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(57) ABSTRACT 

An integrated circuit device and method for fabricating the 
integrated circuit device is disclosed. The method involves 
providing a Substrate; forming a gate structure over the Sub 
strate; forming an epitaxial layer in a source and drain region 
of the substrate that is interposed by the gate structure; and 
after forming the epitaxial layer, forming a lightly doped 
Source and drain (LDD) feature in the source and drain region. 

20 Claims, 5 Drawing Sheets 
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Provide a Substrate having a gate 
Structure disposed thereover. 

Form an epitaxial layer on the 
Substrate. 

Form a heavily doped 
Source/drain feature on the 

Substrate. 

Form a lightly doped Source/drain 
feature on the Substrate. 

Complete fabrication. 

FIG. I. 
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FIG. 2 
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LIGHTLY DOPED SOURCEADRAN LAST 
METHOD FORDUAL-EPINTEGRATION 

PRIORITY DATA 

This application claims priority to Provisional U.S. Patent 
Application Ser. No. 61/303,039, filed on Feb. 10, 2010, the 
entire disclosure of which is incorporated herein by reference. 

BACKGROUND 

The semiconductor integrated circuit (IC) industry has 
experienced rapid growth. In the course of IC evolution, 
functional density (i.e., the number of interconnected devices 
per chip area) has generally increased while geometry size 
(i.e., the Smallest component (or line) that can be created 
using a fabrication process) has decreased. This scaling down 
process generally provides benefits by increasing production 
efficiency and lowering associated costs. Such scaling down 
has also increased the complexity of processing and manu 
facturing ICs and, for these advances to be realized, similar 
developments in IC manufacturing are needed. 

For example, as semiconductor devices. Such as metal 
oxide-semiconductor field-effect transistors (MOSFETs), are 
scaled down through various technology nodes, strained 
Source/drain features have been implemented using epitaxial 
(epi) semiconductor materials to enhance carrier mobility and 
improve device performance. Fabricating a MOSFET could 
include epitaxially growing a silicon layer in a source and 
drain region of an n-type device, and epitaxially growing a 
silicon germanium layer (SiGe) in a source and drain region 
of a p-type device. This can be referred to as a dual-epi 
process. Conventional techniques form lightly doped source 
and drain (LDD) regions for the n-type and p-type devices, 
respectively, prior to the dual-epi process (for example, 
before forming the Siepi and SiGe epi layers). Although 
existing approaches for forming LDD regions for IC devices 
have been generally adequate for their intended purposes, 
they have not been entirely satisfactory in all respects. 

SUMMARY 

The present disclosure provides for many different 
embodiments. According to one of the broader forms of the 
invention, a method includes providing a substrate; forming a 
gate structure over the Substrate; forming an epitaxial layer in 
a source and drain region of the Substrate that is interposed by 
the gate structure; and after forming the epitaxial layer, form 
ing a lightly doped source and drain (LDD) feature in the 
Source and drain region. 

According to another of the broader forms of the invention, 
a method includes forming a first gate structure and a second 
gate structure over a Substrate; forming an epitaxial layer of a 
first material in a source and drain region of the Substrate that 
is interposed by the first gate structure; forming an epitaxial 
layer of a second material in another source and drain region 
of the Substrate that is interposed by the second gate structure; 
and after forming the epitaxial layers, forming lightly doped 
source and drain (LDD) features in the source and drain 
regions. 

According to another of the broader forms of the invention, 
an apparatus includes: a substrate; a gate stack disposed on 
the Substrate that interposes a source and drain region of the 
Substrate; and spacers disposed on sidewalls of the gate stack. 
An epitaxial layer, lightly doped source and drain (LDD) 
feature, and heavily doped source and drain (HDD) feature 
are in the source and drain region of the Substrate. The epi 
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2 
taxial layer is aligned with an edge of the spacers, the LDD 
feature is adjacent the spacers, and the HDD feature is spaced 
away from the edge of the spacers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure is best understood from the follow 
ing detailed description when read with the accompanying 
figures. It is emphasized that, in accordance with the standard 
practice in the industry, various features are not drawn to scale 
and are used for illustration purposes only. In fact, the dimen 
sions of the various features may be arbitrarily increased or 
reduced for clarity of discussion. 

FIG. 1 is a flow chart of a method for fabricating an inte 
grated circuit device according to aspects of the present dis 
closure; and 

FIGS. 2-5 are various cross-sectional views of embodi 
ments of an integrated circuit device during various fabrica 
tion stages according to the method of FIG. 1. 

