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INSULATING GATE SEPARATION 
STRUCTURE FOR TRANSISTOR DEVICES 

BACKGROUND 

1 Field of the Disclosure 

[ 0001 ] The present disclosure generally relates to the 
fabrication of integrated circuits , and , more particularly , to 
various novel embodiments of an insulating gate separation 
structure for transistor devices . 

to performing the gate - cut process operation involved when 
using traditional replacement gate manufacturing tech 
niques . For example , as device scaling continues , the critical 
dimension ( CD ) of the gate cut opening ( in the gate width 
direction of the transistors ) continues to shrink . Additionally , 
due to the closer spacing between adjacent transistor 
devices , it is very important that the gate cut opening be 
located as precisely as possible in the exact middle of the 
space between adjacent transistor devices . Any offset in the 
placement of the gate cut opening and / or forming the gate 
cut opening with a larger than desired CD can be problem 
atic as it relates to the formation of additional materials and 
structures on the IC product as manufacturing operations 
proceed . Such problems may make the formation of quality 
replacement gate structures more difficult and may result in 
decreased device performance or complete device failure . 
[ 0007 ] The present disclosure is directed to various meth 
ods of cutting gate structures after the formation of source / 
drain metallization structures and various novel integrated 
circuit ( IC ) product structures that may solve or at least 
reduce one or more of the problems described above . 

2. Description of the Related Art 

SUMMARY 

[ 0002 ] In modern integrated circuits , such as micropro 
cessors , storage devices and the like , a very large number of 
circuit elements , especially transistors , are provided on a 
restricted chip area . Field Effect Transistors ( “ FETs ” ) come 
in a variety of shapes and forms , e.g. , planar transistors , 
FinFET transistors , vertical transistors , nanowire devices , 
etc. 
[ 0003 ] In advanced integrated circuit ( IC ) products , the 
gate structures for the transistor devices are typically manu 
factured using well - known replacement gate ( or “ gate - last " ) 
manufacturing techniques . In general , the replacement gate 
manufacturing technique involves the formation of a sacri 
ficial ( or “ dummy ” ) gate structure comprised of a sacrificial 
gate insulation layer ( e.g. , silicon dioxide ) and a layer of a 
sacrificial gate electrode material ( e.g. , polysilicon or amor 
phous silicon ) . The sacrificial gate structures are initially 
formed as continuous line - type structures that extend across 
the entire substrate , including across both active regions and 
isolation regions located between active regions . 
[ 0004 ] The long continuous line - type sacrificial gate struc 
tures are formed by depositing the materials for the sacri 
ficial gate structures across the entire substrate , forming a 
patterned gate etch mask above the deposited sacrificial gate 
materials and performing one or more etching processes 
through the patterned gate etch mask to remove the exposed 
portions of the sacrificial gate materials . Various process 
operations are performed with the sacrificial gate structure in 
position , e.g. , source / drain implantation processes , the for 
mation of epi semiconductor material in the source / drain 
regions of the transistor devices , etc. 
[ 0005 ] At some point after other processing has occurred , 
e.g. , after formation of epi material in the source / drain 
regions of the devices , a patterned etch mask a " gate - cut ” 
mask — is formed above the product . The gate cut mask 
includes openings at locations where it is desired to remove 
or “ cut ” portions of the long continuous line - type sacrificial 
gate structures so as to form or define individual portions or 
segments of the original long continuous line - type sacrificial 
gate structures . One or more etching processes are per 
formed to remove exposed portions of the gate cap and the 
sacrificial gate structure and thereby form a gate cut opening 
between the now - separate individual portions or segments of 
the original long continuous line - type sacrificial gate struc 
tures . An insulating material will be formed in the gate cut 
opening . Eventually , these individual portions or segments 
of the original long continuous line - type sacrificial gate 
structures will be removed and replaced with final replace 
ment gate structures . 
[ 0006 ] As device dimensions continue to decrease and as 
packing densities of transistor devices on a substrate con 
tinue to increase , various problems have arisen as it relates 

