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DIVOT - FREE PLANARIZATION and at least one conductive material and removing portions 
DIELECTRIC LAYER FOR REPLACEMENT of the gate dielectric layer and the at least one conductive 

GATE material from above the horizontal plane . 
According to another aspect of the present disclosure , a 

BACKGROUND 5 semiconductor structure is provided , which includes a gate 
level layer located on a semiconductor substrate and 

The present disclosure relates to semiconductor struc complementarily occupied with at least one gate cavity and 
tures , and particularly to replacement gate semiconductor dielectric material portions , wherein the dielectric material structures employing a planarization dielectric layer that is portions include at least one silicon nitride gate spacer 
planarized without formation of divots or recesses on a top 10 later " laterally surrounding each of the at least one gate cavity , a surface thereof , and methods of manufacturing the same . silicon nitride liner in contact with all outer surfaces of the The use of silicon oxide as gate spacers and / or a pla at least one silicon nitride gate spacer , and a planarization narization dielectric layer results in formation of recesses dielectric layer having one or more portions , wherein each and divots on the planarized top surfaces of the silicon oxide 
material . For example , in a semiconductor structure employ - 15 portion of the planarization dielectric layer is embedded 
ing a silicon oxide gate spacer and a silicon oxide planariza within a recessed portion of the silicon nitride liner , and 
tion dielectric layer , removal of a disposable gate material in wherein all topmost surfaces of the at least one silicon 
a replacement gate processing scheme results in collateral nitride gate spacer , the silicon nitride liner , and the pla 
etch of the top portions of the silicon oxide gate spacer and narization dielectric layer are within a horizontal plane 
top portions of the silicon oxide planarization dielectric 20 overlying the semiconductor substrate . 
layer relative to a top surface of another planarization 
dielectric material such as silicon nitride . Divots and / or BRIEF DESCRIPTION OF THE SEVERAL 
recesses are formed above the top surfaces of the recessed VIEWS OF THE DRAWINGS 
portions of the oxide material . 

During deposition of a conductive material for formation 25 FIG . 1 is a vertical cross - sectional view of a first exem 
of metallic gate structures , such divots and / or recesses are plary semiconductor structure after formation of a dispos 
filled with the conductive material . Such residual conductive able dielectric layer , a disposable gate material layer , and an 
material filling divots and / or recesses provide a spurious optional disposable gate cap dielectric layer according to a 
conductive path , causing electrical shorts between various first embodiment of the present disclosure . 
semiconductor devices . Thus , the residual conductive mate - 30 FIG . 2 is vertical cross - sectional view of the first exem 
rial is a concern for reliability and yield . plary semiconductor structure after formation of disposable 

gate structures and silicon nitride gate spacers according to 
SUMMARY the first embodiment of the present disclosure . 

FIG . 3 is vertical cross - sectional view of the first exem 
After formation of a silicon nitride gate spacer and a 35 plary semiconductor structure after formation of a silicon 

silicon nitride liner overlying a disposable gate structure , a nitride liner according to the first embodiment of the present 
dielectric material layer is deposited , which includes a disclosure . 
dielectric material that is not prone to material loss during FIG . 4 is a vertical cross - sectional view of the first 
subsequent exposure to dry or wet etch chemicals employed exemplary semiconductor structure after formation of a 
to remove disposable gate materials in the disposable gate 40 planarization dielectric layer including a spin - on dielectric 
structure . The dielectric material can be a spin - on dielectric material according to the first embodiment of the present 
material or can be a dielectric metal oxide material . The disclosure . 
dielectric material layer and the silicon nitride liner are FIG . 5 is a vertical cross - sectional view of the first 
planarized to provide a planarized dielectric surface in exemplary semiconductor structure after planarization of the 
which the disposable gate materials are physically exposed . 45 planarization dielectric layer to a topmost surface of the 
Surfaces of the planarized dielectric layer is not recessed silicon nitride liner according to the first embodiment of the 
relative to surfaces of the silicon nitride layer during present disclosure . 
removal of the disposable gate materials and prior to for - FIG . 6 is a vertical cross - sectional view of the first 
mation of replacement gate structures , thereby preventing exemplary semiconductor structure after planarization of the 
formation of metallic stringers . 50 planarization dielectric layer , silicon nitride liner , and gate 