DETAILED DESCRIPTION 

The present disclosure relates generally to integrated cir 
cuit device and methods for manufacturing integrated circuit 
devices, and more particularly, to methods for forming lightly 
doped source and drain features of integrated circuit devices. 

It is understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of the invention. Specific examples of com 
ponents and arrangements are described below to simplify the 
present disclosure. These are, of course, merely examples and 
are not intended to be limiting. For example, 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 between the first and second features, such that the 
first and second features may not be in direct contact. In 
addition, the present disclosure may repeat reference numer 
als and/or letters in the various examples. This repetition is for 
the purpose of simplicity and clarity and does not in itself 
dictate a relationship between the various embodiments and/ 
or configurations discussed. 

With reference to FIGS. 1 and 2-5, a method 100 and a 
semiconductor device 200 are collectively described below. 
The semiconductor device 200 illustrates an integrated cir 
cuit, or portion thereof, that can comprise memory cells and/ 
or logic circuits. The semiconductor device 200 can include 
active components, such as metal-oxide-semiconductor field 
effect transistors (MOSFETs), complementary metal-oxide 
semiconductor transistors (CMOSS), high Voltage transistors, 
and/or high frequency transistors; other Suitable components; 
and/or combinations thereof. The semiconductor device 200 
may additionally include passive components such as resis 
tors, capacitors, inductors, and/or fuses. It is understood that 
additional steps can be provided before, during, and after the 
method 100, and some of the steps described below can be 
replaced or eliminated, for additional embodiments of the 
method. It is further understood that additional features can 
be added in the semiconductor device 200, and some of the 
features described below can be replaced or eliminated, for 
additional embodiments of the semiconductor device 200. 

Referring to FIGS. 1 and 2, the method 100 begins at block 
102 wherein a substrate 210 is provided. In the present 
embodiment, the substrate 210 is a semiconductor substrate 
including silicon. Alternatively, the substrate 210 includes an 
elementary semiconductor including germanium in crystal; a 
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compound semiconductor including silicon carbide, gallium 
arsenic, gallium phosphide, indium phosphide, indium ars 
enide, and/or indium antimonide; an alloy semiconductor 
including SiGe, GaAsP AlInAs, AlGaAs, GainAs, GalnP. 
and/or GanASP; or combinations thereof. In embodiments 
where the substrate 210 is an alloy semiconductor, the alloy 
semiconductor substrate could have a gradient SiGe feature in 
which the Si and Ge composition change from one ratio at one 
location to another ratio at another location of the gradient 
SiGe feature. The alloy SiGe could be formed over a silicon 
substrate, and/or the SiGe substrate may be strained. In yet 
another alternative, the semiconductor Substrate is a semicon 
ductor on insulator (SOI). 
The substrate 210 includes various doped regions depend 

ing on design requirements as known in the art (e.g., p-type 
wells or n-type wells). The doped regions are doped with 
p-type dopants, such as boron or BF, and/or n-type dopants, 
Such as phosphorus or arsenic. The doped regions may be 
formed directly on the substrate 210, in a P-well structure, in 
a N-well structure, in a dual-well structure, or using a raised 
structure. In the present embodiment, the semiconductor 
device 200 is a CMOS device, and thus, the semiconductor 
Substrate 210 includes various active regions. Such as a region 
configured for an N-type metal-oxide-semiconductor transis 
tor (referred to as an NMOS) and a region configured for a 
P-type metal-oxide-semiconductor transistor (referred to as a 
PMOS). It is understood that the semiconductor device 200 
may be formed by CMOS technology processing, and thus 
Some processes are not described in detail herein. 
An exemplary isolation region 212 is formed on the Sub 

strate 210 to define and isolate various active regions of the 
substrate 210, and in the present embodiment, to isolate the 
NMOS and PMOS device regions. The isolation region 212 
utilizes isolation technology, Such as shallow trench isolation 
(STI) or local oxidation of silicon (LOCOS), to define and 
electrically isolate the various regions. In the present embodi 
ment, the isolation region 212 includes a STI. The isolation 
region 212 comprises silicon oxide, silicon nitride, silicon 
oxynitride, other suitable materials, or combinations thereof. 
The isolation region 212 is formed by any suitable process. As 
one example, the formation of an STI includes a photolithog 
raphy process, etching a trench in the Substrate (for example, 
by using a dry etching and/or wet etching), and filling the 
trench (for example, by using a chemical vapor deposition 
process) with one or more dielectric materials. In some 
examples, the filled trench may have a multi-layer structure, 
such as a thermal oxide liner layer filled with silicon nitride 
and/or silicon oxide. Then, a polishing process, such as 
chemical mechanical polishing (CMP) process, can be 
applied to remove the excessive dielectric materials above the 
top Surface of the Substrate, and produce a globally planarized 
Surface. 
The substrate 210 includes a gate structure disposed there 

