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integrated circuit includes a semiconductor Substrate; a 
n-type filed effect transistor (nFET) formed on the semicon 
ductor Substrate and having a first gate Stack including a high 
k dielectric layer, a capping layer on the high k dielectric 
layer, a p work function metal on the capping layer, and a 
polysilicon layer on the p work function metal; and a p-type 
filed effect transistor (pfET) formed on the semiconductor 
Substrate and having a second gate stack including the high k 
dielectric layer, the p work function metal on the high k 
dielectric layer, and a metal material on the p work function 
metal. 
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STRUCTURE AND METHOD FORNFET 
WITH HIGH K METAL GATE 

BACKGROUND 

0001 Field effect transistors (FETs) have been used in 
conventional integrated circuit (IC) design. Due to shrinking 
technology nodes, high-k dielectric material and metal are 
often considered to form a gate stack for a FET. Integration 
issues exist when forming various metal-gate FETs onto a 
single IC chip, especially when resistors are integrated in an 
IC circuit. One issue is related with dishing effect during a 
polishing process. In another example, a gate replacement 
process includes an etch process to remove the polysilicon 
gate. However, the formed polysilicon resistors can be dam 
aged and recessed by the etch process, causing the deviation 
of the resistance of the polysilicon resistor from the designed 
target. Therefore, a structure integrated with high k metal gate 
a method making the same are needed to address the above 
1SSU.S. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0002 Aspects of the present disclosure are best under 
stood from the following detailed description when read with 
the accompanying figures. It is emphasized that, in accor 
dance with the standard practice in the industry, various fea 
tures are not drawn to scale. In fact, the dimensions of the 
various features may be arbitrarily increased or reduced for 
clarity of discussion. 
0003 FIG. 1 is a flowchart of a method making a semi 
conductor device having a metal gate stack and a polysilicon 
stack constructed according to various aspects of the present 
disclosure. 
0004 FIGS. 2-7 are sectional views of one embodiment of 
a semiconductor structure having a metal gate stack and a 
polysilicon Stack at various fabrication stages constructed 
according to various aspects of the present disclosure. 

DETAILED DESCRIPTION 

0005. It is to be understood that the following disclosure 
provides many different embodiments, or examples, for 
implementing different features of various embodiments. 
Specific examples of components and arrangements are 
described below to simplify the present disclosure. These are, 
of course, merely examples and are not intended to be limit 
ing. In addition, the present disclosure may repeat reference 
numerals and/or letters in the various examples. This repeti 
tion is for the purpose of simplicity and clarity and does not in 
itself dictate a relationship between the various embodiments 
and/or configurations discussed. Moreover, the formation of a 
first feature over or on a second feature in the description that 
follows may include embodiments in which the first and 
second features are formed in direct contact, and may also 
include embodiments in which additional features may be 
formed interposing the first and second features, such that the 
first and second features may not be in direct contact. 
0006 FIG. 1 is a flowchart of a method 100 for making a 
semiconductor device according to one embodiment. FIGS. 2 
through 7 are sectional views of a semiconductor structure 
200 at various fabrication stages and constructed according to 
one or more embodiments. The semiconductor structure 200 
includes various gate stacks, such as a polysilicon gate stack 
foran n-type FET and a metal gate stack for p-type FET. In the 
present embodiment, the semiconductor structure 200 further 
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includes a polysilicon resistor constructed according to vari 
ous aspects of the present disclosure. The semiconductor 
structure 200 and the method 100 are collectively described 
with reference to FIGS. 1 through 7. 
0007 Referring to FIGS. 1 and 2, the method 100 begins at 
step 102 by providing a semiconductor substrate 202. The 
semiconductor substrate 202 includes silicon. Alternatively, 
the Substrate includes germanium, silicon germanium or 
other proper semiconductor materials. The semiconductor 
substrate 202 also includes various isolation features such as 
shallow trench isolation (STI) formed in the substrate to 
separate various devices. 
0008. The formation of the STI features includes etching a 
trench in a substrate and filling the trench by one or more 
insulator materials such as silicon oxide, silicon nitride, or 
silicon oxynitride. The filled trench may have a multi-layer 
structure such as a thermal oxide liner layer with silicon 
nitride filling the trench. In one embodiment, the STI feature 
is created using a process sequence Such as: growing a pad 
oxide, forming a low pressure chemical vapor deposition 
(LPCVD) nitride layer, patterning an STI opening using pho 
toresistand masking, etching a trench in the Substrate, option 
ally growing a thermal oxide trench liner to improve the 
trench interface, filling the trench with CVD oxide, using 
chemical mechanical planarization (CMP) to etchback, and 
using nitride Stripping to leave the STI structure. 
0009. The semiconductor substrate 202 also includes vari 
ous doped features, such as n-wells and p-wells formed in 
various active regions. Those doped features are formed by 
Suitable techniques, such as ion implantation. 
0010. In one embodiment, the semiconductor substrate 
202 includes a first region 204 for various devices and a 
second region 206 with no or less functional devices. The 
various devices in the first region include various n-type and 
p-type field-effect transistors and one or more polysilicon 
resistors. In the present embodiment, the first region 204 
includes a device region 208 for an exemplary n-type FET 
(nFET), a device region 210 for an exemplary p-type FET 
(pFET), and a device region 212 for a resistor of high resis 
tance. 