According to an aspect of the present disclosure , a method cap dielectric portions according to the first embodiment of 
of forming a semiconductor structure is provided , which the present disclosure . 
includes : forming a disposable gate structure including at FIG . 7 is a vertical cross - sectional view of the first 
least a disposable gate material portion on a semiconductor exemplary semiconductor structure after removal of the 
substrate ; forming a silicon nitride gate spacer on sidewalls 55 disposable gate structures according to the first embodiment 
of the disposable gate structure ; forming a silicon nitride of the present disclosure . 
liner on the silicon nitride gate spacer and over the dispos - FIG . 8 is a vertical cross - sectional view of the first 
able gate structure ; forming a planarization dielectric layer exemplary semiconductor structure after deposition of a 
including a dielectric material on the silicon nitride liner ; contiguous gate dielectric layer and a first work function 
physically exposing a top surface of the disposable gate 60 metallic layer and patterning of the first work function 
material portion by planarizing the planarization dielectric metallic layer according to the first embodiment of the 
layer and the silicon nitride liner ; forming a gate cavity by present disclosure . 
removing at least the disposable gate material portion , FIG . 9 is a vertical cross - sectional view of the first 
wherein all topmost surfaces of the silicon nitride spacer , the exemplary semiconductor structure after deposition of a 
silicon nitride liner , and the planarization dielectric layer are 65 second work function metallic layer and a gate conductor 
within a horizontal plane ; and forming a replacement gate layer according to the first embodiment of the present 
structure by filling the gate cavity with a gate dielectric layer disclosure . 
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FIG . 10 is a vertical cross - sectional view of the first can be removed selective to the dielectric materials of the 
exemplary semiconductor structure after formation of gate spacer and the dielectric layer to be subsequently 
replacement gate structures according to the first embodi - deposited . 
ment of the present disclosure . Optionally , a disposable gate cap dielectric layer 29L can 

FIG . 11 is a vertical cross - sectional view of the first 5 be deposited on the disposable gate material layer . The 
exemplary semiconductor structure after formation of a disposable gate cap dielectric layer 29L includes a dielectric 
contact - level dielectric layer and various contact structures material such as silicon nitride . The total thickness of the 
according to the first embodiment of the present disclosure . stack of the disposable dielectric layer 25L , the disposable 

FIG . 12 is a vertical cross - sectional view of a second gate material layer 27L , and the optional disposable gate cap 
exemplary semiconductor structure after formation of pla - 10 dielectric layer 29L can be from 50 nm to 500 nm , although 
narization dielectric layer including a dielectric metal oxide lesser and greater thicknesses can also be employed . 
material according to a second embodiment of the present Referring to FIG . 2 , the stack of the disposable dielectric 
disclosure . layer 25L , the disposable gate material layer 27L , and the 

optional disposable gate cap dielectric layer 29L is subse 
DETAILED DESCRIPTION 15 quently lithographically patterned to form disposable gate 

structures . Each disposable gate structure includes a dispos 
As stated above , the present disclosure relates to replace - able dielectric portion 25 , which is a remaining portion of 

ment gate semiconductor structures employing a planariza - the disposable dielectric layer 25L , and a disposable gate 
tion dielectric layer that is planarized without formation of material portion 27 , which is a remaining portion of the 
divots or recesses on a top surface thereof , and methods of 20 disposable gate material layer 27L . Each disposable gate 
manufacturing the same , which are now described in detail structure may optionally include a disposable gate cap 
with accompanying figures . Like and corresponding ele dielectric portion 29 , which is a remaining portion of the 
ments mentioned herein and illustrated in the drawings are disposable gate cap dielectric layer 29L . In one embodiment , 
referred to by like reference numerals . The drawings are not the disposable gate dielectrics 25 can include at least one of 
necessarily drawn to scale . 25 silicon oxide and silicon oxynitride and / or the disposable 

Referring to FIG . 1 , a first exemplary semiconductor gate material portions 27 can include a semiconductor 
structure according to a first embodiment of the present material . 
disclosure includes a semiconductor substrate 8 that includes Silicon nitride gate spacers 52 are formed on sidewalls of 
a semiconductor material layer 10 . Various semiconductor each of the disposable gate structures ( 25 , 27 , 29 ) , for 
devices including at least one field effect transistor can be 30 example , by deposition of a conformal dielectric material 
subsequently formed on the semiconductor material layer layer and an anisotropic etch . Silicon nitride can be depos 
10 . The semiconductor substrate 8 can be a bulk substrate ited , for example , by chemical vapor deposition ( CVD ) or 
including a bulk semiconductor material constituting the atomic layer deposition ( ALD ) . 
semiconductor material layer 10 throughout , or a semicon - Masked ion implantation can be performed before and / or 
ductor - on - insulator ( SOI ) substrate ( not shown ) containing a 35 after formation of the silicon nitride gate spacers 52 . A 
top semiconductor layer that constitutes a semiconductor masking structure including a combination of a patterned 
material layer , a buried insulator layer ( not shown ) located photoresist layer ( not shown ) and at least one disposable 
under the top semiconductor layer , and a bottom semicon - gate structure ( 25 , 27 , 29 ) is employed for each masked ion 
ductor layer ( not shown ) located under the buried insulator implantation prior to formation of the gate spacers 52 . A 
layer . 40 masking structure including a combination of a patterned 

