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SEMICONDUCTOR STRUCTURE WITH A 
LAMINATED LAYER 

BACKGROUND 
[ 0001 ] The semiconductor industry has experienced a 
rapid growth . Technological advances in semiconductor 
materials and design of semiconductor devices has resulted 
in miniaturization of devices . These advances increase the 
complexity of processing and manufacturing of semicon 
ductor devices . 
[ 0002 ] One problem that can occur during the fabrication 
of small scale semiconductor devices , such as small scale 
transistors , is the formation of a contact - to - gate short . A 
contact - to - gate short is a short circuit that occurs when a 
contact element is misaligned and comes into electrical 
contact with a gate electrode . One conventional approach to 
addressing contact - to - gate shorts is using of a self - aligned 
contact ( SAC ) . Using SAC typically involves an insulator 
cap to electrically isolate the SAC from the gate conductor . 
Under the approach , parasitic capacitance may be formed 
between the gate conductor and the SAC . Additionally , 
conventional gate insulator caps used to reduce the parasitic 
capacitance may have poor etch selectivity to oxide and 
nitride layers , which are widely used dielectric materials in 
semiconductor fabrication . In other words , using of these 
conventional gate caps may introduce fabrication chal 
lenges . Therefore , there is a need to improve semiconductor 
device SAC fabrication processes and structures . 

[ 0013 ] FIG . 16B is a cross - sectional view of a laminated 
dielectric layer , consistent with various illustrative embodi 
ments . 
[ 0014 ] FIG . 16C is a cros ross - sectional view of a laminated 
dielectric layer , consistent with various illustrative embodi 
ments . 
[ 0015 ] FIG . 17 is a diagram of an illustrative process of 
etching a trench in proximity of a laminated dielectric layer , 
consistent with various illustrative embodiments . 
[ 0016 ] FIG . 18 is a diagram of an illustrative process of 
forming a semiconductor structure with multiple self 
aligned contact ( SAC ) layers , consistent with various illus 
trative embodiments . 
[ 0017 ] FIGS . 19A and 19B are flowcharts of respective 
illustrative processes of forming a SAC layer consistent with 
various illustrative embodiments . 
[ 0018 ] FIG . 20 is an illustrative flow diagram for fabri 
cating a circuit consistent with various illustrative embodi 
ments . 

DETAILED DESCRIPTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0003 ] Aspects of the present disclosure are best under 
stood from the following detailed description when read 
with the accompanying figures . It is noted that , various 
features are not drawn to scale . In fact , the dimensions of the 
various features may be arbitrarily increased or reduced for 
clarity of discussion or ease of illustration . 
[ 0004 ] FIG . 1A is a cross - sectional view of semiconductor 
structure , consistent with various illustrative embodiments . 
[ 0005 ] FIG . 1B is a cross - sectional view of a laminated 
dielectric layer , consistent with various illustrative embodi 
ments . 
[ 0006 ] FIGS . 2A through 5 are cross - sectional views of a 
region of a laminated dielectric layer , consistent with vari 
ous illustrative embodiments . 
[ 0007 ] FIGS . 6A and 6B are cross - sectional views of a 
region of a laminated dielectric layer , consistent with vari 
ous illustrative embodiments . 
[ 0008 ] FIGS . 7A and 7B illustrate effect of annealing of 
dielectric layers on dielectric constant and etch selectivity of 
these layers , consistent with various illustrative embodi 
ments . 
[ 0009 ] FIGS . 8A through 13 are cross - sectional views of 
the laminated dielectric layer , consistent with various illus 
trative embodiments . 
[ 0010 ] FIG . 14 is a cross - sectional view of a laminated 
dielectric layer , conductive regions , and electric field lines , 
consistent with various illustrative embodiments . 
[ 0011 ] FIG . 15 is a cross - sectional view of a laminated 
dielectric layer , consistent with various illustrative embodi 
ments . 

[ 0012 ] FIG . 16A is a cross - sectional view of a laminated 
dielectric layer with a cap layer , consistent with various 
illustrative embodiments . 

[ 0019 ] The following disclosure provides many different 
embodiments , or examples , for implementing different fea 
tures of the provided subject matter . Specific examples of 
components and arrangements are described below to sim 
plify the present disclosure . These are , of course , merely 
examples and are not intended to be limiting . For example , 
the formation of a first feature over or on a second feature 
in the description that follows may include embodiments in 
which the first and second features are formed in direct 
contact , and may also include embodiments in which addi 
tional features may be formed between the first and second 
features , such that the first and second features may not be 
in direct contact . In addition , the present disclosure may 
repeat reference numerals and / or letters in the various 
examples . This repetition is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between 
the various embodiments and / or configurations discussed . 
[ 0020 ] Further , spatially relative terms , such as “ beneath , ” 
“ below , " " lower , " " over ” , “ above , " " upper ” and the like , 
may be used herein for ease of description to describe one 
element or feature's relationship to another element ( s ) or 
feature ( s ) as illustrated in the figures . The spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures . The apparatus may be otherwise 
oriented ( rotated 90 degrees or at other orientations ) , and the 
spatially relative descriptors used herein may likewise be 
interpreted accordingly . 
[ 0021 ] As used herein , unless otherwise noted , the term 
" in proximity " , " close to ” " proximate ” and the like , when 
comparing distance between two regions within a semicon 
ductor structure , the semiconductor structure extending lat 
erally and vertically through a characteristic length , width 
and height , implies that the regions are at most ten percent 
of either the characteristic length , the characteristic width , or 
the characteristic height apart . The term “ characteristic 
length ” is a largest lengthwise dimension of the semicon 
ductor structure , the term “ characteristic width ” is the largest 
widthwise dimension of the semiconductor structure , and 
the term “ characteristic height ” is the largest heightwise 
dimension of the semiconductor structure . The term " in 
proximity , ” “ close to , ” “ proximate ” and the like , when 
comparing regions within a semiconductor structure may 
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also refer to adjacent regions ( e.g. , regions in contact with 
one another , or spaced apart from one another ) . As used 
herein , unless otherwise noted , the term “ remote , ” implies 
that regions are not adjacent to each other . 
[ 0022 ] As used herein , unless otherwise noted , the term 
“ thickness ” for a layer that may include variable thickness , 
implies the smallest thickness of the layer as measured 
throughout the layer . 
[ 0023 ] As used herein , unless otherwise noted , the term 
" greater , ” “ higher , " " larger , ” “ above ” and the like , when 
comparing two values , the first value being greater than the 
second value , implies that the first value is at least five 
percent greater than the second value . Similarly , unless 
otherwise noted , the term “ less , ” “ lower , " " smaller ” and the 
like , when comparing two values , the first value being less 
than the second value , implies that the first value is at least 
five percent smaller than the second value . As used herein , 
unless otherwise noted , the term “ comparable , ” “ similar ” 
and the like , when comparing two values , implies that one 
value is in the range of 95 to 105 percent of another value . 
[ 0024 ] Further , as used herein , unless otherwise noted , the 
term “ set ” means one or more ( i.e. , at least one ) and the 
phrase “ any solution ” means any now known or later 
developed solution . Furthermore , as used herein , unless 
otherwise noted , the term " substantially the same , " when 
comparing a first set of values with a second set of values , 
implies that values in the first set of values are at most 10 
percent different from the values in the second set of values . 
Further , the term “ substantially the same , ” when comparing 
materials forming regions , implies that materials within 
regions are the same apart from unintended variations 
resulted from variation in fabrication techniques used to 
form the regions . Further , as used herein , unless otherwise 
noted , the term “ substantially ” when comparing a first value 
to a second value implies that the first value is at most 10 
percent different from the second value . 
[ 0025 ] Further , as user herein , unless otherwise noted , the 
term “ parallel ” when comparing two surfaces implies , that 
on average , two surfaces are oriented parallel to each other , 
wherein " on average ” implies that first normal directed 
perpendicular to a first surface , at any point on the surface , 
and second normal directed perpendicular to a second sur 
face , at any point on the surface , may be collinear with at 
most 10 degrees of difference from perfect collinearity . As 
used herein , unless otherwise noted , the term “ nonparallel ” 
when comparing two surfaces implies that the surfaces are 
not parallel as defined above . 
[ 0026 ] Various embodiments generally relate to semicon 
ductor devices , and more particularly to semiconductor 
devices utilizing gates . For example , the semiconductor 
device may include a planar device having planar electrodes 
in parallel planes , made by alternate diffusion of p- and 
n - type impurities into a substrate . In another example , the 
semiconductor device may include a FinFET device and 
may include a plurality of fins formed in a wafer and a gate 
covering a portion of the fins . The portion of the fins covered 
by the gate may serve as a channel region of the device . 
Portions of the fins may also extend out from under the gate 
and may serve as source and drain regions of the device . 
[ 0027 ] In various embodiments , the semiconductor 
devices may include structures with gates , source and drain 
regions , interlayer dielectric layers , self - aligned contacts 
( SAC ) , and various insulating layers . For example , FIG . 1A 
depicts a cross section view of an illustrative semiconductor 

structure 100 , consistent with various embodiments . Struc 
ture 100 may include a source / drain region 104 , in proximity 
of a gate stack 117. Gate stack 117 may include a dielectric 
layer 106 , overlying a semiconductor substrate 122. Dielec 
tric layer 106 may include , for example , silicon oxide , 
silicon nitride , silicon oxynitride , high - k dielectric material , 
or any suitable combination of those materials . Dielectric 
layer 106 may include a single layer or , in some embodi 
ments , may include multiple layers of materials . For 
example , gate dielectric layer 106 may include an interfacial 
layer ( silicon oxide , silicon nitride , silicon oxynitride , etc. ) 
and a high - k material . 
[ 0028 ] Gate stack 117 may include a gate conductive 
region 108 that may include doped polysilicon , metal , 
conducting metallic compound , or any suitable combination 
of materials . Gate conductive region 108 may overlay 
dielectric layer 106. In some embodiments , gate conductive 
region 108 may be formed by chemical vapor deposition 
( CVD ) , plating , sputtering , physical vapor deposition , etc. 
Gate conductive region 108 may be doped with elements 
from group III - A or group V of the Periodic Table of 
Elements such as boron , phosphorus , and arsenic . The 
dopants may be introduced during deposition of gate con 
ductive region 108. In some embodiments , gate conductive 
region 108 may include multiple layers to meet the require 
ment of device characteristics such as threshold voltage and 
gate conductance . In various embodiments , gate conductive 
region 108 may include a polysilicon layer and a metal 
electrode layer formed atop dielectric layer 106 utilizing a 
deposition process , such as CVD , plasma - assisted CVD , 
plating , and / or sputtering , followed by planarization . When 
a combination of conductive elements is employed , an 
optional diffusion barrier material such as tantalum nitride , 
titanium nitride , tungsten nitride may be formed between the 
conductive materials . Gate stack 117 may include a top 
conductive layer 116 over the gate conductive region 108 . 
Top conductive layer 116 may be formed from a metallic 
material , such as tungsten , for example . 
[ 0029 ] Gate stack 117 may be surrounded by spacers 120 
and 118 ( e.g. , silicon oxide , silicon nitride , silicon oxyni 
tride , low - k or high - k dielectric material , or any suitable 
combination of those materials ) . In various embodiments , 
spacer 118 may include a first type dielectric , and spacer 120 
may include a second type dielectric . For example , spacer 
118 may include silicon nitride , and spacer 120 may include 
silicon oxynitride . Spacers 120 and 118 may be adjacent to 
an inter - layer dielectric ( ILD ) layer 114 ( e.g. , silicon oxide 
or silicon nitride ) formed upon substrate 122. In various 
embodiments , spacer 118 may include a contact etch stop 
ping layer , and may be formed , for example , from silicon 
nitride . 

