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SOURCE AND DRAIN DISLOCATION The variations of the embodiments are discussed . Through 
FABRICATION IN FINFETS out the various views and illustrative embodiments , like 

reference numbers are used to designate like elements . 
FIG . 1 illustrates a brief process flow for forming FinFET 

Matter enclosed in heavy brackets [ ] appears in the 5 440 , which is illustrated in FIG . 14A ( a perspective view ) , 
original patent but forms no part of this reissue specifica and in FIGS . 13A - 13C and 14B ( cross - sectional views ) . 
tion ; matter printed in italics indicates the additions FIGS . 15A and 15B illustrate the perspective view and the 
made by reissue ; a claim printed with strikethrough cross - sectional view , respectively , of FinFETs 440 in accor 
indicates that the claim was canceled , disclaimed , or held dance alternative embodiments . FIGS . 14A and 15A , lines 
invalid by a prior post - patent action or proceeding . 10 X - X , Y - Y , and Z - Z , which are perpendicular to each other , 

are illustrated . Unless specified otherwise , throughout the 
description , the cross - sectional views in FIGS . 2A through 

This application is a reissue application of U.S. Pat . No. 13C are obtained from the planes crossing lines X - X , Y - Y , 
8,866,235 . and Z - Z in FIGS . 14A and 15A , wherein the cross - sectional 

15 views of the figures whose figure numbers include the letter 
BACKGROUND “ A ” are obtained from the planes formed of lines Y - Y and 

Z - Z , which planes are referred to as Y - Z planes . The Y - Z 
To enhance the performance of metal - oxide - semiconduc planes extend along the fin - width directions . The cross 

tor ( MOS ) devices , stresses may be introduced into the sectional views of the figures whose figure numbers include 
channel regions of the MOS devices to improve carrier 20 the letter “ B ” are obtained from the planes formed of lines 
mobility . Generally , it is desirable to induce a tensile stress X - X and Z - Z , which planes are referred to as X - Z planes . 
in the channel region of an n - type MOS ( “ NMOS ” ) device The X - Z planes extend in the fin - length directions . Unless 
in a source - to - drain direction , and to induce a compressive specified otherwise , the cross - sectional views of the figures 
stress in the channel region of a p - type MOS ( “ PMOS ” ) whose figure numbers include the letter “ C ” are obtained 
device in a source - to - drain direction . Techniques for 25 from the planes formed of lines X - X and Y - Y , which planes 
improving the stresses in the MOS devices are thus are referred to as X - Y planes . The Figures whose name 
explored . include letter “ C ” also illustrate top views . Furthermore , for 

clarity , each of FIGS . 14A and 15A illustrates that FinFET 
BRIEF DESCRIPTION OF THE DRAWINGS 440 includes one semiconductor fin , while in reality , each of 

30 FinFETs 440 may include a plurality of semiconductor fins , 
For a more complete understanding of the embodiments , as illustrated the cross - sectional views in FIGS . 14B and 

and the advantages thereof , reference is now made to the 15B . 
following descriptions taken in conjunction with the accom Referring to FIGS . 2B , and 2C , semiconductor sub 
panying drawings , in which : strate 110 , which is a portion of wafer 100 , is provided . The 

FIG . 1 illustrates a flow chart in the fabrication of a Fin 35 respective step is shown as step 11 in FIG . 1. In some 
Field - Effect Transistor ( FinFET ) comprising dislocation embodiments , semiconductor substrate 110 includes silicon . 
planes in source and drain regions ; Other commonly used materials such as carbon , germanium , 

FIGS . 20 through 13C are cross - sectional views , top gallium , arsenic , nitrogen , indium , and / or phosphorus may 
views , and perspective views of intermediate stages in the also be included in semiconductor substrate 110. Semicon 
manufacturing of FinFET in accordance with some exem- 40 ductor substrate 110 may be a bulk silicon substrate in 
plary embodiments ; accordance with some embodiments . A top portion of semi 

FIGS . 14A and 14B illustrate a perspective view and a conductor substrate 110 is implanted ( arrows 140 ) to form 
cross - sectional view , respectively , of a FinFET in accor doped region 130 , which implantation step may be used to 
dance with some exemplary embodiments , wherein source adjust the threshold voltage of the resulting FinFET 440 , 
and drain regions and the dislocation planes extend into the 45 and / or form a well region . In some embodiments , the 
regions left by removed Shallow Trench Isolation ( STI ) implanted dopant is of p - type ( such as B or BF2 ) , and the 
regions ; and impurity concentration may be between about 1x1017 / cm3 