(0011. Still referring to FIGS. 1 and 2, the method 100 
proceeds to step 104 by forming a gate dielectric layer 218 
and a capping layer 220. The gate dielectric layer 218 is 
formed on the semiconductor substrate 202. In the present 
embodiment, the gate dielectric layer 218 includes a high-k 
dielectric material. The high-k dielectric material includes a 
dielectric material having the dielectric constant higher than 
that of thermal silicon oxide, which is about 3.9. In one 
example, the high-k dielectric material includes hafnium 
oxide (H?O). In various examples, the high-k dielectric mate 
rial includes metal oxide, metal nitride, or combinations 
thereof. In one example, the gate dielectric layer 218 of high 
k dielectric material may be formed by chemical vapor depo 
sition (CVD), atomic layer deposition (ALD), plasma 
enhanced CVD (PE CVD), or plasma enhanced ALD 
(PEALD). In another example, the gate dielectric layer 218 of 
high-k dielectric material includes a thickness ranging 
between about 10 angstrom and about 100 angstrom. 
0012. In another embodiment, the gate dielectric layer 218 
further includes an interfacial layer (IL) disposed between the 
high-k dielectric material film and the semiconductor Sub 
strate 202. In one example, the interfacial layer includes 



US 2013/027O647 A1 

silicon oxide formed by a Suitable technique. Such as thermal 
oxidation. The interfacial layer may be formed by other tech 
nique, such as ALD or CVD. 
0013 The capping layer 220 is formed on the gate dielec 

