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SEMICONDUCTOR DEVICES INCLUDING A 
DEVICE ISOLATION REGION IN A 

SUBSTRATE AND / OR FIN 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims priority from Korean Pat 
ent Application No . 10 - 2016 - 0123976 , filed on Sep . 27 , 
2016 in the Korean Intellectual Property Office , and claims 
all the benefits accruing therefrom under 35 U . S . C . 119 , the 
content of which priority application is hereby incorporated 
by reference herein in its entirety . 

BACKGROUND 
[ 0002 ] The present disclosure relates to semiconductor 
devices and methods for fabricating the same . For semicon 
ductor device density enhancement , a multigate transistor 
has been suggested as one scaling technology according to 
which a multi - channel active pattern ( or silicon body ) in a 
fin or nanowire shape is formed on a substrate , with gates 
then being formed on a surface of the multi - channel active 
pattern . A multigate transistor may allow easy scaling , as it 
uses a three - dimensional channel . Further , current control 
capability can be enhanced without requiring increased gate 
length of the multigate transistor . Furthermore , it may be 
possible to effectively suppress short channel effect ( SCE ) , 
which is a phenomenon in which the electric potential of a 
channel region is influenced by the drain voltage . 

SUMMARY 
[ 0003 ] The present disclosure provides semiconductor 
devices that may have enhanced reliability and operating 
characteristics by reducing / preventing a short between 
source / drains of adjacent transistors . The present disclosure 
also provides methods for fabricating the semiconductor 
devices to enhance the reliability and the operating charac 
teristics by reducing / preventing a short between source / 
drains of adjacent transistors . 
[ 0004 ] The objects according to the present disclosure are 
not limited to those set forth above and objects other than 
those set forth above will be clearly understood to a person 
skilled in the art from the following description . 
[ 0005 ] A semiconductor device , according to various 
embodiments herein , may include a fin - type pattern on a 
substrate . The semiconductor device may include a first gate 
structure on the fin - type pattern , the first gate structure 
including a first gate spacer . The semiconductor device may 
include a second gate structure on the fin - type pattern , the 
second gate structure being spaced apart from the first gate 
structure and including a second gate spacer . The semicon 
ductor device may include a pair of dummy spacers spaced 
apart from each other between the first gate spacer and the 
second gate spacer . A height from an upper surface of the 
fin - type pattern to an upper surface of the pair of dummy 
spacers may be less than a height from the upper surface of 
the fin - type pattern to an upper surface of the first and 
second gate spacers . The semiconductor device may include 
a trench between the pair of dummy spacers . The trench may 
include a sidewall defined by the fin - type pattern and one of 
the pair of dummy spacers . Moreover , the semiconductor 
device may include a device isolating film in the trench , and 
including a first insulating film and a second insulating film 
on the first insulating film . The first insulating film may 

extend along the sidewall and a bottom surface of the trench , 
and a thickness of the first insulating film on the bottom 
surface of the trench may be greater than a thickness of the 
first insulating film on the sidewall of the trench . 
[ 0006 ] A semiconductor device , according to various 
embodiments , may include a fin - type pattern on a substrate . 
The semiconductor device may include a first gate structure 
on the fin - type pattern . The first gate structure may include 
a first gate spacer . The semiconductor device may include a 
second gate structure on the fin - type pattern . The second 
gate structure may be spaced apart from the first gate 
structure and including a second gate spacer . The semicon 
ductor device may include a pair of dummy spacers spaced 
apart from each other between the first gate spacer and the 
second gate spacer . The semiconductor device may include 
a trench between the pair of dummy spacers , and may 
include a sidewall defined by the fin - type pattern and the pair 
of dummy spacers . Moreover , the semiconductor device 
may include a device isolating film including a first insu 
lating film in a portion of the trench , and a second insulating 
film covering an uppermost surface of the first insulating 
film . 
[ 0007 ] A semiconductor device , according to various 
embodiments , may include a substrate including a first 
region and a second region . The semiconductor device may 
include a first fin - type pattern in the first region . The 
semiconductor device may include a first gate structure 
including a first gate spacer , on the first fin - type pattern . The 
semiconductor device may include a second gate structure 
spaced apart from the first gate structure and including a 
second gate spacer , on the first fin - type pattern . The semi 
conductor device may include a pair of first dummy spacers 
spaced apart from each other between the first gate spacer 
and the second gate spacer . The semiconductor device may 
include a first trench between the pair of first dummy 
spacers , including a sidewall defined by the first fin - type 
pattern and the pair of first dummy spacers . The semicon 
ductor device may include a first device isolating film in the 
first trench , and including a first insulating film , and a second 
insulating film on the first insulating film . The first insulating 
film may have a different material from the second insulating 
film . The semiconductor device may include a second fin 
type pattern in the second region . The semiconductor device 
may include a third gate structure including a third gate 
spacer , on the second fin - type pattern . The semiconductor 
device may include a fourth gate structure spaced apart from 
the third gate structure and including a fourth gate spacer , on 
the second fin - type pattern . The semiconductor device may 
include a pair of second dummy spacers spaced apart from 
each other between the third gate spacer and the fourth gate 
spacer . The semiconductor device may include a second 
trench between the pair of second dummy spacers , including 
a sidewall defined by the second fin - type pattern and the pair 
of second dummy spacers . Moreover , the semiconductor 
device may include a second device isolating film in the 
second trench , and including the same material as the first 
insulating film . 
[ 0008 ] A semiconductor device , according to various 
embodiments , may include a semiconductor substrate . The 
semiconductor device may include first and second source 
drain regions in the semiconductor substrate . The first and 
second source / drain regions may be first and second source 
drain regions of respective first and second transistors . 
Moreover , the semiconductor device may include a multi 
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layer device isolation region in the semiconductor substrate 
between the first and second source / drain regions . The 
multi - layer device isolation region may include a protruding 
portion that protrudes away from the semiconductor sub 
strate beyond respective uppermost surfaces of the first and 
second source / drain regions . 

semiconductor device according to some example embodi 
ments may include a tunneling transistor ( tunneling FET ) , a 
transistor including nanowire , a transistor including nano 
sheet , or a three - dimensional ( 3D ) transistor . Further , a 
semiconductor device according to some example embodi 
ments may include a bipolar junction transistor , a laterally 
diffused metal oxide semiconductor ( LDMOS ) transistor , 
and so on . 
[ 0027 ] FIG . 1 is a schematic top view provided to explain 
a semiconductor device according to some example embodi 
ments of the present disclosure . FIG . 2 is a cross sectional 
view taken along line A - A of FIG . 1 . FIGS . 3A and 3B are 
enlarged views of a section P of FIG . 2 . FIG . 4 is a cross 
sectional view taken along line B - B of FIG . 1 . FIG . 5 is a 
cross sectional view taken along line C - C of FIG . 1 . FIG . 6 
is a cross sectional view taken along line D - D of FIG . 1 . 
0028 ] For reference , FIG . 1 excludes illustration of first 
and second interlayer insulating films 190 and 195 ( FIG . 2 ) , 
and first and second gate insulating films 130 and 230 ( FIG . 
2 ) for convenience of explanation . 
10029 ] Referring to FIGS . 1 to 6 , a semiconductor device 
according to some example embodiments may include a first 
fin - type pattern 110 , a second fin - type pattern 210 , a first 
gate structure 115 , a second gate structure 215 , a first device 
isolating film 160 , a first dummy spacer ( s ) 170 , a first 
epitaxial pattern 150 , 150 _ 1 , and a second epitaxial pattern 
250 . The first fin - type pattern 110 or the second fin - type 
pattern 210 may be referred to herein as a " semiconductor 
fin . ” 

BRIEF DESCRIPTION OF THE DRAWINGS 
10009 ) The above and other objects , features and advan 
tages of the present disclosure will become more apparent to 
those of ordinary skill in the art by describing in detail 
example embodiments thereof with reference to the accom 
panying drawings , in which : 
[ 0010 ] FIG . 1 is a schematic top view provided to explain 
a semiconductor device according to some example embodi 
ments ; 
[ 0011 ] FIG . 2 is a cross sectional view taken along line 
A - A of FIG . 1 ; 
[ 0012 ] FIGS . 3A and 3B are enlarged views of a section P 
of FIG . 2 ; 
[ 0013 ] FIG . 4 is a cross sectional view taken along line 
B - B of FIG . 1 ; 
[ 00141 FIG . 5 is a cross sectional view taken along line 
C - C of FIG . 1 ; 
[ 0015 ) FIG . 6 is a cross sectional view taken along line 
D - D of FIG . 1 ; 
[ 0016 ] FIGS . 7A to 12 are each views provided to explain 
a semiconductor device according to some example embodi 
ments ; 
[ 0017 ] FIGS . 13 and 14 are views provided to explain a 
semiconductor device according to some example embodi 
ments of the present disclosure ; 
[ 0018 ] FIGS . 15 to 17 are each views provided to explain 
a semiconductor device according to some example embodi 
ments of the present disclosure ; 
[ 0019 ] FIGS . 18 and 19 are views provided to explain a 
semiconductor device according to some example embodi 
ments of the present disclosure ; 
[ 0020 ] FIGS . 20 and 21 are each views provided to explain 
a semiconductor device according to some example embodi 
ments of the present disclosure ; 
[ 0021 ] FIG . 22 is a schematic top view provided to explain 
a semiconductor device according to some example embodi 
ments ; 
[ 0022 ] FIG . 23 is a cross sectional view taken along lines 
A - A and E - E of FIG . 22 ; 
[ 0023 ] FIG . 24 is a view provided to explain a semicon 
ductor device according to some example embodiments ; 
[ 0024 ] FIGS . 25 to 32 are views illustrating intermediate 
stages of fabrication , provided to explain a method for 
fabricating a semiconductor device according to some 
example embodiments ; and 
[ 0025 ] FIGS . 33 to 36 are views illustrating intermediate 
stages of fabrication , provided to explain a method for 
fabricating a semiconductor device according to some 
example embodiments . 

