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DSLOCATION SMT FOR FINFET DEVICE 

BACKGROUND 

0001. As the semiconductor industry has progressed into 
nanometer technology process nodes in pursuit of higher 
device density, higher performance, and lower costs, chal 
lenges from both fabrication and design issues have resulted 
in the development of three dimensional designs, such as a 
fin-like field effect transistor (FinFET). A typical FinFET is 
fabricated with a thin “fin' (or fin structure) extending from a 
substrate, for example, etched into a silicon layer of the sub 
strate. The channel of the FET is formed in this vertical fin. A 
gate is provided over (e.g., wrapping) the fin. It is beneficial to 
have a gate on both sides of the channel allowing gate control 
of the channel from both sides. Advantages of FinFET 
devices include reducing the short channel effect and higher 
current flow. 
0002 Because of the complexity inherent in nonplanar 
devices, such as FinFETs, a number of techniques used in 
manufacturing planar transistors are not available in manu 
facturing nonplanar devices. For example, stress-memoriza 
tion techniques (SMTs) are applied in high-performance 
environments to improve nMOS devices. By carefully con 
trolling the amorphization and re-crystallization of a planar 
device channel, the effects of a stress force applied to the 
device will remain even after the stressor is removed. The 
stress effects improve charge mobility through the channel, 
thereby improving device performance. What is needed is a 
method of applying SMTs to three-dimensional devices to 
obtain similar improvements in device performance. 

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 a method for performing a 
stress-memorization technique on a FinFET precursor 
according to aspects of the present disclosure. 
0005 FIGS. 2a and 2b are diagrammatic perspective 
views of a FinPET precursor undergoing processes according 
to an embodiment of the present disclosure. 
0006 FIGS. 3a and 3b are diagrammatic cross-sectional 
views of a FinPET precursor undergoing processes according 
to an embodiment of the present disclosure. 
0007 FIG. 4 is a diagrammatic cross-sectional view of a 
FinFET precursor undergoing processes according to an 
embodiment of the present disclosure. 
0008 FIGS. 5a and 5b are a diagrammatic perspective 
view and a diagrammatic cross-sectional view, respectively, 
of a FinFET precursor undergoing processes according to an 
embodiment of the present disclosure. 
0009 FIGS. 6a and 6b are a diagrammatic perspective 
view and a diagrammatic cross-sectional view, respectively, 
of a FinFET precursor undergoing processes according to an 
embodiment of the present disclosure. 
0010 FIGS. 7a and 7b are a diagrammatic perspective 
view and a diagrammatic cross-sectional view, respectively, 
of a FinFET precursor undergoing processes according to an 
embodiment of the present disclosure. 
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0011 FIG. 8 is a diagrammatic perspective view of a Fin 
FET precursorundergoing processes according to an embodi 
ment of the present disclosure. 
0012 FIG. 9 is a diagrammatic perspective view of a Fin 
FET precursorundergoing processes according to an embodi 
ment of the present disclosure. 
0013 FIG. 10 is a diagrammatic cross-sectional view of a 
FinFET precursor undergoing processes according to an 
embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0014. The present disclosure relates generally to IC device 
manufacturing, and more particularly, to a procedure for per 
forming a stress memorization technique (SMT) on a FinFET 
and to the resulting device. 
0015 The following disclosure provides many different 
embodiments, or examples, for implementing different fea 
tures 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. 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. 
0016 Further, spatially relative terms, such as “beneath.” 
“below,” “lower,” “above,” “upper” and the like, may be used 
herein for ease of description to describe one element or 
feature's relationship to another element(s) or feature(s) as 
illustrated in the figures. The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures. For example, if the device in the figures is turned over, 
elements described as being “below' or “beneath other ele 
ments or features would then be oriented “above the other 
elements or features. Thus, the exemplary term “below can 
encompass both an orientation of above and below. The appa 
ratus may be otherwise oriented (rotated 90 degrees or at 
other orientations) and the spatially relative descriptors used 
herein may likewise be interpreted accordingly. 
0017 FIG. 1 is a flowchart of a method for performing a 
stress-memorization technique on a FinFET according to 
aspects of the present disclosure. FIGS. 2a, 2b, 5a, 6a, 7a, 8, 
and 9 are diagrammatic perspective views of a FinFET pre 
cursor according to embodiments of the present disclosure. 
FIGS. 3a, 3b, 4, 5b, 6b, 7b, and 10 are sectional views of a 
FinFET precursor according to embodiments of the present 
disclosure. The method 100 and the FinFET precursor 200 are 
collectively described with reference to FIG. 1 through FIG. 
10. It is understood that additional steps can be provided 
before, during, and after the method 100, and some of the 
steps described can be replaced or eliminated for other 
embodiments of the method. 
(0018. The method 100 begins at block 102 where a Fin 
FET precursor 200 suitable for a stress-memorization tech 
nique (SMT) is received. As illustrated in FIG. 2a, the pre 
cursor 200 includes a substrate 202. The substrate 202 may be 
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a bulk silicon substrate. Alternatively, the substrate 202 may 
comprise an elementary semiconductor, Such as silicon or 
germanium in a crystalline structure; a compound semicon 
ductor, Such as silicon germanium, silicon carbide, gallium 
arsenic, gallium phosphide, indium phosphide, indium ars 
enide, and/or indium antimonide; or combinations thereof. 
Possible substrates 202 also include a silicon-on-insulator 
(SOI) substrate. SOI substrates are fabricated using separa 
tion by implantation of oxygen (SIMOX), wafer bonding, 
and/or other suitable methods. 