tric layer 218. The capping layer 220 prevents the metal 
diffusion from gate electrodes to the gate dielectric layer. In 
the present embodiment, the capping layer 220 is one of the 
materials to form a work function material for nFET. The 
work function material for nFET has a proper work function 
such that the threshold voltage of the nFET is reduced. When 
the substrate 202 is a silicon substrate, the work function 
material for nFET has a work function close to the silicon 
conduction band (Ec) or lower work function. For example, 
the work function material for nFET has a work function 
about 4.2 eV or less. In the present embodiment, the capping 
layer 220 includes lanthanum oxide (LaC). The capping layer 
220 is formed by a suitable technique, such as CVD, PVD or 
other method. 
0014) Referring to FIGS. 1 and 3, the method 100 pro 
ceeds to step 106 by patterning the capping layer 220 using a 
procedure including a lithography process. An exemplary 
lithography process may include photoresist patterning, etch 
ing, and photoresist stripping. The photoresist patterning may 
further include processing steps of coating, exposing pattern, 
post-exposure baking, and developing photoresist. The etch 
ing uses a proper etchant to selectively remove the capping 
layer 220. In the present embodiment where the capping layer 
220 includes LaC) film, the etchant may include HC1 or weak 
acid (CO2 water). 
0015. In one embodiment, the capping layer 220 is pat 
terned such that the patterned capping layer 220 covers the 
device region 208 for nFET and exposes the device region 
210 for pFET. Furthermore, the patterned capping layer 220 
covers the second region 206 where one or more dummy gate 
stacks are to be formed to adjust the pattern density for 
improved etching effect. By keeping the LaC) layer 220 in the 
second region 206, the etch bias associated with the loading 
effect in the lanthanum oxide etch process is reduced. 
0016 Referring to FIGS. 1 and 4, the method 100 pro 
ceeds to step 108 by forming a metal layer 222 and polysili 
con layer 224. The metal layer 222 is chosen to have a proper 
work function for the pFET, also referred to as p work func 
tion metal (or p metal). A p type work function metal is a 
metal or metal alloy having a work function Such that the 
threshold voltage of the associated pFET is reduced. The p 
work function metal has a work function close to the silicon 
Valence band energy (EV) or higher work function, presenting 
strong electronbonding energy to the nuclei. For example, the 
p work function metal has a work function of about 5.2 eV or 
higher. 
0017. The metal layer 222 is further properly chosen such 
that the capping layer 220 and the metal layer 222 together 
form a material layer with a work function close to 4.2 eV or 
less. In the present embodiment, the metal layer 222 includes 
titanium nitride (TiN) formed by a suitable technique, such as 
PVD. In other embodiments, the metal layer 222 includes 
tantalum nitride (TaN), tungsten nitride (WN), or combina 
tions thereof. 
0018. The polysilicon (or amorphous silicon) layer 224 
may be formed by CVD with precursor silane (SiH4) or other 
silicon based precursor. The deposition of the amorphous 
silicon may be performed at a raised temperature. In one 
example, the deposition temperature is greater than about 
400°C. The polysilicon (or amorphous) layer 224 may be in 
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situ doped using the precursor including dopant-containing 
gas according to one embodiment. 
(0019. Still referring to FIGS. 1 and 4, the method 100 
proceeds to step 110 by patterning the gate material layers to 
form various patterned Stacks 228 including transistor gate 
stacks, one or more resistor, and one or more dummy gate. 
The gate material layers include gate dielectric layer 218, (the 
capping layer 220) the p metal layer 222, the polysilicon layer 
224. In the present embodiment, one gate stack 228a for 
nFET is formed in the device region 208 and includes the 
capping layer 220 and the metal layer 222. One gate stack 
228b for pFET is formed in the device region 210 and 
includes the metal layer 222. A resistor 228c with a material 
stack same to the pFET gate stack 228b is formed in the 
device region 212. Two exemplary dummy gate Stacks 228d 
and 228e with material stacks same to the nFET gate stack 
228a are formed in the second region 206. 
0020. The patterning process to form gate stacks and resis 
tor include a lithography patterning process. For example, the 
patterning process includes forming a patterned photoresist, 
etching, and photoresist stripping. In another embodiment, 
the patterning process may further use a hard mask as an etch 
mask. In this case, a hard mask layer is formed on the gate 
material layers; a patterned photoresist layer is formed on the 
hard mask; a first etch process is applied to the hard mask to 
transfer the pattern from the patterned photoresist to the hard 
mask; and a second etch process is applied to the gate material 
layers using the patterned hard mask as an etch mask. In the 
present embodiment, the hard mask layer includes a silicon 
oxide (SiO) layer and a silicon nitride (SiN) layer on the 
silicon oxide. SiN or SiO2 can be formed by CVD or other 
Suitable technique. 
0021. In one embodiment, the resistive stack 228c is 
formed as a passive device. This passive device may be used 
as a resistor or alternatively used as a polysilicon fuse. In 
another embodiment, the resistor 228c is disposed on one STI 
feature. In another embodiment, the resistor 228c is substan 
