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(57) ABSTRACT 

A semiconductor structure and methods for forming the same 
are provided. The semiconductor structure includes a first 
MOS device of a first conductivity type and a second MOS 
device of a second conductivity type opposite the first con­
ductivity type. The first MOS device includes a first gate 
dielectric on a semiconductor substrate; a first metal-contain­
ing gate electrode layer over the first gate dielectric; and a 
silicide layer over the first metal-containing gate electrode 
layer. The second MOS device includes a second gate dielec­
tric on the semiconductor substrate; a second metal-contain­
ing gate electrode layer over the second gate dielectric; and a 
contact etch stop layer having a portion over the second 
metal-containing gate electrode layer, wherein a region 
between the portion of the contact etch stop layer and the 
second metal-containing gate electrode layer is substantially 
free from silicon. 
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HYBRID PROCESS FOR FORMING METAL 
GATES 

TECHNICAL FIELD 

This invention relates generally to semiconductor devices, 
and more particularly to structures of metal-oxide-semicon­
ductor (MOS) devices and manufacturing methods for form­
ing the same. 

2 
cess is relatively simple, and the resulting contact etch stop 
layers are continuous, so that they can effectively apply 
stresses. However, since the metal gates are formed before the 
formation and the activation ofLDD regions and source/drain 
regions, they suffer from high thermal budgets, and the work 
functions of PMOS devices may shift. In addition, patterning 
metal layers by etching is relatively difficult. 

Gate-last approach, on the other hand, typically includes 
the steps of forming dummy gates for both PMOS and NMOS 

BACKGROUND 

Metal-oxide-semiconductor (MOS) devices are basic 
building elements in integrated circuits. A conventional MOS 
device typically has a gate electrode comprising polysilicon 
doped with p-type or n-type impurities, using doping opera­
tions such as ion implantation or thermal diffusion. It is pre­
ferred to adjust the work function of the gate electrode to the 
band-edge of the silicon; that is, for an NMOS device, adjust­
ing the work function close to the conduction band, and for a 
PMOS device, adjusting the work function close to the 
valence band. Adjusting the work function of the polysilicon 
gate electrode can be achieved by selecting appropriate impu­
rities. 

10 devices. LDD regions, gate spacers, source/drain regions and 
contact etch stop layers are then formed. The dummy gates of 
PMOS and NMOS devices are then removed, and metals with 
different work functions are then filled into the openings for 
PMOS and NMOS devices. In the gate-last approach, metal 

15 gates of PMOS devices and NMOS devices both take the 
advantage oflow thermal budgets since they are formed after 
the formation and activation ofLDD regions and source/drain 
regions. However, the process is complex. In addition, during 
the step of removing the dummy gates, the portions of contact 

20 etch stop layer on the gates are also removed. This results in 
the significant degradation in the contact etch stop layers' 
ability of applying stresses. 

Accordingly, what is needed in the art is a semiconductor 
structure and respective formation methods that may incor-

25 porate dual metal gates thereof to take advantage of the ben­
efits associated with band-edge work functions while at the 
same time overcoming the deficiencies of the prior art. 

MOS devices with polysilicon gate electrodes exhibit car­
rier depletion effect, which is also referred to as a poly deple­
tion effect. The poly depletion effect occurs when applied 
electrical fields sweep away carriers from regions close to 
gate dielectrics, forming depletion layers. In ann-doped poly­
silicon layer, the depletion layer includes ionized non-mobile 30 

donor sites, whereas in a p-doped polysilicon layer, the deple­
tion layer includes ionized non-mobile acceptor sites. The 
depletion effect results in an increase in the effective gate 
dielectric thickness, making it more difficult for an inversion 
layer to be created at the surface of the semiconductor. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a 
semiconductor structure includes a first MOS device of a first 
conductivity type and a second MOS device of a second 
conductivity type opposite the first conductivity type. The 

35 first MOS device includes a first gate dielectric on a semicon­
ductor substrate; a first metal-containing gate electrode layer 
over the first gate dielectric; and a silicide layer over the first 
metal-containing gate electrode layer. The second MOS 

The use of thin gate dielectrics tends to make the carrier 
depletion effect worse. With thin gate dielectrics, the deple­
tion layer in the polysilicon gate becomes more significant in 
thickness when compared to the thickness of the thin gate 
dielectrics, and thus device performance degradation wars- 40 

ens. As a result, the carrier depletion effect in the gate elec­
trodes limits device scalability by imposing a lower bound on 
how much the effective gate dielectric thickness can be 
reduced. 

