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SEMICONDUCTOR STORAGE DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application is based upon and claims the 
benefit of priority from Japanese Patent Application No. 
2019-043121 , filed Mar. 8 , 2019 ; the entire contents of 
which are incorporated herein by reference . 

FIELD 

[ 0002 ] Embodiments described herein relate generally to a 
semiconductor storage device . 

BACKGROUND 

[ 0003 ] Semiconductor storage devices , each of which 
includes a laminate in which insulating films and word lines 
are alternately laminated and semiconductor pillars that pass 
through the laminate body , are proposed . Incidentally , a 
further improvement in electrical characteristics of the semi 
conductor storage devices is expected . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0004 ] FIG . 1 is a perspective view illustrating a consti 
tution of a semiconductor storage device of a first embodi 
ment . 
[ 0005 ] FIG . 2 is a sectional view of a region surrounded by 
a two - dot chain line F2 of the semiconductor storage device 
illustrated in FIG . 1 . 
[ 0006 ] FIG . 3 is a sectional view taken along line F3 - F3 of 
the semiconductor storage device illustrated in FIG . 2 . 
[ 0007 ] FIG . 4 is a sectional view taken along line F4 - F4 of 
the semiconductor storage device illustrated in FIG . 2 . 
[ 0008 ] FIG . 5 is a view illustrating a method of fabricating 
the semiconductor storage device of the first embodiment . 
[ 0009 ] FIG . 6 is a view illustrating a method of fabricating 
the semiconductor storage device of the first embodiment . 
[ 0010 ] FIG . 7 is a view illustrating a method of fabricating 
the semiconductor storage device of the first embodiment . 
[ 0011 ] FIG . 8 is a view illustrating a method of fabricating 
the semiconductor storage device of the first embodiment . 
[ 0012 ] FIG.9 is a view illustrating a method of fabricating 
the semiconductor storage device of the first embodiment . 
[ 0013 ] FIG . 10 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0014 ] FIG . 11 is a view illustrating a method of fabricat 
ing the semiconductor storage device of the first embodi 
ment . 
[ 0015 ] FIG . 12 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0016 ] FIG . 13 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0017 ] FIG . 14 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0018 ] FIG . 15 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0019 ] FIG . 16 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0020 ] FIG . 17 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0021 ] FIG . 18 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0022 ] FIG . 19 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0023 ] FIG . 20 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0024 ] FIG . 21 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0025 ] FIG . 22 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0026 ] FIG . 23 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0027 ] FIG . 24 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0028 ] FIG . 25 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0029 ] FIG . 26 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0030 ] FIG . 27 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0031 ] FIG . 28 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0032 ] FIG . 29 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0033 ] FIG . 30 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 
[ 0034 ] FIG . 31 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0035 ] FIG . 32 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0036 ] FIG . 33 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0037 ] FIG . 34 is a view illustrating a method of fabri 
cating the semiconductor storage device of the first embodi 
ment . 

[ 0038 ] FIG . 35 is a view illustrating a modification of the 
method of fabricating the semiconductor storage device of 
the first embodiment . 
[ 0039 ] FIG . 36 is a view illustrating the modification of 
the method of fabricating the semiconductor storage device 
of the first embodiment . 
[ 0040 ] FIG . 37 is a view illustrating the modification of 
the method of fabricating the semiconductor storage device 
of the first embodiment . 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0041 ] FIG . 38 is a view illustrating the modification of 
the method of fabricating the semiconductor storage device 
of the first embodiment . 
[ 0042 ] FIG . 39 is a view illustrating the modification of 
the method of fabricating the semiconductor storage device 
of the first embodiment . 
[ 0043 ] FIG . 40 is a perspective view illustrating a consti 
tution of a semiconductor storage device of a second 
embodiment . 
[ 0044 ] FIG . 41 is a sectional view taken along line F41 
F41 of the semiconductor storage device illustrated in FIG . 
40 . 

[ 0045 ] FIG . 42 is a view illustrating a method of fabri 
cating the semiconductor storage device of the second 
embodiment . 
[ 0046 ] FIG . 43 is a view illustrating a method of fabri 
cating the semiconductor storage device of the second 
embodiment . 
[ 0047 ] FIG . 44 is a perspective view illustrating a consti 
tution of a semiconductor storage device of a third embodi 
ment . 

[ 0048 ] FIG . 45 is a sectional view taken along line F45 
F45 of the semiconductor storage device illustrated in FIG . 
44 . 
[ 0049 ] FIG . 46 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0050 ] FIG . 47 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0051 ] FIG . 48 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0052 ] FIG . 49 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0053 ] FIG . 50 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0054 ] FIG . 51 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0055 ] FIG . 52 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0056 ] FIG . 53 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0057 ] FIG . 54 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0058 ] FIG . 55 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0059 ] FIG . 56 is a view illustrating a method of fabri 
cating the semiconductor storage device of the third embodi 
ment . 

[ 0060 ] FIG . 57 is a sectional view illustrating modifica 
tions of the semiconductor storage devices of the first to 
third embodiments . 

[ 0061 ] According to one embodiment , a semiconductor 
storage device includes a substrate , a first interconnection , a 
second interconnection , a first channel part , a second chan 
nel part , a first charge storage part , a first insulating part , a 
second charge storage part , a second insulating part , a first 
select transistor , a second select transistor , and a hollow part . 
The first interconnection extends in a first direction . The 
second interconnection extends in the first direction . The 
second interconnection is adjacent to the first interconnec 
tion in a second direction . The second direction intersects 
the first direction . The first channel part is between the first 
interconnection and the second interconnection . The first 
channel part extends in a third direction . The third direction 
intersects the first direction and the second direction . The 
second channel part is between the first interconnection and 
the second interconnection . The second channel part is 
adjacent to the first channel part in the second direction . The 
second channel part extending in the third direction . The first 
charge storage part is at a first position separated from a 
surface of the substrate by a first distance in the third 
direction . The first charge storage part is between the first 
interconnection and the first channel part . The first insulating 
part is between the first charge storage part and the first 
channel part . The second charge storage part is between the 
second interconnection and the second channel part . The 
second insulating part is between the second charge storage 
part and the second channel part . The first select transistor is 
at a second position separated from the surface of the 
substrate by a second distance in the third direction . The 
second distance is greater than the first distance . The second 
select transistor is above the second charge storage part in 
the third direction . The hollow part is between the first 
channel part and the second channel part . The hollow part is 
up to a third position separated from the surface of the 
substrate by a third distance in the third direction . The third 
distance is greater than or equal to the first distance and 
shorter than or equal to the second distance . 
[ 0062 ] Hereinafter , semiconductor storage dev of the 
embodiments will be described with reference to the draw 
ings . In the following description , the same reference signs 
are given to components having the same or similar func 
tion . Duplicate description of these components may be 
omitted . The drawings are schematic or conceptual , and a 
relationship between a thickness and a width of each portion , 
ratios of sizes between portions , etc. are not necessarily the 
same as the reality . 
[ 0063 ] In this specification , the term “ connect ” is not 
limited to a case of physical connection , and also includes a 
case of electrical connection . That is , the term “ connect ” is 
not limited to a case where two members are in contact with 
each other each other , and also includes a case where another 
member is interposed between the two members . The term 
" face ” is not limited to a case where two members are 
directly opposite to each other , and also includes a case 
where another member is interposed between the two mem 
bers . Further , the term “ face ” also includes a case where 
parts of two members are opposite to each other . The phrase 
“ XX is above YY ” is not limited to a case where XX is in 
contact with YY , and also includes a case where another 
member is interposed between XX and YY . The terms “ ring 
shape ” and “ annulation shape ” are not limited to a circular 
ring shape , and also includes a rectangular ring shape . In this 
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specification , the term “ adjacent to ” is not limited to a case 
where two members are in contact with each other , and also 
includes a case where another member is interposed between 
the two members . 
[ 0064 ] Further , an + X direction , an -X direction , a + Y 
direction , a -Y direction , a + Z direction , and a -Z direction 
will be defined in advance . The + X direction , the -X 
direction , the + Y direction , and the -Y direction are direc 
tions that are parallel to a surface of a silicon substrate 10 ( to 
be described below ) . The + X direction is a direction in 
which bit lines BL ( to be described below ) extend . The -X 
direction is a direction opposite to the + X direction . When 
the + X direction and the -X direction are not distinguished , 
they are referred to simply as “ X direction . ” The + Y 
direction and the -Y direction are directions that intersect 
( e.g. , are substantially orthogonal to ) the X direction . The 
+ Y direction is a direction in which word lines WL ( to be 
described below ) extend . The -Y direction is a direction 
opposite to the + Y direction . When the + Y direction and the 
-Y direction are not distinguished , they are referred to 
simply as " Y direction . ” The + Z direction and the -Z 
direction are directions that intersect ( e.g. , are substantially 
orthogonal to ) the X direction and the Y direction , and are 
a thickness direction of the silicon substrate 10. The + Z 
direction is a direction that is directed to a laminate 50 ( to 
be described below ) from the silicon substrate 10. The -Z 
direction is a direction opposite to the + Z direction . When 
the + Z direction and the -Z direction are not distinguished , 
they are referred to simply as “ Z direction . ” In this speci 
fication , the “ + Z direction ” may be referred to " up , " and the 
“ -Z direction ” may be referred to “ down . ” However , these 
expressions are for the sake of convenience , and do not 
regulate a gravitational direction . The + Y direction is an 
example of the “ first direction . ” The + X direction is an 
example of the “ second direction . ” The + Z direction is an 
example of the “ third direction . " 

source lines SL are provided above the lower insulating film 
21. The plurality of source lines SL are adjacent to one 
another in the X direction , and each extend in the Y 
direction . The source lines SL are each formed of , for 
example , a conductive layer 22 provided above the lower 
insulating film 21 , an interconnection layer 23 provided on 
the conductive layer 22 , and a conductive layer 24 provided 
on the interconnection layer 23. The upper insulating film 25 
is provided above the plurality of source lines SL . The 
insulating member 26 is provided between the source lines 
SL and the upper insulating film 25 and between the lower 
insulating film 21 and the upper insulating film 25 . 
[ 0070 ] Next , the plurality of pillars 30 , the tunnel insulat 
ing films 40 , and the laminate 50 will be described . 
[ 0071 ] The plurality of pillars 30 are provided on the 
source lines SL , and each extend in the Z direction . The 
plurality of pillars 30 are provided away from one another in 
the X direction and the Y direction . For example , when 
viewed in the Z direction , the plurality of pillars 30 are 
arranged in a matrix in the X direction and the Y direction . 
Each pillar 30 includes a semiconductor material such as 
amorphous silicon ( a - Si ) . For this reason , the pillars 30 may 
be referred to as silicon pillars . Lower ends of the pillars 30 
pass through the upper insulating film 25 of the lower 
structure 20 , and are connected to the source lines SL . A 
structure of each pillar 30 will be described below in detail . 
[ 0072 ] The tunnel insulating films 40 are at least provided 
along lateral surfaces of the pillars 30 in the -X direction 
and the + X direction . In the present embodiment , the tunnel 
insulating films 40 are formed in a ring shape that surrounds 
lateral surfaces of the pillars 30 in the -X direction , the + X 
direction , the -Y direction , and the + Y direction . The tunnel 
insulating films 40 extend in the Z direction , for example , 
over entire lengths ( whole heights ) of the pillars 30 in the Z 
direction . 