tially disposed in the active region of the substrate 202. Alter 
natively, the resistor can be partially on the active region and 
partially on the STI feature. In another embodiment, an ion 
implantation may be applied to the resistor 228c to introduce 
doping species and adjust its resistance. 
(0022. Still referring to FIGS. 1 and 4, the method 100 
proceeds to step 112 by forming Source and drain features on 
the semiconductor substrate 202. In one embodiment, the 
source and drain features include light doped drain (LDD) 
regions and heavily doped source and drain (S/D), collec 
tively referred to as source and drain features, formed by one 
or more implantation processes. When the first region 204 
includes both a nFET in the device region 208 and a pFET in 
the device region 210, the Source and drain regions are 
formed, respectively, for the nFET and pFET, using proper 
doping species. In one embodiment, taking n-type FETs as an 
example, the LDD features are formed by anion implantation 
with a light doping dose. Thereafter, spacers 230 are formed 
by dielectric deposition and anisotropic etch, such as plasma 
etch. Then the heavily doped S/D features are formed by an 
ion implantation with a heavy doping dose. The various 
source and drain features of the p-type FETs can beformed in 
a similar procedure but with opposite doping type. 
(0023 The sidewall spacer 230 on the sidewalls of the 
resistor 228c may be formed simultaneously during the pro 
cess to form the spacers of nFETs and the pFETs. During 
various doping processes to form various source and drain 
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features, the resistor region 212 is protected by a mask layer, 
Such as a patterned photoresist layer. In one embodiment of 
the procedure to form various source and drain features for 
both nFETs and pFETs, the LDD features of nFETs are 
formed by anion implantation while the regions of pfETs and 
the resistors are covered by a patterned photoresist layer; the 
LDD features of pFETs are formed by an ion implantation 
while the regions of nFETs and the resistors are covered by 
another patterned photoresist layer, then spacers are formed 
to nEET gate stacks, pFET gate stacks and resistors by depo 
sition and etch; the S/D features of nFETs are formed by ion 
implantation while the regions of pFETs and the resistors are 
covered by another patterned photoresist layer; and the S/D 
features of pFETs are formed by ion implantation while the 
regions of nPETs and the resistors are covered by another 
patterned photoresist layer. 
0024. In one embodiment, a high temperature annealing 
process is followed to activate the various doping species in 
the source and drain regions and the resistors. In another 
embodiment, the thermal annealing process is applied to the 
semiconductor substrate 202 to further react the capping layer 
220 with the metal layer 222, forming a work function metal 
for nFET in the device region 208. 
0025 Still referring to FIGS. 1 and 4, the method 100 
proceeds to step 114 by forming an inter-level dielectric 
(ILD) layer 232 (also referred to as ILD0). The ILD layer 232 
is first formed on the semiconductor substrate 202. The ILD 
layer 232 includes silicon oxide, low k dielectric material, 
other suitable dielectric materials, or combinations thereof. 
The ILD layer 232 is formed by a suitable technique, such as 
CVD. For example, a high density plasma CVD may be 
implemented to form the ILD layer 232. In one embodiment, 
the ILD layer 232 is deposited on the substrate 202, and fills 
in the gaps between the resistor and the gate stacks 228a and 
228b. In furtherance of the embodiment, the ILD layer 232 is 
formed on the substrate to a level above the top surface of the 
resistors and the gate stacks. 
0026. A chemical mechanical polishing (CMP) process is 
applied to the ILD layer 232 to reduce the thickness of the 
ILD layer 232 such that the resistors and the gate stacks are 
exposed from the top side. The processing conditions and 
parameters of the CMP process, including slurry chemical 
and polishing pressure, can be tuned to partially remove and 
planarize the ILD layer 232. 
0027. Referring to FIGS. 1 and 5, the method 100 pro 
ceeds to step 116 by replacing the polysilicon gate stack 228b 
in the device region 210 with a metal gate. A patterned pho 
toresist layer 234 is formed on the substrate 202. The pat 
terned photoresist layer 234 includes one or more openings to 
expose the gate stack 228b in the device region 210. 
0028 First, an etch process is applied to remove the poly 
silicon or amorphous silicon of the dummy gates 228b within 
the device region 210. If the hard mask is used to form gate 
stacks 228, the etch process removes the hard mark as well. In 
one embodiment, the etch process includes two steps wherein 
the first step is designed to remove the hard mask and the 
second step is designed to remove the polysilicon 224 in the 
device region 210. After the polysilicon in the device region 
210 is removed, a trench 236 is formed in the device region 
210 and is referred to as a gate trench. The etching process 
used to remove the polysilicon (or amorphous silicon) of the 
gate stack 228b in the device region 210 may implement 
Suitable dry etching, wet etching or combinations thereof. In 
one example, an etching solution including HNO3, H2O and 
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HF, or NH4OH solution may be used to remove polysilicon 
(or amorphous silicon). In another example, chlorine (Cl)- 
based plasma may be used to selectively remove the polysili 
CO 

