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(57) ABSTRACT 

A semiconductor structure includes a semiconductor sub 
strate, and an NMOS device at a surface of the semiconductor 
substrate, Wherein the NMOS device comprises a Schottky 
source/drain extension region. The semiconductor structure 
further includes a PMOS device at the surface of the semi 
conductor substrate, Wherein the PMOS device comprises a 
source/drain extension region comprising only non-metal 
materials. Schottky source/drain extension regions may be 
formed for both PMOS and NMOS devices, Wherein the 
Schottky barrier height of the PMOS device are reduced by 
forming the PMOS device over a semiconductor layer having 
a 10W valence band. 
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FIG. 1 (PRIOR ART) 
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CMOS DEVICES WITH SCHOTTKY SOURCE 
AND DRAIN REGIONS 

TECHNICAL FIELD 

[0001] This invention relates generally to semiconductor 
devices, and more particularly to manufacturing processes of 
metal-oxide-semiconductor (MOS) devices With Schottky 
source and drain regions. 

BACKGROUND 

[0002] Complementary metal-oxide-semiconductor 
(CMOS) devices have been the basic logic building block in 
the digital-dominant World for decades. Device dimensions 
have been continuously reduced in order to achieve higher 
performance as Well as higher packing density. When the 
CMOS devices become increasingly smaller, the device drive 
currents become increasingly greater. The greater drive cur 
rents require that the source/drain resistances RSD be small. In 
conventional MOS devices, RSD is related to the doping con 
centration in the source/drain regions. Therefore, small RSD 
Were achieved by increasing the dopant concentrations in 
source/drain extension regions and source/drain regions. In 
the past, the reduction in RSD could not meet the requirement 
of the increase in drive currents. 
[0003] Schottky source/drain regions and source/drain 
extension regions, Which included metals for forming Schot 
tky contacts With the adjoining semiconductor materials, are 
thus explored for loWering RSD. The advantageous features of 
Schottky barrier MOS (SBMOS) devices include loW fabri 
cation cost, loW thermal budget for the source and drain 
formation, improved carrier transport, and high scalability. 
HoWever, high barrier heights betWeen the source/drain 
regions and the adjoining semiconductor materials often 
incur high series of resistances, and hence the improvement in 
the drive currents is limited. Therefore, loW Schottky barriers 
are necessary for obtaining high drive currents. In the con 
ventional single-metal scheme in Which a single metal (typi 
cally mid-gap metal) is used for forming Schottky source/ 
drains of both p-type MOS (PMOS) and n-type MOS 
(NMOS) devices, the barrier heights of the Schottky junc 
tions of NMOS devices may be reduced by increasing the 
dopant concentration of the semiconductor materials adjoin 
ing the junctions. HoWever, for PMOS devices, the reduction 
in barrier junction heights quickly saturates the increase in 
boron concentration. As such, the conventional single metal 
scheme cannot provide adequately loW Schottky barriers. 
[0004] The metals used in the source/drain regions prefer 
ably have band-edge Work functions, that is, for an NMOS 
device, the Work function of the respective metal needs to be 
close to the conduction band of the adjoining semiconductor 
material. For a PMOS device, the Work function of the respec 
tive metal needs to be close to the valence band of the adjoin 
ing semiconductor material. To meet this requirement, a dual 
metal scheme is used for forming NMOS and PMOS devices. 
For example, ErSi and PtSi have been used in Schottky 
source/drain regions of NMOS and PMOS, respectively. FIG. 
1 illustrates a conventional Schottky CMOS structure, Which 
includes NMOS device 2 and PMOS device 4. NMOS device 
2 includes Schottky source/drain extensions 6 and source/ 
drain regions 8, While PMOS device 4 includes Schottky 
source/drain extensions 10 and source/drain regions 12. 
Schottky source/drain extensions 6 include a ?rst metal With 
a loW Work function, such as ErSi, While Schottky source/ 
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drain extensions 10 include a second metal With a high Work 
function, such as PtSi. Since both the ?rst and the second 
metals have band-edge Work functions, the barrier heights for 
both PMOS and NMOS devices are loW. 
[0005] The conventional dual-metal scheme suffers draW 
backs, hoWever. Schottky source/drain extensions 6 and 10 
need to be separately formed, thus incurring a higher cost. 
Thus, novel CMOS structures and the methods for forming 
the same that may take advantage of improved performance 
Without increasing manufacturing cost are needed. 