over, and in the present embodiment, includes gate structure 
220 and gate structure 221 disposed thereover. In the present 
embodiment, the gate structures 220, 221 include a gate 
dielectric layer 222, a gate layer 224 (also referred to as a gate 
electrode), a hard mask layer 226, and spacers 228. The gate 
dielectric layer 222, gate layer 224, and hard mask layer 226 
form gate stacks for the gate structures 220, 221. The gate 
stacks can include additional layers, including interfacial lay 
ers, high-k dielectric layers, capping layers, diffusion/barrier 
layers, conductive layers, other Suitable layers, and/or com 
binations thereof. 

The gate structures 220, 221 are formed by deposition, 
photolithography patterning, and/or etching processes. The 
deposition processes include chemical vapor deposition 
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4 
(CVD), physical vapor deposition (PVD), atomic layer depo 
sition (ALD), high density plasma CVD (HDPCVD), metal 
organic CVD (MOCVD), remote plasma CVD (RPCVD), 
plasma enhanced CVD (PECVD), plating, other suitable 
deposition methods, and/or combinations thereof. The pho 
tolithography patterning processes include photoresist coat 
ing (e.g., spin-on coating), soft baking, mask aligning, expo 
Sure, post-exposure baking, developing the photoresist, 
rinsing, drying (e.g., hard baking), other Suitable processes, 
and/or combinations thereof. Alternatively, the photolithog 
raphy exposing process is implemented or replaced by other 
proper methods, such as maskless photolithography, elec 
tron-beam writing, or ion-beam writing. The etching pro 
cesses include dry etching, wet etching, and/or other etching 
methods. It is understood that the gate structures 220, 221 
may be formed simultaneously, utilizing the same processing 
steps and processing materials; independently of one another, 
utilizing varying processing steps and processing materials; 
or using a combination of simultaneous and independent 
processing steps and processing materials. 
The gate dielectric layer 222 is formed over the substrate 

210 and includes a dielectric material, such as silicon oxide, 
silicon oxynitride, silicon nitride, a high-k dielectric material 
layer, other Suitable dielectric materials, and/or combinations 
thereof. Exemplary high-k dielectric materials include Hf), 
HfSiO, HfSiON, HflaO, HfTiO, HfArO, other suitable 
high-k dielectric materials, and/or combinations thereof. The 
gate dielectric layer may include a multilayer structure. For 
example, the gate dielectric layer 222 could include an inter 
facial layer, and a high-k dielectric material layer formed on 
the interfacial layer. The interfacial layer is a grown silicon 
oxide layer formed by a thermal process or atomic layer 
deposition (ALD) process. 
The gate layer 224 is formed over the gate dielectric layer 

222. In the present embodiment, the gate layer 224 is a poly 
crystalline silicon (or polysilicon) layer. The polysilicon layer 
may be doped for proper conductivity. Alternatively, the poly 
silicon is not necessarily doped if a dummy gate is to be 
formed and is replaced in a Subsequent gate replacement 
process. Alternatively, the gate layer 224 could include a 
conductive layer having a proper work function, therefore, 
the gate layer 224 can also be referred to as a work function 
layer. The work function layer comprises any suitable mate 
rial. Such that the layer can be tuned to have a proper work 
function for enhanced performance of the associated device. 
For example, if a P-type work function metal (P-metal) for a 
PMOS device is desired, TiN or TaN may be used. On the 
other hand, if an N-type work function metal (N-metal) for 
NMOS devices is desired, Ta, TiAl, TiAlN, or TaCN, may be 
used. The work function layer could include doped conduct 
ing oxide materials. The gate layer 224 could include other 
conductive materials, such as aluminum, copper, tungsten, 
metal alloys, metal silicide, other Suitable materials, and/or 
combinations thereof. For example, where the gate layer 224 
includes a work function layer, another conductive layer can 
be formed over the work function layer. 
The hard mask layer 226 is formed over the gate layer 224. 