ire 

m 

[ 0030 ] A substrate 100 ( FIG . 2 ) may be a bulk silicon or 
a silicon - on - insulator ( SOI ) . Alternatively , the substrate 100 
may be a silicon substrate , or may include other material 
such as silicon germanium , silicon germanium on insulator 
( SGOI ) , indium antimonide , lead telluride , indium arsenide , 
indium phosphide , gallium arsenide , or gallium antimonide , 
but not limited thereto . The substrate 100 and / or the first 
fin - type pattern 110 , or the second fin - type pattern 210 , may 
be referred to herein as a " semiconductor substrate . ” More 
over , the first device isolating film 160 may be referred to 
herein as a " device isolation region " that is in the semicon 
ductor substrate . 
( 0031 ] The first fin - type pattern 110 and the second fin 
type pattern 210 may extend longitudinally on the substrate 
100 and in a first direction X1 . The first fin - type pattern 110 
and the second fin - type pattern 210 may protrude from the 
substrate 100 . 
[ 0032 ] The first fin - type pattern 110 and the second fin 
type pattern 210 may be formed adjacent and parallel to each 
other . The first fin - type pattern 110 and the second fin - type 
pattern 210 may be arranged in a second direction Y1 . More 
specifically , the first fin - type pattern 110 and the second 
fin - type pattern 210 may each include a long side extending 
in the first direction X1 , and a short side extending in the 
second direction Y1 . The long side of the first fin - type 
pattern 110 and the long side of the second fin - type pattern 
210 may face each other . 
[ 0033 ] The first fin - type pattern 110 and the second fin 
type pattern 210 may be parts / portions of the substrate 100 , 
and may include an epitaxial layer grown from the substrate 
100 . 

DETAILED DESCRIPTION 
[ 0026 ] Although drawings regarding a semiconductor 
device according to some example embodiments herein 
provide examples of a fin - type transistor ( FinFET ) including 
a channel region in a fin - type pattern shape , example 
embodiments are not limited thereto . It is possible that a 

[ 0034 ] The first fin - type pattern 110 and the second fin 
type pattern 210 may include an elemental semiconductor 
material such as silicon or germanium . Alternatively , the 
first fin - type pattern 110 and the second fin - type pattern 210 



US 2018 / 0090493 A1 Mar . 29 , 2018 

may include a compound semiconductor such as a group 
IV - IV compound semiconductor or group III - V compound 
semiconductor . Specifically , taking the group IV - IV com 
pound semiconductor as an example , the first fin - type pat - 
tern 110 and the second fin - type pattern 210 may be a binary 
compound or a ternary compound including at least two or 
more of carbon ( C ) , silicon ( Si ) , germanium ( Ge ) and tin 
( Sn ) , or these compounds doped with a group IV element . 
Taking the group III - V compound semiconductor as an 
example , the first fin - type pattern 110 and the second fin 
type pattern 210 may be one of a binary compound , a ternary 
compound or a quaternary compound which is formed by a 
combination of a group III element , which may be at least 
one of aluminum ( Al ) , gallium ( Ga ) , or indium ( In ) , and a 
group V element , which may be one of phosphorus ( P ) , 
arsenic ( As ) and antimony ( Sb ) . 
10035 ] . In a semiconductor device according to some 
example embodiments , it is assumed that the first fin - type 
pattern 110 and the second fin - type pattern 210 are silicon 
fin - type patterns including silicon . 
[ 0036 ] Regarding the semiconductor device explained 
with reference to FIGS . 1 to 6 , the first fin - type pattern 110 
and the second fin - type pattern 210 may include the channel 
regions of the same type of transistors . 
[ 0037 ] A field insulating film 105 ( FIG . 4 ) may be formed 
on the substrate 100 . The field insulating film 105 may be 
formed between the first fin - type pattern 110 and the second 
fin - type pattern 210 . 
[ 0038 ] The field insulating film 105 may partially cover 
the first fin - type pattern 110 and the second fin - type pattern 
210 . For example , the field insulating film 105 may partially 
cover a sidewall of the first fin - type pattern 110 and a 
sidewall of the second fin - type pattern 210 . 
[ 0039 ] An upper surface of the first fin - type pattern 110 
and an upper surface of the second fin - type pattern 210 may 
protrude upward higher than an upper surface of the field 
insulating film 105 formed between the long side of the first 
fin - type pattern 110 and the long side of the second fin - type 
pattern 210 . The first fin - type pattern 110 and the second 
fin - type pattern 210 may be defined by the field insulating 
film 105 on the substrate 100 . 
[ 0040 ] For example , the field insulating film 105 may 
include at least one of silicon oxide film , silicon nitride film , 
or silicon oxynitride film . 
[ 0041 ] Further , the field insulating film 105 may addition 
ally include at least one field liner film formed between the 
first fin - type pattern 110 and the field insulating film 105 and 
between the second fin - type pattern 210 and the field insu 
lating film 105 . When the field insulating film 105 further 
includes the field liner film , the field liner film may include 
at least one of polysilicon , amorphous silicon , silicon oxyni 
tride , silicon nitride , or silicon oxide . 
[ 0042 ] The first gate structure 115 and the second gate 
structure 215 may each extend in the second direction Y1 . 
Each of the first gate structure 115 and the second gate 
structure 215 may be formed on both the first fin - type pattern 
110 and the second fin - type pattern 210 to intersect the first 
fin - type pattern 110 and the second fin - type pattern 210 . The 
first gate structure 115 and the second gate structure 215 may 
be disposed apart from each other in the first direction X1 . 
[ 0043 ] The first gate structure 115 may include a first gate 
electrode 120 , a first gate insulating film 130 , a first gate 
spacer 140 , and a first gate trench 140t defined by the first 
gate spacer 140 . 

