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REMOVAL OF WORK FUNCTION METAL 
WING TO IMPROVE DEVICE YIELD IN 

VERTICAL FETS 

BACKGROUND 

[ 0001 ] The present application relates to a semiconductor 
structure and a method of forming the same . More particu 
larly , the present application relates to a vertical transistor 
including a gate structure containing a work function metal 
liner that is wing - free , and a method of forming the same . 
[ 0002 ] Conventional vertical transistors are devices where 
the source - drain current flows in a direction normal to the 
substrate surface . In such devices , a vertical semiconductor 
pillar ( or fin ) defines the channel with the source and drain 
located at opposing ends of the semiconductor pillar . Verti 
cal transistors are an attractive option for technology scaling 
for beyond 7 nm technologies . 
[ 0003 ] In a conventional vertical transistor processing 
flow , a gate dielectric material layer and a work function 
metal layer are recessed to a certain level of the semicon 
ductor fin to define the channel length . However , due to the 
confined geometry of the gate structure , the outer work 
function metal layer is under etched ( i.e. , the work function 
metal layer has less exposure to the wet chemical at the 
edge ) . This under etch results in a non - uniform work func 
tion metal liner having a winged surface . The work function 
metal liner having the winged surface causes degradation of 
device yield as well as a parasitic capacitance between the 
gate structure and the top source / drain structure . There is 
thus a need for providing a vertical transistor that includes 
a gate structure containing a work function metal liner that 
is wing - free . 

[ 0006 ] In another aspect of the present application , a 
method of forming a vertical transistor is provided . In one 
embodiment , the method includes forming a semiconductor 
fin on a mesa portion of a semiconductor substrate , wherein 
a bottom source / drain structure extends from a sidewall of 
the mesa portion of the semiconductor structure and a 
bottom spacer is located on the bottom source / drain struc 
ture and contacting a lower portion of a sidewall of the 
semiconductor fin . A gate stack is then formed on the bottom 
spacer and laterally adjacent to and above the semiconductor 
fin , wherein the gate stack includes a gate dielectric material 
layer and a work function metal layer . Next , a sacrificial 
material layer is formed on the work function metal layer , 
and a passivation material layer is formed on the sacrificial 
material layer . A horizontal portion of each of the passiva 
tion material layer and the sacrificial material layer located 
above the semiconductor fin are removed to physically 
expose a horizontal surface of the work function metal layer . 
The work function metal layer is then recessed to provide a 
work function metal liner having a winged surface . Next , the 
gate dielectric material layer is recessed to provide a gate 
dielectric material liner and thereafter , a remaining portion 
of the sacrificial material layer is recessed to provide a 
sacrificial material liner . The winged surface of the work 
function metal liner is then removed to provide a wing - free 
work function metal liner . Next , a top spacer is formed on a 
topmost surface of each of the gate dielectric material liner , 
the wing - free work function metal liner , and the sacrificial 
material liner , and thereafter a top source / drain structure is 
formed on the top spacer and contacting an upper portion of 
the sidewall of the semiconductor fin and a topmost surface 
of the semiconductor fin . 

BRIEF DESCRIPTION OF THE DRAWINGS 

SUMMARY 

[ 0004 ] A vertical transistor that includes a gate structure 
containing a work function metal liner that is wing - free is 
provided . The wing - free work function metal liner is pro 
vided by recessing a sacrificial material layer portion that is 
located adjacent to a work function metal liner having a 
winged surface near the channel and fin ends . The recessed 
sacrificial material layer portion allows for multi - directional 
etching of the winged surface of the work function metal 
liner and thus the wing surface can be removed forming a 
wing - free work function metal liner . The vertical transistor 
of the present application has reduced parasitic capacitance 
and a reduced tendency of electrical shorting between a top 
source / drain structure and the gate structure . The method of 
the present application can improve device yield . 
[ 0005 ] In one aspect of the present application , a vertical 
transistor is provided . In one embodiment , the vertical 
transistor includes a semiconductor fin located on a mesa 
portion of a semiconductor substrate . A bottom source / drain 
structure contacts a sidewall of the mesa portion of the 
semiconductor structure . A gate structure is located adjacent 
to a sidewall of the semiconductor fin and spaced apart from 
the bottom source / drain structure . The gate structure 
includes a gate dielectric material liner and a wing - free work 
function metal liner . A sacrificial material liner is located on 
the wing - free work function metal liner . A top source / drain 
structure is spaced apart from the gate structure and contacts 
an upper portion of the sidewall of semiconductor fin and a 
topmost surface of the semiconductor fin . 

[ 0007 ] FIG . 1 is a cross sectional view of an exemplary 
vertical transistor of the present application and during an 
early stage of fabrication , the exemplary vertical transistor 
including a plurality of semiconductor fins extending 
upward from a surface of a semiconductor substrate , each 
semiconductor fin is capped with a dielectric hard mask cap . 
[ 0008 ] FIG . 2 is a cross sectional view of the exemplary 
vertical transistor of FIG . 1 after forming a bottom source / 
drain structure . 
[ 0009 ] FIG . 3 is a cross sectional view of the exemplary 
vertical transistor of FIG . 2 after forming a bottom spacer on 
the bottom source / drain structure . 
[ 0010 ] FIG . 4 is a cross sectional view of the exemplary 
vertical transistor of FIG . 3 after forming a gate dielectric 
material layer and a work function metal layer . 
[ 0011 ] FIG . 5 is a cross sectional view of the exemplary 
vertical transistor of FIG . 4 after forming a sacrificial 
material layer on the work function metal layer . 
[ 0012 ] FIG . 6 is a cross sectional view of the exemplary 
vertical transistor of FIG . 5 after forming a passivation 
material layer on the sacrificial material layer . 
[ 0013 ] FIG . 7 is a cross sectional view of the exemplary 
vertical transistor of FIG . 6 after forming an interlayer 
dielectric material layer on the passivation material layer . 
[ 0014 ] FIG . 8 is a cross sectional view of the exemplary 
vertical transistor of FIG . 7 after removing a horizontal 
portion of each of the passivation material layer and the 
sacrificial material layer located above each dielectric hard 
mask capped semiconductor fin to physically expose a 
horizontal surface of the work function metal layer . 
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[ 0015 ] FIG . 9 is a cross sectional view of the exemplary 
vertical transistor of FIG . 8 after recessing the work function 
metal layer to provide a work function metal liner having a 
winged surface , and thereafter recessing the gate dielectric 
material layer to provide a gate dielectric material liner . 
[ 0016 ] FIG . 10 is a cross sectional view of the exemplary 
vertical transistor of FIG . 9 after recessing the remaining 
sacrificial material layer to provide a sacrificial material 
liner . 
[ 0017 ] FIG . 11 is a cross sectional view of the exemplary 
vertical transistor of FIG . 10 after removing the winged 
surface of the work function metal liner . 
[ 0018 ] FIG . 12 is a cross sectional view of the exemplary 
vertical transistor of FIG . 11 after forming a top spacer . 
[ 0019 ] FIG . 13 is a cross sectional view of the exemplary 
vertical transistor of FIG . 12 after forming a top source / drain 
structure . 
[ 0020 ] FIG . 14 is a cross sectional view of a prior art 
vertical transistor including a work function metal liner 
having a winged surface . 