The poly depletion effect was previously solved by form- 45 

ing metal gate electrodes or metal silicide gate electrodes, 
wherein the metallic gates used in NMOS devices and PMOS 
devices also preferably have band-edge work functions. Cur­
rently, materials suitable for forming gate electrodes of 
NMOS devices, such as TaC, have been found. However, for 50 

PMOS devices, even though metallic materials having band­
edge work functions have been found, these materials have 
poor thermal stability. When exposed to the high tempera­
tures in the front-end-of-line processes, the work functions of 
these metallic materials shift, for example, toward the mid- 55 

gap level. The performance of the resulting PMOS devices is 
thus adversely affected. 

Existing processes for forming dual-metal complementary 
MOS (CMOS) devices include two main categories, gate-first 
approach and gate-last approach. Both approaches have 60 

advantageous and disadvantageous features. In a typical gate­
first approach, two metal layers having different work func­
tions are separately formed in PMOS and NMOS regions. 
The metal layers are then patterned to form gate electrodes. 
Other components of MOS devices, such as spacers, lightly 65 

doped source/ drain (LD D) regions, source/ drain regions, sili­
cides and contact etch stop layers are then formed. This pro-

device includes a second gate dielectric on the semiconductor 
substrate; a second metal-containing gate electrode layer over 
the second gate dielectric; and a contact etch stop layer having 
a portion over the second metal-containing gate electrode 
layer, wherein a region between the portion of the contact etch 
stop layer and the second metal-containing gate electrode 
layer is substantially free from silicon. 

In accordance with another aspect of the present invention, 
a semiconductor structure includes an NMOS device and a 
PMOS device. The NMOS device includes a first gate dielec­
tric on a semiconductor substrate; a first metal-containing 
gate electrode layer over the first gate dielectric; a polysilicon 
layer over the first metal-containing gate electrode layer; a 
silicide region on the polysilicon layer; and a first contact etch 
stop layer having a portion on the silicide layer and physically 
contacting the silicide region. The PMOS device includes a 
second gate dielectric on the semiconductor substrate; a sec­
ond metal-containing gate electrode layer over the second 
gate dielectric, wherein the first metal-containing gate elec­
trode layer has a first work function different from a second 
work function of the second metal-containing gate electrode 
layer; and a second contact etch stop layer having a portion on 
the second metal-containing gate electrode layer and physi-
cally contacting the second metal-containing gate electrode 
layer. 

In accordance with yet another aspect of the present inven­
tion, a semiconductor structure includes a semiconductor 
substrate and a first MOS device, and a second MOS device. 
The first MOS device is of a first conductivity type and com-
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prises a first gate dielectric on the semiconductor substrate; a 
first metal-containing gate electrode layer over the first gate 
dielectric; a first etch stop layer having a first portion over the 
first metal-containing gate electrode layer; and a first region 
between the first portion of the first contact etch stop layer and 
the first metal-containing gate electrode layer. The second 
MOS device is of a second conductivity type opposite the first 
conductivity type and comprises a second gate dielectric on 
the semiconductor substrate; a second metal-containing gate 
electrode layer over the second gate dielectric; a second con- 10 

tact etch stop layer having a second portion over the second 
metal-containing gate electrode layer, and a second region 
between the second metal-containing gate electrode layer and 
the second portion of the second contact etch stop layer, 
wherein the first region comprises more silicon than the sec- 15 

ondregion. 
In accordance with yet another aspect of the present inven­

tion, a method for forming a semiconductor structure includes 
forming an NMOS device and a PMOS device. The step of 
forming the NMOS device includes forming a first gate 20 

dielectric on the semiconductor substrate; forming a first 
metal-containing gate electrode layer over the first gate 
dielectric; and forming a polysilicon layeroverthe first metal­
containing gate electrode layer. The step of forming the 
PMOS device includes forming a second gate dielectric on 25 

the semiconductor substrate; forming a second metal-con­
taining gate electrode layer over the second gate dielectric; 
and forming a contact etch stop layer having a portion directly 
over the second metal-containing gate electrode layer, 
wherein a region between the portion of the contact etch stop 30 

layer and the second metal-containing gate electrode layer is 
free from silicon. 