FIGS . 15A and 15B illustrate a perspective view and a and about 5x10cm . Alternatively , the implanted dopant 
cross - sectional view , respectively , of a FinFET in accor is of n - type , with the impurity concentration in the similar 
dance with some alternative exemplary embodiments , 50 range . It is appreciated , however , that the values recited 
wherein source and drain regions comprise end portions of throughout the description are merely examples , and may be 
semiconductor fins and semiconductor capping layers changed to different values . 
formed thereon . Referring to FIGS . 3A , 3B , and 3C , doped region 130 is 

etched to form fin structures 150. The respective step is 
DETAILED DESCRIPTION OF ILLUSTRATIVE 55 shown as step 12 in FIG . 1. The etching step is represented 

EMBODIMENTS by arrows 141 , which etching step may be an anisotropic 
etching step , and may also be a dry etching step . Openings 

The making and using of the embodiments of the disclo 153 are formed between fin structures 150. Fin structures 
sure are discussed in detail below . It should be appreciated , 150 have longitudinal directions in the X directions , which 
however , that the embodiments provide many applicable 60 are perpendicular to the illustrated Y and Z directions ( also 
inventive concepts that can be embodied in a wide variety of refer to FIG . 3B ) . In some embodiments , the bottom surfaces 
specific contexts . The specific embodiments discussed are of openings 153 are higher than the bottom surface of doped 
illustrative , and do not limit the scope of the disclosure . region 130. The portions of doped regions 130 overlapped 
A Fin Field - Effect Transistor ( FinFET ) with dislocation by openings 153 are referred to as fin - bottom - regions 151 

planes therein and the method of forming the same are 65 hereinafter . Fin width W1 of fin structures 150 may be 
provided in accordance with various embodiments . The between about 2 nm and about 15 nm , or greater than about 
intermediate stages of forming the FinFET are illustrated . 15 nm . The fin height is illustrated as H1 . Ratio H1 / W1 is 
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relatively high , for example , in the range between about 12/1 FIG . 1. In some embodiments , gate spacers 240 include a 
and about 1/1 . In the top view in FIG . 3C , portions 150 and silicon oxide layer on a silicon nitride layer , although other 
151 are shown as having alternating patterns . dielectric materials may be used . 

Referring to FIGS . 4A , 4B , and 4C , dielectric layer 170 , FIG . 7D illustrate a perspective view of the structure in 
which may form Shallow Trench Isolation ( STI ) regions , is 5 FIGS . 6A - 6C . For clarity , one of fin structures 150 is 
formed . Throughout the description , portions of dielectric illustrated , although a plurality of fin structure 150 may 
layer 170 are referred to as STI regions 170. The respective exist , as in FIG . 7A . Furthermore , gate spacers 240 are not 
step is shown as step 13 in FIG . 1. STI regions 170 may shown in FIG . 7D , although gate spacers 240 have been 
comprise silicon oxide or other dielectric materials . Thick formed in this step . It is shown that gate dielectric 175 and 
ness T1 of STI regions 170 may be greater than about 3 nm . 10 gate electrode 180 are formed on the middle portions of fin 
Thickness T1 , however , is also controlled not to be too high , 155. Furthermore , gate dielectric 175 and gate electrode 180 
so that some portions of STI regions 170 may be etched extend on , and cover , some portions of STI regions 170 . 
through easily in subsequent processes . For example , thick Some other portions of STI regions 170 , however , are not 
ness T1 may be smaller than about 20 nm . In some embodi covered by gate dielectric 175 , gate electrode 180 , and gate 
ments , STI regions 170 are formed using a method selected 15 spacers 240 , and are exposed . 
from Chemical Vapor Deposition ( CVD ) , Atomic Layer FIGS . 8A through 9C and 9C ' are steps for enlarging 
Deposition ( ALD ) , Physical Vapor Deposition ( PVD ) , and source and drain regions . In FIGS . 8A , 8B , and 8C , fin 
the like . In some exemplary embodiments , the formation of structures 150 are recessed ( FIGS . 8B and 8C ) in etching 
STI regions 170 includes filling the entireties of openings step 260 , which may be a dry etching , for example . The 
153 with a dielectric material , performing a Chemical 20 respective step is shown as step 17 in FIG . 1. As the result 
Mechanical Polish ( CMP ) to level the top surface of the of the recessing step , as shown in FIG . 8B , recesses 270 are 
dielectric material , and recessing the dielectric material to formed ( compare to FIG . 7B ) by etching fin structures 150 
form STI regions 170. Throughout the description , the to the level marked as 280 , wherein level 280 may be lower 
portions of fin structures 150 over the top surface of STI than ( or level with or higher than ) the top surface of STI 
regions 170 are referred to as semiconductor fins 155. As 25 regions 170. In addition , as shown in FIG . 8C , after the 
shown in FIGS . 4A and 4C , some lower portions of fin recessing of fin structures 150 , the exposed portions of STI 
structures 150 are encircled by STI regions 170 . regions 170 in FIG . 7C ( also compare to FIGS . 7C and 7D ) 