The hard mask layer includes silicon nitride, silicon oxyni 
tride, silicon carbide, and/or other suitable dielectric materi 
als. Alternatively, the hard mask layer 226 could include 
spin-on glass (SOG), fluorinated silica glass (FSG), carbon 
doped silicon oxide (e.g., SiCOH), Black DiamondR (Ap 
plied Materials of Santa Clara, Calif.), Xerogel, Aerogel, 
amorphous fluorinated carbon, Parylene, BCB (bis-benzocy 
clobutenes), Flare, SiLK (Dow Chemical, Midland, Mich.), 
polyimide, TEOS formed oxide, plasma enhanced oxide (PE 
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oxide), high aspect ratio deposition process (HARP) formed 
oxide, other suitable low-k dielectric materials, and/or com 
binations thereof. 

In the present embodiment, the gate structures 220, 221 
include the spacers 228 (also referred to as offset spacers or 
dummy spacers). The offset spacers 228 are positioned on 
each side of the gate stacks (i.e., gate dielectric layer 222, gate 
layer 224, and hard mask layer 226) of the gate structures 220, 
221 (e.g., along the sidewalls of the gate dielectric layer 
222/gate layer 224/hard mask layer 226). The offset spacers 
228 include silicon nitride, or alternatively, other suitable 
dielectric materials, such as silicon oxide, silicon carbide, 
silicon oxynitride, and/or combinations thereof. In an 
example, the offset spacers 228 are formed by blanket depos 
iting a dielectric layer over the semiconductor device 200, and 
then, anisotropically etching to remove the dielectric layer to 
form offset spacers 228 as illustrated in FIG. 2. 

Referring to FIGS. 1 and 3, at block 104, an epitaxial layer 
is formed on the substrate. In the present embodiment, an 
epitaxial (epi) process. Such as a selective epitaxy growth 
(SEG), is performed to grow epitaxial layer 230 and epitaxial 
layer 232 on exposed portions of the substrate 210. The epi 
taxial layer 230 is formed in a source and drain region of the 
substrate 210, interposed by the gate structure 220, and the 
epitaxial layer 232 is formed in another source and drain 
region of the substrate 210, interposed by the gate structure 
221. As shown in FIG. 3, the epitaxial layer 230, 232 are 
adjacent to the spacers 228, and specifically, the epitaxial 
layers 230, 232 are aligned with an edge of the spacers 228. 
Alternatively, the epitaxial process could include CVD depo 
sition techniques (e.g., vapor-phase epitaxy (VPE) and/or 
ultra-high vacuum CVD (UHV-CVD)), molecular beam epi 
taxy, and/or other suitable processes. The epitaxial process 
may use gaseous and/or liquid precursors, which can interact 
with the composition of the substrate 210. Prior to growing 
the epitaxial layers 230 and 232, an etching process can be 
performed to form a recess/trench in the substrate 210, in 
which the epitaxial layers are then grown. 

In the present embodiment, the epitaxial layers 230, 232 
essentially form raised source and drain features of the Source 
and drain regions of the substrate 210. The epitaxial layers 
230, 232 comprise a suitable semiconductor material to 
induce a strained effect and/or other device performance 
enhancement effect. Exemplary semiconductor materials 
include silicon, silicon germanium, other Suitable materials, 
or combinations thereof. In the present embodiment, the 
region of the substrate 210 that includes gate structure 220 is 
configured as an NMOS device, and the region of the sub 
strate 210 that includes the gate structure 221 is configured as 
a PMOS device. Accordingly, epitaxial layer 230 includes a 
Siepi material, and epitaxial layer 232 includes a SiGe epi 
material. The epitaxial layer 230 and/or epitaxial layer 232 
can be in-situ doped or undoped during the epitaxial growth. 
The epitaxial layers 230, 232 can be doped with a phospho 
rous implant species, a carbon implant species, other Suitable 
implant species, and/or combinations thereof. For example, 
in the present embodiment, the epitaxial layer 230 is doped 
with phosphorous (forming Si:P regions). When the epitaxial 
layer 230 and/or epitaxial layer 232 is undoped, it is under 
stood that the undoped layer may be doped Subsequently. 

