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ABSTRACT 

A method of forming a vertical fin field effect transistor 
( vertical finFET ) with a strained channel , including forming 
one or more vertical fins on a substrate , forming a sacrificial 
stressor layer adjacent to the one or more vertical fins , 
wherein the sacrificial stressor layer imparts a strain in the 
adjacent vertical fins , forming a fin trench through one or 
more vertical fins and the sacrificial stressor layer to form a 
plurality of fin segments and a plurality of sacrificial stressor 
layer blocks , forming an anchor wall adjacent to and in 
contact with one or more fin segment endwalls , and remov 
ing at least one of the plurality of the sacrificial stressor layer 
blocks , wherein the anchor wall maintains the strain of the 
adjacent fin segments after removal of the sacrificial stressor 
layer blocks adjacent to the fin segment with the adjacent 
anchor wall . 
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FABRICATION OF VERTICAL FIELD 
EFFECT TRANSISTOR STRUCTURE WITH 

STRAINED CHANNELS 

BACKGROUND 

Technical Field 

[ 0001 ] The present invention relates to fabricating a ver 
tical field effect transistor ( VFET ) structure with a strained 
channel , and more particularly to controlling a strain in a 
channel material for a VFET by utilizing a sacrificial stressor 
material and a stressor anchor material to impose a channel 
material strain . 

Description of the Related Art 
[ 0002 ] A Field Effect Transistor ( FET ) typically has a 
source , a channel , and a drain , where current flows from the 
source to the drain , and a gate that controls the flow of 
current through the channel . Field Effect Transistors ( FETS ) 
can have a variety of different structures , for example , FETS 
have been fabricated with the source , channel , and drain 
formed in the substrate material itself , where the current 
flows horizontally ( i . e . , in the plane of the substrate ) , and 
finFETs have been formed with the channel extending 
outward from the substrate , but where the current also flows 
horizontally from a source to a drain . The channel for the 
finFET can be an upright slab of thin rectangular Si , com 
monly referred to as the fin with a gate on the fin , as 
compared to a MOSFET with a single gate in the plane of 
the substrate . Depending on the doping of the source and 
drain , an n - FET or a p - FET may be formed . 
[ 0003 ] Examples of FETs can include a metal - oxide 
semiconductor field effect transistor ( MOSFET ) and an 
insulated - gate field - effect transistor ( IGFET ) . Two FETS 
also may be coupled to form a complementary metal oxide 
semiconductor ( CMOS ) , where a p - channel MOSFET and 
n - channel MOSFET are coupled together . 
[ 0004 ] With ever decreasing device dimensions , forming 
the individual components and electrical contacts become 
more difficult . An approach is therefore needed that retains 
the positive aspects of traditional FET structures , while 
overcoming the scaling issues created by forming smaller 
device components . 

adjacent to the vertical fins , wherein the sacrificial stressor 
layer is in contact with the sidewalls of the adjacent vertical 
fins , and imparts a strain to the adjacent vertical fins , 
forming a plurality of fin trenches through the plurality of 
vertical fins and the sacrificial stressor layer , where the fin 
trench separates the vertical fins into columns of fin seg 
ments and a plurality of sacrificial stressor layer blocks 
adjacent to two fin segments , forming an anchor wall in each 
fin trench adjacent to and in contact with one or more fin 
segment endwalls , and removing the plurality of the sacri 
ficial stressor layer blocks , wherein the anchor wall main 
tains the strain of the adjacent fin segments after removal of 
the sacrificial stressor layer blocks adjacent to the fin seg 
ment with the adjacent anchor wall . 
[ 0007 A vertical fin field effect transistor ( finFET ) , 
including one or more vertical fins formed on a substrate , a 
doped region in the substrate located below at least one of 
the one or more vertical fins , an anchor wall at each end of 
the one or more vertical fins , where the anchor wall is in 
contact with the endwall of the vertical fin , and where the 
anchor wall maintains the vertical fin in a strained state , a 
bottom spacer on the substrate and adjacent the sidewall of 
at least one of the one or more vertical fins , a gate structure 
on at least a portion of the sidewalls of at least one of the one 
or more vertical fins , and a top spacer on the gate structure 
opposite the bottom spacer . 
[ 0008 ] These and other features and advantages will 
become apparent from the following detailed description of 
illustrative embodiments thereof , which is to be read in 
connection with the accompanying drawings . 

SUMMARY 
[ 0005 ] A method of forming a vertical fin field effect 
transistor ( vertical finFET ) with a strained channel , includ 
ing forming one or more vertical fins on a substrate , forming 
a sacrificial stressor layer adjacent to the one or more 
vertical fins , wherein the sacrificial stressor layer imparts a 
strain in the adjacent vertical fins , forming a fin trench 
through one or more vertical fins and the sacrificial stressor 
layer to form a plurality of fin segments and a plurality of 
sacrificial stressor layer blocks , forming an anchor wall 
adjacent to and in contact with one or more fin segment 
endwalls , and removing at least one of the plurality of the 
sacrificial stressor layer blocks , wherein the anchor wall 
maintains the strain of the adjacent fin segments after 
removal of the sacrificial stressor layer blocks adjacent to 
the fin segment with the adjacent anchor wall . 
[ 0006 ] A method of forming a vertical finFET with a 
strained channel , including forming a plurality of vertical 
fins on a substrate , forming a sacrificial stressor layer 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[ 0009 ] The disclosure will provide details in the following 
description of preferred embodiments with reference to the 
following figures wherein : 
[ 0010 ] FIG . 1 is a cross - sectional side view of a substrate 
in accordance with an exemplary embodiment ; 
[ 0011 ] FIG . 2 is a cross - sectional side view of a substrate 
with a hardmask layer and a photo mask layer in accordance 
with an exemplary embodiment ; 
[ 0012 ] FIG . 3 is a cross - sectional side view of a photo 
mask layer patterned on the hardmask layer in accordance 
with an exemplary embodiment ; 
[ 0013 ] FIG . 4 is a cross - sectional side view of a hardmask 
fin template and photo mask block on the substrate in 
accordance with an exemplary embodiment ; 
10014 ] FIG . 5 is a cross - sectional side view of a hardmask 
fin template on the substrate in accordance with an exem 
plary embodiment ; 
[ 0015 ] FIG . 6 is a cross - sectional side view of a hardmask 
fin template on a vertical fin on the substrate in accordance 
with an exemplary embodiment ; 
[ 0016 ] FIG . 7 is a cross - sectional side view of a sacrificial 
stressor layer over the hardmask fin template ( s ) , and vertical 
fin ( s ) in accordance with an exemplary embodiment ; 
[ 0017 ] FIG . 8 is a perspective view of the cross - section of 
the sacrificial stressor layer on the sidewalls of hardmask fin 
template ( s ) , and vertical fin ( s ) shown in FIG . 7 in accor 
dance with an exemplary embodiment ; 
[ 0018 ] FIG . 9 is a perspective view of a cross - section of a 
fin - cut mask formed on the surface of the sacrificial stressor 
layer and the hardmask fin template ( s ) in accordance with an 
exemplary embodiment ; 
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[ 0019 ] FIG . 10 is a cross - sectional side view of a fin - cut 
mask on a sacrificial stressor layer and hardmask fin tem 
plate ( s ) in accordance with an exemplary embodiment ; 
[ 0020 ] FIG . 11 is a perspective view of a cross - section of 
a fin trench through a fin - cut mask , vertical fins , hardmask 
fin templates , and sacrificial stressor layer in accordance 
with an exemplary embodiment ; 
10021 ] FIG . 12 is a perspective view of a cross - section of 
a fin trench through the vertical fins , hardmask fin templates , 
and sacrificial stressor layer after removal of the fin - cut 
mask in accordance with an exemplary embodiment ; 
[ 0022 ] FIG . 13 is a perspective view of a cross - section of 
an anchor wall formed in the fin trenches adjacent to the 
vertical fins in accordance with an exemplary embodiment ; 
[ 0023 ] FIG . 14 is a perspective view of a cross - section of 
the anchor walls in contact with the fin segment endwalls , 
and exposed fin sidewalls after removal of sacrificial stressor 
layer blocks in accordance with an exemplary embodiment ; 
[ 0024 ] FIG . 15 is a perspective view of a cross - section of 
the anchor walls in contact with the fin segment endwalls , 
and the exposed fin sidewalls , after removal of the hardmask 
fin templates in accordance with an exemplary embodiment ; 
( 0025 ) FIG . 16 is a cross - sectional side view of a doped 
region and a bottom spacer layer on the substrate between a 
plurality of fin segments in accordance with an exemplary 
embodiment ; and 
10026 ] FIG . 17 is a cross - sectional side view of a gate 
structure and top source / drains formed on the plurality of fin 
segments in accordance with an exemplary embodiment . 