[ 0030 ] In various embodiments , ILD layer 114 may 
include an oxide layer deposited over a portion of a surface 
of the semiconductor substrate . In particular embodiments , 
ILD layer 114 may be deposited by , e.g. , CVD , atomic layer 
deposition ( ALD ) , plasma - enhanced chemical vapor depo 
sition ( PECVD ) , or other formation techniques . The thick 
ness of ILD layer 114 may be from 10 nanometers ( nm ) to 
500 nm , although lesser and greater thicknesses may be 
used . In certain embodiments , ILD layer 114 is deposited 
with a thickness sufficient to cover gate stack 117. ILD layer 
114 may be subsequently planarized using chemical - me 
chanical planarization ( CMP ) . In some embodiments , a liner 
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such as nitride ( not shown ) may be formed upon a portion 
of a surface of substrate 122 prior deposition of ILD layer 
114 . 
[ 0031 ] Semiconductor substrate 122 may include but is 
not limited to any semiconducting material such as Si 
containing materials , Germanium - containing materials , 
GaAs , InAs and other semiconductors . Si - containing mate 
rials include , but are not limited to Si , bulk Si , single crystal 
Si , polycrystalline Si , SiGe , amorphous Si , silicon - on - insu 
lator substrates ( SOI ) , SiGe - on - insulator ( SGOI ) , annealed 
poly Si , and poly Si line structures . 
[ 0032 ] In various embodiments , semiconductor substrate 
122 may refer to , for example , a top layer of a layered 
structure . Semiconductor substrate 122 may include 
Si / SiGe , a silicon - on - insulator ( SOI ) , or a SiGe - on - insulator 
( SGOI ) . In some embodiments , when semiconductor sub 
strate 122 is SOI or SGOI substrate , the thickness of the 
Si - containing layer atop a buried insulating layer 124 can 
have a thickness on the order of 30 nm or greater . In various 
embodiments , a plurality of fins ( not shown ) may be etched 
from semiconductor substrate 122 . 
[ 0033 ] In various embodiments , structure 100 may include 
a source / drain contact 102. The source / drain contact may 
include conductive material ( e.g. , a metal , such as tungsten , 
titanium , cobalt , ruthenium or a metal - containing material ) . 
In various embodiments , the source / drain contact 102 is 
planarized at the upper surface of ILD layer 114A . In some 
embodiments , source / drain contact 102 may be protected by 
a liner material 115 such as titanium nitride . In some 
embodiments , a silicide ( not shown ) may be formed upon 
source / drain region 104. In various embodiments , contact 
102 may be in proximity to a SAC dielectric layer 112 
deposited over gate stack 117 and may be remote from gate 
stack 117 . 
[ 0034 ] In various embodiments , gate stack 117 may be 
deposited over a first portion of a top surface of semicon 
ductor substrate 122. For example , gate stack 117 is depos 
ited over a middle portion of the top surface of semicon 
ductor substrate 122 as depicted in FIG . 1A . In various 
embodiments , ILD layer 114 may be deposited over a 
second portion of semiconductor substrate 122. In various 
embodiments , SAC dielectric layer 112 may form a lami 
nated dielectric layer deposited over at least a portion of a 
top surface of gate stack 117. For example , SAC layer 112 
may be deposited over a portion of top conductive layer 116 . 
In an illustrative embodiment , SAC layer 112 may be 
adjacent to top surface of gate stack 117 
[ 0035 ] In various embodiments , SAC dielectric layer 112 
may include dielectric sublayers . Some of illustrative mate 
rials for dielectric sublayers may include Sio , LaO , ALO , 
AIN , AION , ZrO , HfO , SIN , Si , ZnO , ZrN , TIO , Tao , 
ZrAIO , YO , TACN , ZrSi , HfSi , SiOCN , SION , SIOC , and 
SiCN . The dielectric sublayers may be formed using low 
pressure chemical vapor deposition ( LPCVD ) , CVD , ALD , 
PECVD , or other suitable formation techniques . The thick 
ness of a dielectric sublayer may be 0.1 nm to about 10 nm 
and may be selected to control compressive and tensile 
stresses that may develop in SAC layer 112. SAC dielectric 
layer 112 may contain alternating sublayers adjacent to each 
other . In various embodiments , SAC dielectric layer 112 
may include sublayers of various materials . For example , in 
an illustrative embodiment , at least one sublayer may 
include a low - k material , and at least one sublayer may 
include high etch selectivity material . 

[ 0036 ] The term “ low - k ” material refers to materials 
exhibiting relatively small dielectric constants . For example , 
a low - k material may include silicon oxide , aluminum oxide , 
silicon nitride , silicon oxynitride , SiOCN , fluorine - doped 
silicon oxide , carbon - doped silicon oxide , porous silicon 
oxide , porous carbon - doped silicon oxide , porous aluminum 
oxide , such as anodized aluminum oxide , and / or the like . In 
various embodiments , the low - k materials may include 
materials with dielectric constants lower than 10. For brev 
ity , in the present disclosure , dielectric materials with a 
dielectric constant higher than 20 may be referred to as 
“ high - k ” materials , and materials with a dielectric constant 
between 10 and 20 may be referred to as “ medium - k ” 
materials . Depending on the context of the discussion , and 
when explicitly specified , materials with a dielectric con 
stant between 3.9 and 20 may be referred to as “ medium - k ” 
materials and materials with dielectric constant between 1 
and 3.9 may be referred to as “ low - k ” materials . 
[ 0037 ] The term “ etch selectivity ” is a comparison of etch 
rates between two or more materials relative to a particular 
etchant . This comparison may be expressed in terms of one 
or more ratios . For example , the term “ etch selectivity ” for 
a material , in general , may be defined relative to other 
materials for a specific etch recipe / technique . As an illus 
trative example , zirconium oxide may exhibit a high etch 
selectivity relative to silicon oxide , for an etch recipe that 
includes a wet chemical etching using hydrofluoric acid . 
One convenient measure of etch selectivity for a first mate 
rial relative to a second material is a ratio of an etch rate of 
the first material , and the etch rate of the second material for 
a specific etch recipe . For example , the ratio of the etch rate 
of zirconium oxide , and the etch rate of silicon oxide for a 
wet chemical etching using hydrofluoric acid may range 
between 0.01 and 0.001 , indicating the high etch selectivity 
of zirconium oxide relative to silicon oxide for the wet 
etching using hydrofluoric acid . In various embodiments , 
many factors may influence the etch rate the etch recipe 
( e.g. , concentration of hydrofluoric acid for wet chemical 
etching ) , annealing of dielectric layers and / or deposition 
method for the dielectric layers . In some embodiments , the 
etch rate may be influenced by defects present in the 
dielectric layers , and doping of the dielectric layers . 
[ 0038 ] An illustrative embodiment of SAC dielectric layer 
112 is shown in FIG . 1B . SAC dielectric layer 112 contains 
a region 112A that includes multiple sublayers . It is under 
stood , that region 112A is only illustrative , and any other 
portion of SAC dielectric layer 112 , containing parallel 
sublayers , may be selected for illustrating the composite 
structure of layer 112. When fabricating SAC dielectric layer 
112 , both a dielectric constant and an etch selectivity of layer 
112 may be the parameters that can influence the design and 
fabrication of structure 100. In various embodiments , the 
dielectric constant of layer 112 may affect a gate to source / 
drain parasitic capacitance of devices fabricated using layer 
112. In various embodiments , forming SAC layer 112 from 
low - k materials may result in a decrease in the gate to 
source / drain parasitic capacitance when compared to layer 
112 formed from high - k materials . In order to provide layer 
112 with desired effective dielectric constant and etch selec 
tivity , SAC dielectric layer 112 may be fabricated as a 
laminate dielectric layer formed from sublayers , with at least 
some sublayers formed from low - k materials and at least 
some sublayers formed from high etch selectivity materials . 
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[ 0039 ] FIG . 2A shows region 112A that may include 
groups 201-203 of sublayers 201A - 203A and 2013-203B . 
Group 201 of sublayers 201A and 201B may be adjacent to 
group 202 of sublayers 202A and 202B , which in turn , may 
be adjacent to group 203 of sublayers 203A and 203B . 
Within each group 201-203 , a sublayer labeled “ A ” may be 
referred to as the first sublayer , and a sublayer labeled “ B ” 
may be referred to as the second sublayer . For example , 
sublayer 201A , 202A , or 203A may be referred to as the first 
sublayer and sublayer 201B , 202B , or 203B may be referred 
to as the second sublayer . In various embodiments , sublayers 
may be grouped in different configurations , particularly for 
sublayers not forming a periodic structure . In certain 
embodiments , sublayers may be defined as regions of sub 
stantially the same material having substantially the same 
morphology . Each group may include two or more sublay 
ers . For example , group 201 includes two sublayer 201A and 
201B formed from different materials . 
[ 0040 ] In an illustrative embodiment , a first sublayer 
within a group ( e.g. , sublayer 2014 depicted in FIG . 2A ) 
may be formed of a low - k material ( e.g. , aluminum oxide , 
silicon oxide , silicon nitride , SiCN , SIOC , SIOCN and / or 
alloys of those or similar materials ) . The first sublayer may 
have thickness of about 0.1 nm to about 10 nm and may be 
deposited using various suitable formation techniques such 
as for example , ALD or CVD . 
[ 0041 ] In an illustrative embodiment , a second sublayer 
within a group ( e.g. , sublayer 201B ) may be formed from a 
material that has a lower etch rate relative to the etch rate of 
adjacent ILD layer 114 , resulting in high etch selectivity of 
the second sublayer . For example , an etch recipe for etching 
ILD layer 114 may include wet or dry etching . In some 
cases , ILD layer 114 may be etched using BOE technique . 
In various embodiments , the second sublayer may have 
thickness of about 0.1 nm to about 10 nm . 
[ 0042 ] In various embodiments , the second sublayer ( e.g. , 
sublayer 2013 ) may be formed from a material that may 
have higher dielectric constant than the dielectric constant of 
the first sublayer ( e.g. , sublayer 201A ) . In some embodi 
ments , the second sublayer may be formed from a material 
with etch selectivity higher than the etch selectivity of the 
material of the first sublayer . In some embodiments , the 
second sublayer may be formed from a medium - k or a 
high - k material . In some embodiments , the second sublayer 
material may include zirconium oxide , hafnium oxide , 
LA 03 , HfS104 , Y 03 , LaA102 , TaOz , Ta Os , and / or the 
like . In some embodiments , the thickness of the first 
sublayer may be similar to the thickness of the second 
sublayer . 
[ 0043 ] In various embodiments , it may not be possible to 
find a dielectric material that has both a low dielectric 
constant and a high etch selectivity . To satisfy requirement 
of low dielectric constant for the first sublayer , the first 
sublayer may be formed from a material that has a relatively 
low etch selectivity . For example , the first sublayer may be 
formed of a material that has a similar etch rate or a higher 
etch rate relative to the etch rate of the material of proximate 
ILD layer 114. In some embodiments , the first sublayer may 
have an etch rate that is lower than the etch rate of proximate 
ILD layer 114 , but higher than the etch rate of the second 
sublayer . In various embodiments , the material for the first 
sublayer is selected to reduce the effective dielectric con 
stant of region 112A while maintaining acceptable etch 
selectivity for region 112A . In an example embodiment , an 