0044 The second gate structure 215 may include a sec 
ond gate electrode 220 , a second gate insulating film 230 , a 
second gate spacer 240 , and a second gate trench 240t 
defined by the second gate spacer 240 . 
[ 0045 ] The first gate electrode 120 and the second gate 
electrode 220 may each be formed on the first fin - type 
pattern 110 , the field insulating film 105 , and the second 
fin - type pattern 210 . The first gate electrode 120 and the 
second gate electrode 220 may each surround the first 
fin - type pattern 110 and the second fin - type pattern 210 
which are protruding upward higher than the upper surface 
of the field insulating film 105 . 
10046 ] The first gate electrode 120 and the second gate 
electrode 220 may each include at least one of , for example , 
titanium nitride ( TIN ) , tantalum carbide ( TaC ) , tantalum 
nitride ( TaN ) , titanium silicon nitride ( TiSiN ) , tantalum 
silicon nitride ( TaSiN ) , tantalum titanium nitride ( TaTiN ) , 
titanium aluminum nitride ( TiAIN ) , tantalum aluminum 
nitride ( TaAIN ) , tungsten nitride ( WN ) , ruthenium ( Ru ) , 
titanium aluminum ( TiAl ) , titanium aluminum carbonitride 
( TiAIC — N ) , titanium aluminum carbide ( TiAIC ) , titanium 
carbide ( TiC ) , tantalum carbonitride ( TaCN ) , tungsten ( W ) , 
aluminum ( Al ) , copper ( Cu ) , cobalt ( Co ) , titanium ( Ti ) , 
tantalum ( Ta ) , nickel ( Ni ) , platinum ( Pt ) , nickel platinum 
( Ni - Pt ) , niobium ( Nb ) , niobium nitride ( NON ) , niobium 
carbide ( NBC ) , molybdenum ( Mo ) , molybdenum nitride 
( Mon ) , molybdenum carbide ( MoC ) , tungsten carbide 
( WC ) , rhodium ( Rh ) , palladium ( Pd ) , iridium ( Ir ) , osmium 
( Os ) , silver ( Ag ) , gold ( Au ) , zinc ( Zn ) , vanadium ( V ) , or a 
combination thereof . 
[ 0047 ] For example , the first gate electrode 120 and the 
second gate electrode 220 may be formed by the replace 
ment process ( or gate last process ) , but is not limited thereto . 
[ 0048 ] The first gate spacer 140 may be formed on a 
sidewall of the first gate electrode 120 . A second gate spacer 
240 may be formed on a sidewall of the second gate 
electrode 220 . The first gate spacer 140 and the second gate 
spacer 240 may each include at least one of , for example , 
silicon nitride ( SiN ) , silicon oxynitride ( SiON ) , silicon oxide 
( SiO2 ) , silicon oxycarbonitride ( SiOCN ) , and a combination 
thereof . 
[ 0049 ] The first gate insulating film 130 may be formed 
between the first fin - type pattern 110 and the first gate 
electrode 120 , and between the second fin - type pattern 210 
and the first gate electrode 120 . The first gate insulating film 
130 may be formed along a profile of the first fin - type 
pattern 110 and a profile of the second fin - type pattern 210 
which are protruding upward higher than the field insulating 
film 105 . 
[ 0050 ] The first gate insulating film 130 may be formed 
along a sidewall and a bottom surface of the first gate trench 
140t . The first gate insulating film 130 may be formed 
between the first gate spacer 140 and the first gate electrode 
120 . 
[ 0051 ] The second gate insulating film 230 may be formed 
between the first fin - type pattern 110 and the second gate 
electrode 220 , and between the second fin - type pattern 210 
and the second gate electrode 220 . The second gate insu 
lating film 230 may be formed along the profile of the first 
fin - type pattern 110 and the profile of the second fin - type 
pattern 210 which are protruding upward higher than the 
field insulating film 105 . 
[ 0052 ] The second gate insulating film 230 may be formed 
along a sidewall and a bottom surface of the second gate 
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trench 240t . The second gate insulating film 230 may be 
formed between the second gate spacer 240 and the second 
gate electrode 220 . 
[ 0053 ] Unlike the illustration in FIG . 4 , an interfacial layer 
may be additionally formed between the first gate insulating 
film 130 and the first fin - type pattern 110 , and between the 
first gate insulating film 130 and the second fin - type pattern 
210 . When the first fin - type pattern 110 and the second 
fin - type pattern 210 are silicon fin - type patterns , the inter 
facial layer may include a silicon oxide , for example . That 
is , the interfacial layer may vary depending on a material 
included in the first fin - type pattern 110 and the second 
fin - type pattern 210 . 
[ 0054 ] The first gate insulating film 130 and the second 
gate insulating film 230 may include a high - k dielectric 
material having a higher dielectric constant than a silicon 
oxide film . For example , the first gate insulating film 130 
and the second gate insulating film 230 may include one or 
more of hafnium oxide , hafnium silicon oxide , hafnium 
aluminum oxide , lanthanum oxide , lanthanum aluminum 
oxide , zirconium oxide , zirconium silicon oxide , tantalum 
oxide , titanium oxide , barium strontium titanium oxide , 
barium titanium oxide , strontium titanium oxide , yttrium 
oxide , aluminum oxide , lead scandium tantalum oxide , and 
lead zinc niobate . 
[ 0055 ] A first epitaxial pattern 150 may be formed on 
opposite sides of the first gate structure 115 . A second 
epitaxial pattern 250 may be formed on opposite sides of the 
second gate structure 215 . The first epitaxial pattern 150 and 
the second epitaxial pattern 250 may be formed on the first 
fin - type pattern 110 . The first epitaxial pattern 150 and the 
second epitaxial pattern 250 are adjacent to each other and 
are spaced apart from each other . 
[ 0056 ] Each of the first epitaxial pattern 150 and the 
second epitaxial pattern 250 may be included within the 
source / drain of a transistor which uses the first fin - type 
pattern 110 as a channel region . The first epitaxial pattern 
150 and the second epitaxial pattern 250 may each be a 
semiconductor pattern . The first epitaxial pattern 150 and the 
second epitaxial pattern 250 may be referred to herein as first 
and second “ epitaxial regions , ” respectively . 
[ 0057 ] When the first fin - type pattern 110 includes the 
channel region of PMOS transistor , the first epitaxial pattern 
150 and the second epitaxial pattern 250 may include 
compressive stress materials . For example , the compressive 
stress material may be a material such as Sige , which has a 
greater lattice constant than Si . For example , the compres 
sive stress material can enhance carrier mobility ' in the 
channel region by exerting compressive stress on the first 
fin - type pattern 110 . 
10058 ] On the other hand , when the first fin - type pattern 
110 includes the channel region of NMOS transistor , the first 
epitaxial pattern 150 and the second epitaxial pattern 250 
may include tensile stress materials . For example , when the 
first fin - type pattern 110 is Si , the first epitaxial pattern 150 
and the second epitaxial pattern 250 may be a material such 
as SiC , which has a smaller lattice constant than Si . For 
example , the tensile stress material can enhance carrier 
mobility in the channel region by exerting tensile stress on 
the first fin - type pattern 110 . Alternatively , when the first 
fin - type pattern 110 is Si , the first epitaxial pattern 150 and 
the second epitaxial pattern 250 may each be a silicon 
epitaxial pattern . 

[ 0059 ] Referring to FIG . 6 , the first epitaxial pattern 150 
formed on the first fin - type pattern 110 and the first epitaxial 
pattern 150 _ 1 formed on the second fin - type pattern 210 are 
illustrated as being in contact with each other , but example 
embodiments are not limited thereto . 
[ 0060 ] Further , although it is illustrated that a height of the 
sidewall of first fin - type pattern 110 surrounded by the field 
insulating film 105 is the same as a distance from the 
substrate 100 to the interface between the first fin - type 
pattern 110 and the first epitaxial pattern 150 , this is for 
convenience sake , and thus without limitation thereto . 
[ 0061 ] A pair of first dummy spacers 170 may be disposed 
between the first gate spacer 140 and the second gate spacer 
240 which are facing each other . The first dummy spacer ( s ) 
170 may be disposed on the first fin - type pattern 110 and the 
second fin - type pattern 210 , and intersect with the first 
fin - type pattern 110 and the second fin - type pattern 210 . 
[ 0062 ] For example , the first epitaxial pattern 150 may be 
formed between the first gate spacer 140 and the first dummy 
spacer ( s ) 170 , and the second epitaxial pattern 250 be 
formed between the second gate spacer 240 and the first 
dummy spacer ( s ) 170 . 
[ 0063 ] Each of the pair of first dummy spacers 170 may 
include a first inner spacer 172 and a first outer spacer 171 . 
The first outer spacer 171 may be located between the first 
inner spacer 172 and the first gate spacer 140 , and between 
the first inner spacer 172 and the second gate spacer 240 . 
100641 . The first outer spacer 171 may include the same 
materials as the first gate spacer 140 and the second gate 
spacer 240 . When the first gate spacer 140 and the second 
gate spacer 240 have a multi - film structure , the first outer 
spacer 171 may also have the same multi - film structure as 
the first gate spacer 140 . The first inner spacer 172 may 
include , for example , silicon oxide . 
[ 0065 ] Because a width of the first outer spacer 171 in the 
first direction X1 may be substantially same as a width of the 
first gate spacer 140 in the first direction X1 , a width of the 
first dummy spacer ( s ) 170 in the first direction X1 may be 
greater than the width of the first gate spacer 140 in the first 
direction X1 . 
[ 0066 ] In a semiconductor device according to some 
example embodiments , a height h3 ( FIG . 2 ) from the upper 
surface of the first fin - type pattern 110 to an upper surface 
of the first dummy spacer ( s ) 170 is less than a height h1 from 
the upper surface of the first fin - type pattern 110 to an upper 
surface of the first gate spacer 140 and a height h2 from the 
upper surface of the first fin - type pattern 110 to an upper 
surface of the second gate spacer 240 . 
[ 0067 ] A first isolating trench 160t may be formed 
between the first dummy spacers 170 . The first isolating 
trench 160t may include a sidewall defined by the first 
fin - type pattern 110 and the first dummy spacers 170 . More 
specifically , a sidewall of the first isolating trench 160t may 
be defined by the first fin - type pattern 110 and the first inner 
spacer 172 . 
[ 0068 ] The first inner spacer 172 may reduce / prevent 
damage on adjacent area such as the first epitaxial pattern 
150 and the second epitaxial pattern 250 during forming of 
the first isolating trench 160t to form the first device isolat 
ing film 160 . Accordingly , the semiconductor device can 
have enhanced reliability . 
[ 0069 ] Referring to FIGS . 3A and 3B , the first isolating 
trench 160t may have a bottom surface with a rounded 
shape . In FIG . 3A , a width of the first isolating trench 160t 
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in the first fin - type pattern 110 may be constant . For 
example , a width WT12 of the first isolating trench at a 
location spaced apart from the upper surface of the first 
fin - type pattern 110 by a first distance may be substantially 
same as a width WT11 of the first isolating trench at a 
location spaced apart from the upper surface of the first 
fin - type pattern 110 by a second distance that is greater than 
the first distance . Meanwhile , in FIG . 3B , a width of the first 
isolating trench 160t in the first fin - type pattern 110 may 
increase as it is farther away from the substrate 100 . For 
example , the width WT12 of the first isolating trench at the 
location spaced apart from the upper surface of the first 
fin - type pattern 110 by the first distance may be greater than 
the width WT11 of the first isolating trench at the location 
spaced apart from the upper surface of the first fin - type 
pattern 110 by the second distance that is greater than the 
first distance . 
[ 0070 ] The first device isolating film 160 may be formed 
in the first isolating trench 160t . The first device isolating 
film 160 may fill the first isolating trench 160t . The first 
device isolating film 160 may include a first lower insulating 
film 161 and a first upper insulating film 162 . Because the 
first device isolating film 160 may include both the first 
lower insulating film 161 and the first upper insulating film 
162 , the first device isolating film 160 may be referred to 
herein as a “ multi - layer device isolation region . ” Moreover , 
the first lower insulating film 161 and the first upper insu 
lating film 162 may be referred to herein as lower and upper 
“ insulating materials , ” respectively . 
[ 0071 ] The first device isolating film 160 may be spaced 
apart from the first epitaxial pattern 150 and the second 
epitaxial pattern 250 . That is , a portion of the first fin - type 
pattern 110 may be interposed between the first device 
isolating film 160 and the first epitaxial pattern 150 , and 
between the first device isolating film 160 and the second 
epitaxial pattern 250 . The first inner spacer 172 may be 
formed between the first device isolating film 160 and the 
first outer spacer 171 . 
[ 0072 ] The first lower insulating film 161 may extend 
along a sidewall and a bottom surface of the first isolating 
trench 160t . In a semiconductor device according to some 
example embodiments , a thickness t11 of the first lower 
insulating film 161 formed in the bottom surface of the first 
isolating trench 160t is greater than a thickness t12 of the 
first lower insulating film 161 formed on the sidewall of the 
first isolating trench 160t . That is , the first lower insulating 
film 161 may not be formed conformally along a sidewall 
and a bottom surface of the first trench 160t . The first upper 
insulating film 162 may be formed on the first lower 
insulating film 161 . The first upper insulating film 162 may 
fill the rest ( i . e . , the remaining portion of the first isolating 
trench 160t remaining after the first lower insulating film 
161 is formed . 
[ 0073 ] The first lower insulating film 161 may include a 
different insulating material from the first upper insulating 
film 162 . In a semiconductor device according to some 
example embodiments , Young ' s Modulus of the first upper 
insulating film 162 may be less than that of the first lower 
insulating film 161 . The first lower insulating film 161 may 
include silicon nitride ( SiN ) , for example . The first upper 
insulating film 162 may include , for example , at least one of 
silicon oxide , silicon carbide ( SIC ) , silicon oxycarbide 
( SIOC ) , silicon oxynitride ( SiON ) , and silicon oxycarbon 
nitride ( SiOCN ) . 