DETAILED DESCRIPTION 
[ 0027 ] Principles and embodiments of the present disclo 
sure relate generally to an approach to fabricate a vertical 
field effect transistor ( VFET ) , or more specifically a vertical 
fin field effect transistor ( vertical finFET ) , where current 
flows vertically through the channel , including creating and 
maintaining the VFET channel in a strained state . A material 
with different properties , such as different coefficients of 
thermal expansion ( CTE ) and / or different lattice constants 
may be used to impart a strain in the vertical fin , and / or a 
second material may be used to anchor the vertical fin in the 
strained state . A vertical compressive or tensile stress may be 
applied to the vertical fin by an adjacent material . 
[ 0028 ] Principles and embodiments also relate to forming 
one or more vertical fin field effect transistor ( vertical 
finFETs ) with a vertical channel structure having an 
increased carrier mobility and / or increased drive current in 
the channel ( s ) of the one or more vertical finFETs due to an 
imparted strain . In one or more embodiments , a sacrificial 
stressor material may be formed adjacent to one or more 
vertical fins , where the difference between the coefficient of 
thermal expansion of the sacrificial stressor material and the 
coefficient of thermal expansion of the vertical fin material 
can determine the amount of strain induced in the vertical 
fin ( s ) . An anchor wall may be formed in contact with an end 
face of the one or more vertical fins to maintain the fins in 
a strained state after removal of the sacrificial stressor 
material due to an internal stress . 
10029 ] . It has been found that maintaining a strain in a 
vertical fin can be very difficult due to various relaxation 
mechanisms available to a vertical fin due to the fin align 
ment and geometry . A vertical fin may become relaxed 
regardless of its initial strain status because unlike a typical 
MOSFET a vertical fin typically is free - standing and not in 

contact with a material ( e . g . , substrate ) that consistently 
applies or maintains a stress . An approach to maintaining a 
strain in a vertical fin can involve having opposing vertical 
surfaces of the vertical fin in contact with a material that 
physically keeps the fin in a strained state without interfering 
with other features of the semiconductor device . 
[ 0030 ] It is to be understood that the present invention will 
be described in terms of a given illustrative architecture ; 
however , other architectures , structures , substrate materials 
and process features and steps may be varied within the 
scope of the present invention . 
[ 0031 ] It will also be understood that when an element 
such as a layer , region or substrate is referred to as being 
" on " or " over ” another element , it can be directly on the 
other element or intervening elements may also be present . 
In contrast , when an element is referred to as being " directly 
on " or " directly over ” another element , there are no inter 
vening elements present . It will also be understood that 
when an element is referred to as being " connected ” or 
" coupled ” to another element , it can be directly connected or 
coupled to the other element or intervening elements may be 
present . In contrast , when an element is referred to as being 
" directly connected ” or “ directly coupled ” to another ele 
ment , there are no intervening elements present . 
[ 0032 ] The present embodiments may include a design for 
an integrated circuit chip , which may be created in a 
graphical computer programming language , and stored in a 
computer storage medium ( such as a disk , tape , physical 
hard drive , or virtual hard drive such as in a storage access 
network ) . If the designer does not fabricate chips or the 
photolithographic masks used to fabricate chips , the 
designer may transmit the resulting design by physical 
means ( e . g . , by providing a copy of the storage medium 
storing the design ) or electronically ( e . g . , through the Inter 
net ) to such entities , directly or indirectly . The stored design 
is then converted into the appropriate format ( e . g . , GDSII ) 
for the fabrication of photolithographic masks , which typi 
cally include multiple copies of the chip design in question 
that are to be formed on a wafer . The photolithographic 
masks are utilized to define areas of the wafer ( and / or the 
layers thereon ) to be etched or otherwise processed . 
[ 0033 ] Methods as described herein may be used in the 
fabrication of integrated circuit chips . The resulting inte 
grated circuit chips can be distributed by the fabricator in 
raw wafer form ( that is , as a single wafer that has multiple 
unpackaged chips ) , as a bare die , or in a packaged form . In 
the latter case the chip is mounted in a single chip package 
( such as a plastic carrier , with leads that are affixed to a 
motherboard or other higher level carrier ) or in a multichip 
package ( such as a ceramic carrier that has either or both 
surface interconnections or buried interconnections ) . In any 
case the chip is then integrated with other chips , discrete 
circuit elements , and / or other signal processing devices as 
part of either ( a ) an intermediate product , such as a moth 
erboard , or ( b ) an end product . The end product can be any 
product that includes integrated circuit chips , ranging from 
toys and other low - end applications to advanced computer 
products having a display , a keyboard or other input device , 
and a central processor . 
[ 0034 ] Reference in the specification to " one embodi 
ment ” or “ an embodiment of the present principles , as well 
as other variations thereof , means that a particular feature , 
structure , characteristic , and so forth described in connection 
with the embodiment is included in at least one embodiment 
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of the present principles . Thus , the appearances of the phrase 
" in one embodiment ” or “ in an embodiment ” , as well any 
other variations , appearing in various places throughout the 
specification are not necessarily all referring to the same 
embodiment . 
[ 0035 ] It is to be appreciated that the use of any of the 
following “ / ” , “ and / or ” , and “ at least one of ” , for example , 
in the cases of “ A / B ” , “ A and / or B ” and “ at least one of A 
and B ” , is intended to encompass the selection of the first 
listed option ( A ) only , or the selection of the second listed 
option ( B ) only , or the selection of both options ( A and B ) . 
As a further example , in the cases of “ A , B , and / or C ” and 
" at least one of A , B , and C ” , such phrasing is intended to 
encompass the selection of the first listed option ( A ) only , or 
the selection of the second listed option ( B ) only , or the 
selection of the third listed option ( C ) only , or the selection 
of the first and the second listed options ( A and B ) only , or 
the selection of the first and third listed options ( A and C ) 
only , or the selection of the second and third listed options 
( B and C ) only , or the selection of all three options ( A and 
B and C ) . This may be extended , as readily apparent by one 
of ordinary skill in this and related arts , for as many items 
listed . 
0036 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of example embodiments . As used herein , the 
singular forms “ a , " " an ” and “ the ” are intended to include 
the plural forms as well , unless the context clearly indicates 
otherwise . It will be further understood that the terms 
" comprises , " " comprising , " " includes ” and / or “ including , " 
when used herein , specify the presence of stated features , 
integers , steps , operations , elements and / or components , but 
do not preclude the presence or addition of one or more other 
features , integers , steps , operations , components and / or 
groups thereof . 
[ 0037 ] Spatially relative terms , such as " beneath , ” 
“ below , ” “ lower , ” “ above , " upper , nd the like , may be used 
herein for ease of description to describe one element ' s or 
feature ' s relationship to another element ( s ) or feature ( s ) as 
illustrated in the FIGs . It will be understood that the spatially 
relative terms are intended to encompass different orienta 
tions of the device in use or operation in addition to the 
orientation depicted in the FIGs . For example , if the device 
in the FIGs . is turned over , elements described as “ below " or 
" beneath ” other elements or features would then be oriented 
“ above ” the other elements or features . Thus , the term 
" below ” can encompass both an orientation of above and 
below . The device may be otherwise oriented ( rotated 90 
degrees or at other orientations ) , and the spatially relative 
descriptors used herein may be interpreted accordingly . In 
addition , it will also be understood that when a layer is 
referred to as being " between ” two layers , it can be the only 
layer between the two layers , or one or more intervening 
layers may also be present . 
[ 0038 ] It will be understood that , although the terms first , 
second , etc . may be used herein to describe various ele 
ments , these elements should not be limited by these terms . 
These terms are only used to distinguish one element from 
another element . Thus , a first element discussed below could 
be termed a second element without departing from the 
scope of the present concept . 
[ 0039 ] While exemplary embodiments have been shown 
for a particular device , it should be understood that a 
plurality of such devices may be arranged and / or fabricated 