Referring to FIGS. 1 and 4, at block 106, a heavily doped 
source/drain (HDD) feature is formed on the substrate. In the 
present embodiment, prior to forming the HDD features, 
dummy spacers 234 are formed by a suitable process. The 
dummy spacers 234 are positioned on each side of the offset 
spacers 228 of gate structures 220, 221. In the present 
embodiment, the dummy spacers 234 are similar to offset 
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6 
spacers 228. The dummy spacers 234 comprise a dielectric 
material. Such as silicon nitride, siliconoxide, silicon carbide, 
silicon oxynitride, other Suitable materials, and/or combina 
tions thereof. In an example, the dummy Spacers 234 are 
formed by blanket depositing a dielectric layer over the semi 
conductor device 200, and then, anisotropically etching to 
remove the dielectric layer to leave dummy spacers 234. 
Alternatively, the dummy spacers 234 are different than the 
offset spacers 228, for example, formed of a different material 
and/or different process. 

After forming the dummy spacers 234, heavily doped 
source? drain features 236, 238 are formed on the substrate 
210. More specifically, the HDD features are formed in the 
source and drain region of the substrate 210. In the present 
embodiment, HDD features 236 are formed in the source and 
drain region of the substrate 210 interposed by the gate struc 
ture 220 (including in a portion of the epitaxial layer 230), in 
the region configured for an NMOS device; and HDD fea 
tures 238 are formed in the source and drain region of the 
substrate 210 interposed by the gate structure 221 (including 
in a portion of the epitaxial layer 232), in the region config 
ured for a PMOS device. The HDD features 236, 238 are 
formed adjacent the spacers 234. In the present embodiment, 
the HDD features 236, 238 are aligned with an edge of the 
spacers 234, and as illustrated in FIG. 4, spaced a distance 
away from the spacers 228. The PMOS device region can be 
protected during formation of the HDD source/drain features 
236 in the NMOS region, and vice versa. For example, a 
photoresist layer or patterned mask layer may be deposited 
and patterned over the PMOS device region during formation 
of the HDD features 236 in the NMOS region, and a photo 
resist layer or patterned mask layer can be deposited and 
patterned over the NMOS device region during formation of 
the HDD features 238 in the PMOS region. 
The HDD features 236 and 238 are formed by an ion 

implantation process, diffusion process, and/or other Suitable 
processes. The doping species depends on the type of device 
being fabricated, such as an NMOS or PMOS device. For 
example, since the region including gate structure 220 is 
configured for an NMOS device region, the HDD features 
236 are doped with n-type dopants, such as phosphorus or 
arsenic; and since the region including the gate structure 221 
is configured for a PMOS device region, the HDD features 
238 are doped with p-type dopants, such as boron or BF. In 
this situation, the HDD features 236 and 238 are formed 
separately by differention implantation procedures and using 
different dopants. The HDD features 236,238 may comprise 
various doping profiles. In the present embodiment, the HDD 
features 236, 238 are self-aligned with the dummy spacers 
234. An annealing process, which includes rapid thermal 
annealing (RTA) and/or laser annealing processes, can Sub 
sequently be performed to activate the HDD features 236, 
238. The dummy spacers 234 are then removed. Alterna 
tively, the dummy spacers 234 could be removed before the 
annealing process. 

Referring to FIGS. 1 and 5, at block 108, a lightly doped 
source/drain (LDD) feature is formed on the substrate. More 
specifically, the LDD features are formed in the source and 
drain region of the substrate 210. In the present embodiment, 
LDD features 240 are formed in the source and drain region 
interposed by the gate structure 220 (including in a portion of 
the epitaxial layer 230), in the region configured for an 
NMOS device; and LDD features 242 are formed in the 
Source and drain region interposed by the gate structure 221 
(including in a portion of the epitaxial layer 232), in the region 
configured for a PMOS device. As shown in FIG. 4, the LDD 
features 240, 242 are adjacent to the spacers 228. In the 
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present embodiment, the LDD features 240,242 extend under 
the spacers 228. Alternatively, the LDD features could be 
aligned with the edge of spacers 228, similar to the epitaxial 
layers 230, 232. The PMOS device region can be protected 
during formation of the LDD features in the NMOS region, 
and vice versa. For example, a photoresist layer or patterned 
mask layer may be deposited and patterned over the PMOS 
device region during formation of the LDD features 240 in the 
NMOS region, and a photoresist layer or patterned mask layer 
can be deposited and patterned over the NMOS device region 
during formation of the LDD features 242 in the PMOS 
region. 
The LDD features 240 and 242 are formed by an ion 