[ 0074 ] The amount of the stress exerted onto the transistor 
adjacent to the first device isolating film 160 may be 
adjusted by using a material having a smaller Young ' s 
Modulus than the first lower insulating film 161 as the first 
upper insulating film 162 . As a result , reducing deviation of 
driving voltage of the transistor having the same function 
can enhance reliability and performance of the semiconduc 
tor device . 
[ 0075 ] A depth d31 ( FIG . 2 ) from the upper surface of the 
first fin - type pattern 110 to the lowermost portion of the first 
device isolating film 160 is greater than a depth d1 ( FIG . 2 ) 
from the upper surface of the first fin - type pattern 110 to the 
lower surface of the first epitaxial pattern 150 . Further , the 
depth d31 from the upper surface of the first fin - type pattern 
110 to a lowermost portion of the first device isolating film 
160 is greater than a depth d2 ( FIG . 2 ) from the upper 
surface of the first fin - type pattern 110 to a lower surface of 
the second epitaxial pattern 250 . 
10076 ] . In a semiconductor device according to some 
example embodiments , a depth d32 ( FIG . 2 ) from the upper 
surface of the first fin - type pattern 110 to a lowermost 
portion of the first upper insulating film 162 is greater than 
the depth dl from the upper surface of the first fin - type 
pattern 110 to the lower surface of the first epitaxial pattern 
150 . Further , the depth d32 from the upper surface of the first 
fin - type pattern 110 to the lowermost portion of the first 
upper insulating film 162 is greater than the depth d2 from 
the upper surface of the first fin - type pattern 110 to the lower 
surface of the second epitaxial pattern 250 . 
[ 0077 ] Further , for example , a height h4 ( FIG . 3A ) from 
the upper surface of the first fin - type pattern 110 to an upper 
surface of the first upper insulating film 162 may be sub 
stantially same as the height h3 from the upper surface of the 
first fin - type pattern 110 to the upper surface of the first 
dummy spacer ( s ) 170 . That is , the first upper insulating film 
162 may not entirely cover the upper surface of the first 
dummy spacer ( s ) 170 . 
[ 0078 ] As illustrated in FIG . 5 , the first lower insulating 
film 161 may be formed along a profile of an upper surface 
of the field insulating film 105 , and the first upper insulating 
film 162 may be formed on the first lower insulating film 
161 . In the formation of the first isolating trench 160t , the 
upper surface of the field insulating film 105 may be 
partially etched . As a result , the upper surface of the first 
fin - type pattern 110 may include a rounded shape , but is not 
limited thereto . 
[ 0079 ] A lower interlayer insulating film 190 may be 
formed on the first epitaxial pattern 150 , the second epitaxial 
pattern 250 , the first device isolating film 160 , and the first 
dummy spacer ( s ) 170 . The lower interlayer insulating film 
190 may surround a sidewall of the first gate structure 115 
and a sidewall of the second gate structure 215 . In the 
semiconductor device according to some example embodi 
ments , the upper surface of the first gate electrode 120 and 
the second gate electrode 220 may be coplanar with an upper 
surface of the lower interlayer insulating film 190 . 
10080 ] The lower interlayer insulating film 190 may 
include a redeposited insulating film 190rd . The redeposited 
insulating film 190rd may be a region deposited after 
formation of the first device isolating film 160 . The rede 
posited insulating film 190rd may be formed on the first 
device isolating film 160 and the first dummy spacer ( s ) 170 . 
[ 0081 ] In the semiconductor device according to some 
example embodiments , an uppermost surface of the first 
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lower insulating film 161 and an uppermost surface of the 
first upper insulating film 162 may be in contact with the 
lower interlayer insulating film 190 . That is , the uppermost 
surface of the first lower insulating film 161 and the upper 
most surface of the first upper insulating film 162 may be in 
contact with the redeposited insulating film 190rd of the 
lower interlayer insulating film 190 . The words “ in contact 
with , " as used herein , refer to , for example , another film not 
being interposed between the uppermost surface of the upper 
insulating film 162 and the lower interlayer insulating film 
190 . 
[ 0082 ] The upper interlayer insulating film 195 is formed 
on the lower interlayer insulating film 190 , the first gate 
structure 115 , and the second gate structure 215 . 
[ 0083 ] For example , the lower interlayer insulating film 
190 and the upper interlayer insulating film 195 may each 
include silicon oxide , silicon nitride , silicon oxynitride , 
flowable oxide ( FOX ) , tonen silazene ( TOSZ ) , undoped 
silica glass ( USG ) , borosilica glass ( BSG ) , phosphosilica 
glass ( PSG ) , borophosphosilica glass ( BPSG ) , plasma 
enhanced tetraethyl orthosilicate ( PETEOS ) , fluoride sili 
cate glass ( FSG ) , carbon doped silicon oxide ( CDO ) , xero 
gel , aerogel , amorphous fluorinated carbon , organo silicate 
glass ( OSG ) , parylene , bis - benzocyclobutenes ( BCB ) , 
SILK , polyimide , porous polymeric material , or a combina 
tion thereof , but is not limited thereto . 
[ 0084 ] FIGS . 7A to 9 are each views provided to explain 
a semiconductor device according to some example embodi 
ments . For convenience of explanation , differences with 
respect to FIGS . 1 to 6 will be mainly explained below . 
[ 0085 ] Referring to FIG . 7A , in the semiconductor device 
according to some example embodiments , the uppermost 
surface 16lts of the first lower insulating film 161 may be an 
inclined surface . The first lower insulating film 161 formed 
on the sidewall of the first isolating trench 160t may have a 
chamfered shape . 
[ 0086 ] The first lower insulating film 161 formed on the 
sidewall of the first isolating trench 160t may include a first 
( e . g . , outer ) sidewall facing the first dummy spacer 170 and 
a second ( e . g . , inner ) sidewall facing the first upper insu 
lating film 162 . At this time , the uppermost surface 161ts of 
the first lower insulating film may have acute angle a with 
respect to the first sidewall facing the first dummy spacer 
170 . 
[ 0087 ] The uppermost surface of the first upper insulating 
film 162 may be closer to the substrate 100 than the upper 
surface of the first dummy spacer 170 . 
[ 0088 ] FIG . 7A illustrates that a slope of the uppermost 
161ts of the first lower insulating film is constant , but this is 
provided for convenience of explanation , and the example 
embodiments are not limited thereto . 
[ 0089 ] Referring to FIG . 7B , in the semiconductor device 
according to some example embodiments , the first device 
isolating film 160 may include an air gap ( or other void ) 
161g formed in the first lower insulating film 161 . The air 
gap 161g may be surrounded by the first lower insulating 
film 161 . 
[ 0090 ] Referring to FIG . 7C , in the semiconductor device 
according to some example embodiments , the first device 
isolating film 160 may include an air gap ( or other void ) 
162g formed in the first upper insulating film 162 . The air 
gap 162g may be surrounded by the first upper insulating 
film 162 . 