on a substrate to form integrated devices that may be 
integrated onto a substrate , for example through very large 
scale integration to produce complex devices such a central 
processing units ( CPUs ) and application specific integrated 
circuits ( ASICs ) . The present embodiments may be part of 
a device or circuit , and the circuits as described herein may 
be part of a design for an integrated circuit chip . 
10040 ] Referring now to the drawings in which like 
numerals represent the same or similar elements and initially 
to FIG . 1 , which is a cross - sectional side view of a substrate 
in accordance with an exemplary embodiment . 
[ 0041 ] In one or more embodiments , a substrate 110 may 
be a semiconductor or an insulator with an active surface 
semiconductor layer . The substrate may be crystalline , semi 
crystalline , microcrystalline , or amorphous . The substrate 
may be essentially ( i . e . , except for contaminants ) a single 
element ( e . g . , silicon ) , primarily ( i . e . , with doping ) of a 
single element , for example , silicon ( Si ) or germanium ( Ge ) , 
or the substrate may include a compound , for example , 
Al2O3 , SiO2 , GaAs , SiC , or Sige . The substrate may also 
have multiple material layers , for example , a semiconductor 
on - insulator substrate ( Seol ) , a silicon - on - insulator sub 
strate ( SOI ) , germanium - on - insulator substrate ( GeOl ) , or 
silicon - germanium - on - insulator substrate ( SGOI ) . The sub 
strate may also have other layers forming the substrate , 
including high - k oxides and / or nitrides . In one or more 
embodiments , the substrate 110 may be a silicon wafer . In an 
embodiment , the substrate may be a single crystal silicon 
( Si ) , silicon germanium ( SiGe ) , or III - V semiconductor 
( e . g . , GaAs ) wafer , or have a single crystal silicon ( Si ) , 
silicon germanium ( SiGe ) , or III - V semiconductor ( e . g . , 
GaAs ) surface / active layer . 
[ 0042 ] FIG . 2 is a cross - sectional side view of a substrate 
with a hardmask layer and a photo mask layer in accordance 
with an exemplary embodiment . 
[ 0043 ] In one or more embodiments , a hardmask layer 120 
may be formed on an exposed surface of the substrate 110 . 
A photo mask layer 130 may be formed on the exposed 
surface of the hardmask layer 120 . In various embodiments , 
the hardmask layer may be an oxide , for example , silicon 
oxide ( SiO ) , a nitride , for example , a silicon nitride ( SIN ) , or 
an oxynitride , for example , silicon oxynitride ( SiON ) , or 
combinations thereof . In various embodiments , the hard 
mask layer 120 may be silicon nitride ( SiN ) , for example , 
SizN4 . The hard mask layer may also be formed by a thermal 
process , such as , for example , oxidation or nitridation of the 
top semiconductor layer . A combination of the various 
processes may also be used to form hardmask layer 120 . 
[ 0044 ] In various embodiments , a photo mask layer 130 
may be a temporary resist ( e . g . , PMMA ) that may be 
deposited on the hardmask layer 120 , patterned , and devel 
oped to expose portions of the hardmask layer 120 . The 
photo mask layer 130 may be a positive resist or a negative 
resist . 
[ 0045 ] In various embodiments , the hardmask layer 120 
may have a thickness in the range of about 20 nm to about 
80 nm , or in the range of about 30 nm to about 60 nm , or in 
the range of about 40 nm to about 50 nm , although other 
thicknesses are contemplated . 
[ 0046 ] FIG . 3 is a cross - sectional side view of a photo 
mask layer patterned on the hardmask layer in accordance 
with an exemplary embodiment . 
( 0047 ] In one or more embodiments , the photo mask layer 
130 may be patterned and developed to form photo mask 
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blocks 131 covering at least a portion of the surface of the 
hardmask layer 120 . Portions of the photo mask layer 130 
may be removed to form the photo mask blocks 131 and 
expose underlying portions of the hardmask layer 120 . The 
photo mask blocks may protect the covered portion of the 
hardmask layer 120 , while exposed portions of the hardmask 
layer 120 may be etched to form hardmask fin templates on 
the substrate 110 . One or more photo mask blocks 131 may 
define the width , length , and pitch of the one or more 
hardmask fin templates and thereby , the width , length , and 
pitch of the one or more vertical fins . 
[ 0048 ] In one or more embodiments , the photo mask 
blocks 131 may have a width in the range of about 6 nm to 
about 20 nm , or may have a width in the range of about 8 
nm to about 15 nm , or may have a width in the range of 
about 10 nm to about 12 nm . The photo mask blocks 131 
may have a length in the range of about 100 nm to about 
1000 nm , or in the range of about 100 nm to about 500 nm , 
or in the range of about 100 nm to about 400 nm , or in the 
range of about 100 nm to about 200 nm . 
( 0049 ) In various embodiments , there may be a pitch 
between adjacent photo mask blocks 131 in the range of 
about 30 nm to about 200 nm , or in the range of about 30 nm 
to about 100 nm , or in the range of about 30 nm to about 50 
nm , or about 42 nm . 
[ 0050 ] FIG . 4 is a cross - sectional side view of a hardmask 
fin template and photo mask block on the substrate in 
accordance with an exemplary embodiment . 
10051 ] In one or more embodiments , the hardmask layer 
120 may be etched to form one or more hardmask fin 
template ( s ) 121 , where the photo mask blocks 131 defined 
the width , length , and location of the hardmask fin template 
( s ) 121 on the substrate 110 . 
[ 0052 ] In various embodiments , the hardmask fin template 
( s ) 121 may have a pitch in the range of about 30 nm to about 
200 nm , or in the range of about 30 nm to about 100 nm , or 
in the range of about 30 nm to about 50 nm , or about 42 nm . 
10053 ] FIG . 5 is a cross - sectional side view of a hardmask 
fin template on the substrate in accordance with an exem 
plary embodiment . 
[ 0054 ] In one or more embodiments , the photo mask 
blocks 131 may be removed to expose the top surface ( s ) of 
the one or more hardmask fin template ( s ) 121 . The photo 
mask blocks 131 may be removed by known stripping 
methods . In one or more embodiments , the hardmask fin 
template ( s ) 121 may have a width in the range of about 6 nm 
to about 20 nm , or may have a width in the range of about 
8 nm to about 15 nm , or may have a width in the range of 
about 10 nm to about 12 nm . 
[ 0055 ] FIG . 6 is a cross - sectional side view of a hardmask 
fin template on a vertical fin on the substrate in accordance 
with an exemplary embodiment . 
[ 0056 ] In one or more embodiments , a vertical fin 111 may 
be formed from the substrate 110 by etching the substrate 
between the hardmask fin template ( s ) 121 . In various 
embodiments , the substrate may be etched using a dry 
plasma etch , where the substrate may be etched by reactive 
ion etching ( RIE ) to provide a directional etch with control 
of sidewall etching . 
[ 0057 ] In various embodiments , a sidewall image transfer 
( SIT ) technique may be used to form one or more vertical 
fins 111 on the substrate . In a typical SIT process , spacers are 
formed on the sidewall of a sacrificial mandrel . The sacri - 
ficial mandrel is removed and the remaining upright spacers 