[ 0073 ] The tunnel insulating films 40 are films which 
typically have insulation properties but through which a 
tunneling current flows when a prescribed voltage within a 
range of a driving voltage of the semiconductor storage 
device 1 is applied . The tunnel insulating films 40 are 
formed of , for example , silicon oxide . Hereinafter , portions 
of the tunnel insulating films 40 which are provided on sides 
of the pillars 30 in the -X direction are referred to as “ first 
tunnel insulating films 40A , ” and portions of the tunnel 
insulating films 40 which are provided on sides of the pillars 
30 in the + X direction are referred to as “ second tunnel 
insulating films 40B . ” The first tunnel insulating films 40A 
are provided between a plurality of first floating gate elec 
trodes FGA ( to be described below ) arranged in the Z 
direction and first channel parts 31A ( to be described below ) . 
The second tunnel insulating films 40B are provided 
between a plurality of second floating gate electrodes FGB 
( to be described below ) arranged in the Z direction and 
second channel parts 31B ( to be described below ) . 
[ 0074 ] The laminate 50 is provided above the lower struc 
ture 20. The laminate 50 includes , for example , a plurality of 
floating gate electrodes FG , a plurality of word lines WL , a 
plurality of source - side select gate electrodes 51 , a plurality 
of source - side select gate lines SGS , a plurality of drain - side 
select gate electrodes 52 , a plurality of drain - side select gate 
lines SGD , a plurality of block insulating films 60 , insulating 
films ( interlayer insulating films ) 54 ( see FIG . 3 ) , insulating 
members 55 , and insulating members 56 ( see FIG . 34 ) . 

First Embodiment 
[ 0065 ] < 1 . Overall Constitution of Semiconductor Storage 
Device > 
[ 0066 ] First , an overall constitution of a semiconductor 
storage device 1 of a first embodiment will be described . The 
semiconductor storage device 1 is a non - volatile semicon 
ductor storage device , for example , a NAND type flash 
memory . 
[ 0067 ] FIG . 1 is a perspective view illustrating a consti 
tution of a semiconductor storage device 1. The semicon 
ductor storage device 1 includes , for example , a silicon 
substrate 10 , a lower structure 20 , a plurality of pillars 
( columnar members ) 30 , tunnel insulating films 40 , a lami 
nate 50 , an upper structure 70 , and a plurality of contacts 80 . 
[ 0068 ] The silicon substrate 10 is a substrate that is a base 
of the semiconductor storage device 1. At least a part of the 
silicon substrate 10 is formed in a plate shape that is parallel 
to the X direction and the Y direction . The silicon substrate 
10 is formed of , for example , a semiconductor material 
including silicon ( Si ) . The silicon substrate 10 is an example 
of the " substrate . ” 
[ 0069 ] The lower structure 20 is provided above the 
silicon substrate 10. The lower structure 20 include , for 
example , a lower insulating film 21 , a plurality of source 
lines SL , an upper insulating film 25 , and an insulating 
member 26 ( see FIG . 3 ) . The lower insulating film 21 is 
provided above the silicon substrate 10. The plurality of 
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[ 0075 ] The floating gate electrodes FG are electrode films 
that are provided at sides of the pillars 30. The plurality of 
floating gate electrodes FG include the plurality of first 
floating gate electrodes FGA that are located on the sides of 
the pillars 30 in the -X direction , and the plurality of second 
floating gate electrodes FGB that are located on the sides of 
the pillars 30 in the + X direction . The plurality of first 
floating gate electrodes FGA are provided away from one 
another in the Z direction . The first floating gate electrodes 
FGA are located on sides opposite to the pillars 30 with 
respect to the first tunnel insulating films 40A . Similarly , the 
plurality of second floating gate electrodes FGB are pro 
vided away from one another in the Z direction . The second 
floating gate electrodes FGB are located on sides opposite to 
the pillars 30 with respect to the second tunnel insulating 
films 40B . The floating gate electrodes FG are films that 
have a capacity to store electric charge . The floating gate 
electrodes FG are formed of , for example , polysilicon . Each 
floating gate electrode FG is an example of a “ charge storage 
part . ” 
[ 0076 ] The word lines WL are interconnections that are 
provided at the sides of the pillars 30. The plurality of word 
lines WL include a plurality of first word lines WLA that are 
located on the sides of the pillars 30 in the -X direction , and 
a plurality of second word lines WLB that are located on the 
sides of the pillars 30 in the + X direction . The plurality of 
first word lines WLA are provided away from one another in 
the Z direction . Similarly , the plurality of second word lines 
WLB are provided away from one another in the Z direction . 
The first word lines WLA and the second word lines WLB 
are adjacent to each other in the X direction , and extend in 
the Y direction . The first word lines WLA are located on 
sides opposite to the pillars 30 with respect to the first 
floating gate electrodes FGA . The second word lines WLB 
are located on sides opposite to the pillars 30 with respect to 
the second floating gate electrodes FGB . In other words , the 
first floating gate electrodes FGA are provided between the 
first word lines WLA and the pillars 30. The second floating 
gate electrodes FGB are provided between the second word 
lines WLB and the pillars 30. The first word lines WLA and 
the second word lines WLB are led out , for example , in 
directions opposite to each other in the Y direction , and are 
controlled independently of each other . 
[ 0077 ] In a case where the word lines WL inject electrons 
into the floating gate electrodes FG and pull the electrons 
injected into the floating gate electrodes FG out of the 
floating gate electrodes FG , voltages are applied by a drive 
circuit ( not shown ) , and a prescribed voltages are applied to 
the floating gate electrodes FG connected to the word lines 
WL . The first floating gate electrodes FGA change a stored 
state of electrons in a case where voltages are applied by the 
first word lines WLA . On the other hand , the second floating 
gate electrodes FGB change a stored state of electrons in a 
case where voltages are applied by the second word lines 
WLB . A constitution of the word lines WL will be described 
below in detail . 
[ 0078 ] The above constitution can be expressed as follows 
( see FIG . 1 ) . That is , one of the plurality of first floating gate 
electrodes FGA which corresponds to a certain pillar 30 is 
referred to as “ floating gate electrode FG_1 . ” The second 
floating gate electrode FGB disposed at the same position as 
the “ floating gate electrode FG_1 ” in the Z direction is 
referred to as “ floating gate electrode FG_2 . ” The single first 
floating gate electrode FGA provided at a position away 

from the floating gate electrode FG_1 in the Z direction is 
referred to as “ floating gate electrode FG_3 . ” The floating 
gate electrode FG_1 is an example of a “ first charge storage 
part . ” The floating gate electrode FG_2 is an example of a 
“ second charge storage part . ” The floating gate electrode 
FG_3 is an example of a “ third charge storage part . ” Further , 
the first word line WLA connected to the floating gate 
electrode FG_1 is an example of a “ first interconnection . ” 
The second word line WLB connected to the floating gate 
electrode FG_2 is an example of a “ second interconnection . ” 
The first word line WLA connected to the floating gate 
electrode FG_3 is an example of a “ third interconnection . ” 
[ 0079 ] Each tunnel insulating film 40 includes , at least , a 
first portion 401 located between the floating gate electrode 
FG_1 and the pillar 30 , a second portion 402 located 
between the floating gate electrode FG_2 and the pillar 30 , 
and third portion 403 located between the floating gate 
electrode FG_3 and the pillar 30. The first portion 401 is an 
example of a “ first insulating part , ” and is an example of a 
“ first insulating material . ” The second portion 402 is an 
example of a “ second insulating part , " and is an example of 
a “ second insulating material . ” 
[ 0080 ] The source - side select gate electrodes 51 are elec 
trode films that are provided at the sides of the pillars 30 . 
The plurality of source - side select gate electrodes 51 include 
first source - side select gate electrodes 51A located on the 
sides of the pillars 30 in the -X direction , and second 
source - side select gate electrodes 51B located on the sides of 
the pillars 30 in the + X direction . The first source - side select 
gate electrodes 51A are located on sides opposite to the 
pillars 30 with respect to the first tunnel insulating films 
40A . The second source - side select gate electrodes 51B are 
located on sides opposite to the pillars 30 with respect to the 
second tunnel insulating films 40B . The source - side select 
gate electrodes 51 are provided between the silicon substrate 
10 and the floating gate electrodes FG that are closest to the 
silicon substrate 10 among the plurality of floating gate 
electrodes FG corresponding to the same pillars 30 . 
[ 0081 ] The source - side select gate lines SGS are intercon 
nections that are provided at the sides of the pillars 30. The 
plurality of source - side select gate lines SGS include first 
source - side select gate lines SGSA located on the sides of 
the pillars 30 in the -X direction , and second source - side 
select gate lines SGSB located on the sides of the + X 
direction . The first source - side select gate lines SGSA are 
located on sides opposite to the pillars 30 with respect to the 
first source - side select gate electrodes 51A . The second 
source - side select gate lines SGSB are located on sides 
opposite to the pillars 30 with respect to the second source 
side select gate electrodes 51B . The source - side select gate 
lines SGS extend in the Y direction . In a case where the 
source - side select gate lines SGS perform conduction 
between the pillars 30 and the source lines SL , a voltage is 
applied by the drive circuit ( not shown ) , and a prescribed 
voltage is applied to the source - side select gate electrodes 51 
connected to the source - side select gate lines SGS . The 
source - side select gate lines SGS are located between the 
silicon substrate 10 and the word lines WL that are closest 
to the silicon substrate 10 among the plurality of word lines 
WL corresponding to the same pillars 30. Each source - side 
select gate line SGS is an example of a “ first select gate 
interconnection . " 
[ 0082 ] In the present embodiment , the source - side select 
gate lines SGS and the source - side select gate electrodes 51 