Various portions of the semiconductor material in the photoresist layer ( not shown ) and at least one disposable 
semiconductor substrate 8 can be doped with electrical gate structure ( 25 , 27 , 29 ) and at least one silicon nitride gate 
dopants of p - type or n - type at different dopant concentration spacer 52 laterally surrounding each of the at least one 
levels . For example , the semiconductor substrate 8 may disposable gate structure ( 25 , 27 , 29 ) is employed for each 
include at least one p - type well ( not shown ) and / or at least 45 masked ion implantation after formation of the gate spacers 
one n - type well ( not shown ) . At least one shallow trench 52 . Multiple patterned photoresists can be employed in 
isolation structure ( not shown ) can be formed to laterally combination with multiple ion implantation steps to form 
separate various surface regions of the semiconductor sub various source and drain regions 16 , i . e . , source regions and 
strate 8 . drain regions , having different dopant types and / or different 

A disposable dielectric layer 25L , a disposable gate mate - 50 dopant concentrations . As used herein , source and drain 
rial layer 27L , and an optional disposable gate cap dielectric regions 16 include any source region , any drain region , any 
layer 29L are deposited on the top surface of the semicon source extension region , or any drain extension region as 
ductor substrate 8 . The disposable dielectric layer 25L known in the art . 
includes a dielectric material such as a semiconductor oxide , In one embodiment , the disposable gate material portions 
a semiconductor nitride , or a semiconductor oxynitride . For 55 27 include a semiconductor material , and the silicon nitride 
example , the disposable dielectric layer 25L can include gate spacers 52 are formed directly on sidewalls of the 
silicon oxide , silicon nitride , or silicon oxynitride . semiconductor material in the disposable gate structures 27 . 

The disposable gate material layer 27L includes a material In one embodiment , the disposable gate structures ( 25 , 27 , 
that can be subsequently removed selective to silicon nitride 29 ) can employ materials other than semiconductor oxide 
and selective to dielectric materials of gate spacers and a 60 and semiconductor oxynitride . In this case , semiconductor 
planarization dielectric layer to be subsequently deposited oxide or semiconductor oxynitride is not present above the 
above the top surface of the substrate 8 . For example , the bottom surface of the disposable gate material portions 27 
disposable gate material layer 27L can include a semicon - after the forming of the disposable gate structures ( 25 , 27 , 
ductor material such as silicon , germanium , a silicon ger - 29 ) . 
manium alloy , or a compound semiconductor material . 65 Referring to FIG . 3 , a silicon nitride liner 60 is deposited 
Alternately , the disposable gate material layer 27L can on the silicon nitride gate spacers 52 and over the disposable 
include any dielectric material or any metallic material that gate structures ( 25 , 27 , 29 ) . The silicon nitride liner 60 is a 
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contiguous layer that contacts the entirety of outer sidewall hydroxide ( NH4OH ) . Silicon nitride or the dielectric mate 
surfaces of the silicon nitride gate spacers 52 , the entirety of rial of the planarization dielectric layer 70 is not removed 
top surfaces of the disposable gate structures ( 25 , 27 , 29 ) , during the formation of the gate cavities 39 . Thus , all 
and the entirety of the top surface of the semiconductor topmost surfaces of the silicon nitride spacers 52 , the silicon 
substrate 8 that is not contacted by the silicon nitride gate 5 nitride liner 60 , and the planarization dielectric layer 70 are 
spacers 52 or the disposable gate structures ( 25 , 27 , 29 ) . The within a horizontal plane that is parallel to the topmost 
silicon nitride liner 60 can be deposited , for example , by surface of the semiconductor substrate 8 . Inner sidewall 
chemical vapor deposition ( CVD ) . The thickness of the surfaces of each silicon nitride gate spacer 52 are physically 
silicon nitride liner 60 can be from 20 nm to 200 nm , exposed within a gate cavity 39 . 
although lesser and greater thicknesses can also be 10 The first exemplary semiconductor structure includes a 
employed . gate - level layer 12 located on the semiconductor substrate . 

Referring to FIG . 4 , a planarization dielectric layer 70 is The gate - level layer 12 is complementarily occupied with at 
formed above the silicon nitride liner 60 . The planarization least one gate cavity 39 and dielectric material portions . In 
dielectric layer 70 includes a dielectric material other than other words , the gate - level layer 12 consists of the at least 
semiconductor oxide , silicon nitride , and semiconductor 15 one gate cavity 39 and the dielectric material portions . The 
oxynitride . If the disposable gate structures ( 25 , 27 , 29 ) can dielectric material portions include at least one silicon 
employ materials other than semiconductor oxide and semi - nitride gate spacer 52 laterally surrounding each of the at 
conductor oxynitride , no semiconductor oxide or semicon - least one gate cavity 39 , the silicon nitride liner 60 in contact 
ductor oxynitride is present above the plane of the top with all outer surfaces of the at least one silicon nitride gate 
surface of the disposable gate dielectrics 25 . 20 spacer 52 , and the planarization dielectric layer 70 having 