are used as hardmask fin template ( s ) 121 to etch the top 
s emiconductor layer and form one or more vertical fins 111 . 
The upright spacers are then removed after the semiconduc 
tor vertical fins 111 have been formed . In various embodi 
ments , the substrate may be a single crystal Si substrate and 
the vertical fins may be single crystal silicon . 
[ 0058 ] The vertical fins 111 may be doped , and may form 
the channel of a vertical finFET , where the current flows in 
a vertical direction . A finFET device with a strained channel 
may have an increase drive current , and carrier ( e . g . , elec 
tron , hole ) mobility . 
[ 0059 ] In various embodiments , the fins 111 may have a 
width in the range of about 6 nm to about 20 nm , or may 
have a width in the range of about 8 nm to about 15 nm , or 
in the range of about 10 nm to about 12 nm . 
[ 0060 ] In various embodiments , the fins may have a height 
in the range of about 25 nm to about 75 nm , or in the range 
of about 40 nm to about 50 nm . 
10061 ] In one or more embodiments , a doped region ( i . e . , 
source / drain region ) ( not shown ) may be formed in the 
substrate 110 . The doped region may be formed in - situ or 
ex - situ below the vertical fin ( s ) 111 . The dopant may be 
provided to the doped region ( s ) ( i . e . , source / drain region ( s ) ) 
by ion implantation , and source / drains formed by annealing 
the doped region ( s ) . In various embodiments , the doped 
region may be n - doped or p - doped . The doped region may 
form a bottom source / drain . One or more doped regions may 
be formed in the substrate above which each of the one or 
more vertical fins may be formed , wherein the doped region 
forms a bottom source / drain for a vertical field effect tran 
sistor . 
[ 0062 ] It should be noted that the source and drain can be 
interchanged between the top and bottom locations of a 
vertical fin , where the doped region in the substrate may act 
as a source or a drain . 
[ 0063 ] In various embodiments , the materials and layers 
may be deposited by physical vapor deposition ( PVD ) , 
chemical vapor deposition ( CVD ) , atomic layer deposition 
( ALD ) , molecular beam epitaxy ( MBE ) , or any of the 
various modifications thereof , for example plasma - enhanced 
chemical vapor deposition ( PECVD ) , metal - organic chemi 
cal vapor deposition ( MOCVD ) , low pressure chemical 
vapor deposition ( LPCVD ) , electron - beam physical vapor 
deposition ( EB - PVD ) , and plasma - enhanced atomic layer 
deposition ( PE - ALD ) . The depositions may be epitaxial 
processes , and the deposited material may be crystalline . In 
various embodiments , formation of a layer may be by one or 
more deposition processes , where , for example , a conformal 
layer may be formed by a first process ( e . g . , ALD , PE - ALD , 
etc . ) and a fill may be formed by a second process ( e . g . , 
CVD , electrodeposition , PVD , etc . ) . 
[ 0064 ] FIG . 7 is a cross - sectional side view of a sacrificial 
stressor layer over the hardmask fin template ( s ) , and vertical 
fin ( s ) in accordance with an exemplary embodiment . 
[ 0065 ] In one or more embodiments , a sacrificial stressor 
layer 140 may be formed on the exposed surface of the 
substrate 110 . The sacrificial stressor layer 140 may be an 
oxide , for example , a flowable silicon oxide ( SiO ) , a nitride , 
for example , a silicon nitride ( SiN ) , or an oxynitride , for 
example , silicon oxynitride ( SION ) . 
10066 ] In one or more embodiments , sacrificial stressor 
layer 140 may be a film , such as silicon nitride ( SiN ) 
deposited on at least a portion of the exposed surface of 
substrate 110 , where the SiN may create either a compres 
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sive or tensile stress depending on the deposition parameters 
and the hydrogen content of the Sin film . For example , in an 
exemplary embodiment , the hydrogen concentration of an 
Sin film may be adjusted to control the compressive or 
tensile stress generated by the SiN film due to film density . 
In various embodiments , the Sin film may be deposited by 
a plasma - enhanced CVD ( PECVD ) processes , where a dual 
frequency capacitively coupled chamber may be used to 
control the resulting tensile or compressive stresses . In 
various embodiments , the pressure of the reactants during 
formation may be adjusted to control the resulting tensile or 
compressive stresses of the deposited film , where higher 
pressures ( e . g . , > 10 torr ) may be used to generate a tensile 
stress , or lower pressures ( e . g . , 1 - 3 torr ) may be used to 
generate compressive stresses . The hydrogen concentration 
may be controlled to effect the density and compressive 
stress of the deposited Sin film , where a compressively 
stressed film has a higher hydrogen concentration . 
[ 0067 ] In various embodiments , a flowable oxide ( FOX ) 
may be applied to the substrate 110 by spin - coating followed 
by a thermal anneal to densify the FOX and form sacrificial 
stressor layer 140 . In various embodiments , the flowable 
oxide may be Spin - on glass ( SOG ) , where SOG can be a 
silicon oxide suspended in a solvent . 
[ 0068 ] In various embodiments , a two stage oxide depo 
sition process may be performed to deposit an oxide , which 
may be etched back by RIE , and another deposit of the oxide 
may be performed again to form sacrificial stressor layer 
140 . Flowable oxides , high aspect ratio processes ( HARP ) , 
enhanced high aspect ratio processes ( eHARP ) , and other 
techniques may be used to fill the area between the vertical 
fins 111 . 
[ 0069 ] In various embodiments , sacrificial stressor layer 
140 may be an oxide deposited by atomic layer deposition 
( ALD ) or low - pressure chemical vapor deposition ( LP 
CVD ) . In an exemplary embodiment , the flowable oxide 
may be utilized as the sacrificial stressor layer 140 . The FOX 
flows into the gaps between the vertical fins 111 to provide 
a uniform surface coverage . 
[ 0070 ] In one or more embodiments , the sacrificial 
stressor layer 140 may be deposited over the substrate 110 , 
vertical fin ( s ) 111 , and hardmask fin template ( s ) 121 by a 
CVD process , where the sacrificial stressor material forming 
the sacrificial stressor layer 140 may be blanket deposited . 
The sacrificial stressor layer 140 may fill in the space 
between each of the vertical fins 111 and hardmask fin 
templates 121 , and may be in contact with the sidewalls of 
the vertical fins 111 and hardmask fin templates 121 . In 
various embodiments , the sacrificial stressor layer 140 may 
be in direct contact with the sidewalls of the vertical fins 111 
and hardmask fin templates 121 , where “ direct contact ” 
means that a first element , such as a first structure , and a 
second element , such as a second structure , are connected 
without any intermediary conducting , insulating or semi 
conductor layers at the interface of the two elements . The 
sacrificial stressor layer 140 may extend above the top 
surface of the hardmask fin template ( s ) 121 . 
[ 0071 ] In one or more embodiments , the sacrificial 
stressor layer 140 may be heat treated ( e . g . , annealed ) to 
reduce the volume of the as - deposited sacrificial stressor 
material , where the reduction in volume may apply a com 
pressive stress to the vertical fin ( s ) 111 in contact with the 
sacrificial stressor layer 140 . In various embodiments , the 
sacrificial stressor layer 140 may be annealed at a tempera 