[ 0008 ] The following presents a simplified summary of the 
disclosed embodiment in order to provide a basic under 
standing of some aspects of the subject matter disclosed 
herein . This summary is not an exhaustive overview of all of 
the subject matter disclosed herein . It is not intended to 
identify key or critical elements of the subject matter dis 
closed herein or to delineate the scope of any claims directed 
to any of the subject matter disclosed herein . Its sole purpose 
is to present some concepts in a simplified form as a prelude 
to the more detailed description that is discussed later in the 
application . 
[ 0009 ] Generally , the present disclosure is directed to 
novel embodiments of an insulating gate separation structure 
for transistor devices . One illustrative integrated circuit 
product disclosed herein includes , among other things , a first 
final gate structure for a first transistor device , a second final 
gate structure for a ond transistor device , wherein the first 
and second transistor devices have a gate width that extends 
in a gate width direction and a gate length that extends in a 
gate length direction . The integrated circuit product further 
includes a gate separation structure positioned between the 
first and second final gate structures , the gate separation 
structure comprising at least one insulating material , the gate 
separation structure having a substantially uniform width in 
the gate width direction for substantially an entire vertical 
height of the gate separation structure , and a first side 
surface and a second side surface , the second side surface 
being opposite to the first side surface , wherein an end 
surface of the first final gate structure contacts the first side 
surface of the gate separation structure and an end surface of 
the second final gate structure contacts the second side 
surface of the gate separation structure . 
[ 0010 ] Another illustrative integrated circuit product dis 
closed herein includes , among other things , a first final gate 
structure for a first transistor device , wherein the first final 
gate structure comprises a first high - k ( k value of 10 or 
greater ) gate insulation layer , and a second final gate struc 
ture for a second transistor device , wherein the second final 
gate structure comprises a second high - k ( k value of 10 or 
greater ) gate insulation layer and wherein the first and 
second transistor devices have a gate width that extends in 
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a gate width direction and a gate length that extends in a gate 
length direction . The integrated circuit product further 
includes a gate separation structure positioned between the 
first and second final gate structures , the gate separation 
structure comprising at least one insulating material , a first 
side surface and a second side surface , the second side 
surface being opposite to the first side surface , wherein an 
end surface of the first final gate structure contacts the first 
side surface of the gate separation structure and an end 
surface of the second final gate structure contacts the second 
side surface of the gate separation structure and wherein a 
first contact area between the first high - k gate insulation 
layer and the first side surface is a generally U - shaped 
contact area and a second contact area between the second 
high - k gate insulation layer and the second side surface is a 
generally U - shaped contact area . 
[ 0011 ] Yet another illustrative integrated circuit product 
disclosed herein includes , among other things , a first final 
gate structure for a first transistor device , a second final gate 
structure for a second transistor device , wherein the first and 
second transistor devices have a gate width that extends in 
a gate width direction and a gate length that extends in a gate 
length direction , and a sidewall spacer positioned adjacent 
sidewall surfaces of the first final gate structure and the 
second final gate structure . The integrated circuit product 
further includes a gate separation structure positioned 
between the first and said second final gate structures , the 
gate separation structure comprising at least one insulating 
material , a first side surface and a second side surface , the 
second side surface being opposite to the first side surface , 
wherein an end surface of the first final gate structure 
contacts the first side surface of the gate separation structure , 
an end surface of the second final gate structure contacts the 
second side surface of the gate separation structure and 
wherein the gate separation structure contacts an internal 
surface of the sidewall spacer . 

specific decisions must be made to achieve the developers ’ 
specific goals , such as compliance with system - related and 
business - related constraints , which will vary from one 
implementation to another . Moreover , it will be appreciated 
that such a development effort might be complex and 
time - consuming , but would nevertheless be a routine under 
taking for those of ordinary skill in the art having the benefit 
of this disclosure . 
[ 0016 ] The present subject matter will now be described 
with reference to the attached figures . Various structures , 
systems and devices are schematically depicted in the draw 
ings for purposes of explanation only and so as to not 
obscure the present disclosure with details that are well 
known to those skilled in the art . Nevertheless , the attached 
drawings are included to describe and explain illustrative 
examples of the present disclosure . The words and phrases 
used herein should be understood and interpreted to have a 
meaning consistent with the understanding of those words 
and phrases by those skilled in the relevant art . No special 
definition of a term or phrase , i.e. , a definition that is 
different from the ordinary and customary meaning as 
understood by those skilled in the art , is intended to be 
implied by consistent usage of the term or phrase herein . To 
the extent that a term or phrase is intended to have a special 
meaning , i.e. , a meaning other than that understood by 
skilled artisans , such a special definition will be expressly 
set forth in the specification in a definitional manner that 
directly and unequivocally provides the special definition for 
the term or phrase . 
[ 0017 ] The present disclosure is directed to various meth 
ods of cutting gate structures after the formation of source / 
drain metallization structures and various novel integrated 
circuit ( IC ) product structures . The methods and devices 
disclosed herein may be employed in manufacturing prod 
ucts using a variety of technologies , e.g. , NMOS , PMOS , 
CMOS , etc. , and they may be employed in manufacturing a 
variety of different devices , e.g. , memory products , logic 
products , ASICs , etc. As will be appreciated by those skilled 
in the art after a complete reading of the present application , 
the inventions disclosed herein may be employed in forming 
integrated circuit products using transistor devices in a 
variety of different configurations , e.g. , planar devices , Fin 
FET devices , etc. In the illustrative examples depicted 
herein , the transistor devices will be FinFET devices . Thus , 
the presently claimed inventions should not be considered to 
be limited to any particular form of transistors . Of course , 
the claimed inventions should not be considered to be 
limited to the illustrative examples depicted and described 
herein . With reference to the attached figures , various illus 
trative embodiments of the methods and devices disclosed 
herein will now be described in more detail . The various 
layers of material described below may be formed by 
performing any of a variety of different known techniques , 
e.g. , a chemical vapor deposition ( CVD ) process , an atomic 
layer deposition ( ALD ) process , a thermal growth process , 
spin - coating techniques , etc. Moreover , as used herein and 
in the attached claims , the word “ adjacent ” is to be given a 
broad interpretation and should be interpreted to cover 
situations where one feature actually contacts another fea 
ture or is in close proximity to that other feature . 
[ 0018 ] FIGS . 1-21 depict various methods of cutting gate 
structures after the formation of source / drain metallization 
structures and various novel integrated circuit ( IC ) product 
structures on an IC product 100. FIG . 1 is a simplistic plan 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0012 ] The disclosure may be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings , in which like reference numerals 
identify like elements , and in which : 
[ 0013 ] FIGS . 1-21 depict various methods of cutting gate 
structures after the formation of source / drain metallization 
structures and various novel integrated circuit ( IC ) product 
structures . 
[ 0014 ] While the subject matter disclosed herein is sus 
ceptible to various modifications and alternative forms , 
specific embodiments thereof have been shown by way of 
example in the drawings and are herein described in detail . 
It should be understood , however , that the description herein 
of specific and illustrative embodiments is not intended to 
limit the invention to the particular forms disclosed , but on 
the contrary , the intention is to cover all modifications , 
equivalents , and alternatives falling within the spirit and 
scope of the invention as defined by the appended claims . 