The planarization dielectric layer 70 including a spin - on one or more portions , i . e . , in the form of a single contiguous 
dielectric material that is etch - resistant to hydrofluoric acid , portion or in the form of a plurality of non - contiguous 
i . e . , a spin - on dielectric material that is not etched by portions that are laterally spaced by at least one of the silicon 
hydrofluoric acid . The spin - on dielectric material of the nitride liner 60 and one or more silicon nitride gate spacers 
planarization dielectric layer 70 can be applied by spin - 25 52 . Each portion of the planarization dielectric layer 70 is 
coating , and is self - planarizing , i . e . , forms a planar top embedded within a recessed portion of the silicon nitride 
surface without application of external force other than liner 60 , and is laterally contacted by upper portions of the 
gravity . Exemplary spin - on dielectric materials include silicon nitride liner 60 . All topmost surfaces of the at least 
hydrogen silsesquioxane ( HSO ) and methyl silsesquioxane one silicon nitride gate spacer 52 , the silicon nitride liner 60 , 
( MSQ ) . The thickness of the planarization dielectric layer 70 30 and the planarization dielectric layer 70 are within a hori 
as measured from above the topmost portions of the silicon zontal plane overlying the semiconductor substrate 8 and 
nitride liner 60 can be from 20 nm to 300 nm , although lesser parallel to the top surface of the semiconductor substrate 8 . 
and greater thicknesses can also be employed . Semiconductor oxide or semiconductor oxynitride is not 

Referring to FIG . 5 , the planarization dielectric layer 70 present above the horizontal plane of the bottommost sur 
is planarized to a topmost surface of the silicon nitride liner 35 face of the at least one gate cavity 39 , which coincides with 
60 . The planarization of the planarization dielectric layer 70 the top surface of the semiconductor substrate 8 . As dis 
can be effected , for example , by a recess etch or chemical cussed above , the planarization dielectric layer 70 includes 
mechanical planarization ( CMP ) . The top surface of the a spin - on dielectric material such as hydrogen silsesquiox 
silicon nitride liner 60 can be employed as a stopping layer ane ( HSQ ) or methyl silsesquioxane ( MSQ ) . 
for the recess etch or for CMP . 40 Each of the at least one gate cavity 39 can overlie a 

Referring to FIG . 6 , the planarization dielectric layer 70 , channel of a field effect transistor that includes the various 
the silicon nitride liner 60 , and the disposable gate cap portions of the source and drain regions 16 as the source and 
dielectric portions 29 , if present , are planarized , for the drain of the field effect transistor . In one embodiment , the 
example , by chemical mechanical planarization or a non dielectric material portions can consist of the at least one 
selective recess etch , to a level at which a top surface of the 45 silicon nitride gate spacer 52 , the silicon nitride liner 60 , and 
disposable gate material portions 27 are physically exposed the planarization dielectric layer 70 . 
The physically exposed top surface of the disposable gate Referring to FIG . 8 , a contiguous gate dielectric layer 32L 
material portions 27 may be located at , or below , the topmost is deposited in the gate cavities 39 and over the top surfaces 
surfaces of the disposable gate material portions 27 prior to of the silicon nitride gate spacers 52 , the silicon nitride liners 
the planarization of the planarization dielectric layer 70 , the 50 60 , and the planarization dielectric layer 70 . The contiguous 
silicon nitride liner 60 , and the disposable gate cap dielectric gate dielectric layer 32L can be a high dielectric constant 
portions 29 . ( high - k ) material layer having a dielectric constant greater 

Referring to FIG . 7 , the remaining portions of the dis - than 3 . 9 . The contiguous gate dielectric layer 32L can 
posable gate structures ( 25 , 27 ) are removed selective to the include a dielectric metal oxide , which is a high - k material 
materials of the planarization dielectric layer 70 , the silicon 55 containing a metal and oxygen , and is known in the art as 
nitride liner 60 , and the silicon nitride gate spacers 52 . A gate high - k gate dielectric materials . Dielectric metal oxides can 
cavity 39 is formed within each volume from which a be deposited by , for example , chemical vapor deposition 
disposable gate structure ( 25 , 27 ) is removed . ( CVD ) , physical vapor deposition ( PVD ) , molecular beam 

The formation of the gate cavities 39 can be effected by deposition ( MBD ) , pulsed laser deposition ( PLD ) , liquid 
at least one etch that does not remove any material from the 60 source misted chemical deposition ( LSMCD ) , atomic layer 
silicon nitride liner 60 , the silicon nitride gate spacer 52 , or deposition ( ALD ) , etc . Exemplary high - k dielectric material 
the planarization dielectric layer 70 , while removing an include HfO2 , ZrO2 , La , 03 , A1 , 0z , TiO2 , SrTiOz , LaA103 , 
entirety of the disposable gate structures ( 25 , 27 ) . A semi Y203 , HfO N , ZrO N . , , La O N , , A1 , 0 N , , TiO N , SrTi 
conductor surface of the semiconductor substrate 8 is physi - ON , , , LaAlo N , YO N , a silicate thereof , and an alloy 
cally exposed at the bottom of each gate cavity 39 . In one 65 thereof . Each value of x is independently from 0 . 5 to 3 and 
embodiment , the at least one etch can be at least one wet etch each value of y is independently from 0 to 2 . The thickness 
that employs hydrofluoric acid ( HF ) and / or ammonium of the contiguous gate dielectric layer 32L , as measured at 