SUMMARY OF THE INVENTION 

[0006] In accordance With one aspect of the present inven 
tion, a semiconductor structure includes a semiconductor 
substrate, and an NMOS device at a surface of the semicon 
ductor substrate, Wherein the NMOS device comprises a 
Schottky source/ drain extension region; and a PMOS device 
at the surface of the semiconductor substrate, Wherein the 
PMOS device comprises a source/drain extension region 
comprising only non-metal materials. 
[0007] In accordance With another aspect of the present 
invention, a semiconductor structure includes a semiconduc 
tor substrate, and an NMOS device at a surface of the semi 
conductor substrate. The NMOS device includes a ?rst gate 
dielectric on the semiconductor substrate; a ?rst gate elec 
trode on the ?rst gate dielectric; a ?rst gate spacer on a 
sideWall of the ?rst gate electrode and a sideWall of the ?rst 
gate dielectric; and a ?rst source/ drain extension region hav 
ing an inner edge substantially aligned to an outer edge of the 
?rst gate spacer, Wherein the ?rst source/drain extension 
region is a metal silicide region having a Schottky contact 
With the semiconductor substrate. The semiconductor struc 
ture further includes a PMOS device at the surface of the 
semiconductor substrate. The PMOS device includes a sec 
ond gate dielectric on the semiconductor substrate; a second 
gate electrode on the ?rst gate dielectric; a second gate spacer 
on a sideWall of the second gate electrode and a sideWall of the 
second gate dielectric, Wherein the second gate spacer is 
thicker than the ?rst gate spacer; a second source/ drain exten 
sion region having an inner edge substantially aligned to an 
edge of the ?rst gate stack, Wherein the second source/drain 
extension region has an Ohmic contact With the semiconduc 
tor substrate; a source/drain region adjacent the second gate 
stack, Wherein the source/drain region is substantially aligned 
to an outer edge of the second gate spacer; and a silicide 
region on the second source/drain region, Wherein the ?rst 
source/drain extension region and the silicide region com 
prise same metals. 
[0008] In accordance With yet another aspect of the present 
invention, a semiconductor structure includes a semiconduc 
tor substrate; an NMOS region in the semiconductor sub 
strate, Wherein the NMOS region only comprises a base semi 
conductor substrate having a ?rst valence band; a PMOS 
region in the semiconductor substrate, Wherein the PMOS 
region comprises an additional semiconductor layer on the 
base semiconductor substrate, and Wherein the additional 
semiconductor layer has a second valence band loWer than the 
?rst valence band; and an NMOS device in the NMOS region 
and a PMOS device in the PMOS region. The NMOS device 
includes a ?rst gate stack on the base semiconductor substrate 
and a ?rst Schottky source/drain extension region adjacent 
the ?rst gate stack. The PMOS device includes a second gate 
stack over the additional semiconductor substrate and a sec 
ond Schottky source/ drain extension region adjacent the sec 
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ond gate stack, wherein the second Schottky source/drain 
extension region has a bottom surface loWer than a top surface 
of the additional semiconductor layer, and Wherein the ?rst 
and the second Schottky source/ drain extension regions com 
prise same metals. 
[0009] In accordance With yet another aspect of the present 
invention, a method for forming a semiconductor structure 
includes providing a semiconductor substrate; forming an 
NMOS device at a surface of the semiconductor substrate, the 
NMOS device comprising a Schottky source/ drain extension 
region; and forming a PMOS device at the surface of the 
semiconductor substrate, Wherein the PMOS device com 
prises a source/drain extension region comprising only non 
metal materials. 
[0010] In accordance With yet another aspect of the present 
invention, a method for forming a semiconductor structure 
includes providing a semiconductor substrate and forming an 
NMOS device and a PMOS at a surface of the semiconductor 
substrate. The step of forming the NMOS device includes 
forming a ?rst gate stack on the semiconductor substrate; 
forming a thick spacer on a sideWall of the ?rst gate stack; 
implanting an n-type impurity to form a ?rst source/drain 
region; thinning the thick spacer to form a thin spacer; and 
reacting a top portion of the semiconductor substrate adjacent 
the thin spacer to form a Schottky source/ drain extension 
region. The step of forming a PMOS device includes forming 
a second gate stack on the semiconductor substrate; implant 
ing a p-type impurity to form a source/drain extension region; 
forming a spacer on a sideWall of the second gate stack; 
implanting a p-type impurity to form a second source/drain 
region; and reacting a top portion of the second source/drain 
region to form a source/drain silicide region, Wherein the 
Schottky source/drain extension region of the NMOS device 
and the source/drain silicide region of the PMOS device are 
simultaneously formed. 
[0011] In accordance With yet another aspect of the present 