DETAILED DESCRIPTION 

[ 0021 ] The present application will now be described in 
greater detail by referring to the following discussion and 
drawings that accompany the present application . It is noted 
that the drawings of the present application are provided for 
illustrative purposes only and , as such , the drawings are not 
drawn to scale . It is also noted that like and corresponding 
elements are referred to by like reference numerals . 
[ 0022 ] In the following description , numerous specific 
details are set forth , such as particular structures , compo 
nents , materials , dimensions , processing steps and tech 
niques , in order to provide an understanding of the various 
embodiments of the present application . However , it will be 
appreciated by one of ordinary skill in the art that the various 
embodiments of the present application may be practiced 
without these specific details . In other instances , well - known 
structures or processing steps have not been described in 
detail in order to avoid obscuring the present application . 
[ 0023 ] It will be understood that when an element 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 “ beneath ” or “ under ” 
another element , it can be directly beneath or under the other 
element , or intervening elements may be present . In con 
trast , when an element is referred to as being “ directly 
beneath ” or “ directly under ” another element , there are no 
intervening elements present . 
[ 0024 ] Referring first to FIG . 1 , there is illustrated an 
exemplary semiconductor structure including a plurality of 
semiconductor fins 12F ( or semiconductor pillars ) extending 
upward from a surface of a semiconductor substrate 10 . 
Each semiconductor fin 12F is capped with a dielectric hard 
mask cap 14. Although FIG . 1 illustrates two semiconductor 
fins , the present application works when a single semicon 
ductor fin is formed , or when more than two semiconductor 
fins are formed . 
[ 0025 ] As used herein , a " semiconductor fin ” refers to a 
semiconductor material portion that includes a pair of ver 
tical sidewalls that are parallel to each other . As used herein , 

a surface is “ vertical ” if there exists a vertical plane from 
which the surface does not deviate by more than three times 
the root mean square roughness of the surface . In one 
embodiment , each semiconductor fin 12F has a height from 
20 nm to 200 nm , and a width from 5 nm to 30 nm . Other 
heights and / or widths that are lesser than , or greater than , the 
ranges mentioned herein can also be used in the present 
application . Each semiconductor fin 12F is spaced apart 
from its nearest neighboring semiconductor fin 12F by a 
pitch of from 20 nm to 100 nm ; the pitch is measured from 
one point of one semiconductor fin to the exact point on a 
neighboring semiconductor fin . Also , each semiconductor 
fin 12F is oriented parallel to each other . A trench is located 
present between each neighboring pair of semiconductor fins 
12F . 
[ 0026 ] The semiconductor substrate 10 may be composed 
of a remaining portion of a base semiconductor substrate 
( not shown ) . The semiconductor substrate 10 may be com 
posed of one or more semiconductor materials having semi 
conductor properties . Examples of semiconductor materials 
that may provide the semiconductor substrate 10 include 
silicon ( Si ) , germanium ( Ge ) , silicon germanium alloys 
( SiGe ) , silicon carbide ( SiC ) , silicon germanium carbide 
( SiGeC ) , III - V compound semiconductors or II - VI com 
pound semiconductors . III - V compound semiconductors are 
materials that include at least one element from Group III of 
the Periodic Table of Elements and at least one element from 
Group V of the Periodic Table of Elements . II - VI compound 
semiconductors are materials that include at least one ele 
ment from Group II of the Periodic Table of Elements and 
at least one element from Group VI of the Periodic Table of 
Elements . 
[ 0027 ] Each semiconductor fin 12F may be composed of 
one of the semiconductor materials mentioned above for the 
semiconductor substrate 10. In one embodiment , the semi 
conductor fins 12F and the semiconductor substrate 10 are 
composed entirely of a same semiconductor material . In 
such an embodiment , no material interface is present 
between the semiconductor fins 12F and the semiconductor 
substrate 10. In one example , the semiconductor fins 12F 
and the semiconductor substrate 10 are composed entirely of 
silicon . In another embodiment , the semiconductor fins 12F 
are composed of a different semiconductor material than the 
semiconductor substrate 10. In such an embodiment , a 
material interface would exist between the bottommost 
surface of each semiconductor fin 12F and the topmost 
surface of the semiconductor substrate 10. In one example , 
the semiconductor fins 12F are composed of a silicon 
germanium alloy or a III - V compound semiconductor , while 
the semiconductor substrate 10 is composed of silicon . In the 
drawings of the present application , the dotted horizontal 
line denotes the position of a possible material interface 
between each semiconductor fin 12F and the semiconductor 
substrate 10 . 
[ 0028 ] Each dielectric hard mask cap 14 is composed of a 
dielectric hard mask material such as , for example , silicon 
dioxide , silicon nitride and / or silicon oxynitride . In one 
example , silicon nitride is employed as the dielectric hard 
mask material of each dielectric hard mask cap 14. As is 
shown , the dielectric hard mask cap 14 has sidewall surfaces 
that are vertically aligned to sidewall surfaces of the under 
lying semiconductor fin 12F . 
[ 0029 ] The exemplary semiconductor structure can be 
formed by first providing a dielectric hard mask layer ( not 
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shown ) onto a surface of a base semiconductor substrate ( not 
shown ) . The base semiconductor substrate is typically a bulk 
semiconductor substrate . By “ bulk ” it is meant that the base 
semiconductor substrate is entirely composed of at least one 
semiconductor material having semiconducting properties . 
The base semiconductor substrate may include at least one 
of the semiconductor materials mentioned above for semi 
conductor substrate 10 , and the hard mask layer may include 
one of the dielectric hard mask materials mentioned above 
for the hard mask caps 14 . 
[ 0030 ] The dielectric hard mask layer may be formed 
utilizing a deposition process such as , for example , chemical 
vapor deposition ( CVD ) or plasma enhanced chemical vapor 
deposition ( PECVD ) . In some embodiments , the hard mask 
layer may be formed by a thermal growth process such as , 
for example , thermal oxidation and / or thermal nitridation . In 
yet other embodiments , the dielectric hard mask layer may 
be formed utilizing a combination of , and in any order , a 
deposition process and a thermal growth process . The 
dielectric hard mask layer is a continuous layer ( without any 
breaks or gaps ) whose thickness may be from 20 nm to 100 
nm . Other thicknesses that are lesser than , or greater than the 
aforementioned thicknesses values may also be employed as 
the thickness of the dielectric hard mask layer . 
[ 0031 ] The dielectric hard mask layer and an upper semi 
conductor material portion of the base semiconductor sub 
strate are then patterned to provide the exemplary semicon 
ductor structure shown in FIG . 1. In one embodiment , the 
patterning of the dielectric hard mask layer and the upper 
semiconductor material portion of the base semiconductor 
substrate may include lithography and etching . The litho 
graphic process includes forming a photoresist ( not shown ) 
atop a material or material stack to be patterned , exposing 
the photoresist to a desired pattern of radiation , and devel 
oping the exposed photoresist utilizing a conventional resist 
developer . The photoresist may be a positive - tone photore 
sist , a negative - tone photoresist or a hybrid - tone photoresist . 
The etching process ( i.e. , pattern transfer etch ) includes a 
dry etching process ( such as , for example , reactive ion 
etching , ion beam etching , plasma etching or laser ablation ) , 
and / or a wet chemical etching process . In some embodi 
ments , the patterned photoresist is removed from the struc 
ture immediately after the pattern has been transferred into 
the dielectric hard mask layer . In other embodiments , the 
patterned photoresist is removed from the structure after the 
pattern has been transferred into both the dielectric hard 
mask layer and the upper semiconductor material portion of 
the base semiconductor substrate . In either embodiment , the 
patterned photoresist may be removed utilizing a conven 
tional photoresist stripping process such as , for example , 
ashing . 
[ 0032 ] In another embodiment , the patterning of the 
dielectric hard mask layer and the upper semiconductor 
material portion of the base semiconductor substrate may 
include a sidewall image transfer ( SIT ) process . The SIT 
process includes forming a mandrel material layer ( not 
shown ) atop the material or material layers that are to be 
patterned . The mandrel material layer ( not shown ) can 
include any material ( semiconductor , dielectric or conduc 
tive ) that can be selectively removed from the structure 
during a subsequently performed etching process . In one 
embodiment , the mandrel material layer ( not shown ) may be 
composed of amorphous silicon or polysilicon . In another 
embodiment , the mandrel material layer ( not shown ) may be 