DETAILED DESCRIPTION 

[ 0015 ] Various illustrative embodiments of the invention 
are described below . In the interest of clarity , not all features 
of an actual implementation are described in this specifica 
tion . It will of course be appreciated that in the development 
of any such actual embodiment , numerous implementation 
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view of one illustrative embodiment of an IC product 100 
that may be formed using the methods described herein . 
Various cross - sectional views of the product 100 ( views 
“ A - A ” , “ B - B ” and “ C - C ” ) are taken where indicated in FIG . 
1. The cross - sectional view A - A is taken in the gate width 
( GW ) direction of the transistor devices , while the cross 
sectional views B - B and CC are taken in the gate length 
( GL ) direction of the transistor devices . The view C - C 
should be understood to be a cross - sectional view taken 
through the long axis of the fin 103A in a direction that 
corresponds to the gate length ( current transport ) direction 
of the FinFET device . 

[ 0019 ] FIGS . 1-4 depict the product 100 at an advanced 
point in fabrication . More specifically , at this point in the 
illustrative process flow depicted herein , the product 100 
generally comprises a plurality of gates 106 ( see FIG . 1 ; 
numbered 1-3 for ease of reference ) for various transistor 
devices that are formed in and above a semiconductor 
substrate 102. At this point in the process flow , each of the 
gates 106 comprises an elongated final gate structure 108 
that span multiple transistor devices . As described more 
fully below , these initial final gate structures 108 will be cut 
so as to form separate final gate structures for different 
transistor devices . In the illustrative example depicted 
herein , the transistor devices are FinFET devices . However , 
as will be appreciated by one skilled in the art after a 
complete reading of the present application , the inventions 
disclosed herein should not be considered to be limited to IC 
products that include only FinFET transistor devices , as the 
methods disclosed herein may be used on a variety of 
different types of transistor devices on a variety of different 
integrated circuit products . The cross - sectional view A - A in 
the drawings is taken through gate number 2 in the gate 
width ( GW ) direction of the transistor devices . 
[ 0020 ] At the point of processing shown in FIGS . 1-4 , a 
plurality of fins 103A - B ( collectively referenced using the 
numeral 103 ) have been formed in the substrate 102 using 
traditional manufacturing techniques , and the gates 106 have 
been formed across the fins 103. Also depicted are illustra 
tive conductive source / drain structures 120A - C ( collectively 
referenced using the numeral 120 ) ( e.g. , trench silicide 
structures ) that are conductively coupled to the source / drain 
regions of the transistor devices . 
[ 0021 ] FIG . 1 also depicts a gate cut region 110 where a 
portion of the axial length of the final gate structures 108 
will be cut and removed and replaced with a gate separation 
structure comprised of an insulating material , e.g. , insulating 
gate separation structure 130B for gate number 2 ( see FIG . 
18 ) . The gate cut region 110 is located vertically above 
isolation material ( not shown in FIG . 1 ) that surrounds the 
transistor devices . 

[ 0022 ] The substrate 102 ( see FIG . 2 ) may have a variety 
of configurations , such as the depicted bulk silicon configu 
ration . The substrate 102 may also have a semiconductor 
on - insulator ( SOI ) configuration that includes a bulk semi 
conductor layer , a buried insulation layer and an active 
semiconductor layer positioned on the buried insulation 
layer , wherein semiconductor devices are formed in and 
above the active layer . The substrate 102 may be made of 
silicon or it may be made of materials other than silicon . 
Thus , the terms “ substrate ” or “ semiconductor substrate ” 
should be understood to cover all semiconducting materials 
and all forms of such materials . Additionally , various doped 

