved 
hole mobility that is beneficial for PMOS transistors 30 by 
increasing the PMOS drive current. 
[0011] The PMOS transistors 30 also have a silicide layer 
160 overlying the epi SiGe 150 and the polysilicon gate 
electrode 100. The silicide layer 160 facilitates an improved 
electrical connection between the epi SiGe 150 and the tran­
sistor's metal contacts (not shown). Preferably, the silicide 
layer 160 contains nickel ("Ni") or a combination of nickel 
and platinum ("Pt"). However, it is within the scope of the 
invention to use any suitable material----or combination of 
materials-within the silicide layer, such as cobalt ("Co"), 
titanium ("Ti"), palladium ("Pd"), or iridium ("Ir"). 
[0012] In the example application, the epi SiGe 150 ini­
tially has a selective epi SiGe region and a selective carbon­
doped epitaxial cap layer (hereinafter called "selective 
C-doped epi cap layer") discussed further infra. The selective 
carbon-doped epitaxial cap layer facilitates the thermal sta­
bility of the subsequently formed silicide layer 160 (by inhib­
iting Ge precipitation and film agglomeration during the sili­
cidation process). 
[0013] Subsequent fabrication (not shown) will create the 
remainder of the 'front-end' portion and the 'back-end' por­
tion of the integrated circuit. The remaining front-end portion 



