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(57) ABSTRACT 

A semiconductor device with an isolation feature is disclosed. 
The semiconductor device includes a plurality of gate struc­
tures disposed on a semiconductor substrate, a plurality of 
gate sidewall spacers of a dielectric material formed on 
respective sidewalls of the plurality of gate structures, an 
interlayer dielectric (ILD) disposed on the semiconductor 
substrate and the gate structures, an isolation feature embed­
ded in the semiconductor substrate and extended to the ILD 
and a sidewall spacer of the dielectric material disposed on 
sidewalls of extended portion of the isolation feature. 
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HIGH GATE DENSITY DEVICES AND 
METHODS 

BACKGROUND 

[0001] When a semiconductor device such as a metal-ox­
ide-semiconductor field-effect transistor (MOSFET) is 
scaled down through various technology nodes, several strat­
egies have been employed to improve device performance, 
such as using high-k (HK) dielectric material and metal gate 
(MG) electrode structures, strain engineering, 3-D gate tran­
sistors and ultra-thin body (UTB) semiconductor-on-insula­
tor (SOI) structures. For example, by implementing a strained 
substrate technology, a better device performance is often 
achieved by modulating strain in a transistor channel, which 
enhances mobility (e.g., electron or hole mobility) and 
thereby conductivity through the channel. As an example of 
strain technology, an epitaxial silicon germanium (Si Ge), or 
silicon phosphorus (SiP) layer, is formed in source and drain 
regions in p-type FET (PFET) devices, om-type FET (NFET) 
devices, respectively. 
[0002] As device scale decreases and device density 
increases, consistency of neighboring structures may be 
affected. Accordingly, although existing approaches have 
been generally adequate for their intended purpose, they have 
not been entirely satisfactory in all respects. For example, 
when a shallow trench isolation (STI) is formed prior to the 
formation of a nearby SiGe epitaxy structure, the resulting 
SiGe epitaxy structure may be quite different from another 
SiGe epitaxy structure further away from the STI. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The present disclosure is best understood from the 
following detailed description when read with the accompa­
nying 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 dimensions of the various features may be arbitrarily 
increased or reduced for clarity of discussion. 
[0004] FIG. 1 is a flowchart of an example method for 
making a semiconductor device having an isolation feature 
according to various aspects of the present disclosure. 
[0005] FIGS. 2 to 6 are cross-sectional views of an example 
embodiment of a semiconductor device having an isolation 
feature at fabrication stages constructed according to various 
aspects of the present disclosure. 

SUMMARY 

[0006] One of the broader forms of the present disclosure 
involves a semiconductor device with an isolation feature. An 
exemplary semiconductor device includes a plurality of gate 
structures disposed on a semiconductor substrate, a plurality 
of gate sidewall spacers of a dielectric material formed on 
respective sidewalls of the plurality of gate structures, an 
interlayer dielectric (ILD) disposed on the semiconductor 
substrate and the gate structures, an isolation feature embed­
ded in the semiconductor substrate and extended to the ILD 
and a sidewall spacer of the dielectric material disposed on 
sidewalls of extended portion of the isolation feature. 
[0007] In another embodiment, a semiconductor device 
includes a silicon substrate, two high-k/metal gate (HK/MG) 
features disposed on the substrate, a plurality gate spacers of 
dielectric material formed on respectively sidewalls of the 
HK/MG features, a plurality of epitaxial growth silicon ger-
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manium regions formed between the two HK/MG features, 
wherein the epitaxial growth regions have a uniform shape 
and uniform crystal facets to each other, an ILD disposed on 
the semiconductor substrate and HK/MG features, an isola­
tion feature embedded in the semiconductor substrate and 
extended to the ILD and a sidewall spacer of dielectric mate­
rial disposed on sidewalls of extended portion of the isolation 
features. 

[0008] Another one of the broader forms of the present 
disclosure involves a process of forming a semiconductor 
device with an "isolation last" method. The process includes 
providing a semiconductor substrate, forming a plurality of 
dummy gate structures in the substrate, forming gate sidewall 
spacers on sidewalls of dummy gate structures, forming a 
plurality of epitaxial growth regions between the dummy gate 
structures, after forming the plurality of epitaxial growth 
regions, removing one of the dummy gate structures to form 
an isolation trench, filling in the isolation trench with a dielec­
tric layer to form an isolation feature, removing the remaining 
dummy gate structures to form gate trenches and forming gate 
structures in the gate trenches. 