Referring to FIGS . 5A , 5B , and 5C , gate dielectric layer are also etched through , so that the underlying semiconduc 
175 and gate electrode layer 180 are formed . The respective tor portions 151 ( refer to the marking in FIG . 3A ) are 
step is shown as step 14 in FIG . 1. As shown in FIG . 5A , gate 30 exposed . As shown in FIG . 8C , in the top view , the exposed 
dielectric layer 175 and gate electrode layer 180 are depos portions of the semiconductor materials including portions 
ited on the sidewalls and top surfaces of semiconductor fins 150 and 151 that form continuous semiconductor regions . 
155. The formation methods for both gate dielectric layer The top surfaces of portions 150 and 151 may also be 
175 and gate electrode layer 180 may include CVD , ALD , substantially flat . One of the continuous semiconductor 
PVD , or other applicable deposition methods . Gate dielec- 35 regions is on the source side , and the other is on the drain 
tric layer 175 may include a TiN capping layer ( not shown ) , side . Fin structures 150 and fin - bottom - regions 151 are 
which is formed on the sidewalls of fins 155. Other dielectric illustrated using dashed lines since they may not be clearly 
material such as silicon oxide , silicon nitride , high - k dielec distinguished from each other . 
tric materials , or the like , may also be used to form gate In some other embodiments , the recessing step for form 
dielectric layer 175. As shown in FIGS . 5B and 5C , gate 40 ing recesses 270 ( FIGS . 8A - 8C ) are not preformed . Further 
dielectric layer 175 and gate electrode layer 180 are formed more , STI regions 170 are not etched . The skipping of this 
as blanket layers covering the entire structures . In FIG . 5C , step corresponds to FinFET 440 in FIGS . 15A and 15B . 
gate dielectric layer 175 and gate electrode layer 180 are Referring to FIGS . 9A , 9B , and 9C , semiconductor cap 
illustrated as slightly offset from each other , although gate ping layer 271 is formed over the top surface of the exposed 
electrode layer 180 covers the entirety of gate dielectric 45 semiconductor materials in FIGS . 8A - 8C . The respective 
layer 175 . step is shown as step 18 in FIG . 1. Semiconductor capping 

Referring to FIGS . 6A , 6B , and 6C , gate dielectric layer layer 271 may be formed of a semiconductor material 
175 and gate electrode layer 180 are patterned to form a gate similar to ( which may be identical to ) the semiconductor 
structure including gate dielectric 175 and gate electrode material of substrate 110. For example , when substrate 110 
180 , respectively . The respective step is shown as step 15 in 50 is a silicon substrate , semiconductor capping layer 271 may 
FIG . 1. As shown in FIG . 6C , which is a top view , gate be formed of silicon . Alternatively , semiconductor capping 
dielectric 175 and gate electrode 180 covers the middle layer 271 is formed of a semiconductor material ( such as 
portions of fins 155 , wherein the opposite end portions are silicon germanium or silicon carbon ) similar to , but different 
not covered . Next , an implantation 220 may be performed to from , that of substrate 110. For example , semiconductor 
form source and drain regions 152 in the exposed portions 55 capping layer 271 and substrate 110 may have a lattice 
of fin structures 150. In alternative embodiments , implan mismatch smaller than about 6 percent . As shown in FIG . 
tation step 220 is skipped . Throughout the description , the 9C , semiconductor capping layer 271 may be interconnected 
term “ source / drain ” is used to refer to a source region or a as continuous semiconductor regions . Fin structures 150 and 
drain region . In some embodiments , source and drain fin - bottom - regions 151 are illustrated using dashed lines 
regions 152 are of p - type ( when the resulting FinFET is a 60 since they are under semiconductor capping layer 271 . 
p - type FinFET ) or n - type ( when the resulting FinFET is an When the step shown in FIG . 8A - 8C is skipped , semi 
n - type FinFET ) . The impurity concentration in source and conductor capping layer 271 is grown from the sidewalls 
drain regions 152 may be between about 1x1018 / cm and and the top surfaces of fin structures 150 in FIG . 7. FIG . 9C ' 
about 3x1021 / cm3 . illustrates the top view of the respective structure . Fin 