etch ratio between the etch rate of the first sublayer and the 
etch rate of the second sublayer may range between 1 and 
01 , and in some cases may be more than 10 . 
[ 0044 ] In various embodiments , sublayers within groups 
of sublayers may have different thicknesses . For example , 
FIG . 2B shows , a group 221 with a sublayer 221A having a 
first thickness and a sublayer 221B having a second thick 
ness , that may be smaller than the first thickness of sublayer 
221A . Sublayers depicted in FIG . 2B are only illustrative , 
and other thicknesses of sublayers may be chosen . In an 
example embodiment , sublayer 221A may be thinner than 
sublayer 221B . In some embodiments , the ratio of the 
thickness of sublayer 221A to the thickness of sublayer 
221B may range between 0.1 and 10. The ratio of thick 
nesses of sublayers may be selected based on effective 
dielectric constant and etch selectivity desired for region 
112A and may be one of the key parameters that can be used 
to selectively control the properties of region 112A . 
[ 0045 ] In an illustrative embodiment , sublayer 221A may 
be formed from low - k material . Sublayer 221B may be 
formed from material with etch selectivity higher than the 
etch selectivity of the material of sublayer 221A . In some 
embodiments , sublayer 221B may be formed from 
medium - k or high - k material that has lower etch rate relative 
to the etch rate of adjacent ILD layer 114. In various 
embodiments , low - k sublayer 221A may be adjacent to top 
conductive layer 116 , followed by medium - k or high - k 
sublayer 221B . Alternatively , sublayer 221B may be adja 
cent to top conductive layer 116 followed by sublayer 221A . 
[ 0046 ] In various embodiments , groups of sublayers may 
have more than two sublayers . For example , FIG . 2C shows 
an illustrative embodiment comprising groups 231 and 232 , 
with each group having four sublayers of different thick 
nesses . In an example embodiment , sublayers 231 A1 and 
231 A2 may be formed from a first dielectric material , while 
sublayers 231 B1 and 231 B2 may be formed from a second 
dielectric material . For example , sublayers 231 A1 and 231 
A2 may be formed from a low - k material , while sublayers 
231 B1 and 231 B2 may be formed from a material with etch 
selectivity higher than the etch selectivity of the material of 
sublayer 231 A1 or sublayer 231 A2 . In an illustrative 
embodiment , sublayers 231 B1 and 231 B2 may be formed 
from medium - k or high - k materials . Sublayers in the groups 
231 and 232 may have different thicknesses . In an illustra 
tive embodiment , sublayer 231 A1 and 231 A2 may be 
thicker than sublayers 231 B1 and 231 B2 . 
[ 0047 ] In various embodiments , some sublayers may 
include alloys of various dielectric materials . For example , 
a sublayer may include an alloy of zirconium oxide and 
aluminum oxide or the alloy of zirconium oxide and silicon 
oxide . Examples of the alloys are only illustrative , and 
various other dielectric alloys may be used as well . The 
composition of an alloy may be selected to result in a low - k 
material with an improved etch selectivity . In various 
embodiments , sublayers containing alloys of various mate 
rials may have non - uniform or graded composition . In 
various embodiments , sublayers formed from alloyed mate 
rials may be combined with various other sublayers to form 
SAC layer 112 . 
[ 0048 ] In various embodiments , a sublayer thickness may 
gradually change throughout region 112A of SAC dielectric 
layer 112. For example , FIG . 3 shows an illustrative embodi 
ment of several sublayers A and B with corresponding 
thickness H1A , H1B , H2A , and H2B . In an illustrative 
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embodiment depicted in FIG . 3 , thicknesses of sublayers A 
and B increase towards the middle of the region 112A . The 
gradual variation of thicknesses of sublayers A and B may be 
beneficial for controlling dielectric constant of layer 112 
while also controlling stresses within layer 112 . 
[ 0049 ] Various embodiments of sublayers shown in FIGS . 
2A - 2C and FIG . 3 are only illustrative of some configura 
tions of sublayers forming region 112A of SAC dielectric 
layer 112. To this extent , the number of sublayers within 
layer 112 , the thickness of sublayers , the material of sublay 
ers and the order of sublayers may be varied and / or modi 
fied . 
[ 0050 ] In various embodiments , more than two different 
materials may be used to form sublayers . In some embodi 
ments , SAC layer 112 may include a plurality of alternating 
groups of sublayers , with an illustrative group of sublayers 
including the first sublayer followed by the second sublayer , 
and followed by the third sublayer . For example , FIG . 4A 
shows groups 401 and 402 of respective sublayers 401A 
401C and 402A - 402C , where sublayer 401A may be formed 
from a first material , such as , for example , a low - k material , 
sublayer 401B may be formed from a second material , such 
as , for example , a medium - k material , and sublayer 401C 
may be formed from a third material such as , for example , 
a high - k material . In some embodiments , low - k materials 
may include silicon oxide , silicon nitride , SiCN , SIOC , 
SiOCN and / or alloys of those or similar materials , 
medium - k materials may include aluminum oxide , Y203 , 
HfSiO4 or the like , and high - k materials may include HfO2 , 
La203 , Ta2O3 , ZrO2 , or the like . 
[ 0051 ] Additionally , or alternatively , the third material 
may have etch selectivity higher than the etch selectivity of 
the first or the second material ( i.e. , highest etch selectivity ) . 
In an illustrative embodiment , the second material ( material 
of sublayer 401B ) may have etch selectivity higher than the 
etch selectivity of the first material ( material of sublayer 
401A ) . In an example embodiment , the second material may 
have etch selectivity lower than the etch selectivity of the 
third material ( material of sublayer 401C ) . In various 
embodiments , sublayers 401A - 401C depicted in FIG . 4A 
may be formed from either of the first , the second or the third 
material , with the material of sublayer 401A different from 
the material of sublayer 401B , and with the material of 
sublayer 401C different from material of the 401A and 401B 
sublayers . In various embodiments , materials with low etch 
selectivities ( e.g. , material of sublayer 401A ) may include 
silicon oxide , SiCN , SIOC , SIOCN and / or alloys of those or 
similar materials . Materials with higher etch selectivities 
( e.g. , material of sublayer 401C ) may include HfO2 , ZrO2 or 
the like , and the material with an intermediate etch selec 
tivity may include silicon nitride , HfSiO4 or the like . The 
choice of materials for sublayers 401A - 401C described 
above is only illustrative . In an example embodiment , 
sublayer 401A may be formed from a material with the 
highest etch selectivity . The specific choice of the materials 
and the arrangement of sublayers may be predicated on 
device fabrication and device design requirements . In vari 
ous cases , layers formed from materials with low etch 
selectivity may be sandwiched between layers formed from 
materials with higher etch selectivites to prevent exposing 
layers formed from materials with lower etch selectivities to 
etching agents . 
[ 0052 ] FIG . 4B shows an illustrative embodiment of 
sublayers 421A through 422C that include various thick 