DETAILED DESCRIPTION 

[0009] It is to be understood that the following disclosure 
provides many different embodiments, or examples, for 
implementing different features of the invention. 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 limiting. More­
over, the performance of a first process before a second pro­
cess in the description that follows may include embodiments 
in which the second process is performed immediately after 
the first process, and may also include embodiments in which 
additional processes may be performed between the first and 
second processes. Various features may be arbitrarily drawn 
in different scales for the sake of simplicity and clarity. Fur­
thermore, the formation of a first feature over or on a second 
feature in the description that follows may include embodi­
ments 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 sec­
ond features, such that the first and second features may not be 
in direct contact. 

[0010] FIG. 1 is a flowchart of one example embodiment of 
a method 100 for making a semiconductor device having an 
isolation feature constructed according to various aspects of 
the present disclosure. The method 100 is described with 
reference to FIGS. 2 through 6. In a "gate last" (or replace­
ment gate) scheme, a dummy (sacrificial) gate structure is 
initially formed and followed by a normal complementary 
metal oxide semiconductor (CMOS) process flow until depo­
sition of an inter-layer dielectric (ILD). Some of the dummy 
gate structures may then be removed to form trench isolation 
features. The rest of the dummy gates are replaced with metal 
gate structures. Thus, the gate is formed after high tempera­
ture processes have been applied in formations, such as 
source and drain regions. 

[0011] Referring to FIGS. 1 and 2, the method 100 begins at 
step 102 by providing a semiconductor substrate 210. The 
semiconductor substrate 210 includes silicon. Alternatively 
or additionally, the substrate 210 may include other elemen­
tary semiconductor such as germanium, a compound semi­
conductor such as SiC, gallium arsenic, indium arsenide, or 
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indium phosphide, or an alloy semiconductor such as SiGe, 
silicon germanium carbide, gallium arsenic phosphide, or 
gallium indium phosphide. 
[0012] In one embodiment, the substrate 210 includes an 
epitaxial layer. The substrate may have an epitaxial layer 
overlying a bulk semiconductor. Further, the substrate 210 
may be strained for performance enhancement. For example, 
the epitaxial layer may include a semiconductor material 
different from those of the bulk semiconductor such as a layer 
ofSiGe overlying a bulk silicon or a layer of silicon overlying 
a bulk Si Ge formed by a process including selective epitaxial 
growth (SEG). Furthermore, the substrate 210 may include a 
semiconductor-on-insulator (SOI) structure. In one embodi­
ment, the substrate may include a buried oxide (BOX) layer 
formed by a process such as separation by implanted oxygen 
(SIM OX) or other suitable technique, such as wafer bonding 
and grinding. In fact various embodiments may include any of 
a variety of substrate structures and materials. In the depicted 
embodiment, the substrate 210 includes a silicon substrate. 
[0013] Continuing with FIG. 2, the substrate 210 also 
includes a gate structure 220 formed by deposition, pattern 
and etch techniques. The gate structure 220 includes a 
dummy gate structure. A dummy gate structure refers to a 
gate structure which will be replaced with a metal gate in 
subsequent processes. In the depicted embodiment, the gate 
structure 220 includes a dummy gate structure. The durmny 
gate structure 220 includes a dummy gate layer 221, such as 
polysilicon, amorphous silicon or other appropriate materi­
als. The dummy gate layer 221 is deposited over the substrate 
210 by deposition techniques. For example, silane (SiH4), 
di-silane (Si

2
H

6
), or di-chlorosilane (SiC1

2
H

4
) may be used as 

a chemical gas in a chemical vapor deposition (CVD) process 
to form a polysilicon layer. Alternatively and additionally, a 
dummy oxide layer (not shown), such as silicon dioxide 
(SiO