FIGS . 7A , 7B , and 7C illustrate the formation of gate 65 structures 150 and STI regions 170 are illustrated using 
spacers 240 on the sidewalls of gate dielectric 175 and gate dashed lines since they are under semiconductor capping 
electrode 180. The respective step is shown as step 16 in layer 271. FIG . 15A illustrates a perspective view of a 
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portion of the structure , which includes one fin structure 150 planes 157 are planes that extend in the longitudinal direc 
and the overlying semiconductor capping layer 271. As tion of gate electrode 180 , which is also the Y direction in 
shown in FIG . IC , in some embodiments , fin structures 150 FIGS . 14A and 15A . 
are close to each other , and hence portions of semiconductor Next , an etch step is performed , and strained capping 
capping layer 271 grown from different fin structures 150 5 layer 181 is removed . In the embodiments in which the step 
merge with each other to form the continuous semiconductor in FIGS . 8A - 8C is skipped , the resulting structure is shown 
capping layer 271. In these embodiments , however , there are in FIGS . 15A and 15B . Otherwise , the resulting structure is 
portions of STI regions 170 underlying semiconductor cap shown in FIGS . 13A - 13C , 14A , and 14B . 
ping layer 271 , as illustrated by dashed lines . As also shown in FIGS . 13A , 13B , and 13C , a first epitaxy 

Referring to FIGS . 10A , 10B , and 10C , Pre - Amorphiza- 10 is performed to form un - doped epitaxy semiconductor layers 
tion Implantation ( PAI , also sometimes referred to as pre 290 on fin structures 150. Un - doped epitaxy semiconductor 
amorphous implantation ) 261 is performed on the structure layers 290 are free from p - type and n - type impurities . In 
shown in FIGS . 8A - 8C . The respective step is shown as step some embodiments , un - doped epitaxy semiconductor layers 
19 in FIG . 1. In alternative embodiments , PAI 261 may be 290 may comprise silicon germanium or silicon carbon 
performed on the structures shown in FIGS . 9C ' , and the 15 when the respective FinFET 440 is a p - type FinFET or an 
respective resulting structure may be realized by one of skill n - type FinFET , respectively . Un - doped epitaxy semiconduc 
in the art with the teaching of the embodiments . In some tor layers 290 is used to reduce leakage currents between the 
embodiments , the PAI is performed using germanium , sili subsequently formed stressors 300 and fin structures 150 , 
con , or the like . The dosage may be between about 5x10141 wherein stressors 300 form the source and drain regions of 
cm² and about 3x1015 / cm² . The temperature of the respec- 20 FinFET 440 . 
tive wafer in the PAI may be between about –100 ° C. and A second epitaxy is performed to form stressors 300 on 
about -40 ° C. during the PAI . With a low implantation un - doped epitaxy semiconductor layers 290. Similarly , 
temperature , the damage caused by the PAI to the illustrated stressors 300 may comprise silicon germanium or silicon 
structure may be reduced . In alternative embodiments , the carbon when the respective FinFET 440 is a p - type FinFET 
implantation is performed at room temperatures . 25 or an n - type FinFET , respectively . Accordingly , stressors 
As a result of PAI 261 , as shown in FIG . 10B , amorphized 300 may apply a compressive stress or a tensile stress to the 

regions 272 are formed . Amorphized regions 272 may channel region of FinFET 440. Stressors 300 may be doped 
include semiconductor capping layer 271 ( FIGS . 9B and heavily with a p - type or an n - type impurity , wherein the 
9C ) , fin structures 150 , and some top portions of substrate doping concentration may be between about 5x101 / cm2 and 
110. The implanted portions of semiconductor capping layer 30 about 3x1021 / cm² . During the first and the second epitaxy 
271 and substrate 110 become amorphized regions 272 , steps , dislocation planes 157 grow into un - doped epitaxy 
which include amorphous silicon , and possibly some poly semiconductor layers 290 and stressors 300 , respectively . 
silicon grains . As shown in FIG . 10A , the portions of fin FIGS . 14A and 15A illustrate perspective views of Fin 
structures 150 underlying gate electrodes 180 are protected FET 440 in accordance with various embodiments . FIG . 
from the PAI , and remain to have a crystalline structure . 35 14A illustrates the perspective view of the structure in FIGS . 

Referring to FIGS . 11A , 11B , and 11C , strained capping 13A - 13C , wherein some of the components in FinFET 440 
layer 181 is performed on the structure shown in FIGS . are not denoted in detail . As shown in FIG . 14A , dislocation 
10A - 10C . The respective step is a part of step 20 in FIG . 1 . planes 157 are formed in regions 150 , 290 , and 300 , and may 
The materials of strained capping layer 181 may include extend to a level lower than the bottom surfaces of STI 
silicon nitride , titanium nitride , oxynitride , oxide , Site , SiC , 40 regions 170. Dislocation planes 157 further extend into 
SiON , and / or combinations thereof . Strained capping layer regions 290 and 300 ( FIG . 13B ) . Dislocation planes 157 
181 may have an inherent tensile stress or compressive have bottoms 158 , which may be lower than top surfaces 
stress . For example , when the resulting FinFET is a p - type 170A of STI region 170 , and lower than bottom surfaces 
FinFET , strained capping layer 181 may have an inherent 170B of STI regions 170. Dislocation planes 157 may also 
compressive stress . Conversely , when the resulting FinFET 45 comprise portions overlapped by gate spacers 240 , as shown 
is an n - type FinFET , strained capping layer 181 may have an in FIG . 13B . 
inherent tensile stress . The formation process of strained FIG . 14B illustrates a cross - sectional view of FinFET 
capping layer 181 is adjusted to tune the stress to a desirable 440 , wherein the cross - sectional view is obtained from the 
value . In some embodiments , strained capping layer 181 plane crossing lines Y -Y and Z - Z , which plane is referred 
includes a single layer . In other embodiments , strained 50 to as Y - Z plane . This plane crosses the source region or the 
capping layer 181 includes a plurality of sub layers . The drain region of FinFET 440 , rather than crosses the gate of 
formation methods may include ALD , CVD , PVD , or the FinFET 440. The range of dislocation planes 157 is marked . 
like . Furthermore , fins 155 are marked . Since fins 155 are in the 