nesses . The sublayers may be organized into groups . For 
example , sublayers 421A - 421C may belong to a group 421 , 
and sublayers 422A - 422C may belong to a group 422 as 
shown in FIG . 4B . For example , a sublayer 421B and a 
sublayer 421C may have smaller thicknesses than a sublayer 
421A . In an illustrative embodiment , sublayer 421C may be 
formed from a material with etch selectivity higher than the 
etch selectivity of a material for sublayer 421A and sublayer 
421B . In an illustrative embodiment , sublayer 421A may be 
formed from a material with a dielectric constant lower than 
the dielectric constant of materials forming sublayers 421B 
and 421C . In some embodiments , the thicknesses of sublay 
ers 421A through 422C may range from 0.1 nm to 10 nm . 
Sublayers depicted in FIG . 4B are only illustrative , and other 
thicknesses of sublayers may be chosen . In an example 
embodiment , sublayer 421A may be thinner than sublayer 
421B . In some embodiments , the ratio of the thickness of 
sublayer 421A to the thickness of sublayer 421B or 421C 
may range between 0.1 and 10. The choice of materials and 
thicknesses for sublayers 421A through 422C may depend 
on desired effective dielectric constant and etch selectivity 
for region 112A . 
[ 0053 ] FIG . 4C shows that sublayers forming region 112A 
may include various thicknesses and may be arranged in a 
variety of ways . Referring to FIG . 4C , the like components 
are identified by the same corresponding label A - D . In FIG . 
4C , unlabeled sublayers correspond to the like labeled 
sublayers that have the same fill pattern . In various embodi 
ments , sublayers A may have various thicknesses throughout 
region 112A shown in FIG . 4C , and may be deposited over 
sublayers B forming BA interface . Alternatively , as shown in 
FIG . 4C , sublayers A may be deposited over sublayers C 
forming a CA interface . Various other combinations are 
possible . For example , sublayers B may be deposited over 
sublayers C forming a CB interface . In various embodi 
ments , sublayers A - D may be formed from either of a first , 
a second a third or a fourth material , with the first material 
being different from the second material , the third material 
being different from the first or the second material , and the 
fourth material being different from any other material . In an 
illustrative embodiment , sublayer A is formed from a mate 
rial that is different from a material of sublayer B , sublayer 
C is formed from a material that is different from the 
material of sublayers A and B , and sublayer D may be 
formed from a material that is different from the material of 
any other sublayers . 
[ 0054 ] In an illustrative embodiment , shown in FIG . 4C , 
sublayer A may be formed from a low - k material , sublayer 
B may be formed from a medium - k material , sublayer C 
may be formed from a high - k material , and sublayer D may 
be formed from a low - k material that is different from the 
low - k material of sublayer A. For example , sublayer D may 
be formed from silicon oxide , and sublayer A may be formed 
from aluminum oxide . In an illustrative embodiment , 
sublayer B may be formed from silicon nitride and sublayer 
C may be formed from zirconium oxide , hafnium oxide or 
the like . In an illustrative embodiment , sublayer A may be 
formed from a material with an etch selectivity that is lower 
than the etch selectivity of materials forming sublayer B or 
sublayer C. In an illustrative embodiment , sublayer B may 
be formed from a material with an etch selectivity that is 
lower than the etch selectivity of materials forming sublayer 
C or sublayer D. In an illustrative embodiment , sublayer A 
may be formed from silicon oxide , sublayer B may be 
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formed from aluminum oxide , sublayer C may be formed 
from zirconium oxide , and sublayer D may be formed from 
silicon nitride . 
[ 0055 ] Various embodiments of sublayers shown in FIG . 
4C are only illustrative of various sublayers forming region 
112A of SAC dielectric layer 112. To this extent , the number 
of sublayers within layer 112 , the thickness of sublayers , the 
material of sublayers and the order of sublayers may be 
modified . The choice of materials and thicknesses of sublay 
ers A - D allows for fabricating region 112A with desired 
effective dielectric constant and etch selectivity properties . 
The specific selection of the materials and the thicknesses of 
sublayers A - D may be predicated on a device fabrication and 
device design requirements . 
[ 0056 ] FIG . 5 shows an illustrative embodiment of region 
112A of SAC dielectric layer 112 , with sublayers 501A and 
502A formed form a first material , and sublayers 501B and 
502B formed from a second material . In an example 
embodiment , sublayer 502B may be deposited over sublayer 
501A . In an illustrative embodiment , sublayer 502B may be 
deposited using various suitable formation techniques such 
as ALD , CVD , or MOCVD . In an example embodiment , 
sublayer 502B may be formed from aluminum oxide and 
deposited using ALD . Sublayer 501B may be deposited use 
a different deposition technique than the technique ( s ) used 
for deposition of sublayer 502B . For example , sublayer 
501B may be deposited using ALD at a different temperature 
than the temperature used for deposition of sublayer 502B . 
Alternatively , sublayer 502B may be deposited using CVD , 
while sublayer 501B may be deposited using ALD . As a 
result , sublayer 501B may be formed from the same material 
( e.g. , aluminum oxide ) as sublayer 502B but with different 
morphology . The term “ morphology ” refers to material 
structure ( i.e. , presence of dislocations , point defects , impu 
rities , cracks , shape , and size of nanostructures , material 
compositional variation and similar metrics ) . In an example 
embodiment , sublayer 501B may contain dislocation density 
and / or point defect density that is lower than dislocation 
density and / or point defect density of sublayer 502B . In 
some embodiments , sublayer 501B may experience tensile 
or compressive stresses due to presence of adjacent layers . 
The stresses and dislocations presented in the sublayers may 
affect the etch rate of the sublayers . In various embodiments , 
the layer deposition may be selected to reduce the etch rate 
of SAC dielectric layer 112 . 
[ 0057 ] FIGS . 6A and 6B show TEM images of an illus 
trative portion of SAC layer 112 after etching . The portion 
of SAC layer 112 , shown in FIG . 6A has alternating sublay 
ers 601 and 602 , with sublayer 601 formed from a material 
with an etch selectivity higher than the etch selectivity of a 
material of sublayer 602. The thickness of sublayers 601 and 
602 , the materials forming these sublayers , and arrangement 
of these sublayers may affect the overall etch selectivity of 
SAC layer 112. For example , FIGS . 6A and 6B show that 
when sublayers 601 and 602 are etched laterally , the thick 
ness of the sublayers may affect the etch selectivity of SAC 
layer 112. When the thickness of sublayers is sufficiently 
small ( e.g. , 0.1 to 3 nanometers ) , a sublayer formed from a 
material with higher etch selectivity may protect a sublayer 
formed from a material with lower etch selectivity . For 
example , sublayer 602 with relatively low etch selectivity is 
not significantly etched . The degree of etching may be 
inferred from an inclination angle 0 = 0 ( also indicated by 
line 603 ) , resulting from etching the portion of SAC layer 

112 in FIG . 6A . FIG . 6B shows sublayers 611 and 612 with 
a larger thickness ( thickness of sublayers may be larger than 
3 nm ) . Sublayer 611 is formed from a material with an etch 
selectivity higher than the etch selectivity of the material of 
sublayer 612. The portion of SAC layer 112 shown in FIG . 
6B is etched more than a similar portion of SAC layer 112 
shown in FIG . 6A , as can be inferred from inclination angle 
0 = 02 ( also indicated by line 613 ) , that is smaller than the 
inclination angle 0 , ( also indicated by line 603 ) . Sublayer 
612 with relatively low etch selectivity is significantly 
etched . By selecting sublayers 611 and 612 with smaller 
thickness ( for example , smaller than 3 nm ) , the etchant 
chemical agent may not be able to penetrate laterally the 
sublayers and result in significant etching . For example , in 
FIG . 6A , sublayer 602 is not significantly etched , as shown 
by a region 614 , as compared , with sublayer 602 , shown by 
a region 615 in FIG . 6B . Sublayer 612 of FIG . 6B having a 
greater thickness than corresponding sublayer 602 of FIG . 
6A is etched considerably , as shown for example , by differ 
ence between angles 0 , and 02 that can be few tens of 
degrees . 
[ 0058 ] Annealing of dielectric layers ( e.g. , SAC layer 112 ) 
may affect both a dielectric constant and an etch selectivity 
of the layers . The annealing process , may include , for 
example , heating dielectric layers at temperatures between 
300-800 ° C. for a selected interval of time . For example , 
heating may proceed for 0.1 to 0.8 seconds , between 0.8 and 
2 seconds , or in some cases for more than 2 seconds . During 
the annealing process , a dielectric constant of the high etch 
selectivity material may increase . The increase may be as 
much as twenty percent as observed for some high etch 
selectivity materials ( e.g. , zirconium oxide ) . For example , 
FIG . 7A represents qualitative changes in a dielectric con 
stant due to annealing of a dielectric layer formed from a 
high etch selectivity material as well as qualitative changes 
in a dielectric constant of a dielectric laminate structure . In 
an illustrative embodiment shown in FIG . 7A , the high etch 
selectivity material includes zirconium oxide . FIG . 7A , 
shows , for example , that annealing of the dielectric layer 
formed from the high etch selectivity material may increase 
the dielectric constant of the dielectric layer , while annealing 
of the laminated structure may slightly decrease the effective 
dielectric constant of the laminated structure . The laminate 
structure may include thin layers ( e.g. , layers with thickness 
in the range of 0.1 to 3 nanometers ) that may not fully 
crystallize due to annealing , thus resulting in relatively small 
changes ( e.g. , less than 10 % ) in dielectric constant due to 
annealing . The dielectric constant of various layers , includ 
ing the effective dielectric constant of the laminate structure , 
may be measured by suitable methods , such as with a 
mercury probe . 
[ 0059 ] FIG . 7B shows qualitative effect of annealing on 
etching selectivity . In general , annealing may improve etch 
ing selectivity by decreasing the number of defects pre 
sented in dielectric materials . Annealing may increase etch 
selectivity for bulk materials and for laminated structures 
formed from dielectric sublayers as indicated in FIG . 7B . 
The amount of increase in etch selectivity depends on many 
factors such as dislocation density of the initially deposited 
layers , the duration of annealing and the annealing tempera 
ture . For example , after annealing the etch selectivity may 
increase by an order of magnitude for various dielectric 
layers including layers formed from bulk high etch selec 
tivity material of laminated structures . 
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[ 0060 ] In various embodiments , SAC dielectric layer 112 
may include an irregular shape when deposited in a trench 
formed by etching various layers of structure 100. The shape 
of layer 112 affects the effective dielectric constant and etch 
selectivity of layer 112. For example , layer 112 may have 
anisotropic effective dielectric constant dependent on posi 
tion and arrangement of sublayers forming layer 112. The 
position and arrangement of sublayers may depend on the 
shape of layer 112. Furthermore , arrangement of sublayers 
may influence the overall etch selectivity of layer 112. For 
example , positioning sublayers with high etch selectivity at 
the outer sides of layer 112 may improve etch selectivity of 
layer 112 as compared to similar layers without such sublay 
ers positioned at the outer sides . 
[ 0061 ] FIG . 8A shows an illustrative structure 800 before 
deposition of SAC dielectric layer 112. Various aspects of 
structure 800 describe the embodiments of a SAC trench 801 
which may determine possible configurations of SAC 
dielectric layer 112. Structure 800 may include dielectric 
layer 106 , gate conductive region 108 , spacer 120 , spacer 
118 , ILD layer 114 and top conductive layer 116. Layer 114 , 
and spacers 118 and 120 may be etched to provide SAC 
trench 801 for deposition of SAC dielectric layer 112. SAC 
trench 801 , as shown in FIG . 8A may contain corners 815 
and 810. In various embodiments , surfaces adjacent to SAC 
trench 801 may include surfaces of ILD layer 114 , spacer 
118 , spacer 120 , and layer 116. In various embodiments , a 
surface 803 of ILD layer 114 may not be parallel to a surface 
805 of layer 116 or to the top surface of semiconductor 
substrate 122. In some embodiments , surfaces 802 and 804 
respectively of spacer 120 and spacer 118 may be parallel to 
surface 805 of layer 116. Some surfaces of spacer 120 and 
spacer 118 may not be parallel to surface 805 of layer 116 . 
In various embodiments , shape of SAC trench 801 , shown in 
FIG . 8A is referred to as T shape . 
[ 0062 ] FIG . 8B shows another illustrative structure , with 
SAC trench 801 containing a corner 830. In various embodi 
ments , shape of SAC trench 801 , shown in FIG . 8B is 
referred to as square shape . FIG . 8C shows another illus 
trative embodiment of a possible structure containing SAC 
trench 801 with slanted sides formed by surfaces 807A and 
807B . SAC trench 801 may contain a corner 840. Surface 
807A may include surface 803 of ILD layer 114 , as well as 
surfaces 802 and 804. The shape of SAC trench 801 shown 
in FIG . 8C is referred to as trapezoidal shape . 
[ 0063 ] FIGS . 9-12 show various embodiments of SAC 
dielectric layer 112 deposited into T shape SAC trench 801 
and extending in gate parallel and gate perpendicular direc 
tions . Various embodiments illustrated in FIG . 9-12 describe 
various configurations of layer 112 that can be used for 
fabrication of structure 100. The embodiments described 
below , demonstrate the various ways in which layer 112 may 
be fabricated to fulfill device design and device fabrication 
requirements , such as , requirements of low effective dielec 
tric constant and high etch selectivity for layer 112. In some 
embodiments , depicted , for example in FIG . 9 , SAC layer 
112 may be adjacent to at least a portion of the surface of 
ILD layer 114 that may be nonparallel to the top surface of 
the semiconductor substrate . For example , SAC layer 112 
may be adjacent to surface 803 , depicted in FIG . 9 that may 
be nonparallel to the top surface of the semiconductor 
substrate . In various embodiments , the shape , and position 
of SAC layer 112 may determine orientation and position of 