2
) or silicon oxynitride (SiON), is disposed over the 

substrate 210 by thermal oxidation, chemical oxidation, 
CVD, atomic layer deposition (ALD) or any appropriate 
method. Thereafter, the dummy gate layer 221 is disposed 
over the durmny oxide layer. 
[0014] An etch stop layer (ESL) 223 may be additionally 
formed on top of the durmny gate layer 221. In an embodi­
ment, the ESL 223 includes a contact etch stop layer (CESL). 
The ESL 223 may include silicon nitride, silicon oxide, 
SiON, and/or other suitable materials. The ESL 223 may be 
formed by plasma-enhanced chemical vapor deposition 
(PECVD), physical vapor deposition (PVD), and/or other 
deposition processes known in the art. In the depicted 
embodiment the dummy gate layer 221 includes polysilicon 
and the ESL 223 includes silicon nitride. The ESL 223 and the 
dummy gate layer 221 are patterned and etched, in a conven­
tional manner, to form the dummy gate structure 220, as 
shown in FIG. 2. 
[0015] The substrate 210 may also include various doped 
regions such asp-wells and n-wells (not shown), formed by 
implantation techniques. As an example, a portion of the 
substrate 210 is doped p-type and formed a p-well where an 
n-channel device will be fabricated. Similarly, another por­
tion of the substrate 210 is dopedn-type and formed ann-well 
where a p-channel device will be fabricated. The doped 
regions are doped with p-type dopants, such as boron or 
difluoroborane (BF