Referring to FIGS . 12A , 12B , and 12C , an annealing is Y - Z plane , and are not in the Y ' - Z plane , fins 155 are shown 
performed to form dislocation planes 157 in amorphized 55 using dashed lines . 
regions 272 ( FIG . 11B ) . The respective step is also a part of In the embodiments shown in FIGS . 14A and 14B , 
step 20 in FIG . 1. The annealing may be performed using dislocation planes 157 are formed to improve the mobility of 
Rapid Thermal Anneal ( RTA ) , laser anneal , or other anneal the carriers in FinFET 440. Process may be adjusted to make 
methods . In some embodiment , the annealing is performed the bottoms 158 of dislocation planes 157 to be below the 
using spike RTA , with the annealing temperature between 60 top surface 170A of STI regions 170 ( FIGS . 13B and 14A ) , 
about 900 ° C. and about 1100 ° C. , for example . As a result so that the improvement in carrier mobility can be maxi 
of the annealing , amorphized regions 272 as in FIG . 11B are mized . Furthermore , depth D1 ( FIG . 13B ) of dislocation 
recrystallized with a memorized stress obtained from planes 157 , which depth D1 is measured from the top 
strained capping layer 181 . surface of fin structures 150 to the bottoms 158 of disloca 
As the result of the annealing , dislocation planes 157 65 tion planes 157 , may be between about 25 nm and about 55 

( FIG . 12B ) are also formed . Although illustrated as lines in nm . Proximity S1 ( FIG . 13B ) , which is the horizontal 
the cross - sectional view shown in FIG . 12B , dislocation distance between the edge of gate electrode 180 and the 
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bottoms 158 of dislocation planes 157 , may be between means , methods , or steps , presently existing or later to be 
about -4 nm and about +12 nm , for example . Experiments developed , that perform substantially the same function or 
have shown that with such depth D1 and proximity S1 , some achieve substantially the same result as the corresponding 
exemplary FinFETs 440 may have maximized stresses in embodiments described herein may be utilized according to 
their channel regions . 5 the disclosure . Accordingly , the appended claims are 

FIG . 15A illustrates the perspective view of the structure intended to include within their scope such processes , 
formed with step in FIGS . 8A - 8C and 13A - 13C skipped , machines , manufacture , compositions of matter , means , 
wherein some of the components in FinFET 440 are not methods , or steps . In addition , each claim constitutes a 
denoted in detail . In these embodiments , the original fin separate embodiment , and the combination of various claims 
structures 150 are not recessed , and semiconductor capping 10 and embodiments are within the scope of the disclosure . 
layer 271 are formed on the sidewalls and the top surfaces What is claimed is : 
of the opposite exposed end portions ( FIG . 7D ) of fin 1. A device comprising : 
structures 150. Layers 290 and 300 may not be formed in a first semiconductor fin over a substrate ; 
these embodiments , although they can also be formed . As a first gate dielectric on sidewalls of the first semicon 
shown in FIG . 15B , dislocation planes 157 are formed in fin 15 ductor fin ; 
structures 150 and semiconductor capping layer 271. Dis a first gate electrode over the first gate dielectric ; 
location planes 157 may be higher than the top surfaces of a first source / drain region on a side of the first gate 
STI regions 170. Experiments revealed that with such a electrode [ : ] , the first source / drain region comprising : 
position of the dislocation planes 157 , the stresses in the a semiconductor capping layer directly contacting the 
channel regions of some exemplary FinFETs 440 can be 20 first semiconductor fin , the semiconductor capping 
maximized . Again , the thickness of STI regions 170 in layer comprising a first material , wherein the first 
FIGS . 14A and 15A may be smaller than about 20 nm in material is different from a material of the substrate ; 
exemplary embodiments . a first semiconductor region over the semiconductor 