0029. Then, one or more metal material layer 240 are 
formed in the gate trench 236, as illustrated in FIG. 6. The 
metal material layer 240 is substantially fills in the gate 
trench. The metal material layer 240 includes aluminum, 
copper or tungsten according to various embodiments. The 
method to form the metal material 240 may include PVD, 
CVD, ALD, PECVD, PEALD or spin-on metal. Alterna 
tively, the metal material layer 240 may further include other 
metal or metal alloy films, such as an additional capping layer 
or a buffer layer. 
0030 Still referring to FIGS. 1 and 6, the method 100 
proceeds to step 118 by performing a CMP process 242 to 
remove the excessive metal material 240 disposed on the ILD 
layer 232. The CMP process 242 is tuned to effectively polish 
the metal material 240. The gate stack 228a for the nFET in 
the device region 208 is formed by a gate-first approach. The 
resistor 228c in the device region 212 is formed with the gate 
stack 228a. Both the gate stack 228a and the resistor 228c 
have polysilicon surfaces that may be damaged by the CMP 
process 242, causing the height variation and performance 
degradation. Since the dummy gate Stacks (e.g., 228d and 
228e) are formed with the gate stack 228a by the gate first 
process, which provides polysilicon Surfaces and a uniformed 
polysilicon pattern density. During the CMP process, the 
overall metal gate density is not too high, and the dishing 
effect during the CMP process is substantially suppressed. 
0031. Furthermore, by implementing the disclosed hybrid 
process where the nFET gate stack is formed by the gate first 
process and the pFET gate stack is formed by the gate last 
process, the nFET gate stack 228a has a better tuned work 
function for nFET in the device region 208 and the gate stack 
228b has a better tuned work function for pFET in the device 
region 210. Particularly, when the gate stack 228b for pFET in 
the device region 210 is formed by the gate last process with 
replaced metal gate, the metal layer 222 in the gate stack 228b 
is not unexpectedly tuned by the thermal annealing process 
during the formation of the Source and drain features. 
0032 Referring to FIGS. 1 and 7, the method 100 pro 
ceeds to step 120 by forming a silicide feature 244 on the 
polysilicon surface of the gate stack 228a for nFET in the 
device region 208 with reduced contact resistance. The sili 
cide feature 244 may include nickel silicide, cobalt silicide, 
tungsten silicide, tantalum silicide, titanium silicide, plati 
num silicide, erbium silicide, palladium silicide, or combina 
tions thereof. The silicide may be formed by a procedure 
including depositing a metal (Such as nickel) on the Sub 
strate, reacting the metal with polysilicon to form silicide at 
an elevated temperature (such as through a thermal anneal 
ing), and then etching to remove the un-reacted metal. 
Another annealing process may be followed with a higher 
temperature and a shorter annealing duration Such that the 
formed silicide is transferred from a high resistive phase to a 
low resistive phase. In the present embodiment, a patterned 
mask (photoresist or hard mask) may be formed on the Sub 
strate to cover the resistor 228c in the device region 212 such 
that the Surface resistance of the resistor is not unexpectedly 
changed. 
0033 Although not shown, other alternatives and features 
may present and other processing steps may present to form 
various features. In one embodiment, the one or more resis 
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tors (such as 228c) in the device region 212 can be properly 
configured and alternatively used as a polysilicon fuse (or 
amorphous silicon fuse) for other applications. In another 
embodiment, the resistors are configured as an array, each 
being disposed on the shallow trench isolation (STI). The 
semiconductor structure 200 is a portion of an integrated 
circuit having both plurality of resistors and various field 
effect transistors where each nFET has a gate stack of high k 
dielectric and polysilicon gate electrode and each nFET has a 
gate Stack of high k dielectric and metal gate electrode. In 
another embodiment, the polysilicon layer 224 can be in-situ 
boron doped during the polysilicon deposition. In furtherance 
of the embodiment, the in-situ doping is tuned to achieve an 
expected resistivity of the polysilicon layer 224 so one or 
more ion implantations may be eliminated. 
0034. In another embodiment, the pFET has a strained 
structure for enhanced carrier mobility and improved device 
performance. In furtherance of the embodiment, silicon ger 
manium (SiGe) is formed in the Source and drain regions of 
the pFET to achieve a proper stress effect. In one example of 
forming such a strained pFET, the silicon substrate within the 
source and drain regions of the pFET are recessed by one or 
more etching step. Then SiGe is epigrown in the recessed 
regions and heavy doped source and drain are formed in the 
epi grown SiGe features. In another example, a dummy 
spacer is formed after the formation of the LDD features. The 
dummy spacer is removed after the formation of the SiGe 
features. Then a main spacer is formed on the sidewalls of the 
associated gate stack, with a different thickness such that the 
heavy doped source and drain have an offset from the SiGe 
features. For instance, the main spacer is thicker than the 
dummy spacer Such that the heavy doped source and drain are 
formed in the SiGe features. 