In accordance with yet another aspect of the present inven­
tion, a method for forming a semiconductor structure includes 
providing a semiconductor substrate comprising an NMOS 35 

region and a PMOS region; forming a gate dielectric layer on 
the semiconductor substrate; forming a metal-containing 
layer on the gate dielectric layer; and patterning the metal­
containing layer and the gate dielectric layer to form a first 
gate dielectric and a first gate electrode in the NMOS region, 40 

respectively, and a second gate dielectric and a dummy gate 
electrode in the PMOS region, respectively. The method fur­
ther includes forming a first gate spacer on a sidewall of the 
first gate electrode; forming a first source/drain region adja­
cent the first gate dielectric; forming a second gate spacer on 45 

a sidewall of the second gate electrode; forming a second 
source/drain region adjacent the second gate dielectric; 
removing the dummy gate electrode; filling an opening left by 
the dummy gate electrode to form a second gate electrode, 
wherein the second gate electrode comprises a metal; forming 50 

a first contact etch stop layer over the first gate electrode; and 
forming a second contact etch stop layer over the second gate 
electrode. 

The hybrid method of the present invention prevents the 
work function shift of PMOS devices. In the meanwhile, the 55 

manufacturing cost is not increased, and the stresses applied 
by the etch stop layers are not degraded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
DETAILED DESCRIPTION OF ILLUSTRATIVE 

EMBODIMENTS 

The making and using of the presently preferred embodi­
ments 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 
specific contexts. The specific embodiments discussed are 
merely illustrative of specific ways to make and use the inven­
tion, and do not limit the scope of the invention. 

A hybrid method for forming complementary metal-oxide­
semiconductor (CMOS) devices with dual metal gates is pro­
vided. The hybrid method combines gate-first and gate-last 
approaches to achieve better effects. The intermediate stages 
of manufacturing a preferred embodiment of the present 
invention are illustrated. Throughout the various views and 
illustrative embodiments of the present invention, like refer­
ence numbers are used to designate like elements. 

Referring to FIG.1, substrate 20 is provided, which may be 
formed of commonly used semiconductor materials and 
structures such as bulk silicon, silicon-on-insulator (SOI), 
silicon-germanium (SiGe), embedded SiGe (eSiGe), germa­
nium, and the like. Shallow trench isolation regions (not 
shown) are formed in substrate 20, which define NMOS 
device region 100 and PMOS device region 200. Gate dielec­
tric layer 24, metal layer 26, polysilicon layer 28, and mask 
layer 29 are then sequentially formed on substrate 20. In an 
embodiment, gate dielectric layer 24 is formed of silicon 
oxide. In other embodiments, gate dielectric layer 24 com­
prises materials having high dielectric constants (high-k). 
The exemplary high-k materials include metal oxides such as 
HfD2 , Zr02 , silicate HfSiON, metal alloy oxides such as 
HfZrO, HfTaO, HfTiO, HfAlO, and combinations thereof. In 
an exemplary embodiment, a thickness of gate dielectric layer 
24 is between about 1 nm and about 10 nm. One skilled in the 
art will realize, however, that the thickness and other dimen-
sions recited throughout the description are related to the 
scale of the formation technology of the integrated circuit. 

Metal layer 26 preferably has a work function suitable for 
forming NMOS devices, and the work function is preferably 
between about 4.0 eV and about 4.4 eV, and more preferably 
close to the band-edge work function of about 4.1 eV. The 
exemplary materials include tantalum-containing materials 
such as TaC, TaN, TaSiN, and combinations thereof. Metal 
layer 26 may have a thickness of between about 1 nm and 30 
nm. The formation methods of gate dielectric layer 24 and 
metal layer 26 include atomic layer deposition (ALD), physi­
cal vapor deposition (PVD), metal-organic chemical vapor 
deposition (MOCVD), and the like. 

Polysilicon layer 28 may have a thickness of between about 
30 nm and about 100 nm. The functions of polysilicon layer 
28 include preventing contamination of metal layer 26, and 
maintaining the height of the gate stack to a level convenient 
for the existing processes. Mask layer 29 is preferably formed 
of dielectric materials, such as silicon nitride, silicon oxyni­
tride, silicon carbide, and the like. 