0019. Some exemplary substrates 202 include an insulator 
layer. The insulator layer comprises any Suitable material, 
including silicon oxide, Sapphire, other Suitable insulating 
materials, and/or combinations thereof. An exemplary insu 
lator layer may be a buried oxide layer (BOX). The insulator 
is formed by any Suitable process, such as implantation (e.g., 
SIMOX), oxidation, deposition, and/or other suitable pro 
cess. In some exemplary FinFET precursors 200, the insulator 
layer is a component (e.g., layer) of a silicon-on-insulator 
substrate. 

0020. The substrate 202 may include various doped 
regions depending 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; n-type 
dopants, such as phosphorus or arsenic; or combinations 
thereof. The doped regions may be formed directly on the 
substrate 202, in a P-well structure, in an N-well structure, in 
a dual-well structure, or using a raised structure. The semi 
conductor substrate 202 may further include various active 
regions, such as regions configured for an N-type metal 
oxide-semiconductor transistor device and regions config 
ured for a P-type metal-oxide-semiconductor transistor 
device. 

0021. A fin structure 204 is formed on the substrate 202. In 
some embodiments, the precursor 200 comprises more than 
one fin structures 204. The fin structure 204 is formed by any 
Suitable process including various deposition, photolithogra 
phy, and/or etching processes. An exemplary photolithogra 
phy process includes forming a photoresist layer (resist) over 
lying the Substrate (e.g., on a silicon layer), exposing the resist 
to a pattern, performing a post-exposure bake process, and 
developing the resist to form a masking element including the 
resist. The masking element is then used to etch the fin struc 
ture into the silicon layer. Area not protected by the masking 
element is etched using reactive ion etching (RIE) processes 
and/or other suitable processes. In an example, the silicon fin 
204 is formed by patterning and etching a portion of the 
silicon substrate 202. In another example, the fin structure 
204 is formed by patterning and etching a silicon layer depos 
ited overlying an insulator layer (for example, an upper sili 
con layer of a silicon-insulator-silicon stack of an SOI sub 
strate). As an alternative to traditional photolithography, the 
fin structure 204 can beformed by a double-patterning lithog 
raphy (DPL) process. DPL is a method of constructing a 
pattern on a Substrate by dividing the pattern into two inter 
leaved patterns. DPL allows enhanced feature (e.g., fin) den 
sity. Various DPL methodologies include double exposure 
(e.g., using two mask sets), forming spacers adjacent features 
and removing the features to provide a pattern of spacers, 
resist freezing, and/or other Suitable processes. It is under 
stood that multiple parallel fin structures 204 may be formed 
in a similar manner. 