ture in the range of about 300° C . to about 700° C . , although 
lower and higher temperature can be used to anneal and cure 
the as deposited sacrificial stressor layer 140 . 
[ 0072 ] In one or more embodiments , a sacrificial stressor 
layer 140 may contract less than an adjacent vertical fin 111 
during cooling ( due to differences in CTE ) to apply a net 
tensile stress and impart a tensile strain in the vertical fin ( s ) 
111 in contact with the sacrificial stressor layer 140 . In 
various embodiments , the sacrificial stressor layer 140 may 
be exposed to a UV cure and / or undergo a high temperature 
anneal to increase tension and decrease compression , where 
the UV cure and / or high temperature anneal is sufficient to 
reduce the hydrogen concentration and / or generate addi 
tional Si - N bonds . High tensile stress values may be 
achieved at temperature of about 500° C . to about 700° C . 
[ 0073 ] In various embodiments , the sacrificial stressor 
layer 140 may be chemically - mechanically polished ( CMP ) 
to reduce the height of the sacrificial stressor layer 140 to the 
top surface of the hardmask fin template ( s ) 121 . The CMP 
may be continued to reduce the height of the sacrificial 
stressor layer 140 and the hardmask fin template ( s ) 121 to 
provide a uniform flat surface . 
[ 0074 ] FIG . 8 is a perspective view of the cross - section of 
the sacrificial stressor layer on the sidewalls of hardmask fin 
template ( s ) , and vertical fin ( s ) shown in FIG . 7 in accor 
dance with an exemplary embodiment . 
10075 ] In one or more embodiments , the sacrificial 
stressor layer 140 fills the gaps between the vertical fins 111 
and hardmask fin templates 121 , where the sacrificial 
stressor layer 140 applies a compressive or tensile stress to 
at least the fin sidewalls 112 of one or more vertical fins 111 . 
The sacrificial stressor layer 140 may pull the fin sidewall ( s ) 
112 towards the surface of the substrate to impart a com 
pressive strain from one or both sides of a vertical fins 111 , 
or pull the fin sidewall ( s ) 112 upward from the substrate 110 
to impart a tensile stress . The sacrificial stressor layer 140 
may be strips in parallel with the vertical fins 111 and 
hardmask fin templates 121 , where the sacrificial stressor 
layer 140 forms an alternating sequence of vertical fins 111 
and sacrificial stressor layer 140 strips . In the various 
embodiments , the sacrificial stressor layer 140 may be in 
direct contact with the sidewalls 112 of the vertical fins 111 
on each side of the sacrificial stressor layer 140 . 
[ 0076 ] In interpreting and understanding the present dis 
closure , it should be understood that the compressive and 
tensile stress is expressed in absolute values , where such 
nomenclature allows comparison of compressive stress val 
ues without reference to or possible confusion with the 
direction of the stress . For example , a compressive stress of 
3 . 0 GPa is said to be greater than compressive stress of 2 . 0 
GPa . Depending on the residual stress inside the sacrificial 
stressor materials applied , as well as the physical dimen 
sions of the vertical fins , the stress applied to the vertical 
channel may be in a range of about 0 . 4 to about 2 GPa , or 
in the range of about 0 . 8 GPa to about 1 . 5 GPa , where the 
stress may be tensile or compressive , although stresses 
lower than 0 . 4 GPa or greater than 2 GPa may also be 
achieved and applied . 
[ 0077 ] FIG . 8 also depicts a partially cut - away sacrificial 
stressor layer 140 on a fin sidewall 112 , where the top 
surface of the hardmask fin templates 121 and sacrificial 
stressor layer 140 have been chemically - mechanically pol 
ished to a uniform height to provide a flat surface . A 
compressive strain is indicated by the downward arrow , 
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where the compressive stress may be applied in the fin 
height direction along the length of the fin sidewall 112 in 
contact with the sacrificial stressor layer 140 . 
[ 0078 ] FIG . 9 is a perspective view of a cross - section of a 
fin - cut mask formed on the surface of the sacrificial stressor 
layer and the hardmask fin template ( s ) in accordance with an 
exemplary embodiment . 
10079 ] In one or more embodiments , a fin - cut mask may 
be formed on the top surface of the hardmask fin templates 
121 and sacrificial stressor layer 140 . In various embodi 
ments , the fin - cut mask 150 may include two layers , where 
a first fin - cut mask layer may be a fin - cut hardmask 160 , and 
the second fin - cut mask layer may be a fin - cut softmask 165 . 
[ 0080 ] In one or more embodiments , the fin - cut hardmask 
160 may be a nitride , for example , silicon nitride ( SiN ) , a 
silicon oxynitride ( SiON ) , a silicon oxide ( SiO ) , or a com 
bination thereof . In various embodiments , the fin - cut soft 
mask 165 may be a resist , for example , poly methyl meth 
acrylate ( PMMA ) , or polydimethylsiloxane ( PDMS ) , as 
would be known in the art . 
10081 ] In various embodiments , the fin - cut mask 150 may 
be formed on the top surface of the hardmask fin templates 
121 and sacrificial stressor layer 140 by forming a fin - cut 
hardmask 160 on at least a portion of the top surface of the 
hardmask fin templates 121 and sacrificial stressor layer 
140 , and forming a fin - cut softmask 165 on at least a portion 
of the fin - cut hardmask 160 . The fin - cut softmask 165 may 
be patterned and developed to expose portions of the under 
lying fin - cut hardmask 160 . The exposed portions of the 
fin - cut hardmask 160 may be removed to form a fin - cut 
mask trench 155 exposing at least portions of the hardmask 
fin templates 121 and sacrificial stressor layer 140 . In 
various embodiments , the exposed portions of the hardmask 
fin templates 121 and sacrificial stressor layer 140 may be a 
bottom of the fin - cut mask trench 155 across the hardmask 
fin templates 121 and sacrificial stressor layer 140 . The 
fin - cut mask trench 155 may be approximately perpendicu 
lar ( e . g . , 159 , + 39 ) to the long axis of the one or more vertical 
fins 111 and hardmask fin templates 121 . 
[ 0082 ] In various embodiments , the fin - cut hardmask 160 
may be removed by a dry etch , for example , a reactive ion 
etch ( RIE ) . 
[ 0083 ] FIG . 10 is a cross - sectional side view of a fin - cut 
mask on a sacrificial stressor layer and hardmask fin tem 
plate ( s ) in accordance with an exemplary embodiment . 
[ 0084 ] In one or more embodiments , the fin - cut mask 150 
includes two or more layers , where the layers may be a 
fin - cut hardmask 160 on the sacrificial stressor layer 140 , 
and a fin - cut softmask 165 on the fin - cut hardmask 160 , over 
a plurality of vertical fins 111 . The fin - cut hardmask 160 may 
protect portions of the sacrificial stressor layer 140 and 
hardmask fin templates 121 during a directional etching 
process ( e . g . , RIE ) , where the RIE is a form of plasma 
etching in which during the etching process , the surface to 
be etched is placed on a radio frequency ( RF ) powered 
electrode ( e . g . , electrostatic chuck / wafer pedestal ) . During 
RIE the surface to be etched may take on an electrical 
potential that accelerates the charged etching species 
extracted from plasma toward the surface , in which the 
chemical etching reaction takes place in a direction normal 
to the surface . Other examples of anisotropic etching that 
may be used at this point in the process include ion beam 
etching , plasma etching , or laser ablation . 