US 2008/0199999 Al 

generally contains metal contacts that electrically connect the 
CMOS transistors 20, 30 to other active or passive devices 
(not shown) that are located throughout the semiconductor 
wafer 10. The front-end also generally contains an insulative 
dielectric layer that electrically insulates the metal contacts. 
The back-end generally contains one or more interconnect 
layers (and possibly one or more via layers) that properly 
route electrical signals and power through out the electrical 
devices of the completed integrated circuit. 
[0014] Referring again to the drawings, FIGS. 2A-2J are 
cross-sectional views of a partially fabricated semiconductor 
wafer that illustrate an example process for forming the 
PMOS transistor 30 of FIG. 1. It is within the scope of the 
invention to use this process to form other transistor devices 
that vary in some manner from the example PMOS transistor 
30. For instance, the method may be used to fabricate PMOS 
transistors on alternative substrates such as silicon-on-insu­
lator ("SOI"). 
[0015] FIG. 2A is a cross-sectional view of the semicon­
ductor wafer 10 after the formation of a portion of the PMOS 
transistor 30. Specifically, the semiconductor wafer 10 con­
tains shallow trench isolation structures 170, then-well 120 
within the substrate 40, the gate stack 190 comprising the gate 
oxide 90 and the gate electrode 100, the extension sidewalls 
130, and the source/drain extension regions 70. The exposed 
surface of the n-well 120 (i.e. the exposed surface of the 
source/drain extension regions 70) are the active regions 200 
of the PMOS transistor 30. It is to be noted that the thickness 
of the extension sidewalls 130 may be adjusted to change the 
location of the subsequently formed epi SiGe regions 150 in 
order to obtain a targeted transistor performance that is deter­
mined by the amount of source/drain extension regions 70 
that remain in the final PMOS structure. The fabrication pro­
cesses used to form the semiconductor wafer 10 shown in 
FIG. 2A are those that are standard in the industry, such as the 
fabrication process described in the commonly assigned U.S. 
Pat. No. ___ (Ser. No. 11/184,337, TI Docket Number 
TI-38071, filed Jul. 19, 2005), incorporated herein by refer­
ence and not admitted to be prior art with respect to the 
present invention by its mention in this section. 
[0016] In the example application, all of the gate electrodes 
have the optional gate hardmask 180 comprised ofSiO2 , SiN, 
SiON, or a combination thereof (as described further in the 
incorporated reference). If used, the gate hardmask 180 may 
protect the gate electrodes 100 from undesired etching and 
epitaxial formation during the processes shown in FIGS. 
2B-2D and described infra. 
[0017] It is within the scope of the embodiment to also form 
halo implant regions within then-well 120 (not shown). The 
optional halo implants (sometimes called "pocket implants" 
or "punch through stoppers" because of their ability to stop 
punch through current) may be formed with any standard 
implant or diffusion process within----or proximate to-the 
channel, the extension regions, or the source/drain regions. 
[0018] The next step is the recess etch 210 of the active 
regions 200 of the PMOS transistor 30, as shown in FIG. 2B. 
Preferably, the recess etch 210 is a standard anisotropic etch 
of the active regions 200; therefore, a maximum amount of 
previously formed doped extension regions 70 remains after 
the formation of the recessed active regions 220. However, it 
is within the scope of the example embodiment to perform a 
recess etch 230 using a combination of anisotropic and iso­
tropic etches, or using an isotropic etch only, as shown in FIG. 
2C. An isotropic etch 230 will generally undercut the exten-
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sion sidewalls 130, thereby creating recessed active regions 
240 that encroach closer to the channel region and remove 
more material in the extension regions 70 (resulting in a 
corresponding change in the dosing level of those extension 
regions 70). 
[0019] It is within the scope of the invention to etch the 
recessed active regions 220 to any suitable depth. In the 
example application, the recessed active regions 220 are 
etched to a depth between 100-1200 A, which is greater than 
the depth of the source/drain extension regions 70 and 
approximately the same depth as the subsequently formed 
source and drain regions 80 (see FIG. 1). 
[0020] The recess etch 210 is "selective" to the gate hard­
mask 180. Therefore, the gate hardmask 180 protects the gate 
electrode 100 of the PMOS transistor 30 from the recess etch 
210. In addition, the gate hardmask 180 will protect the gate 
electrode 100 of the PMOS transistor 30 from forming epi­
taxial SiGe during the next fabrication steps. 
[0021] The epi SiGe regions 150 are now formed over the 
recessed active regions 220 of the PMOS 60. The epi SiGe 
regions 150 are considered 'selective recessed strained 
source/drain epi Si Ge regions' because the epitaxial layer 150 
is comprised of SiGe and it is selectively deposited on the 
exposed active silicon substrate 40 within the recessed active 
regions 220; however, it is not deposited on any dielectric 
regions, such as the regions containing SiO2 or Si3N4 . More­
over, the epi SiGe 150 may be doped or undoped. For 
instance, in the example application the epi Si Ge regions 150 
are doped p-type with B. 
[0022] It is within the scope of the embodiment to use any 
suitable process 250 to form the epi SiGe regions 150. For 
example, reduced-temperature chemical vapor deposition 
("RTCVD"), ultra-high vacuum chemical vapor deposition 
("UHCVD"), molecular beam epitaxy ("MBE"), or a small or 
large batch furnace-based process may be used. 
[0023] In the example application, a RTCVD process 250 is 
used initially to fill the recessed active regions 220 ( or 240) 
with epitaxial SiGe, thereby forming the selectively depos­
ited epi Si Ge 260, as shown in FIG. 2D. The example RTCVD 
process uses a temperature range of 450-800° C. and a pres­
sure between 1-100 T. In addition, the RTCVD process uses a 
silicon-bearing precursor DCS (dichlorosilane), a germa­
nium-bearing precursor GeH4 (germane), and a p-doping pre­
cursor B2 H6 ( diborane ). Process selectivity is achieved by 
including HCl (hydrochloric acid) and the carrier gas H2 

(hydrogen). Once formed, the composition of the selective 
epi SiGe 260 will be B-doped Sio-xiGex. 
[0024] As shown in FIG. 2D, the RTCVD process 250 
creates a slight rise in the top surface of the selective epi Si Ge 
regions 260 above the top surface of the active regions 200. 
Therefore, the RTCVD process 250 not only back-fills the 
recessed active regions 220 ( or 240), it also continues to grow 
the selective epi SiGe 260 to a height somewhere above the 
surface of the substrate 40. Growing the selective epi regions 
260 thicker than the depth of the recessed active regions 220 
(or 240) can mitigate the impact of the loss of epitaxial Si Ge 
during the hardmask removal and silicidation processes 
described infra. 
[0025] Next, as shown in FIG. 2E, the RTCVD process 250 
is now modified to form a selective C-doped epi cap layer 270 
over the selective epi Si Ge 150. The example RTCVD process 
250' is performed in-situ following the RTCVD process 250 
(i.e. without interrupting the deposition process or removing 
the semiconductor wafer 10 from the deposition chamber). 
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The RTCVD process 250' also uses most of the parameters of 
the prior RTCVD process 250; namely, a temperature range 
of 450-800° C., a pressure between 1-100 T, the silicon­
bearing precursor DCS, the germanium-bearing precursor 
GeH