invention, a method for forming a semiconductor structure 
includes providing a base semiconductor substrate compris 
ing a PMOS region and an NMOS region, Wherein the base 
semiconductor substrate has a ?rst valence band; and forming 
an additional semiconductor layer only on the base semicon 
ductor substrate in the PMOS region, Wherein the additional 
semiconductor layer has a second valence band loWer than the 
?rst valence band. The method further includes forming an 
NMOS device in the NMOS region, Which comprises form 
ing a ?rst gate stack on the base semiconductor substrate; and 
forming a ?rst Schottky source/drain extension region adja 
cent the ?rst gate stack. The method further includes forming 
a PMOS device in the PMOS region, Which comprises form 
ing a second gate stack over the additional semiconductor 
substrate; and forming a second Schottky source/drain exten 
sion region adjacent the second gate stack, Wherein the sec 
ond Schottky source/drain extension region has a bottom 
surface loWer than a top surface of the additional semicon 
ductor layer, and Wherein the step of forming the ?rst and the 
second Schottky source/drain extension regions are simulta 
neously performed. 
[0012] The advantageous features of the present invention 
include reduced Schottky barrier layers for both PMOS and 
NMOS devices Without incurring the high cost of the dual 
metal scheme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW made 
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to the folloWing descriptions taken in conjunction With the 
accompanying draWings, in Which: 
[0014] FIG. 1 illustrates a conventional complementary 
Schottky metal-oxide-semiconductor (CMOS) structure 
formed using a dual-metal scheme; 
[0015] FIGS. 2 through 7 are cross-sectional vieWs of inter 
mediate stages in the manufacturing of a ?rst embodiment of 
the present invention; and 
[0016] FIGS. 8 through 12 are cross-sectional vieWs of 
intermediate stages in the manufacturing of a second embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0017] The making and using of the presently preferred 
embodiments are discussed in detail beloW. It should be 
appreciated, hoWever, that the present invention provides 
many applicable inventive concepts that can be embodied in a 
Wide variety of speci?c contexts. The speci?c embodiments 
discussed are merely illustrative of speci?c Ways to make and 
use the invention, and do not limit the scope of the invention. 
[0018] Experiments have been performed to study the 
behavior of p-type metal-oxide-semiconductor (PMOS) and 
n-type metal-oxide-semiconductor (NMOS) devices. In the 
experiment, a single-metal scheme is used, Wherein a mid 
gap metal With a Work function of about 4.5 eV is used to form 
Schottky source/drain extension regions for both PMOS and 
NMOS devices. These experiment results have revealed that 
compared to conventional CMOS devices having implanted 
source/drain extension regions, the drive currents of NMOS 
devices formed using the single-metal scheme are improved 
by about 8 percent to about 10 percent, While the drive cur 
rents of PMOS devices formed using the single-metal scheme 
are degraded by about 6 percent. HoWever, the degradation in 
the drive currents of PMOS devices cannot be compensated 
for by increasing boron concentrations in the semiconductor 
substrates adjacent the Schottky junctions. The preferred 
embodiments of the present invention are provided to address 
this ?nding. 
[0019] FIGS. 2 through 7 illustrate a ?rst embodiment of 
the present invention. FIG. 2 illustrates substrate 30 compris 
ing tWo regions, region 100 for forming an NMOS device and 
region 200 for forming a PMOS device. ShalloW trench iso 
lation (STI) regions are formed in substrate 30 to isolate 
device regions 100 and 200. Substrate 30 is preferably a bulk 
silicon substrate, although other commonly used materials 
and structures such as silicon-germanium (SiGe), silicon-on 
insulator (SOI), SiGe-on-insulator, and strained-silicon-on 
insulator may also be used. A gate stack including gate dielec 
tric 104 and gate electrode 106 is formed in NMOS region 
100. Similarly, a gate stack including gate dielectric 204 and 
gate electrode 206 is formed in PMOS region 200. As is 
knoWn in the art, hard masks (not shoWn) may be formed on 
the gate stacks for process reasons, Wherein the hard masks 
may include silicon nitride. 
[0020] Source/drain extension regions 208, or often 
referred to as LDD regions 208, are then formed. Preferably, 
photo resist 110 is formed and patterned to mask NMOS 
region 100. PMOS region 200 is then implanted With a p-type 
impurity such as boron, forming LDD regions 208. Photo 
resist 110 is then removed. In the preferred embodiment, no 
LDD regions are formed in NMOS region 100. In other 
embodiments, LDD regions 108 are formed. Similarly, dur 
ing the n-type impurity implantation, PMOS region 200 is 
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masked by a photo resist (not shown), and an implantation of 
an n-type impurity is performed to NMOS region 100, form 
ing LDD regions 108. In subsequently drawings, LDD 
regions 108 are not shoWn. 