dielectric sublayers A and B , that may affect anisotropic 
effective dielectric constant of layer 112 . 
[ 0064 ] FIG . 9 shows an illustrative embodiment of SAC 
dielectric layer 112 that takes advantage of the multilayer 
low dielectric / high etch selectivity structure . SAC layer 112 
may include multiple dielectric sublayers such as sublayers 
A and B , and a merge sublayer M. Sublayers A and B are 
deposited , for example , using ALD , and merge sublayer M 
is formed in the middle of SAC dielectric layer 112 as a last 
sublayer during the deposition process . In various embodi 
ments , the deposited dielectric sublayers are conformal to a 
shape of SAC trench 801. For example , the deposited 
sublayers may be partially parallel to surface 803 of ILD 
layer 114 ( for example , region 906 ) , and partially parallel to 
surface 805 , ( for example , regions 907A and 907B ) . In 
various embodiments , the deposited sublayers may include 
regions ( for example , region 906 ) that may be nonparallel to 
at least a portion of the top surface of the gate stack . In 
various embodiments , as shown in FIG . 9 , SAC layer 112 
may have variable dielectric constant values along gate 
parallel and / or gate perpendicular directions . 
[ 0065 ] Deposited sublayers , shown in FIG.9 , may include 
corners ( e.g. , corner 901 ) , and region Al , referred to as T 
region , that contains abrupt changes in direction of sublay 
ers . Changes in direction of sublayers lead to anisotropic 
properties of effective dielectric constant of layer 112 , that 
allow to control and reduce capacitance ( e.g. , parasitic gate 
to source / drain parasitic capacitance ) affected by layer 112 . 
In some embodiments , sublayer A may be formed from 
low - k material , and sublayer B may be formed from material 
that has a higher etch selectivity than etch selectivity of 
material forming sublayer A. In some embodiments , 
sublayer B may be formed from low - k material , and 
sublayer A may be formed from material that has a higher 
etch selectivity than etch selectivity of material forming 
sublayer B. SAC dielectric layer 112 may have a top planar 
surface 905 which may , for example , be planarized using 
chemical - mechanical planarization ( CMP ) . Surface 905 
may be substantially parallel to surface 805 . 
[ 0066 ] FIG . 9 show various embodiments of SAC dielec 
tric layer 112 that may lead to reduced parasitic gate to 
source / drain capacitance , while maintaining overall high 
etch selectivity of layer 112. FIG . 9 shows , for example , 
SAC dielectric layer 112 including a merge sublayer M and 
four groups of sublayers , each group containing one 
sublayer A and one sublayer B. FIG . 10 , shows , as an 
example , six groups of sublayers , with a merge sublayer M. 
In various embodiments , depending on the size and shape of 
SAC trench 801 , SAC layer 112 may include one or more 
groups of sublayers with each group including at least two 
sublayers formed from different dielectric materials . In some 
embodiments , sublayer Aor sublayer B may also correspond 
to a merge sublayer . For example , FIG . 11 shows sublayers 
A and B with sublayer B corresponding to a merge sublayer . 
By means of example and without limitation , SAC layer 112 
may include one group of sublayers two group of sublayers , 
three group of sublayers , four group of sublayers , five group 
of sublayers , six group of sublayers , or more groups of 
sublayers . In some embodiments , SAC layer 112 may 
include a merge sublayer that may not be part of sublayers 
forming groups of sublayers , and in some embodiments , the 
merge sublayer may be part of sublayers forming groups of 
sublayers ( e.g. , merge sublayer B in FIG . 11 ) . 
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[ 0067 ] In some embodiments , a group of sublayers shown 
in FIG . 10 may include sublayer A formed from low - k 
material followed by sublayer B formed from material that 
has a higher etch selectivity than etch selectivity of material 
forming sublayer A. Sublayer A may be the first sublayer 
deposited in SAC trench 801 followed by deposition of 
sublayer B. In an alternative embodiment , sublayer B may 
be deposited first in SAC trench 801 followed by sublayer A. 
In some embodiments , sublayer B may be adjacent to top 
conductive gate layer 116 , and in some embodiments , 
sublayer A may be adjacent to top conductive gate layer 116 . 
In some embodiments , sublayer B may be adjacent to ILD 
layer 114 , and in some embodiments , sublayer A may be 
adjacent to ILD layer 114. In some embodiments , a merge 
sublayer ( e.g. , merge sublayer M in FIG . 10 ) may be formed 
from the same material as the material for sublayer A. and 
in some embodiments the merge sublayer may be formed 
from the same material as the material for sublayer B. In 
various embodiments , the merge sublayer may be formed 
from a different material than material used to form sublay 
ers A and B. 
[ 0068 ] In various embodiments , sublayers A and B may 
vary in thickness from one sublayer group to the other as 
shown in FIG . 10. For example , a first group of sublayers A 
and B deposited in SAC trench 801 may be thicker than a 
second group of sublayers . In some embodiments , sublayer 
A thickness may be larger than sublayer B thickness within 
the same group . For example , FIG . 10 shows region 1010 
with sublayers A1 , B1 , A2 and B2 with respective thick 
nesses H1 - H4 . In an example embodiment , thickness H1 
may be greater than H2 , H3 or H4 . In an example embodi 
ment , thickness H1 may be greater than H2 . In an example 
embodiment , thickness H2 may be larger than H4 . Various 
illustrative embodiments include sublayers where the thick 
ness of the sublayers may vary and may be selected to 
minimize overall dielectric constant of SAC layer 112 while 
maximizing etch selectivity of layer 112 . 
[ 0069 ] FIG . 10 shows that various sublayers may contain 
corners . For example , sublayer B may include corners 1021 , 
1022 , and 1023. The corners may be the regions where a 
sublayer changes direction . The term “ direction ” in context 
of sublayers , refers to orientation of a normal vector to a 
surface of the sublayer . As shown in FIG . 10 , sublayer B 
may change direction from being parallel to surface 803 of 
ILD layer 114 ( the normal vector perpendicular to surface 
803 ) to being perpendicular to surface 803 ( the normal 
vector parallel to surface 803 ) . In various embodiments , the 
orientation of the normal vector may take variety of values 
between values corresponding to direction perpendicular to 
surface 803 to values corresponding to direction parallel to 
surface 803. In addition to sublayers having corners , FIG . 10 
illustrates that sublayers may have T regions ( e.g. , region 
1024 ) , similar to T region A1 shown in FIG . 9. In some 
embodiments , sublayer B may include a T region , and in 
some embodiments , sublayer A may include a T region . 
[ 0070 ] FIGS . 12 and 13 show an example embodiment of 
SAC dielectric layer 112 with a thick merge layer M. FIG . 
12 shows that SAC layer 112 may have three groups of 
sublayers A and B and a merge layer . FIG . 13 shows that 
SAC layer 112 may have only one group of sublayers A and 
B and a merge layer . In some embodiments , the merge layer 
may be formed from a low - k material ( e.g. , silicon oxide , 
aluminum oxide , carbon doped silicon oxide , nitride doped 
silicon oxide , porous silicon oxide , porous aluminum oxide , 