4

, and the p-doping precursor B
2

H
6

. (Similarly, process 
selectivity is achieved by including HCl and the carrier gas 
H2.) However, the example RTCVD process 250' adds a car­
bon-bearing precursor SiH3CH3 (methylsilane ). The addition 
of the carbon-doped gas causes a selective C-doped epi cap 
layer 270 to form during the last portion of the deposition 
process. Once formed, the composition of selective C-doped 
epi cap layer 270 will be B-doped Siu-xPexC. The selective 
C-doped epi cap layer 270 may be any suitable thickness, 
such as 40-120 A. Moreover, it is within the scope of the 
invention to tum off the germanium-bearing precursor during 
the formation of the selective C-doped epi cap layer 270, 
thereby creating a selective C-doped epi cap layer 270 com­
prised ofSi:C or B-doped Si:C. 
[0026] However, it is also within the scope of the invention 
to create a graded C profile within the selective C-doped epi 
cap layer 270 by changing the concentration of the carbon­
bearing precursor SiH3 CH3 during the RTCVD process 250'. 
For example, increasing the concentration of C from the 
bottom surface of the selective C-doped epi cap layer 270 (i.e. 
the surface closest to the selective epi SiGe 260) to the top 
surface of the selective C-doped epi cap layer 270 may help to 
protect the selective epi Si Ge 260 from unwanted strain com­
pensation ( due to the smaller atomic size of C, which offsets 
some of the benefit of having the Ge atoms create advanta­
geous strain in the source/drain regions). 
[0027] The gate hardmask 180 is now removed, as shown in 
FIG. 2F. Any standard process may be used to strip the gate 
hardmask 180. For example, if the gate hardmask 180 is SiN 
then it may be removed with a hot phosphoric acid strip. 
[0028] The fabrication of the integrated circuit now contin­
ues with standard manufacturing steps. Generally, the next 
steps are the formation of source/drain sidewalls 140, the 
creation of the source/drain regions 80, and then the forma­
tion of the silicide layer 160, as shown in FIGS. 2G-2J. 
[0029] Referring to FIG. 2G, source/drain sidewalls 140 
are formed proximate to the extension sidewalls 130 using 
any standard material and process. For example, the source/ 
drain sidewalls 140 may be comprised of an oxide layer and 
a nitride layer that are formed with a CVD process and then 
subsequently anisotropically etched. However, the source/ 
drain sidewalls 140 may contain more layers (i.e. a spacer 
oxide layer, a silicon nitride layer, and a final oxide layer) or 
less layers (i.e. only an oxide layer or a nitride layer). 
[0030] Now, as shown in FIG. 2H, the source/drain side­
walls 140 are used as a template for the source/drain implan­
tation step. The source and drain regions 80 may be formed 
through any one of a variety of processes 290, such as deep 
ion implantation or deep diffusion. The dopants used to create 
the source and drain regions 80 for a PMOS transistor are 
typically boron; however, other dopants or combinations of 
dopants may be used. The implantation of the dopants is 
generally self-aligned with respect to the outer edges of the 
source/drain sidewalls 140. (However, it is to be noted that 
due to lateral straggling of the implanted species, the source 
and drain regions 80 may begin slightly inside the outer 
corner of the source/drain sidewalls 140.) 
[0031] In the example application, the source and drain 
regions 80 are now activated by an anneal step. This anneal 
step acts to repair the damage to the semiconductor wafer and 
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to activate the dopants. The activation anneal may be per­
formed by any technique such as rapid thermal anneal 
("RTA"), flash lamp annealing ("FLA"), or laser annealing. 
[0032] Generally, the next step in the manufacturing pro­
cess is the silicide loop. The purpose of the silicide loop is the 
creation of silicide 160 on active silicon surfaces (such as the 
epitaxial SiGe 150 and the polysilicon gate electrode 100, as 
shown in FIG. 1). It is to be noted that in applications where 
the gate electrode 100 is a metal gate electrode, the hardmask 
180 would probably be left on the metal gate electrode 100 
until the end of the silicidation process. 
[0033] Referring now to FIG. 21, the first step of the silicide 
loop is the deposition of a metal interface layer 280 over the 
top surface of the semiconductor substrate 40. The interface 
layer 280 is preferably comprised of Ni; however, other suit­
able materials such as NiPt, Pt, Co, Ti, Pd, or Ir may be used. 
In the example application, the interface layer 280 is 50-150 
A thick in order to consume a majority of the selective 
C-doped epi cap layer 270 within the final silicide structures 
160. (Note that every 1.0 nm of Ni consumes approximately 
0.82 nm of Si.) 
[0034] An optional capping layer (not shown) may also be 
formed over the interface layer 280. If used, the capping layer 
acts as a passivation layer that prevents the diffusion of oxy­
gen from ambient into the interface layer 280. The optional 
capping layer may be any suitable material, such as Ti or TiN. 
[0035] The second step of the silicide loop is an anneal. The 
semiconductor wafer 10 may be annealed with any suitable 
process, such as RTA. This anneal process will cause the 
interface layer 280 to consume most or all of the selective 
C-doped epi cap layer 270, thereby creating the final epi Si Ge 
structure 150 and forming a silicide 160 (i.e. a nickel-ger­
mano-carbo-silicide or a nickel-carbo-silicide) over the epi 
SiGe 150. Therefore the final epi SiGe structure 150 may 
comprise a majority of the selective epi Si Ge 260 or all of the 
selective epi SiGe 260 plus a relatively small portion of the 
selective C-doped epi cap 270 that wasn't consumed within 
the suicide 160. 
[0036] The anneal process will also form a nickel-silicide 
layer 160 on the surface of the gate electrode 100 in the 
example application (where the gate electrode 100 is poly­
silicon). These source/drain and gate silicide regions 160 are 
shown in FIG. 21. It is to be noted that the selective carbon­
doped cap layer 270 (which is now mostly consumed) has 
improved the structural integrity of the silicide layer 160 
formed on the epi SiGe 150. This more stable silicide layer 
160 will provide a lower resistance conduction path between 
the (subsequently formed) metal contacts and the source/ 
drain regions 80/150. 
[0037] The third step in the silicide loop is the removal of 
the un-reactedmetal interface layer 280, resulting in the semi­
conductor wafer 10 shown in FIG. 1. The un-reacted portion 
of the interface layer 280 (and the capping layer, if used) is 
removed using any suitable process such as a wet etch process 
(i.e. using a fluid mixture of sulfuric acid, hydrogen peroxide, 
and water). 
[0038] The fourth step of the silicide loop is a second anneal 
(such as another RTA) to further react the silicide 160 that has 
been previously created. If the initial anneal process (i.e. the 
second step) of the silicide loop did not complete the silici­
dation process then this second anneal (i.e. the fourth step of 
the silicide loop) will ensure the formation of a nickel ger­
mano-silicide NiGexSi1 _x 160-which will lower the sheet 
resistance of silicide 160. 
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[0039] The fabrication of the final integrated circuit contin­
ues with standard fabrication processes to complete of the 
front-end structure and the back-end structure. The front-end 
fabrication process includes the formation of the pre-metal 
dielectric layer and the creation of the metal contacts (within 
the dielectric layer) that are connected to the source and drain 
80/150 or the gate electrode 100. The back-end fabrication 
includes the formation of metal vias and interconnects. Once 
the fabrication process is complete, the integrated circuit will 
be tested and packaged. 