[ 0085 ] In various embodiments , the sacrificial stressor 
layer 140 may apply a compressive stress to the fin sidewalls 
112 , and provide mechanical reinforcement and lateral sup 
port to the vertical fin ( s ) 111 during a directional etching 
( also referred to as a fin - cut ) process . In various embodi 
ments , the sacrificial stressor layer 140 may apply a tensile 
stress to the fin sidewalls 112 , and provide mechanical 
reinforcement and lateral support to the vertical fin ( s ) 111 
during a directional etching ( also referred to as a fin - cut ) 
process . 
[ 0086 ] FIG . 11 is a perspective view of a cross - section of 
a fin trench through a fin - cut mask , vertical fins , hardmask 
fin templates , and sacrificial stressor layer in accordance 
with an exemplary embodiment . 
[ 0087 ] In one or more embodiments , a fin trench 170 may 
be formed in the sacrificial stressor layer 140 , vertical fin ( s ) 
111 , and hardmask fin templates 121 , where the fin trench 
170 may be aligned with the fin - cut mask trench 155 . The fin 
trench 170 may be formed by RIE , where the material 
exposed by the fin - cut mask trench 155 is removed . Portions 
of the sacrificial stressor layer 140 , vertical fin ( s ) 111 , and 
hardmask fin templates 121 may be removed down to or 
below the surface of the substrate 110 to form the fin trench 
170 . The fin trench 170 may separate the vertical fins into 
columns of fin segments 116 and a plurality of sacrificial 
stressor layer blocks 145 adjacent to two fin segments . In 
various embodiments , the fin trench may extend into the 
substrate 110 to form a shallow or deep trench isolation 
region to electrically separate devices formed by fins in the 
same column . 
[ 008 ] In various embodiments , the fin trench 170 may 
have a width in the range of about 30 nm to about 500 nm , 
or about 30 nm to about 100 nm , or about 100 nm to about 
500 nm , although narrower and wider fin trenches 155 can 
also be formed . The fin segments 116 in the same row may 
be separated from fin segments in a neighboring row by a 
gap about the size of the fin trench 170 . 
[ 0089 ] Forming a fin trench 170 may separate vertical fin 
111 into a series of shorter fin segments 116 , where the fin 
segments 116 may be arranged in columns along the long 
axis of the vertical fin 111 and separated by the fin trench 
170 , and in rows separated by the sacrificial stressor layer 
blocks 145 . Each sacrificial stressor layer block 145 may be 
in physical contact with the sidewalls 112 of two fin seg 
ments in neighboring columns . 
10090 ] In various embodiments , the sacrificial stressor 
layer 140 provides support to the thinner vertical fins 111 
during formation of the one or more fin trench ( s ) 170 , while 
maintaining a compressive or tensile stress on the fin side 
walls 112 . 
10091 ] In various embodiments , the fin segments in a row 
may have a pitch in the range of about 30 nm to about 200 
nm , or in the range of about 35 nm to about 100 nm , or in 
the range of about 40 nm to about 50 nm . 
[ 0092 ] FIG . 12 is a perspective view of a cross - section of 
a fin trench through the vertical fins , hardmask fin templates , 
and sacrificial stressor layer after removal of the fin - cut 
mask in accordance with an exemplary embodiment . 
10093 ] In one or more embodiments , the fin - cut mask 150 
may be removed subsequent to the formation of the one or 
more fin trench ( s ) 170 . The fin - cut softmask 165 may be 
removed without damaging or disrupting the exposed sur 
faces of the sacrificial stressor layer blocks 145 and fin 
segments 116 by processes known in the art ( e . g . , stripping , 
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ashing ) . The fin - cut hardmask 160 may be removed by 
selective etching of the fin - cut hardmask material , where the 
sacrificial stressor layer and / or hardmask fin templates 121 
may act as etch stops . The fin - cut hardmask material may be 
different from the material of the sacrificial stressor layer 
and / or hardmask fin templates 121 . In various embodiments , 
the hardmask fin templates 121 may be an silicon oxynitride 
material ( e . g . , SiON ) , the fin - cut hardmask 160 may be 
silicon nitride ( e . g . , SizN _ ) , and the sacrificial stressor layer 
140 may be silicon dioxide ( SiO2 ) . 
[ 0094 ] In various embodiments , the hardmask fin tem 
plates 121 may be exposed after removal of the fin - cut 
hardmask 160 . 
10095 ] FIG . 13 is a perspective view of a cross - section of 
an anchor wall formed in the fin trenches adjacent to the 
vertical fins in accordance with an exemplary embodiment . 
[ 0096 ] In one or more embodiments , an anchor wall 180 
may be formed in one or more of the fin trench ( s ) 170 . The 
anchor wall 180 may be formed adjacent to and in contact 
with one or more fin segment endwalls 117 , where an anchor 
wall 180 may be on opposite ends of a fin segment 116 . In 
various embodiments , the anchor walls 180 may be in a 
plane perpendicular to the long axis of the fin segments 116 , 
and in contact with one or more fin segment endwalls 117 in 
the same row of fin segments 116 . 
100971 . In one or more embodiments , the anchor wall ( s ) 
180 may be formed by a nitride material blanket deposited 
between the rows of fin segments 116 , where an anchor wall 
may separate and be in contact with the endwalls 117 of two 
fin segments 116 in the same column The nitride may be a 
silicon nitride ( SIN ) . In various embodiments , the nitride 
may be deposited by CVD , plasma - enhanced CVD , PVD or 
a combination thereof . The nitride may be deposited over the 
hardmask fin templates 121 and sacrificial stressor layer 
blocks 145 , and a CMP performed to remove excess nitride 
material extending above the top surfaces of the hardmask 
fin templates 121 and sacrificial stressor layer blocks 145 . In 
various embodiments , for example , the supporting anchor 
wall 180 may be composed of an oxide , such as silicon oxide 
( e . g . , SiO2 ) , a nitride , such as silicon nitride ( e . g . , SizN _ ) , or 
a silicon oxynitride ( e . g . , SiO N ) . Because the anchor wall 
180 is composed of a dielectric material , it may in some 
embodiments , be referred to as an isolation region . For 
example , the anchor wall 180 that is in contact with the 
endwall ( s ) 117 of the fin segment ( s ) 116 may form a deep 
trench isolation region between neighboring devices . In 
various embodiments , the anchor wall 180 may be a differ 
ent material than the hardmask fin templates 121 to allow 
selective etching / removal . 
[ 0098 ] While not intending to be bound by theory , it is 
believed that the anchor walls 180 may maintain the com 
pressive strain of the fin segments 116 by securing the fin 
segments 116 in a reduced - height state created by the 
sacrificial stressor layer 140 , where the anchor walls 180 
secure the height of the fin segments 116 through contact 
with the fin segment endwalls 117 . Similarly , it is believed 
that the anchor walls 180 may maintain the tensile strain of 
the fin segments 116 by securing the fin segments 116 in a 
fix - height state created by the sacrificial stressor layer 140 , 
where the anchor walls 180 secure the height of the fin 
segments 116 through contact with the fin segment endwalls 
117 . The anchor walls 180 may prevent the relaxation 
mechanisms through which the compressive strain may be 
relieved from the vertical fin segments 116 . 