[ 0091 ] Referring to FIG . 8 , in the semiconductor device 
according to some example embodiments , the first outer 
spacer 171 may include a lower portion 171a and an upper 
portion 171b having different widths from each other . 
[ 0092 ] The upper portion 171b of the first outer spacer 
may be positioned on the lower portion 171a of the first 
outer spacer . For example , a width W12 of the upper portion 
171b of the first outer spacer may be less than a width W11 
of the lower portion 171a of the first outer spacer . The outer 
spacer 171 may be formed to have a stepped / stepwise shape . 
[ 0093 ] In the semiconductor device according to some 
example embodiments , a height of the first outer spacer 171 
may be greater than a height of the first inner spacer 172 , 
with reference to the upper surface of the first fin - type 
pattern 110 . More specifically , an upper surface height of the 
upper portion 171b of the first outer spacer may be greater 
than that of the first inner spacer 172 , with reference to the 
upper surface of the first fin - type pattern 110 . 
[ 0094 ] A height from the upper surface of the first fin - type 
pattern 110 to the upper surface of the first upper insulating 
film 162 may be less than a height from the upper surface of 
the fin - type pattern 110 to the upper surface of the first 
dummy spacer 170 . The first upper insulating film 162 may 
not entirely cover the upper surface of the first dummy 
spacer 170 . A portion of the redeposited insulating film 
190rd may be interposed between the upper portions 171b of 
the first outer spacer 171 . 
[ 0095 ] Referring to FIG . 9 , in the semiconductor device 
according to some example embodiments , the first dummy 
spacer ( s ) 170 may include a lower portion 170a and an 
upper portion 170b . 
[ 0096 ] While the lower portion 170a of the first dummy 
spacer ( s ) 170 is farther away from the upper surface of the 
first fin - type pattern 110 , a width of the first dummy spacer 
( s ) 170 may be constant . In contrast , as the upper portion 
170 of the first dummy spacer ( s ) 170 is farther away from 
the upper surface of the first fin - type pattern 110 , the width 
of the first dummy spacer ( s ) 170 may continuously decrease . 
[ 0097 ] In other words , the first dummy spacer ( s ) 170 may 
include an inner sidewall 170si and an outer sidewall 170sw 
which are facing each other . The inner sidewall 170si of the 
first dummy spacer ( s ) 170 is included in the first inner spacer 
172 , and faces the first device isolating film 160 . The outer 
sidewall 170sw of the first dummy spacer ( s ) 170 is included 
in the first outer spacer 171 , and faces the lower interlayer 
insulating film 190 . 
[ 0098 ] In the semiconductor device according to some 
example embodiments , a height of the outer sidewall 170sw 
of the first dummy spacer may be greater than that of the 
inner sidewall 170si of the first dummy spacer ( s ) 170 , with 
reference to the upper surface of the first fin - type pattern 
110 . 
[ 0099 ] FIG . 9 illustrates that a width of the upper portion 
170b of the first dummy spacer ( s ) 170 decreases constantly 
( i . e . , at a constant rate ) as it is farther away from the upper 
surface of the first fin - type pattern 110 , but is not limited 
thereto . 
[ 0100 ] Further , as illustrated , the upper surface of the first 
inner spacer 172 may be an inclined surface to the upper 
surface of the first fin - type pattern 110 , and the upper surface 
of the first outer spacer 171 may be parallel to the upper 
surface of the first fin - type pattern 110 , but is not limited 
thereto . 



US 2018 / 0090493 A1 Mar . 29 , 2018 

[ 0101 ] FIGS . 10 and 11 are each views provided to explain 
a semiconductor device according to some example embodi 
ments . For convenience of explanation , differences with 
respect to FIGS . 1 to 6 will be mainly explained below . 
[ 0102 ] Referring to FIG . 10 , in a semiconductor device 
according to some example embodiments , the depth d32 
from the upper surface of the first fin - type pattern 110 to the 
lowermost portion of the first upper insulating film 162 may 
be less than the depth d1 from the upper surface of the 
fin - type pattern 110 to the lower surface of the first epitaxial 
pattern 150 . 
[ 0103 ] Further , the depth d32 from the upper surface of the 
first fin - type pattern 110 to the lowermost portion of the first 
upper insulating film 162 may be less than the depth d2 from 
the upper surface of the fin - type pattern 110 to the lower 
surface of the second epitaxial pattern 250 . 
[ 0104 ] Alternatively , unlike FIG . 10 , the depth d32 from 
the upper surface of the first fin - type pattern 110 to the 
lowermost portion of the first upper insulating film 162 may 
be substantially same as the depth d1 from the upper surface 
of the first fin - type pattern 110 to the lower surface of the 
first epitaxial pattern 150 and the depth d2 from the upper 
surface of the fin - type pattern 110 to the lower surface of the 
second epitaxial pattern 250 . 
[ 0105 ] Referring to FIG . 11 , in a semiconductor device 
according to some example embodiments , the first gate 
structure 115 may additionally include a first gate capping 
pattern 155 , and the second gate structure 215 may addi 
tionally include a second gate capping pattern 255 . 
f0106 . The first gate electrode 120 may fill a portion of the 
first gate trench 140t . The first gate capping pattern 155 may 
be formed on the first gate electrode 120 . The first gate 
capping pattern 155 may fill the rest of the first gate trench 
140t remaining after the first gate electrode 120 is formed . 
[ 0107 ] The second gate electrode 220 may fill a portion of 
the second gate trench 240t . The second gate capping pattern 
255 may be formed on the second gate electrode 220 . The 
second gate capping pattern 255 may fill the rest of the 
second gate trench 240t remaining after the second gate 
electrode 220 is formed . 
[ 0108 ] While FIG . 11 illustrates that the first gate insulat 
ing film 130 is not formed between the first gate spacer 140 
and the first gate capping pattern 155 , and the second gate 
insulating film 230 is not formed between the second gate 
spacer 240 and the second gate capping pattern 255 , this is 
provided only for convenience of explanation and the 
example embodiments are not limited thereto . 
( 0109 ] In some embodiments , the upper surface of the first 
gate capping pattern 155 and the upper surface of the second 
gate capping pattern 255 may be coplanar with the upper 
surface of the lower interlayer insulating film 190 . 
[ 0110 ] The first gate capping pattern 155 and the second 
gate capping pattern 255 may include , for example , a 
material having an etch selectivity relative to the lower 
interlayer insulating film 190 . The first gate capping pattern 
155 and the second gate capping pattern 255 may include at 
least one of silicon nitride ( SiN ) , silicon oxynitride ( SiON ) , 
silicon oxide ( SiO2 ) , silicon carbon nitride ( SiCN ) , silicon 
oxycarbon nitride ( SiOCN ) , and a combination thereof , for 
example . 
[ 0111 ] FIG . 12 is a view provided to explain a semicon 
ductor device according to some example embodiments . For 
convenience of explanation , differences with respect to FIG . 
11 will be mainly explained below . 

[ 0112 ] Referring to FIG . 12 , the semiconductor device 
according to some example embodiments may additionally 
include an interlayer insulating film protective film 191 
formed between the lower interlayer insulating film 190 and 
the upper interlayer insulating film 195 . 
[ 0113 ] An upper surface of the interlayer insulating film 
protective film 191 may be coplanar with an upper surface 
of the first gate structure 115 and an upper surface of the 
second gate structure 215 . 
[ 0114 ] The interlayer insulating film protective film 191 
may play a role of protecting the lower interlayer insulating 
film 190 disposed underneath the interlayer insulating film 
protective film 191 in the process of fabrication . As a result , 
reliability of the semiconductor device may be enhanced . 
The interlayer insulating film protective film 191 may for 
example include silicon nitride , but is not limited thereto . 
[ 0115 ] FIGS . 13 and 14 are views provided to explain a 
semiconductor device according to some example embodi 
ments of the present disclosure . For reference , FIG . 14 is an 
enlarged view of a section Pof FIG . 13 . For convenience of 
explanation , differences with respect to FIGS . 1 to 6 will be 
mainly explained below . 
[ 0116 ] Referring to FIGS . 13 and 14 , in the semiconductor 
device according to some example embodiments , the first 
upper insulating film 162 may cover the entire uppermost 
surface of the first lower insulating film 161 , and sidewalls 
of the first upper insulating film 162 may be free of the first 
lower insulating film 161 . Further , the uppermost surface of 
the first lower insulating film 161 may not be in contact with 
the lower interlayer insulating film 190 . 
[ 0117 ] The first isolating trench 160t may include a first 
portion 160ta in which a sidewall is defined by the first 
fin - type pattern 110 , and a first portion 160tb in which a 
sidewall is defined by the first dummy spacer 170 . 
[ 0118 ] The first lower insulating film 161 may fill the first 
portion 160ta of the first isolating trench which is a part of 
the first isolating trench 1606 . The first lower insulating film 
161 may not include a portion extending along a sidewall of 
the second portion 160tb of the first isolating trench . The 
first lower insulating film 161 may not include a portion 
extending along a sidewall of the first dummy spacer 170 . 
[ 0119 ] . The first upper insulating film 162 may fill the 
second portion 160th of the first isolating trench , while 
covering the uppermost surface of the first lower insulating 
film 161 . In a semiconductor device according to some 
example embodiments , the first lower interlayer insulating 
film 190 and the first upper interlayer insulating film 195 
may be formed in a lamination structure . 
[ 0120 ] In a semiconductor device according to some 
example embodiments , the depth d32 from the upper surface 
of the first fin - type pattern 110 to the lower surface of the 
first upper insulating film 162 may be substantially the same 
as the depth from the upper surface of the first fin - type 
pattern 110 to the upper surface of the first lower insulating 
film 161 . 
10121 ] Accordingly , the depth d32 from the lower surface 
of the first fin - type pattern 110 to the upper surface of the 
first lower insulating film 161 is greater than the depth di 
from the upper surface of the first fin - type pattern 110 to the 
lower surface of the first epitaxial pattern 150 and the depth 
d2 from the upper surface of the first fin - type pattern 110 to 
the lower surface of the second epitaxial pattern 250 . 
[ 0122 ] The height h4 from the upper surface of the first 
fin - type pattern 110 to the upper surface of the first upper 
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insulating film 162 may be substantially the same as the 
height h3 from the upper surface of the fin - type pattern 110 
to the upper surface of the first dummy spacer 170 . 
[ 0123 ] In some embodiments , the first device isolating 
film 160 may additionally include an air gap ( or other void ) 
formed in the first lower insulating film 161 and / or an air gap 
( or other void ) formed in the first upper insulating film 162 . 
[ 0124 ] FIGS . 15 to 16B are each views provided to explain 
a semiconductor device according to some example embodi 
ments . For convenience of explanation , differences with 
respect to FIGS . 13 and 14 will be mainly explained below . 
For reference , FIGS . 15 to 16B are enlarged views of a 
section P of FIG . 13 . 
[ 0125 ] Referring to FIG . 15 , in the semiconductor device 
according to some example embodiments , the first dummy 
spacer ( s ) 170 may include a lower portion 170a and an 
upper portion 170b . The lower portion 170a of the first 
dummy spacer ( s ) 170 is adjacent the upper surface of the 
first fin - type pattern 110 and provides a width of the first 
dummy spacer ( s ) 170 that may be constant . Meanwhile , as 
the upper portion 170b of the first dummy spacer ( s ) 170 is 
farther away from the upper surface of the first fin - type 
pattern 110 , the width of the first dummy spacer ( s ) 170 may 
continuously decrease . According the width of the upper 
portion 170b varies with distance from the upper surface of 
the first fin - type pattern 110 . 
[ 0126 ] A height of the outer sidewall 170sw of the first 
dummy spacer ( s ) 170 may be greater than a height of the 
inner sidewall 170si of the first dummy spacer ( s ) 170 , 
relative to the upper surface of the first fin - type pattern 110 . 
[ 0127 ] The first dummy spacer ( s ) 170 may include a 
connection inclined surface 170cs connecting the inner 
sidewall 170si of the first dummy spacer ( s ) 170 with the 
upper surface of the first dummy spacer ( s ) 170 . The con 
nection inclined surface 170cs of the first dummy spacer ( s ) 
170 may be formed by etching the first inner spacer 172 and 
the first outer spacer 171 . 
[ 0128 ] Referring to FIG . 16A , in the semiconductor device 
according to some example embodiments , a width of the first 
dummy spacer ( s ) 170 may decrease continuously as it is 
farther away from the upper surface of the first fin - type 
pattern 110 . 
[ 0129 ] The first dummy spacer ( s ) 170 may not include a 
portion where the width of the first dummy spacer ( s ) 170 is 
constant while it is farther away from the upper surface of 
the first fin - type pattern 110 . 
0130 ] The first dummy spacer ( s ) 170 may include a 
connection inclined surface 170cs connecting the bottom 
surface of the first dummy spacer ( s ) 170 with the upper 
surface of the first dummy spacer ( s ) 170 . 
[ 0131 ] Referring to FIG . 16B , in the semiconductor device 
according to some example embodiments , a sidewall of the 
first isolating trench 160t defined by the first fin - type pattern 
110 may include a first sidewall 160tsa having a first slope 
and a second sidewall 160tsb having a second slope which 
is different from the first slope . 
10132 ] The sidewall of the first isolating trench 160t may 
additionally include a portion connected with the second 
sidewall 160tsb , and defined by a connection inclined sur 
face 170cs of the first dummy spacer ( s ) 170 . 
[ 0133 ] In the formation of the first lower insulating film 
161 , the connection inclined surface 170cs of the first 
dummy spacer ( s ) 170 , and a second sidewall 160tsb of the 
first isolating trench 160t may be formed . In other words , 

