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1. 

NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE AND METHOD OF 

MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2011 
066180, filed Mar. 24, 2011, the entire contents of which are 
incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a non 
Volatile semiconductor memory device and a method of 
manufacturing the same. 

BACKGROUND 

In a conventional LSI, the elements are integrated in the 
two-dimensional plane on a silicon Substrate. However, the 
storage capacity of a memory can be increased only by down 
sizing (micropatterning) each element. Recently, however, 
the micropatterning has also become difficult in terms of cost 
and technique. 

To solve the problem, there is proposed an idea of manu 
facturing a three-dimensionally laminated memory by lami 
nating memory layers three-dimensionally and collectively 
processing the memory layers. Further, there is proposed a 
pipe-shaped NAND type flash memory in which a U-shaped 
NAND string is formed in a laminate direction as the collec 
tively-processed-type three-dimensionally laminated 
memory. In the pipe-shaped NAND type flash memory, a 
NAND string is configured of a pair of silicon pillars and a 
pipe for coupling the silicon pillars in lower ends. 
More specifically, memory cell transistors are arranged at 

the intersections between the silicon pillars and a plurality of 
stacked word lines. Additionally, select transistors are 
arranged at the intersections between each of a pair of silicon 
pillars and two select gates. One of the two select transistors 
is connected to a bit line, and the other is connected to a source 
line. 

Various manufacturing methods have been proposed as the 
method of manufacturing the collectively-processed-type 
three-dimensionally laminated memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing the schematic 
arrangement of a nonvolatile semiconductor memory device 
according to each embodiment; 

FIG. 2 is a perspective view of a memory cell transistor 
region shown in FIG. 1; 

FIG. 3 is an enlarged sectional view of a NAND string 
shown in FIG. 2; 

FIG. 4 is a sectional view showing a step in the manufacture 
of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction; 

FIG.5 is a sectional view showing a step in the manufacture 
of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction following 
FIG. 4; 

FIG. 6 is a sectional view showing a step in the manufacture 
of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction following 
FIG. 5; 
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2 
FIG. 7 is a sectional view showing a step in the manufacture 

of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction following 
FIG. 6; 

FIG. 8 is a sectional view showing a step in the manufacture 
of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction following 
FIG.7; 
FIG.9 is a sectional view showing a step in the manufacture 

of the nonvolatile semiconductor memory device related to 
each embodiment taken along the column direction following 
FIG. 8: 

FIG. 10 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device related 
to each embodiment taken along the column direction follow 
ing FIG.9; 

FIG. 11 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device related 
to each embodiment taken along the column direction follow 
ing FIG. 10; 

FIG. 12 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device related 
to each embodiment taken along the column direction follow 
ing FIG. 11; 

FIG. 13 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device related 
to each embodiment taken along the column direction follow 
ing FIG. 12; 

FIG. 14 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device related 
to each embodiment taken along the column direction follow 
ing FIG. 13: 

FIG. 15 is a sectional view showing a nonvolatile semicon 
ductor memory device according to the first embodiment 
taken along the column direction; 

FIG. 16 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction; 

FIG. 17 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 16; 

FIG. 18 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 17: 

FIG. 19 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 18; 

FIG. 20 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 19: 

FIG. 21 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 20; 

FIG. 22 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 21; 

FIG. 23 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG.22; 
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FIG. 24 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the first embodiment taken along the column direction 
following FIG. 23: 

FIG.25 is a sectional view showing a nonvolatile semicon 
ductor memory device according to the second embodiment 
taken along the column direction; 

FIG. 26 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the second embodiment taken along the column direc 
tion; 

FIG. 27 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the second embodiment taken along the column direc 
tion following FIG. 26: 

FIG. 28 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the second embodiment taken along the column direc 
tion following FIG. 27: 

FIG. 29 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the second embodiment taken along the column direc 
tion following FIG. 28: 

FIG.30 is a sectional view showing a nonvolatile semicon 
ductor memory device according to the third embodiment 
taken along the column direction; 

FIG.31 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the third embodiment taken along the column direction; 

FIG. 32 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the third embodiment taken along the column direction 
following FIG. 31; 

FIG.33 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the third embodiment taken along the column direction 
following FIG. 32: 

FIG. 34 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the third embodiment taken along the column direction 
following FIG.33: 

FIG.35 is a sectional view showing a nonvolatile semicon 
ductor memory device according to the fourth embodiment 
taken along the column direction; 

FIG. 36 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fourth embodiment taken along the column direc 
tion; 

FIG. 37 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fourth embodiment taken along the column direc 
tion following FIG. 36: FIG.38 is a sectional view showing a 
step in the manufacture of the nonvolatile semiconductor 
memory device according to the fourth embodiment taken 
along the column direction following FIG. 37; 

FIG. 39 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fourth embodiment taken along the column direc 
tion following FIG.38: 

FIG. 40 is a sectional view showing a nonvolatile semicon 
ductor memory device according to the fifth embodiment 
taken along the column direction; 

FIG. 41 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction; 
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FIG. 42 is a sectional view showing a step in the manufac 

ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG.41: 

FIG. 43 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 42: 

FIG. 44 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 43: 

FIG. 45 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 44; 

FIG. 46 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 45: 

FIG. 47 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 46: 

FIG. 48 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 47: 

FIG. 49 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 48; 
FIG.50 is a sectional view showing a step in the manufac 

ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 49: 

FIG. 51 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG.50; and 

FIG. 52 is a sectional view showing a step in the manufac 
ture of the nonvolatile semiconductor memory device accord 
ing to the fifth embodiment taken along the column direction 
following FIG. 51. 

DETAILED DESCRIPTION 

In general, according to one embodiment, a nonvolatile 
semiconductor memory device comprises: a semiconductor 
Substrate; a first conductive layer; a second conductive layer, 
a first inter-electrode insulating film, and a third conductive 
layer sequentially stacked above the first conductive layer; a 
block insulating film; a charge storage layer; a tunnel insu 
lating film; a semiconductor layer; an insulating member, and 
a silicide layer. The first conductive layer is formed above the 
semiconductor substrate. The block insulating film is formed 
on the inner surface of each of through holes provided in the 
second conductive layer, the first inter-electrode insulating 
film, and the third conductive layer and extending in the 
stacking direction. The charge storage layer is formed on the 
block insulating film. The tunnel insulating film is formed on 
the charge storage layer. The semiconductor layer is formed 
on the tunnel insulating film. The insulating member is buried 
in a slit located between the adjacent through holes to divide 
the second conductive layer, the first inter-electrode insulat 
ing film, and the third conductive layer. The silicide layer is 
formed on each of surfaces of the second conductive layer and 
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the third conductive layer in the slit. The distance between the 
second conductive layer and the third conductive layer along 
the inner surface of the slit is longer than the distance between 
the second conductive layer and the third conductive layer 
along the stacking direction. 
The embodiments will now be described with reference to 

the accompanying drawings. The same reference numerals 
denote the same parts throughout the drawings. 
<Example of Overall Arrangement> 
An example of the arrangement of a nonvolatile semicon 

ductor memory device (collectively-processed-type three-di 
mensionally laminated memory) according to each embodi 
ment will be explained with reference to FIGS. 1, 2, and 3. 

FIG. 1 is a perspective view showing the schematic 
arrangement of a nonvolatile semiconductor memory device 
according to each embodiment. 
As shown in FIG. 1, the nonvolatile semiconductor 

memory device comprises a memory cell transistor region12. 
a plurality of word line driving circuits 13, a plurality of 
Source-side select gate driving circuits 14, a plurality of drain 
side select gate driving circuits 15, a sense amplifier 16, a 
plurality of Source line driving circuits 17, and a back gate 
transistor driving circuit 18. 