and / or the like ) . In some embodiments , the merge layer may 
be formed from a high etch selectivity material ( e.g. , HfO2 , 
ZrO2 , and / or the like ) to resist wet etch . 
[ 0071 ] As explained above , SAC dielectric layer 112 may 
be fabricated as a laminate dielectric layer formed from 
sublayers , with at least some sublayers formed from low - k 
materials and at least some sublayers formed from high etch 
selectivity materials , in order to provide layer 112 with 
desired effective dielectric constant and etch selectivity . The 
capacitance of SAC layer 112 as the laminate dielectric 
layer , may be estimated based on parallel and series capaci 
tance of sublayers . For example , the capacitance of SAC 
layer 112 containing sublayers parallel to conducting sur 
faces may be calculated using series capacitance formulation 
as 1 / Cts = ; 1 / Cis , where Cts total series capacitance of SAC 
layer 112 when SAC layer 112 contains sublayers parallel to 
conducting surfaces , and Cis is a capacitance of the indi 
vidual sublayer that can be expresses as Cis = k ; € A / h ;, where 
k dielectric constant of the ith sublayer , € , permittivity 
of space , A - lateral area of a sublayer , and hi thickness of 
the ith layer . A series dielectric constant ks for SAC layer 112 
may be obtained from h / k , s = ; h , / k ;, where he total thick 
ness of SAC layer 112 , h = x ; h ;. For SAC layer 112 contain 
ing layers perpendicular to conducting surfaces , capacitance 
may be calculated using parallel capacitance formulation as 
Cop = E , Cip , where Cuptotal parallel capacitance of SAC 
layer 112 , Cip is a capacitance of the individual sublayer , 
Cip = keh , W / L , where w - width of the layer , and 
L - length of the layer . The parallel dielectric constant for 
SAC layer 112 may be obtained from kip = Xk ; ( hz / h , ) . The 
series capacitance is dominated by sublayers with smaller 
capacitance , while parallel capacitance is dominated by 
sublayers with larger capacitance . 
[ 0072 ] Depending on the position of conducting surfaces , 
SAC layer 112 may have regions of series capacitance and 
regions of parallel capacitance . FIG . 14 shows , for example , 
SAC layer 112 , sublayers A , B , merge layer M and con 
ducting regions 1410 and 1420. In various embodiments , 
region 1420 may be a metal gate and region 1410 may be a 
source / drain contact 102. Applying a potential difference 
between regions 1410 and 1420 results in electric field lines 
1412A - 1412C . Electric field lines 1412A - 1412C are per 
pendicular to surfaces of conductive regions 1410 and 1420 
( e.g. , when conductive surfaces have low resistance ) , and in 
proximity to conductive surfaces , sublayers A and B are 
parallel to conductive surfaces , resulting in region 1430 and 
1431 of SAC layer 112 having series capacitance . Within 
merge layer M , the electric field lines may follow an 
approximately circular path as shown in FIG . 14. The overall 
capacitance of SAC layer 112 may be approximated as a 
capacitance of merge layer M and series capacitance from 
sublayers located in proximity to conducting regions 1410 
and 1420 , with merge layer M capacitance being a domi 
nating term in the overall capacitance of SAC layer 112. If 
merge layer C is formed from low - k material , the overall 
capacitance of SAC layer 112 may be minimized . 
[ 0073 ] In an illustrative embodiment , depicted in FIG . 14 , 
SAC layer 112 may include several groups of sublayers 
formed from various dielectric materials . Sublayers A may 
be formed from low - k materials , and sublayers B may be 
formed from materials that have an etch selectivity higher 
than the etch selectivity of materials forming sublayers A. In 
various embodiments , the groups of the sublayers may be 
conformal to surfaces of SAC trench 801 shown in FIG . 8A . 
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SAC layer 112 may include merge layer M deposited after 
the deposition of the several groups of sublayers , with merge 
layer M formed from a low - k material and occupying a 
significant portion of SAC layer 112. For example , merge 
layer M may occupy between five to ninety nine percent of 
the volume of SAC layer 112. The presence of merge layer 
M formed from a low - k material occupying a significant 
portion of SAC layer 112 may reduce overall capacitance of 
layer 112 as compared to capacitance of layer 112 with 
merge layer M formed from a high - k material , or to capaci 
tance of layer 112 with merge layer M occupying a smaller 
portion of layer 112. The presence of merge layer M 
surrounded by sublayers A and B with at least some sublay 
ers ( e.g. , sublayer B ) formed from materials with high etch 
selectivity , may result in overall high etch selectivity of layer 
112 without significant trade - off in layer 112 capacitance as 
compared to the capacitance of an illustrative layer 112 
without such sublayers . 
[ 0074 ] FIG . 15 shows an example embodiment of SAC 
layer 112 containing sublayers formed from various mate 
rials . For example , SAC layer 112 may include sublayers 
A - D , as shown in FIG . 15 , with each sublayer formed from 
a different material . As an example embodiment , sublayer A 
may be formed from zirconium oxide , sublayer B may be 
formed from aluminum oxide , sublayer C may be formed 
from hafnium oxide , and sublayer D may be formed from 
silicon oxide . The example embodiment of materials for 
various layers is only illustrative , and various other mate 
rials may be used . Furthermore , sublayers A - D may have 
different shapes and thicknesses consistent with various 
embodiments . 
[ 0075 ] FIG . 16A shows an illustrative embodiment , con 
taining cap layer 1601. The cap layer may include etch 
protecting layers and may include one or more sublayers . 
For example , cap layer 1601 may include sublayer A and 
sublayer C both formed from high etch selectivity materials 
such as zirconium oxide and hafnium oxide . The example 
embodiment of materials forming cap layer 1601 is only 
illustrative , and other dielectric materials may be used . In 
various embodiments , the materials forming sublayers of 
cap layer 1601 may have higher etch selectivity when 
compared to etch selectivity of low - k materials forming 
some of the sublayers of SAC layer 112. In various embodi 
ments , cap layer 1601 may protect SAC layer 112 from 
being etched during a fabrication of a device . 
[ 0076 ] In various embodiments , the SAC trench 801 ( e.g. , 
trench shown in FIG . 8B or FIG . 8C ) may have a square 
shape or trapezoidal shape . For example , FIG . 16B shows 
example of SAC layer 112 deposited in SAC trench 801 
forming a trapezoidal shape . SAC layer 112 may include 
sublayers A , B and a merge layer M. FIG . 16C shows a TEM 
image of a corresponding SAC layer 112 , with correspond 
ing sublayers A , B and merge layer M. Trapezoidal or square 
shapes of SAC trench 801 may be beneficial from a stand 
point of fabrication of SAC trench 801. For example , 
fabrication of square or trapezoidal trench may include less 
processing steps , a simpler etch recipe or the like . It should 
be noted that square or trapezoidal shapes of SAC trench 801 
is only illustrative , and other shapes of SAC trench 801 may 
be used . 

[ 0077 ] In various embodiments , SAC layer 112 may be 
used to protect the layers of gate stack 117 during a process 
of etching ILD layer 114 to form a trench . A trench 1720 , for 
example , may be formed using an illustrative process 1700 

shown in FIG . 17. In step 1 ( S1 ) of process 1700 , SAC 
trench 801 ( as shown also in FIGS . 8A - 8C ) may be formed 
by etching back spacers 118 , spacer 120 , and metal gate 
( MG ) with dry or wet etching with selectivity to ILD 114. In 
some embodiments , SAC trench 801 may be formed through 
etching back spacers 118 , spacer 120 , and metal gate ( MG ) 
and then selectively deposit an etch stopping layer on metal 
gate . In step 2 ( S2 ) , laminated SAC layer 112 containing 
multiple sublayers may be deposited in SAC trench 801 by 
ALD ( as shown also in FIGS . 9-13 ) . In step 3 ( S3 ) , the ILD 
layer 114 may be deposited over SAC layer 112 followed by 
deposition of a hard mask 1702 that may be formed from 
various materials such as silicon nitride , silicon carbide , 
silicon boron carbide , silicon boron nitride and / or the like . In 
step 4 ( S4 ) , a portion of the hard mask 1702 may be etched 
using , for example , plasma etching ( e.g. , using CF4 gas ) 
resulting in exposed portion 1710 of ILD layer 114. In step 
5 ( S5 ) , an exposed portion 1710 of ILD layer 114 may be 
etched using an oxide etch , resulting in removal of exposed 
portion 1710 and partial removal of SAC layer 112 , thus , 
resulting in SAC structure 1715 with trench 1720. Depend 
ing on etch selectivity of SAC layer 112 , a small or a large 
portion of SAC layer 112 may be removed . In some cases , 
five percent of SAC layer 112 may be removed , ten percent 
of SAC layer 112 may be removed , or when SAC layer 112 
has lower etch selectivity , fifty percent of SAC layer 112 
may be removed . In some embodiments , exposed portion 
1710 may be removed using the dry or wet etch with high 
selectivity to the material of spacers 118 and 120 in order to 
remove exposed portion 1710 and retain spacers 118 and 
120 in some instances . 

[ 0078 ] FIG . 18 shows an illustrative process 1800 for 
manufacturing a semiconductor structure with multiple SAC 
layers and contact structures . Some or all of the SAC layers 
of the semiconductor structure may include laminated struc 
tures and be formed from multiple dielectric sublayers . In 
step 1 ( S1 ) of process 1800 , a semiconductor structure may 
include substrate 1801 , multiple metal conductive gate lay 
ers 1816 , spacer 1813 , contact etch stopping layer 1814 , etch 
stopping layer 1812 , SAC layer 1810 , ILD layer 1811 , and 
a metal layer 1815. Layers and structures of FIG . 18 may 
correspond to layers and structures of FIG . 1A . For example , 
substrate 1801 may correspond to substrate 122 , metal 
conductive gate layer 1816 may correspond to conductive 
gate region 108 , spacer 1813 may correspond to spacer 120 
and contact etch stopping layer 1814 may correspond to 
spacer 118. Etch stopping layer 1812 may be an additional 
layer not shown in FIG . 1A , SAC layer 1810 may corre 
spond to SAC layer 112 , and ILD layer 1811 , may corre 
spond to layer 114. In step 2 ( S2 ) of process 1800 , a portion 
of metal layer is removed to form metal layer 1815 ( e.g. , 
using CMP ) , and in step 3 ( S3 ) , a portion of ILD layer 1811 
is removed ( e.g. , using etching process ) , forming trenches 
1831A and 1831B . In step 4 ( S4 ) , SAC layer 1840 is 
deposited in trenches 1831A and 1831B and over SAC 
layers 1810 using , for example , ALD . In step 5 ( S5 ) , portion 
of SAC layer 1840 may be removed ( e.g. , using CMP ) , and 
in step 6 ( S6 ) a portion of metal contact may be etched ( e.g. , 
using plasma etch ) resulting in trench 1861. In step 7 ( S7 ) , 
an etch stopping layer 1871 may be deposited in the trench 
1861 ( e.g. , using photolithography and ALD ) and in step 8 
( S8 ) , SAC layer 1880 may be deposited over SAC layer 
1840 , SAC layer 1810 , and etch stopping layer 1871. Etch 
stopping layer 1871 may be formed , for example , from a 
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silicon nitride . In various embodiments , SAC layer 1840 
may have the same laminated dielectric structure as SAC 
layer 112 , and in other cases , SAC layer 1840 may be a 
single dielectric layer ( e.g. , silicon oxide , aluminum oxide , 
zirconium oxide , and the like ) . 
[ 0079 ] In step 9 ( 89 ) , portion of SAC layer 1880 may be 
removed ( e.g. , using CMP ) resulting in a structure that 
includes SAC layer 1810 , SAC layer 1840 and SAC layer 
1880. In various embodiments of the process 1800 , at least 
one of the depositions of SAC layer 1810 , SAC layer 1840 
and SAC layer 1880 includes deposition of multiple dielec 
tric sublayers . In various embodiments , SAC layer 1880 
may have the same laminated dielectric structure as SAC 
layer 112 , and in other cases , SAC layer 1880 may be a 
single dielectric layer ( e.g. , silicon oxide , aluminum oxide , 
zirconium oxide , and the like ) . 
[ 0080 ] FIGS . 19A and 19B show illustrative processes 
1901 and 1902 for forming SAC laminated dielectric layer 
112. In step 1911 of process 1901 , SAC trench 801 may be 
formed within ILD layer 114 via single or multiple materials 
etching back . At step 1913 of process 1901 , a first sublayer 
formed from the first material may be deposited . In step 
1915 of process 1901 , a second sublayer may be deposited 
from the second material . In various embodiments , the first 
material may include a low - k material such as silicon oxide , 
aluminum oxide , carbon doped silicon oxide and / or the like . 
The second material may have high - etch selectivity and may 
include zirconium oxide , hafnium oxide , titanium oxide , 
and / or the like . The first low - k material may have a dielectric 
constant lower than a dielectric constant of the second 
material , and the second material may have an etch selec 
tivity higher than an etch selectivity of the first material . In 
an alternative illustrative embodiment of the process 1901 , 
step 1913 may include depositing a first sublayer formed 
from the second material , and step 1915 may include depos 
iting a second sublayer formed from the first material . 
[ 0081 ] FIG . 19B shows a process 1902 , which is a varia 
tion of process 1901 of FIG . 19A . Step 1911 of process 1902 
may be the same as step 1911 of process 1901 and may 
include formation of SAC trench 801 via etching . Step 1913 
of process 1902 may be the same as step 1913 of process 
1901 , and step 1915 of process 1902 may be the same as step 
1915 of process 1901. Step 1927 of process 1902 , may test 
if a required number of sublayers have been deposited . In an 
example embodiment , a test may be performed by a pro 
cessor that may execute programing instructions for count 
ing deposited sublayers and for verifying if a required 
number of deposited sublayers have been reached . If more 
sublayers need to be deposited ( 1927 , YES ) , step 1913 of 