[0021] FIG. 3 illustrates the formation of spacers 114 and 
214 in regions 100 and 200, respectively. As is knoWn in the 
art, the formation of spacers 114 and 214 preferably includes 
depositing one or more dielectric layer(s) and etching the 
dielectric layer(s). The remaining portions of the dielectric 
layer(s) become spacers. The deposition of the dielectric lay 
er(s) includes commonly used techniques, such as plasma 
enhanced chemical vapor deposition (PECVD), loW-pres sure 
chemical vapor deposition (LPCVD), sub-atmospheric 
chemical vapor deposition (SACVD), and the like. The result 
ing spacers 114 and 214 each may comprise a single layer or 
more than one layer, such as a silicon nitride layer on a silicon 

oxide layer. In alternative embodiments (not shoWn), spacers 
114 and 214 each include a thin spacer (not shoWn) on the 
sideWall of the respective gate stacks, and a dispensable 
spacer (not shoWn) on the sideWall of the respective thin 
spacer. 
[0022] FIG. 4 illustrates the formation of source/drain 
regions 120 and 220. As is knoWn in the art, source/drain 
regions 120 and 220 may be recessed in or elevated above 
substrate 30 (using, e.g., epitaxially groWn regions). In the 
preferred embodiment, source/drain regions 120 and 220 are 
formed by implanting impurities into semiconductor sub 
strate 30. Gate electrodes 106 and 206 are preferably 
implanted simultaneously With the implantation of the 
respective source/drain regions to reduce sheet resistance. 
When region 100 is implanted With an n-type impurity, region 
200 is masked by a photo resist (not shoWn). Similarly, When 
region 200 is implanted With a p-type impurity, region 100 is 
masked by a photo resist (not shoWn). 
[0023] In alternative embodiments, SiGe stressors (not 
shoWn) are formed for the PMOS device. Preferably, a photo 
resist (not shoWn) is formed to cover NMOS region 100. 
Recesses are formed in substrate 30 along outside edges of 
spacers 214, preferably by etching. The SiGe stressors are 
then formed in the recesses, preferably by an epitaxial 
groWth. The photo resist is then removed. 
[0024] FIG. 5 illustrates the thinning of sideWall spacers 
114. Mask 222 is formed to cover PMOS region 200, Wherein 
mask 222 may include photo resist or other commonly used 
mask materials. In an exemplary embodiment Wherein side 
Wall spacers 114 include a silicon nitride layer on a liner oxide 
layer, the silicon nitride layer is ?rst stripped. The liner oxide 
layer is then etched, preferably by a dry etching to remove 
horiZontal portions of the liner oxide layer, hence the vertical 
portion forms thin spacer 124. In the case spacers 114 each 
include a dispensable spacer on a thin spacer, the dispensable 
spacers are removed, leaving the thin spacers. Mask 222 is 
then removed. 