0022 Suitable materials for forming the fin structure 204 
include silicon and silicon germanium. In some embodi 
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ments, the fin structure 204 includes a capping layer disposed 
on the fins, such as a silicon capping layer. The fin structure 
204 may also include various doped regions. For example, 
various doped regions can comprise lightly doped source? 
drain (LDD) regions and Source? drain (S/D) regions (also 
referred to as heavily doped S/D regions). An implantation 
process (i.e., a junction implant) is performed to form S/D 
regions. The implantation process utilizes any Suitable dop 
ing species. The doping species may depend on the type of 
device being fabricated, such as an NMOS or PMOS device. 
For example, the S/D regions are doped with p-type dopants, 
Such as boron or BF, n-type dopants, such as phosphorus or 
arsenic; and/or combinations thereof. The S/D regions may 
comprise various doping profiles. One or more annealing 
processes may be performed to activate the S/D regions. The 
annealing processes comprise rapid thermal annealing (RTA) 
and/or laser annealing processes. 
0023 Exemplary isolation regions 206 are formed on the 
substrate 202 to isolate active regions of the substrate 202. 
The isolation region 206 utilizes isolation technology, such as 
shallow trench isolation (STI), to define and electrically iso 
late the various regions. The isolation region 206 comprises 
silicon oxide, silicon nitride, silicon oxynitride, an air gap, 
other suitable materials, or combinations thereof. The isola 
tion region 206 is formed by any suitable process. As one 
example, the formation of an STI includes a photolithography 
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. The trenches may be 
partially filled, as in the present embodiment, where the sub 
strate remaining between trenches forms a fin structure. In 
Some examples, the filled trench may have a multi-layer struc 
ture such as a thermal oxide liner layer filled with silicon 
nitride or silicon oxide. 

0024. One or more gate structures 208 are formed over the 
substrate 202, including over a portion of the fin structure 
204. The gate structure 208 comprises a gate Stack and may 
include a sealing layer and other Suitable structures. The gate 
stack has an interfacial layer 210, a gate dielectric layer 212, 
a gate electrode layer 214, and a hard mask layer 216. It is 
understood that the gate stack may comprise additional layers 
Such as interfacial layers, capping layers, diffusion/barrier 
layers, dielectric layers, conductive layers, other Suitable lay 
ers, and/or combinations thereof. The interfacial layer 210 of 
the gate structure 208 is formed over the substrate 202 and fin 
structure 204. The interfacial layer 210 is formed by any 
Suitable process to any Suitable thickness. An exemplary 
interfacial layer 210 includes silicon oxide (e.g., thermal 
oxide or chemical oxide) and/or silicon oxynitride (SiON). 
(0025. The gate dielectric layer 212 is formed over the 
interfacial layer 210 by any suitable process. The gate dielec 
tric layer 212 comprises a dielectric material. Such as silicon 
oxide, silicon nitride, silicon oxynitride, high-k dielectric 
material, other Suitable dielectric material, and/or combina 
tions thereof. Examples of high-k dielectric material includes 
H?O, HfSiO, HfSiON, Hf TaO, HfTiO, Hf/ro, zirconium 
oxide, aluminum oxide, hafnium dioxide-alumina (H?O 
Al2O) alloy, other Suitable high-k dielectric materials, and/ 
or combinations thereof. 