regions , e.g. , halo implant regions , well regions and the like , 
are not depicted in the attached drawings . 
[ 0023 ] FIGS . 1-4 depict the IC product 100 after several 
process operations were performed . First , as noted above , 
the fins 103 were formed by performing one or more etching 
processes , e.g. , anisotropic etching processes , through a 
patterned fin - formation etch mask ( not shown ) to form a 
plurality of fin - formation trenches in the substrate 102 and 
thereby define the plurality of fins 103. The width and height 
of the fins 103 may vary depending upon the particular 
application . Additionally , the overall size , shape and con 
figuration of the fin - formation trenches and fins 103 may 
vary depending on the particular application . Next , a 
recessed layer of insulating material 107 ( e.g. , silicon diox 
ide ) with a recessed upper surface 107R was formed 
between the fins 103 by performing traditional manufactur 
ing techniques . 
[ 0024 ] Still with reference to FIGS . 1-4 , after the layer of 
insulating material 107 was recessed , the gates 106 were 
formed above the fins 103. Each of the gates 106 includes a 
schematically depicted elongated final gate structure 108 , a 
gate cap 111 and a simplistically - depicted sidewall spacer 
112. The lateral thickness ( at its base ) of the simplistically 
depicted sidewall spacer 112 may vary depending upon the 
particular application . In the illustrative example depicted 
herein , the final gate structures 108 are manufactured using 
known replacement gate manufacturing techniques . Using 
that manufacturing technique , the materials for the final gate 
structures 108 are sequentially formed in gate cavities ( not 
shown ) between the spacers 112 after removal of a sacrificial 
gate electrode ( not shown ) and a sacrificial gate insulation 
layer ( not shown ) . The final gate structures 108 are typically 
comprised of a high - k gate insulation layer 109A , such as 
hafnium oxide , a material having a dielectric constant 
greater than 10 , etc. , and one or more conductive material 
layers that function as the conductive gate electrode 109B of 
the gate structure 108. For example , one or more work 
function adjusting metal layers ( not separately shown ) , e.g. , 
titanium , tantalum , titanium nitride , tantalum nitride , tita 
nium carbide , etc. ) and a bulk conductive material ( not 
separately shown ) , such as tungsten , may be deposited to 
form the conductive gate electrode 109B . 
[ 0025 ] Still referencing FIGS . 1-4 , prior to the formation 
of the final gate structures 108 , epi semiconductor material 
116 ( see FIG . 4 ) may be formed on the exposed portions of 
the active regions ( or fins 103 in the case of a FinFET 
device ) , i.e. , in the source / drain regions of the devices , by 
performing an epitaxial growth process . The epi material 
116 may be formed to any desired thickness . However , it 
should be understood that the epi material 116 need not be 
formed in all applications . Other layers of material , such as 
contact etch stop layers and the like , are not depicted in the 
drawings . 
[ 0026 ] After formation of the epi semiconductor material 
116 , a layer of insulating material 113 ( e.g. , silicon dioxide ) 
was blanket - deposited across the substrate . Thereafter , a 
chemical mechanical polishing ( CMP ) process was per 
formed to planarize the layer of insulating material 113 
using the original gate caps ( not shown ) positioned above 
the sacrificial gate structures as a polish - stop layer . At that 
point , traditional replacement gate manufacturing processes 
were performed to remove the original gate caps and the 
sacrificial gate structures so as to thereby form the gate 
cavities in which the materials for the final gate structures 
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108 will be sequentially deposited . Thereafter , in this par 
ticular embodiment , the materials of the final gate structures 
were recessed and the final gate caps 111 were formed on the 
product 100 above the recessed gate materials and within the 
gate cavities by depositing gate cap material and performing 
a CMP process operation to planarize the upper surface of 
the final gate caps 111 with the upper surface of the layer of 
insulating material 113 . 
[ 0027 ] Still referencing FIGS . 1-4 , a patterned etch mask 
not shown , e.g. , a patterned OPL layer , was formed on the 
product 100. The patterned etch mask comprises openings at 
locations where it is desired to remove the insulating mate 
rial 113 selectively relative to the surrounding materials and 
thereafter form source / drain metallization structures - con 
ductive source / drain structures 120 at locations where the 
insulating material 113 was removed . Then , an etching 
process was performed through the patterned etch mask to 
remove the exposed portions of the layer of insulating 
material 113 , including portions of the insulating material 
positioned above the epi semiconductor material 116 in the 
source / drain regions of the transistor devices , and thereby 
expose the source / drain regions , i.e. , expose the epi semi 
conductor material 116 positioned between the spacers 112 . 
In one illustrative embodiment , the layer of insulating mate 
rial 113 may be comprised of silicon dioxide , the sidewall 
spacers 112 and or the gate caps 111 may be comprised of 
a variety of different materials , e.g. , silicon nitride , silicon 
carbon oxynitride ( SICON ) or silicon carbon oxide ( SICO ) , 
and the spacers 112 and the gate caps 111 need not be made 
of the same material in all applications , but that situation 
may arise in some embodiments . 
[ 0028 ] Still referencing FIGS . 1-4 , after performing the 
etching process to remove the exposed portions of the 
insulating material 113 , the patterned etch mask was 
removed . Then , material for the illustrative conductive 
source / drain structures 120A - C ( e.g. , trench silicide struc 
tures ) was formed above the product 100 so as to over - fill the 
spaces above the exposed epi semiconductor material 116 in 
the source / drain regions of the devices and in other areas 
where the insulating material 113 was removed . At that 
point , one or more CMP and / or etch - back processes were 
performed to planarize the upper surface of the product with 
a level that approximately corresponds to the level of the 
upper surface of the gate caps 111. At the conclusion of such 
process operations , the upper surfaces of the conductive 
source / drain structures 120 are substantially planar with the 
upper surfaces of the gate caps 111. As shown in FIG . 1 , the 
conductive source / drain structures 120 may extend at least 
for substantially the entire dimension of the active region in 
the gate width ( GW ) direction of the transistor devices ( inte 
and out of the plane of the drawing page in FIG . 4 ) . In some 
cases , the conductive source / drain structures 120 may 
extend across the source / drain regions of multiple separate 
transistor devices as well as across regions of isolation 
material 107 between the separate transistors , as is the case 
with the illustrative conductive source / drain structure 120A 
( see FIGS . 1 and 3 ) . The conductive source / drain structures 
120 may comprise a variety of different conductive materi 
als , e.g. , tungsten , a metal , a metal compound , cobalt sili 
cide , nickel silicide , titanium silicide , nickel platinum sili 
cide , etc. 
[ 0029 ] FIGS . 5-8 depict the product 100 after conductive 
source / drain metallization cap structures 122A - C ( collec 
tively referenced using the numeral 122 ) were selectively 