The memory cell transistor region 12 includes a plurality of 
word lines WL, a plurality of bit lines BL, a plurality of source 
lines SL, a back gate BG, a plurality of source-side select 
gates SGS, and a plurality of drain-side select gates SGD. In 
the memory cell transistor region 12, memory cell transistors 
for storing data are arranged at the intersections between the 
plurality of stacked word lines WL and U-shaped silicon 
pillars SP to be described later. Note that although FIG. 1 
illustrates an example in which four layers of word lines WL 
are stacked, the present embodiment is not limited to this. 
The word line driving circuits 13 are connected to the word 

lines WL to control the voltages to be applied to the word lines 
WL. 
The source-side select gate driving circuits 14 are con 

nected to the source-side select gates SGS to control the 
Voltages to be applied to the Source-side select gates SGS. 
The drain-side select gate driving circuits 15 are connected 

to the drain-side select gates SGD to control the voltages to be 
applied to the drain-side select gates SGD. 
The sense amplifier 16 is connected to the bit lines BL to 

amplify the potential read from the memory cell transistors. 
Bitline driving circuits (not shown) are connected to the bit 
lines BL to control the voltages to be applied to the bit lines 
BL. 
The source line driving circuits 17 are connected to the 

source lines SL to control the voltages to be applied to the 
source lines SL. 
The back gate driving circuit 18 is connected to the back 

gate BG to control the Voltage to be applied to the back gate 
BG. 

FIG. 2 is a perspective view of the memory cell transistor 
region shown in FIG. 1 and shows the structure of a NAND 
string (memory cell String). 

FIG. 3 is an enlarged sectional view of the NAND string 
shown in FIG. 2. 
As shown in FIG. 2, in the memory cell transistor region 

12, a plurality of NAND strings 200 formed from the 
U-shaped silicon pillars SP are formed on a semiconductor 
substrate 20. The plurality of NAND strings 200 are arranged 
in a matrix in the row direction and the column direction. 

Each NAND string 200 includes a plurality of memory cell 
transistors MTr, and two select transistors (a drain-side select 
transistor SDTr and a source-side select transistor SSTr) 
formed at the two ends. 
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6 
The plurality of memory cell transistors MTrare formed at 

the intersections between the U-shaped silicon pillar SP and a 
plurality of control gates CG (word lines WL), and have the 
current paths connected in series. As shown in FIG. 3, each 
memory cell transistor MTr has a memory film 324 between 
the U-shaped silicon pillar SP and the control gate CG. The 
memory film 324 includes a tunnel insulating film 322, a 
charge storage layer 321, and a block insulating film 320 
which are sequentially formed around the U-shaped silicon 
pillar SP. 
The drain-side select transistor SDTris formed at the inter 

section between the U-shaped silicon pillar SP and the drain 
side select gate SGD. On the other hand, the source-side 
select transistor SSTris formed at the intersection between 
the U-shaped silicon pillar SP and the source-side select gate 
SGS. As shown in FIG. 3, each of the drain-side select tran 
sistor SDTrand the source-side select transistor SSTr has the 
same structure as that of the memory cell transistor MTr. 
The U-shaped silicon pillar SP is formed into a U shape 

along the section in the column direction. The U-shaped 
silicon pillar SP includes a pair of columnar portions. A run 
ning in the Stacking direction (in the direction perpendicular 
to the semiconductor substrate 20) and a pipe portion B 
formed to connect the lower ends of the pair of columnar 
portions A. The pipe portion B is provided in the backgate BG 
to form a back gate transistor BGTr. The U-shaped silicon 
pillar SP is arranged Such that the line connecting the central 
axes of the pair of columnar portions. A becomes parallel to 
the column direction. The U-shaped silicon pillars SP are 
arranged in a matrix within a row- and column-direction 
plane. As shown in FIG. 3, the U-shaped silicon pillar SP has 
a hollow H1 which is filled with an insulating portion 325. 
The plurality of control gates CG are stacked above the 

back gate BG and arranged to be perpendicular to the colum 
nar portions A of the U-shaped silicon pillars SP. Each control 
gate CG runs in the row direction. Each control gate CG is 
formed to be shared by two adjacent columnar portions A of 
the U-shaped silicon pillars SP in two NAND strings 200 
adjacent in the column direction. 
The back gate BG is provided under the lowermost word 

lines WL. The backgate BG two-dimensionally spreads in the 
row direction and the column direction so as to cover the pipe 
portions B of the U-shaped silicon pillars SP. 
The drain-side select gates SGD and the source-side select 

gates SGS are provided above the uppermost control gates 
CG. The drain-side select gates SGD and the source-side 
select gates SGS parallelly run in the row direction. The 
drain-side select gates SGD and the source-side select gates 
SGS are formed to intersect the columnar portions A of the 
U-shaped silicon pillars SP, and isolated from each other in 
the column direction to have a line-and-space configuration. 
The source lines SL are provided above the source-side 

select gates SGS. Each source line SL is formed to be shared 
by two adjacent columnar portions A of the U-shaped silicon 
pillars SP in two NAND strings 200 adjacent in the column 
direction. The source lines SL parallelly run in the row direc 
tion and are isolated from each other in the column direction 
to have a line-and-space configuration. 
The plurality of bit lines BL are provided above the source 

lines SL. The bit lines BL run in the column direction and are 
isolated from each other in the row direction to have a line 
and-space configuration. 
Example of Manufacturing Method 
As an example of a method of manufacturing the above 

described collectively-processed-type three-dimensionally 
laminated memory, the present inventors have proposed a 
method comprising stacking p-type polysilicon and undoped 
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polysilicon, forming memory holes extending through the 
polysilicon layers, etching the undoped polysilicon layer 
from the memory holes using a wet process, and burying an 
insulating film in the etched layer, thereby forming a stacked 
structure of the conductive layer (p-type polysilicon) and the 
insulating film. 
The method of manufacturing the above-described collec 

tively-processed-type three-dimensionally laminated 
memory will be described below in detail with reference to 
FIGS. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14. 

FIGS. 4,5,6,7,8,9, 10, 11, 12, 13, 14 are sectional views 
showing steps in the manufacture of the nonvolatile semicon 
ductor memory device related to each embodiment taken 
along the column direction. FIGS. 11(b), 12(b), 13(b), and 
14(b) are enlarged views of the broken line portions in FIGS. 
11(a), 12(a), 13(a), and 14(a), respectively. Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIGS. 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14. 
As shown in FIG. 4, a conductive layer 40 that is a pro 

spective back gate BG is formed above a semiconductor 
substrate (not shown). The conductive layer 40 is made of for 
example, phosphorus-doped polysilicon. A trench 50' is 
formed in the conductive layer 40 by photolithography and 
etching. The trench 50' runs in the column direction and 
serves as a connection hole 50 to be described later in a 
Subsequent process. A plurality of trenches 50' are arranged in 
a matrix within a row- and column-direction plane. 
As shown in FIG. 5, an undoped polysilicon member con 

taining no impurity is formed on the entire Surface. After that, 
the undoped polysilicon member is removed from the upper 
surface of the conductive layer 40 outside the trench 50' by 
etching and remains only in the trench 50'. A dummy layer 60 
made of undoped polysilicon and buried in the trench 50' is 
thus formed. 
As shown in FIG. 6, a silicon oxide film 41 serving as an 

insulating film is formed on the conductive layer 40 including 
the dummy layer 60. The silicon oxide film 41 is so thick that 
the breakdown voltage can be ensured between the back gate 
BG and lowermost control gates CG formed on the silicon 
oxide film 41 in a Subsequent process. 

Undoped polysilicon layers 42 containing no impurity and 
doped polysilicon layers (p-type polysilicon layers) 43 con 
taining boron and serving as the control gates CG are alter 
nately stacked on the silicon oxide film 41. Each undoped 
polysilicon layer 42 is replaced with an inter-electrode insu 
lating film in the subsequent process. Note that although FIG. 
6 illustrates an example in which the undoped polysilicon 
layers 42 and the doped polysilicon layers 43 are stacked in 
four layers, the number of stacked layers is not limited to four. 
A silicon oxide film 44 serving as an insulating film is 

formed on the uppermost doped polysilicon layer 43. The 
silicon oxide film 44 is so thick that the breakdown voltage 
can be ensured between the uppermost control gates CG and 
select gates SG to be formed on the silicon oxide film 44 in the 
Subsequent process. 
A stacked body 45 including the undoped polysilicon lay 

ers 42, the doped polysilicon layers 43, and the silicon oxide 
film 44 is formed in this way. 
As shown in FIG. 7, a slit 46 is formed in the stacked body 

45 by photolithography and etching. The slit 46 extends 
through the stacked body 45 and is formed along the row 
direction (the depth direction of the drawing surface of FIG. 
7). That is, the slit 46 is formed to spread in the row direction 
and the stacking direction and divides the stacked body 45. 
The slit 46 is formed to be located above the central portion of 
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8 
the dummy layer 60 in the column direction. The silicon 
oxide film 41 is exposed to the bottom surface of the slit 46. 
As shown in FIG. 8, a sacrifice member 47 made of a 

silicon nitride film is buried in the slit 46. More specifically, 
the silicon nitride film is formed on the entire surface until the 
slit 46 is filled. Then, the silicon nitride film on the silicon 
oxide film 44 is removed. The silicon nitride film thus remains 
in the slit 46, thereby forming the sacrifice member 47 spread 
ing in the row direction and the stacking direction. 
As shown in FIG. 9, a doped polysilicon layer (p-type 

polysilicon layer) 48 containing boron and serving as pro 
spective select gates SG (a drain-side select gate SGD and a 
source-side select gate SGS) is formed on the silicon oxide 
film 44. After that, a pair of through holes 49 are formed in the 
doped polysilicon layer 48, the stacked body 45, and the 
silicon oxide film 41. At this time, the pair of through holes 49 
are formed so as to reach the two ends of the dummy layer 60 
in the column direction. The doped polysilicon layer 48, the 
stacked body 45, the silicon oxide film 41, and the dummy 
layer 60 are thus exposed through the through holes 49. 