may be repeated . If no more sublayers need to 
be deposited ( 1927 , NO ) , step 1928 may be executed . In step 
1928 of process 1902 , a merge sublayer may be deposited . 
In some embodiments , the material for the merge sublayer 
may include a low - k material such as silicon oxide , alumi 
num oxide , carbon doped silicon oxide and / or the like . In 
some embodiments , a material of the merge sublayer may 
have a dielectric constant that is lower than the dielectric 
constant of the first or the second sublayer deposited during 
process 1902. In some embodiments , the material for the 
merge sublayer may be formed from a high etch selectivity 
material to resist wet etch . In some embodiments , a thick 
ness of the merge sublayer may be larger than the thickness 
of the first or the second sublayer . 

[ 0082 ] The disclosed embodiments provide a method of 
designing and / or fabricating a circuit that includes one or 
more of the devices designed and fabricated as described 
herein ( e.g. , including one or more devices fabricated to 
include a semiconductor structure described herein ) . For 
example , FIG . 20 shows an illustrative flow diagram for 
fabricating a circuit 2026. Initially , a user can utilize a device 
design system 2010 to generate a device design 2012 for a 
semiconductor device containing semiconductor structure 
100 as described herein . The device design 2012 can com 
prise program code , which can be used by a device fabri 
cation system 2014 to generate a set of physical devices 
2016 containing semiconductor structure 100 according to 
the features defined by the device design 2012. Similarly , the 
device design 2012 can be provided to a circuit design 
system 2020 ( e.g. , as an available component for use in 
circuits ) , which a user can utilize to generate a circuit design 
2022 ( e.g. , by connecting one or more inputs and outputs to 
various devices included in a circuit ) . The circuit design 
2022 can comprise program code that includes a device 
designed as described herein . In any event , the circuit design 
2022 and / or one or more physical devices 2016 can be 
provided to a circuit fabrication system 2024 , which can 
generate a physical circuit 2026 according to the circuit 
design 2022. The physical circuit 2026 can include one or 
more devices 2016 containing semiconductor structure 100 
designed as described herein . 
[ 0083 ] In some cases , the disclosed embodiments may 
include a device design system 2010 for designing and / or a 
device fabrication system 2014 for fabricating a semicon 
ductor device 2016 containing semiconductor structure 100 
as described herein . In this case , the systems 2010 , 2014 can 
include a computing device , which is programmed to imple 
ment a method of designing and / or fabricating the semicon 
ductor device 2016 containing semiconductor structure 100 
as described herein . Similarly , an embodiment provides a 
circuit design system 2020 for designing and / or a circuit 
fabrication system 2024 for fabricating a circuit 2026 that 
includes at least one device 2016 containing semiconductor 
structure 100 designed and / or fabricated as described herein . 
In this case , the system 2020 , 2024 can comprise a com 
puting device , which is specifically programmed to imple 
ment the described method of designing and / or fabricating 
the circuit 2026 including at least one semiconductor device 
1016 containing semiconductor structure 100 as described 
herein . 
[ 0084 ] Some illustrative embodiments may include a com 
puter program fixed in at least one computer - readable 
medium , which when executed , enables a computer system 
to plement a method of designing and / or fabricating a 
semiconductor device containing semiconductor structure 
100 as described herein . For example , the computer program 
can enable the device design system 2010 to generate the 
device design 2012 as described herein . To this extent , the 
computer - readable medium includes program code , which 
implements some or all of a process described herein when 
executed by the computer system . It is understood that the 
term " computer - readable medium ” comprises one or more 
of any type of tangible medium of expression , now known 
or later developed , from which a stored copy of the program 
code can be perceived , reproduced , or otherwise communi 
cated by a computing device . 
[ 0085 ] In some cases , the disclosed embodiments may 
include a method of providing a copy of program code , 

process 1902 
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which implements some or all of a process described herein 
when executed by a computer system . In this case , a 
computer system can process a copy of the program code to 
generate and transmit , for reception at a second , distinct 
location , a set of data signals that has one or more of its 
characteristics set and / or changed in such a manner as to 
encode a copy of the program code in the set of data signals . 
Similarly , an embodiment provides a method of acquiring a 
copy of program code that implements some or all of a 
process described herein , which includes a computer system 
receiving the set of data signals described herein , and 
translating the set of data signals into a copy of the computer 
program fixed in at least one computer - readable medium . In 
either case , the set of data signals can be transmitted / 
received using any type of communications link . 
[ 0086 ] In some cases , the disclosed embodiments may 
include a method of generating a device design system 2010 
for designing and / or a device fabrication system 2014 for 
fabricating a semiconductor device containing semiconduc 
tor structure 100 as described herein . In this case , a computer 
system can be obtained ( e.g. , created , maintained , made 
available , etc. ) and one or more components for performing 
a process described herein can be obtained ( e.g. , created , 
purchased , used , modified , etc. ) and deployed to the com 
puter system . To this extent , the deployment can comprise 
one or more of : ( 1 ) installing program code on a computing 
device ; ( 2 ) adding one or more computing and / or I / O 
devices to the computer system ; ( 3 ) incorporating and / or 
modifying the computer system to enable it to perform a 
process described herein ; and / or the like . 
[ 0087 ] The exemplary methods and techniques described 
herein may be used in the fabrication of integrated circuit 
chips . The resulting integrated circuit chips can be distrib 
uted by the fabricator in raw wafer form ( i.e. , as a single 
wafer that has multiple unpackaged chips ) , as a bare die , or 
in a packaged form . In the latter case , the chip is mounted 
in a single chip package ( e.g. , a plastic carrier , with leads 
that are affixed to a motherboard or other higher level 
carrier ) or in a multichip package ( e.g. , a ceramic carrier that 
has either or both surface interconnections or buried inter 
connections ) . The chip is then integrated with other chips , 
discrete circuit elements and / or other signal processing 
devices as part of either ( a ) an intermediate product , such as 
a motherboard , or ( b ) an end product . The end product can 
be any product that includes integrated circuit chips , ranging 
from toys and other low - end applications to advanced com 
puter products having numerous components , such as a 
display , a keyboard or other input device and / or a central 
processor , as non - limiting examples . 
[ 0088 ] Unless described otherwise or in addition to that 
described herein , “ depositing ” may include any now known 
or later developed techniques appropriate for the material to 
be deposited , including , but not limited to : CVD , LPCVD , 
PECVD , semi - atmosphere CVD ( SACVD ) , high density 
plasma CVD ( HDPCVD ) , rapid thermal CVD ( RTCVD ) , 
ultra - high vacuum CVD ( UHVCVD ) , limited reaction pro 
cessing CVD ( LRPCVD ) , metalorganic CVD ( MOCVD ) , 
sputtering deposition , ion beam deposition , electron beam 
deposition , laser assisted deposition , thermal oxidation , ther 
mal nitridation , spin - on methods , physical vapor deposition 
( PVD ) , atomic level deposition ( ALD ) , chemical oxidation , 
molecular beam epitaxy ( MBE ) , plating or evaporation . 
[ 0089 ] Unless described otherwise or in addition to that 
described herein , “ etching ” may include any now known or 