implantation process, diffusion process, and/or other Suitable 
processes. In the present embodiment, a tilt-angle ion implan 
tation process is implemented to form the LDD features 240, 
242. The tilt-angle ion implantation process implements an 
ion beam with an angle to a direction perpendicular to the 
substrate 210. The large-angle tilted ion implantation is 
implemented with a suitable tilt angle tuned to form the LDD 
features 240, 242. Because the method 100 forms the LDD 
features after forming the epitaxial layers 230, 232 in the S/D 
regions of the Substrate 210, a maximum tilt-angle can be 
increased, while still avoiding shadowing effects caused by a 
height of the gate Stack, particularly the hard mask layer 226. 
For example, in the present embodiment, a tilt-angle utilized 
can be greater than 20°, such as approximately 30°. This 
occurs because a thickness/height of the gate stack, particu 
larly hard mask layer 226, is reduced by earlier processing 
(for example, by the epitaxial growth process and/or HDD 
feature formation process)(not shown in FIGS. 2-5), alleviat 
ing shadowing effects caused when the hard mask layer 226 is 
too high. 

Further, conventional techniques, which form LDD fea 
tures prior to the epitaxial layers, exhibit diffusion of LDD 
dopants during Subsequent thermal processing. Such as the 
epigrowth processes. This limits a thermal budget for form 
ing the epitaxial layers, reducing an ability to achieve target 
thicknesses for the epitaxial layers. In the present embodi 
ment, which implements forming LDD features after the epi 
growth process, it has been observed that target thicknesses 
for the epitaxial layers can be better achieved since the epi 
growth processes are not limited by out-diffusion of dopants 
in the LDD features. This provides improved quality epi 
layers. Even further, due to the decreased out-diffusion of the 
LDD dopants, improved overall device performance has been 
observed, including improved ultra-shallow junction forma 
tion and improved short channel effects. It is understood that 
different embodiments may have different advantages, and 
that no particular advantage is necessarily required of any 
embodiment. 
The doping species depends on the type of device being 

fabricated, such as an NMOS or PMOS device. For example, 
since the region including gate structure 220 is configured for 
an NMOS device region, the LDD features 240 are doped 
with n-type dopants, such as phosphorus or arsenic; and since 
the region including gate structure 221 is configured for a 
PMOS device region, the LDD features 242 are doped with 
p-type dopants, such as boron or BF. In this situation, the 
LDD features 240 and 242 are formed separately by different 
ion implantation procedures and using different dopants. The 
LDD features 240,242 may comprise various doping profiles. 
An annealing process, which includes rapid thermal anneal 
ing (RTA) and/or laser annealing processes, can Subsequently 
be performed to activate the LDD features 240, 242. In the 
present embodiment, the exemplary method 100 forms the 
HDD features 236, 238 prior to the LDD features 240, 242. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Alternatively, the HDD features 236, 238 could be formed 
after the LDD features 240, 242. It should be noted that 
because the LDD features 240, 242 are formed after the 
epitaxial layer 230, 232, the semiconductor device 100 
includes epitaxial layers 230, 232 and LDD features 240,242 
adjacent to the spacers 228 and aligned with an edge of the 
spacers 228, while the HDD features 236, 238 are spaced a 
distance away from the edge of the spacers 228. 

Referring to FIG. 1, at block 110, fabrication of the semi 
conductor device 200 continues to complete fabrication as 
briefly discussed below. The semiconductor device 200 may 
undergo further CMOS or MOS technology processing to 
form various features known in the art. For example, the 
method 100 may proceed to form main spacers, similar to 
offset spacers 228 and/or dummy spacers 234. In an embodi 
ment, the offset spacers 228 are removed prior to forming the 
main spacers. Further, contact features. Such as silicide 
regions, may also be formed. The contact features may be 
coupled to the source and drain regions of the substrate 210 
(e.g., epitaxial layer regions 230, 232). The contact features 
comprise silicide materials, such as nickel silicide (NiSi), 
nickel-platinum silicide (NiPtSi), nickel-platinum-germa 
nium silicide (NiPtGeSi), nickel-germanium silicide (Ni 
GeSi), ytterbium silicide (YbSi), platinum silicide (PtSi), 
iridium silicide (IrSi), erbium silicide (ErSi), cobalt silicide 
(CoSi), other suitable conductive materials, and/or combina 
tions thereof. The contact features can be formed by a process 
that includes depositing a metal layer, annealing the metal 
layer such that the metal layer is able to react with silicon to 
form silicide, and then removing the non-reacted metal layer. 
An inter-level dielectric (ILD) layer can further beformed on 
the substrate 210 and a chemical mechanical polishing 
(CMP) process is further applied to the substrate to planarize 
the substrate. Further, a contact etch stop layer (CESL) may 
be formed on top of the gate structures 220, 221 before 
forming the ILD layer. 