US 2020/0286902 A1 Sep. 10 , 2020 
5 

are collectively called select transistors . The select transis 
tors may not include the source - side select gate electrodes 
51. For example , the select transistor provided below each 
first floating gate electrode FGA is an example of a “ third 
select transistor . ” The select transistor provided below each 
second floating gate electrode FGB is an example of a 
“ fourth select transistor . ” 
[ 0083 ] The drain - side select gate electrodes 52 are elec 
trode films that are provided at the sides of the pillars 30 . 
The plurality of drain - side select gate electrodes 52 include 
first drain - side select gate electrodes 52A located on the 
sides of the pillars 30 in the -X direction , and second 
drain - side select gate electrodes 52B located on the sides of 
the pillars 30 in the + X direction . The first drain - side select 
gate electrodes 52A are located on sides opposite to the 
pillars 30 with respect to the first tunnel insulating films 
40A . The second drain - side select gate electrodes 52B are 
located on sides opposite to the pillars 30 with respect to the 
second tunnel insulating films 40B . The drain - side select 
gate electrodes 52 are located farther from the silicon 
substrate 10 than the floating gate electrodes FG that are 
farthest from the silicon substrate 10 among the plurality of 
floating gate electrodes FG corresponding to the same pillars 
30 . 
[ 0084 ] The drain - side select gate lines SGD are intercon 
nections that are provided at the sides of the pillars 30. The 
plurality of drain - side select gate lines SGD include first 
drain - side select gate lines SGDA located on the sides of the 
pillars 30 in the -X direction , and second drain - side select 
gate lines SGDB located on the sides of the pillars 30 in the 
+ X direction . The first drain - side select gate lines SGDA are 
located on sides opposite to the pillars 30 with respect to the 
first drain - side select gate electrodes 52A . The second 
drain - side select gate lines SGDB are located on sides 
opposite to the pillars 30 with respect to the second drain 
side select gate electrodes 52B . The drain - side select gate 
lines SGD extend in the Y direction . In a case where the 
drain - side select gate lines SGD perform conduction 
between the pillars 30 and the bit lines BL ( to be described 
below ) , a voltage is applied by the drive circuit ( not shown ) , 
and a prescribed voltage is applied to the drain - side select 
gate electrodes 52 connected to the drain - side select gate 
lines SGD . The drain - side select gate lines SGD are located 
farther from the silicon substrate 10 than the word lines WL 
that are farthest from the silicon substrate 10 among the 
plurality of word lines WL corresponding to the same pillars 
30. That is , the drain - side select gate lines SGD are located 
on sides opposite to the silicon substrate 10 with respect to 
the plurality of word lines WL corresponding to the same 
pillars 30. Each drain - side select gate line SGD is an 
example of a “ second select gate interconnection . ” 
[ 0085 ] In the present embodiment , the drain - side select 
gate lines SGD and the drain - side select gate electrodes 52 
are collectively called select transistors . The select transis 
tors may not include the drain - side select gate electrodes 52 . 
For example , the select transistor provided above each first 
floating gate electrode FGA is an example of a “ first select 
transistor . ” The select transistor provided above each second 
floating gate electrode FGB is an example of a “ second 
select transistor . " 
[ 0086 ] The block insulating films 60 are provided between 
the floating gate electrodes FG and the word lines WL , 
between the source - side select gate electrodes 51 and the 
source - side select gate lines SGS , and between the drain 

side select gate electrodes 52 and the drain - side select gate 
lines SGD . The block insulating films 60 are films that 
substantially allow no current to flow even if a voltage is 
applied within a range of a driving voltage of the semicon 
ductor storage device 1. A constitution of the block insulat 
ing films 60 will be described below in detail . 
[ 0087 ] The insulating films 54 ( see FIG . 3 ) that are inter 
layer insulating films are provided between the plurality of 
floating gate electrodes FG and between the plurality of 
word lines WL in the Z direction . That is , the insulating films 
54 and the floating gate electrodes FG are alternately lami 
nated in the Z direction . The insulating films 54 and the word 
lines WL are alternately laminated in the Z direction . Fur 
ther , the insulating films 54 are provided between the 
source - side select gate electrodes 51 and the floating gate 
electrodes FG , between the source - side select gate elec 
trodes 51 and the upper insulating film 25 of the lower 
structure 20 , between the source - side select gate lines SGS 
and the word lines WL , between the source - side select gate 
lines SGS and the upper insulating film 25 of the lower 
structure 20 , between the drain - side select gate electrodes 52 
and the floating gate electrodes FG , between the drain - side 
select gate lines SGD and the word lines WL , and so on . 
[ 0088 ] The insulating members 55 are provided between 
the pillars 30 arranged in the Y direction , and perform 
electrical insulation between the plurality of pillars 30. In 
other words , the word line WL and the floating gate elec 
trode FG are not provided between the two pillars 30 
arranged in the Y direction . For this reason , the first floating 
gate electrodes FGA and the second floating gate electrodes 
FGB are not connected to one another . Further , the insulat 
ing members 56 ( see FIG . 34 ) are provided between the 
plurality of word lines WL in the X direction , and perform 
electrical insulation between the plurality of word lines WL . 
[ 0089 ] Next , the upper structure 70 and the plurality of 
contacts 80 will be described . 
[ 0090 ] The upper structure 70 is provided above the 
laminate 50. The upper structure 70 includes , for example , 
the plurality of bit lines BL , interconnections L1 ( not shown ) 
for the source - side select gate lines SGS , interconnections 
L2 of the word lines WL , and interconnections L3 for the 
drain - side select gate lines SGD . 
[ 0091 ] The plurality of contacts 80 extend in the Z direc 
tion . The plurality of contacts 80 include , for example , a 
plurality of contacts 81 for the pillars 30 , a plurality of 
contacts 82 ( not shown ) for the source - side select gate lines 
SGS , a plurality of contacts 83 for the word lines WL , and 
a plurality of contacts 84 for the drain - side select gate lines 
SGD . 
[ 0092 ] The contacts 81 are provided on the pillars 30. The 
plurality of bit lines BL are provided away from one another 
in the Y direction , and extend in the X direction . In a case 
where the pillar 30 provided on the outermost side in the -X 
direction among the plurality of pillars 30 arranged in the X 
direction is set to a first pillar , the odd - numbered pillars 30A 
are connected to common bit lines BLA via the contacts 81 . 
The even - numbered pillars 30B are connected to common 
bit lines BLB different from the bit lines BLA via the 
contacts 81. The pillars 30A and 30B that are adjacent to 
each other among the plurality of pillars 30 arranged in the 
X direction are not connected to a common bit line . 
[ 0093 ] The plurality of contacts 82 ( not shown ) are pro 
vided on ends of the source - side select gate lines SGS in the 
+ Y direction . The interconnections L1 ( not shown ) are 
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provided on the contacts 82 , and extend in the Y direction . 
The interconnections L1 are connected to the source - side 
select gate lines SGS via the contacts 82 . 
[ 0094 ] The plurality of contacts 83 are provided on ends of 
the word lines WL in the Y direction . The interconnections 
L2 are provided on the contacts 83 , and extend in the Y 
direction . The interconnections L2 are connected to the word 
lines WL via the contacts 83 . 
[ 0095 ] The plurality of contacts 84 are provided on ends of 
the drain - side select gate lines SGD in the + Y direction . The 
interconnections L3 are provided on the contacts 84 , and 
extend in the Y direction . The interconnections L3 are 
connected to the drain - side select gate lines SGD via the 
contacts 84 . 
[ 0096 ] < 2 . Constitutions of Laminate , Word Lines , and 
Pillars > 
[ 0097 ) Next , constitutions of the laminate 50 , the word 
lines WL , and the pillars 30 of the present embodiment will 
be described in detail . FIG . 2 is a sectional view of a region 
surrounded with a two - dot chain line F2 of the semiconduc 
tor storage device 1 illustrated in FIG . 1 in the Z direction . 
FIG . 3 is a sectional view taken along line F3 - F3 of the 
semiconductor storage device 1 illustrated in FIG . 2. FIG . 4 
is a sectional view taken along line F4 - F4 of the semicon 
ductor storage device 1 illustrated in FIG . 2. After FIG . 2 , for 
convenience of description , only four of the word lines WL 
arranged in the Z direction are illustrated . 
[ 0098 ] < 2.1 Floating Gate Electrodes > 
[ 0099 ] First , the floating gate electrodes FG will be 
described . 
[ 0100 ] As illustrated in FIGS . 2 and 3 , the first floating 
gate electrodes FGA are located between the first word lines 
WLA and the pillars 30. On the other hand , the second 
floating gate electrodes FGB are located between the second 
word lines WLB and the pillars 30. In the present embodi 
ment , the floating gate electrodes FG are formed such that 
ends thereof in the -Y direction and the + Y direction have 
trapezoidal shapes of circular arcs . 
( 0101 ] < 2.2 Word Lines > 
[ 0102 ] Next , the word lines WL will be described . 
[ 0103 ] Each word line WL includes , for example , a barrier 
metal film 91 and a conductive member 92. The barrier 
metal film 91 is provided on a surface of each word line WL . 
The barrier metal film 91 is a film that curbs diffusion of a 
material of the conductive member 92. The barrier metal 
film 91 is formed of , for example , titanium nitride ( TiN ) . 
The conductive member 92 is provided inside the barrier 
metal film 91. The conductive member 92 is formed of , for 
example , tungsten . 
[ 0104 ] < 2.3 Block Insulating Films > 
[ 0105 ] Next , the block insulating films 60 will be 
described . 
[ 0106 ] The block insulating films 60 are provided , for 
example , between the first floating gate electrodes FGA and 
the first word lines WLA , and between the second floating 
gate electrodes FGB and the second word lines WLB . Each 
block insulating film 60 includes , for example , first to third 
block insulating films 61 , 62 and 63 . 
[ 0107 ] The first block insulating films 61 are located 
closest to the floating gate electrodes FG among the first to 
third block insulating films 61 , 62 and 63. Each of the first 
block insulating films 61 covers , for example , lateral sur 
faces , an upper surface , and a lower surface of each floating 
gate electrode FG . The first block insulating films 61 are 