formed on and in contact with the exposed upper surfaces of 
the conductive source / drain structures 120A - C , respectively . 
The conductive source / drain metallization cap structures 
122 may be comprised of a variety of conductive materials , 
e.g. , ruthenium , iridium , ruthenium oxide , iridium oxide , 
platinum , a metal - containing material , a metal compound , 
etc. The vertical thickness of the conductive source / drain 
metallization cap structures 122 may vary depending upon 
the particular application . In one illustrative embodiment , 
the conductive source / drain metallization cap structures 122 
may have a thickness that falls within the range of about 5-9 
nm . The conductive source / drain metallization cap struc 
tures 122 may be formed by performing a selective area 
deposition type process so as to form the conductive source / 
drain metallization cap structures 122 substantially only on 
and in contact with the conductive source / drain structures 
120. The process performed to form the conductive source / 
drain metallization cap structures 122 may be controlled so 
as to limit the formation of the material of the conductive 
source / drain metallization cap structures 122 on the sur 
rounding materials , such as the spacers 112 , the gate caps 
111 and the insulating material 113. In one illustrative 
embodiment , wherein the conductive source / drain metalli 
zation cap structures 122 are comprised of ruthenium , it is 
believed that the conductive source / drain metallization cap 
structures 122 may be formed to a thickness of about 9 nm 
without the formation of any significant amount of ruthe 
nium on the surrounding gate caps 111 , sidewall spacers 112 
and insulating material 113. However , to the extent that any 
of the material of the conductive source / drain metallization 
cap structures 122 does form on such surrounding materials , 
it will form to a significantly lesser thickness than the 
conductive source / drain metallization cap structures 122 
that are formed on the conductive source / drain structures 
120. Accordingly , if desired , the undesired portions of the 
material of the conductive source / drain metallization cap 
structures 122 may be effectively removed from above the 
surrounding structures ( e.g. , spacers 112 , gate caps 111 and 
insulating material 113 ) by performing an isotropic etching 
process to remove the undesirable thinner portions of the 
material of the conductive source / drain metallization cap 
structures 122 while leaving the thicker conductive source / 
drain metallization cap structures 122 in position on the 
conductive source / drain structures 120 . 
[ 0030 ] FIGS . 9-12 depict the product 100 after a patterned 
etch mask 124 , e.g. , a patterned layer of photoresist , with an 
opening 124A formed therein was formed above the product 
100. The patterned etch mask 124 is typically referred to as 
a “ gate - cut ” mask , as the opening 124A is positioned at a 
location where it is desired to cut or remove the materials of 
the final gate structures 108 for gates 1-3 . In practice , there 
will be thousands of the openings 124A formed in the 
gate - cut mask 124. As depicted , the opening 124A exposes 
the gate caps 11 , the sidewall spacers 112 and the insulating 
material 113 positioned between gates 1 and 2. The opening 
124A also exposes a portion of the axial length of the 
conductive source / drain metallization cap structure 122A 
that is positioned on and in contact with the conductive 
source / drain structures 120A . The conductive source / drain 
metallization cap structures 122 were formed to so as to 
protect any of the underlying conductive source / drain struc 
tures 120 that would otherwise be exposed by the openings 
124A in the gate cut mask 124 . 
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[ 0031 ] FIGS . 13-16 depict the product 100 after an etching 
process sequence 125 comprised of one or more anisotropic 
etching processes was performed to remove exposed por 
tions of the gate caps 111 and thereafter exposed portions of 
the gate structures 108 ( including the conductive gate elec 
trode 109B and the high - k insulating layer 109A ) selectively 
relative to the surrounding materials , e.g. , the spacers 112 , 
the insulating material 113 , the isolation material 107 and 
the exposed portion of the conductive source / drain metalli 
zation cap structure 122A . This process operation results in 
the formation of gate cut openings 126A - C ( collectively 
referenced using the numeral 126 ) in the gate structures 108 
for each of the gates 1-3 , respectively . Note that the con 
ductive source / drain metallization cap structure 122A pro 
tected the underlying conductive source / drain structure 
120A during the etching process sequence 125. In one 
illustrative process flow , the etching process sequence may 
include a first fluorine - based plasma etching process to 
remove the gate caps 111 ( comprised of silicon nitride for 
example ) so as to expose the gate structures 108. To the 
extent that there is any erosion of the spacers 112 and / or the 
insulating material 113 during this gate cap removal process , 
such erosion will not be an issue as the final gate cut 
openings 126 will be filled with insulating material . Next , in 
the case where the conductive gate electrode 109B of the 
gate structures 108 comprises tungsten , a second fluorine 
based plasma anisotropic etching process may be performed 
to remove the tungsten material . At that point , a chlorine 
based plasma anisotropic etching process may be performed 
to remove exposed portions of any work function adjusting 
metal layer ( that is technically part of the gate electrode 
109B } and the high - k gate insulation layer 109A in the 
remaining portions of the exposed gate structures 108. Of 
course , the various etching processes 125 may be performed 
at any desired temperature using any desired etchants . The 
gate cut mask 124 is ultimately removed from the product . 
[ 0032 ] FIGS . 17-20 depict the product 100 after several 
process operations were performed . First , a deposition pro 
cess was performed so as to overfill the gate cut openings 
126 with an insulating material , e.g. , silicon nitride , silicon 
dioxide , a mixture of two or more materials of silicon oxide , 
silicon nitride and silicon carbide , a low - k insulating mate 
rial ( k value of 3.3 , or less ) . Thereafter , one or more CMP 
process operations and / or etch - back process operations were 
performed that stop on the upper surface of the gate caps 
111. This process operation removes excess amounts of the 
insulating material outside of the gate - cut openings 126. As 
a result , the remaining insulating material in the gate - cut 
openings 126A - C constitutes insulating gate separation 
structures 130A - C ( collectively referenced using the 
numeral 130 ) with an upper surface 1300 that is substan 
tially planar with the upper surface 1110 of the gate caps 
111. Note that during the CMP and / or etch - back process , the 
conductive source / drain metallization cap structures 122 
may not be removed due to the relatively harder nature of the 
conductive materials used for the conductive source / drain 
metallization cap structures 122 as compared to the insulat 
ing materials used to form the insulating gate separation 
structures 130 and / or due to the etch selectivity between the 
materials of the conductive source / drain metallization cap 
structures 122 and the insulating material deposited in the 
gate - cut openings 126. Accordingly , the conductive source / 
drain metallization cap structures 122 may be left in position 
in the final IC product or they may be removed if desired . 