0026. The gate electrode layer 214 is formed over the gate 
dielectric layer 212 by any suitable process. The gate elec 
trode layer 214 includes any suitable material. Such as poly 
silicon, aluminum, copper, titanium, tantulum, tungsten, 
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molybdenum, tantalum nitride, nickel silicide, cobalt silicide, 
TiN, WN, Tial, TiAIN, TaCN, TaC, TaSiN, metal alloys, 
other suitable materials, and/or combinations thereof. 
0027. The hard mask layer 216 is formed over the gate 
electrode layer 214 by any suitable process. The hard mask 
layer 216 comprises any suitable material, for example, sili 
con nitride, SiON. SiC. SiOC, spin-on glass (SOG), a low-k 
film, tetraethylorthosilicate (TEOS), plasma enhanced CVD 
oxide (PE-oxide), high-aspect-ratio-process (HARP) formed 
oxide, and/or other suitable material. 
0028. The gate stack of the gate structure 208 is formed by 
any suitable process or processes. For example, the gate stack 
can be formed by a procedure including deposition, photoli 
thography patterning, and etching processes. The deposition 
processes include chemical vapor deposition (CVD), physi 
cal vapor deposition (PVD), atomic layer deposition (ALD), 
high density plasma CVD (HDPCVD), metal organic CVD 
(MOCVD), remote plasma CVD (RPCVD), plasma 
enhanced CVD (PECVD), plating, other suitable methods, 
and/or combinations thereof. The photolithography pattern 
ing processes include photoresist coating (e.g., spin-on coat 
ing), Soft baking, mask aligning, exposure, post-exposure 
baking, developing the photoresist, rinsing, drying (e.g., hard 
baking), other Suitable processes, and/or combinations 
thereof. Alternatively, the photolithography exposing process 
is implemented or replaced by other proper methods such as 
maskless photolithography, electron-beam writing, and ion 
beam writing. The etching processes include dry etching, wet 
etching, and/or other etching methods (e.g., reactive ion etch 
ing). 
0029. The gate structure 208 may further include a gate 
spacer 218. The gate spacers 218, which are positioned on 
each side of the gate stack (on the sidewalls of the gate stack), 
may comprise a dielectric material. Such as silicon nitride, 
silicon carbide, silicon oxynitride, other Suitable materials, 
and/or combinations thereof. In some embodiments, the gate 
spacers 218 are used to offset subsequently formed doped 
regions, such as source/drain regions. The gate spacers 218 
may further be used for designing or modifying the source? 
drain region (junction) profile. 
0030 Referring now to FIG. 2b, in some embodiments, 
the FinFET precursor 200 includes a substrate 202 with an 
elevated device body 220 formed over the surface of the 
substrate. The elevated device body has source/drain regions 
222. In some embodiments, a source? drain region 222 is a 
Source region, and another source/drain region 222 is a drain 
region. Agate region 224 is located between the source/drain 
regions 222. A gate structure 208 is formed over the gate 
region 224 of the elevated device body 220. In FIG.2b, one 
gate structure 208 is not illustrated to better show the under 
lying gate region 224. Isolation regions 206 separate the 
elevated device bodies 220 from one another. 