formed of , for example , a high - k material such as silicon 
nitride ( SiN ) , hafnium oxide ( HfO ) , or the like . The first 
block insulating films 61 may be formed of a material 
containing ruthenium ( Ru ) , aluminum ( Al ) , titanium ( Ti ) , 
zirconium ( Zr ) , or silicon ( Si ) . 
[ 0108 ] The second block insulating films 62 are provided 
on sides opposite to the floating gate electrodes FG with 
respect to the first block insulating films 61. Each of the 
second block insulating films 62 covers , for example , the 
lateral surfaces , the upper surface , and the lower surface of 
each floating gate electrode FG with the first block insulat 
ing film 61 interposed in - between . In place of the above 
constitution , the second block insulating films 62 may cover 
only the lateral surfaces of the floating gate electrodes FG , 
and be provided along boundaries between the insulating 
films ( the interlayer insulating films ) 54 and the word lines 
WL . The second block insulating films 62 are formed of , for 
example , silicon oxide . 
[ 0109 ] The third block insulating films 63 are provided on 
sides opposite to the floating gate electrodes FG with respect 
to the first and second block insulating films 61 and 62. Each 
of the third block insulating films 63 covers , for example , the 
lateral surfaces , the upper surface , and the lower surface of 
each floating gate electrode FG with the first and second 
block insulating films 61 and 62 interposed in - between . In 
place of the above constitution , the third block insulating 
films 63 may cover only the lateral surfaces of the floating 
gate electrodes FG , and be provided along boundaries 
between the insulating films ( the interlayer insulating films ) 
54 and the word lines WL . The third block insulating films 
63 need be formed of a material having a high dielectric 
constant , and are formed of , for example , a high - k film that 
is an oxide film containing aluminum ( Al ) , hafnium ( Hf ) , or 
zirconium ( Zr ) . The third block insulating films 63 may be 
formed of silicon nitride . 
[ 0110 ] < 2.4 Tunnel Insulating Films > 
[ 0111 ] Next , the tunnel insulating films 40 will be 
described . 
[ 0112 ] The first tunnel insulating films 40A are located 
between the first floating gate electrodes FGA and the pillars 
30. On the other hand , the second tunnel insulating films 
40B are located between the second floating gate electrodes 
FGB and the pillars 30. In the present embodiment , a “ first 
memory film ( a first memory cell ) MCA ” is defined by the 
first floating gate electrode FGA , the block insulating film 
60 , and the first tunnel insulating film 40A . On the other 
hand , a “ second memory film ( second memory cell ) MCB ” 
is defined by the second floating gate electrode FGB , the 
block insulating film 60 , and the second tunnel insulating 
film 40B . 
[ 0113 ] < 2.5 Pillars > 
[ 0114 ] Next , the pillars 30 will be described . 
[ 0115 ] The pillars 30 are provided between the first word 
lines WLA and the second word lines WLB in the X 
direction . Each pillar 30 includes a channel part 31 , an 
insulating film 32 , a sidewall 33 ( see FIG . 3 ) , an insulating 
part 34 , and a hollow part 35 from an outer circumferential 
side thereof in this order . 
[ 0116 ] The channel part 31 is located at an outermost 
circumference of the pillar 30. The channel part 31 extends 
in the Z direction over an entire length ( a whole height ) of 
the pillar 30 in the Z direction . A lower end of the channel 
part 31 passes through the upper insulating film 25 of the 
lower structure 20 , and is connected to the source line SL . 
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On the other hand , an upper end of the channel part 31 is 
connected to the bit line BL via the contact 81. The channel 
part 31 is formed of a semiconductor material such as 
amorphous silicon ( a - Si ) . The channel part 31 may be 
formed of , for example , polysilicon into a part of which 
impurities are doped . The impurities included in the channel 
part 31 are any one selected from the group consisting of , for 
example , carbon , phosphorus , boron , and germanium . In a 
case where the channel part 31 injects electrons into the 
floating gate electrode FG and pulls the electrons injected 
into the floating gate electrode FG out of the floating gate 
electrode FG , an electric current flows between the source 
line SL and the bit line BL . The channel part 31 may be 
referred to as “ silicon layer . ” 
[ 0117 ] The channel part 31 includes a first channel part 
31A that is located on a side of the channel part 31 in the -X 
direction , and a second channel part 31B that is located on 
a side of the channel part 31 in the + X direction . The first 
channel part 31A is provided between the first word line 
WLA and the second word line WLB , and extends in the Z 
direction . The first channel part 31A faces the first source 
side select gate electrode 51A , the plurality of first floating 
gate electrodes FGA , and the first drain - side select gate 
electrode 52A with the first tunnel insulating film 40A 
interposed in - between . The second channel part 31B is 
provided between the first word line WLA and the second 
word line WLB , is adjacent to the first channel part 31A in 
the X direction , and extends in the Z direction . The second 
channel part 31B faces the second source - side select gate 
electrode 51B , the plurality of second floating gate elec 
trodes FGB , and the second drain - side select gate electrode 
52B with the second tunnel insulating film 40B interposed 
in - between . In the present embodiment , the channel part 31 
is formed in a ring shape . 
[ 0118 ] The insulating film 32 is provided on a central side 
of the pillar 30 relative to the channel part 31 in the X and 
Y directions . For example , the insulating film 32 is provided 
on an inner circumferential surface of the channel part 31. In 
the present embodiment , the insulating film 32 is formed 
along the inner circumferential surface of the channel part 
31 in a ring shape . The insulating film 32 extends in the Z 
direction , for example , over an entire length ( a whole height ) 
of the pillar 30 in the Z direction . The insulating film 32 is 
formed of , for example , silicon oxide ( SiO ) . The insulating 
film 32 is an example of a “ third insulating part , ” and is an 
example of a “ fourth insulating material . ” 
[ 0119 ] Here , the pillar 30 includes , for example , a first 
region PR1 and a second region PR2 that is located on a side 
opposite to the silicon substrate 10 with respect to the first 
region PR1 to in the Z direction ( see FIG . 3 ) . The first region 
PR1 is a region in which the hollow part 35 ( to be described 
below ) is provided . On the other hand , the second region 
PR2 is a region in which the hollow part 35 ( to be described 
below ) is not provided . 
[ 0120 ] The sidewall 33 is provided in the second region 
PR2 of the pillar 30. The sidewall 33 is not provided in the 
first region PR1 of the pillar 30. The sidewall 33 is provided 
on a central side of the pillar 30 relative to the insulating film 
32 in the second region PR2 of the pillar 30 in the X and Y 
directions . For example , the sidewall 33 is provided on an 
inner circumferential surface of the insulating film 32. In the 
present embodiment , the sidewall 33 is formed along the 
inner circumferential surface of the insulating film 32 in a 
ring shape . The sidewall 33 includes , for example , a semi 

conductor material such as amorphous silicon ( a - Si ) . How 
ever , a material of which the sidewall 33 is formed is not 
limited to the semiconductor material , and may be an 
insulating material or the like . 
[ 0121 ] A part of the sidewall 33 ( e.g. , a region more than 
half of the length in the Z direction ) is located above an 
upper end ( an upper surface ) of the drain - side select gate line 
SGD . One end ( a lower end ) 33a of the sidewall 33 extends , 
for example , closer to the silicon substrate 10 than at least 
a part ( e.g. , an upper end ( an upper surface ) ) of the drain 
side select gate line SGD . In the present embodiment , the 
one end ( the lower end ) 33a of the sidewall 33 extends 
closer to the silicon substrate 10 than a lower end ( a lower 
surface ) of the drain - side select gate line SGD . In place of 
the above constitution , the one end ( the lower end ) 33a of 
the sidewall 33 may be located at a height between the upper 
end ( the upper surface ) and the lower end ( the lower surface ) 
of the drain - side select gate line SGD in the Z direction , and 
be located above the upper end ( the upper surface ) of the 
drain - side select gate line SGD . 
[ 0122 ] For example , a thickness ( e.g. , a maximum thick 
ness ) t1 of the sidewall 33 in the X direction is greater than 
a thickness ( e.g. , a maximum thickness ) t2 of the first tunnel 
insulating film 40A in the X direction , is greater than a 
thickness ( e.g. , a maximum thickness ) t3 of the first channel 
part 31A in the X direction , is greater than a thickness ( e.g. , 
a maximum thickness ) t4 of the insulating film 32 in the X 
direction , and is greater than a thickness ( e.g. , a maximum 
thickness ) t5 of the insulating part 34 ( a first insulating part 
34a ( to be described below ) , which is provided in the first 
region PR1 of the pillar 30 , in the X direction . However , the 
thickness tl of the sidewall 33 in the X direction is not 
limited to the above example . The above example is also 
equally applied to a thickness of the sidewall 33 in the Y 
direction . 
[ 0123 ] The insulating part 34 is provided over the first 
region PR1 and the second region PR2 of the pillar 30. That 
is , the insulating part 34 includes a first insulating part 34a 
provided in the first region PR1 of the pillar 30 , and a second 
insulating part 34b provided in the second region PR2 of the 
pillar 30. The insulating part 34 is formed of a material M 
that is different from the material of which the channel parts 
31 is formed and is different from the material of which the 
sidewall 33 is formed . The material M is , for example , an 
insulating material such as tetra ethyl or tho silicate ( TEOS : 
Si ( OC2H5 ) 4 ) . The material M is , for example , a material 
having the same dielectric constant as the first or second 
block insulating film 61 or 62. However , the material M is 
not limited to the above example . 
[ 0124 ] The first insulating part 34a is provided on the 
central side of the pillar 30 relative to the insulating film 32 
in the X and Y directions . For example , the first insulating 
part 34a is provided , for example , on the inner circumfer 
ential surface of the insulating film 32. In the present 
embodiment , the first insulating part 34a is formed along the 
inner circumferential surface of the insulating film 32 in a 
ring shape . The first insulating part 34a is located between 
the channel part 31 and the hollow part 35 ( to be described 
below ) in the X and Y directions . For example , the first 
insulating part 34a is continuously provided over an entire 
length ( a whole height ) of the first region PR1 of the pillar 
30 in the Z direction . For example , the first insulating part 
34a extends along the plurality of floating gate electrodes 
FG , which are arranged in the Z direction , in the Z direction . 
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For example , the first insulating part 34a continuously 
extends from below the floating gate electrode FG that is 
closest to the silicon substrate 10 among the plurality of 
floating gate electrodes FG arranged in the Z direction to 
above the floating gate electrode FG that is farthest from the 
silicon substrate 10 among the plurality of floating gate 
electrodes FG arranged in the Z direction . In the present 
embodiment , the first insulating part 34a passes through at 
least a part of the upper insulating film 25 of the lower 
structure 20 , and extends below an upper surface of the 
upper insulating film 25. The first insulating part 34a is an 
example of a “ first inner - pillar insulator . " 
[ 0125 ] For example , a thickness ( e.g. , a maximum thick 
ness ) t5 of the first insulating part 34a in the X direction is 
greater than the thickness ( e.g. , the maximum thickness ) t3 
of the first channel part 31A in the X direction , and is greater 
than the thickness ( e.g. , the maximum thickness ) t4 of the 
insulating film 32 in the X direction . The thickness ( e.g. , the 
maximum thickness ) 15 of the first insulating part 34a in the 
X direction is smaller than , for example , the thickness ( e.g. , 
the maximum thickness ) t2 of the first tunnel insulating film 
40A in the X direction . However , the thickness t5 of the first 
insulating part 34a in the X direction is not limited to the 
above example . The above example is also equally applied 
to a thickness of the first insulating part 34a in the Y 
direction . However , the first insulating part 34a may not be 
present . That is , the insulating part 34 may include only the 
second insulating part 34b . 
[ 0126 ] On the other hand , second insulating part 34b is 
provided on the central side of the pillar 30 relative to the 
sidewall 33 in the X and Y directions . In the present 
embodiment , the second insulating part 34b is embedded on 
an inner circumferential side of the ring - shaped sidewall 33 . 
The second insulating part 34b is connected to the first 
insulating part 34a in the Z direction . The second insulating 
part 34b is an example of a “ second inner - pillar insulator . " 
In some respects , the second insulating part 34b is an 
example of a “ fourth insulating part , ” and is an example of 
a “ fifth insulating material . ” For example , an insulation 
property ( e.g. , an insulation property per unit thickness ) of 
the second insulating part 346 is lower than that of the 
hollow part 35 . 
[ 0127 ] The hollow part 35 is provided in the first region 
PR1 of the pillar 30 , and is formed in a hollow shape . The 
hollow part 35 is filled with a gas ( e.g , air ) . The hollow part 
35 is provided on the central side of the pillar 30 relative to 
the first insulating part 34a in the X and Y directions . That 
is , the hollow part 35 is provided on an inner circumferential 
side of the first insulating part 34a . In other words , the 
hollow part 35 is provided on an inner circumferential side 
of the channel part 31. The hollow part 35 is provided 
between the first channel part 31A and the second channel 
part 31B . The hollow part 35 is an example of a “ third 
insulating material . ” An example of the third insulating 
material is a gas . For example , an insulation property ( e.g. , 
an insulation property per unit thickness ) of the hollow part 
35 is higher than that of the tunnel insulating film 40. The 
third insulating material is not limited to the gas , and may be 
a solid insulating material . 
[ 0128 ] The hollow part 35 is continuously provided from 
a lower end to an upper end of the first region PR1 of the 
pillar 30. For example , the hollow part 35 extends along the 
plurality of floating gate electrodes FG , which are arranged 
in the Z direction , in the Z direction . For example , a first end 