In alternative embodiments, adhesion layer 30 and/or cap 
layer 32 may be formed on and below metal layer 26, respec­
tively. Preferably, adhesion layer 30 is used to improve the 

For a more complete understanding of the present inven­
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom­
panying drawings, in which: 

60 adhesion between gate dielectric layer 24 and metal layer 26, 
and may further prevent the interaction and/or reaction 
between gate dielectric layer 24 and metal layer 26. Cap layer 
32 is used to prevent the oxidation of metal layer 26. Adhesion 
layer 30 and cap layer 32 each may comprise TiN, TaSiN, and 

FIGS. 1 through 13 are cross-sectional views of interme­
diate stages in the manufacturing of an embodiment of the 
present invention. 

65 combinations thereof. The thickness of each of the adhesion 
layer 30 and cap layer 32 is preferably between about 1 nm 
and about 10 nm. If formed, adhesion layer 30 and cap layer 
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32 will remain in the final NMOS device. For simplicity, they 
are not shown in subsequent drawings. 

FIG. 2 illustrates the patterning of the previously formed 
stacked layers, forming gate stack 134 in NMOS region 100 
and gate stack 234 in PMOS region 200. Gate stack 134 5 

includes gate dielectric 124, metal layer 126, polysilicon 
layer 128 and mask layer 129. Gate stack 234 includes gate 
dielectric 224, metal layer 226, polysilicon layer 228 and 
mask layer 229. The gate electrode including layers 226 and 
228 will be removed in subsequent steps, and thus is alterna- 10 

tively referred to as a dummy gate electrode. 
Next, as illustrated in FIG. 3, lightly doped source and 

drain (LDD) regions 136 are formed in NMOS region 100, 
preferably by implanting an n-type impurity. Similarly, LDD 
regions 236 are formed in PMOS region 200, preferably by 15 

implanting a p-type impurity. Masks (not shown) are formed 
to mask one of the NMOS region 100 and PMOS region 200 
when the other region is implanted. Spacers 140 and 240 are 
then formed. Each of the spacers 140 and 240 may include a 
single layer or a composite layer including, for example, a 20 

silicon nitride layer on an oxide liner. In subsequent steps, 
source and/or drain regions (hereinafter referred to as source/ 
drain regions) 138 and 238 are formed in NMOS device 
region 100 and PMOS device region 200, respectively. In 
alternative embodiments, stressors (not shown) are formed to 25 

improve stresses in chamiel regions. In PMOS region 200, 
SiGe stressors (not shown) may be formed, which apply a 
compressive stress to the channel region of the respective 
PMOS device, while in NMOS region 100, SiC stressors (not 
shown) may be formed, which apply a tensile stress to the 30 

channel region of the respective NMOS device. Anneals such 
as rapid thermal amieal (RTA ), laser anneal, and flush anneal, 

6 
erably use wet etch in order to reduce the possible damage to 
the underlying gate dielectric 224. Gate dielectric 224 is thus 
exposed. 

Referring to FIG. 8, the opening left by the dummy gate 
electrode is filled with a metallic material 244, which prefer­
ably has a work function suitable for forming PMOS devices. 
It is preferred that metallic material 244 has a low resistivity 
and good gap-filling capability. In an exemplary embodiment, 
metallic material 244 may include metal layer 244 1 for 
achieving desired work function, and metal layer 2442 for 
improving gap filling. Metal layer 244 1 preferably has a thick­
ness of between about 1 nm and about 5 nm. Metal layer 2442 

preferably includes material having a good gap-filling capa-
bility, such as tungsten. The preferred work function of metal­
lic material 244 ( or layer 2442 if metal material 244 includes 
more than one layer) is between about 4.9 eV and about 5.2 
e V, and more preferably close to the band-edge work function 
of about 5.2 eV. The exemplary materials include tungsten-
containing materials such as tungsten and tungsten nitride, 
ruthenium-containing materials such as ruthenium and ruthe­
nium oxide, molybdenum-containing materials such as 
molybdenum and molybdenum nitride, and combinations 
thereof. Optionally, adhesion layer 246 may be formed prior 
to the formation of metallic material 244 to improve the 
adhesion between metallic material 244 and gate dielectric 
224. Adhesion layer 246 may comprise TiN, TaN, TaSiN, and 
combinations thereof. The thickness of adhesion layer 246 is 
preferably between about 1 nm and about 5 nm. For simplic-
ity, adhesion layer 246 is not shown in subsequent drawings. 
The formation methods of adhesion layer 246 and metallic 
material 244 include atomic layer deposition (ALD), physical 
vapor deposition (PVD), metal-organic chemical vapor depo­
sition (MOCVD), and the like. More preferably, the forma-
tion methods are low-temperature methods in order to reduce 
the work function shift of the resulting gate electrode. 