0031. Once the FinFET precursor 200 is received, it under 
goes a stress-memorization technique (SMT) in blocks 104 
110. The SMT increases charge mobility through the channel. 
This leads to dramatic improvements in device performance. 
FinFETs having undergone SMT demonstrate higher drive 
strength for a given channel size and Supply Voltage. In brief, 
the method involves forming an SMT capping layer on the 
FinFET precursor 200. The FinFET 200 undergoes a pre 
amorphization implantation (PAI) which injects atoms into 
the fin structures 204 and disrupts the semiconductor lattice 
within the fin structures 204. A thermal annealing is per 
formed for re-crystallization. The SMT capping layer is 
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removed, yet the fin structures 204 retain the stress effects 
caused by the SMT. These retained effects may be referred to 
as stress-memorization, thus giving SMT its name. After the 
SMT is completed, further FinFET manufacturing steps may 
be performed. 
0032 Examining the SMT technique in more detail and 
referring to block 104 and FIGS. 3a and 3b, an SMT capping 
layer 300 is formed on the FinFET precursor 200 covering the 
fin structure 204, the gate structure 208, and, in some embodi 
ments, an exposed portion of the isolation region 206. The 
capping layer 300 includes silicon nitride or other suitable 
materials such as silicon oxide. The capping layer 300 may 
include a silicon nitride formed by a low pressure CVD 
(LPCVD), a silicon nitride formed by a plasma enhanced 
CVD (PECVD), tetraethyl orthosilicate formed by a CVD 
process, a silicon oxide formed by a high aspect ratio process 
(HARP), or another suitable material. In an embodiment, the 
capping layer 300 includes a thickness of about 230 ang 
stroms. In another embodiment, the capping layer 300 has a 
thickness ranging between about 200 angstroms and about 
2000 angstroms. 
0033 Referring to block 106 and FIG.4, once the capping 
layer 300 is applied, a pre-amorphization implantation (PAI) 
is performed. The PAI injects atoms into the fin structure 204 
in the Source/drain (S/D) regions. By introducing energetic 
doping species, such as Si, Ge. Ar., Xe, BFAS, and/or In into 
the S/D regions, the implantation damages the molecular 
lattice. This creates an amorphous region 400 within the 
semiconductor material of the fin structure 204 down to a 
depth 402. The depth 402 is determined according to design 
specifications and can be controlled by the PAI process 
implant energy, implant species, implantation angle and/or 
implant dosage. The fin structure 204 may undergo multiple 
implantations utilizing a variety of energies, species, angles 
and dosages. In one given embodiment, germanium (Ge) is 
the species implanted, and the implantation energy ranges 
between about 25 KeV and about 30 KeV. 
0034. In some embodiments, a patterned photoresist layer 
may be utilized to define where the amorphous region 400 is 
formed and to protect other regions of the FinFET 200 from 
implantation damage. For example, the patterned photoresist 
layer exposes the fin structures 204, such that the source/drain 
regions are exposed to the PAI process (forming amorphous 
region 400) while the gate structure 208 (and other portions of 
the FinFET 200) are protected from the PAI process. Alter 
natively, a patterned hard mask layer, such as a SiN or SiON 
layer, is utilized to define the amorphous region 400. The 
patterned photoresist layer or the patterned hard mask layer 
may be the hard mask layer 216. Reusing the hard mask layer 
216 already in place may reduce cost and manufacturing time. 
0035. At block 108, an annealing process is performed on 
the FinFET precursor 200. When properly performed, the 
annealing process retains the channel stress effects caused by 
the capping layer 300 even in the absence of the layer 300. 
The annealing process re-crystallizes the amorphous regions 
created during the PAI. However, the stress during annealing 
prevents uniform crystal formation. The re-crystallized 
region will contain irregularities such as regions that are 
locally uniform but exhibit misalignments with other regions. 
This misalignment may result in imperfections known as 
dislocations. 
0036. The annealing process may be a rapid thermal 
anneal (RTA) or a millisecond thermal anneal (MSA), such as 
a millisecond laser thermal anneal. In one embodiment, the 
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annealing process is implemented in a rapid thermal anneal 
ing (RTA) tool. In another embodiment, the annealing process 
is applied to the FinFET 200 with an annealing temperature 
ranging between about 2000° C. and about 1050° C. In 
another embodiment, the annealing process is applied to the 
semiconductor structure 200 with an annealing duration rang 
ing between about 5 seconds and about 30 seconds. The 
annealing process may include a long range pre-heat, which 
minimizes or even eliminates end of range (EOR) defects. 
Suitable ranges for the long range pre-heat range from about 
200° C. to about 700° C., and include other appropriate tem 
peratures and ranges. The long range pre-heat may be per 
formed for about 50 to about 300 seconds. In a particular 
embodiment, the long range pre-heat has a temperature of 
about 550° C. for about 180 seconds. 