[ 0033 ] As will be appreciated by those skilled in the art 
after a complete reading of the present application , and with 
reference to FIG . 18 ( for example ) , the cutting of the final 
gate structures 108 of the original gates 106 and the forma 
tion of the insulating gate separation structures 130 effec 
tively cuts the final gate structures 108 into two in the 
depicted example ) axially separated final first and second 
gate structures 108X and 108Y with end surfaces 108X1 and 
108Y1 , respectively . In the depicted example , the insulating 
gate separation structure 130 has a substantially uniform 
nominal width 130W ( in the gate width ( GW ) direction of 
the transistor devices ) through substantially the entire ver 
tical height of the insulating gate separation structure 130 . 
As indicated , the insulating gate separation structure 130 has 
first and second opposing side surfaces 130X , 130Y , respec 
tively , when viewed in a cross - section taken through the 
insulating gate separation structure 130 in the gate width 
direction of the devices ( as shown in FIG . 18 ) . FIG . 21 is a 
facing view of the side surface 130X of the insulating gate 
separation structures 130. The side surface 130X abuts and 
engages the end surface 108X1 of the first gate structure 
108X , while the side surface 130 abuts and engages the 
end surface 108Y1 of the second gate structure 108Y . As 
depicted in FIGS . 18 and 21 , substantially the entire surface 
area of the side surface 130X is free from contact with the 
high - k gate insulation layer 109A that is part of the first gate 
structure 108X . The same applies with respect to the side 
surface 130Y . Rather , there is a relatively small , generally 
U - shaped contact area 109X between the high - k gate insu 
lation layer 109A and the side surface 130X of the insulating 
gate separation structure 130 as depicted by the dashed line 
in FIG . 21. The same applies with respect to the side surface 
130Y . 
[ 0034 ] At the point of processing depicted in FIGS . 17-21 , 
the fabrication of the product 100 may be completed by 
performing traditional manufacturing techniques to form 
various standard features on the IC product 100. For 
example , one or more layers of insulating material ( not 
shown ) may be formed on the product 100 followed by 
performing one or more CMP processes . At that point , 
traditional manufacturing operations may be performed to 
form various contact structures that conductively contact the 
source / drain contact structures 120 and the gate structures 
108 . 