composed of a metal such as , for example , A1 , W , or Cu . The 
mandrel material layer ( not shown ) can be formed , for 
example , by chemical vapor deposition or plasma enhanced 
chemical vapor deposition . Following deposition of the 
mandrel material layer ( not shown ) , the mandrel material 
layer ( not shown ) can be patterned by lithography and 
etching to form a plurality of mandrel structures ( also not 
shown ) on the topmost surface of the structure . 
[ 0033 ] The SIT process continues by forming a spacer ( not 
shown ) on each sidewall of each mandrel structure . The 
spacer can be formed by deposition of a spacer material and 
then etching the deposited spacer material . The spacer 
material may comprise any material having an etch selec 
tivity that differs from the mandrel material . Examples of 
deposition processes that can be used in providing the spacer 
material include , for example , chemical vapor deposition 
( CVD ) , plasma enhanced chemical vapor deposition 
( PECVD ) , or atomic layer deposition ( ALD ) . Examples of 
etching that be used in providing the spacers include any 
etching process such as , for example , reactive ion etching . 
[ 0034 ] After formation of the spacers , the SIT process 
continues by removing each mandrel structure . Each man 
drel structure can be removed by an etching process that is 
selective for removing the mandrel material . Following the 
mandrel structure removal , the SIT process continues by 
transferring the pattern provided by the spacers into the 
underlying material or material layers . The pattern transfer 
may be achieved by utilizing at least one etching process . 
Examples of etching processes that can used to transfer the 
pattern may include dry etching ( i.e. , reactive ion etching , 
plasma etching , and ion beam etching or laser ablation ) 
and / or a chemical wet etch process . In one example , the etch 
process used to transfer the pattern may include one or more 
reactive ion etching steps . Upon completion of the pattern 
transfer , the SIT process concludes by removing the spacers 
from the structure . Each spacer may be removed by etching 
or a planarization process . 
[ 0035 ] In yet a further embodiment , the patterning of the 
dielectric hard mask layer and the upper semiconductor 
material portion of the base semiconductor substrate may 
include a direct self - assembly ( DSA ) process in which a 
copolymer that is capable of direct self - assembly is used . 
Other well known patterning process can also be used in 
forming the semiconductor fins 12F . 
[ 0036 ] Referring now to FIG . 2 , there is illustrated the 
exemplary vertical transistor of FIG . 1 after forming a 
bottom source / drain structure 18. As is shown , the bottom 
source / drain structure 18 is located on each side of the 
semiconductor fin 12F and contacts a mesa portion 10M of 
the semiconductor substrate 10 that is located directly 
beneath the semiconductor fin 12F . The mesa portion 10M 
of the semiconductor substrate 10 forms a bottom source / 
drain extension region of the vertical transistor of the present 
application 
[ 0037 ] Prior to forming the bottom / source drain structure 
18 , a semiconductor fin liner 16 is formed on physically 
exposed sidewalls of each dielectric hard mask capped 
semiconductor fin ( 14 / 12F ) . The semiconductor fin liner 16 
is composed of a dielectric material such as , for example , 
silicon dioxide , silicon nitride , or silicon oxynitride . In some 
embodiments , the dielectric material that provides the semi 
conductor fin liner 16 is compositionally different from the 
dielectric hard mask material that provides each hard mask 
cap 14. In other embodiments , the dielectric material that 
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provides the semiconductor fin liner 16 is compositionally 
the same as the dielectric hard mask material that provides 
each hard mask cap 14 . 
[ 0038 ] The semiconductor fin liner 16 may be formed by 
depositing a dielectric material and then subjecting the 
dielectric material to an anisotropic etch such as , for 
example , reactive ion etching , that is selective in removing 
the dielectric material that provides the semiconductor sub 
strate fin liner 16 from all horizontal surfaces of the exem 
plary structure shown in FIG . 1. When the semiconductor fin 
liner 16 and the dielectric hard mask cap 14 are composed 
of a compositionally same dielectric material , then an upper 
portion of the dielectric hard mask cap 14 may be removed 
during the anisotropic etch employed in forming the semi 
conductor fin liner 16. The dielectric material that provides 
the semiconductor fin liner 16 may be deposited by , for 
example , chemical vapor deposition ( CVD ) or plasma 
enhanced chemical vapor deposition ( PECVD ) . The semi 
conductor fin liner 16 may have a width , as measured from 
one sidewall to an opposing sidewall , from 2 nm to 10 nm ; 
although other widths are possible and are not excluded 
from being used as width of the semiconductor fin liner 16 . 
[ 0039 ] In one embodiment , the bottom source / drain struc 
ture 18 may be formed by recessing the physically exposed 
semiconductor substrate 10 that is located in the trench and 
between each of the dielectric hard masked capped semi 
conductor fins ( 14 / 12F ) utilizing an anisotropic etching 
process that is selective in removing a semiconductor mate 
rial relative to a dielectric material ; no removal of the 
semiconductor fins 12F occurs since each semiconductor fin 
12F is protected by one of dielectric hard mask caps 14 and 
the semiconductor fin liners 16 . 
[ 0040 ] A bottom source / drain structure 18 is then formed 
into each bottom source / drain trench that is formed . The 
bottom source / drain structure 18 is composed of a semicon 
ductor material and an n - type dopant or a p - type dopant . The 
semiconductor material that provides the bottom source ! 
drain structure 18 may be compositionally the same as , or 
compositionally different from , the semiconductor material 
of semiconductor substrate 10 and / or the semiconductor fins 
12F . The term “ n - type ” refers to the addition of impurities 
that contributes free electrons to an intrinsic semiconductor . 
In a silicon containing semiconductor material , examples of 
n - type dopants , i.e. , impurities , include , but are not limited 
to , antimony , arsenic and phosphorous . The term “ p - type ” 
refers to the addition of impurities an intrinsic semicon 
ductor that creates deficiencies of valence electrons . In a 
silicon - containing semiconductor material , examples of 
p - type dopants , i.e. , impurities , include , but are not limited 
to , boron , aluminum , gallium and indium . The concentration 
of dopant ( i.e. , n - type or p - type ) within the semiconductor 
material that provides the bottom source / drain structure 18 
can range from 1x1018 atoms / cm3 to 1x1021 atoms / cm3 , 
although dopant concentrations greater than 1x1021 atoms / 
cm3 or less than 1x1018 atoms / cm3 are also conceived . 
[ 0041 ] In this embodiment in which a bottom source / drain 
trench is formed , the bottom source / drain structure 18 can be 
formed utilizing an epitaxial growth ( or deposition ) process . 
The terms “ epitaxially growing and / or depositing ” and “ epi 
taxially grown and / or deposited ” mean the growth of a 
semiconductor material on a deposition surface of a semi 
conductor material , in which the semiconductor material 
being grown has the same crystalline characteristics as the 
semiconductor material of the deposition surface . In an 