The embodiments of the present disclosure may be capping layer , wherein the first semiconductor 
applied to various types of FinFETs , including , and not 25 region comprises a second material different from 
limited to , depletion mode FinFETs , accumulation mode the first material ; and 
FinFETs , and the like . One of ordinary skill in the art will a second semiconductor region over a top and side of 
realize the respective structures . the first semiconductor region , the second semicon 

In accordance with embodiments , a device includes a ductor region comprising a third material different 
semiconductor fin over a substrate , a gate dielectric on 30 from the first material , wherein the second semicon 
sidewalls of the semiconductor fin , and a gate electrode over ductor region has a higher concentration of dopants 
the gate dielectric . A source / drain region is on a side of the than the semiconductor capping layer and the first 
gate electrode . A dislocation plane is in the source / drain semiconductor region ; 
region . a first dislocation plane in the first source / drain region ; 

In accordance with other embodiments , a device includes 35 and 
a semiconductor fin over a substrate , a gate dielectric on a Shallow Trench Isolation ( STI ) region comprising a first 
sidewalls of the semiconductor fin , a gate electrode over the portion overlapped by a portion of the first gate elec 
gate dielectric , and an STI region having a portion over trode , wherein the first dislocation plane comprises a 
lapped by a portion of the gate electrode and adjoining the first portion higher than a top surface of the STI region , 
semiconductor fin . A source region and a drain region are 40 and a second portion lower than the top surface of the 
disposed on opposite sides of the gate electrode , wherein the STI region . 
STI region is located substantially between the source region 2. The device of claim 1 , wherein the first dislocation 
and the drain region . A first dislocation plane extends into plane has a bottom higher than a bottom surface of the STI 
the source region . A second dislocation plane extends into region . 
the drain region . 3. The device of claim 1 further comprising : 

In accordance with yet other embodiments , a method a second semiconductor fin over the substrate and parallel 
includes forming a gate dielectric on sidewalls of a middle to the first semiconductor fin ; 
portion of a semiconductor fin , forming a gate electrode over a second gate dielectric on sidewalls of the second semi 
the gate dielectric , forming a source / drain region on a side conductor fin ; 
of the gate electrode , and forming a strained capping layer . 50 a second gate electrode over the second gate dielectric , 
The strained capping layer includes a portion overlapping wherein the first and the second gate electrodes are 
the gate electrode . After the step of forming the strained interconnected to form a continuous gate electrode ; 
capping layer , an annealing is performed to form a disloca a second source / drain region on a side of the second gate 
tion plane in a semiconductor material underlying the electrode , wherein the first and the second source / drain 
strained capping layer . After the annealing , the strained 55 regions are interconnected to form a continuous source / 
capping layer is removed . drain region ; and 

Although the embodiments and their advantages have a second dislocation plane in the second source / drain 
been described in detail , it should be understood that various region . 
changes , substitutions and alterations can be made herein 4. The device of claim 3 , wherein the STI region is free 
without departing from the spirit and scope of the embodi- 60 from substantial portions overlapped by the continuous 
ments as defined by the appended claims . Moreover , the source / drain region . 
scope of the present application is not intended to be limited 5. The device of claim 1 , wherein outer portions of the 
to the particular embodiments of the process , machine , first dislocation plane farther away from the first gate 
manufacture , and composition of matter , means , methods electrode are higher than inner portions of the first disloca 
and steps described in the specification . As one of ordinary 65 tion plane closer to the first gate electrode . 
skill in the art will readily appreciate from the disclosure , 6. The device of claim 1 , wherein the first [ source / drain 
processes , machines , manufacture , compositions of matter , region comprises a first portion comprising ] semiconductor 
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region and the second semiconductor region comprise sili a first portion of the first semiconductor fin , wherein the 
con and an element selected from germanium and carbon , first portion of the first semiconductor fin extends 
[ and a second portion comprising silicon and free from the above a top surface of the STI region ; and 
element , ] wherein the first dislocation plane extends into the a semiconductor capping layer on a top surface and 
first source / drain region . sidewalls of the first portion of the first semiconduc 

7. A device comprising : tor fin , wherein the semiconductor capping layer is 
a semiconductor fin over a substrate ; made of a material different from a material of the 
a gate dielectric on sidewalls of the semiconductor fin ; substrate ; and 
a gate electrode over the gate dielectric ; a first dislocation plane in the first source / drain region [ ; 

and a Shallow Trench Isolation ( STI ) region comprising a a Shallow Trench Isolation ( STI ) region comprising a portion overlapped by a portion of the gate electrode portion overlapped by a portion of the first gate elec and adjoining the semiconductor fin ; trode , wherein an entirety of the first dislocation plane a source region and a drain region on opposite sides of the is higher than a top surface of the STI region ] , wherein gate electrode , wherein the STI region is located sub an entirety of the first dislocation plane is higher than stantially between the source region and the drain a top surface of the STI region , wherein a portion of the 
region , wherein the semiconductor fin extends into the first dislocation plane overlaps the STI region . 
source region and the drain region , the source region 15. The device of claim 14 , wherein the first ( semicon 
and the drain region each comprising : ductor fin extends into the first source / drain region , wherein 
a first portion of the semiconductor fin ; and 20 the first source / drain region further comprises a semicon 
a semiconductor capping layer on a top surface and ductor capping layer on the sidewalls and a top surface of the 