[ 0099 ] FIG . 14 is a perspective view of a cross - section of 
the anchor walls in contact with the fin segment endwalls , 
and exposed fin sidewalls after removal of sacrificial stressor 
layer blocks in accordance with an exemplary embodiment . 
10100 ] In one or more embodiments , the sacrificial 
stressor layer blocks 145 may be selectively removed to 
expose the fin sidewalls 112 and hardmask fin templates 121 . 
The sacrificial stressor layer blocks 145 may be selectively 
removed by selective etching , where the etching may be a 
wet etch or a dry etch . In various embodiments , the etch 
process can be a dry etch such as , for example , chemical 
oxide removal , or a wet chemical etch which may employ an 
aqueous solution containing hydrofluoric acid ( HF ) . 
f0101 ] FIG . 15 is a perspective view of a cross - section of 
the anchor walls in contact with the fin segment endwalls , 
and the exposed fin sidewalls , after removal of the hardmask 
fin templates in accordance with an exemplary embodiment . 
( 0102 ] In one or more embodiments , the hardmask fin 
templates 121 may be selectively removed from the fin 
segments 116 . The hardmask fin templates 121 may be 
selectively removed by a selective RIE to expose the top 
surface of the fin segments 116 . In various embodiment , the 
hardmask fin templates 121 may be selectively removed 
prior to the removal of the sacrificial stressor layer blocks 
145 . 
[ 0103 ] FIG . 16 is a cross - sectional side view of a doped 
region and a bottom spacer layer on the substrate between a 
plurality of fin segments in accordance with an exemplary 
embodiment . 
[ 0104 ] In one or more embodiments , a doped region 230 , 
which may form a source / drain of a vertical finFET , may be 
formed in the substrate 110 . The doped region 230 may be 
formed in - situ or ex - situ , below where the vertical fin ( s ) 111 
may be formed . The dopant may be provided to the doped 
region ( s ) ( i . e . , source / drain region ( s ) ) by ion implantation , 
and source / drains formed by annealing the doped region ( s ) 
230 . In various embodiments , the doped region 230 may be 
n - doped or p - doped . The doped region 230 may form a 
bottom source / drain . One or more doped regions 230 may be 
formed in the substrate above which each of the one or more 
fin segments 116 may be formed , wherein the doped region 
230 forms a bottom source / drain for a vertical field effect 
transistor . It should be noted that the source and drain can be 
interchangeable between the top and bottom locations of a 
fin segment forming the channel of a vertical field effect 
transistor , where the doped region 230 in the substrate 110 
may act as a source or a drain for one or more of the fin 
segments 116 , such that the doped region 230 can form a 
common source / drain for one or more fin segments 116 . 
[ 0105 ] In one or more embodiments , a bottom spacer layer 
190 may be formed on at least a portion of the exposed 
surface of the substrate 110 between the fin segments 116 . 
The bottom spacer layer 190 may cover the substrate 
between the rows of fin segments 116 , and may cover a 
portion of the sidewalls of the fin segments . The front anchor 
wall 180 is outside the plane of the cross - sectional view , so 
not shown in FIG . 16 , however , the back anchor wall 180 is 
depicted behind the vertical fin segments 116 . 
f0106 ] . In various embodiments , the bottom spacer layer 
190 may be formed by high density plasma ( HDP ) CVD , 
PVD , or a combination thereof , where the bottom spacer 
layer 190 may be blanket deposited on the vertical fin 
segments 116 and the surface of the substrate 110 . Formation 
of a bottom spacer 190 may involve a directional , non 
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conformal deposition to provide a thicker layer of a dielec 
tric material on surfaces normal to the direction of the 
deposition than on the sidewalls along the direction of the 
deposition . The spacer material on fin segment sidewalls 
may be removed by a suitable wet etch process , such as BHF 
( buffered hydrofluoric ) etch or SICONITM etch ( involving 
exposure of a substrate to H2 , NF3 and NHz plasma by 
products ) . In various embodiments , the bottom spacer layer 
190 may be deposited by a directional PVD on the surface 
of the substrate 110 . The bottom spacer layer 190 may be 
silicon nitride ( SiN ) , silicon oxide ( SiO ) , silicon oxynitride 
( SION ) , a multi - layer arrangement of silicon oxide and 
silicon nitride , or combinations thereof . 
[ 0107 ] FIG . 17 is a cross - sectional side view of a gate 
structure and top source / drains formed on the plurality of fin 
segments in accordance with an exemplary embodiment . 
[ 0108 ] In one or more embodiments , a gate structure may 
be formed on the fin segments 116 by depositing a gate 
dielectric layer 200 on at least a portion of the exposed 
sidewall of the fin segments , where the gate dielectric layer 
200 may also be formed on at least a portion of the bottom 
spacer layer 190 . Undesired portions of the gate dielectric 
layer 200 may be removed from at least a portion of the 
bottom spacer layer 190 to form at least a portion of the gate 
structure on the fin segments 116 . 
[ 0109 ] In various embodiments , the gate dielectric layer 
200 may be a high - K dielectric material that may include , 
but is not limited to , metal oxides such as hafnium oxide 
( e . g . , HfO2 ) , hafnium silicon oxide ( e . g . , HfSiO4 ) , hafnium 
silicon oxynitride ( Hf _ SiON _ ) , lanthanum oxide ( e . g . , 
La , 0z ) , lanthanum aluminum oxide ( e . g . , LaA10z ) , zirco 
nium oxide ( e . g . , ZrO ) , zirconium silicon oxide ( e . g . , 
ZrSiO2 ) , zirconium silicon oxynitride ( ZrSi , O . N ) , tanta 
lum oxide ( e . g . , TaO2 , Ta203 ) , titanium oxide ( e . g . , TiO2 ) , 
barium strontium titanium oxide ( e . g . , BaTiO3 — SrTiO3 ) , 
barium titanium oxide ( e . g . , BaTiO3 ) , strontium titanium 
oxide ( e . g . , SrTiO3 ) , yttrium oxide ( e . g . , Y203 ) , aluminum 
oxide ( e . g . , A1 , 0z ) , lead scandium tantalum oxide ( Pb 
( Sc Ta1 - x ) 03 ) , and lead zinc niobate ( e . g . , PbZn1 / 3Nb2303 ) . 
The high - k material may further include dopants such as 
lanthanum and / or aluminum . The stoichiometry of the 
high - K compounds may vary . 
[ 0110 ] In various embodiments , the gate dielectric layer 
200 may have a thickness in the range of about 1 . 5 nm to 
about 2 . 5 nm . 
[ 0111 ] In various embodiments , a work function layer 210 
may be formed on the fin segments 116 by depositing a work 
function layer 210 on at least a portion of the exposed 
sidewall of the fin segments , where the work function layer 
210 may also be formed on at least a portion of the bottom 
spacer layer 190 and / or gate dielectric layer 200 . Undesired 
portions of the work function layer 210 may be removed 
from at least a portion of the bottom spacer layer 190 and / or 
gate dielectric layer 200 to form at least a portion of the gate 
structure on the fin segments 116 . 
10112 ] In one or more embodiments , a work function layer 
210 may be deposited over the gate dielectric layer 200 . The 
work function layer 210 may form part of a gate structure , 
where the gate structure may be on a vertical fin segment 

( TaSiN ) , tungsten nitride ( WN ) , molybdenum nitride 
( MON ) , niobium nitride ( NON ) ; a carbide , including but not 
limited to titanium carbide ( TiC ) , tantalum carbide ( TaC ) , 
hafnium carbide ( HfC ) , and combinations thereof . 
[ 0114 ] In various embodiments , the work function layer 
210 may have a thickness in the range of about 3 nm to about 
11 nm , or may have a thickness in the range of about 5 nm 
to about 8 nm . 
0115 ] . In one or more embodiments , a gate metal layer 
215 may be formed on the work function layer 210 , where 
the gate metal layer 215 may be a layer conformally depos 
ited on the work function layer 210 . In various embodi 
ments , the gate metal layer 215 may be tungsten ( W ) , cobalt 
( Co ) , or a combination thereof . The gate metal layer 215 
may form part of a gate structure , where the gate structure 
may be on a vertical fin segment 116 . 
[ 0116 ] The portions of the gate metal layer 215 and work 
function layer 210 on top of the fin segment ( s ) 116 may be 
removed by RIE or a suitable wet etch process . In various 
embodiments , the gate structure may wrap around three 
sides or four sides of the vertical fin . The gate metal layer 
215 may be a gate electrode for a vertical finFET . 
[ 0117 ] In various embodiments , when gate stacks on the 
vertical fin sidewalls 112 are recessed from the top edge of 
the fin segment 116 to a reduced height , a top spacer layer 
220 may be formed on the top surface of the gate structure , 
where the top spacer layer 220 may be between the fin 
segments 116 . 
[ 0118 ] In one or more embodiments , a top spacer layer 220 
may be formed on at least a portion of the gate metal 215 , 
work function layer 210 , and / or gate dielectric layer 200 . 
The top spacer 220 may be on the gate structure opposite the 
bottom spacer 190 . The top spacer layer 220 may be in 
contact with a portion of the fin segments 116 . In various 
embodiments , the top spacer layer 220 may be a dielectric 
layer , where the top spacer layer 230 may be a low - K 
dielectric material layer . The top spacer layer 220 may 
electrically isolate the gate structure from a top source / drain . 
The material and deposition method can be same as that was 
used for bottom spacer formation . The excess top spacer 
material on the sidewalls of the exposed vertical fins can be 
removed by directional RIE etch process . 
10119 ] . In one or more embodiments , a doped material 
forming a top source / drain 240 may be formed on the one or 
more vertical fin segments 116 . The top source / drain 240 
may be formed by epitaxial growth on the exposed top 
portions of the fin segments 116 , such that the fin segments 
116 and the top source / drain 240 have the same crystal 
orientation . The top source / drain may be n - doped or 
p - doped , and the doping may be in - situ or ex - situ . The top 
source / drain 240 may have the same doping type as the 
bottom source / drain 230 , and form an n - type or p - type 
vertical finFET with the vertical channel . 
10120 ] In various embodiments , the locations of the source 
and drain of a vertical transistor may be reversed such that 
the drain is on the top of a vertical fin , while the source is 
at the bottom . The source may , therefore , be at the bottom or 
the top . 
[ 0121 ] In one or more embodiments , a gate contact may be 
deposited on the gate metal layer 215 . The gate contact may 
provide an electrical contact with the gate metal layer 215 to 
connect the gate structure to an electrical line ( e . g . , word 
line , signal line , etc . ) . 