[ 0035 ] The particular embodiments disclosed above are 
illustrative only , as the invention may be modified and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the benefit of the teachings 
herein . For example , the process steps set forth above may 
be performed in a different order . Furthermore , no limita 
tions are intended to the details of construction or design 
herein shown , other than as described in the claims below . 
It is therefore evident that the particular embodiments dis 
closed above may be altered or modi - fled and all such 
variations are considered within the scope and spirit of the 
invention . Note that the use of terms , such as " first , ” 
“ second , ” “ third ” or “ fourth ” to describe various processes 
or structures in this specification and in the attached claims 
is only used as a shorthand reference to such steps / structures 
and does not necessarily imply that such steps / structures are 
performed / formed in that ordered sequence . Of course , 
depending upon the exact claim language , an ordered 
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sequence of such processes may or may not be required . 
Accordingly , the protection sought herein is as set forth in 
the claims below . 
What is claimed : 
1. An integrated circuit product , comprising : 
a first final gate structure for a first transistor device ; 
a second final gate structure for a second transistor device , 

wherein said first and second transistor devices have a 
gate width that extends in a gate width direction and a 
gate length that extends in a gate length direction ; and 

a gate separation structure positioned between said first 
and said second final gate structures , said gate separa 
tion structure comprising at least one insulating mate 
rial , said gate separation structure further comprising : 
a substantially uniform width in said gate width direc 

tion for substantially an entire vertical height of said 
gate separation structure ; and 

a first side surface and a second side surface , said 
second side surface being opposite to said first side 
surface , wherein an end surface of said first final gate 
structure contacts said first side surface of said gate 
separation structure and an end surface of said sec 
ond final gate structure contacts said second side 
surface of said gate separation structure . 

2. The integrated circuit product of claim 1 : 
wherein said end surface of said first final gate structure 

comprises a first high - k ( k value of 10 or greater ) gate 
insulation layer , wherein a first contact area between 
said first high - k gate insulation layer and said first side 
surface is a generally U - shaped contact area ; and 

wherein said end surface of said second final gate struc 
ture comprises a second high - k ( k value of 10 or 
greater ) gate insulation layer , wherein a second contact 
area between said second high - k gate insulation layer 
and said second side surface is a generally U - shaped 
contact area . 

3. The integrated circuit product of claim 1 , further 
comprising : 

source / drain regions for said first and second transistor 
devices ; 

a conductive source / drain structure that is conductively 
coupled to a source / drain region of said first transistor 
device and conductively coupled to a source / drain 
region of said second transistor device ; and 

a conductive source / drain metallization cap structure 
positioned on and in contact with an upper surface of 
said conductive source / drain structure , wherein said 
conductive source / drain metallization cap structure 
comprises a material that is different than a material of 
said conductive source / drain structure , and wherein an 
upper surface of a first gate cap for said first final gate 
structure and an upper surface of a second gate cap of 
said second final gate structure is substantially free of 
the material of said conductive source / drain metalliza 
tion cap structure . 

4. The integrated circuit product of claim 1 , further 
comprising : 

a first gate cap positioned above said first final gate 
structure , said first gate cap having an upper surface ; 
and 

a second gate cap positioned above said second final gate 
structure , said second gate cap having an upper surface , 
wherein an upper surface of said gate separation struc 

ture is substantially coplanar with said upper surfaces 
of said first and second gate caps . 

5. The integrated circuit product of claim 1 , further 
comprising a sidewall spacer positioned adjacent sidewall 
surfaces of said first final gate structure and said second final 
gate structure , wherein said gate separation structure con 
tacts an internal surface of said sidewall spacer . 
6. The integrated circuit product of claim 1 , wherein said 

gate separation structure comprises at least two different 
insulating materials . 

7. The integrated circuit product of claim 2 , wherein said 
first high - k gate insulation layer and said second high - k gate 
insulation layer comprise a same material . 

8. The integrated circuit product of claim 1 , wherein said 
first final gate structure comprises a high - k ( k value of 10 or 
greater ) gate insulation layer and a gate electrode , said gate 
electrode comprising at least one metal - containing layer of 
material , said at least one insulating material comprising 
silicon nitride , silicon dioxide , a mixture of two or more 
materials of silicon oxide , silicon nitride and silicon carbide , 
or a low - k insulating material ( k value of 3.3 , or less ) , and 
said first and second transistor devices are FinFET devices . 

9. The integrated circuit product of claim 3 , wherein said 
conductive source / drain structure comprises one of tungsten , 
a metal , a metal compound , a metal silicide , cobalt silicide 
or nickel silicide , titanium silicide , or nickel platinum sili 
cide , and said conductive source / drain metallization cap 
structure comprises one of ruthenium , iridium , ruthenium 
oxide , iridium oxide , platinum , a metal - containing material 
or a metal compound . 