sidewalls of the first portion of the semiconductor fin ; first semiconductor fin , and wherein a portion of the first 
a first dislocation plane extending into the source region ; dislocation plane overlaps the STI region , dislocation plane 
and extends into the semiconductor capping layer and the first 

a second dislocation plane extending into the drain region , 25 portion of the first semiconductor fin . 
wherein at least a first portion of each of the first 16. The device of claim 14 further comprising : 
dislocation plane and the second dislocation plane is a second semiconductor fin over the substrate and parallel 
over a top surface of the STI region , wherein a second to the first semiconductor fin ; 
portion of each of the first dislocation plane and the a second gate dielectric on sidewalls of the second semi 

conductor fin ; second dislocation plane overlap the STI region . a second gate electrode over the second gate dielectric , 8. The device of claim 7 , wherein bottoms of the first and wherein the first and the second gate electrodes are the second dislocation planes are higher than a bottom interconnected form a continuous gate electrode ; surface of the STI region . a second source / drain region on a side of the second gate 9. The device of claim 7 further comprising : electrode , wherein the first and the second source / drain an additional semiconductor fin over the substrate and regions are interconnected to form a continuous source / adjacent to the semiconductor fin , wherein the semi drain region ; and 
conductor fin and the additional semiconductor fin are a second dislocation plane in the second source / drain on opposite sides of an entirety of the STI region , and region . 
wherein the gate electrode extends over the additional 40 17. The device of claim 16 , wherein the STI region is free 
semiconductor fin . from substantial portions overlapped by the continuous 

10. The device of claim 9 , wherein the source region and source / drain region . 
the drain region extend to opposite sides of the additional 18. The device of claim 14 , wherein outer portions of the 
semiconductor fin . first dislocation plane farther away from the first gate 

11. The device of claim 7 , wherein outer portions of the 45 electrode are higher than inner portions of the first disloca 
first dislocation plane farther away from the gate electrode tion plane closer to the first gate electrode . 
are higher than inner portions of the first dislocation plane 19. The device of claim 14 , wherein the first source / drain 
closer to the gate electrode . region comprises a first portion comprising silicon and an 

12. The device of claim 7 , wherein the source region and element selected from germanium and carbon , and a second 
the drain region comprise a semiconductor material having 50 portion comprising silicon and free from the element . 
a lattice constant different from a lattice constant of the 20. A device comprising : 
semiconductor fin . a first semiconductor fin over a substrate ; 

13. The device of claim 7 , wherein the source region a first gate dielectric on sidewalls of the first semicon 
comprises a first portion comprising silicon and an element ductor fin ; 
selected from germanium and carbon , and a second portion 55 a first gate electrode over the first gate dielectric ; 
comprising silicon and free from the element . a first source / drain region on a side of the first gate 

14. A device comprising : electrode , the first source / drain region comprising : 
a first semiconductor fin over a substrate ; a semiconductor capping layer directly contacting the 
a first gate dielectric on sidewalls of the first semicon first semiconductor fin , the semiconductor capping 

ductor fin ; layer comprising a first material , wherein the first 
a first gate electrode over the first gate dielectric ; material is different from a material of the substrate ; 
a Shallow Trench Isolation ( ST7 ) region at least partially a first semiconductor region over the semiconductor 

overlapped by the first gate electrode ; capping layer , the first semiconductor region com 
a first source / drain region on a side of the first gate prising a second material different from the first 

electrode [ : ] , wherein the first semiconductor fin extends 65 material ; and 
into the first source / drain region , the first source / drain a second semiconductor region over a top and side of 
region comprising : the first semiconductor region , the second semicon 
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ductor region comprising a third material different 26. The device of claim 25 , wherein the second dislocation 
from the first material , wherein the second semicon plane extends above an upper surface of the STI region . 
ductor region has a higher concentration of dopants 27. The device of claim 25 , wherein outer portions of the 
than the first semiconductor region and the semicon first dislocation plane is farther away from the gate structure 
ductor capping layer ; are higher than inner portions of the first dislocation plane 

a first dislocation plane in the first source / drain region ; closer to the gate structure , and wherein outer portions of 
and the second dislocation plane is farther away from the gate 

a Shallow Trench Isolation ( STI ) region adjacent the first structure are higher than inner portions of the second 
semiconductor fin , wherein the first dislocation plane dislocation plane closer to the gate structure . 
comprises a first portion higher than a top surface of 28. The device of claim 24 , further comprising a gate 
the STI region , and a second portion lower than the top spacer adjacent the gate structure , wherein the first dislo 
surface of the STI region . cation plane extends below the gate spacer . 