( a lower end ) 35a of the hollow part 35 is located closer to 
the silicon substrate 10 than at least a part ( e.g. , an upper end 
( an upper surface ) ) of the floating gate electrode FG that is 
closest to the silicon substrate 10 among the plurality of 
floating gate electrodes FG . Further , a second end ( upper 
end ) 35b of the hollow part 35 is located farther from the 
silicon substrate 10 than at least a part ( e.g. , a lower end ( a 
lower surface ) ) of the floating gate electrode FG that is 
farthest from the silicon substrate 10 among the plurality of 
floating gate electrodes FG . In the present embodiment , the 
hollow part 35 extends from below a lower end ( a lower 
surface ) of the floating gate electrode FG that is closest to 
the silicon substrate 10 among the plurality of floating gate 
electrodes FG arranged in the Z direction to above an upper 
end ( an upper surface ) of the floating gate electrode FG that 
is farthest from the silicon substrate 10 among the plurality 
of floating gate electrodes FG arranged in the Z direction . 
[ 0129 ] For example , the hollow part 35 extends closer to 
the silicon substrate 10 than at least a part ( e.g. , an upper end 
( an upper surface ) ) of the source - side select gate line SGS . 
In the present embodiment , the hollow part 35 extends closer 
to the silicon substrate 10 than a lower end ( a lower surface ) 
of the source - side select gate lines SGS . For example , the 
hollow part 35 passes through at least a part of the upper 
insulating film 25 of the lower structure 20 , and extends 
below the upper surface of the upper insulating film 25. On 
the other hand , an upper end of the hollow part 35 is located 
below the drain - side select gate line SGD . In place of the 
above constitution , the upper end of the hollow part 35 may 
be located above the drain - side select gate line SGD . 
[ 0130 ] For example , a width ( e.g. , a maximum width ) W 
of the hollow part 35 in the X direction is greater than the 
thickness ( e.g. , the maximum thickness ) t1 of the sidewall 
33 in the X direction , is greater than the thickness ( e.g. , the 
maximum thickness ) t2 of the first tunnel insulating film 
40A in the X direction , is greater than the thickness ( e.g. , the 
maximum thickness ) t3 of the first channel part 31A in the 
X direction , is greater than the thickness ( e.g. , the maximum 
thickness ) 14 of the insulating film 32 in the X direction , and 
is greater than the thickness ( e.g. , the maximum thickness ) 
t5 of the first insulating part 34a in the X direction . The 
width W of the hollow part 35 in the X direction is not 
limited to the above example . 
[ 0131 ] < 3 . Method of Fabricating Semiconductor Storage 
Device > 
[ 0132 ] Next , an example of a method of fabricating the 
semiconductor storage device 1 will be described . 
[ 0133 ] FIGS . 5 to 34 are views illustrating a method of 
fabricating the semiconductor storage device 1. First , as 
illustrated in FIG . 5 , a lower insulating film 21 , a conductive 
layer 22 , an interconnection layer 23 , and a conductive layer 
24 are formed on a silicon substrate 10. Next , as illustrated 
in FIG . 6 , the conductive layer 22 , the interconnection layer 
23 , and the conductive layer 24 are selectively removed by , 
for example , dry etching . Thereby , source lines SL are 
formed . Next , as illustrated in FIG . 7 , an insulating member 
26 and an upper insulating film 25 are formed on the lower 
insulating film 21 and the source lines SL . 
[ 0134 ] Next , as illustrated in FIG . 8 , for example , insu 
lating films 54 including silicon oxide and filling films 95 
including silicon nitride are alternately laminated on the 
upper insulating film 25 by a chemical vapor deposition 
( CVD ) method , and thus a laminated intermediate 50A is 
formed . Next , as illustrated in FIG . 9 , a mask 101 is formed 
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on the laminated intermediate 50A by depositing , for 
example , silicon oxide ( SiO2 ) . Next , for example , a pattern 
film 102 including carbon ( C ) , an anti - reflective coating 
( ARC ) 103 , and a resist film 104 are formed on the mask 
101 . 

[ 0135 ] Next , as illustrated in FIG . 10 , a resist pattern 104a 
is formed by exposing and developing the resist film 104 . 
Next , the resist pattern 104a is etched to form an ARC 103a 
and a pattern film 102a . Next , the mask 101 is patterned to 
form a mask 101a . Thereby , the mask 101a includes open 
ings 101b that extend in the Y direction . Next , for example 
wet etching is performed using the mask 101a as a mask , 
thus digging the laminated intermediate 50A in the Z direc 
tion . Thereby , memory cell trenches MT that passes through 
the laminated intermediate 50A to reach the upper insulating 
film 25 are formed . 

[ 0136 ] Next , as illustrated in FIG . 11 , an insulating mate 
rial such as silicon oxide is deposited . Thereby , an insulating 
film 55A serving as an origin of an insulating member 55 is 
formed in the memory cell trenches MT . Next , as illustrated 
in FIG . 12 , an unnecessary portion of the insulating film 55A 
located on the resist pattern 104a is removed by , for 
example , etching - back . Next , the resist pattern 104a , the 
ARC 103a , and the pattern film 102a are removed . Next , as 
illustrated in FIG . 13 , for example , a hard mask MS is 
provided , for example , on the mask 101a . The hard mask 
MS includes openings MSa at positions corresponding to 
memory holes MH ( to be described below ) . 
[ 0137 ] Next , as illustrated in FIG . 14 , for example , wet 
etching is performed using the hard mask MS as a mask , and 
thus portions exposed to the openings MSa of the hard mask 
MS are removed from the laminated intermediate 50A . 
Here , in the present embodiment , an etchant remaining 
without removing the mask 101a under the hard mask MS 
is used . For this reason , only the unnecessary portion of the 
insulating film 55A is removed without removing the insu 
lating films 54 and the filling films 95 . 
[ 0138 ] Thereby , as illustrated in FIG . 15 , the memory 
holes MH passing through the insulating film 55A in the Z 
direction are formed , and the remaining portions of the 
insulating films 55A become insulating members 55. Each 
memory hole MH is an example of a “ hole part . ” The 
memory holes MH are provided between a first intercon 
nection region Al and a second interconnection region A2 in 
the laminated intermediate 50A . The “ interconnection 
region " may be a region where an interconnection is previ 
ously formed , or may be a region where an interconnection 
is formed in a succeeding process . In the present embodi 
ment , the first interconnection region Al is a region where 
a first word line WLA is formed in a succeeding process , and 
the second interconnection region A2 is a region where a 
second word line WLB is formed in a succeeding process . 
Next , as illustrated in FIG . 16 , the upper insulating film 25 
is exposed in the memory holes MH are exposed is partly 
removed by , for example , etching , and thus source lines SL 
are exposed . 
[ 0139 ] Next , as illustrated in FIG . 17 , wet etching that 
uses , for example , a hot phosphoric acid ( H2PO4 ) that is a 
chemical liquid dissolving silicon nitride as an etchant is 
performed via the memory holes MH . Thereby , parts of the 
filling films 95 which are close to the memory holes MH are 
removed , and thus dents 111 are formed in lateral surfaces 
of the memory holes MH . 

[ 0140 ] Next , as illustrated in FIG . 18 , a block insulating 
film 60 is formed , for example , by depositing an insulating 
material on inner surfaces of the memory holes MH and 
inner surfaces of the dents 111 , thus forming a block 
insulating film 60. Next , as illustrated in FIG . 19 , a floating 
gate electrode film 112 is formed , for example , by depositing 
polysilicon on an inner circumferential surface of the block 
insulating film 60. In this case , the polysilicon is provided to 
fill the dents 111. Next , as illustrated in FIG . 20 , unnecessary 
insulating material and polysilicon are removed from the 
inner surfaces of the memory holes MEL Thereby , an 
unnecessary portion of the floating gate electrode film 112 is 
removed , and floating gate electrodes FG are formed . 
[ 0141 ] Next , as illustrated in FIG . 21 , a tunnel insulating 
film 40 is formed , for example , by depositing silicon oxide 
on the inner surfaces of the memory holes MH . The tunnel 
insulating film 40 is an example of a “ first film . ” Next , as 
illustrated in FIG . 22 , bottoms of the tunnel insulating film 
40 are removed by , for example , etching , and the source 
lines SL are exposed in the memory holes MH . 
[ 0142 ] Next , as illustrated in FIG . 23 , a channel part 31 of 
a pillar 30 is formed on the inner circumferential surface of 
the tunnel insulating film 40 by laminating a semiconductor 
material . The channel part 31 includes a first region CR1 and 
a second region CR2 . The first region CR1 is a region that 
is included in the aforementioned first region PR1 of the 
pillar 30. The second region CR2 is a region that is included 
in the aforementioned second region PR2 of the pillar 30 . 
The channel part 31 may be annealed to crystallize amor 
phous silicon at this timing , or be annealed at a timing after 
this timing . The channel part 31 is an example of a “ second 
film . ” Next , as illustrated in FIG . 24 , an insulating film 32 
is formed on an inner circumferential surface of the channel 
part 31 by depositing an insulating material . 
[ 0143 ] Next , as illustrated in FIG . 25 , for example , silicon 
oxide ( SiO ) is deposited , and thereby a sacrificial film 113 
embedding the inside of the memory holes MH is formed . A 
material having a faster depositing speed than a semicon 
ductor material ( e.g. , amorphous silicon ) is used for the 
sacrificial film 113 . 
[ 0144 ] Next , as illustrated in FIG . 26 , the sacrificial film 
113 is removed by , for example , etching - back , except a 
portion corresponding to the first region CR1 of the pillar 30 . 
Thereby , the sacrificial film 113 remains in only a region 
corresponding to the first region PR1 of the pillar 30 in the 
memory holes MH . 
[ 0145 ] Next , as illustrated in FIG . 27 , a semiconductor 
film 114 is formed on the mask 101a , on inner surfaces of 
the memory holes MH , and on the sacrificial film 113 inside 
the semiconductor film 114 by , for example , depositing a 
semiconductor material . Next , as illustrated in FIG . 28 , the 
semiconductor film 114 is removed on the mask 101a and 
above the center of the sacrificial film 113 by , for example , 
etching - back . Thereby , a ring - shaped sidewall 33 is formed 
on an inner circumferential side of each of the channel part 
31 in the second region CR2 , and openings O of upper 
portions of the memory holes MH are narrowed . That is , in 
the present embodiment , the sidewalls 33 are formed in a 
state in which the sacrificial film 113 is provided on the inner 
circumferential side of the channel part 31 in the first region 
CR1 . Each sidewall 33 is an example of a “ third film . ” 
[ 0146 ] Next , as illustrated in FIG . 29 , the sacrificial film 
113 inside the memory holes MH is removed through the 
openings O inside the sidewalls 33 by , for example , wet 
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etching . Thereby , hollow parts 115 are again formed in the 
first regions PR1 of the pillars 30 . 
[ 0147 ] Next , as illustrated in FIG . 30 , an insulating mate 
rial having relatively bad coverage such as , for example , 
TEOS is deposited . This insulating material is a material that 
have worse coverage than , for example , the semiconductor 
material of which the sidewalls 33 are formed . The “ cover 
age ” refers to a rate at which , in a case where a material is 
deposited , for example , on a complicated surface under the 
same condition , the surface can be covered with this mate 
rial . By depositing the insulating material , a part of the 
insulating material is attached on an inner circumferential 
surface of the insulating film 32 on the inner circumferential 
side of the channel parts 31 in the first regions CR1 , and the 
first insulating parts 34a are formed . Further , the insulating 
material blocks the openings O on inner circumferential 
sides of the sidewalls 33 , and thus forming second insulating 
parts 34b . Thereby , inner circumferential sides of the side 
walls 33 are embedded while leaving at least parts of the 
hollow parts 115 on the inner circumferential side of the 
channel parts 31 in the first regions CR1 . That is , portions of 
the hollow parts 115 which are not embedded by the 
insulating material remains as hollow parts 35 of the pillars 
30 . 
[ 0148 ] Next , as illustrated in FIG . 31 , the insulating part 
34 is removed on the mask 101a and above upper ends of the 
memory holes MH by , for example , etching - back . Next , as 
illustrated in FIG . 32 , the same semiconductor material as , 
for example , the material of which the sidewalls 33 are 
formed is again deposited , and the upper ends of the memory 
holes MH are embedded . Next , as illustrated in FIG . 33 , the 
semiconductor material is removed on the mask 101a . 
[ 0149 ] Next , as illustrated in FIG . 34 , a slit SL passing 
through a laminated intermediate 50A in the Z direction is 
formed , and the filling films 95 are removed via the slit SL 
by , for example , wet etching . Next , barrier metal films 91 
and conductive members 92 are provided in spaces from 
which the filling films 95 are removed , and thereby a 
plurality of word lines WL , source - side select gate lines 
SGS , and drain - side select gate lines SGD are formed . Next , 
the slit SL is embedded by an insulating material , and 
thereby an insulating member 56 is formed . Thereby , the 
laminated intermediate 50A becomes a laminate 50. Next , 
bit lines BL , a plurality of interconnections L1 , L2 and L3 , 
and contacts 80 are formed by a known method . Thereby , the 
semiconductor storage device 1 is formed . 
[ 0150 ] According to the semiconductor storage device 1 
having this constitution , electrical characteristics can be 
improved . That is , in a case where , for example , many parts 
of the pillar 30 are formed of an oxide film , the electrical 
characteristics of the semiconductor storage device 1 may be 
reduced by immobile charges in the oxide film . For example , 
when the oxide film has positive immobile charges , a 
threshold value of the memory cell used to determine a 
charge state is generally shifted to a positive side , and a 
sufficient gap between neighboring threshold value distri 
butions is hardly secured . As a result , it may be difficult to 
improve reliability to read out data . On the other hand , when 
the oxide film has negative immobile charges , a threshold 
value of a fringe transistor of , for example , the memory cell 
may be reduced , and a writing slope may be reduced . As a 
result , it may be difficult to improve writing reliability of 
data . The “ threshold value of the fringe transistor ” is a 
threshold value at which a parasite transistor generated when 