10. An integrated circuit product , comprising : 
a first final gate structure for a first transistor device , 
wherein said first final gate structure comprises a first 
high - k ( k value of 10 or greater ) gate insulation layer ; 

a second final gate structure for a second transistor device , 
wherein said second final gate structure comprises a 
second high - k ( k value of 10 or greater ) gate insulation 
layer and wherein said first and second transistor 
devices have a gate width that extends in a gate width 
direction and a gate length that extends in a gate length 
direction ; and 

a gate separation structure positioned between said first 
and said second final gate structures , said gate separa 
tion structure comprising at least one insulating mate 
rial , a first side surface and a second side surface , said 
second side surface being opposite to said first side 
surface , wherein an end surface of said first final gate 
structure contacts said first side surface of said gate 
separation structure and an end surface of said second 
final gate structure contacts said second side surface of 
said gate separation structure and wherein a first con 
tact area between said first high - k gate insulation layer 
and said first side surface is a generally U - shaped 
contact area and a second contact area between said 
second high - k gate insulation layer and said second 
side surface is a generally U - shaped contact area . 

11. The integrated circuit product of claim 10 , further 
comprising : 

source / drain regions for said first and second transistor 
devices ; 

a conductive source / drain structure that is conductively 
coupled to a source / drain region of said first transistor 
device and conductively coupled to a source / drain 
region of said second transistor device ; and 
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gate structure contacts said second side surface of said 
gate separation structure and wherein said gate sepa 
ration structure contacts an internal surface of said 
sidewall spacer . 

a conductive source / drain metallization cap structure 
positioned on and in contact with an upper surface of 
said conductive source / drain structure , wherein said 
conductive source / drain metallization cap structure 
comprises a material that is different than a material of 
said conductive source / drain structure , and wherein an 
upper surface of a first gate cap for said first final gate 
structure and an upper surface of a second gate cap for 
said second final gate structure is substantially free of 
said material of said conductive source / drain metalli 
zation cap structure . 

12. The integrated circuit product of claim 10 , further 
comprising : 

a first gate cap positioned above said first final gate 
structure , said first gate cap having an upper surface ; 
and 

a second gate cap positioned above said second final gate 
structure , said second gate cap having an upper surface , 
wherein an upper surface of said gate separation struc 
ture is substantially coplanar with said upper surfaces 
of said first and second gate caps . 

13. The integrated circuit product of claim 10 , further 
comprising a sidewall spacer positioned adjacent sidewall 
surfaces of said first final gate structure and said second final 
gate structure , wherein said gate separation structure con 
tacts an internal surface of said sidewall spacer . 

14. The integrated circuit product of claim 10 , wherein 
said gate separation structure comprises at least two different 
insulating materials . 

15. The integrated circuit product of claim 12 , wherein 
said gate separation structure has a substantially uniform 
width in said gate width direction of said first and second 
transistor devices for substantially an entire vertical height 
of said gate separation structure . 

16. An integrated circuit product , comprising : 
a first final gate structure for a first transistor device ; 
a second final gate structure for a second transistor device , 
wherein said first and second transistor devices have a 
gate width that extends in a gate width direction and a 
gate length that extends in a gate length direction ; 

a sidewall spacer positioned adjacent sidewall surfaces of 
said first final gate structure and said second final gate 
structure ; and 

a gate separation structure positioned between said first 
and said second final gate structures , said gate separa 
tion structure comprising at least one insulating mate 
rial , a first side surface and a second side surface , said 
second side surface being opposite to said first side 
surface , wherein an end surface of said first final gate 
structure contacts said first side surface of said gate 
separation structure , an end surface of said second final 

17. The integrated circuit product of claim 16 : 
wherein said end surface of said first final gate structure 

comprises a first high - k ( k value of 10 or greater ) gate 
insulation layer , wherein a first contact area between 
said first high - k gate insulation layer and said first side 
surface is a generally U - shaped contact area ; and 

wherein said end surface of said second final gate struc 
ture comprises a second high - k ( k value of 10 or 
greater ) gate insulation layer , wherein a second contact 
area between said second high - k gate insulation layer 
and said second side surface is a generally U - shaped 
contact area . 

18. The integrated circuit product of claim 17 , further 
comprising : 

source / drain regions for said first and second transistor 
devices ; 

a conductive source / drain structure that is conductively 
coupled to a source / drain region of said first transistor 
device and conductively coupled to a source / drain 
region of said second transistor device ; and 

a conductive source / drain metallization cap structure 
positioned on and in contact with an upper surface of 
said conductive source / drain structure , wherein said 
conductive source / drain metallization cap structure 
comprises a material that is different than a material of 
said conductive source / drain structure , and wherein an 
upper surface of a first gate cap for said first final gate 
structure and an upper surface of a second gate cap of 
said second final gate structure is substantially free of 
said material of said conductive source / drain metalli 
zation cap structure . 

19. The integrated circuit product of claim 16 , further 
comprising : 

a first gate cap positioned above said first final gate 
structure , said first gate cap having an upper surface ; 
and 

a second gate cap positioned above said second final gate 
structure , said second gate cap having an upper surface , 
wherein an upper surface of said gate separation struc 
ture is substantially coplanar with said upper surfaces 
of said first and second gate caps . 

20. The integrated circuit product of claim 16 , wherein 
said gate separation structure has a substantially uniform 
width in said gate width direction for substantially an entire 
vertical height of said gate separation structure . 