because a process by which the second sidewall 160tsb of 
the first isolating trench 160t is formed is a different process 
from a process by which the first sidewall 160tsa of the first 
isolating trench 160t is formed , a slope of the second 
sidewall 160tsb of the first isolating trench 160t may be 
different from a slope of the first sidewall 160tsa of the first 
isolating trench 160t . 
101341 . A width of the first dummy spacer 170 may 
decrease continuously as it is farther away from the upper 
surface of the first fin - type pattern 110 . 
10135 ] FIG . 17 is a view provided to explain a semicon 
ductor device according to some example embodiments of 
the present disclosure . For convenience of explanation , 
differences with respect to FIGS . 13 and 14 will be mainly 
explained below . 
[ 013 ] Referring to FIG . 17 , in a semiconductor device 
according to some example embodiments , the depth d32 
from the upper surface of the first fin - type pattern 110 to the 
upper surface of the first lower insulating film 161 is less 
than the depth dl from the upper surface of the first fin - type 
pattern 110 to the lower surface of the first epitaxial pattern 
150 and the depth d2 from the upper surface of the first 
fin - type pattern 110 to the lower surface of the second 
epitaxial pattern 250 . 
[ 0137 ] FIGS . 18 and 19 are views provided to explain a 
semiconductor device according to some example embodi 
ments of the present disclosure . For reference , FIG . 19 is an 
enlarged view of a section P of FIG . 18 . For convenience of 
explanation , differences with respect to FIGS . 13 and 14 will 
be mainly explained below . 
[ 0138 ] Referring to FIGS . 18 and 19 , in a semiconductor 
device according to some example embodiments , the first 
lower insulating film 161 may include a protrusion 161p 
extending along the sidewall of the first isolating trench 
160t . That is , the first lower insulating film 161 may be 
formed along a portion of the sidewall , and the bottom 
surface , of the first isolating trench 160t . 
0139 ] In a semiconductor device according to some 
example embodiments , a thickness t11 of the first lower 
insulating film 161 formed on the bottom surface of the first 
isolating trench 160t is greater than a thickness t12 of the 
protrusion 161p of the first lower insulating film 161 . 
[ 0140 ] The uppermost surface 161ts of the protrusion 
161p of the first lower insulating film may be covered by the 
first upper insulating film 162 , and may be in contact with 
the first upper insulating film 162 . It is to be noted that , while 
it is illustrated in FIG . 19 that the protrusion 161p of the first 
lower insulating film does not include a portion extending 
along the sidewall of the first dummy spacer 170 , example 
embodiments are not limited thereto . 
10141 ] FIGS . 20 and 21 are each views provided to explain 
a semiconductor device according to some example embodi 
ments of the present disclosure . For convenience of expla 
nation , differences with respect to FIGS . 18 and 19 will be 
mainly explained below . 
[ 0142 ] Referring to FIG . 20 , in a semiconductor device 
according to example embodiments , the uppermost surface 
161ts of the protrusion 161p of the first lower insulating film 
161 may be an inclined surface having a slope adjacent a 
sidewall of the first isolating trench 160t . 
[ 0143 ] The uppermost surface 161ts of the protrusion 
161p of the first lower insulating film may be chamfered . 
[ 0144 ] Referring to FIG . 21 , in a semiconductor device 
according to some example embodiments , the depth d32 

moi . 
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from the upper surface of the first fin - type pattern 110 to the 
upper surface of the first lower insulating film 161 is less 
than the depth d1 from the upper surface of the first fin - type 
pattern 110 to the lower surface of the first epitaxial pattern 
150 and the depth d2 from the upper surface of the fin - type 
pattern 110 to the lower surface of the second epitaxial 
pattern 250 . 
10145 ] FIG . 22 shows a schematic top view provided to 
explain a semiconductor device according to some example 
embodiments . FIG . 23 is a cross sectional view taken along 
lines A - A and E - E of FIG . 22 . 
[ 0146 ] For reference , FIG . 22 omits illustration of the first 
and second interlayer insulating films 190 , 195 , and the first 
to fourth gate insulating films 130 , 230 , 330 , 430 for 
convenience of explanation . Referring to FIG . 22 , a second 
region II will be mainly described , since some of the 
description for a first region I would overlap with the 
description provided above with reference to FIGS . 1 to 6 . 
Further , it is apparent that although the first region I in FIG . 
23 is illustrated similarly to FIG . 2 , it may be one of various 
embodiments explained with reference to FIGS . 1 to 12 . 
[ 0147 ] Referring to FIGS . 22 and 23 , the semiconductor 
device according to some example embodiments may addi 
tionally include a first fin - type pattern 110 , a second fin - type 
pattern 210 , a first gate structure 115 , a second gate structure 
215 , a first device isolating film 160 , a first dummy spacer 
170 , a first epitaxial pattern 150 , 150 _ 1 , and a second 
epitaxial pattern 250 . 
[ 0148 ] A substrate 100 may include a first region I and a 
second region II . The first region I and the second region II 
may be spaced apart from each other , or may be regions that 
are connected to each other . For example , different types of 
transistors may be formed in the first region I and the second 
region II . That is , when the first region I is a region where 
a first conductivity type of transistor is formed , the second 
region II may be a region where a second conductivity type 
of transistor is formed , wherein the second conductivity type 
is different from the first conductivity type . 
[ 0149 ] The third fin - type pattern 310 and the fourth fin 
type pattern 410 may extend longitudinally on the substrate 
100 in the second region II and along a third direction X2 . 
The third fin - type pattern 310 and the fourth fin - type pattern 
410 may protrude from the substrate 100 . The third fin - type 
pattern 310 and the fourth fin - type pattern 410 may be 
arranged in a fourth direction Y2 . 
10150 ] The third gate structure 315 and the fourth gate 
structure 415 may extend in the fourth direction Y2 , respec 
tively . The third gate structure 315 and the fourth gate 
structure 415 may be formed on the third fin - type pattern 
310 and the fourth fin - type pattern 410 to intersect the third 
fin - type pattern 310 and the fourth fin - type pattern 410 , 
respectively . The third gate structure 315 and the fourth gate 
structure 415 may be spaced apart from each other in the 
third direction X2 . 
[ 0151 ] The third gate structure 315 may include a third 
gate electrode 320 , a third gate insulating film 330 , a third 
gate spacer 340 , and a third gate trench 340t defined by the 
third gate spacer 340 . 
[ 0152 ] The fourth gate structure 415 may include a fourth 
gate electrode 420 , a fourth gate insulating film 430 , a fourth 
gate spacer 440 , and a fourth gate trench 440t defined by the 
fourth gate spacer 440 . 
[ 0153 ] The third gate electrode 320 and the fourth gate 
electrode 420 may each be formed on the third fin - type 