Each through hole 49 is formed into, for example, a circular 
shape when viewed from the stacking direction. The pair of 
through holes 49 are arranged in the column direction and 
extend through the doped polysilicon layer 48, the stacked 
body 45, and the silicon oxide film 41 in the stacking direc 
tion. 
As shown in FIG. 10, wet etching is performed through the 

through holes 49. This wet etching is performed using, for 
example, an alkaline etchant. With this process, the undoped 
polysilicon layers 42 of the stacked body 45 are removed. As 
a result, a gap 52 is formed between two control gates CG 
adjacent in the stacking direction. The sacrifice member 47 is 
exposed through the gaps 52. 
At the same time, the dummy layer 60 made of undoped 

polysilicon is also removed. A connection hole 50 that 
extends in the column direction and connects the lower ends 
of the pair of through holes 49 in the conductive layer 40 is 
thus formed. That is, a U-shaped memory hole 51 including 
the pair of through holes 49 and the connection hole 50 is 
formed in the doped polysilicon layer 48, the stacked body 45, 
the silicon oxide film 41, and the conductive layer 40. 
At this time, appropriately selecting the etchant allows to 

implement a high etching selectivity between the doped sili 
con layers 43 and 48 and the undoped silicon layers 42 and the 
dummy layer 60. Hence, the doped polysilicon layers 43 and 
48 are rarely etched and remain. The control gates CG are 
supported by the sacrifice member 47. 
As shown in FIGS.11(a) and (b), a memory film 56 includ 

ing a block insulating film 53, a charge storage layer 54, and 
a tunnel insulating film 55, and a U-shaped silicon pillar SP 
including a pair of columnar portions A and a connection 
portion B are formed in the U-shaped memory hole 51. 
More specifically, the block insulating film 53 made of a 

silicon oxide film is formed on the inner surfaces of the 
through holes 49 by, for example, ALD (Atomic Layer Depo 
sition). That is, the block insulating film 53 is formed on the 
Surfaces of the control gates CG exposed in the through holes 
49. 
The silicon oxide film is also formed on the inner surfaces 

of the gaps 52 through the through holes 49. That is, the 
siliconoxide film is also formed on the surfaces of the control 
gates CG and the surfaces of the sacrifice member 47, which 
are exposed in the gaps 52. Inter-electrode insulating films 53 
integrated with the block insulating film 53 thus fill the gaps 
52. 

Next, the charge storage layer 54 made of a silicon nitride 
film is formed on the surface of the block insulating film 53 
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(and the inter-electrode insulating films 53') in the through 
holes 49. After that, the tunnel insulating film 55 made of a 
silicon oxide film is formed on the surface of the charge 
storage layer 54 in the through holes 49. In this way, the 
memory film 56 including the block insulating film 53, the 
charge storage layer 54, and the tunnel insulating film 55 is 
formed. 

Polysilicon containing an impurity, for example, phospho 
rus is buried on the surface of the memory film 56 in the 
through holes 49. The columnar portions of the silicon pillar 
SP are thus formed in the through holes 49. Note that FIGS. 
11(a) and (b) illustrate an example in which polysilicon fills 
the through holes 49. However, a hollow structure may be 
formed, as shown in FIG. 3. 
The same structure is formed on the inner surface of the 

connection hole 50 as well at the same time as the above 
described process. That is, the block insulating film 53, the 
charge storage layer 54, the tunnel insulating film 55, and 
polysilicon (U-shaped silicon pillar SP) are sequentially 
formed on the surface of the silicon oxide film 41 and the 
surface of the backgate BG in the connection hole 50 as well. 
As shown in FIGS. 12(a) and (b), an opening portion 57 is 

formed in the doped polysilicon layer 48 by RIE. The opening 
portion 57 extends through the doped polysilicon layer 48 and 
is formed along the row direction (the depth direction of the 
drawing surface of FIGS. 12(a) and (b)). That is, the opening 
portion 57 divides the doped polysilicon layer 48. In addition, 
since the opening portion 57 is formed on the sacrifice mem 
ber 47, the sacrifice member 47 is exposed to the bottom 
surface of the opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the control gates CG and the inter 
electrode insulating films 53' are exposed in the slit 46. 
As shown in FIGS. 13(a) and (b), a metal layer of nickel or 

cobalt is formed on the inner surface of the slit 46 and that of 
the opening portion 57. After that, annealing is performed to 
form a silicide on the surface of silicon exposed in the slit 46 
and the opening portion 57. That is, silicide layers 58 are 
formed on the surfaces of the control gates CG in the slit 46 
and the Surfaces of the select gates SG in the opening portion 
57. 

Note that the metal to be deposited is not limited to nickel 
and cobalt. Any other metal is also usable if it reacts with 
silicon to form a metal silicide and make the electric resis 
tance lower than that of the doped polysilicon layer 43 before 
reaction. 
As shown in FIGS. 14(a) and (b), an insulating member 59 

made of a silicon oxide film is buried in the slit 46 and the 
opening portion 57. More specifically, a silicon oxide film is 
formed on the entire surface until the slit 46 and the opening 
portion 57 are filled. Then, the silicon oxide film on the doped 
polysilicon layer 48 is removed. The silicon oxide film thus 
remains in the slit 46 and the opening portion 57, thereby 
forming the insulating member 59 spreading in the row direc 
tion and the stacking direction. In this way, a collectively 
processed-type three-dimensionally laminated memory hav 
ing U-shaped NAND strings is manufactured. 
As described above, in the collectively-processed-type 

three-dimensionally laminated memory, to reduce the resis 
tance of polysilicon of the control gates CG, the silicide layers 
58 are formed on the sidewalls (the surfaces of the control 
gates CG) in the slit 46. When forming the silicide layers 58, 
if the surfaces of the control gates CG in the slit 46 project into 
the slit 46 more than the surface of the inter-electrode insu 
lating films 53', the control gates CG adjacent in the stacking 
direction may cause shorts due to bridging between them, 
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resulting in an operation error. Even if the controlgates CG do 
not largely project into the slit, the inter-electrode insulating 
films 53' made of oxide films react with the metal of a silicide 
material. A silicide is thus formed even on the surfaces of the 
inter-electrode insulating films 53', and this may cause shorts 
by bridging. 

Under the circumstances, the embodiments provide a col 
lectively-processed-type three-dimensionally laminated 
memory that prevents shorts by bridging between the adja 
cent control gates CG as described above. 
<First Embodiment> 
A nonvolatile semiconductor memory device according to 

the first embodiment will be described with reference to 
FIGS. 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. In the first 
embodiment, the Surfaces of the inter-electrode insulating 
films project more than the Surfaces of the control gates in the 
slit. 
Note that in the first embodiment, a description of the same 

points as in the above-described example of the manufactur 
ing method will be omitted, and different points will mainly 
be explained. 
Structure 
The structure of the nonvolatile semiconductor memory 

device according to the first embodiment will be described 
below with reference to FIG. 15. 