0037. At block 110, the capping layer 300 is removed from 
the FinFET 200. The removal process may include a wet 
etching or a dry etching process. In one example of the Fin 
FET precursor 200 with a silicon nitride capping layer 300, 
the capping layer 300 is removed by an etching process 
involving phosphoric acid. In another example with a silicon 
oxide capping layer 300, the silicon oxide is etched away by 
a hydrofluoric acid (HF) or buffered HF. In another example, 
the silicon oxide capping layer 300 is removed by a CMP 
process. In some embodiments, it is beneficial to remove 
other layers, such as a mask layer, simultaneously while 
removing the capping layer 300. 
0038 Referring to FIGS. 5a-7b, due to the stress applied 
during SMT steps such as SMT layer deposition, implanta 
tion, and annealing, the fin structures 204 may contain dislo 
cations in the semiconductor lattice. Dislocations begin at a 
pinchoff point 500. The depth and location of the pinchoff 
point 500 is set according to design specifications and is a 
function of the pre-amorphization implantation and the 
annealing process. From the pinchoff point, the dislocation 
propagates along one or more planes. For clarity in illustrat 
ing the planes, the capping layer 300 is not shown in FIGS. 
5a-7b. The planes are described with reference to the longi 
tudinal axis 502 and transverse axis 504 axis of the fin struc 
ture 204. One exemplary plane is illustrated by plane 506. 
Plane 506 runs parallel to the longitudinal axis 502 of the fin 
structure 204 but is directed towards the surface of the sub 
strate 202. In some embodiments, plane 506 corresponds to a 
111 Miller index. Such a plane 506 intersects the surface of 
the substrate 202 at about a 55-degree angle. Likewise, plane 
508 is similarly parallel to the longitudinal axis 502 of the fin 
structure 204 and directed towards the surface of the substrate 
202. In some embodiments, plane 508 intersects the surface 
of the substrate 202 at about a 55-degree angle. A further 
exemplary plane is plane 600, which is parallel to the surface 
of the substrate 202 and parallel to both the longitudinal axis 
502 and transverse axis 504. Plane 700 lies parallel to the 
transverse axis 504 of the fin structure 204 but angles towards 
the surface of the substrate 202. These exemplary planes are 
not intended to be limiting, and a fin structure 204 may 
possess dislocations along any one or more of these planes. 
0039. In some embodiments, after the FinFET precursor 
200 undergoes a stress-memorization technique, secondary 
source/drain (S/D) regions may be formed. To do so, in block 
112, the fin structure 204 may be partially removed as illus 
trated in FIG. 8. Any suitable amount of material may be 
removed. However, the amount removed has an effect on the 
presence of memorized stress in the secondary source/drain 
regions that will be formed later. Thus, the depth can be 
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tailored to create or remove desired stress effects and dislo 
cations within the secondary S/D regions and to control other 
characteristics of the device channel. 