are performed to activate LDD regions 136 and 236 and 
source/drain regions 138 and 238. In the preferred embodi­
ment, the activation steps may be performed anytime before 35 

the formation of the metal gates for PMOS devices, which 
step is illustrated in FIG. 8. The details for forming LDD 
regions 136 and 236, gate spacers 140 and 240, and source/ 
drain regions 138 and 238 are well known in the art, and thus 

FIG. 9 illustrates the removal of excess metallic material 
244, which may be performed either by a CMP process or a 
wet etch. Polysilicon layer 128 is also exposed. The leftover 

40 
metallic material 244 forms gate electrode 248 of the result­
ing PMOS device. 

are not repeated herein. 
FIG. 4 illustrates the silicidation process for forming sili­

cide regions 141 on source/drain regions 138, and silicide 
regions 241 on source/drain regions 238. The silicidation 
process may include blanket forming a metal layer, which 
may include nickel, platinum, palladium, titanium, cobalt, 45 

and combinations thereof, and heating the substrate, so that 

A top portion of polysilicon layer 128 is then silicided. 
Referring to FIG. 10, a thin metal layer 50 is blanket depos­
ited and heated to form silicide layer 152. As is shown in FIG. 
11. Un-reacted metal layer 50 is then removed. Since silicide 
layer 152 and source/drain silicide regions 141 and 241 are 
formed separately, they may include different metal silicides. 
For example, source/drain regions 141 and 241 may include a 
thermal-stable metal, and silicide layer 152 may include a 

the silicon in source/drain regions 138 and 238 reacts with the 
metal where contacted, forming metal silicide regions. The 
un-reacted metal is selectively removed through the use of an 
etchant that attacks metal but does not attack silicide. 50 metal having good resistivity roll-off characteristics. 

FIG. 5 illustrates the formation of coating 42, which has a 
top surface higher than the top surfaces of mask layers 129 
and 229. In one embodiment, coating 42 includes dielectric 
materials, such as the materials commonly used in inter-layer 
dielectric (ILD), which may include carbon-containing 55 

oxides. In other embodiments, coating 42 is a photo resist 
layer. 

Referring to FIG. 6, a chemical mechanical polish (CMP) 
is performed to remove portions of coating 42, and mask 
layers 129 and 229, hence exposing polysilicon layers 128 60 

and 228. In the case coating 42 is formed of photo resist, it 
may be either polished or etched back to expose mask layers 
129 and 229. 

Referring to FIG. 12, coating 42 is removed. In the case 
coating 42 is formed of oxide, it may be removed using 
diluted HF. If coating 42 is formed of photo resist, standard 
photo resist striping process is performed. In subsequent pro­
cess steps, as shown in FIG. 13, contact etch stop layer 
(CESL) 54 and inter-layer dielectric 56 are formed. Prefer-
ably, CESL 54 has an inherent stress. The details of CESL 54 
are well known in the art, and thus are not repeated herein. 
One skilled in the art will realize CESL 54 may be formed of 
a first portion in NMOS region 100, and a second portion in 
PMOS region 200, and the first and second portion may have 
different stresses. It is appreciated that since CESL 54 is 
formed after the formation of gate electrodes, it includes 
portions directly overpolysilicon layer 128 and gate electrode FIG. 7 illustrates the selective removal of the dummy gate 

including polysilicon layer 228 and metal layer 226. The 
removal of polysilicon layer 228 may be performed using dry 
etch or wet etch, while the removal of metal layer 226 pref-

65 248, which portions bridge the portions of CESL 54 over the 
respective source region and drain region for each of the 
NMOS device 160 and PMOS device 260. As compared to 
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conventional gate-last approaches, greater stresses may be 
applied by CESL 54 to the channel regions ofNMOS device 
160 and PMOS device 260. 

8 
3. The semiconductor structure of claim 1, wherein the first 

metal-containing gate electrode layer comprises tantalum. 
4. The semiconductor structure of claim 1, wherein the first 

MOS device further comprises an adhesion layer between the 
first gate dielectric and the first metal-containing gate elec­
trode layer. 