In an embodiment, the gate layer/electrode 224 remains 
polysilicon in the final device. In another embodiment, a gate 
replacement process (or gate last process) is performed, 
wherein the polysilicon gate layer 224 is replaced with a 
metal gate. For example, a metal gate may replace the gate 
layer (i.e., polysilicon gate layer) of the gate structures 220, 
221. The metal gate in the gate structure 220 could have a 
different work function than the metal gate in the gate struc 
ture 221. The metal gates include liner layers, work function 
layers, conductive layers, metal gate layers, fill layers, other 
Suitable layers, and/or combinations thereof. The metal gate 
layers include any suitable material. Such as aluminum, cop 
per, tungsten, titanium, tantulum, tantalum aluminum, tita 
nium nitride, tantalum nitride, nickel silicide, cobalt silicide, 
silver, TaC, TaSiN, TaCN, Tial, TiAIN, WN, metal alloys, 
other suitable materials, and/or combinations thereof. In a 
gate last process, the CMP process on the ILD layer is con 
tinued to expose the polygate layer 224 (and hard mask layer 
226) of the gate structures 220, 221, and an etching process is 
performed to remove the gate layer 224 (and hard mask layer 
226) thereby forming trenches. The trenches are filled with a 
proper work function metal (e.g., p-type work function metal 
and n-type work function metal) for the PMOS devices and 
the NMOS devices. 

Subsequent processing may form various contacts/viaS/ 
lines and multilayer interconnect features (e.g., metal layers 
and interlayer dielectrics) on the substrate 210, configured to 
connect the various features or structures of the semiconduc 
tor device 200. The additional features may provide electrical 
interconnection to the device. For example, a multilayerinter 
connection includes vertical interconnects, such as conven 
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tional vias or contacts, and horizontal interconnects, such as 
metal lines. The various interconnection features may imple 
ment various conductive materials including copper, tung 
Sten, and/or silicide. In one example, a damascene and/or dual 
damascene process is used to form a copper related multilayer 
interconnection structure. 
The foregoing outlines features of several embodiments so 

that those skilled in the art may better understand the aspects 
of the present disclosure. 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 struc 
tures 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 equiva 
lent 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 depart 
ing from the spirit and scope of the present disclosure. 

What is claimed is: 
1. A method comprising: 
providing a Substrate; 
forming a gate structure over the Substrate; 
forming inner spacers on sidewalls of the gate structure; 
forming an epitaxial layer in a source and drain region of 

the Substrate that is interposed by the gate structure, 
wherein the epitaxial layer physically contacts the inner 
spacers on the sidewalls of the gate structure; 

after forming the epitaxial layer, forming outer spacers on 
the inner spacers and the epitaxial layer Such that the 
outer spacers physically contact the inner spacers and 
the epitaxial layer, 

after forming the outer spacers, forming a heavily doped 
source and drain (HDD) feature in the source and drain 
region; and 

after forming the HDD feature, forming a lightly doped 
source and drain (LDD) feature in the source and drain 
region, wherein after forming the LDD feature the epi 
taxial layer physically contacts the inner spacers on the 
sidewalls of the gate structure. 

2. The method of claim 1 whereinforming the LDD feature 
in the source and drain region includes performing a tilt-angle 
ion implantation process. 

3. The method of claim 2 wherein performing the tilt-angle 
ion implantation process includes utilizing a tilt-angle greater 
than about 20°. 

4. The method of claim 1 wherein forming the epitaxial 
layer in the Source and drain region interposed by the gate 
structure includes performing a silicon or silicon germanium 
epitaxial growth process. 

5. The method of claim 4 further comprising doping the 
epitaxial layer with a carbon orphosphorous implant species. 

6. The method of claim 1 whereinforming the gate struc 
ture includes forming a gate Stack that includes a polysilicon 
layer and a hard mask layer over the polysilicon layer. 