[0040] In an alternative application, the example RTCVD 
process 250' (FIG. 2E) includes the discontinuance of the 
germanium-bearing precursor gas GeH4 when the carbon­
bearing precursor gas SiH3CH3 (methylsilane) is added to 
form the selective C-doped epi cap layer 270. This alternative 
RTCVD process 250' will form a selective C-doped epi cap 
layer 270 having a (B-doped) Si:C composition. In addition, 
the alternative selective C-doped epi Si:C cap layer 270 is any 
suitable thickness such as 40-120 A. Furthermore, the 
C-doped epi Si:C cap layer 270 may have a graded C profile 
by changing the concentration of the carbon-bearing precur­
sor SiH3 CH3 during the RTCVD process 250'. For example, 
increasing the concentration ofC between the bottom surface 
of the selective C-doped epi cap Si:C layer 270 and the top 
surface of the C-doped epi cap Si:C layer 270 may protect the 
selective epi Si Ge regions 260 from unwanted strain compen­
sation due to the smaller atomic size ofC (which offsets some 
of the benefit of incorporating Ge in the source/drain region). 
Moreover, in this alternative application, the silicide 160 that 
is subsequently formed during the silicide loop ( discussed 
supra) will contain only a small amount of Ge, which will 
diffuse out during subsequent processing unless the silicida­
tion process consumes more than the thickness of the Si:C 
270. 
[0041] Various additional modifications to the invention as 
described above are within the scope of the claimed inven­
tion. For example, instead of using the carbon-bearing pre­
cursor SiH3 CH3 (methylsilane) to form the C-doped epi cap 
layer 270, other suitable carbon-bearing precursors, such as 
SiH