epitaxial growth process , the chemical reactants provided by 
the source gases are controlled and the system parameters 
are set so that the depositing atoms arrive at the deposition 
surface of the semiconductor substrate with sufficient energy 
to move around on the surface and orient themselves to the 
crystal arrangement of the atoms of the deposition surface . 
Therefore , an epitaxial semiconductor material has the same 
crystalline characteristics as the deposition surface on which 
it is formed . In the present application , the bottom source / 
drain structure 18 has an epitaxial relationship with the 
physically exposed surface of the semiconductor substrate 
10 . 
[ 0042 ] Examples of various epitaxial growth process 
apparatuses that can be employed in the present application 
include , e.g. , rapid thermal chemical vapor deposition 
( RTCVD ) , low - energy plasma deposition ( LEPD ) , ultra 
high vacuum chemical vapor deposition ( UHVCVD ) , atmo 
spheric pressure chemical vapor deposition ( APCVD ) and 
molecular beam epitaxy ( MBE ) . The epitaxial growth may 
be performed at a temperature of from 300 ° C. to 800 ° C. 
The epitaxial growth can be performed utilizing any well 
known precursor gas or gas mixture . Carrier gases like 
hydrogen , nitrogen , helium and argon can be used . A dopant 
( n - type or p - type , as defined above ) is typically added to the 
precursor gas or gas mixture . 
[ 0043 ] In other embodiment , the bottom source / drain 
structure may be formed by introducing an n - type dopant , as 
defined above , or a p - type dopant , as defined above , into the 
physically exposed semiconductor substrate 10 that is 
located in the trench and between each of the dielectric hard 
masked capped semiconductor fins ( 14 / 12F ) . In one 
example , the n - type dopant or the p - type dopant can be 
introduced into the physically exposed semiconductor sub 
strate 10 that is located in the trench and between each of the 
dielectric hard masked capped semiconductor fins ( 14 / 12F ) 
utilizing ion implantation . In another example , the n - type 
dopant or the p - type dopant can be introduced into the 
physically exposed semiconductor substrate 10 that is 
located in the trench and between each of the dielectric hard 
masked capped semiconductor fins ( 14 / 12F ) utilizing gas 
phase doping . The bottom source / drain structure 18 formed 
in this embodiment is composed of a same semiconductor 
material as the semiconductor substrate 10. The n - type 
dopant or p - type dopant is introduced into the physically 
exposed semiconductor substrate 10 that is located between 
each of the dielectric hard masked capped semiconductor 
fins ( 14 / 12F ) such that the resultant bottom source / drain 
structure 18 has a dopant concentration as defined above in 
the previous embodiment of forming the bottom source / 
drain structure 18 . 
[ 0044 ] After forming the bottom source / drain structure 18 , 
the semiconductor fin liners 16 are removed from each 
semiconductor fin 12F utilizing an etching process that is 
selective in removing the semiconductor fin liners 16 from 
the exemplary structure shown in FIG . 2. A portion of each 
dielectric hard mask 14 may or may not be removed during 
the semiconductor fin liner 16 removal . 
[ 0045 ] Referring now to FIG . 3 , there is illustrated the 
exemplary vertical transistor of FIG . 2 after forming a 
bottom spacer 20 on the bottom source / drain structure 18 . 
The bottom spacer 20 has a sidewall that directly contacts a 
lower portion of a sidewall of at least one the semiconductor 
fins 12F . The bottom spacer 20 may be composed of any 
dielectric spacer material including , for example , silicon 
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dioxide , silicon nitride , or silicon oxynitride . The dielectric 
spacer material that provides the bottom spacer 20 may be 
composed of a low k dielectric material ( i.e. , a dielectric 
material having a dielectric constant that is less than the 
dielectric constant of 4.0 , all dielectric constants mentioned 
herein as measured in a vacuum ) . An example of a low k 
dielectric material that can be used as the bottom spacer 20 
includes a dielectric material including atoms of silicon , 
boron , carbon and nitrogen . 
[ 0046 ] The bottom spacer 20 may be formed utilizing a 
deposition process such as , for example , chemical vapor 
deposition or plasma enhanced chemical vapor deposition . 
In some instances , an etch back process may follow the 
deposition of the dielectric spacer material that provides the 
bottom spacer 20. The bottom spacer 20 may have a 
thickness from 5 nm to 15 nm . Other thicknesses that are 
lesser than , or greater than , the aforementioned thickness 
range may also be employed in the present application as the 
thickness of the bottom spacer 20 as long as the height of the 
bottom spacer 20 is not greater than the height of the 
semiconductor fins 12F and there is sufficient area on each 
of the semiconductor fins 12F to form the other components 
of the vertical transistor . 
[ 0047 ] Referring now to FIG . 4 , there is illustrated the 
exemplary vertical transistor of FIG . 3 after forming a gate 
dielectric material layer 22L and a work function metal layer 
24L . The gate dielectric material layer 22L and the work 
function metal layer 24L are continuous layers that are 
formed in the trench that is located between each dielectric 
hard mask capped semiconductor fin ( 14 / 12F ) and atop each 
dielectric hard mask capped semiconductor fin ( 14 / 12F ) . As 
is shown , the gate dielectric material layer 22L is formed 
prior to the work function metal layer 24L , and a portion of 
the gate dielectric material layer 22L directly contacts a 
physically exposed sidewall of the semiconductor fins 12F . 
In the present application , the work function metal layer 24L 
is employed as the sole gate material of the gate structure . 
[ 0048 ] The gate dielectric material layer 22L may be 
composed of a gate dielectric material such as , for example , 
an oxide , nitride , and / or oxynitride . In one mple , the gate 
dielectric material layer 22L can be a high k material having 
a dielectric constant greater than 4.0 . Exemplary high k 
dielectrics include , but are not limited to , HfO2 , ZrO2 , 
La203 , Al2O3 , TiO2 , SrTiO3 , LaAlO3 , Y2O3 , HfO Ny , 
ZrO N. , La , O , N , A1 , O , N ,, TiON ,, SrTiON , LALO N. 
YON , SION , SiN ,, a silicate thereof , and an alloy thereof . 
Each value of x is independently from 0.5 to 3 and each 
value of y is independently from 0 to 2. In some embodi 
ments , a multilayered gate dielectric structure comprising 
different gate dielectric materials , e.g. , silicon dioxide , and 
a high - k gate dielectric , can be formed and used as gate 
dielectric material layer 22L . 
[ 0049 ] The gate dielectric material that provides the gate 
dielectric material layer 22L can be formed by any deposi 
tion process including , for example , chemical vapor depo 
sition ( CVD ) , plasma enhanced chemical vapor deposition 
( PECVD ) , physical vapor deposition ( PVD ) , sputtering , or 
atomic layer deposition ( ALD ) . In one embodiment of the 
present application , the gate dielectric material that provides 
the gate dielectric material layer 22L can have a thickness in 
a range from 1 nm to 10 nm . Other thicknesses that are lesser 
than , or greater than the aforementioned thickness range can 
also be employed for the gate dielectric material that pro 
vides the gate dielectric material layer 22L . In some embodi 