FIG. 15(a) is a sectional view of the nonvolatile semicon 
ductor memory device according to the first embodiment 
taken along the column direction. FIG. 15(b) is an enlarged 
view of the broken line portion in FIG. 15(a). Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIG. 15. 
As shown in FIG. 15(a), a NAND string 200 comprises a 

conductive layer 40, doped silicon layers 43 and 48, inter 
electrode insulating films 53', a memory film 56, a U-shaped 
silicon pillar SP, silicide layers 58, and an insulating member 
59 formed on a semiconductor substrate (not shown). 
The conductive layer 40 is formed above the semiconduc 

tor Substrate (not shown) and made of for example, phospho 
rus-doped polysilicon. The conductive layer 40 is a prospec 
tive back gate BG, and forms a back gate transistor BGTrby 
having the U-shaped silicon pillar SP and the memory film 56 
formed in it. 
The plurality of doped silicon layers 43 and the plurality of 

inter-electrode insulating films 53' are alternately stacked on 
a silicon oxide film 41 on the conductive layer 40. The doped 
silicon layers 43 are prospective control gates CG, and form 
memory cell transistors MTrby having the U-shaped silicon 
pillar SP and the memory film 56 formed in them. That is, the 
inter-electrode insulating films 53' are formed between the 
control gates CG (in gaps 52) adjacent in the stacking direc 
tion. The doped silicon layers 43 and the inter-electrode insu 
lating films 53' will be described later in more detail. 
The doped silicon layers 48 are formed on silicon oxide 

films 44 on the uppermost control gates CG. The doped sili 
con layers 48 are prospective select gates SG, and form select 
transistors SDTr and SSTr by having the U-shaped silicon 
pillar SP and the memory film 56 formed in them. 
A U-shaped memory hole 51 is formed in the select gates 

SG the control gates CG, the back gate BG, and the inter 
electrode insulating films 53'. The U-shaped memory hole 51 
includes a pair of through holes 49 arranged in the column 
direction and a connection hole 50 that connects the pair of 
through holes 49. The through holes 49 extend through the 
select gates SG and the control gates CG in the stacking 
direction. The connection hole extends through the back gate 
BG in the column direction. 
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The control gates CG and the inter-electrode insulating 
films 53' have a slit 46 that spreads in the row direction and the 
stacking direction and is provided between the pair of through 
holes 49. The control gates CG and the inter-electrode insu 
lating films 53' are thus divided along the row direction. The 
select gates SG have, on the slit 46, an opening portion 57 that 
spreads in the row direction and the stacking direction. The 
select gates SG are thus divided along the row direction. 
The memory film 56 is formed on the inner surface of the 

U-shaped memory hole 51, that is, on the surfaces of the 
select gates SG, the controlgates CG, and the backgate BG in 
the U-shaped memory hole 51. The memory film 56 is par 
tially integrated with the inter-electrode insulating films 53'. 
and details will be described later. 
The U-shaped silicon pillar SP is formed on the surface of 

the memory film 56 in the U-shaped memory hole 51 and 
made of polysilicon containing an impurity, for example, 
phosphorus. That is, the U-shaped silicon pillar SP includes a 
pair of columnar portions A formed on the surface of the 
memory film 56 in the pair of through holes 49 and a connec 
tion portion B formed on the surface of the memory film 56 in 
the connection hole 50. Note that FIG. 15 illustrate an 
example in which polysilicon serving as the U-shaped silicon 
pillar SP fills the U-shaped memory hole 51. However, a 
hollow structure may be formed, as shown in FIG. 3. 

The silicide layers 58 are formed on the surfaces of the 
control gates CG in the slit 46 and the surfaces of the select 
gates SG in the opening portion 57. In other words, the sili 
cide layers 58 are formed between the insulating member 59 
to be described later and the control gates CG and the select 
gates S.G. 
The insulating member 59 is buried in the slit 46 and the 

opening portion 57. The insulating member 59 isolates the 
control gates CG and the select gates SG divided by the slit 46 
and the opening portion 57. 

In this embodiment, as shown in FIG. 15(b), the interfaces 
between the inter-electrode insulating films 53' and the insu 
lating member 59 (the surfaces of the inter-electrode insulat 
ing films 53' in the slit 46) project into the slit 46 more than at 
least the interfaces between the control gates CG and the 
silicide layers 58 (the surfaces of the control gates CG in the 
slit 46). Note that the interfaces between the inter-electrode 
insulating films 53' and the insulating member 59 preferably 
project into the slit 46 more than the interfaces between the 
silicide layers 58 and the insulating member 59. 
The memory film 56 includes a block insulating film 53 

formed on the surfaces of the control gates CG in the through 
holes 49, a charge storage layer 54 formed on the surface of 
the block insulating film 53, and a tunnel insulating film 55 
formed on the surface of the charge storage layer 54. 
The block insulating film 53 of this embodiment has a 

multilayered structure. More specifically, the block insulating 
film 53 has a multilayered structure including a silicon nitride 
film 53a, a silicon oxide film 53b, a silicon nitride film 53c, 
and a silicon oxide film 53d sequentially formed on the sur 
faces of the control gates CG in the through holes 49. That is, 
the block insulating film 53 has a structure in which the 
silicon nitride films and the silicon oxide film are alternately 
stacked. Note that the block insulating film 53 is formed so 
that the outermost layer (uppermost surface layer) is made of 
a silicon nitride film in the through holes 49, although the 
number of stacked layers is not limited to four. 
The inter-electrode insulating films 53' are integrated with 

the block insulating film 53 and have a multilayered structure. 
That is, each inter-electrode insulating film 53' has a multi 
layered structure including a silicon nitride film 53'a, a silicon 
oxide film 53'b, a silicon nitride film 53'c, and a silicon oxide 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
film 53'd sequentially formed on the inner surfaces of the gaps 
52 (on the surfaces of the control gates CG, the surfaces of the 
silicide layers 58, and the surfaces of the insulating member 
59 in the gaps 52). In other words, the inter-electrode insu 
lating films 53' have a structure in which the block insulating 
film 53 is buried in the gaps 52 through the through holes 49. 
In the example shown in FIG. 15, the gaps 52 are filled in the 
stage of forming the silicon oxide film 53'd. 
As described above, the uppermost surface layer of the 

block insulating film 53 is formed from a silicon nitride film 
in the through holes 49. For this reason, the uppermost surface 
layer of each inter-electrode insulating films 53' in the gap 52 
is also formed from a silicon nitride film. 
<Manufacturing Methodd 
A method of manufacturing the nonvolatile semiconductor 

memory device according to the first embodiment will be 
described below with reference to FIGS. 16, 17, 18, 19, 20, 
21, 22, 23, and 24. FIGS. 16, 17, 18, 19, 20, 21, 22, 23A, and 
24 are sectional views showing steps in the manufacture of the 
nonvolatile semiconductor memory device according to the 
first embodiment taken along the column direction. FIGS. 
21(b). 22(b), 23(b), and 24(b) are enlarged views of the bro 
ken line portions in FIGS. 21(a). 22(a), 23(a), and 24(a), 
respectively. Note that one NAND string of the nonvolatile 
semiconductor memory device will mainly be explained with 
reference to FIGS. 16, 17, 18, 19, 20, 21, 22, 23, and 24. 
As shown in FIG. 16, a conductive layer 40 that is a pro 

spective back gate BG is formed above a semiconductor 
substrate (not shown). A dummy layer 60 made of undoped 
polysilicon is formed in the conductive layer 40. A silicon 
oxide film 41 serving as an insulating film is formed on the 
conductive layer 40 including the dummy layer 60. 
Undoped polysilicon layers 42 containing no impurity and 

doped polysilicon layers (p-type polysilicon layers) 43 con 
taining boron and serving as control gates CG are alternately 
stacked on the silicon oxide film 41. A silicon oxide film 44 
serving as an insulating film is formed on the uppermost 
doped polysilicon layer 43. 
A stacked body 45 including the undoped polysilicon lay 

ers 42, the doped polysilicon layers 43, and the silicon oxide 
film 44 is formed in this way. 
As shown in FIG. 17, a slit 46 is formed in the stacked body 

45 by photolithography and etching. The slit 46 extends 
through the stacked body 45 and is formed along the row 
direction (the depth direction of the drawing surface of FIG. 
17). That is, the slit 46 is formed to spread in the row direction 
and the stacking direction and divides the stacked body 45. 
The silicon oxide film 41 is thus exposed to the bottom sur 
face of the slit 46. 