0035. In another embodiment, the nFET has a strained 
structure for enhanced carrier mobility and improved device 
performance. In furtherance of the embodiment, silicon car 
bide (SiC) is formed in the source and drain regions of the 
nFET to achieve a proper stress effect. The strained nFET can 
be formed similarly as the strained pPET is formed. In 
another embodiment, the gate electrodes for pFET (or nFET) 
have a multiple conductive layers with an optimized work 
function and reduced threshold Voltage. 
0036. In another embodiment, the dummy gates in the 
second region 206 may have different dimensions. For 
example, the dummy gates may have a width less or greater 
than the width of the nFET gate or the pFET gate so that the 
pattern density may be more flexibly tuned to reduced CMP 
dishing issue. 
0037 Other processing steps may be implemented before, 
during and/or after the formation of the resistors, the nFETs, 
and the pFETs. For example, the multilayer interconnection 
are further formed. The multilayer interconnection includes 
Vertical interconnects, such as conventional vias or contacts, 
and horizontal interconnects, such as metal lines. The various 
interconnection features may implement various conductive 
materials including copper, tungsten and silicide. In one 
example, a damascene process is used to form copper related 
multilayer interconnection structure. In another embodiment, 
tungsten is used to form tungsten plug in the contact holes. 
0038. In another embodiment, the high k dielectric layer 
can beformed by other Suitable process such as metal organic 
chemical vapor deposition (MOCVD), or molecular beam 
epitaxy (MBE). In one example, the high k dielectric material 
includes Hfo2. In another example, the high k dielectric 
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material includes Al2O3. Alternatively, the high k dielectric 
material layer includes metal nitrides, metal silicates or other 
metal oxides. In another example, the interfacial layer (Such 
as silicon oxide) may be formed on the silicon substrate by a 
thermal oxidation, ALD, UV-Ozone Oxidation or other suit 
able method. 
0039. The various patterning process may include forming 
a patterned photoresist layer by a lithography process. An 
exemplary lithography process may include processing steps 
of photoresist spin-on coating, soft baking, mask aligning, 
exposing, post-exposure baking, developing photoresist and 
hard baking. The lithography exposing process may also be 
implemented or replaced by other proper methods such as 
maskless lithography, electron-beam writing, ion-beam writ 
ing, thermal lithography, and molecular imprint. 
0040 Different advantages may be present in various 
embodiments. In one embodiment, the polysilicon pattern 
density is a factor to control the high k metal gate (HKMG) 
gate-last process. A certain level of polysilicon density is 
required and defined by design rule. Besides the dummy 
patterns in customer design, additional dummy polysilicon 
gates are mandatorily inserted in the polysilicon isolated 
regions. As the dummy gates (e.g., 228d and 228e) are formed 
in the second region 206 using the gate first process that forms 
the nFET (e.g., 228a) so that the loading effect of some 
related processes can be improved. 
0041. In another embodiment, the disclosed method is 
fully compatible with the HKMG gate-last process, the load 
ing effect of the capping layer is improved and the loading 
effect of metal gate in the device region 210 is improved as 
well during the CMP process. 
0042. The present disclosure is not limited to applications 
in which the semiconductor structure includes a FET and a 
polysilicon resistor (or polysilicon fuse), and may be 
extended to other integrated circuit having a metal gate stack. 
For example, the semiconductor structures may include a 
dynamic random access memory (DRAM) cell, an imaging 
sensor, a capacitor and/or other microelectronic devices (col 
lectively referred to herein as microelectronic devices). In 
another embodiment, the semiconductor structure includes 
FinFET transistors. Of course, aspects of the present disclo 
Sure are also applicable and/or readily adaptable to other type 
of transistor, including single-gate transistors, double-gate 
transistors and other multiple-gate transistors, and may be 
employed in many different applications, including sensor 
cells, memory cells, logic cells, and others. 
0043. Thus, the present disclosure provides one embodi 
ment of an integrated circuit. The integrated circuit includes a 
semiconductor Substrate; a n-type filed effect transistor 
(nFET) formed on the semiconductor substrate and having a 
first gate stack including a high k dielectric layer, a capping 
layer on the high k dielectric layer, ap work function metal on 
the capping layer, and a polysilicon layer on the p work 
function metal; and a p-type filed effect transistor (pFET) 
formed on the semiconductor Substrate and having a second 
gate Stack including the high k dielectric layer, the p work 
function metal on the high k dielectric layer, and a metal 
material on the p work function metal. 
0044. In one embodiment of the integrated circuit, the 
nFET further comprising a silicide feature formed on the 