1 

116 . 
[ 0113 ] In various embodiments , the work function layer 
210 may be a nitride , including but not limited to titanium 
nitride ( TiN ) , hafnium nitride ( HfN ) , hafnium silicon nitride 
( HfSiN ) , tantalum nitride ( TaN ) , tantalum silicon nitride 
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[ 0122 ] In one or more embodiments , an interlayer dielec 
tric ( ILD ) layer 250 may be formed between the anchor 
walls 180 on opposite ends of the fin segments 116 . The ILD 
may be an insulating dielectric material , which may be a 
low - K dielectric material , for example , porous silicon diox 
ide , carbon - doped silicon dioxide , or fluorine doped silicon 
dioxide . 
0123 ] FIG . 17 also shows a cross - sectional side view of 

a vertical fin field effect transistor having a strained channel , 
a gate structure with a gate electrode , and source / drain 
region on the vertical fin in accordance with another exem 
plary embodiment . 
[ 0124 In one or more embodiments , one or more vertical 
fins 111 or fin segments 116 may be removed as dummy fins 
to increase the distance between two neighboring fins / 
segments to create an arrangement of fins / segments that may 
form one or more separate devices , for example , comple 
mentary metal - oxide semiconductor devices . The devices 
may be multi - fin devices , where two or more fins may share 
a common doped region 230 in the substrate 110 and have 
electrically coupled top source / drains 240 and / or electrically 
coupled gate structures . 
[ 0125 ] Having described preferred embodiments for the 
fabrication of vertical field effect transistor structure with 
strained channels ( which are intended to be illustrative and 
not limiting ) , it is noted that modifications and variations can 
be made by persons skilled in the art in light of the above 
teachings . It is therefore to be understood that changes may 
be made in the particular embodiments disclosed which are 
within the scope of the invention as outlined by the 
appended claims . Having thus described aspects of the 
invention , with the details and particularity required by the 
patent laws , what is claimed and desired protected by Letters 
Patent is set forth in the appended claims . 
What is claimed is : 
1 . A vertical fin field effect transistor ( finFET ) , compris 

where the substrate is a single crystal Si substrate and the 
vertical fins are single crystal silicon . 

7 . The vertical finFET of claim 1 , wherein the bottom 
space is silicon nitride ( SIN ) , silicon oxide ( SiO ) , silicon 
oxynitride ( SION ) , a multi - layer arrangement of silicon 
oxide and silicon nitride , or combinations thereof . 

8 . The vertical finFET of claim 1 , wherein the gate 
structure includes a gate dielectric layer on at least a portion 
of the sidewalls of at least one of the one or more vertical 
fins , a work function layer on the gate dielectric layer , and 
a gate metal layer on the work function layer . 

9 . The vertical finFET of claim 8 , wherein the gate 
dielectric layer is a high - K dielectric , and the work function 
layer is titanium nitride ( TiN ) , hafnium nitride ( HËN ) , haf 
nium silicon nitride ( HfSiN ) , tantalum nitride ( TaN ) , tanta 
lum silicon nitride ( TaSiN ) , tungsten nitride ( WN ) , molyb 
denum nitride ( Mon ) , niobium nitride ( NON ) , titanium 
carbide ( TiC ) , tantalum carbide ( TaC ) , hafnium carbide 
( HfC ) , or combinations thereof . 

10 . The vertical finFET of claim 8 , wherein the work 
function layer has a thickness in the range of about 3 nm to 
about 11 nm , and the gate dielectric layer has a thickness in 
the range of about 1 . 5 nm to about 2 . 5 nm . 

11 . A vertical fin field effect transistor ( finFET ) , compris 
ing ; 

ing ; 
one or more vertical fins formed on a substrate ; 
a doped region in the substrate located below at least one 

of the one or more vertical fins ; 
an anchor wall at each end of the one or more vertical fins , 
where the anchor wall is in contact with the endwall of 
at least one of the one or more vertical fins , and where 
the anchor wall maintains the at least one of the one or 
more vertical fins in a strained state ; 

a bottom spacer on the substrate and adjacent the sidewall 
of at least one of the one or more vertical fins ; 

a gate structure on at least a portion of the sidewalls of at 
least one of the one or more vertical fins ; and 

a top spacer on the gate structure opposite the bottom 
spacer . 

2 . The vertical finFET of claim 1 , further comprising a top 
source / drain on the top surface of at least one of the one or 
more vertical fins . 

3 . The vertical finFET of claim 1 , wherein the width of 
each of the one or more vertical fins is in the range of about 
6 nm to about 20 nm . 

4 . The vertical finFET of claim 1 , wherein the vertical fins 
have a pitch in the range of about 30 nm to about 200 nm , 
and a height in the range of about 25 nm to about 75 nm . 

5 . The vertical finFET of claim 1 , wherein the anchor wall 
is silicon nitride or silicon oxynitride . 

6 . The vertical finFET of claim 1 , further comprising an 
interlayer dielectric formed between the anchor walls , and 

one or more vertical fins formed on a substrate ; 
an anchor wall at each end of the one or more vertical fins , 
where the anchor wall is in contact with the endwall of 
at least one of the one or more vertical fins , and where 
the anchor wall maintains the at least one of the one or 
more vertical fins in a strained state ; and 

a gate structure on at least a portion of the sidewalls of at 
least one of the one or more vertical fins . 

12 . The vertical finFET of claim 11 , wherein the anchor 
wall has a width in the range of about 30 nm to about 500 
nm , and wherein the one or more vertical fins have a width 
in the range of about 6 nm to about 20 nm , and a height in 
the range of about 25 nm to about 75 nm . 

13 . The vertical finFET of claim 11 , wherein the one or 
more vertical fins are single crystal silicon ( Si ) or single 
crystal silicon germanium ( SiGe ) . 

14 . The vertical finFET of claim 11 , further comprising a 
top source / drain on the top surface of at least one of the one 
or more vertical fins , and a doped region in the substrate 
located below at least one of the one or more vertical fins . 

15 . A vertical fin field effect transistor ( finFET ) , compris 
ing ; 

one or more vertical fins formed on a substrate , where the 
one or more vertical fins have a width in the range of 
about 6 nm to about 20 nm , and a height in the range 
of about 25 nm to about 75 nm ; 

an anchor wall at each end of the one or more vertical fins , 
where the anchor wall is in contact with the endwall of 
at least one of the one or more vertical fins , and where 
the anchor wall maintains the at least one of the one or 
more vertical fins in a strained state ; and 

a gate structure on at least a portion of the sidewalls of at 
least one of the one or more vertical fins . 

16 . The vertical finFET of claim 15 , wherein the anchor 
wall is a silicon nitride with a width in the range of about 30 
nm to about 500 nm . 

17 . The vertical finFET of claim 15 , wherein the one or 
more vertical fins are single crystal silicon ( Si ) or single 
crystal silicon germanium ( SiGe ) . 
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18 . The vertical finFET of claim 15 , further comprising a 
top source / drain on the top surface of at least one of the one 
or more vertical fins , and a doped region in the substrate 
located below at least one of the one or more vertical fins . 

19 . The vertical finFET of claim 15 , wherein the one or 
more vertical fins are at least two vertical fins having a pitch 
in a range of about 30 nm to about 200 nm . 

20 . The vertical finFET of claim 15 , further comprising an 
interlayer dielectric between the anchor walls . 

* * * * * 