2
), and/or n-type dopants, such as phos­

phorus or arsenic. The doped regions may be formed directly 
on the substrate 210, in a p-well structure, in ann-well struc­
ture, in a dual-well structure, or using a raised structure. 
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[0016] The substrate 210 may further include source and 
drain (S/D) regions (not shown) formed by a proper tech­
nique, such as one or more ion implantations. The S/D regions 
may further include light doped source/drain (LDD) regions 
substantially aligned with the dummy gate structure 220 and 
heavily doped S/D regions (not shown) substantially aligned 
with associated gate sidewall spacers 230, which are 
described below. 
[0017] Typically, after the formation of the S/D regions, 
one or more annealing processes are performed to activate the 
S/D regions. The annealing processes include rapid thermal 
annealing (RTA), laser annealing processes, or other suitable 
annealing processes. As an example, a high-temperature ther­
mal annealing step may apply temperatures anywhere in the 
range of 900° C.-1100° C., though other embodiments may 
use temperatures within a different range. Alternatively, high­
temperature annealing may include thermal processes with 
temperatures above 600° C. This embodiment may further 
include a "spike" annealing process that has a very short time 
duration. 
[0018] Referring to FIG. 2, gate sidewall spacers 230 are 
formed on the sidewalls of the dummy gate structure 220. The 
gate sidewall spacers 230 generally include a dielectric mate­
rial such as silicon oxide. Alternatively, the gate sidewall 
spacers 230 may include silicon nitride, SiC, SiON, or com­
binations thereof. Typical formation methods for the gate 
sidewall spacers 230 include depositing a dielectric material 
over the gate structure 220 and then anisotropically etching 
back the dielectric material. In the depicted embodiment the 
gate sidewall spacer 230 includes silicon nitride. 
[0019] The method 100 proceeds to step 104, where an 
epitaxial growth process is performed to create an epitaxial 
growth region 240, as shown in FIG. 3. As an example, an etch 
process may be performed to recess the substrate 210 first, 
and then the epitaxial growth process is applied to grow the 
epitaxial growth region 240 in the recessed area. The epitaxial 
growth region 240 may include SiGe in a p-type metal oxide 
semiconductor (PMOS) transistor region of the substrate 210 
(while an n-type metal oxide semiconductor (NMOS) tran­
sistor region may be protected by a patterned mask layer). In 
one embodiment, the epitaxial growth region 240 may 
include SiP in an NMOS transistor region (while a PMOS 
transistor region may be protected by a patterned mask layer). 
Alternatively, numerous other embodiments of epitaxial 
growth materials are suitable for processes, such as silicon, 
germanium, gallium arsenide, indium phosphide, silicon car­
bide, silicon phosphide, silicon carbide phosphide, and/or 
other suitable materials. 
[0020] Additionally, the epitaxial growth region 240 may 
be formed such that it is raised above the surface of the 
substrate 210. In some embodiments, the epitaxial growth 
region 240 may be in-situ doped with p-type impurities, such 
as boron or indium, to form S/D regions of the PMOS device. 
[0021] The epitaxial growth region 240 may provide proper 
stress effect to associated channels of PFET and NFET to 
enhance carrier mobility and improve device performance. In 
order to have a consistent strain effect on all associated chan­
nels, a uniform epitaxial growth region 240 in all related areas 
is desired. 
[0022] Continuing with FIG. 3, an interlayer dielectric 
(ILD) layer 250 is formed on the substrate 210 and the 
durmny gate structure 220. The ILD layer 250 may be formed 
by CVD, high density plasma CVD, spin-on methods, sput­
tering, and/or other suitable methods. The ILD layer 250 
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typically includes silicon oxide, Si0N, a low k material, 
tetraethylorthosilicate (TE0S) oxide, un-doped silicon glass, 
or doped silicon oxide such as borophosphosilicate glass 
(BPSG), fused silica glass (FSG), phosphosilicate glass 
(PSG), boron doped silicon glass (BSG), and/or other suitable 
materials. In the depicted embodiment, the ILD layer 250 
includes silicon oxide. A chemical mechanical polishing 
(CMP) process may be performed subsequently to remove 
excess ILD layer 250 such that the ESL 223 of the dummy 
gate feature 220 is exposed. The CMP process may provide a 
substantially planar surface for the gate structure 220 and the 
ILD layer 250, as shown in FIG. 3. 
[0023] The method 100 proceeds to step 106 by forming an 
isolation trench 260 by pattern and etch techniques, as shown 
in FIG. 4. The isolation trench 260 is formed in a location 
where an electrically isolation is needed to separate each 
active area or each device. A lithography process forms a 
patterned photoresist layer 255 and the etching is thereafter 
implemented by using the patterned photoresist layer 255 as 
an etch mask. An exemplary lithography process may include 
processing steps of coating, soft baking, mask aligning, 
exposing pattern, post-exposure baking, developing photore­
sist, and hard baking of photoresist layer 225. The lithography 
process may also be implemented or replaced by other proper 
methods such as maskless photolithography, electron-beam 
writing, ion-beam writing, or molecular imprinting. 
[0024] Referring to FIG. 4, an etch process is performed to 
form the isolation trench 260. The etch process may include 
several etch portions. A multi-portion etch process may pro­
vide multiple etch stages, and each etch stage may achieve its 
own etch selectivity and etch profile. Etch selectivity 
describes an etch rate ratio between different materials being 
etched. Etch selectivity may be chosen by choosing etching 
type and etching conditions. 
[0025] The etch process may include a dry etch, a wet etch, 
or a combination of dry and wet etch. For example, a wet etch 
process may include exposure to a hydroxide containing solu­
tion (e.g., ammonium hydroxide), deionized water, and/or 
other suitable etchant solutions. In another example, a dry 
etch process may utilize a medium-density plasma etch sys­
tem equipped with a capacitively coupled plasma source, or a 
high-density plasma etch system equipped with either induc­
tive, helicon, or electron cyclotron resonance (ECR) plasmas, 
wherein the exposed material is anisotropically removed by 
plasma. 
[0026] The mechanism of etching in each dry-etch process 
may have a physical basis ( e.g. glow-discharge sputtering, or 
ion milling) or a chemical basis ( e.g., in pure plasma etching) 
or a combination of the both (e.g., reactive ion etching or 
RIE). Sputtering relies on the directional nature of the inci­
dent energetic ions to etch in a highly anisotropic manner. 
Pure plasma etching, a chemical basis etching, may achieve a 
very high selectivity against both mask material and under­
lying layers and typically etch in an isotropic fashion. Com­
bining both physical and chemical mechanism etching offers 
a controlled anisotropic etch with adequate selectivity. 
[0027] For example, a first etch portion may remove the 
ESL 223 and dummy gate layer 221 of the exposed dummy 
gate structure 220. As another example, the first etch portion 
may be designed to remove a portion of the ILD 250 to create 
a wide opening for an upper portion of the isolation trench 
260. A profile of an isolation trench with a wide opening on its 
upper portion may enhance conformability of a subsequent 
film filling process. In the depicted embodiment, the first etch 
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portion includes a fluorine-containing plasma etch, such as 
CF4 and SF6, combining with 02 and He. 
[0028] The etch process continues with a second etch por­
tion to etch the substrate 210 through openings defined by the 
first etch portion. The second etch portion may have a differ­
ent selectivity to minimize the ILD 250 loss during the etch. 
Meanwhile, with the gate sidewall spacers 230 slowing down 
lateral etching, the second etch portion is performed as a 
self-align etch process and the trench profile aligns along with 
the gate sidewall spacer 230. 
[0029] The second etch portion may include a different dry 
etching process that utilizes a combination of HBr/Cl2/02 / 