xys 
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od 1 

horizontal portions , can be from 0 . 9 nm to 6 nm , and planarization process such as chemical mechanical pla 
preferably from 1 . 0 nm to 3 nm . The contiguous gate narization ( CMP ) and / or a non - selective recess etch . 
dielectric layer 32L may have an effective oxide thickness Replacement gate structures are formed within volumes that 
on the order of or less than 2 nm . The entirety of the interface are previously occupied by disposable gate structures ( 25 , 
between the contiguous dielectric layer 32L and the hori - 5 27 , 29 ; See FIGS . 2 - 6 ) . Each replacement gate structure is 
zontal surfaces of the silicon nitride gate spacers 52 , the a gate stack that remains permanently on the semiconductor 
silicon nitride liners 60 , and the planarization dielectric layer substrate 8 , i . e . , is not disposable . 
70 is planar . In one embodiment , an optional interfacial gate dielectric 32 , at least one work function metal 
dielectric material layer ( not shown ) can be formed at the portion ( 34 , 36 ) , and a gate conductor 40 are present with 
interface layer between the contiguous gate dielectric layer 10 each replacement gate structure . Each gate dielectric 32 is a 
32L and the semiconductor material layer 10 . The interfacial remaining portion of the contiguous gate dielectric layer 32L 
dielectric material layer can include , for example , silicon after the planarization process . As discussed above , an 
oxide and / or silicon oxynitride . optional interfacial dielectric material layer ( not shown ) can 

A first work function metallic layer 34L is deposited on be present at the interface layer between the contiguous gate 
the contiguous gate dielectric layer 32L , and is lithographi - 15 dielectric layer 32L and the semiconductor material layer 10 . 
cally patterned to be present with at least one gate cavity 39 , Each first work function metal portion 34 is a remaining 
while being absent within at least another gate cavity 39 . The portion of the first work function metallic layer 34L after the 
first work function metallic layer 34L includes a metallic planarization process . Each second work function metal 
material that can optimize the threshold voltages of transis portion 36 is a remaining portion of the second work 
tors . For example , the first work function metallic layer 34L 20 function metallic layer 36L after the planarization process . 
can include metallic materials such as Pt , Rh , Jr , Ru , Cu , Os , Each gate conductor 40 is a remaining portion of the gate 
Be , Co , Pd , Te , Cr , Ni , TiN , Hf , Ti , Zr , Cd , La , TI , Yb , Al , conductor layer 40L after the planarization process . Each 
Ce , Eu , Li , Pb , Tb , Bi , In , Lu , Nb , Sm , V , Zr , Ga , Mg , Gd , replacement gate structure ( 32 , optionally 34 , 36 , 40 ) can 
Y , and TiAl , conductive nitrides thereof , and alloys thereof . overlie a channel region of a field effect transistor . A stack 
The first work function metallic layer 34L can be formed , for 25 of at least one work function metal portion ( 36 and option 
example , by physical vapor deposition , chemical vapor ally 34 ) and a gate conductor 40 constitutes a gate electrode 
deposition , or atomic layer deposition ( ALD ) . The thickness ( 36 , optionally 34 , 40 ) . 
of the first work function metallic layer 34L can be from 2 Each gate dielectric 32 can be a U - shaped gate dielectric 
nm to 40 nm , although lesser and greater thicknesses can contacting the semiconductor material of the semiconductor 
also be employed . 30 material layer 10 and the inner surfaces of a silicon nitride 

Referring to FIG . 9 , a second work function metallic layer gate spacer 52 . Because the gate dielectrics 32 include the 
36L is deposited on the physically exposed surfaces of the same material as the contiguous gate dielectric layer 32L 
first work function metallic layer 34L and the contiguous ( See FIGS . 8 and 9 ) , the gate dielectrics 32 can be U - shaped 
gate dielectric layer 32L . The second work function metallic gate dielectrics including a dielectric material having a 
layer 36L includes a metallic material that can optimize the 35 dielectric constant greater than 3 . 9 . The U - shaped gate 
threshold voltages of transistors . The metallic material of the dielectrics include vertical portions , which have top surfaces 
second work function metallic layer 36L can be different that are coplanar with the top surfaces of the silicon nitride 
from the metallic material of the first work function metallic spacer 52 , the silicon nitride liner 60 , and the planarization 
layer 34L . For example , the second work function metallic dielectric layer 70 . 
layer 36L can include any metallic material that can be 40 Each work function metal portion ( 34 , 36 ) can be a 
selected for the metallic material of the first work function U - shaped work function metal portion . A work function 
metallic layer 34L . The second work function metallic layer metal portion ( 34 , 36 ) may contact inner surfaces of the 
36L can be formed , for example , by physical vapor depo - vertical portions of the gate dielectrics 32 and the top 
sition , chemical vapor deposition , or atomic layer deposition surfaces of the horizontal portions of the gate dielectrics 32 . 
( ALD ) . The thickness of the second work function metallic 45 Alternately , a second work function metal portion 36 may 
layer 36L can be from 2 nm to 40 nm , although lesser and contact inner sidewalls of vertical portions of a first work 
greater thicknesses can also be employed . function metal portion 34 and a top surface of a horizontal 