Next, the sidewalls (side surfaces) in the slit 46 are ther 
mally oxidized. That is, the surfaces of the undoped polysili 
con layers 42 and the doped polysilicon layers 43 exposed in 
the slit 46 are thermally oxidized. A silicon oxide film 150 is 
thus formed on the surfaces of the undoped polysilicon layers 
42 and the doped polysilicon layers 43 in the slit 46. At this 
time, the rate of oxidation of the doped polysilicon layers 43 
is higher than that of the undoped polysilicon layers 42. For 
this reason, the siliconoxide film 150 is formed thicker on the 
surfaces of the doped polysilicon layers 43 than on the sur 
faces of the undoped polysilicon layers 42 in the slit 46. In 
other words, the surfaces of the undoped polysilicon layers 42 
project into the slit 46 more than the surfaces of the doped 
polysilicon layers 43 in the slit 46. 
As shown in FIG. 18, a sacrifice member 47 made of a 

silicon nitride film is buried in the slit 46, thereby forming the 
sacrifice member 47 spreading in the row direction and the 
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stacking direction. That is, the sacrifice member 47 is formed 
on the surface of the silicon oxide film 150 in the slit 46. 
As shown in FIG. 19, a doped polysilicon layer (p-type 

polysilicon layer) 48 containing boron and serving as pro 
spective select gates SG is formed on the silicon oxide film 
44. After that, a pair of through holes 49 are formed in the 
doped polysilicon layer 48, the stacked body 45, and the 
silicon oxide film 41. 
As shown in FIG. 20, wet etching is performed through the 

through holes 49. This wet etching is performed using, for 
example, an alkaline etchant. With this process, the undoped 
polysilicon layers 42 of the stacked body 45 are removed. As 
a result, a gap 52 is formed between two control gates CG 
adjacent in the stacking direction. At this time, the sacrifice 
member 47 is not exposed through the gaps 52 because the 
siliconoxide film 150 is formed on the sidewalls in the slit 46. 
At the same time, the dummy layer 60 made of undoped 

polysilicon is also removed. A U-shaped memory hole 51 
including the pair of through holes 49 and a connection hole 
50 is formed in the doped polysilicon layer 48, the stacked 
body 45, the silicon oxide film 41, and the conductive layer 
40. 
As shown in FIGS. 21(a) and (b), a memory film 56 includ 

ing a block insulating film 53, a charge storage layer 54, and 
a tunnel insulating film 55, and a U-shaped silicon pillar SP 
including a pair of columnar portions A and a connection 
portion B are formed in the U-shaped memory hole 51. 
More specifically, a dilute hydrofluoric acid treatment is 

performed first to remove a native oxide film (not shown) 
sticking to the surface. With the dilute hydrofluoric acid treat 
ment, the sacrifice member 47 that fills the slit 46 is prevented 
from being exposed through the gaps 52. That is, the dilute 
hydrofluoric acid treatment is adjusted not to remove the 
silicon oxide film 150. 

After that, the block insulating film 53 including a silicon 
nitride film 53a, a siliconoxide film 53b, a silicon nitride film 
53c, and a silicon oxide film 53d is formed on the inner 
surfaces of the through holes 49 by, for example, ALD. That 
is, a multilayered structure of the silicon nitride film 53a, the 
silicon oxide film 53b, the silicon nitride film 53c, and the 
silicon oxide film 53d is formed sequentially on the surfaces 
of the control gates CG in the through holes 49. 
The block insulating film 53 is also formed on the inner 

surfaces of the gaps 52 through the through holes 49. That is, 
the multilayered structure of the silicon nitride film 53a, the 
silicon oxide film 53b, the silicon nitride film 53c, and the 
silicon oxide film 53d is also formed on the surfaces of the 
control gates CG and the surfaces of the silicon oxide films 
150 in the gaps 52. Inter-electrode insulating films 53' inte 
grated with the block insulating film 53 are thus buried in the 
gaps 52. In the example shown in FIG. 21(b), the gaps 52 are 
filled in the stage of forming a silicon oxide film 53'd. 
At this time, since the sacrifice member 47 is not exposed 

through the gaps 52, the inter-electrode insulating films 53 
(silicon oxide film 53'd) are not in direct contact with the 
sacrifice member 47. The inter-electrode insulating films 53 
are formed at the same positions as those of the above-de 
scribed undoped polysilicon layers 42. For this reason, the 
surfaces of the inter-electrode insulating films 53' in the slit 46 
project into the slit 46 more than the surfaces of the control 
gates CG. 

Next, the charge storage layer 54 made of a silicon nitride 
film is formed on the surface of the block insulating film 53 
(and the inter-electrode insulating films 53') in the through 
holes 49. After that, the tunnel insulating film 55 made of a 
silicon oxide film is formed on the surface of the charge 
storage layer 54 in the through holes 49. In this way, the 
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14 
memory film 56 including the block insulating film 53, the 
charge storage layer 54, and the tunnel insulating film 55 is 
formed. 

Note that although FIG. 21(b) illustrates an example in 
which the gaps 52 are filled in the stage of forming the silicon 
oxide film 53'd, the gaps 52 may be filled in the stage of 
forming the charge storage layer 54 or the tunnel insulating 
film S5. 

Polysilicon containing an impurity, for example, phospho 
rus is buried on the surface of the memory film 56 in the 
through holes 49. The columnar portions of the U-shaped 
silicon pillar SP are thus formed in the through holes 49. 
The same structure is formed on the inner surface of the 

connection hole 50 as well at the same time as the above 
described process. That is, the block insulating film 53, the 
charge storage layer 54, the tunnel insulating film 55, and 
polysilicon (U-shaped silicon pillar SP) are sequentially 
formed on the surface of the silicon oxide film 41 and the 
surface of the backgate BG in the connection hole 50 as well. 
As shown in FIGS. 22(a) and (b), an opening portion 57 is 

formed in the doped polysilicon layer 48 by RIE. The opening 
portion 57 extends through the doped polysilicon layer 48 and 
is formed along the row direction (the depth direction of the 
drawing surface of FIGS. 22(a) and (b)). That is, the opening 
portion 57 divides the doped polysilicon layer 48. In addition, 
since the opening portion 57 is formed on the sacrifice mem 
ber 47, the sacrifice member 47 is exposed to the bottom 
surface of the opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the silicon oxide film 150 is exposed in 
the slit 46. 
As shown in FIGS. 23(a) and (b), the silicon oxide film 150 

in the slit 46 is removed by, for example, a dilute hydrofluoric 
acid treatment. The control gates CG and the inter-electrode 
insulating films 53' are thus exposed in the slit 46. At this time, 
since the silicon oxide film 150 is formed thicker on the 
surfaces of the control gates CG than on the surfaces of the 
inter-electrode insulating films 53' in the slit 46, the surfaces 
of the inter-electrode insulating films 53' project into the slit 
46 more than the surfaces of the control gates CG. The silicon 
oxide films 41 and 44 are also removed in almost the same 
amount as that of the silicon oxide film 150. 
As shown in FIGS. 24(a) and (b), a metal layer of nickel or 

cobalt is formed on the inner surface of the slit 46 and that of 
the opening portion 57. After that, annealing is performed to 
form a silicide in a self-aligned manner only on the Surface of 
silicon exposed in the slit 46 and the opening portion 57. That 
is, silicide layers 58 are formed on the surfaces of the control 
gates CG in the slit 46 and the surfaces of the select gates SG 
in the opening portion57. Note that the surfaces of the silicide 
layers 58 in the slit 46 are preferably formed not to project 
more than the surfaces of the inter-electrode insulating films 
53. 
At this time, the surfaces of the inter-electrode insulating 

films 53' exposed in the slit 46 have silicon nitride films 53'a. 
Hence, the silicide layers 58 are not formed on the surfaces of 
the inter-electrode insulating films 53' in the slit 46. That is, it 
is possible to prevent bridging by the silicide layers 58. 