electric charges are concentrated on ends of the memory cell 
is put in an ON state . Further , the “ writing slope ” is a slope 
in a graph of a ratio of “ A threshold value ” to “ A writing 
voltage ” when the writing voltage is swept . 
[ 0151 ] Thus , in the present embodiment , the hollow part 
35 is provided inside the channel part 31 at the pillar 30 . 
According to this constitution , for example , in comparison 
with a case where the center of the pillar 30 is formed of an 
oxide film , the immobile charges included in the pillar 30 
can be reduced . Thereby , the electrical characteristics of the 
semiconductor storage device 1 can be improved . 
[ 0152 ] ( Modification of the Fabricating Method of the 
First Embodiment ) 
[ 0153 ] Next , a modification of the method of fabricating 
of the semiconductor storage device 1 of the first embodi 
ment will be described . In this modification , since the 
processes up to the process of forming the insulating film 32 
( the process illustrated in FIG . 24 ) is the same as those of the 
first embodiment , the description thereof will be omitted . 
[ 0154 ] In this modification , after the insulating film 32 is 
formed , the sacrificial film 113 is not provided , and the 
sidewalls 33 are formed . To be specific , as illustrated in FIG . 
35 , in a state in which hollow parts 115 remain on the inner 
circumferential side of the channel parts 31 in the first 
regions CR1 , insulating films 121 are formed by depositing 
an insulating material . At least one of a material and a 
deposition condition of the deposited insulating material is 
adjusted , and thereby the insulating films 121 are formed 
inside the memory holes MH only around the openings of 
the memory holes MH . Thereby , the sidewalls 33 are formed 
only on the inner circumferential side of the channel parts 31 
in the second regions CR2 . These insulating films 121 may 
be formed , for example , by depositing an insulating material 
having worse coverage than a TEOS , or may be formed by 
previously applying nucleuses that become starting points of 
growth of the insulating films 121 only to regions on which 
the insulating films 121 is to be formed . 
[ 0155 ] Next , as illustrated in FIG . 36 , an insulating mate 
rial having relatively bad coverage such as a TEOS is 
deposited . Thereby , a part of the insulating material is 
deposited on an inner circumferential surfaces of the insu 
lating films 32 on the inner circumferential sides of the 
channel parts 31 in the first regions CR1 , and a first 
insulating parts 34a are formed . Further , an insulating mate 
rial blocks the openings O on inner circumferential sides of 
the sidewalls 33 , and second insulating parts 34b are formed . 
Thereby , the inner circumferential sides of the sidewalls 33 
are embedded while leaving at least parts of the hollow parts 
115 on the inner circumferential sides of the channel parts 31 
in the first regions CR1 . That is , portions of the hollow parts 
115 which are not embedded by the insulating material are 
left as the hollow parts 35 of the pillars 30 . 
[ 0156 ] Next , as illustrated in FIG . 37 , the insulating part 
34 is removed above the mask 101a and from the upper ends 
of the memory holes MH by , for example , etching - back . 
Next , as illustrated in FIG . 38 , for example , a semiconductor 
material is deposited , and the upper ends of the memory 
holes MH are embedded . Next , as illustrated in FIG . 39 , the 
semiconductor material is removed from above the mask 
101a . Afterward , the process equivalent to FIG . 34 of the 
first embodiment is performed , the word lines WL or the like 
are formed , and the laminated intermediate 50 A becomes a 
laminate 50 . 
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[ 0157 ] According to this constitution , like the first 
embodiment , the semiconductor storage device 1 whose 
electrical characteristics are improved can be provided . 
According to the fabricating method of this modification , 
man - hours required for the fabrication can be reduced 
compared to the first embodiment . 

Second Embodiment 
[ 0158 ] Next , a second embodiment will be described . The 
second embodiment is different from the first embodiment in 
whic each pillar 30 is formed in an elliptical shape when 
viewed in the Z direction . A constitution other than a 
constitution described below is the same as in the first 
embodiment . 
[ 0159 ] FIG . 40 is a sectional view illustrating a semicon 
ductor storage device 1A of a second embodiment . FIG . 41 
is a sectional view taken along line F41 - F41 of the semi 
conductor storage device 1A illustrated in FIG . 40. In the 
present embodiment , each tunnel insulating film 40 and each 
pillar 30 are formed in an elliptical shape in which the X 
direction is a longitudinal direction . For example , an end of 
the tunnel insulating film 40 in the -X direction protrudes in 
the -X direction relative to an end face el of an insulating 
member 55 in the -X direction . Similarly , an end of the 
tunnel insulating film 40 in the + X direction protrudes in the 
+ X direction relative to an end face e2 of the insulating 
member 55 in the + X direction . In the present embodiment , 
each of first floating gate electrodes FGA is formed in a 
circular arc shape along an outline of the end of the tunnel 
insulating film 40 in the -X direction . Similarly , each of 
second floating gate electrodes FGB is formed in a circular 
arc shape along an outline of the end of the tunnel insulating 
film 40 in the + X direction . 
[ 0160 ] Next , an example of a method of fabricating the 
semiconductor storage device 1A of the present embodiment 
will be described . FIG . 42 is a view of a process equivalent 
to FIG . 14 of the first embodiment . As illustrated in FIG . 42 , 
in the present embodiment , a hard mask MS has elliptical 
openings MSa . For example , wet etching is performed using 
the hard mask MS as a mask , and portions of a laminated 
intermediate 50A which are exposed to the openings MSa of 
the hard mask MS are removed . In the present embodiment , 
an etchant by which a mask 101a under the hard mask MS 
is also removed is used . For this reason , as illustrated in FIG . 
42 , insulating films 54 and filling films 95 located immedi 
ately under the openings MSa of the hard mask MS are 
removed . Next , processes equivalent to FIGS . 15 and 16 of 
the first embodiment are performed . FIG . 43 is a view of the 
process equivalent to FIG . 17 of the first embodiment . As 
illustrated in FIG . 43 , wet etching using , for example , a hot 
phosphoric acid ( H2PO4 ) that is a chemical liquid dissolving 
silicon nitride as an etchant is performed via memory holes 
MH , portions of the filling films 95 which are close to the 
memory holes MH are removed , and dents 111 are formed 
in lateral surfaces of the memory holes MH . Afterward , 
processes equivalent to FIGS . 18 to 34 of the first embodi 
ment are performed . Thereby , the semiconductor storage 
device 1A is formed . 
[ 0161 ] According to this constitution , like the first 
embodiment , the semiconductor storage device 1A whose 
electrical characteristics are improved can be provided . 

Third Embodiment 
[ 0162 ] Next , a third embodiment will be described . The 
third embodiment is different from the first embodiment in 