pattern 310 , the field insulating film 105 , and the fourth 
fin - type pattern 410 . A third gate spacer 340 may be formed 
on a sidewall of the third gate electrode 320 . A fourth gate 
spacer 440 may be formed on a sidewall of the fourth gate 
electrode 420 . The third gate insulating film 330 may be 
formed between the third fin - type pattern 310 and the third 
gate electrode 320 , and between the fourth fin - type pattern 
410 and the third gate electrode 320 . The third gate insu 
lating film 330 may be formed along the sidewall and the 
bottom surface of the third gate trench 3401 . The fourth gate 
insulating film 430 may be formed between the third fin - type 
pattern 310 and the fourth gate electrode 420 , and between 
the fourth fin - type pattern 410 and the fourth gate electrode 
420 . The fourth gate insulating film 430 may be formed 
along the sidewall and the bottom surface of the fourth gate 
trench 440t . A third epitaxial pattern 350 may be formed on 
opposite sides of the third gate structure 315 . A fourth 
epitaxial pattern 450 may be formed on opposite sides of the 
fourth gate structure 415 . 
[ 0154 ] A pair of second dummy spacers 370 may be 
disposed between the third gate spacer 340 and the fourth 
gate spacer 440 that face each other . The second dummy 
spacer ( s ) 370 may be disposed on the third fin - type pattern 
310 and the fourth fin - type pattern 410 , and intersect the 
third fin - type pattern 310 and the fourth fin - type pattern 410 . 
The second dummy spacer ( s ) 370 may include a second 
inner spacer 372 and a second outer spacer 371 . The second 
inner spacer 372 may be located between the second outer 
spacer 371 and the second device isolating film 360 . 
[ 0155 ] In a semiconductor device according to some 
example embodiments , a height h7 from the upper surface of 
the third fin - type pattern 310 to the upper surface of the 
second dummy spacer ( s ) 370 is less than a height h5 from 
the upper surface of the third fin - type pattern 310 to the 
upper surface of the third gate spacer 340 and a height h6 
from the upper surface of the third fin - type pattern 310 to the 
upper surface of the fourth gate spacer 440 . 
[ 0156 ] The second isolating trench 360t may be formed 
between the second dummy spacers 370 . The second iso 
lating trench 360t may include a sidewall defined by the 
third fin - type pattern 310 and the second dummy spacer ( s ) 
370 . 
[ 0157 ] The second device isolating film 360 may be 
formed in the second isolating trench 360t . The second 
device isolating film 360 may fill the second isolating trench 
360t . The second device isolating film 360 may be spaced 
apart from the third epitaxial pattern 350 and the fourth 
epitaxial pattern 450 . Further , the second device isolating 
film 360 may be in contact with the lower interlayer insu 
lating film 190 . 
[ 0158 ] In the semiconductor device according to some 
example embodiments , the second device isolating film 360 
may include the same material as the first lower interlayer 
insulating film 161 of the first device isolating film 160 . For 
example , the second device isolating film 360 may include 
a silicon nitride . 
[ 0159 ] A depth from the upper surface of the third fin - type 
pattern 310 to the lowermost portion of the second device 
isolating film 360 is greater than a depth from the upper 
surface of the third fin - type pattern 310 to the lower surface 
of the third epitaxial pattern 350 and a depth from the upper 
surface of the third fin - type pattern 310 to the lower surface 
of the fourth epitaxial pattern 450 . 
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[ 0160 ] FIG . 24 is a view provided to explain a semicon - 
ductor device according to some example embodiments . For 
convenience of explanation , differences that are not 
explained above with reference to FIGS . 22 and 23 will be 
mainly explained below . Further , it is apparent that although 
the first region I in FIG . 24 illustrated similarly to FIG . 13 , 
it may be one of various embodiments explained with 
reference to FIGS . 13 to 21 . 
[ 0161 ] Referring to FIG . 24 , in the semiconductor device 
according to some example embodiments , the first upper 
insulating film 162 may cover the uppermost surface of the 
first lower insulating film 161 . Further , the uppermost sur 
face of the first lower insulating film 161 may not be in 
contact with the lower interlayer insulating film 190 . 
[ 0162 ] FIGS . 25 to 32 are views illustrating intermediate 
stages of fabrication , provided to explain a method for 
fabricating a semiconductor device according to some 
example embodiments . 
[ 0163 ] Referring to FIG . 25 , a first fin - type pattern 110 
protruding from the substrate 100 is formed on the substrate 
100 . On the first fin - type pattern 110 , first to third dummy 
gate electrodes 121 , 125 , 221 and first to third hard masks 
122 , 222 , 126 are formed , intersecting the first fin - type 
pattern 110 and being spaced apart from each other . The first 
to third hard masks 122 , 222 , 126 may include a nitride film . 
[ 0164 ] Further , a first gate spacer 140 is formed on a 
sidewall of the first dummy gate electrode 121 , a second gate 
spacer 240 is formed on a sidewall of the second dummy 
gate electrode 221 , and a pre - spacer 171p is formed on a 
sidewall of the third dummy gate electrode 125 . 
[ 0165 ] A first epitaxial pattern 150 is formed between the 
first dummy gate electrode 121 and the third dummy gate 
electrode 125 , and a second epitaxial pattern 250 is formed 
between the second dummy gate electrode 221 and the third 
dummy gate electrode 125 . A lower interlayer insulating 
film 190 is formed to cover the first epitaxial pattern 150 and 
the second epitaxial pattern 250 . The lower interlayer insu 
lating film 190 may expose the first hard mask 122 on the 
first dummy gate electrode 121 , the second hard mask 222 
on the second dummy gate electrode 221 , and the third hard 
mask 126 on the third dummy gate electrode 125 . 
[ 0166 ] A mask pattern 50 exposing the third hard mask 
126 is formed on the lower interlayer insulating film 190 . 
[ 0167 ] Referring to FIG . 26 , the exposed third hard mask 
126 is removed by an etch process . When the third hard 
mask 126 and the pre - spacer 171p include a same material , 
a portion of the pre - spacer 171p may be removed while the 
third hard mask 126 is removed . As a result , the etched 
pre - spacer 171g is formed on the sidewall of the third 
dummy gate electrode 125 . Further , as illustrated , a portion 
of the lower interlayer insulating film 190 having an exposed 
upper surface may also be removed . 
[ 0168 ] Referring to FIG . 27 , the exposed third dummy 
gate electrode 125 is removed to expose the upper surface of 
the first fin - type pattern 110 . An oxide film 51 is then formed 
along the upper surface of the mask pattern 50 , a sidewall of 
the etched pre - spacer 171g , and the upper surface of the 
exposed first fin - type pattern 110 . 
[ 0169 ] Referring to FIG . 28 , with anisotropic etching of 
the oxide film 51 , an oxide film pattern 172p is formed on 
a sidewall of the etched pre - spacer 171g and the exposed 
lower interlayer insulating film 190 . 
[ 0170 ] Referring to FIG . 29 , the first fin - type pattern 110 , 
the oxide film pattern 172p , and the etched pre - spacer 1718 

are etched using an etchant that may etch semiconductor 
material , oxide film , and nitride film with a predetermined 
selectivity . As a result , the first isolating trench 160t is 
formed in the first fin - type pattern 110 . Further , a first inner 
spacer 172 and a first outer spacer 171 defining a portion of 
a sidewall of the first isolating trench 160t are formed . In this 
process , the mask pattern 50 may also be removed . 
[ 0171 ] Referring to FIG . 30 , a pre - lower insulating film 
161t is formed along a sidewall and a bottom surface of the 
first isolating trench 160t , an upper surface of the lower 
interlayer insulating film 190 , a first hard mask 122 , and a 
second hard mask 222 . At this time , a thickness of the 
pre - lower insulating film 161t formed on the bottom surface 
of the first isolating trench 160t is greater than a thickness of 
the lower insulating film 161t formed on the sidewall of the 
first isolating trench 160t . Then , a pre - upper insulating film 
162p filling the first isolating trench 160t on the pre - lower 
insulating film 161t is formed . 
[ 0172 ] Referring to FIG . 31 , the first device isolating film 
160 , including the first lower insulating film 161 and the first 
upper insulating film 162 in the first isolating trench 160t , is 
formed by partially removing the pre - lower insulating film 
161t and the pre - upper insulating film 162p . Then , a rede 
posited insulating film 190rd is formed on the first device 
isolating film 160 . 
[ 0173 ] Referring to FIG . 32 , the first and second dummy 
gate electrodes 121 and 221 are exposed by removing the 
lower interlayer insulating film 190 , the first hard mask 122 , 
and the second hard mask 222 . 
[ 0174 ] As illustrated , for example , in FIG . 2 , first and 
second gate electrodes 120 , 220 are then formed . 
[ 0175 ] FIGS . 33 to 36 are views illustrating intermediate 
stages of fabrication , provided to explain a method for 
fabricating a semiconductor device according to some 
example embodiments . Redundant descriptions with respect 
to those described above with reference to FIG . 25 may be 
omitted . 
[ 0176 ] Referring to FIG . 33 , the lower interlayer insulat 
ing film 190 by which upper surfaces of the first to third 
dummy gate electrodes 121 , 125 , 221 are exposed is formed . 
On the lower interlayer insulating film 190 , the mask pattern 
50 is formed , covering the first and second gate electrodes 
121 , 221 and exposing the third dummy gate electrode 125 . 
[ 0177 ] Referring to FIG . 34 , a portion of the upper surface 
of the first fin - type pattern 110 is exposed by removing the 
third dummy gate electrode 125 . An oxide film pattern ( See 
FIG . 28 ) is formed on the sidewall of the pre - spacer 171p . 
Then , a portion of the pre - spacer 171p , a portion of the oxide 
film pattern , a portion of the first fin - type pattern 110 , and a 
portion of the exposed lower interlayer insulating film 190 
are etched . As a result , the first isolating trench 160t is 
formed in the first fin - type pattern 110 . Further , a first 
dummy spacer 170 including a first inner spacer 172 and a 
first outer spacer 171 is formed . In this process , the mask 
pattern 50 may also be removed . 
f0178 ] Referring to FIG . 35 , the pre - lower insulating film 
161t filling the first isolating trench 160t is formed . The 
pre - lower insulating film 161t is also formed on the upper 
surface of the lower interlayer insulating film 190 . 
[ 0179 ] Referring to FIG . 36 , the first lower insulating film 
161 filling a portion of the first isolating trench 160t is 
formed by partially etching the pre - lower insulating film 
161t . Then , a pre - upper insulating film 162p is formed , 
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7 . The semiconductor device of claim 1 , wherein each of 
the pair of dummy spacers includes a first portion with a 
width that decreases continuously as the first portion is 
farther away from the upper surface of the fin - type pattern . 