[0025] Referring to FIG. 6, a silicidation process is per 
formed. A thin metal layer is blanket formed over the struc 
ture formed in preceding steps. The substrate is then heated, 
Which causes silicon to react With the metal Where contacted. 
After the reaction, a layer of metal silicide is formed betWeen 
substrate 30 and the metal. The un-reacted metal is selectively 
removed through the use of an etchant that attacks the metal 
but does not attack silicide. In the resulting structure, Schot 
tky source/ drain extension regions 126 are formed in NMOS 
region 100, While source/drain silicide regions 226 are 
formed in PMOS region 200. 
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[0026] In the preferred embodiment, the metal used for the 
silicidation process has a loW Work function, for example, 
loWer than about 4.25 eV. More preferably, the metal has a 
band-edge Work function of close to the conduction band of 
semiconductor substrate 30. Accordingly, the barrier height 
for the resulting NMOS device is loWered, and the drive 
current is increased. Alternatively, mid-gap metals are used. 
The exemplary metals include erbium, holmium, titanium, 
hafnium, Zirconium, cobalt, nickel, and combinations 
thereof. On the other hand, since source/drain extension 
regions 208 are formed by implantation, the degradation to 
the PMOS device, as discussed in preceding paragraphs, is 
eliminated. 
[0027] FIG. 7 illustrates the formation of contact etch stop 
layers (CESL) 128 and 228. In an embodiment, CESLs 128 
and 228 are portions of a same continuous layer, Which pref 
erably has a tensile stress. Advantageously, With thin spacers 
124, the tensile stress applied to the channel region of the 
NMOS device is high. On the other hand, due to thick spacers 
214, the detrimental tensile stress applied to the channel 
region of the PMOS device is loW. In alternative embodi 
ments, CESL 128 has an inherent tensile stress, While CESL 
228 has an inherent compressive stress. 
[0028] FIGS. 8 through 12 illustrate a second embodiment 
of the present invention, Wherein both PMOS and NMOS 
devices have Schottky source/drain extension regions. To 
simplify the discussion, like reference numerals in the ?rst 
embodiment are used to reference like elements in the second 
embodiment, unless speci?ed otherWise. Referring to FIG. 8, 
base semiconductor substrate 30 is provided, Which includes 
NMOS region 100 and PMOS region 200. Base semiconduc 
tor substrate 30 preferably comprises silicon, although other 
commonly used semiconductor materials may be used. In 
PMOS region 200, SiGe layer 240 is formed on base semi 
conductor substrate 30, folloWed by the formation of silicon 
layer 242 on SiGe layer 240. SiGe layer 240 and silicon layer 
242 may be formed by epitaxial groWths. Alternatively, SiGe 
layer 240 may be formed by implanting germanium into base 
silicon substrate 30. In an exemplary embodiment, SiGe layer 
240 has a thickness of less than about 300 A, While silicon 
layer 242 has a thickness of betWeen about 50 A and about 
200 A. Preferably, silicon layer 242 is thin enough, so that in 
the subsequent silicidation process, silicon layer 242 Will 
fully react With a metal, and the underlying SiGe layer 240 
Will react With the metal, at least partially, and more prefer 
ably entirely. 
[0029] In alternative embodiments, SiGe layer 240 may be 
replaced by other materials having loWer valence bands than 
the valence bands of silicon layer 242 and base semiconduc 
tor substrate 30. 