21. The device of claim 20 , wherein the first dislocation 29. The device of claim 28 , wherein the first dislocation 
plane has a bottom higher than a bottom surface of the STI plane has a bottom higher than a bottom surface of the STI 
region . region . 

22. The device of claim 20 further comprising : 30. The device of claim 24 , wherein the first dislocation 
a second semiconductor fin over the substrate and par plane terminates between a first distance under the gate 

allel to the first semiconductor fin ; structure of 4 nm or less from an edge of the gate structure 
a second gate dielectric on sidewalls of the second 20 and a second distance of 12 nm or less laterally spaced 

semiconductor fin ; apart from the edge of the gate structure . 
a second gate electrode over the second gate dielectric , 31. The device of claim 24 , wherein the STI region extends 

wherein the first and the second gate electrodes are partially ver an upper surface of the base portion of the fin 
interconnected to form a continuous gate electrode ; structure . 

a second source / drain region on a side of the second gate 25 32. The device of claim 24 , wherein an entirety of the first 
electrode , wherein the first and the second source / drain dislocation plane is above the upper surface of the STI 
regions are interconnected to form a continuous region . 
source / drain region ; and 33. The device of claim 24 , wherein the first source / drain a second dislocation plane in the second source / drain region and the second source / drain region comprise a region . different semiconductor material than the substrate . 23. The device of claim 22 , wherein the STI region is free 34. The device of claim 33 , wherein the first source / drain from substantial portions overlapped by the continuous 

source / drain region . region extends directly over a portion of the STI region . 
24. A device comprising : 35. A device comprising : 
a substrate having a fin structure , the fin structure having 35 a substrate having a fin structure , the fin structure having 

a base portion and a plurality of upper portions extend a mesa and a plurality of fins extending from the mesa ; 
ing from the base portion ; a Shallow Trench Isolation ( STI ) region extending along 

a Shallow Trench Isolation ( ST7 ) region extending along sidewalls of the mesa and over the mesa between 
sidewalls of the base portion and over the base portion adjacent ones of the plurality of fins ; 
between adjacent ones of the plurality of upper por- 40 a gate structure extending over the plurality of fins ; and 
tions ; a first source / drain region and a second source / drain 

a gate structure extending over the plurality of upper region on opposing sides of the gate structure , the first 
portions ; and source / drain region having a first dislocation plane , the 

a first source / drain region and a second source / drain first dislocation plane extending into an underlying 
region on opposing sides of the gate structure , the first 45 semiconductor material of the substrate , the first 
source / drain region having a first dislocation plane , the source / drain region comprising : 
first dislocation plane extending above an upper sur a first semiconductor layer made of a first material , 
face of the STI region , the first source / drain region wherein the first material is different from a material comprising : of the substrate , wherein the first semiconductor 
a first semiconductor layer made of a first material , 50 layer is in direct contact with one of the plurality of 

wherein the first material is different from a material fins ; 
of the substrate , wherein the first semiconductor a first epitaxy region over the first semiconductor layer , 
layer is in direct contact with one of the plurality of the first epitaxy region comprising a second material 
upper portions ; different from the first material ; and 

a second semiconductor layer over the first semicon- 55 a second epitaxy region , wherein the second epitaxy 
ductor layer , the second semiconductor layer com region is over a top and side of the first epitaxy 
prising a second material different from the first region , wherein the second epitaxy region comprises 
material ; and a third material different from the first material , 

a third semiconductor layer over a top and side of the wherein the second epitaxy region has a higher 
second semiconductor layer , the third semiconductor 60 concentration of dopants than the first semiconduc 
layer comprising a third material different from the tor layer and the first epitaxy region . 
first material , wherein the third semiconductor layer 36. The device of claim 35 , wherein the plurality of fins do 
has a higher concentration of dopants than the not extend into the first source / drain region and the second 
second semiconductor layer and the first semicon source / drain region . 
ductor layer . 37. The device of claim 35 , wherein the first dislocation 

25. The device of claim 24 , wherein the second source / plane extends higher than an upper surface of the STI 
drain region has a second dislocation plane . region . 
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38. The device of claim 35 , wherein the first dislocation 

plane extends under a gate spacer adjacent the gate struc 
ture . 

39. The device of claim 35 , wherein a height of the 
plurality of fins in the first source / drain region and the 5 
second source / drain region is less than a height of plurality 
of fins under the gate structure . 

40. The device of claim 39 , wherein the STI region extends 
between the plurality of fins in the first source / drain region 
and the second source / drain region . 10 