polysilicon feature. In another embodiment, the capping layer 
includes lanthanum oxide (LaO). In another embodiment, the 
p work function metal includes titanium nitride (TiN). In 
another embodiment, the metal material includes aluminum. 
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0045. In yet another embodiment, each of the nFET and 
pFET further includes an interfacial layer of silicon oxide 
disposed between the semiconductor Substrate and the high k 
dielectric layer. 
0046. In yet another embodiment, the integrated circuit 
further includes a resistor formed on the semiconductor sub 
strate and having the high k dielectric layer, the p work 
function metal on the high k dielectric layer, and the polysili 
con feature on the p work function metal. 
0047. In yet another embodiment, the integrated circuit 
further includes at least one dummy gate formed on the semi 
conductor Substrate and having the high k dielectric layer, the 
capping layer on the high k dielectric layer, the p work func 
tion metal on the capping layer, and the polysilicon feature on 
the p work function metal. 
0048. The present disclosure also provides one embodi 
ment of a semiconductor structure. The semiconductor struc 
ture includes a semiconductor Substrate; a n-type filed effect 
transistor (nEET) formed on the semiconductor substrate and 
having a first gate Stack including a high k dielectric layer, a 
capping layer on the high k dielectric layer, a p work function 
metal on the capping layer, a polysilicon layer on the p work 
function metal, and a silicide feature on the polysilicon layer; 
a p-type filed effect transistor (pFET) formed on the semi 
conductor Substrate and having a second gate stack including 
the high k dielectric layer, the p work function metal on the 
high k dielectric layer, and a metal material on the p work 
function metal; and a dummy gate formed on the semicon 
ductor Substrate and having the high k dielectric layer, the 
capping layer on the high k dielectric layer, the p work func 
tion metal on the capping layer, and the polysilicon feature on 
the p work function metal. 
0049. In one embodiment, the semiconductor structure 
further includes a resistor formed on the semiconductor sub 
strate and having the high k dielectric layer, the p work 
function metal on the high k dielectric layer, and the polysili 
con layer on the p work function metal. 
0050. In another embodiment, the capping layer includes 
lanthanum oxide (LaO). In yet another embodiment, the p 
work function metal includes a material selected from the 
group consisting of titanium nitride (TiN), tantalum nitride, 
tungsten nitride (WN) and combination of. 
0051. In yet another embodiment, the metal material 
includes a metal selected from the group consisting of alumi 
num, copper, tungsten and combination thereof. 
0052. In yet another embodiment, each of the nFET and 
pFET further includes an interfacial layer of silicon oxide 
disposed between the semiconductor Substrate and the high k 
dielectric layer. 
0053. In yet another embodiment, the first gate stack, the 
second gate stack and the dummy gate Stack each include gate 
spacer disposed on respective gate stack sidewalls. In yet 
another embodiment, the semiconductor structure further 
includes an interlayer dielectric (ILD) material formed in 
gaps of the first gate, the second gate and dummy gate. 
0054 The present disclosure also provide an embodiment 
of a method. The method includes providing a semiconductor 
Substrate having a first region for a n-type field effect transis 
tor (nEET), a second region for a p-type field effect transistor 
(pFET) and a third region for a dummy gate; forming a high 
k dielectric layer on a semiconductor Substrate in the first, 
second and third regions; forming a lanthanum oxide capping 
layer on the high k dielectric layer within the first and second 
regions; forming a titanium nitride layer on the lanthanum 
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oxide layer in the first and second regions and on the high 
dielectric layer in the second region; forming a polysilicon 
layer on the titanium layer in the first, second and second 
regions; patterning the polysilicon layer, titanium nitride 
layer, the lanthanum oxide layer and the high k dielectric 
layer to form a first gate stack in the first region, a second gate 
stack in the second region and a dummy gate Stack in the third 
region; and replacing the polysilicon layer in the second 
region by a metal material. 
0055. In one embodiment of the method, the replacing the 
polysilicon layer in the second region by a metal material 
includes etching the polysilicon layer in the second region, 
resulting a gate trench; depositing the metal material in the 
gate trench; and performing a chemical mechanical polishing 
(CMP) process to the metal material. 
0056. In another embodiment, the method further includes 
forming a silicide on the first gate stack in the first region. In 
yet another embodiment, the method further includes form 
ing source and drain features in the semiconductor Substrate 
by ion implantation after the patterning the polysilicon layer, 
titanium nitride layer, the lanthanum oxide layer and the high 
k dielectric layer; and performing a thermal annealing to the 
semiconductor Substrate to resistor. 