0040. Removing a portion of the fin structure 204 may 
include forming a photoresist layer or a capping layer(such as 
an oxide capping layer) over the FinFET precursor 200, pat 
terning the photoresist or capping layer to have openings that 
expose the S/D regions of the fin structure 204, and etching 
back material from the fin structure 204. In the depicted 
embodiment, the fin structure 204 is etched by a dry etching 
process. Alternatively, the etching process is a wet etching 
process, or combination dry and wet etching process. 
Removal may include a lithography process to facilitate the 
etching process. The lithography process may include photo 
resist coating (e.g., spin-on coating), Soft baking, mask align 
ing, exposure, post-exposure baking, developing the photo 
resist, rinsing, drying (e.g., hard baking), other Suitable 
processes, or combinations thereof. Alternatively, the lithog 
raphy process is implemented or replaced by other methods, 
Such as maskless photolithography, electron-beam writing, 
and ion-beam writing. In yet another alternative, the lithog 
raphy process could implement nanoimprint technology. 
0041 Referring to block 114 and FIG. 9, secondary 
source/drain (S/D) regions 900 are formed over the S/D 
regions of the fin structure 204. The secondary S/D regions 
900 may be formed by one or more epitaxy or epitaxial (epi) 
processes, such that Si features, SiGe features, and/or other 
suitable features can beformed in a crystalline state on the fin 
structure 204. The epitaxy processes include CVD deposition 
techniques (e.g., vapor-phase epitaxy (VPE) and/or ultra 
high vacuum CVD (UHV-CVD)), molecular beam epitaxy, 
and/or other suitable processes. The epitaxy process may use 
gaseous and/or liquid precursors, which interact with the 
composition of the fin structure 204 (e.g., silicon). Thus, a 
strained channel can be achieved to increase carrier mobility 
and enhance device performance. The secondary S/D regions 
900 may be in-situ doped. The doping species include p-type 
dopants, such as boron or BF; n-type dopants, such as phos 
phorus or arsenic; and/or other Suitable dopants including 
combinations thereof. If the secondary S/D regions 900 are 
not in-situ doped, a second implantation process (i.e., a junc 
tion implant process) is performed to dope the secondary S/D 
regions 900. One or more annealing processes may be per 
formed to activate the S/D regions 900. The annealing pro 
cesses comprise rapid thermal annealing (RTA) and/or laser 
annealing processes. 
0042. The changes to the semiconductor lattice of the fin 
structure 204 caused by the stress-memory technique may 
propagate to the secondary S/D regions 900 which are formed 
on the fin structure 204. Thus, the S/D regions 900 may 
possess stress effects including dislocations along one or 
more planes as illustrated in FIG. 10. One exemplary plane is 
illustrated by plane 506. Plane 506 runs parallel to the longi 
tudinal axis 502 of the fin structure 204 but is directed towards 
the surface of the substrate 202. In some embodiments, plane 
506 corresponds to a 111 Miller index. Such a plane 506 
intersects the surface of the substrate 202 at about a 55-degree 
angle. Likewise, plane 508 is similarly parallel to the longi 
tudinal axis 502 of the fin structure 204 and directed towards 
the surface of the substrate 202. In some embodiments, plane 
508 intersects the surface of the substrate 202 at about a 
55-degree angle. A further exemplary plane, plane 600 is 
aligned parallel to the surface of the substrate 202 and parallel 
to both the longitudinal axis 502 and transverse axis 504 of 
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the fin structure 204. Plane 700 lies parallel to the transverse 
axis 504 of the fin structure 204 but angles towards the surface 
of the substrate 202. These exemplary planes are not intended 
to be limiting, and a secondary S/D region 900 may possess 
dislocations along any one or more of these planes. 
0043. Referring to block 116, the FinFET 200 may 
undergo further CMOS or MOS technology processing to 
form various features known in the art. For example, a clean 
ing process may be performed to prepare the surface for S/D 
contact formation (e.g., S/D silicide formation). Subsequent 
processing may form various contacts/vias/lines and multi 
layer interconnect features (e.g., metal layers and interlayer 
dielectrics) on the substrate 202, configured to connect the 
various features or structures of the FinFET 200. The addi 
tional features may provide electrical interconnection to the 
device including the formed gate structures. For example, a 
multilayer interconnection includes vertical interconnects, 
Such as conventional vias or contacts, and horizontal inter 
connects, such as metal lines. The various interconnection 
features may implement various conductive materials includ 
ing copper, tungsten, and/or silicide. In one example, a dama 
scene and/or dual damascene process is used to form a copper 
related multilayer interconnection structure. 
0044 Thus, the present invention provides a method for 
performing a stress memorization technique (SMT) on a Fin 
FET and provides a FinFET with stress effects including 
multi-planar dislocations. In one embodiment, the method 
includes: receiving a FinFET precursor comprising: a Sub 
strate; a fin structure formed on the Substrate; an isolation 
region formed on the Substrate and isolating the fin structure; 
and a gate Stack formed over a portion of the fin structure, 
thereby separating a source region of the fin structure from a 
drain region of the fin structure and creating a gate region 
therebetween; forming a stress-memorization technique 
(SMT) capping layer over at least a portion of each of the fin 
structures, the isolation region, and the gate stack; performing 
a pre-amorphization implant on the FinFET precursor by 
implanting an energetic doping species; performing an 
annealing process on the FinFET precursor; and removing the 
SMT capping layer. 
0045. In a further embodiment, the semiconductor device 
comprises: a Substrate having a surface; a fin structure formed 
over the surface of the substrate, the fin structure having an 
elongated body, a longitudinal axis, and a transverse axis 
parallel to the surface of the substrate, wherein the fin struc 
ture has a dislocation; an isolation region formed on the 
Surface of the Substrate and isolating the fin structure; and a 
gate stack formed over a portion of the fin structure, thereby 
separating a source region of the fin structure and a drain 
region of the fin structure and creating gate region of the fin 
structure therebetween. 

0046. In yet another embodiment, the semiconductor 
device comprises: a Substrate having a surface; an elevated 
device body formed over the surface of the substrate, the 
elevated device body comprising a drain region, a source 
region, and a gate region located between the drain and Source 
regions, wherein the elevated device body has a longitudinal 
axis and a transverse axis parallel to the Surface of the Sub 
strate; a dislocation formed within the elevated device body; 
an isolation region formed on the Surface of the Substrate and 
isolating the elevated device body; and a gate stack formed 
over a portion of the gate region of the elevated device body. 
0047. The foregoing outlines features of several embodi 
ments so that those skilled in the art may better understand the 
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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 method of manufacturing a semiconductor device 

comprising: 
receiving a FinFET precursor comprising: 

a Substrate; 
a fin structure formed on the substrate; 
an isolation region formed on the Substrate and isolating 

the fin structure; and 
a gate Stack formed over a portion of the fin structure, 

thereby separating a source region of the fin structure 
from a drain region of the fin structure and creating a 
gate region of the fin structure therebetween; 