ments , the gate dielectric material layer 22L has a conformal 
thickness . The term " conformal ” denotes that a material 
layer has a vertical thickness along horizontal surfaces that 
is substantially the same ( i.e. , within + 5 % ) as the lateral 
thickness along vertical surfaces . 
[ 0050 ] The work function metal layer 24L is formed on the 
gate dielectric material layer 22L . The work function metal 
layer 24L may be composed of a p - type work function metal 
or an n - type work function metal . In the case of a p - type 
device , the work function metal layer 24L should effectuate 
a p - type threshold voltage shift , i.e. , a p - type work function 
metal is employed . In one embodiment , the work function of 
the p - type work function metal ranges from 4.9 eV to 5.2 eV . 
As used herein , “ threshold voltage ” is the lowest attainable 
gate voltage that will turn on a semiconductor device , e.g. , 
transistor , by making the channel of the device conductive . 
The term “ p - type threshold voltage shift ” as used herein 
means a shift in the Fermi energy of a p - type semiconductor 
device towards a valence band of silicon in the silicon 
containing material of the p - type semiconductor device . A 
“ valence band ” is the highest range of electron energies 
where electrons are normally present at absolute zero . 
[ 0051 ] In one embodiment , the p - type work function metal 
may be composed of titanium and its nitride or carbide . In 
one specific embodiment , the p - type work function metal is 
composed of titanium nitride . The p - type work function 
metal may also be composed of titanium aluminum nitride , 
tantalum nitride , ruthenium , platinum , molybdenum , cobalt , 
and alloys and combinations thereof . 
[ 0052 ] In an n - type device , the work function metal layer 
24L should effectuate an n - type threshold voltage shift ; i.e. , 
an n - type work function metal is used . “ N - type threshold 
voltage shift ” as used herein means a shift in the Fermi 
energy of an n - type semiconductor device towards a con 
duction band of silicon in a silicon - containing material of 
the n - type semiconductor device . The " conduction band ” is 
the lowest lying electron energy band of the doped material 
that is not completely filled with electrons . In one embodi 
ment , the work function of the n - type work function metal 
ranges from 4.1 eV to 4.3 eV . In one embodiment , the n - type 
work function metal is composed of at least one of titanium 
aluminum , tantalum nitride , titanium nitride , hafnium 
nitride , hafnium silicon , or combinations thereof . 
[ 0053 ] The work function metal layer 24L may be formed 
utilizing a deposition process such as , for example , chemical 
vapor deposition ( CVD ) , plasma enhanced chemical vapor 
deposition ( PECVD ) , physical vapor deposition ( PVD ) , 
sputtering , or atomic layer deposition ( ALD ) . In one 
embodiment of the present application , the work function 
metal that provides the work function metal layer 24L can 
have a thickness in a range from 1 nm to 10 nm . Other 
thicknesses that are lesser than , or greater than , the afore 
mentioned thickness range can also be employed for the 
work function metal that provides the work function metal 
layer 24L . In some embodiments , the work function metal 
layer 24L has a conformal thickness . 
[ 0054 ] Referring now to FIG . 5 , there is illustrated the 
exemplary vertical transistor of FIG . 4 after forming a 
sacrificial material layer 26L on the work function metal 
layer 24L . The sacrificial material layer 26L is a continuous 
layer that is formed in the trench that is located between each 
dielectric hard mask capped semiconductor fin ( 14 / 12F ) and 
atop each dielectric hard mask capped semiconductor fin 
( 14 / 12F ) . 