[0030] FIG. 9 illustrates the formation of gate stacks 102 
and 202, source/drain regions 120 and 220, and spacers 114 
and 214. The process details are essentially the same as in the 
?rst embodiment, and thus are not repeated herein. Prefer 
ably, no implantations are performed to form LDD regions in 
both regions 100 and 200, although they can be formed. 
[0031] In FIG. 10, spacers 114 and 214 are thinned to form 
thin spacers 124 and 224, respectively. Subsequently, a sili 
cidation is performed to form Schottky source/drain exten 
sion regions 144 and 244, forming structures as shoWn in 
FIGS. 11A and 11B. The metal used for the silicidation pref 
erably has a Work function of betWeen the conduction band of 
base semiconductor substrate 30 and the valence band of 
SiGe layer 240. The appropriate metals include erbium, plati 
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num, nickel, cobalt, ytterbium, magnesium, aluminum, tita 
nium, and combinations thereof. In the preferred embodi 
ment, SiGe layer 240 fully reacts With the metal during the 
silicidation process, as illustrated in FIG. 11A. In other 
embodiments, as shoWn in FIG. 11B, only a top portion of 
SiGe layer 240 reacts With the metal to form germano-sili 
cide, While the bottom portion of SiGe layer 240 is not 
reacted. In both FIGS. 11A and 11B, the Schottky source/ 
drain extension regions 144 and 244 include silicide layers 
1441 and 2441 on germano-silicide layers 1442 and 2442, 
respectively. 
[0032] It is appreciated that SiGe has a loWer valence band 
than silicon. The band gap betWeen the valence band of SiGe 
and the conduction band of silicon is accordingly loWer than 
the band gap of silicon. At interfaces betWeen SiGe layer 240 
and the respective Schottky source/drain extension region 
244, the barrier height is loWered. In this embodiment, even 
though a single-metal scheme is used to form Schottky 
source/drain extension regions for both PMOS and NMOS 
devices, With an appropriate metal selected, at least one of the 
NMOS and PMOS devices, and may be both, can have loW 
ered Schottky barrier heights. 
[0033] In subsequent process steps, CESLs 128 and 228 are 
formed. Since both the PMOS and NMOS devices have thin 
spacers, CESL 228 preferably has a compressive stress, and 
CESL 128 preferably has a tensile stress. 
[0034] The embodiments of the present invention have sev 
eral advantageous features. By using the single-metal scheme 
to form Schottky source/drain extension regions, the cost is 
loWer than the dual-metal scheme, While the performance of 
the CMOS devices is not sacri?ced. The formation of the 
Schottky source/ drain extension regions is integrated With the 
formation of thin spacers to further improve the performance 
of CMOS devices. 
[0035] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. Moreover, the 
scope of the present application is not intended to be limited 
to the particular embodiments of the process, machine, manu 
facture, and composition of matter, means, methods and steps 
described in the speci?cation. As one of ordinary skill in the 
art Will readily appreciate from the disclosure of the present 
invention, processes, machines, manufacture, compositions 
of matter, means, methods, or steps, presently existing or later 
to be developed, that perform substantially the same function 
or achieve substantially the same result as the corresponding 
embodiments described herein may be utiliZed according to 
the present invention. Accordingly, the appended claims are 
intended to include Within their scope such processes, 
machines, manufacture, compositions of matter, means, 
methods, or steps. 

What is claimed is: 
1. A semiconductor structure comprising: 
a semiconductor substrate; 
an NMOS device at a surface of the semiconductor sub 

strate, the NMOS device comprising a Schottky source/ 
drain extension region; and 

a PMOS device at the surface of the semiconductor sub 
strate, Wherein the PMOS device comprises a source/ 
drain extension region comprising only non-metal mate 
rials. 
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2. The semiconductor structure of claim 1, Wherein the 
Schottky source/ drain extension region comprises a metal 
silicide. 

3. The semiconductor structure of claim 1, Wherein the 
NMOS device further comprises a ?rst gate stack on the 
semiconductor substrate and a ?rst gate spacer on a sideWall 
of the ?rst gate stack, and the PMOS device further comprises 
a second gate stack on the semiconductor substrate and a 
second gate spacer on a sideWall of the second gate stack, and 
Wherein the second gate spacer is thicker than the ?rst gate 
spacer. 

4. The semiconductor structure of claim 3 further compris 
ing a tensile contact etch stop layer extending from over the 
NMOS device to over the PMOS device. 

5. The semiconductor structure of claim 3, Wherein the 
Schottky source/drain extension region has an inner edge 
substantially aligned to a sideWall of the ?rst gate spacer. 

6. The semiconductor structure of claim 1, Wherein the 
PMOS device further comprises a source/ drain region adjoin 
ing the source/drain extension region, and a source/drain 
silicide region on the source/drain region, and Wherein the 
source/drain silicide region and the Schottky source/drain 
extension region of the NMOS device comprise same metals. 

7. The semiconductor structure of claim 1, Wherein a metal 
in the Schottky source/drain extension region has a Work 
function close to a conduction band of the semiconductor 
substrate. 

8. A semiconductor structure comprising: 
a semiconductor substrate; 
an NMOS device at a surface of the semiconductor sub 

strate, the NMOS device comprising: 
a ?rst gate dielectric on the semiconductor substrate; 

a ?rst gate electrode on the ?rst gate dielectric; 
a ?rst gate spacer on a sideWall of the ?rst gate electrode 

and a sideWall of the ?rst gate dielectric; and 
a ?rst source/ drain extension region having a inner edge 

substantially aligned to an outer edge of the ?rst gate 
spacer, Wherein the ?rst source/ drain extension region 
is a metal silicide region having a Schottky contact 
With the semiconductor substrate; and 

a PMOS device at the surface of the semiconductor sub 
strate, the PMOS device comprising: 
a second gate dielectric on the semiconductor substrate; 

a second gate electrode on the second gate dielectric; 
a second gate spacer on a sideWall of the second gate 

electrode and a sideWall of the second gate dielectric, 
Wherein the second gate spacer is thicker than the ?rst 
gate spacer; 

a second source/drain extension region having an inner 
edge substantially aligned to an edge of the ?rst gate 
stack, Wherein the second source/drain extension 
region has an Ohmic contact With the semiconductor 

substrate; 
a source/drain region adjacent the second gate stack, 

Wherein the source/ drain region is substantially 
aligned to an outer edge of the second gate spacer; and 

a silicide region on the second source/ drain region, 
Wherein the ?rst source/drain extension region and 
the silicide region comprise same metals. 