8 . The semiconductor device of claim 7 , 
wherein each of the pair of dummy spacers includes a 

second portion between the first portion and the fin 
type pattern , and 

wherein a width of the second portion is constant over 
different distances of the second portion from the upper 
surface of the fin - type pattern . 

9 . The semiconductor device of claim 1 , further compris 
ing : 

covering the uppermost surface of the first lower insulating 
film 161 and filling the rest of the first isolating trench 160t . 
10180 ] Then , the first device isolating film 160 ( see , e . g . , 
FIG . 13 ) including the first lower insulating film 161 and the 
first upper insulating film 162 in the first isolating trench 
160t is formed by partially etching the pre - upper insulating 
film 162p . 
[ 0181 ] The above - disclosed subject matter is to be con 
sidered illustrative , and not restrictive , and the appended 
claims are intended to cover all such modifications , 
enhancements , and other embodiments , which fall within the 
true spirit and scope . Thus , to the maximum extent allowed 
by law , the scope is to be determined by the broadest 
permissible interpretation of the following claims and their 
equivalents , and shall not be restricted or limited by the 
foregoing detailed description . 

1 . A semiconductor device , comprising : 
a fin - type pattern on a substrate ; 
a first gate structure on the fin - type pattern , the first gate 

structure including a first gate spacer ; 
a second gate structure on the fin - type pattern , the second 

gate structure being spaced apart from the first gate 
structure and including a second gate spacer ; 

a pair of dummy spacers spaced apart from each other 
between the first gate spacer and the second gate spacer , 
wherein a height from an upper surface of the fin - type 
pattern to an upper surface of the pair of dummy 
spacers is less than a height from the upper surface of 
the fin - type pattern to an upper surface of the first and 
second gate spacers ; 

a trench between the pair of dummy spacers , the trench 
including a sidewall defined by the fin - type pattern and 
one of the pair of dummy spacers ; and 

a device isolating film in the trench , and including a first 
insulating film and a second insulating film on the first 
insulating film , the first insulating film extending along 
the sidewall and a bottom surface of the trench , and a 
thickness of the first insulating film on the bottom 
surface of the trench being greater than a thickness of 
the first insulating film on the sidewall of the trench . 

2 . The semiconductor device of claim 1 , further compris 
ing an interlayer insulating film on a sidewall of the first gate 
structure , on a sidewall of the second gate structure , and on 
the device isolating film , 

wherein an uppermost surface of the first insulating film 
and an uppermost surface of the second insulating film 
are in contact with the interlayer insulating film . 

3 . The semiconductor device of claim 1 , wherein the 
second insulating film covers an uppermost surface of the 
first insulating film . 

4 . The semiconductor device of claim 1 , wherein each of 
the pair of dummy spacers includes an outer spacer and an 
inner spacer between the outer spacer and the device iso 
lating film . 

5 . The semiconductor device of claim 4 , 
wherein the outer spacer includes a lower portion and an 

upper portion on the lower portion , and 
wherein a width of the lower portion of the outer spacer 

is greater than that of the upper portion of the outer 
spacer . 

6 . The semiconductor device of claim 4 , wherein the outer 
spacer has a same material as the first gate spacer and the 
second gate spacer . 

a first epitaxial pattern between the first gate spacer and 
the pair of dummy spacers ; and 

a second epitaxial pattern between the second gate spacer 
and the pair of dummy spacers , 

wherein a depth from the upper surface of the fin - type 
pattern to a lower surface of each of the first and second 
epitaxial patterns is less than a depth from the upper 
surface of the fin - type pattern to a lowermost portion of 
the device isolating film . 

10 . The semiconductor device of claim 9 , wherein the 
depth from the upper surface of the fin - type pattern to the 
lower surface of each of the first and second epitaxial 
patterns is less than a depth from the upper surface of the 
fin - type pattern to a lowermost portion of the second insu 
lating film . 

11 . The semiconductor device of claim 9 , wherein a depth 
from the upper surface of the fin - type pattern to the lower 
surface of each of the first and second epitaxial patterns is 
greater than a depth from the upper surface of the fin - type 
pattern to a lowermost portion of the second insulating film . 

12 . The semiconductor device of claim 1 , wherein a 
Young ' s modulus of the first insulating film is greater than 
that of the second insulating film . 

13 . The semiconductor device of claim 12 , 
wherein the first insulating film comprises a silicon 

nitride , and 
wherein the second insulating film comprises one of 

silicon oxide , silicon carbide ( SIC ) , silicon oxycarbide 
( SIOC ) , silicon oxynitride ( SiON ) , or silicon oxycar 
bon nitride ( SiOCN ) . 

14 . - 25 . ( canceled ) 
26 . A semiconductor device , comprising : 
a substrate including a first region and a second region ; 
a first fin - type pattern in the first region ; 
a first gate structure including a first gate spacer , on the 

first fin - type pattern ; 
a second gate structure spaced apart from the first gate 

structure and including a second gate spacer , on the first 
fin - type pattern ; 

a pair of first dummy spacers spaced apart from each other 
between the first gate spacer and the second gate 
spacer ; 

a first trench between the pair of first dummy spacers , 
including a sidewall defined by the first fin - type pattern 
and the pair of first dummy spacers ; 

a first device isolating film in the first trench , and includ 
ing a first insulating film , and a second insulating film 
on the first insulating film , the first insulating film 
having a different material from the second insulating 
film ; 

a second fin - type pattern in the second region ; 
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a third gate structure including a third gate spacer , on the 
second fin - type pattern ; 

a fourth gate structure spaced apart from the third gate 
structure and including a fourth gate spacer , on the 
second fin - type pattern ; 

a pair of second dummy spacers spaced apart from each 
other between the third gate spacer and the fourth gate 
spacer ; 

a second trench between the pair of second dummy 
spacers , including a sidewall defined by the second 
fin - type pattern and the pair of second dummy spacers ; 
and 

a second device isolating film in the second trench , and 
including a same material as the first insulating film . 

27 . The semiconductor device of claim 26 , wherein : 
a height from the substrate to an upper surface of the pair 
of first dummy spacers is less than a height from the 
substrate to an upper surface of the first and second gate 
spacers ; 

a height from the substrate to an upper surface of the pair 
of second dummy spacers is less than a height from the 
substrate to an upper surface of the third and fourth gate 
spacers ; 

the first region comprises a first conductivity type tran 
sistor ; 

the second region comprises a second conductivity type 
transistor ; and 

the second conductivity type is different from the first 
conductivity type . 

28 . - 30 . ( canceled ) 
31 . A semiconductor device comprising : 
a semiconductor substrate ; 
first and second source / drain regions , of respective first 
and second transistors , in the semiconductor substrate ; 
and 

a multi - layer device isolation region in the semiconductor 
substrate between the first and second source / drain 
regions , the multi - layer device isolation region com 

prising a protruding portion that protrudes away from 
the semiconductor substrate beyond respective upper 
most surfaces of the first and second source / drain 
regions . 

32 . The semiconductor device of claim 31 , further com 
prising a spacer on the semiconductor substrate between the 
first source / drain region and the protruding portion of the 
multi - layer device isolation region . 

33 . The semiconductor device of claim 32 , wherein : 
the semiconductor substrate comprises a semiconductor 

fin comprising the multi - layer device isolation region 
therein ; 

the first and second source / drain regions comprise first 
and second epitaxial regions , respectively , that protrude 
beyond an uppermost surface of the semiconductor fin ; 
and 

the spacer comprises first and second spacers on the 
uppermost surface of the semiconductor fin between 
the first epitaxial region and the protruding portion of 
the multi - layer device isolation region . 

34 . The semiconductor device of claim 32 , wherein : 
the multi - layer device isolation region comprises upper 

and lower insulating materials ; and 
the upper insulating material comprises a smaller Young ' s 
modulus than the lower insulating material . 

35 . The semiconductor device of claim 34 , wherein : 
the lower insulating material comprises a first portion that 

is deeper in the semiconductor substrate than the upper 
insulating material and a second portion that is on a 
sidewall of the upper insulating material , and 

an uppermost surface of the spacer is coplanar with 
respective uppermost surfaces of the upper insulating 
material and the second portion of the lower insulating 
material . 

* * * * * 