?? 

?? 
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[ 0055 ] The sacrificial material layer 26L is composed of a 
dielectric material that compositionally different from at 
least the gate dielectric material layer 22L . In one example , 
the sacrificial material layer 26L is composed of silicon 
dioxide . The sacrificial material layer 26L may be formed 
utilizing a deposition process such as , for example , chemical 
vapor deposition ( CVD ) , plasma enhanced chemical vapor 
deposition ( PECVD ) , physical vapor deposition ( PVD ) , 
sputtering , or atomic layer deposition ( ALD ) . In one 
embodiment of the present application , the dielectric mate 
rial that provides the sacrificial material layer 26L can have 
a thickness in a range from 1 nm to 5 nm . In some 
embodiments , the sacrificial material layer 26L has a con 
formal thickness . 
[ 0056 ] Referring now to FIG . 6 , there is illustrated the 
exemplary vertical transistor of FIG . 5 after forming a 
passivation material layer 28L on the sacrificial material 
layer 26L . The passivation material layer 28L is a continu 
ous layer that is formed in the trench that is located between 
each dielectric hard mask capped semiconductor fin ( 14 / 
12F ) and atop each dielectric hard mask capped semicon 
ductor fin ( 14 / 12F ) . 
[ 0057 ] The passivation material layer 28L is composed of 
a dielectric material that compositionally different from the 
sacrificial material layer 26L and is capable of preventing air 
and / or moisture to egress into the gate structure . In one 
example , the passivation material layer 28L is composed of 
silicon nitride . The passivation material layer 28L may be 
formed utilizing a deposition process such as , for example , 
chemical vapor deposition ( CVD ) , plasma enhanced chemi 
cal vapor deposition ( PECVD ) , physical vapor deposition 
( PVD ) , sputtering , or atomic layer deposition ( ALD ) . In one 
embodiment of the present application , the dielectric mate 
rial that provides the passivation material layer 28L can have 
a thickness in a range from 1 nm to 10 nm . Other thicknesses 
that are lesser than , or greater than , the aforementioned 
thickness range can also be employed for the dielectric 
passivation material that provides the passivation material 
layer 28L . In some embodiments , the passivation material 
layer 28L has a conformal thickness . 
[ 0058 ] Referring now to FIG . 7 , there is illustrated the 
exemplary vertical transistor of FIG . 6 after forming an 
interlayer dielectric ( ILD ) material layer 30L on the passi 
vation material layer 28L . The ILD material layer 30L is 
located in the trench that is located between each dielectric 
hard mask capped semiconductor fin ( 14 / 12F ) and , at this 
point of the present application , has a topmost surface that 
is substantially coplanar ( i.e. , within + 5 % ) with a topmost 
surface of the passivation material layer 28L . 
[ 0059 ] The ILD material layer 30L is composed of a 
dielectric material that is compositionally different from the 
passivation material layer 28L . Exemplary dielectric mate 
rial that may be used as the ILD material layer 30L include 
silicon dioxide , undoped silicate glass ( USG ) , fluorosilicate 
glass ( FSG ) , borophosphosilicate glass ( BPSG ) , a spin - on 
low k dielectric layer , a chemical vapor deposition ( CVD ) 
low - k dielectric layer or any combination thereof . In another 
embodiment , a self - planarizing material such as a spin - on 
glass ( SOG ) or a spin - on low - k dielectric material such as 
SILKTM can be used as the ILD material layer 30L . In one 
embodiment , ILD material layer 30L can be formed utilizing 
a deposition process including , for example , chemical vapor 
deposition ( CVD ) , plasma enhanced chemical vapor depo 
sition ( PECVD ) , evaporation or spin - on coating . Following 