9. The semiconductor structure of claim 8 further compris 
ing a contact etch stop layer having a tensile stress extending 
from over the NMOS device to over the PMOS device. 
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10. The semiconductor structure of claim 8, Wherein the 
?rst source/ drain extension region comprises a metal having 
a Work function of loWer than about 4.25 eV. 

11. A semiconductor structure comprising: 
a semiconductor substrate; 
an NMOS region in the semiconductor substrate, Wherein 

the NMOS region only comprises a base semiconductor 
substrate having a ?rst valence band; 

a PMOS region in the semiconductor substrate, Wherein 
the PMOS region comprises an additional semiconduc 
tor layer on the base semiconductor substrate, and 
Wherein the additional semiconductor layer has a second 
valence band loWer than the ?rst valence band; 

an NMOS device in the NMOS region, the NMOS device 
comprising: 
a ?rst gate stack on the base semiconductor substrate; 
a ?rst Schottky source/drain extension region adjacent 

the ?rst gate stack; and 
a PMOS device in the PMOS region, the PMOS device 

comprising: 
a second gate stack over the additional semiconductor 

layer; 
a second Schottky source/drain extension region adja 

cent the second gate stack, Wherein the second Schot 
tky source/drain extension region has a bottom sur 
face loWer than a top surface of the additional 
semiconductor layer, and Wherein the ?rst and the 
second Schottky source/ drain extension regions com 
prise same metals. 

12. The semiconductor structure of claim 11, Wherein the 
?rst Schottky source/drain extension region comprises a sili 
cide, and the second Schottky source/drain extension region 
comprises a germano-silicide. 

13. The semiconductor structure of claim 11, Wherein the 
bottom surface of the second Schottky source/drain extension 
region is betWeen the top surface and a bottom surface of the 
additional semiconductor layer. 

14. The semiconductor structure of claim 11, Wherein the 
bottom surface of the second Schottky source/drain extension 
region is level With or loWer than a bottom surface of the 
additional semiconductor layer. 

15. The semiconductor structure of claim 11, Wherein the 
base semiconductor substrate is a silicon substrate, the addi 
tional semiconductor layer is a silicon-germanium layer, and 
Wherein the second Schottky source/drain extension region 
comprises a metal silicide layer on a metal germano-silicide 
layer. 

16. The semiconductor structure of claim 11 further com 
prising: 

a ?rst contact etch stop layer having a tensile stress over the 
NMOS device; and 

a second contact etch stop layer having a compressive 
stress over the PMOS device. 

17. A method for forming a semiconductor structure, the 
method comprising: 

providing a semiconductor substrate; 
forming an NMOS device at a surface of the semiconductor 

substrate, the NMOS device comprising a Schottky 
source/drain extension region; and 

forming a PMOS device at the surface of the semiconduc 
tor substrate, Wherein the PMOS device comprises a 
source/drain extension region comprising only non 
metal materials. 
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18. The method of claim 17, Wherein the Schottky source/ 
drain extension region is performed simultaneously With the 
formation of a source/drain silicide region of the PMOS 
device. 

19. The method of claim 18, Wherein the step of forming 
the NMOS device comprises: 

forming a gate stack on the semiconductor substrate; 
forming a thick spacer on a sideWall of the gate stack; 
implanting an n-type impurity to form a source/drain 

region; 
thinning the thick spacer to form a thin spacer; and 
reacting a top portion of the semiconductor substrate adja 

cent the thin spacer to form the Schottky source/drain 
extension region substantially aligned to an outer edge 
of the thin spacer. 

20. The method of claim 18, Wherein the step of forming 
the PMOS device comprises: 

forming a gate stack on the semiconductor substrate; 
implanting a p-type impurity to form a source/ drain exten 

sion region; 
forming a spacer on a sideWall of the gate stack; 
implanting a p-type impurity to form a source/ drain region; 

and 
reacting a top portion of the source/drain region to form the 

source/ drain silicide region of the PMOS device, 
Wherein the step of reacting is performed simulta 
neously With a step of forming the Schottky source/drain 
extension region. 