7. The method of claim 1, further comprising: 
removing the outer spacer prior to forming the LDD feature 

in the source and drain region; and 
after removing the outer spacer, performing an annealing 

process on the HDD feature prior to forming the LDD 
feature in the Source and drain region. 

8. A method comprising: 
forming a first gate structure and a second gate structure 

over a substrate; 
forming an inner spacer on a sidewall of the first gate 
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10 
forming an epitaxial layer of a first material in a source and 

drain region of the substrate that is interposed by the first 
gate structure, 

wherein the epitaxial layer physically contacts the inner 
spacer on the sidewall of the first gate structure; 

forming an epitaxial layer of a second material in another 
Source and drain region of the Substrate that is interposed 
by the second gate structure; and 

after forming the epitaxial layer of the first material in the 
Source and drain region of the Substrate that is interposed 
by the first gate structure, forming an outer spacer on the 
inner spacer and the epitaxial layer of the first material 
Such that the outer spacer physically contacts the inner 
spacer and the epitaxial layer of the first material; 

after forming the epitaxial layer, forming heavily doped 
source and drain (HDD) features in the source and drain 
region and the another source drain region of the Sub 
strate; and 

after forming the HDD feature, forming lightly doped 
source and drain (LDD) features in the source and drain 
region and the another source drain region of the Sub 
strate, wherein after forming the LDD features in the 
Source and drain region the epitaxial layer physically 
contacts the inner spacer on the sidewall of the first gate 
Structure. 

9. The method of claim 8 wherein forming the epitaxial 
layer of the first material includes epitaxially growing a sili 
con layer, and forming the epitaxial layer of the second mate 
rial includes epitaxially growing a silicon germanium layer. 

10. The method of claim 9 further comprising implanting 
the silicon layer with a phosphorous or carbon implant spe 
CS. 

11. The method of claim 8 wherein forming the LDD 
features in the source and drain region includes performing a 
tilt-angle ion implantation process. 

12. The method of claim 8 wherein forming the LDD 
features in the source and drain region interposed by the first 
gate structure includes performing an implantation process 
with a first implant species, and forming the LDD features in 
the another source and drain region interposed by the second 
gate structure includes performing an implantation process 
with a second implant species, the second implant species 
being different than the first implant species. 

13. The method of claim 8 further comprising performing 
a gate replacement process that includes: 

replacing the first gate structure with a gate layer having a 
first work function; and 

replacing the second gate structure with a gate layer having 
a second work function. 

14. The method of claim 8, wherein the epitaxial layer of 
the first material extends to a first depth within the substrate 
and the epitaxial layer of the second material extends to a 
second depth within the substrate, the second depth being 
different than the first depth. 

15. The method of claim 8, wherein forming the HDD 
features in the source and drain region interposed by the first 
gate structure includes forming the HDD features to a first 
depth within the source and drain region interposed by the 
first gate structure, and 

wherein forming the HDD features in the another source 
and drain region interposed by the second gate structure 
includes forming the HDD features to a second depth 
within the source and drain region interposed by the 
second gate structure, the second depth being different 
than the first depth. 

16. A method comprising: 
providing a Substrate; 
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forming a gate structure over the Substrate, the gate struc 
ture including a first sidewall spacer, 

forming an epitaxial layer in a source and drain region of 
the Substrate that is interposed by the gate structure, 

wherein the epitaxial layer physically contacts the first 5 
sidewall spacer of the gate structure; 

after forming the epitaxial layer, forming a second sidewall 
spacer on the first sidewall spacer Such that the second 
sidewall spacer physically contacts the first sidewall 
spacer and the epitaxial layer, 10 

after forming the second sidewall spacer, forming a heavily 
doped source and drain (HDD) feature in the source and 
drain region; and 

after forming the HDD feature in the source and drain 
region, forming a lightly doped source and drain (LDD) 15 
feature in the Source and drain region, 

wherein after forming the LDD feature the epitaxial layer 
physically contacts the first sidewall spacer of the gate 
Structure. 

17. The method of claim 16, further comprising removing 20 
the second sidewall spacer prior to forming the LDD features. 

18. The method of claim 16, wherein the HDD feature in 
the source and drain region has an edge that is aligned with an 
outer edge of the second sidewall spacer. 

19. The method of claim 16, wherein the LLD feature has 25 
an edge that is aligned with an inner edge of the first spacer. 

20. The method of claim 16, wherein forming the LDD 
feature in the Source and drain region includes performing a 
tilt-angle ion implantation process. 

k k k k k 30 