A gate conductor layer 40L is deposited over the first and portion of the first work function metal portion 34 . Each 
second work function metallic layers ( 34L , 36L ) . The gate U - shaped work function metal portion includes vertical 
conductor layer 40L includes a conductive material , which 50 portions , which have top surfaces that are coplanar with the 
can be deposited by physical vapor deposition or chemical top surfaces of the silicon nitride spacer 52 , the silicon 
vapor deposition . For example , the gate conductor layer 40L nitride liner 60 , and the planarization dielectric layer 70 and 
can be an aluminum layer , an aluminum alloy layer , a the top surfaces of the vertical portions of the U - shaped gate 
tungsten layer , and / or a tungsten alloy layer deposited by dielectrics . 
physical vapor deposition . The thickness of the gate con - 55 Each gate conductor 40 has a top surface that is coplanar 
ductor layer 40L , as measured in a planar region of the with the top surface of the silicon nitride spacer 52 , the 
conductive metal layer 40L above the topmost surface of the silicon nitride liner 60 , and the planarization dielectric layer 
second work function metallic layer 36L , can be from 100 70 , and with the top surfaces of the vertical portions of the 
nm to 500 nm , although lesser and greater thicknesses can U - shaped gate dielectrics , and with the top surfaces of the 
also be employed . In one embodiment , the gate conductor 60 vertical portions of the U - shaped work function metal por 
layer 40L can include a single elemental metal such as Al or tions . 
W or alloys thereof . Thus , each replacement gate structure ( 32 , optionally 34 , 
Referring to FIG . 10 , portions of the gate conductor layer 36 , 40 ) can be formed by filling a gate cavity 39 with a 

40L , portions of the first and second work function metallic contiguous gate dielectric layer 32L and at least one con 
layers ( 34L , 36L ) , and portions the contiguous gate dielec - 65 ductive material , and removing portions of the contiguous 
tric layer 32L are removed from above the top planar surface gate dielectric layer 32L and the at least one conductive 
of the planarization dielectric layer 70 by performing a material from above a horizontal plane that is located at , or 
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below , a plane including top surfaces of the top surfaces of thereof , and an alloy thereof . Each value of x is indepen 
the silicon nitride spacer 52 , the silicon nitride liner 60 , and dently from 0 . 5 to 3 and each value of y is independently 
the planarization dielectric layer 70 . The replacement gate from 0 to 2 . The thickness of the planarization dielectric 
structure ( 32 , optionally 34 , 36 , 40 ) includes a U - shaped layer 70 as measured from above the topmost portions of the 
gate dielectric , i . e . , a gate dielectric 32 , which is in contact 5 silicon nitride liner 60 can be from 20 nm to 300 nm , 
with inner sidewalls of a silicon nitride gate spacer 52 . The although lesser and greater thicknesses can also be 
replacement gate structure ( 32 , optionally 34 , 36 , 40 ) further employed . 
includes a gate electrode , which includes at least one con The dielectric material of the planarization dielectric layer 
ductive material , i . e . , the conductive materials of a second 70 is deposited as an amorphous material . The second 
work function metal portion 36 , the conductive material of 10 exemplary semiconductor structure is subsequently 
the gate conductor 40 , and optionally the conductive mate - annealed at an elevated temperature to crystallize the amor 
rial of a first work function metal portion 34 . The gate phous material of the planarization dielectric layer 70 . The 
electrode ( 36 , 40 , and optionally 34 ) is in contact with inner amorphous material of the planarization dielectric layer 70 
sidewalls of the U - shaped gate dielectric . as deposited is converted into a polycrystalline dielectric 