The work function of the gate electrode of NMOS device 
160 is determined by the work function of metal layer 126, 
which comprises a different metal from gate electrode 248. 
Therefore, both gate electrodes of the NMOS device 160 and 
PMOS device 260 may have band-edge work functions, pro­
viding appropriate materials are used. In the preferred 
embodiments, the formation of the metal gate of NMOS 
device 160 uses gate-first approach, and the cost related to 
removing dummy gate, filling with a metal material, CMP, 
and the like, is saved. The formation of the metal gate of 
PMOS device 260 uses gate-last approach. Since gate elec­
trode 248 is formed after the formation and the activation of 
LDD regions 136 and 236 and source/drain regions 138 and 
238, the thermal budget applied to gate electrode 248 is low, 
and thus the work function shift of gate electrode 248 is 
reduced. The metal gate 126 ofNMOS device 160, however, 

5. The semiconductor structure of claim 1, wherein the 
second MOS device further comprises an adhesion layer 
between the second gate dielectric and the second metal-

10 containing gate electrode layer. 
6. The semiconductor structure of claim 1, wherein the first 

MOS device further comprises a polysilicon region underly­
ing the silicide layer. 

7. The semiconductor structure of claim 6, wherein the first 
15 MOS device further comprises: 

is relatively stable with significantly less work function shift 20 

even annealed at high temperatures. 
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 25 

defined by the appended claims. Moreover, the scope of the 
present application is not intended to be limited to the par­
ticular embodiments of the process, machine, manufacture, 
and composition of matter, means, methods and steps 
described in the specification. As one of ordinary skill in the 30 

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 35 

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; 
a first MOS device of a first conductivity type, the first 

MOS device comprising: 
a first gate dielectric on the semiconductor substrate; 
a first metal-containing gate electrode layer over the first 

gate dielectric; and 
a silicide layer over the first metal-containing gate elec­

trode layer; and 

40 

45 

50 

a source/drain region adjacent the first gate dielectric; and 
an additional silicide layer on the source/drain region, 

wherein the silicide layer and additional silicide layer 
comprise different metals. 

8. The semiconductor structure of claim 1, wherein the first 
MOS device is an NMOS device, and the second MOS device 
is a PMOS device. 

9. A semiconductor structure comprising: 
a semiconductor substrate; 
an NMOS device comprising: 

a first gate dielectric on the semiconductor substrate; 
a first metal-containing gate electrode layer over the first 

gate dielectric; 
a polysilicon layer over the first metal-containing gate 

electrode layer; 
a silicide region on the polysilicon layer; 
a source/drain region adjacent the first gate dielectric; 

and 
an additional silicide region on the source/drain region, 

wherein the silicide region and the additional silicide 
region comprise different metals; 

a first contact etch stop layer having a portion on the 
suicide region and physically contacting the silicide 
region; and 

a PMOS device comprising: 
a second gate dielectric on the semiconductor substrate; 
second metal-containing gate electrode layer over the 

second gate dielectric, wherein the first metal-con­
taining gate electrode layer has a first work function 
different from a second work function of the second 
metal-containing gate electrode layer; and 

a second contact etch stop layer having a portion on the 
second metal-containing gate electrode layer and 
physically contacting the second metal-containing 
gate electrode layer. 

a second MOS device of a second conductivity type oppo­
site the first conductivity type, the second MOS device 
comprising: 
a second gate dielectric on the semiconductor substrate; 
a second metal-containing gate electrode layer over the 

10. The semiconductor structure of claim 9, wherein the 
first work function is lower than the second work function. 

11. The semiconductor structure of claim 9, wherein the 
first work function is lower than about 4.4 e V, and wherein the 

55 second work function is greater than about 4.9 eV. 
second gate dielectric; and 

a contact etch stop layer having a portion directly over 
12. The semiconductor structure of claim 9, wherein the 

first metal-containing gate electrode layer comprises tanta­
lum, and the second metal-containing gate electrode layer 
comprises a metal selected from the group consisting essen-

the second metal-containing gate electrode layer, 
wherein no silicon-containing region is directly over 
the second gate dielectric and directly under the por­
tion of the contact etch stop layer. 

60 tially of tungsten, ruthenium, molybdenum, and combina­
tions thereof. 

2. The semiconductor structure of claim 1, wherein the first 
metal-containing gate electrode layer has a work function of 
less than about 4.4 eV, and wherein the second metal-contain-
ing gate electrode layer has a work function of greater than 65 

about 4.9 eV. 

13. The semiconductor structure of claim 9, wherein the 
first and the second contact etch stop layers are portions of a 
same layer. 

* * * * * 
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