Next, as shown in FIGS. 15(a) and (b), the insulating 
member 59 made of a siliconoxide film is buried in the slit 46 
and the opening portion 57. More specifically, a silicon oxide 
film is formed on the entire surface until the slit 46 and the 
opening portion 57 are filled. Then, the silicon oxide film on 
the doped polysilicon layer 48 is removed. The silicon oxide 
film thus remains in the slit 46 and the opening portion 57. 
thereby forming the insulating member 59 spreading in the 
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row direction and the stacking direction. In this way, the 
collectively-processed-type three-dimensionally laminated 
memory according to the first embodiment is manufactured. 
Effects 
According to the first embodiment, the Surfaces (end faces) 

of the inter-electrode insulating films 53' in the slit 46 project 
into the slit 46 more than the surfaces (end faces) of the 
control gates CG. Hence, the Surface area of each inter-elec 
trode insulating film 53' exposed in the slit 46 between two 
control gates CG adjacent in the Stacking direction increases. 
That is, the distance between the control gates CG along the 
inner surface of the slit 46 (the size of the interface between 
the inter-electrode insulating film 53' and the insulating mem 
ber 59) can be made longer by the projecting length of the 
control gates CG into the slit 46 than the actual distance 
between the control gates CG along the Stacking direction 
(the size of the inter-electrode insulating film 53' in the stack 
ing direction). Hence, when forming the silicide layers 58 on 
the surfaces of the control gates CG in the slit 46, it is possible 
to prevent shorts by bridging between the control gates CG 
and leakage currents between the control gates CG. 

Additionally, in the slit 46, the silicon nitride film 53'a is 
formed as the uppermost surfaces of the inter-electrode insu 
lating films 53'. This allows to prevent reaction with a metal 
that is a silicide material as compared to a case in which the 
uppermost Surface is formed from a silicon oxide film. It is 
consequently possible to more effectively prevent shorts by 
bridging between the control gates CG. 
<Second Embodiment> 
A nonvolatile semiconductor memory device according to 

the second embodiment will be described with reference to 
FIGS. 25, 26, 27, 28, and 29. In the second embodiment, the 
surfaces of the inter-electrode insulating films in the slit are 
UV. 

Note that in the second embodiment, a description of the 
same points as in the above-described first embodiment will 
be omitted, and different points will mainly be explained. 
Structure 
The structure of the nonvolatile semiconductor memory 

device according to the second embodiment will be described 
below with reference to FIG. 25. 

FIG. 25(a) is a sectional view of the nonvolatile semicon 
ductor memory device according to the second embodiment 
taken along the column direction. FIG. 25(b) is an enlarged 
view of the broken line portion in FIG. 25(a). Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIG. 25. 
As shown in FIGS. 25(a) and (b), the second embodiment 

is different from the first embodiment in that the surface of 
each inter-electrode insulating film 53' in a slit 46 has uneven 
ness at the interfaces between films adjacent in the stacking 
direction. 
More specifically, the inter-electrode insulating films 53' 

are integrated with a block insulating film 53 and have a 
multilayered structure, as in the first embodiment. That is, 
each inter-electrode insulating film 53' has a multilayered 
structure including a silicon nitride film 53'a, a silicon oxide 
film 53b, a silicon nitride film 53'c, and a silicon oxide film 
53'd sequentially formed on the inner surface of a gap 52. 

In this embodiment, the silicon nitride film 53'a serving as 
the uppermost surface in the gap 52 and the silicon oxide film 
53'b in contact with the silicon nitride film 53' on the inner 
surface side are divided on the surface in the slit 46. In other 
words, the silicon nitride film 53'c is exposed in the slit 46 so 
as to be in contact with an insulating member 59 without 
being covered with the silicon nitride film 53'a and the silicon 
oxide film 53'b. 
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Additionally, on the surface of each inter-electrode insu 

lating film 53' in the slit 46, steps are provided at the interfaces 
between the films adjacent in the stacking direction. That is, 
steps are provided at the interface between the silicon nitride 
film 53'a and the silicon oxide film 53b and at the interface 
between the siliconoxide film 53'b and the silicon nitride film 
S3c. 

Note that the surfaces of the inter-electrode insulating films 
53' need not project into the slit 46 more than the surfaces of 
control gates CG (the interfaces between the control gates CG 
and silicide layers 58) in the slit 46. 
Manufacturing Method 
A method of manufacturing the nonvolatile semiconductor 

memory device according to the second embodiment will be 
described below with reference to FIGS. 26, 27, 28, and 29. 

FIGS. 26, 27, 28, and 29 are sectional views showing steps 
in the manufacture of the nonvolatile semiconductor memory 
device according to the second embodiment taken along the 
column direction. FIGS. 26(b), 27(b), 28(b), and 29(b) are 
enlarged views of the broken line portions in FIGS. 26(a), 
27(a), 28(a), and 29(a), respectively. 

First, the processes in FIGS. 16, 17, 18, 19, and 20 of the 
first embodiment are performed. 

Then, as shown in FIG. 26, a memory film 56 including a 
block insulating film 53, a charge storage layer 54, and a 
tunnel insulating film 55, and a U-shaped silicon pillar SP 
including a pair of columnar portions A and a connection 
portion B are formed in a U-shaped memory hole 51. 
More specifically, a dilute hydrofluoric acid treatment is 

performed first to remove a native oxide film (not shown) 
sticking to the surface. With the dilute hydrofluoric acid treat 
ment, a silicon oxide film 150 is partially removed to expose, 
through gaps 52, a sacrifice member 47 that fills a slit 46. That 
is, the dilute hydrofluoric acid treatment is adjusted to remove 
the silicon oxide film 150 in the gaps 52. 

After that, the block insulating film 53 including a silicon 
nitride film 53a, a silicon oxide film 53b, a silicon nitride film 
53c, and a silicon oxide film 53d is formed on the inner 
surfaces of through holes 49 by, for example, ALD. 
The block insulating film 53 is also formed on the inner 

surfaces of the gaps 52 through the through holes 49. That is, 
the multilayered structure of the silicon nitride film 53a, the 
silicon oxide film 53b, the silicon nitride film 53c, and the 
siliconoxide film.53d is also formed on the surfaces of control 
gates CG and the surfaces of the sacrifice member 47 in the 
gaps 52. Inter-electrode insulating films 53' integrated with 
the block insulating film 53 are thus buried in the gaps 52. 

At this time, since the sacrifice member 47 is exposed 
through the gaps 52, the inter-electrode insulating films 53 
(silicon nitride film 53'a) is in direct contact with the sacrifice 
member 47 made of a silicon nitride film. 

Next, the charge storage layer 54 made of a silicon nitride 
film is formed on the surface of the block insulating film 53 
(and the inter-electrode insulating films 53') in the through 
holes 49. After that, the tunnel insulating film 55 made of a 
silicon oxide film is formed on the surface of the charge 
storage layer 54 in the through holes 49. In this way, the 
memory film 56 including the block insulating film 53, the 
charge storage layer 54, and the tunnel insulating film 55 is 
formed. 

Polysilicon containing an impurity, for example, phospho 
rus is buried on the surface of the memory film 56 in the 
through holes 49. The columnar portions of a U-shaped sili 
con pillar SP are thus formed in the through holes 49. 
The same structure is formed on the inner surface of a 

connection hole 50 as well at the same time as the above 
described process. That is, the block insulating film 53, the 
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charge storage layer 54, the tunnel insulating film 55, and 
polysilicon (silicon pillar SP) are sequentially formed on the 
Surface of a siliconoxide film 41 and the Surface of a backgate 
BG in the connection hole 50 as well. 
As shown in FIGS. 27(a) and (b), an opening portion 57 is 

formed in the doped polysilicon layer 48 by RIE so that the 
sacrifice member 47 is exposed to the bottom surface of the 
opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the silicon oxide films 150 are exposed 
in the layers corresponding to the control gates CG in the slit 
46. 
At this time, the silicon nitride film 53'a made of the same 

material as that of the sacrifice member 47 is also partially 
removed and divided on the surface in the slit 46. The silicon 
oxide film 53'b formed on the inner surface of the silicon 
nitride film 53'a is thus exposed in the slit 46. Note that the 
silicon nitride film 53'a is preferably removed not to retreat 
from the surfaces of the control gates CG. 
As shown in FIGS. 28(a) and (b), the silicon oxide films 