He. The dry etching removes portions of the substrate 210 that 
are unprotected or exposed in the isolation trench 260. 
Accordingly, the second etch portion may form a trench pro­
file that may substantially align with the edge of the gate 
sidewall spacer 230 by a directional/anisotropic etching. The 
isolation trench 260 includes an upper portion and a lower 
portion. The upper portion of the isolation trench 260 is in the 
ILD layer 250 and the lower portion of the isolation trench 
260 is in the semiconductor substrate 210. Thereafter, the 
photo resist layer 255 is removed by a process such as wet 
stripping or 0 2 plasma ashing. 
[0030] The method 100 proceeds to step 108 by forming an 
isolation feature 275, as shown in FIGS. 5 and 6. The isolation 
feature 275 is formed by filling in isolation trench 260 with 
dielectric materials such as silicon oxide, silicon nitride, or 
silicon oxynitride. The isolation feature 275 may have a 
multi-layer structure, such as a thermal oxide liner layer filled 
with silicon nitride or silicon oxide. In furtherance of the 
embodiment, the isolation feature 275 may include a trench 
liner by ALD and be filled with a dielectric film by a CVD, 
PVD, a thermal oxidation, or combinations thereof. In the 
depicted embodiment, the isolation feature 275 includes a 
silicon oxide liner (not shown) formed by anALD technique 
and a silicon oxide layer 270 formed by a CVD technique, as 
shown in FIG. 5. The isolation feature 275 is embedded in the 
semiconductor substrate 210 and extended to the ILD 250. 
The isolation feature 275 includes the gate sidewall spacer 
230 as its extended portion. 
[0031] A CMP process is typically performed to remove 
excess silicon oxide layer 270 and a portion of the upper 
portion of the isolation feature 275. The CMP process may 
provide a substantially planar surface for the remaining por­
tion of dummy gate structure 220, the ILD layer 250 and the 
isolation feature 275. An etching process may remove the 
remaining portion of dummy gate layer 221 to form a gate 
trench 280, as shown in FIG. 6. The remaining dummy gate 
layer 221 may be removed by dry etch, wet etch, or a combi­
nation of dry and wet etch in a conventional manner. 
[0032] The method 100 proceeds to step 110 by forming a 
gate structure according to a replacement gate (RPG) process 
flow. A typical gate structure formation in RPG process flow 
includes forming an interfacial layer (IL), a HK dielectric 
layer, capping layers, work function metal layers, barrier 
layers and an electrode metal layer on the gate trench 280. A 
CMP process may be performed to remove excess metal 
layers. The CMP process may have a high selectivity of metal 
layers to dielectric layer 250. The CMP process provides a 
substantially planar surface for the metal gate stacks and the 
ILD layer 250. 
[0033] The method 100 may further include forming a mul­
tilayer interconnection. The multilayer interconnection (not 
shown) may include 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, 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 a tungsten plug 
in the contact holes. 
[0034] Referring to FIG. 6, in the depicted embodiment, the 
method 100 forms the isolation feature 275 having a profile 
with a nature of self-aligning to the gate sidewall spacers 230. 
It may leave more margins for a device layout and a process 
control window for fabricating a high gate density device, 
such as a CMOS or Fin field-effect transistor (FinFET). The 
isolation feature 275 is formed after the formation of the 
epitaxial growth region 240. Thus, the method 100 may be 
referred to as an "isolation last" method. In this isolation last 
method, each of the epitaxial growth regions 240 may be 
formed under a fairly similar epitaxial growth surrounding in 
all associated locations. The epitaxial growth surrounding 
may include the dimension of epitaxial growth spacing, the 
type of materials used for epitaxial growth from and existing 
neighboring features ( e.g. the gate sidewall spacer 230) which 
the epitaxial growth region 240 grows along with. 
[0035] A consistent epitaxial growth surrounding enhances 
a uniform epitaxial growth region 240 in all associated loca­
tions, in term of size, shape, crystal facet and crystal orienta­
tion of the epitaxial growth region 240. A uniformly epitaxial 
growth region 240 in all associated locations may enhance an 
uniformly strained channel in all associated locations, which 
may enhance consistent channel performance such as carrier 
mobility in all associated locations. It may also provide an 
uniformly landing condition for forming future S/D contacts 
in all associated locations and thus it may improve contact 
resistance (to silicide) uniformity and reliability. Another 
embodiment of the present invention involves applying the 
isolation last method in a FinFET device to form an isolation 
feature. By applying the isolation last method, the end of the 
OD (active area) line may substantially self-align with the 
gate sidewall spacer 230 and may provide a uniform strain to 
associated channels. The epitaxial growth process may expe­
rience fairly similar source-drain (SA) width and result in a 
uniformly epitaxial growth regions in all associated locations. 
The margins of the device layout and processing window may 
also be optimized. 