2
(CH3 ) 2 ( dimethylsilane) or SiH(CH3 ) 3 (trimethylsilane) 

may be used. In addition, the flow of the source gases during 
the epi process may be controlled to alter the composition of 
the strain or stress producing material comprising the epi 
SiGe 150. Furthermore, the source/drain dopants may be 
implanted before, after, or during the formation of the epi 
SiGe regions 150. 
[0042] Moreover, the selective C-doped epi cap layer 270 
may be performed ex-situ instead ofin-situ. For example, one 
process chamber (or tool) may be used for the SiGe deposi­
tion and then another process chamber ( or tool) may be used 
for the Si:C cap layer deposition in order to keep the back­
ground levels ofC very low during the deposition ofSiGe and 
also keep the background levels of Ge very low during the 
deposition of SiC. 

[0043] Furthermore, an additional anneal process may be 
performed after any step in the above-described fabrication 
process. When used, an anneal process can improve the 
microstructure of materials and thereby improve the quality 
of the semiconductor structure. In addition, higher anneal 
temperatures may be used in order to accommodate transis­
tors having thicker polysilicon gate electrodes. Lastly, the use 
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of alternative anneal processes are within the scope of the 
invention, such as flash lamp annealing ("FLA") or laser 
annealing. 
[0044] While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not limita­
tion. Numerous changes to the disclosed embodiments can be 
made in accordance with the disclosure herein without 
departing from the spirit or scope of the invention. Thus, the 
breadth and scope of the present invention should not be 
limited by any of the above described embodiments. Rather, 
the scope of the invention should be defined in accordance 
with the following claims and their equivalents. 

What is claimed is: 
1. A method for forming epitaxial SiGe of a PMOS tran­

sistor in a semiconductor wafer, comprising: 
providing said semiconductor wafer having a PMOS tran­

sistor gate stack, extension sidewalls, source/drain 
extension regions, and active regions; 

performing a recess etch of said active regions; and 
forming said epitaxial SiGe within said recessed active 

regions by forming a selective epi SiGe region coupled 
to a surface of said recessed active regions and a selec­
tive carbon-doped epi cap layer coupled to said selective 
epi SiGe region. 

2. The method of claim 1 further comprising the step of 
forming a silicide layer over said epitaxial SiGe. 

3. The method of claim 2 wherein said step of forming a 
silicide layer involves the consumption of a majority of said 
selective carbon-doped epitaxial cap layer into said silicide 
layer. 

4. The method of claim 2 wherein said silicide layer con­
tains Ni. 

5. The method of claim 2 wherein said silicide layer con­
tains Ni and Pt. 

6. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer has a graded carbon concentration. 

7. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer comprises Si:C. 

8. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer comprises Siu-xPex:C. 

9. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer comprises Si:C doped with B. 

10. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer comprises Siu-xPex:C doped with 
B. 

11. The method of claim 1 wherein said selective carbon­
doped epitaxial cap layer has a thickness between 40-120 A. 

12. The method of claim 1 wherein said selective epi Si Ge 
region is comprised ofSiGe doped with B. 

13. The method of claim 1 wherein said PMOS transistor 
gate stack has a polysilicon gate electrode. 

14. The method of claim 1 wherein said PMOS transistor 
gate stack has a metal gate electrode. 

15. The method of claim 1 wherein said recess etch is 
performed to a depth greater than the depth of said source/ 
drain extension regions. 

16. The method of claim 1 wherein said step of forming 
said selective epi SiGe region comprises a RTCVD process. 

17. The method of claim 1 wherein said step of forming 
said selective carbon-doped epi cap layer comprises a 
RTCVD process. 

* * * * * 