deposition of the ILD material layer 30L , a planarization 
process such as , for example , chemical mechanical polishing 
( CMP ) , can employed . 
[ 0060 ] Referring now to FIG . 8 , there is illustrated the 
exemplary vertical transistor of FIG . 7 after removing a 
horizontal portion of each of the passivation material layer 
28L and the sacrificial material layer 26L located above each 
dielectric hard mask capped semiconductor fin ( 14 / 12F ) to 
physically expose a horizontal surface of the work function 
metal layer 24L . The horizontal portion of the passivation 
material layer 28L can be removed utilizing a first selective 
etching process , while the horizontal portion of the sacrifi 
cial material layer 26L can be removed utilizing a second 
selective etching process that is different from the first 
etching process . 
[ 0061 ] After removing the horizontal portion of each of 
the passivation material layer 28L and the sacrificial material 
layer 26L located above each dielectric hard mask capped 
semiconductor fin ( 14 / 12F ) , a portion of the passivation 
material layer 28L remains in each of the trenches that is 
located between the dielectric hard masked capped semi 
conductor fins ( 14 / 12F ) , and a portion of the portion of the 
sacrificial material layer 26L remains in each of the trenches 
that is located between the dielectric hard masked capped 
semiconductor fins ( 14 / 12F ) . Each remaining portion of the 
passivation material layer 28L may be referred to herein as 
a passivation material liner 28 , while each remaining portion 
of the sacrificial material layer 26L may be referred to herein 
as a sacrificial material layer portion 26 . 
[ 0062 ] At this point of the present application , each pas 
sivation material liner 28 has a topmost surface that is 
substantially coplanar ( i.e. , within + 5 % ) with a topmost 
surface of each sacrificial material layer portion 26 as well 
as the physically exposed topmost horizontal surface of the 
work function metal layer 24L . 
[ 0063 ] Referring now to FIG . 9 , there is illustrated the 
exemplary vertical transistor of FIG . 8 after recessing the 
work function metal layer 24L to provide a work function 
metal liner 24 having a winged surface 25 , and thereafter 
recessing the gate dielectric material layer 22L to provide a 
gate dielectric material liner 22. As is shown , the wing 
surface 25 of each of the work function metal liners 24 
extends above the topmost surface of the gate dielectric 
material liner 22. Thus , at this point of the present applica 
tion the work function metal liner 24 has a non - planar 
topmost surface with a portion that protrudes above a 
laterally adjacent portion . 
[ 0064 ] The recessing of the work function metal layer 24L 
may be performed utilizing a vertical wet etching process 
that is selective in removing the work function metal mate 
rial that provides the work function metal layer 24L . In one 
example , hydrogen peroxide can be used as the wet etchant 
to selectively the work function metal material that provides 
the work function metal layer 24L . 
[ 0065 ] The recessing of the gate dielectric material layer 
22L may be performed utilizing a wet etching process that 
is selective in removing the dielectric material that provides 
the gate dielectric material layer 22L . In one example , HC1 
can be used as the wet etchant to selectively the dielectric 
material that provides the gate dielectric material layer 22L . 
[ 0066 ] Referring now to FIG . 10 , there is illustrated the 
exemplary vertical transistor of FIG . 9 after recessing the 
remaining sacrificial material layer ( i.e. , the sacrificial mate 
rial layer portion 26 ) to provide a sacrificial material liner 
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26P . The sacrificial material liner 26P is located in each 
trench that is located between the dielectric hard mask 
capped semiconductor fins ( 14 / 12F ) . The sacrificial material 
liner 26P has a topmost surface that is substantially coplanar 
( i.e. , within 5 % ) with the topmost surface of the gate 
dielectric material liner 22 . 
[ 0067 ] The recessing of the sacrificial material layer por 
tion 26 physically exposes a sidewall of the wing surface 25 
of the work function metal liner 24. This allows for multi 
directional etching of the wing surface 25 of the work 
function metal liner 24 . 
[ 0068 ] The recessing of the sacrificial material layer por 
tion 26 may be performed utilizing an etching process that 
is selective in removing the dielectric material that provides 
the sacrificial material layer portion 26. In one example , 
hydrofluoric acid or a buffer oxide etch ( i.e. , a mixture of 
ammonium fluoride and hydrofluoric acid ) can be used as 
the etchant to selectively the dielectric material that provides 
the sacrificial material layer portion 26 . 
[ 0069 ] In some embodiments , and during the recessing of 
the sacrificial material layer portion 26 , the ILD material 
layer 30L may be recessed as well . In other embodiments , 
separate material removal process can be used to recess the 
ILD material layer . The recessed ILD material layer is 
referred to herein as an ILD material 30. The ILD material 
30 laterally surrounds each dielectric hard mask capped 
semiconductor fin ( 14 / 12F ) and has a topmost surface that is 
substantially coplanar ( i.e. , within + 5 % ) with a topmost 
surface of the passivation material liner 28 . 
[ 0070 ] Referring now to FIG . 11 , there is illustrated the 
exemplary vertical transistor of FIG . 10 after removing the 
winged surface 25 of the work function metal liner 24. After 
winged surface 25 removal , the work function metal liner is 
wing - free and the wing - free work function metal liner 24 
has a topmost surface that is substantially coplanar ( i.e. , 
within + 5 % ) with a topmost surface of each of the sacrificial 
material liner 26P and the gate dielectric material liner 22 . 
A uniform gate length , Lg , is provided as well as a gate 
structure that lacks a winged work function metal material . 
The wing - free work function metal liner 24 ' has a uniform 
and flat topmost surface . 
[ 0071 ] The removal of the winged surface 25 of the work 
function metal liner 24 is performed utilizing a multi 
directional ( from the top and side ) etch . In one embodiment , 
the multi - directional etch includes an isotropic wet etching . 
In one example , the isotropic wet etch includes a mixed 
chemical solution of NH4OH , H2O2 and H20 ( such a mix 
ture is referred to as “ SC1 " ) . 
[ 0072 ] As is shown in FIG . 11 , the sacrificial material liner 
26P , the wing - free work function metal liner 24 , and the gate 
dielectric material liner 26P are U - shaped between each 
neighboring pair of dielectric hard mask capped semicon 
ductor fins ( 14 / 12F ) . Also , and as is shown , an upper portion 
of the sidewall of each semiconductor fin 12F is now 
physically exposed . 
[ 0073 ] Referring now to FIG . 12 , there is illustrated the 
exemplary vertical transistor of FIG . 11 after forming a top 
spacer 32. The top spacer 32 is formed upon the sacrificial 
material liner 26P , the wing - free work function metal liner 
24 ' , and the gate dielectric material liner 22. Top spacer 32 
may include one of the materials mentioned above for the 
bottom spacer 20 ; the top spacer 32 is composed of a 
different dielectric material than the dielectric hard masks 
14. The top spacer 32 may be formed utilizing one of the 

deposition processes mentioned above in forming the bot 
tom spacer 20. The top spacer 32 may have a thickness 
within the thickness range mentioned above for the bottom 
spacer 20. The top spacer 32 has a sidewall that directly 
contacts the upper portion of the physically exposed semi 
conductor fin 12F sidewall . 
[ 0074 ] Referring now to FIG . 13 , there is illustrated the 
exemplary vertical transistor of FIG . 12 after forming a top 
source / drain structure 34. Prior to top source / drain structure 
34 formation , each dielectric hard mask 14 is removed so as 
to expose a topmost surface of each semiconductor fin 12F . 
As such , the top source / drain structure 34 is formed upon a 
remaining upper portion of the physically exposed semicon 
ductor fin 12F sidewall as well as the physically exposed 
topmost surface of one of the semiconductor fins 12F . 
[ 0075 ] Each hard mask 14 can be removed utilizing a 
material removal process such as , for example , etching or 
planarization . The removal of each hard mask 14 physically 
exposes a topmost surface of each semiconductor fin 12F . 
Next , the top source / drain structure 34 can be formed 
utilizing an epitaxial growth ( or deposition ) process , as 
defined above . In accordance with the present application , 
the top source / drain structure 34 includes a semiconductor 
material and either an n - type or p - type dopant . The semi 
conductor material that provides the top source / drain struc 
ture 34 may be the same or different from the semiconductor 
material of semiconductor substrate 10 and / or the semicon 
ductor fins 12F . The concentration of dopant within the 
semiconductor material that provides the top source / drain 
structure 34 can range from 1x1018 atoms / cm² to 1x1021 
atoms / cm " , although dopant concentrations greater than 
1x1021 atoms / cm or less than 1x1018 atoms / cm are also 
conceived . The top source / drain structure 34 may have a 
topmost surface that is substantially coplanar ( i.e. , within 
+ 5 % ) with a topmost surface of the ILD material 30 and the 
passivation material liner 28 . 
[ 0076 ] Notably , FIG . 13 illustrates an exemplary vertical 
transistor of the present application . The exemplary vertical 
transistor includes a semiconductor fin 12F located on a 
mesa portion 10M of a semiconductor substrate 10. A 
bottom source / drain structure 18 contacts a sidewall of the 
mesa portion 10M of the semiconductor structure 10M . A 
gate structure is located adjacent to a sidewall of the 
semiconductor fin 12 and spaced apart from the bottom 
source / drain structure 18. The gate structure includes a gate 
dielectric material liner 22 and a wing - free work function 
metal liner 24 ' . A sacrificial material liner 26P is located on 
the wing - free work function metal liner 24 ' . A top source ! 
drain structure 34 is spaced apart from the gate structure and 
contacts an upper portion of the sidewall of semiconductor 
fin 12F and a topmost surface of the semiconductor fin 12F . 
In the exemplary vertical transistor of the present applica 
tion , the absence of a winged surface work function metal 
liner at the channel end ( and fin end in the other direction ) 
substantially eliminates an electrical short between the top 
source / drain structure 34 and the gate structure ( 22 , 24 ' ) . 
[ 0077 ] Referring now to FIG . 14 , there is illustrated a prior 
art vertical transistor including a work function metal liner 
34 having a winged surface ( Winged WFM ) . In FIG . 14 , like 
elements as shown in FIG . 13 have like reference numerals . 
The prior art vertical transistor including the work function 
metal liner 24 having the winged surface ( Winged WFM ) is 
formed utilizing the same basic processing steps as the 
present application except for the omission of the sacrificial 
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material liner 26P and the multi - directional etch . The pres 
ence of the winged surface work function metal liner 34 at 
the channel end ( and fin end in the other direction ) causes an 
electrical short between the top source / drain structure 34 and 
the gate structure ( 22 , 24 ) . 
[ 0078 ] While the present application has been particularly 
shown and described with respect to preferred embodiments 
thereof , it will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made without departing from the spirit and scope of the 
present application . It is therefore intended that the present 
application not be limited to the exact forms and details 
described and illustrated , but fall within the scope of the 
appended claims . 
What is claimed is : 
1. A vertical transistor comprising : 
a semiconductor fin located on a mesa portion of a 