0057 The foregoing has outlined features of several 
embodiments. Those skilled in the art should appreciate that 
they may readily use the present disclosure as a basis for 
designing or modifying other processes and structures for 
carrying out the same purposes and/or achieving the same 
advantages of the embodiments introduced herein. Those 
skilled in the art should also realize that such equivalent 
constructions do not depart from the spirit and scope of the 
present disclosure, and that they may make various changes, 
Substitutions and alterations herein without departing from 
the spirit and scope of the present disclosure. 

1. An integrated circuit, comprising: 
a semiconductor Substrate; 
an n-type filed effect transistor (nFET) formed on the semi 

conductor Substrate and having a first gate stack includ 
ing a high k dielectric layer, a capping layer on the high 
k dielectric layer, ap work function metal on the capping 
layer, and a polysilicon layer on the p work function 
metal; and 

a p-type filed effect transistor (pFET) formed on the semi 
conductor Substrate and having a second gate stack 
including the high k dielectric layer, the p work function 
metal on the high k dielectric layer, and a metal material 
on the p work function metal. 

2. The integrated circuit of claim 1, wherein the nFET 
further comprising a silicide feature formed on the polysili 
con feature. 

3. The integrated circuit of claim 1, wherein the capping 
layer includes lanthanum oxide (LaO). 

4. The integrated circuit of claim 1, wherein the p work 
function metal includes titanium nitride (TiN). 

5. The integrated circuit of claim 1, wherein the metal 
material includes aluminum. 

6. The integrated circuit of claim 1, wherein each of the 
nFET and pFET further includes an interfacial layer of silicon 
oxide disposed between the semiconductor substrate and the 
high k dielectric layer. 

7. The integrated circuit of claim 1 further comprising a 
resistor formed on the semiconductor Substrate and having 
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the high k dielectric layer, the p work function metal on the 
high k dielectric layer, and the polysilicon feature on the p 
work function metal. 

8. The integrated circuit of claim 1, further comprising at 
least one dummy gate formed on the semiconductor Substrate 
and having the high k dielectric layer, the capping layer on the 
high k dielectric layer, the p work function metal on the 
capping layer, and the polysilicon feature on the p work 
function metal. 

9. A semiconductor structure, comprising: 
a semiconductor Substrate; 
an n-type filed effect transistor (nFET) formed on the semi 

conductor Substrate and having a first gate stack includ 
ing a high k dielectric layer, a capping layer on the high 
k dielectric layer, ap work function metal on the capping 
layer, a polysilicon layer on the p work function metal, 
and a silicide feature on the polysilicon layer, 

a p-type filed effect transistor (pFET) formed on the semi 
conductor Substrate and having a second gate stack 
including the high k dielectric layer, the p work function 
metal on the high k dielectric layer, and a metal material 
on the p work function metal; and 

a dummy gate formed on the semiconductor Substrate and 
having the high k dielectric layer, the capping layer on 
the high k dielectric layer, the p work function metal on 
the capping layer, and the polysilicon feature on the p 
work function metal. 

10. The semiconductor structure of claim 9, further com 
prising a resistor formed on the semiconductor Substrate and 
having the high k dielectric layer, the p work function metal 
on the high k dielectric layer, and the polysilicon layer on the 
p work function metal. 

11. The semiconductor structure of claim 9, wherein the 
capping layer includes lanthanum oxide (LaO). 

12. The semiconductor structure of claim 9, wherein the p 
work function metal includes a material selected from the 
group consisting of titanium nitride (TiN), tantalum nitride, 
tungsten nitride (WN) and combination of. 

13. The semiconductor structure of claim 9, wherein the 
metal material includes a metal selected from the group con 
sisting of aluminum, copper, tungsten and combination 
thereof. 

14. The semiconductor structure of claim 9, each of the 
nFET and pPET further includes an interfacial layer of silicon 
oxide disposed between the semiconductor substrate and the 
high k dielectric layer. 
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15. The integrated circuit of claim 9, wherein the first gate 
stack, the second gate stack and the dummy gate stack each 
include gate spacer disposed on respective gate Stack side 
walls. 

16. The semiconductor structure of claim 9, further com 
prising an interlayer dielectric (ILD) material formed in gaps 
of the first gate, the second gate and dummy gate. 

17. A method, comprising 
providing a semiconductor Substrate having a first region 

for an n-type field effect transistor (nFET), a second 
region for a p-type field effect transistor (pFET) and a 
third region for a dummy gate; 

forming a high k dielectric layer on a semiconductor Sub 
strate in the first, second and third regions; 

forming a lanthanum oxide capping layer on the high k 
dielectric layer within the first and second regions; 

forming a titanium nitride layer on the lanthanum oxide 
layer in the first and second regions and on the high 
dielectric layer in the second region; 

forming a polysilicon layer on the titanium layer in the first, 
second and second regions; 

patterning the polysilicon layer, titanium nitride layer, the 
lanthanum oxide layer and the high k dielectric layer to 
form a first gate stack in the first region, a second gate 
stack in the second region and a dummy gate stack in the 
third region; and 

replacing the polysilicon layer in the second region by a 
metal material. 

18. The method of claim 16, wherein the replacing the 
polysilicon layer in the second region by a metal material 
includes 

etching the polysilicon layer in the second region, resulting 
in a gate trench; 

depositing the metal material in the gate trench; and 
performing a chemical mechanical polishing (CMP) pro 

cess to the metal material. 
19. The method of claim 17, further comprising forming a 

silicide on the first gate Stack in the first region. 
20. The method of claim 17, further comprising 
forming source and drain features in the semiconductor 

Substrate by ion implantation after the patterning the 
polysilicon layer, titanium nitride layer, the lanthanum 
oxide layer and the high k dielectric layer, and 

performing a thermal annealing to the semiconductor Sub 
strate to resistor. 
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