which each floating gate electrode FG is formed in a fan 
shape when viewed in the Z direction . A constitution other 
than a constitution described below is the same as in the first 
embodiment . 
[ 0163 ] FIG . 44 is a sectional view illustrating a semicon 
ductor storage device 1B of a third embodiment . FIG . 45 is 
a sectional view taken along line F45 - F45 of the semicon 
ductor storage device 1B illustrated in FIG . 44. In the 
present embodiment , tunnel insulating films 40 are not 
formed in a ring shape , and are provided on a lateral surface 
of each pillar 30 in the -X direction and a lateral surface of 
each pillar 30 in the + X direction . Further , first floating gate 
electrodes FGA are formed in a fan shape , a width of which 
in the Y direction is widened toward first word lines WLA . 
Second floating gate electrodes FGB are formed in a fan 
shape , a width of which in the Y direction is widened toward 
second word lines WLB . In the present embodiment , second 
and third block insulating films 62 and 63 cover lateral 
surfaces of the floating gate electrodes FG , and are provided 
along boundaries between insulating films ( interlayer insu 
lating films ) 54 and word lines WL ( see FIG . 45 ) . 
[ 0164 ] Next , an example of a method of fabricating the 
semiconductor storage device 1B of the present embodiment 
will be described . In the present embodiment , processes 
including a process of forming a mask 101a ( the process 
illustrated in FIG . 9 ) are the same as those of the first 
embodiment . FIG . 46 is a view of a process equivalent to 
FIG . 10 of the first embodiment . In the present embodiment , 
trenches that reach an upper insulating film 25 of a lower 
structure 20 are formed first , and then parts of the upper 
insulating film 25 and an insulating member 26 of the lower 
structure 20 are removed . Thereby , memory cell trenches 
MT that reach source lines SL are formed . 
[ 0165 ] Next , as illustrated in FIG . 47 , wet etching using , 
for example , a hot phosphoric acid ( H2PO4 ) that is a 
chemical liquid dissolving silicon nitride as an etchant is 
performed via the memory cell trenches MT . Thereby , 
portions of filling films 95 which are close to the memory 
cell trenches MT are removed , and dents 111 are formed in 
lateral surfaces of the memory cell trenches MT . 
[ 0166 ] Next , as illustrated in FIG . 48 , for example , a block 
insulating film 141A is formed on inner surfaces of the 
memory cell trenches MT and inner surfaces of the dents 
111. Next , floating gate electrode films 112A are formed on 
an inner circumferential surfaces of the block insulating 
films 141A by depositing , for example , polysilicon . Next , as 
illustrated in FIG . 49 , the insulating material and the poly 
silicon are removed from inner surfaces of the memory cell 
trenches MT . Thereby , the block insulating film 141A 
becomes a plurality of block insulating films 141B divided 
in the Z direction . Further , the floating gate electrode film 
112A becomes a plurality of floating gate electrode films 
112B divided in the Z direction . 
[ 0167 ] Next , as illustrated in FIG . 50 , a tunnel insulating 
film 151 is formed on the inner surfaces of the memory cell 
trenches MT by depositing , for example , silicon oxide . Next , 
as illustrated in FIG . 51 , a sacrificial film 130 is formed by 
depositing an insulating material inside the tunnel insulating 
film 151 . 
[ 0168 ] Next , as illustrated in FIG . 52 , the sacrificial film 
130 is etched ( e.g. , performing etching - back ) , and an upper 
surface thereof is retracted to expose an upper surface of the 
tunnel insulating film 151 and an upper surface of the mask 
101a . Next , silicon oxide ( SiO2 ) is deposited on the tunnel 
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insulating film 151 and the mask 101a by , for example , a 
CVD method using dTEOS as a raw material , and thus a 
mask 131 is formed . Next , a pattern film 132 , an ARC 133 , 
and a resist film 134 are formed on the mask 131 . 
[ 0169 ] Next , as illustrated in FIG . 53 , resist patterns 134a 
that extend in the X direction and are separated from each 
other in the Y direction are formed by exposing and devel 
oping the resist film 134. Next , etching using the resist 
patterns 134a as masks is performed . Like the resist patterns 
134a , the ARC 133 and the pattern film 132 are also divided 
into portions in the Y direction , and ARCs 133a and pattern 
films 132a are formed . Next , the mask 131 is patterned to 
form masks 131a . The masks 131a extend in the X direction , 
and are separated from each other in the Y direction . The 
masks 131a are intermittently arranged on immediate upper 
regions of the memory cell trenches MT in the Y direction . 
[ 0170 ] Next , as illustrated in FIG . 54 , for example , wet 
etching is performed using the mask 101a and the masks 
131a as masks , and thereby hole parts H are formed to divide 
the tunnel insulating film 151 and the sacrificial film 130 in 
the Y direction . Thereby , the tunnel insulating film 151 and 
the insulating film 130 are divided in the Y direction . 
Thereby , the tunnel insulating film 151 becomes tunnel 
insulating films 40 divided in the Y direction . 
[ 0171 ] Next , for example , isotropic etching is performed , 
and thereby the floating gate electrode films 112B and the 
block insulating films 141B adjacent to the hole parts H are 
selectively removed via the hole parts H. Thereby , the 
floating gate electrode films 112B and the block insulating 
films 141B are divided in the Y direction . Thereby , each 
floating gate electrode film 112B becomes a plurality of 
floating gate electrodes FG divided in the Y direction . Each 
block insulating film 141B becomes a plurality of first block 
insulating films 61 divided in the Y direction . Next , as 
illustrated in FIG . 55 , an insulating material is deposited 
inside the hole parts H , and insulating members 55 are 
formed . 
[ 0172 ] Next , the resist pattern 134a , the ARC 133a , the 
pattern film 132a , and the masks 131a are removed . 
[ 0173 ] Next , as illustrated in FIG . 56 , the sacrificial film 
130 that is located directly under the masks 131a and is 
protected by the masks 131a is removed by , for example , 
etching - back . Thereby , memory holes MH are formed 
between the first tunnel insulating films 40A and the second 
tunnel insulating films 40B . Afterward , processes equivalent 
to FIGS . 23 to 34 of the first embodiment are performed . In 
the present embodiment , the second and third block insu 
lating films 62 and 63 are first formed in spaces from which 
the filling films 95 are removed , and then the word lines WL 
are formed . 
[ 0174 ] According to this constitution , like the first 
embodiment , the semiconductor storage device 1B whose 
electrical characteristics are improved can be provided . 
[ 0175 ] ( Modifications of the First to Third Embodiments ) 
[ 0176 ] Next , modifications of the first to third embodi 
ments will be described . FIG . 57 is a sectional view illus 
trating semiconductor storage devices 1 , 1A and 1B of these 
modifications . In these modifications , a width of each pillar 
30 in the X direction narrows downward . To be specific , 
each memory cell trench MT tapers off downward , for 
example , when the memory cell trench MT is formed . As a 
result , the width of the pillar 30 in the X direction narrows 
downward . In these modifications , thicknesses of block 
insulating films 60 , channel parts 31 , and insulating films 32 

in the X direction are substantially the same at any portions 
in the Z direction . Similarly , a width of the pillar 30 in the 
Y direction may narrow downward . 
[ 0177 ] As a result , a width of a hollow part 35 of the pillar 
30 in the X direction gradually narrows downward . For 
example , the hollow part 35 has an inclination at which the 
width thereof in the X direction gradually narrows down 
ward from an upper end to a lower end thereof . Similarly , a 
thickness of the hollow part 35 in the Y direction may be 
reduced downward . 
[ 0178 ] On the other hand , a thickness of a first insulating 
part 34a of the pillar 30 in the X direction is gradually 
reduced downward . For example , the first insulating part 
34a has an inclination at which the thickness thereof in the 
X direction is gradually reduced downward from an upper 
end to a lower end thereof . Similarly , a thickness of the first 
insulating part 34a in the Y direction may be reduced 
downward . 
[ 0179 ] The first insulating part 34a can be formed by 
adjusting a coverage of the first insulating part 34a . In a case 
where the first insulating part 34a has the inclination as 
described above , it is easy to greatly secure the hollow part 
35 over an entire length ( a whole height ) of the pillar 30 . 
[ 0180 ] While few embodiments and modifications have 
been described , the embodiments are not limited to the 
above examples . The aforementioned embodiments and 
modifications can be realized by a combination thereof . 
Further , the “ charge storage parts ” used herein are not 
limited to the floating gate electrodes FG as described above , 
and may be films that are formed of a silicon nitride film or 
another insulating film and have an ability to store electric 
charges . In this specification , the ordinal numbers such as 
“ first ” and “ second ” are for convenience of description , and 
may be appropriately added . 
[ 0181 ] According to at least one embodiment described 
above , since each pillar includes the second portion formed 
in a hollow shape , the electrical characteristics of the semi 
conductor storage device can be improved . 
[ 0182 ] Hereinafter , semiconductor storage devices and a 
method of fabricating semiconductor storage device are 
appended . 
[ 0183 ] [ 1 ] A semiconductor storage device includes : 
[ 0184 ] a first interconnection extending in a first direction ; 
[ 0185 ] a second interconnection extending in the first 
direction , the second interconnection being adjacent to the 
first interconnection in a second direction , the second direc 
tion intersecting the first direction ; 
[ 0186 ] a pillar between the first interconnection and the 
second interconnection , the pillar extending a third direc 
tion , the third direction intersecting the first direction and the 
second direction ; 
[ 0187 ] a first charge storage part between the first inter 
connection and the pillar ; 
[ 0188 ] a first insulating part between the first charge 
storage part and the pillar , 
[ 0189 ] a second charge storage part between the second 
interconnection and the pillar ; and 
[ 0190 ] a second insulating part between the second charge 
storage part and the pillar , 
[ 0191 ] wherein 
[ 0192 ] the pillar includes a channel part and a hollow part , 
the channel part including a semiconductor material , 
[ 0193 ] the channel part faces the first charge storage part 
with the first insulating part interposed between the channel 
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part and the first charge storage part , and the channel part 
faces the second charge storage part with the second insu 
lating part interposed between the channel part and the 
second charge storage part , and 
[ 0194 ] the hollow part is on central side of the pillar 
relative to the channel part in the second direction . 
[ 0195 ] [ 2 ] The semiconductor storage device according to 
[ 1 ] , wherein 
[ 0196 ] the channel part is in an annulation shape , and 
[ 0197 ] the hollow part is on an inner circumferential side 
of the channel part . 
[ 0198 ] [ 3 ] The semiconductor storage device according to 
[ 1 ] , wherein a width of the hollow part in the second 
direction is greater than a thickness of the channel part in the 
second direction . 
[ 0199 ] [ 4 ] The semiconductor storage device according to 
[ I ] , wherein 
[ 0200 ] a width of the hollow part in the second direction 
is greater than a thickness of the first insulating part in the 
second direction . 
[ 0201 ] [ 5 ] The semiconductor storage device according to 
[ 1 ] further includes : 
[ 0202 ] a third interconnection extending in the first direc 
tion , the third interconnection being adjacent to the first 
interconnection in the third direction ; and 
[ 0203 ] a third charge storage part between the third inter 
connection and the pillar , 
[ 0204 ] wherein the hollow part extends in the third direc 
tion at least over a position adjacent to the first charge 
storage part in the second direction and a position adjacent 
to the third charge storage part in the second direction . 
[ 0205 ] [ 6 ] The semiconductor storage device according to 
[ 1 ] further includes : 
[ 0206 ] a substrate ; and 
[ 0207 ] a plurality of charge storage parts arranged in the 
third direction , the plurality of charge storage parts includes 
the first charge storage part , 
[ 0208 ] wherein a first end of the hollow part is closer to the 
substrate than at least a part of the charge storage part that 
is closest to the substrate among the plurality of charge 
storage parts . 
[ 0209 ] [ 7 ] The semiconductor storage device according to 
[ 6 ] further includes 
[ 0210 ] a first select gate interconnection between the first 
interconnection and the substrate , 
[ 0211 ] wherein a first end of the hollow part is located 
closer to the substrate than at least a part of the first select 
gate interconnection . 
[ 0212 ] [ 8 ] The semiconductor storage device according to 
[ 1 ] further includes : 
[ 0213 ] a substrate ; and 
[ 0214 ] a plurality of charge storage parts arranged in the 
third direction , the plurality of charge storage parts includes 
the first charge storage part , 
[ 0215 ] wherein a second end of the hollow part is farther 
from the substrate than at least a part of the charge storage 
part that is farthest from the substrate among the plurality of 
charge storage parts . 
( 0216 ] [ 9 ] The semiconductor storage device according to 
[ 1 ] , wherein 
[ 0217 ] the pillar includes a first inner - pillar insulator 
between the channel part and the hollow part in the second 
direction , the first inner - pillar insulator including a material 
different from the semiconductor material . 