150 in the slit 46 are removed by, for example, a dilute 
hydrofluoric acid treatment. The control gates CG are thus 
exposed in the slit 46. 
At this time, the silicon oxide film 53'b is also partially 

removed and divided on the surface in the slit 46. The silicon 
nitride film 53c formed on the inner side of the silicon nitride 
film 53'a is thus exposed in the slit 46. In addition, on the 
surface of each inter-electrode insulating film 53' in the slit 
46, steps (unevenness) are formed at the interfaces between 
the films adjacent in the stacking direction. Note that the 
silicon oxide film 53'b is preferably removed not to retreat 
into the through holes 49. 
As shown in FIGS. 29(a) and (b), a metal layer of nickel or 

cobalt is formed on the inner surface of the slit 46 and that of 
the opening portion 57. After that, annealing is performed to 
form silicide layers 58 on the surfaces of the control gates CG 
in the slit 46 and the surfaces of the select gates SG in the 
opening portion 57. 
As shown in FIGS. 25(a) and (b), an insulating member 59 

made of a silicon oxide film is buried in the slit 46 and the 
opening portion 57. In this way, the collectively-processed 
type three-dimensionally laminated memory according to the 
second embodiment is manufactured. 
Effects 
According to the second embodiment, the same effects as 

in the first embodiment can be obtained. 
Additionally, in the second embodiment, on the Surface 

(end face) of each inter-electrode insulating film 53' in the slit 
46, unevenness (steps) is provided at the interfaces between 
the films adjacent in the stacking direction. This increases the 
surface area of each inter-electrode insulating film 53' 
exposed in the slit 46 between two control gates CG adjacent 
in the Stacking direction as compared to the first embodiment. 
As a result, when forming the silicide layers 58 on the sur 
faces of the control gates CG in the slit 46, it is possible to 
more effectively prevent shorts by bridging between the con 
trol gates CG and leakage currents between the control gates 
CG. 
<Third Embodiment> 
A nonvolatile semiconductor memory device according to 

the third embodiment will be described with reference to 
FIGS. 30,3132,33, and 34. In the third embodiment, the size 
in the stacking direction is larger in the portion of each inter 
electrode insulating film projecting into the slit than in the 
portion Sandwiched between control gates. 
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Note that in the third embodiment, a description of the 

same points as in the above-described first embodiment will 
be omitted, and different points will mainly be explained. 
Structure 
The structure of the nonvolatile semiconductor memory 

device according to the third embodiment will be described 
below with reference to FIG. 30. 

FIG. 30(a) is a sectional view of the nonvolatile semicon 
ductor memory device according to the third embodiment 
taken along the column direction. FIG. 30(b) is an enlarged 
view of the broken line portion in FIG. 30(a). Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIG. 30. 
As shown in FIGS. 30(a) and (b), the third embodiment is 

different from the first embodiment in that the size in the 
stacking direction is larger in a second portion D of each 
inter-electrode insulating film 53' projecting into the slit than 
in a first portion Csandwiched between control gates CG. 
More specifically, the interfaces between the inter-elec 

trode insulating films 53' and an insulating member 59 project 
into a slit 46 more than at least the interfaces between the 
control gates CG and silicide layers 58, as in the first embodi 
ment. 

In this embodiment, the second portion D (the portion 
sandwiched between the silicide layer 58 and the insulating 
member 59 in the stacking direction) of the inter-electrode 
insulating film 53' projecting into the slit 46 is formed to be 
larger in the stacking direction than the first portion C of the 
inter-electrode insulating film 53' sandwiched between the 
two control gates CG adjacent in the Stacking direction. For 
this reason, parts (mainly corner portions) of the Surfaces of 
control gates CG in the slit 46 are covered by the second 
portions D of the inter-electrode insulating films 53'. 
Manufacturing Method 
A method of manufacturing the nonvolatile semiconductor 

memory device according to the third embodiment will be 
described below with reference to FIGS. 31, 32, 33, and 34. 

FIGS. 31, 32,33, and 34 are sectional views showing steps 
in the manufacture of the nonvolatile semiconductor memory 
device according to the third embodiment taken along the 
column direction. FIGS. 31(b), 32(b), 33(b), and 34(b) are 
enlarged views of the broken line portions in FIGS. 31(a), 
32(a), 33(a), and 34(a), respectively. 

First, the processes in FIGS. 16, 17, 18, 19, and 20 of the 
first embodiment are performed. 

Then, as shown in FIGS. 31(a) and (b), a memory film 56 
including a blockinsulating film 53, a charge storage layer 54. 
and a tunnel insulating film 55, and a U-shaped silicon pillar 
SP including a pair of columnar portions A and a connection 
portion B are formed in a U-shaped memory hole 51. 
More specifically, a dilute hydrofluoric acid treatment is 

performed first to remove a native oxide film (not shown) 
sticking to the surface. The dilute hydrofluoric acid treatment 
is performed not to expose, through gaps 52, a sacrifice mem 
ber 47 that fills a slit 46. Simultaneously, a silicon oxide film 
150 is also etched in the stacking direction through the gaps 
52. That is, the silicon oxide films 150 between the sacrifice 
member 47 and the corner portions (the end portions in the 
stacking direction) of control gates CG are also removed. 

Hence, the size of each gap 52 is larger between the silicon 
oxide films 150 than between the control gates CG in the 
stacking direction. Note that the dilute hydrofluoric acid treat 
ment is adjusted to leave the silicon oxide film 150 located 
between the sacrifice member 47 and the central portion of 
each control gate CG in the stacking direction. That is, the 
dilute hydrofluoric acid treatment is adjusted not to com 
pletely remove the silicon oxide film 150. 
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After that, the block insulating film 53 including a silicon 
nitride film 53a, a siliconoxide film 53b, a silicon nitride film 
53c, and a silicon oxide film 53d is formed on the inner 
surfaces of through holes 49 by, for example, ALD. 
The block insulating film 53 is also formed on the inner 

surfaces of the gaps 52 through the through holes 49. That is, 
the multilayered structure of the silicon nitride film 53a, the 
silicon oxide film 53b, the silicon nitride film 53c, and the 
silicon oxide film 53d is also formed on the surfaces of the 
control gates CG and the surfaces of the sacrifice member 47 
in the gaps 52. Inter-electrode insulating films 53' integrated 
with the block insulating film 53 are thus buried in the gaps 
52. 
At this time, since the size of each gap 52 is larger between 

the silicon oxide films 150 than between the control gates CG 
in the stacking direction, each inter-electrode insulating film 
53' is formed to have the first portion between the control 
gates CG and the larger second portion between the silicon 
oxide films 150. 

Next, the charge storage layer 54 made of a silicon nitride 
film is formed on the surface of the block insulating film 53 
(and the inter-electrode insulating films 53') in the through 
holes 49. After that, the tunnel insulating film 55 made of a 
silicon oxide film is formed on the surface of the charge 
storage layer 54 in the through holes 49. In this way, the 
memory film 56 including the block insulating film 53, the 
charge storage layer 54, and the tunnel insulating film 55 is 
formed. 

Polysilicon containing an impurity, for example, phospho 
rus is buried on the surface of the memory film 56 in the 
through holes 49. The columnar portions of a U-shaped sili 
con pillar SP are thus formed in the through holes 49. 
The same structure is formed on the inner surface of a 

connection hole 50 as well at the same time as the above 
described process. That is, the block insulating film 53, the 
charge storage layer 54, the tunnel insulating film 55, and 
polysilicon (silicon pillar SP) are sequentially formed on the 
Surface of a siliconoxide film 41 and the Surface of a backgate 
BG in the connection hole 50 as well. 
As shown in FIGS. 32(a) and (b), an opening portion 57 is 

formed in the doped polysilicon layer 48 by RIE so that the 
sacrifice member 47 is exposed to the bottom surface of the 
opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the side surfaces of the silicon oxide 
films 150 are exposed in the layers corresponding to the 
control gates CG in the slit 46. At this time, the dilute hydrof 
luoric acid treatment is adjusted not to remove a silicon 
nitride film 53'a that is the uppermost surface layer of the 
inter-electrode insulating film 53'. In other words, the silicon 
nitride film 53'a is removed not to retreat from the surface of 
the Silicon oxide film 150 in the slit 46. 
As shown in FIGS. 33(a) and (b), the silicon oxide films 

150 in the slit 46 are removed by, for example, a dilute 
hydrofluoric acid treatment. The control gates CG are thus 
exposed in the slit 46. 
As shown in FIGS. 34(a) and (b), a metal layer of nickel or 

cobalt is formed on the inner surface of the slit 46 and that of 
the opening portion 57. After that, annealing is performed to 
form silicide layers 58 on the surfaces of the control gates CG 
in the slit 46 and the surfaces of the select gates SG in the 
opening portion 57. 
As shown in FIGS. 30(a) and (b), an insulating member 59 

made of a silicon oxide film is buried in the slit 46 and the 
opening portion 57. In this way, the collectively-processed 
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type three-dimensionally laminated memory according to the 
third embodiment is manufactured. 
Effects 
According to the third embodiment, the same effects as in 

the first embodiment can be obtained. 
Additionally, in the third embodiment, each inter-electrode 

insulating film 53' is formed such that the size in the stacking 
direction is larger in the second portion D projecting into the 
slit 46 than in the first portion C between the control gates CG. 
This increases the Surface area of each inter-electrode insu 
lating film 53' exposed in the slit 46 between two control gates 
CG adjacent in the stacking direction as compared to the first 
embodiment. As a result, when forming the silicide layers 58 
on the surfaces of the control gates CG in the slit 46, it is 
possible to more effectively prevent shorts by bridging 
between the control gates CG and leakage currents between 
the control gates CG. 
<Fourth Embodiment> 
A nonvolatile semiconductor memory device according to 

the fourth embodiment will be described with reference to 
FIGS. 35, 36, 37, 38, and 39. The fourth embodiment is a 
modification of the second and third embodiments which are 
combined. 