21. The method of claim 18, Wherein the Schottky source/ 
drain extension region has a Work function of less than about 
4.25 eV. 

22. The method of claim 17 further comprising forming a 
contact etch stop layer over the NMOS device and the PMOS 
device, Wherein the contact etch stop layer has a tensile stress. 

23. The method of claim 17, Wherein the step of forming 
the NMOS device is free from a step of a source/drain exten 
sion implantation. 

24. A method for forming a semiconductor structure, the 
method comprising: 

providing a semiconductor substrate; 
forming an NMOS device at a surface of the semiconductor 

substrate comprising: 
forming a ?rst gate stack on the semiconductor sub 

strate; 
forming a thick spacer on a sideWall of the ?rst gate 

stack; 
implanting an n-type impurity to form a ?rst source/ 

drain region; 
thinning the thick spacer to form a thin spacer; and 
reacting a top portion of the semiconductor substrate 

adjacent the thin spacer to form a Schottky source/ 
drain extension region; and 

forming a PMOS device at the surface of the semiconduc 
tor substrate comprising: 
forming a second gate stack on the semiconductor sub 

strate; 
implanting a p-type impurity to form a source/drain 

extension region; 
forming a spacer on a sideWall of the second gate stack; 
implanting a p-type impurity to form a second source/ 

drain region; and 
reacting a top portion of the second source/ drain region 

to form a source/drain silicide region, Wherein the 
Schottky source/drain extension region of the NMOS 
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device and the source/drain silicide region of the 
PMOS device are simultaneously formed. 

25. The method of claim 24, Wherein the Schottky source/ 
drain extension region and the source/drain silicide region 
comprise a metal having a Work function of loWer than about 
4.25 eV. 

26. The method of claim 24, Wherein the Schottky source/ 
drain extension region and the source/drain silicide region 
comprise-a metal having a Work function close to a conduc 
tion band of silicon. 

27. The method of claim 24 further comprising forming a 
contact etch stop layer over the NMOS device and the PMOS 
device, Wherein the contact etch stop layer has a tensile stress. 

28. The method of claim 24, Wherein the step of forming 
the NMOS device is free from a step of a source/drain exten 
sion implantation. 

29. A method for forming a semiconductor structure, the 
method comprising: 

providing a base semiconductor substrate comprising a 
PMOS region and an NMOS region, Wherein the base 
semiconductor substrate has a ?rst valence band; 

forming an additional semiconductor layer only on the 
base semiconductor substrate in the PMOS region, 
Wherein the additional semiconductor layer has a second 
valence band loWer than the ?rst valence band; 

forming an NMOS device in the NMOS region compris 
1ng: 
forming a ?rst gate stack on the base semiconductor 

substrate; and 
forming a ?rst Schottky source/drain extension region 

adjacent the ?rst gate stack; and 
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forming a PMOS device in the PMOS region comprising: 
forming a second gate stack over the additional semi 

conductor layer; and 
forming a second Schottky source/drain extension 

region adjacent the second gate stack, Wherein the 
second Schottky source/drain extension region has a 
bottom surface loWer than a top surface of the addi 
tional semiconductor layer, and Wherein the step of 
forming the ?rst and the second Schottky source/ drain 
extension regions are simultaneously performed. 

30. The method of claim 29, Wherein the bottom surface of 
the second Schottky source/ drain extension region is betWeen 
the top surface and a bottom surface of the additional semi 
conductor layer. 

31. The method of claim 29, Wherein the bottom surface of 
the second Schottky source/drain extension region is level 
With or loWer than a bottom surface of the additional semi 
conductor layer. 

32. The method of claim 29, Wherein the base semiconduc 
tor substrate is a silicon substrate, the additional semiconduc 
tor layer is a silicon-germanium layer, and Wherein the 
method further comprises forming a silicon layer on the sili 
con-germanium layer before the step of forming the PMOS 
device. 

33. The method of claim 29 further comprising: 
forming a ?rst contact etch stop layer having a tensile stress 

over the NMOS device; and 
forming a second contact etch stop layer having a compres 

sive stress over the PMOS device. 

* * * * * 