[ 0218 ] [ 10 ] The semiconductor storage device according 
to [ 1 ] further includes 
[ 0219 ] a substrate , 
[ 0220 ] wherein 
[ 0221 ] the pillar includes a first region in which the hollow 
part is provided , and a second region located on a side 
opposite to the substrate with respect to the first region in the 
third direction , and 
[ 0222 ] the second region includes a annulation - shaped 
sidewall and a second inner - pillar insulator , the annulation 
shaped sidewall being on a central side of the pillar relative 
to the channel part in the second direction , the second 
inner - pillar insulator including a material different from that 
of the sidewall , the second inner - pillar insulator being in 
contact with the sidewall . 
[ 0223 ] [ 11 ] The semiconductor storage device according 
to [ 10 ] further includes 
[ 0224 ] a second select gate interconnection on a side 
opposite to the substrate with respect to the first intercon 
nection in the third direction , 
[ 0225 ] wherein one end of the sidewall is closer to the 
substrate than at least a part of the second select gate 
interconnection . 
[ 0226 ] [ 12 ] The semiconductor storage device according 
to [ 10 ] , wherein 
[ 0227 ] a thickness of the sidewall in the second direction 
is greater than a thickness of the channel part in the second 
direction . 
[ 0228 ] [ 13 ] The semiconductor storage device according 
to [ 10 ] , wherein 
[ 0229 ] the pillar has a first inner - pillar insulator between 
the channel part and the hollow part in the second direction , 
the first inner - pillar insulator including a material different 
from the semiconductor material , and 
[ 0230 ] the second inner - pillar insulator is formed of the 
same material as the material of the first inner - pillar insu 
lator . 
[ 0231 ] [ 14 ] The semiconductor storage device according 
to [ 1 ] further includes 
[ 0232 ] a substrate , 
[ 0233 ] wherein the hollow part includes a portion in which 
a width of the hollow part in the second direction gets 
greater as a position of the hollow part is closer to the 
substrate . 
[ 0234 ] [ 15 ] The semiconductor storage device according 
to [ 14 ] , wherein 
[ 0235 ] the pillar has a first inner - pillar insulator between 
the channel part and the hollow part in the second direction , 
the first inner - pillar insulator including a material different 
from the semiconductor material , and 
[ 0236 ] the first inner - pillar insulator includes a portion in 
which a width of the first inner - pillar insulator in the second 
direction gets thinner as a position of the first inner - pillar 
insulator is closer to the substrate . 
[ 0237 ] [ 16 ] A method of fabricating a semiconductor 
storage device including : 
[ 0238 ] forming a laminated intermediate on a substrate , 
the laminated intermediate including a first interconnection 
region and a second interconnection region ; 
[ 0239 ] forming a hole part between the first interconnec 
tion region and the second interconnection region ; 
[ 0240 ] forming a first film having an insulation property 
inside the hole part ; 
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a second charge storage part between the second inter 
connection and the second channel part ; 

a second insulating part between the second charge stor 
age part and the second channel part ; 

a first select transistor at a second position separated from 
the surface of the substrate by a second distance in the 
third direction , the second distance being greater than 
the first distance ; 

a second select transistor above the second charge storage 
part in the third direction ; and 

a hollow part between the first channel part and the second 
channel part , 

wherein the hollow part is up to a third position separated 
from the surface of the substrate by a third distance in 
the third direction , the third distance being greater than 
or equal to the first distance and shorter than or equal 
to the second distance . 

2. The semiconductor storage device according to claim 1 , 
further comprising 

a third insulating part being between the first channel part 
and the hollow part in the second direction and being 
between the second channel part and the hollow part in 
the second direction . 

3. The semiconductor storage device according to claim 1 , 
further comprising : 

a sidewall above the third position , the sidewall being 
between the first channel part and the second channel 
part ; and 

[ 0241 ] forming a second film on an inner circumferential 
surface of the first film , the second film having a first region 
and a second region , the second region being on a side 
opposite to the substrate with respect to the first region , the 
second film including a semiconductor material ; 
[ 0242 ] forming a third film on an inner circumferential 
side of the second region of the second film ; and 
[ 0243 ] embedding an inner circumferential side of the 
third film with a material different from that of the third film 
while leaving at least a part of a hollow part that is present 
on an inner circumferential side of the first region of the 
second film . 
[ 0244 ] [ 17 ] The method of fabricating a semiconductor 
storage device according to [ 16 ] , wherein 
[ 0245 ] the forming the third film is performed in a state in 
which a sacrificial film is provided on an inner circumfer 
ential side of the first region of the second film ; 
[ 0246 ] the sacrificial film is removed after the third film is 
formed ; and 
[ 0247 ] the material different from that of the third film is 
embedded on the inner circumferential side of the third film 
while leaving at least a part of the hollow part on the inner 
circumferential side of the first region of the second film 
after the sacrificial film is removed . 
[ 0248 ] [ 18 ] The method of fabricating a semiconductor 
storage device according to [ 16 ] , wherein 
[ 0249 ] the forming the third film is performed in a state in 
which the hollow part is present on the inner circumferential 
side of the first region of the second film . 
[ 0250 ] While certain embodiments have been described , 
these embodiments have been presented by way of example 
only , and are not intended to limit the scope of the inven 
tions . Indeed , the novel embodiments described herein may 
be embodied in a variety of other forms ; furthermore , 
various omissions , substitutions and changes in the form of 
the embodiments described herein may be made without 
departing from the spirit of the inventions . The accompa 
nying claims and their equivalents are intended to cover 
such forms or modifications as would fall within the scope 
and spirit of the inventions . 
What is claimed is : 
1. A semiconductor storage device comprising : 
a substrate ; 
a first interconnection extending in a first direction ; 
a second interconnection extending in the first direction , 

the second interconnection being adjacent to the first 
interconnection in a second direction , the second direc 
tion intersecting the first direction ; 

a first channel part between the first interconnection and 
the second interconnection , the first channel part 
extending in a third direction , the third direction inter 
secting the first direction and the second direction ; 

a second channel part between the first interconnection 
and the second interconnection , the second channel part 
being adjacent to the first channel part in the second 
direction , the second channel part extending in the third 
direction ; 

a first charge storage part at a first position separated from 
a surface of the substrate by a first distance in the third 
direction , the first charge storage part being between 
the first interconnection and the first channel part ; 

a first insulating part between the first charge storage part 
and the first channel part ; 

a fourth insulating part including a material different from 
that of the sidewall , the fourth insulating part being in 
contact with the sidewali . 

4. The semiconductor storage device according to claim 3 , 
wherein 

an end of the sidewall is closer to the substrate than at 
least a part of the first select transistor . 

5. The semiconductor storage device according to claim 1 , 
wherein 

the hollow part is deep to a fourth position separated from 
the surface of the substrate by a forth distance in the 
third direction , the forth distance being shorter than the 
first distance . 

6. The semiconductor storage device according to claim 1 , 
further comprising 

a third select transistor between the substrate and the first 
charge storage part . 

7. The semiconductor storage device according to claim 6 , 
further comprising 

a plurality of charge storage parts between the first charge 
storage part and the third select transistor , the plurality 
of charge storage parts being arranged in the third 
direction . 

8. The semiconductor storage device according to claim 6 , 
wherein 

the hollow part is deep to a fourth position separated from 
the surface of the substrate by a forth distance in the 
third direction , the forth distance being shorter than the 
first distance , and 

the third select transistor is above the fourth position in 
the third direction . 

9. The semiconductor storage device according to claim 1 , 
wherein 

the hollow part has a first width in the second direction at 
the third position , the hollow part has a second width in 
the second direction at a position that is closer to the 
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substrate than the third position , and the first width is 
greater than the second width . 

10. A semiconductor storage device comprising : 
a substrate ; 
a first interconnection extending in a first direction ; 
a second interconnection extending in the first direction , 

the second interconnection being adjacent to the first 
interconnection in a second direction , the second direc 
tion intersecting the first direction ; 

a first channel part between the first interconnection and 
the second interconnection , the first channel part 
extending in a third direction , the third direction inter 
secting the first direction and the second direction ; 

a second channel part between the first interconnection 
and the second interconnection , the second channel part 
being adjacent to the first channel part in the second 
direction , the second channel part extending in the third 
direction ; 

a first charge storage part at a first position separated from 
a surface of the substrate by a first distance in the third 
direction , the first charge storage part being between 
the first interconnection and the first channel part ; 

a first insulating material between the first charge storage 
part and the first channel part , the first insulating part 
having a first insulation property , the first insulating 
part having a first thickness in the second direction ; 

a second charge storage part between the second inter 
connection and the second channel part ; 

a second insulating material between the second charge 
storage part and the second channel part , the second 
insulating material having the first insulation property ; 

a first select transistor at a second position separated from 
the surface of the substrate by a second distance in the 
third direction , the second distance being greater than 
the first distance ; 

a second select transistor above the second charge storage 
part in the third direction ; and 

a third insulating material between the first channel part 
and the second channel part , the third insulating mate 
rial having a second insulation property higher than the 
first insulation property , the third insulating material 
having a second thickness in the second direction , the 
second thickness being greater than the first thickness , 

wherein the third insulating material is up to a third 
position separated from the surface of the substrate by 
a third distance in the third direction , the third distance 
being greater than or equal to the first distance and 
shorter than or equal to the second distance . 

11. The semiconductor storage device according to claim 
10 , wherein 

the third insulating material is gas . 
12. The semiconductor storage device according to claim 

10 , further comprising 
a fourth insulating material being between the first chan 

nel part and the third insulating material in the second 
direction and being between the second channel part 
and the third insulating material in the second direction . 

13. The semiconductor storage device according to claim 
10 , further comprising : 

a sidewall above the third position , the sidewall being 
between the first channel part and the second channel 

having an insulation property lower than the second 
insulation property , the fifth insulating material being 
in contact with the sidewall . 

14. The semiconductor storage device according to claim 
wherein 

an end of the sidewalls is closer to the substrate than at 
least a part of the first select transistor . 

15. The semiconductor storage device according to claim 
10 , further comprising 

a third select transistor between the substrate and the first 
charge storage part . 

16. The semiconductor storage device according to claim 
15 , further comprising 

a plurality of charge storage parts between the first charge 
storage part and the third select transistor , the plurality 
of charge storage parts being arranged in the third 
direction . 

17. The semiconductor storage device according to claim 
15 , wherein 

the third insulating material is deep to a fourth position 
separated from the surface of the substrate by a forth 
distance in the third direction , the forth distance being 
shorter than the first distance , and 

the third select transistor is above the fourth position in 
the third direction . 

18. The semiconductor storage device according to claim 
10 , wherein 

the third insulating material has a first width in the second 
direction at the third position , the third insulating 
material has second width in the second direction at 
a position that is closer to the substrate than the third 
position , and the first width is greater than the second 
width . 

19. A semiconductor storage device comprising : 
a substrate ; 
a first interconnection extending in a first direction ; 
a second interconnection extending in the first direction , 

the second interconnection being adjacent to the first 
interconnection in a second direction , the second direc 
tion intersecting the first direction ; 

a first channel part between the first interconnection and 
the second interconnection , the first channel part 
extending in a third direction , the third direction inter 
secting the first direction and the second direction ; 

a second channel part between the first interconnection 
and the second interconnection , the second channel part 
being adjacent to the first channel part in the second 
direction , the second channel part extending in the third 
direction ; 

a first charge storage part at a first position separated from 
a surface of the substrate by a first distance in the third 
direction , the first charge storage part being between 
the first interconnection and the first channel part ; 

a first insulating part between the first charge storage part 
and the first channel part ; 

a second charge storage part between the second inter 
connection and the second channel part ; 

a second insulating part between the second charge stor 
age part and the second channel part ; 

a first select transistor at a second position separated from 
the surface of the substrate by a second distance in the 
third direction , the second distance being greater than 
the first distance ; 

part ; and 
a fifth insulating material including a material different 

from that of the sidewall , the fifth insulating material 
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a second select transistor above the second charge storage 
part in the third direction ; and 

a hollow part between the first channel part and the second 
channel part , the hollow part being below the second 
position . 

20. The semiconductor storage device according to claim 
19 , further comprising 

a third select transistor between the substrate and the first 
charge storage part , 

wherein 
the hollow part is up to a third position separated from the 

surface of the substrate by a third distance in the third 
direction , the third distance being shorter than the first 
distance , and 

the third select transistor is above the third position in the 
third direction . 