Referring to FIG . 11 , a contact - level dielectric layer 90 15 metal oxide during the anneal . The temperature of the anneal 
and various contact structures ( 94 , 96 ) are formed . The can be from 700 degrees Celsius to 1 , 100 degrees Celsius . 
contact - level dielectric layer 90 is deposited on a planar In one embodiment , the temperature of the anneal can be 
horizontal surface of the replacement gate structures ( 32 , 34 , greater than 800 degrees Celsius . In one embodiment , the 
36 , 40 ) , the silicon nitride spacers 52 , the silicon nitride liner temperature of the anneal can be greater than 900 degrees 
60 , and the planarization dielectric layer 70 , as a blanket 20 Celsius . In one embodiment , the temperature of the anneal 
layer , i . e . , a layer without a pattern . The contact - level can be greater than 1 , 000 degrees Celsius . In one embodi 
dielectric layer 90 includes a dielectric material such as ment , the temperature of the anneal can be less than 1 , 000 
silicon oxide , silicon nitride , and / or porous or non - porous degrees Celsius . In one embodiment , the temperature of the 
organosilicate glass . The contact - level dielectric layer 90 anneal can be less than 900 degrees Celsius . In one embodi 
can be deposited , for example , by chemical vapor deposition 25 ment , the temperature of the anneal can be less than 800 
( CVD ) or spin coating . The thickness of the contact - level degrees Celsius . The duration of the anneal at the elevated 
dielectric layer 90 can be from 30 nm to 600 nm , although temperature can be from 1 second to 24 hours , although 
lesser and greater thicknesses can also be employed . lesser and greater durations can also be employed . 

Various contact via holes are formed through the contact . The entirety of the planarization dielectric layer 70 
level dielectric layer 90 , for example , by applying and 30 includes a polycrystalline dielectric metal oxide material 
patterning a photoresist ( not shown ) , and transferring the after the anneal . The average grain size of the polycrystalline 
pattern in the photoresist into through the contact - level dielectric metal oxide material in the planarization dielectric 
dielectric layer 90 and optionally through a stack of the layer 70 after the anneal can be metal oxide material in the 
planarization dielectric layer 70 and the silicon nitride liner planarization dielectric layer 70 can be in a range from 3 nm 
60 . The various contact via holes are filled with a conductive 35 to 100 nm , although lesser and greater average grain sizes 
material to form various contact via structures , which can can also be employed . As used herein , an “ average grain 
include at least one gate - contact via structure 94 and at least size ” refers to the average lateral dimensions in a random 
one substrate - contact via structure 96 . cross - sectional view such as a transmission electron micro 

Referring to FIG . 12 , a second exemplary semiconductor graphs ( TEMs ) . 
structure according to a second embodiment of the present 40 The processing steps of FIGS . 6 - 11 are subsequently as in 
disclosure can be derived from the first exemplary semicon - the first embodiment to provide a structure that is the same 
ductor structure of FIG . 3 by formation of planarization as the first exemplary structure of FIG . 11 except for the 
dielectric layer 70 that is not self - planarized . The planariza differences in the composition of the planarization dielectric 
tion dielectric layer 70 includes a dielectric material other layer 70 . Because the planarization dielectric layer 70 
than semiconductor oxide , silicon nitride , and semiconduc - 45 includes a polycrystalline dielectric metal oxide instead of 
tor oxynitride . Thus , a semiconductor oxide or a semicon an amorphous dielectric metal oxide , the planarization 
ductor oxynitride is not present above the plane of the top dielectric layer 70 provides greater etch resistance to chemi 
surface of the disposable gate dielectrics 25 at this process cals employed to remove the disposable gate structures ( 25 , 
ing step . 26 ; See FIG . 6 ) during the at least one etch that forms the at 

The planarization dielectric layer 70 including a dielectric 50 least one gate cavity 39 at the processing step of FIG . 7 . As 
material that is etch - resistant to hydrofluoric acid and / or in the first embodiment , silicon nitride or the dielectric 
ammonium hydroxide , i . e . , a dielectric material that is not material of the planarization dielectric layer 70 is not 
etched by the etchant to be subsequently employed . The removed during the formation of the gate cavities 39 at the 
dielectric material of the planarization dielectric layer 70 can processing step of FIG . 7 because the polycrystalline dielec 
be deposited by , for example , chemical vapor deposition 55 tric metal oxide of the planarization dielectric layer 70 is 
( CVD ) , physical vapor deposition ( PVD ) , molecular beam resistant to most etch chemicals including hydrofluoric acid . 
deposition ( MBD ) , pulsed laser deposition ( PLD ) , liquid Thus , all topmost surfaces of the silicon nitride spacers 52 , 
source misted chemical deposition ( LSMCD ) , atomic layer the silicon nitride liner 60 , and the planarization dielectric 
deposition ( ALD ) , etc . The dielectric material of the pla - layer 70 are within a horizontal plane that is parallel to the 
narization dielectric layer 70 can be formed by a conformal 60 topmost surface of the semiconductor substrate 8 after 
deposition process , i . e . , a deposition process that forms a formation of gate cavities 39 ( See FIG . 7 ) . 
film having a same thickness on a vertical surface as on a While the disclosure has been described in terms of 
horizontal surface . Exemplary dielectric materials that can specific embodiments , it is evident in view of the foregoing 
be employed for the planarization dielectric layer 70 include description that numerous alternatives , modifications and 
dielectric metal oxides such as HfO2 , ZrO2 , La , 03 , Al2O3 , 65 variations will be apparent to those skilled in the art . Each 
T102 , SrTiO3 , LaA103 , Y2O3 , HfO N , ZrO N , La O N , of the various embodiments of the present disclosure can be 
Al2O2N » , TiO N » , SrTiO N , , LaA10 N , YON , a silicate implemented alone , or in combination with any other 
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embodiments of the present disclosure unless expressly a gate electrode comprising in contact with a bottom 
disclosed otherwise or otherwise impossible as would be surface and inner sidewalls of said U - shaped gate 
known to one of ordinary skill in the art . Accordingly , the dielectric 
disclosure is intended to encompass all such alternatives , 7 . The semiconductor structure of claim 6 , wherein said 
modifications and variations which fall within the scope and 5 gate electrode comprises a work function metal portion and 
spirit of the disclosure and the following claims . a gate conductor located above said work function metal 
What is claimed is : portion , and wherein topmost surfaces of each of said gate 
1 . A semiconductor structure comprising : electrode and said U - shaped gate dielectric are coplanar with a replacement gate structure located on a semiconductor a topmost surface of said planarization dielectric layer . substrate ; 10 
silicon nitride gate spacer located on sidewalls of said 8 . The semiconductor structure of claim 6 , further com 