semiconductor substrate ; 
a bottom source / drain structure extending from a sidewall 

of the mesa portion of the semiconductor structure ; 
a gate structure located adjacent to a sidewall of the 

semiconductor fin and spaced apart from the bottom 
source / drain structure , the gate structure comprising a 
gate dielectric material liner and a wing - free work 
function metal liner ; 

a sacrificial material liner located on the wing - free work 
function metal liner , and 

a top source / drain structure spaced apart from the gate 
structure and contacting an upper portion of the side 
wall of semiconductor fin and a topmost surface of the 
semiconductor fin . 

2. The vertical transistor of claim 1 , further comprising a 
bottom spacer located between the bottom source / drain 
structure and the gate structure and contacting a lower 
portion of the sidewall of the semiconductor fin . 

3. The vertical transistor of claim 2 , further comprising a 
top spacer located between the top source / drain structure 
and the gate structure and contacting a portion of the 
sidewall of the semiconductor fin . 

4. The vertical transistor of claim 1 , wherein the sacrificial 
material liner has a topmost surface that is substantially 
coplanar with a topmost surface of each of the wing - free 
work function metal liner and the gate dielectric material 
liner . 

5. The vertical transistor of claim 1 , further comprising a 
passivation material liner and an interlayer dielectric mate 
rial laterally surrounding gate structure and the least one 
semiconductor fin . 
6. The vertical transistor of claim 5 , wherein the passi 

vation material liner has a topmost surface that is substan 
tially coplanar with a topmost surface of the interlayer 
dielectric material . 

7. The vertical transistor of claim 6 , wherein the topmost 
surface of each of the passivation material liner and the 
interlayer dielectric material is substantially coplanar with a 
topmost surface of the top source / drain structure . 

8. The vertical transistor of claim 1 , wherein the wing - free 
work function metal liner is composed of a p - type work 
function metal . 

9. The vertical transistor of claim 1 , wherein the wing - free 
work function metal liner is composed of an n - type work 
function metal . 

10. The vertical transistor of claim 1 , wherein the gate 
dielectric material liner has a dielectric constant of greater 
than 4.0 . 

11. A method of forming a vertical transistor , the method 
comprising : 

forming a semiconductor fin on a mesa portion of a 
semiconductor substrate , wherein a bottom source / 
drain structure extends from a sidewall of the mesa 
portion of the semiconductor structure and a bottom 
spacer is located on the bottom source / drain structure 
and contacting a lower portion of a sidewall of the 
semiconductor fin ; 

forming a gate stack on the bottom spacer and laterally 
adjacent to and above the semiconductor fin , wherein 
the gate stack includes a gate dielectric material layer 
and a work function metal layer ; 

forming a sacrificial material layer on the work function 
metal layer ; 

forming a passivation material layer on the sacrificial 
material layer ; 

removing a horizontal portion of each of the passivation 
material layer and the sacrificial material layer located 
above the semiconductor fin to physically expose a 
horizontal surface of the work function metal layer ; 

recessing the work function metal layer to provide a work 
function metal liner having a winged surface ; 

recessing the gate dielectric material layer to provide a 
gate dielectric material liner ; 

recessing a remaining portion of the sacrificial material 
layer to provide a sacrificial material liner ; 

removing the winged surface of the work function metal 
liner to provide a wing - free work function metal liner ; 

forming a top spacer on a topmost surface of each of the 
gate dielectric material liner , the wing - free work func 
tion metal liner , and the sacrificial material liner ; and 

forming a top source / drain structure on the top spacer and 
contacting an upper portion of the sidewall of the 
semiconductor fin and a topmost surface of the semi 
conductor fin . 

12. The method of claim 11 , wherein the mesa portion of 
the semiconductor substrate is formed by forming a bottom 
source / drain trench into physically exposed portions of the 
semiconductor substrate not including the semiconductor 
fin . 

13. The method of claim 12 , wherein the bottom source / 
drain structure is formed by forming a doped semiconductor 
material in the source / drain trench . 

14. The method of claim 11 , wherein the semiconductor 
fin is capped with a dielectric hard mask cap , and the 
dielectric hard mask cap is removed from the semiconductor 
fin after the formation of the top spacer and prior to the 
forming of the top source / drain structure . 

15. The method of claim 11 , further comprising forming 
an interlayer dielectric material layer on the passivation 
material layer that is located laterally adjacent to the semi 
conductor fin , wherein the interlayer dielectric material layer 
has topmost surface that is substantially coplanar with a 
topmost surface of the passivation material layer that is 
located above the semiconductor fin . 

16. The method of claim 11 , wherein the moving of the 
winged surface of the work function metal liner comprises 
a multi - directional etch . 

17. The method of claim 11 , wherein the sacrificial 
material liner has a topmost surface that is substantially 
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coplanar with a topmost surface of each of the wing - free 
work function metal liner and the gate dielectric material 
liner . 

18. The method of claim 11 , wherein the work function 
metal layer is composed of a p - type work function metal . 

19. The method of claim 11 , wherein the work function 
metal layer is composed of an n - type work function metal . 

20. The method of claim 11 , wherein the forming of the 
top source / drain structure comprising an epitaxial growth 
process . 