later developed techniques appropriate for removal of mate 
rial , including , but not limited to dry etching processes ( e.g. , 
plasma etching , plasma - less gas etching , sputter etching , ion 
milling , reactive ion etching ( RIE ) ) or wet etching processes 
( e.g. , applying an acid , base , or solvent to dissolve part of the 
structure , or an abrasive formulation to polish away part of 
the structure ) . 
[ 0090 ] In various embodiments , semiconductor structure 
100 may contain one or more SAC layers , such as , for 
example , SAC layers 1810 , 1840 and 1880 shown in FIG . 
18 , or SAC layer 112 depicted in FIG . 12. In various 
embodiments , it may be desired to fabricate SAC layers with 
low effective dielectric constant and high etch selectivity . 
For example , low effective dielectric constant of a SAC 
layer may reduce gate to source / drain parasitic capacitance 
of a transistor , fabricated using such SAC layer , while high 
etch selectivity of an SAC layer may preserve the SAC layer 
during device fabrication . To achieve such SAC layers , SAC 
layers may include sublayers formed from different dielec 
tric materials . Some sublayers forming SAC layers may be 
formed from low - k material such as silicon oxide , aluminum 
oxide , carbon doped silicon oxide and / or the like , and some 
sublayers forming SAC layers may be formed from material 
with high - etch selectivity such as zirconium oxide , hafnium 
oxide , titanium oxide , and / or the like . In various embodi 
ments , forming SAC layers from low - k material sublayers 
alternating with high - etch selectivity sublayers may result in 
low effective dielectric constant and high etch selectivity for 
SAC layers . The sublayers may be deposited using ALD and 
may be on the order of three or more nanometers thick . In 
some embodiments , the sublayers may be less than three 
nanometers thick . In various embodiments , a SAC layer 
( e.g. , SAC layer 112 shown in FIG . 13 ) may include a 
middle region that is referred to as a merge sublayer ( region 
M in FIG . 13 ) . The merge sublayer may be formed from 
low - k material or high etch selectivity material and may be 
thicker than other sublayers . In some embodiments , the 
merge sublayer may include a region that forms a substantial 
part of a SAC layer . 
[ 0091 ] Consistent with a disclosed embodiment , a struc 
ture including a semiconductor substrate , a gate stack depos 
ited over a first portion of a top surface of the semiconductor 
substrate and a laminated dielectric layer is provided . The 
laminated dielectric layer is deposited over at least a portion 
of a top surface of the gate stack and includes at least a first 
sublayer and a second sublayer . The first sublayer is formed 
of a material having an etch selectivity higher than an etch 
selectivity of the material used to form the second sublayer . 
The material used to form the second sublayer has a dielec 
tric constant lower than a dielectric constant of a material 
used to form the first sublayer . 
[ 0092 ] Consistent with another disclosed embodiment , a 
structure including a semiconductor substrate , a gate stack 
deposited over a first portion of a top surface of the semi 
conductor substrate , an interlayer dielectric layer and a 
laminated dielectric layer is provided . The interlayer dielec 
tric layer is deposited over a second portion of the top 
surface of the semiconductor substrate . The interlayer 
dielectric layer has at least one surface that is nonparallel to 
the top surface of the semiconductor substrate . The lami 
nated dielectric layer is deposited over at least a portion of 
a top surface of the gate stack and includes at least a first 
sublayer and a second sublayer . The first sublayer is formed 
of a material having an etch selectivity higher than an etch 
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selectivity of the material used to form the second sublayer . 
The material used to form the second sublayer has a dielec 
tric constant lower than a dielectric constant of a material 
used to form the first sublayer . The laminated dielectric layer 
extends in a gate parallel and a gate perpendicular direction . 
[ 0093 ] Consistent with another disclosed embodiment , a 
method of forming a laminate dielectric layer within a trench 
region having a trench surface is disclosed . The method 
includes one or more groups of steps , where the steps 
include depositing a first sublayer formed from a first 
material conformal to the trench surface , and depositing a 
second sublayer formed from a second material conformal to 
the trench surface . Either the first or the second material , is 
a low - k material , having a dielectric constant lower than a 
dielectric constant of another the first or the second material . 
Further , the low - k material has an etch selectivity lower than 
an etch selectivity of another the first or the second material . 
[ 0094 ] The accompanying figures and this description 
depict and describe various embodiments and features and 
components thereof . Those skilled in the art will appreciate 
that any particular nomenclature used in this description was 
merely for convenience , and thus various embodiments 
should not be limited by the specific process identified 
and / or implied by such nomenclature . Therefore , it is 
desired that the embodiments described herein be considered 
in all respects as illustrative , not restrictive , and that refer 
ence be made to the appended claims for determining the 
scope of various embodiments . 
[ 0095 ] The foregoing outlines features of several embodi 
ments so that those skilled in the art may better understand 
the aspects of the present disclosure . Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
and / or achieving the same advantages of the embodiments 
introduced herein . Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure , and that they may 
make various changes , substitutions , and alterations herein 
without departing from the spirit and scope of the present 
disclosure . 
What is claimed is : 
1. A structure comprising : 
a semiconductor substrate ; 
a gate stack over a first portion of a top surface of the 

semiconductor substrate ; and 
a laminated dielectric layer over at least a portion of a top 

surface of the gate stack , the laminated dielectric layer 
including at least a first sublayer and a second sublayer , 
wherein the first sublayer is formed of a material 
having a dielectric constant lower than a dielectric 
constant of a material used to form the second sublayer 
and wherein the material used to form the second 
sublayer has an etch selectivity higher than an etch 
selectivity of the material used to form the first 
sublayer . 

2. The structure of claim 1 , further comprising an inter 
layer dielectric layer over a second portion of the top surface 
of the semiconductor substrate . 

3. The structure of claim 1 , wherein the laminated dielec 
tric layer includes a plurality of alternating the first and the 
second sublayers , the first sublayer being adjacent to the 
second sublayer . 

4. The structure of claim 1 , wherein the laminated dielec 
tric layer is adjacent to at least the portion of the top surface 
of the gate stack . 

5. The structure of claim 1 , wherein a thickness of the first 
and the second sublayer is substantially between 0.1 nm and 
10 nm . 

6. The structure of claim 1 , wherein the ratio of a 
thickness of the first sublayer to a thickness of the second 
sublayer is substantially between 0.1 and 10 . 

7. The structure of claim 1 , wherein the laminated dielec 
tric layer further comprises a third sublayer comprising a 
third dielectric material of a dielectric constant lower than 
the dielectric constant of the material used to form the 
second sublayer . 

8. The structure of claim 7 , wherein the laminated dielec 
tric layer comprises a plurality of groups of sublayers , 
wherein at least one group of sublayers comprises the first 
sublayer followed by the second sublayer , and followed by 
the third sublayer . 

9. The structure of claim 1 , wherein the laminated dielec 
tric layer further includes a third sublayer comprising a third 
material with an etch selectivity higher than the etch selec 
tivity of the material used to form the first sublayer . 

10. A structure comprising : 
a semiconductor substrate ; 
at least one gate stack over a first portion of a top surface 

of the semiconductor substrate ; 
at least one interlayer dielectric layer over a second 

portion of the top surface of the semiconductor sub 
strate , the at least one interlayer dielectric layer having 
at least one surface that is nonparallel to the top surface 
of the semiconductor substrate ; and 

at least one laminated dielectric layer over at least a 
portion of a top surface of the gate stack , the laminated 
dielectric layer including at least a first sublayer and a 
second sublayer , wherein the first sublayer is formed of 
a material having a dielectric constant lower than a 
dielectric constant of a material used to form the second 
sublayer and wherein the material used to form the 
second sublayer has an etch selectivity higher than an 
etch selectivity of the material used to form the first 
sublayer , the laminated dielectric layer extending in a 
gate parallel direction and in a gate perpendicular 
direction . 

11. The structure of claim 10 , comprising a first and a 
second laminated dielectric layer and a first and a second 
gate stack , wherein the first laminated dielectric layer is 
located over the first gate stack , and the second laminated 
dielectric layer is located over the second gate stack . 

12. The structure of claim 11 , further comprising a self 
aligned contact layer deposited in a trench formed between 
the first and the second gate stack . 

13. The structure of claim 12 , wherein the self - aligned 
contact layer is the laminated dielectric layer . 

14. The structure of claim 11 , further comprising a metal 
lic contact layer located between the first and the second gate 
stack . 

15. The structure of claim 14 , wherein an etch stop layer 
is located over the metallic contact layer . 

16. The structure of claim 14 , wherein a self - aligned 
contact layer is located over the etch stop layer . 

17. The structure of claim 14 , wherein the self - aligned 
contact layer is the laminated dielectric layer . 
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18. The structure of claim 10 , wherein a portion of the 
laminated dielectric layer is adjacent to at least a portion of 
the surface of the interlayer dielectric layer that is nonpar 
allel to the top surface of the semiconductor substrate . 

19. The structure of claim 10 , wherein the first sublayer of 
the laminated dielectric layer comprises a first and a second 
region , the second sublayer of the laminated dielectric layer 
comprises a first and a second region , with the first region of 
the first sublayer and the first region of the second sublayer 
being parallel to at least a portion of the surface of the 
interlayer dielectric layer that is nonparallel to the top 
surface of the semiconductor substrate . 

20. The structure of claim 10 , wherein the laminated 
dielectric layer includes a plurality of alternating the first 
and the second sublayers , the first sublayer being adjacent to 
the second sublayer . 

21. The structure of claim 10 , wherein the first sublayer of 
the laminated dielectric layer comprises a first and a second 
region , the second sublayer of the laminated dielectric layer 
comprises a first and a second region , with the first region of 
the first sublayer and the first region of the second sublayer 
being nonparallel to at least a portion of the top surface of 
the gate stack . 

22. The structure of claim 21 , wherein the second region 
of the first sublayer and the second region of the second 
sublayer being parallel to at least a portion of the top surface 
of the gate stack . 

23. The structure of claim 10 wherein the laminated 
dielectric layer has at least one region comprising variable 
dielectric constant along the gate parallel direction . 

24. The structure of claim 10 wherein the laminated 
dielectric layer has at least one region comprising variable 
dielectric constant along the gate perpendicular direction . 

25. The structure of claim 10 , further comprising a 
metallic contact region in proximity to the laminated dielec 
tric layer , the metallic contact region remote from the gate 
stack . 

26. A method of forming a laminate dielectric layer within 
a trench region having a trench surface , the method com 
prising : 

depositing a first sublayer formed from a first material , the 
first sublayer being conformal to the trench surface ; and 

depositing a second sublayer formed from a second 
material , the second sublayer being conformal to the 
trench surface ; 

wherein at least one of : the first material or the second 
material is a low - k material , having a dielectric con 
stant and an etch selectivity lower than a dielectric 
constant and an etch selectivity of the other of the first 
material or the second material . 

27. The method of claim 26 , further comprising a step of 
forming a merged sublayer , wherein the merged sublayer is 
formed of a material having a dielectric constant lower than 
the dielectric constant of the low - k material , and wherein a 
thickness of the merge sublayer is greater than a thickness of 
any other sublayer of the laminate dielectric layer . 

28. The method of claim 26 , wherein the material forming 
the second sublayer has an etch selectivity that is at least 
twice as high as an etch selectivity of the material forming 
the first sublayer . 