[0036] The foregoing outlines features of several embodi­
ments 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 dis­
closure 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 intro­
duced 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. 

What is claimed is: 

1. A semiconductor device, comprising: 

a plurality of gate structures disposed on a semiconductor 
substrate; 

a plurality of gate sidewall spacers of a dielectric material 
formed on respective sidewalls of the plurality of gate 
structures; 

4 
Jun. 6, 2013 

an interlayer dielectric (ILD) disposed on the semiconduc­
tor substrate and the gate structures; 

an isolation feature embedded in the semiconductor sub­
strate and extended to the ILD; and 

a sidewall spacer of the dielectric material disposed on 
sidewalls of extended portion of the isolation feature 

2. The semiconductor device of claim 1, further comprising 
epitaxial growth regions near the isolation feature and near 
the gate structures 

3. The semiconductor device of claim 2, wherein the epi­
taxial growth regions have a uniform shape to each other. 

4. The semiconductor device of claim 2, wherein the epi­
taxial growth regions have uniform crystal facets to each 
other. 

5. The semiconductor device of claim 1, wherein the epi­
taxial growth regions includes silicon germanium. 

6. The semiconductor device of claim 1, wherein the iso­
lation feature comprises a sidewall spacer on an upper portion 
of the isolation feature. 

7. The semiconductor device of claim 6, wherein the profile 
of the isolation feature is aligned to edges of the sidewall 
spacer. 

8. The semiconductor device of claim 1, wherein the side­
wall spacer comprises silicon nitride. 

9. The semiconductor device of claim 1, wherein the iso­
lation feature comprises one or more dielectric materials. 

10. The semiconductor device of claim 9, wherein the 
dielectric materials of the isolation feature includes a silicon 
oxide liner. 

11. The semiconductor device of claim 10, wherein the 
dielectric materials of the isolation feature includes silicon 
oxide on top of the silicon oxide liner. 

12. A method of forming a semiconductor device, the 
method comprising: 

providing a semiconductor substrate; 
forming a plurality of dummy gate structures in the sub­

strate; 
forming sidewall spacers on sidewalls of dummy gate 

structures; 
forming a plurality of epitaxial growth regions between the 

dummy gate structures; 
after forming the plurality of epitaxial growth regions, 

removing one of the dummy gate structures to form an 
isolation trench; 

filling in the isolation trench with a dielectric layer to form 
an isolation feature; 

removing the remaining dummy gate structures to form 
gate trenches; 

forming gate structures in the gate trenches. 
13. The method of claim 12, wherein the upper portion of 

the isolation trench has a similar profile to the dummy gate 
structures. 

14. The method of claim 12, wherein the isolation trench 
etching comprises a first portion to remove the dummy gate 
feature and expose the semiconductor substrate for forming 
an upper portion of the isolation trench. 

15. The method of claim 14, further comprises a second 
portion of etching to etch the semiconductor substrate and 
form a lower portion of the isolation trench. 

16. The method of claim 15, wherein the second portion of 
etching self-aligns to the edge of sidewall spacers. 
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17. The method of claim 12, wherein the isolation trench is 
formed with an upper portion and a lower portion, wherein the 
upper portion is inside the ILD and the lower portion is inside 
the semiconductor substrate. 

18. The method of claim 12, wherein the isolation trench is 
filled with multiple dielectric layers and a silicon oxide liner. 

19. The process of claim 18, wherein one of the multiple 
dielectric layers is a silicon oxide layer disposed over the 
silicon oxide liner. 

20. A semiconductor device, comprising: 
a silicon substrate; 
two high-k/metal gate (HK/MG) features disposed on the 

substrate; 
a plurality gate spacers of dielectric material formed on 

respectively sidewalls of the HK/MG features; 
a plurality of epitaxial growth silicon germanium regions 

formed between the two HK/MG features, wherein the 
epitaxial growth regions have a uniform shape and uni­
form crystal facets to each other; and 

an ILD disposed on the semiconductor substrate and 
HK/MG features; 

an isolation feature embedded in the semiconductor sub­
strate and extended to the ILD; and 

a sidewall spacer of dielectric material disposed on side­
walls of extended portion of the isolation features. 

* * * * * 
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