replacement gate structure ; prising another replacement gate structure located on said 
a silicon nitride liner in contact with outer surfaces of said semiconductor substrate , wherein said another replacement 

silicon nitride gate spacers ; and gate structure is separated from said replacement gate struc 
a planarization dielectric layer in contact with said silicon 15 ture by said planarization dielectric layer that is located 

nitride liner , said planarization dielectric layer com within a topmost portion of said silicon nitride liner . 
prising a polycrystalline metal oxide , wherein said 9 . The semiconductor structure of claim 8 , wherein said 
silicon nitride spacer has an entirely planar topmost another replacement gate structure comprises : 
surface , wherein said entirely planar topmost surface of another U - shaped gate dielectric in contact with inner 
said silicon nitride spacer has a first end portion con - 20 sidewalls of another silicon nitride gate spacers and 
nected to a vertical inner sidewall of said silicon nitride another channel portion of said semiconductor sub 
spacer that is present along said sidewalls of said strate ; and 
replacement gate structure and a second end portion another gate electrode comprising in contact with a bot 
that is connected to a non - vertical outer sidewall of said tom surface and inner sidewalls of said another 
silicon nitride spacer , wherein said first and second 25 U - shaped gate dielectric . 
ends of the entirely planar topmost surface of said 10 . The semiconductor structure of claim 9 , wherein said 
silicon nitride spacer do not converge with each other another gate electrode comprises a work function metal 
and are spaced apart from each other by a distance . portion , another work function metal portion located above 

2 . The semiconductor structure of claim 1 , wherein said said work function metal portion , and a gate conductor 
polycrystalline metal oxide comprises HfO , ZrO2 , La , 03 , 30 located above said another work function metal portion , 

wherein topmost surfaces of each of said another gate Al2O3 , T1O2 , SrTiO3 , LaA103 , Y203 , HfO N , ZrO N , , 
La O _ N , , A120 _ N . , , TiON , , SrTiO N . , LaAlO N . , Y20 N electrode and said U - shaped gate dielectric are coplanar with 
a silicate thereof , or an alloy thereof . a topmost surface of said planarization dielectric layer . 

3 . The semiconductor structure of claim 1 , wherein said 11 . The semiconductor structure of claim 1 , wherein said 
polycrystalline metal oxide has an average grain size in a 35 ? ina za planarization dielectric layer has a topmost surface that lacks 

divots . range from 3 nm to 100 nm . 
4 . The semiconductor structure of claim 1 , wherein said 12 . The semiconductor structure of claim 1 , wherein said 

planarization dielectric layer is etch - resistant to hydrofluoric planarization dielectric layer lacks metallic stringers . 
13 . The semiconductor structure of claim 1 , wherein said acid , ammonia hydroxide or a mixture of hydrofluoric acid i planarization dielectric layer is derived from an amorphous and ammonia hydroxide . 

5 . The semiconductor structure of claim 1 , wherein said dielectric metal oxide . 
topmost surface of said silicon nitride gate spacer , as well as 14 . The semiconductor structure of claim 1 , wherein a 
topmost surfaces of both said silicon nitride liner and said topmost surface of said planarization dielectric layer is 
planarization dielectric layer are within a horizontal plane coplanar with a topmost surface of said silicon nitride liner 

45 and and said topmost surface of said silicon nitride gate spacer . overlying said semiconductor substrate . 
6 . The semiconductor structure of claim 1 , wherein said 15 . The semiconductor structure of claim 14 , wherein a 

replacement gate structure comprises : bottommost surface of said planarization dielectric layer is 
a U - shaped gate dielectric in contact with inner sidewalls located above a bottommost surface of said silicon nitride 

of said silicon nitride gate spacers and a channel liner . 
portion of said semiconductor substrate ; and * * * * * 