forming a stress-memorization technique (SMT) capping 
layer over at least a portion of each of the fin structure, 
the isolation region, and the gate stack; 

performing a pre-amorphization implant on the FinFET 
precursor by implanting an energetic doping species; 

performing an annealing process on the FinPET precursor, 
and 

removing the SMT capping layer. 
2. The method of claim 1, the method further comprising: 
removing a portion of the fin structure; and 
thereafter forming a secondary Source? drain region on top 

of the fin structure. 
3. The method of claim 2, wherein the removing the portion 

of the fin structure is performed to a specific depth, and 
wherein the specific depth is selected to control the presence 
of stress effects in the secondary Source/drain region. 

4. The method of claim 1, the method further comprising 
performing a manufacturing process on the FinFET precursor 
following removing the SMT capping layer. 

5. A semiconductor device comprising: 
a Substrate having a surface; 
a fin structure formed over the surface of the substrate, the 

fin structure having an elongated body, a longitudinal 
axis, and a transverse axis parallel to the Surface of the 
Substrate, wherein the fin structure has a dislocation; 

an isolation region formed on the Surface of the Substrate 
and isolating the fin structure; and 

a gate stack formed over a portion of the fin structure, 
thereby separating a source region of the fin structure 
and a drain region of the fin structure and creating gate 
region of the fin structure therebetween. 

6. The semiconductor device of claim 5, wherein: 
the dislocation is a first dislocation; 
the semiconductor device further comprises a second dis 

location formed within the fin structure; and 
the first dislocation and the second dislocation are not 

coplanar. 
7. The semiconductor device of claim 5, wherein the dis 

location is parallel to the surface of the substrate. 
8. The semiconductor device of claim 5, wherein the dis 

location is parallel to the longitudinal axis of the correspond 
ing fin structure and extends in the direction of the Substrate. 
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9. The semiconductor device of claim 5, wherein the dis 
location is parallel to the transverse axis of the corresponding 
fin structure and extends in the direction of the substrate. 

10. The semiconductor device of claim 5, wherein the fin 
structure comprises a first fin portion and a second fin portion 
and wherein the second fin portion is a secondary source? 
drain region. 

11. The semiconductor device of claim 10, wherein the 
dislocation is formed entirely within the second fin portion. 

12. The semiconductor device of claim 10, wherein the 
dislocation is formed within the first fin portion and the sec 
ond fin portion. 

13. A semiconductor device comprising: 
a Substrate having a surface; 
an elevated device body formed over the surface of the 

Substrate, the elevated device body comprising a drain 
region, a source region, and a gate region located 
between the drain and Source regions, wherein the 
elevated device body has a longitudinal axis and a trans 
verse axis parallel to the surface of the substrate; 

a dislocation formed within the elevated device body; 
an isolation region formed on the Surface of the Substrate 

and isolating the elevated device body; and 
a gate stack formed over a portion of the gate region of the 

elevated device body. 
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14. The semiconductor device of claim 13, wherein: 
the dislocation is a first dislocation; 
the semiconductor device further comprises a second dis 

location formed within the elevated device body; 
the first dislocation and the second dislocation are formed 

within the same of the drain region, the source region, 
and the gate region of the elevated device body; and 

the first dislocation and the second dislocation are not 
coplanar. 

15. The semiconductor device of claim 13, wherein the 
dislocation is parallel to the surface of the substrate. 

16. The semiconductor device of claim 13, wherein the 
dislocation is parallel to the longitudinal axis of the corre 
sponding elevated device body and extends in the direction of 
the substrate. 

17. The semiconductor device of claim 13, wherein the 
dislocation is parallel to the transverse axis of the correspond 
ing elevated device body and extends in the direction of the 
substrate. 

18. The semiconductor device of claim 13, wherein the 
dislocation is formed entirely within the source region of the 
elevated device body. 

19. The semiconductor device of claim 13, wherein the 
dislocation is formed entirely within the drain region of the 
elevated device body. 

20. The semiconductor device of claim 13, wherein the 
dislocation is formed within the gate region and one of the 
Source region and the drain region of the elevated device 
body. 