Note that in the fourth embodiment, a description of the 
same points as in the above-described embodiments will be 
omitted, and different points will mainly be explained. 
Structure 
The structure of the nonvolatile semiconductor memory 

device according to the fourth embodiment will be described 
below with reference to FIGS. 35(a) and (b). 

FIG. 35(a) is a sectional view of the nonvolatile semicon 
ductor memory device according to the fourth embodiment 
taken along the column direction. FIG. 35(b) is an enlarged 
view of the broken line portion in FIG. 35(a). Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIG. 35. 
As shown in FIGS. 35(a) and (b), as in the first embodi 

ment, inter-electrode insulating films 53' are integrated with a 
block insulating film 53 and have a multilayered structure 
including a silicon nitride film 53'a, a silicon oxide film 53'b, 
a silicon nitride film 53'c, and a silicon oxide film 53'd 
sequentially formed on the inner Surfaces of gaps 52. In 
addition, the interfaces between an insulating member 59 and 
the inter-electrode insulating films 53' at least partially 
project into a slit 46 more than the interfaces between control 
gates CG and silicide layers 58. 

In this embodiment, the size in the stacking direction is 
larger in a second portion D of each inter-electrode insulating 
film 53' projecting into the slit 46 than in a first portion C 
sandwiched the control gates CG, as in the third embodiment. 

Additionally, as in the second embodiment, the Surfaces 
(the surfaces on the second portion side) of the silicon nitride 
film 53'a that is the uppermost surface of each gap 52 and the 
silicon oxide film 53'b in contact on the inner surface side in 
the slit 46 are divided. Furthermore, on the surface of each 
inter-electrode insulating film 53' in the slit 46, steps are 
provided at the interfaces between the films adjacent in the 
stacking direction. 
Note that the surfaces of the inter-electrode insulating films 

53' need not project into the slit 46 more than the interfaces 
between the control gates CG and silicide layers 58. 
Manufacturing Method 
A method of manufacturing the nonvolatile semiconductor 

memory device according to the fourth embodiment will be 
described below with reference to FIGS. 36, 37, 38, and 39. 

FIGS. 36, 37,38, and 39 are sectional views showing steps 
in the manufacture of the nonvolatile semiconductor memory 
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device according to the fourth embodiment taken along the 
column direction. FIGS. 36(b), 37(b), 38(b), and 39(b) are 
enlarged views of the broken line portions in FIGS. 36(a), 
37(a), 38(a), and 39(a), respectively. 

First, the processes in FIGS. 16, 17, 18, 19, and 20 of the 5 
first embodiment are performed. 

Then, as shown in FIGS. 36(a) and (b), a memory film 56 
including a blockinsulating film 53, a charge storage layer 54. 
and a tunnel insulating film 55, and a U-shaped silicon pillar 
SP including a pair of columnar portions A and a connection 10 
portion B are formed in a U-shaped memory hole 51. 
More specifically, a dilute hydrofluoric acid treatment is 

performed first to remove a native oxide film (not shown) 
sticking to the surface. With the dilute hydrofluoric acid treat 
ment, a silicon oxide film 150 is partially removed to expose, 15 
through gaps 52, a sacrifice member 47 that fills a slit 46. 
Simultaneously, the silicon oxide film 150 is also etched in 
the stacking direction through the gaps 52. That is, the silicon 
oxide films 150 between the sacrifice member 47 and the 
corner portions (the end portions in the stacking direction) of 20 
control gates CG are also removed. 

Hence, the size of each gap 52 is larger between the silicon 
oxide films 150 than between the control gates CG in the 
stacking direction. Note that the dilute hydrofluoric acid treat 
ment is adjusted to leave the silicon oxide film 150 located 25 
between the sacrifice member 47 and the central portion of 
each control gate CG in the stacking direction. 

After that, the block insulating film 53 including a silicon 
nitride film 53a, a siliconoxide film 53b, a silicon nitride film 
53c, and a silicon oxide film 53d is formed on the inner 30 
surfaces of through holes 49 by, for example, ALD. 
The block insulating film 53 is also formed on the inner 

surfaces of the gaps 52 through the through holes 49. That is, 
the multilayered structure of the silicon nitride film 53a, the 
silicon oxide film 53b, the silicon nitride film 53c, and the 35 
silicon oxide film 53d is also formed on the surfaces of the 
control gates CG and the surfaces of the sacrifice member 47 
in the gaps 52. Inter-electrode insulating films 53' integrated 
with the block insulating film 53 are thus buried in the gaps 
52. 40 

At this time, since the size of each gap 52 is larger between 
the silicon oxide films 150 than between the control gates CG 
in the stacking direction, each inter-electrode insulating film 
53' is formed to have the first portion between the control 
gates CG and the larger second portion between the silicon 45 
oxide films 150. 

Since the sacrifice member 47 is exposed through the gaps 
52, the inter-electrode insulating films 53' (silicon nitride film 
53'a) is in direct contact with the sacrifice member 47 made of 
a silicon nitride film. 50 

Next, the charge storage layer 54 made of a silicon nitride 
film is formed on the surface of the block insulating film 53 
(and the inter-electrode insulating films 53') in the through 
holes 49. After that, the tunnel insulating film 55 made of a 
silicon oxide film is formed on the surface of the charge 55 
storage layer 54 in the through holes 49. In this way, the 
memory film 56 including the block insulating film 53, the 
charge storage layer 54, and the tunnel insulating film 55 is 
formed. 

Polysilicon containing an impurity, for example, phospho- 60 
rus is buried on the surface of the memory film 56 in the 
through holes 49. The columnar portions of a U-shaped sili 
con pillar SP are thus formed in the through holes 49. 
The same structure is formed on the inner surface of a 

connection hole 50 as well at the same time as the above- 65 
described process. That is, the block insulating film 53, the 
charge storage layer 54, the tunnel insulating film 55, and 

22 
polysilicon (silicon pillar SP) are sequentially formed on the 
Surface of a siliconoxide film 41 and the Surface of a backgate 
BG in the connection hole 50 as well. 
As shown in FIGS. 37(a) and (b), an opening portion 57 is 

formed in the doped polysilicon layer 48 by RIE so that the 
sacrifice member 47 is exposed to the bottom surface of the 
opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the silicon oxide films 150 are exposed 
in the layers corresponding to the control gates CG in the slit 
46. 
At this time, a silicon nitride film 53'a made of the same 

material as that of the sacrifice member 47 is also partially 
removed and divided on the surface in the slit 46. A silicon 
oxide film 53b formed on the inner surface of the silicon 
nitride film 53'a is thus exposed in the slit 46. Note that the 
silicon nitride film 53'a is preferably removed not to retreat 
from the surfaces of the control gates CG. 
As shown in FIGS. 38(a) and (b), the silicon oxide films 

150 in the slit 46 are removed by, for example, a dilute 
hydrofluoric acid treatment. The control gates CG are thus 
exposed in the slit 46. 
At this time, the silicon oxide film 53'b is also partially 

removed and divided on the surface in the slit 46. A silicon 
nitride film 53c formed on the inner side of the silicon nitride 
film 53'a is thus exposed in the slit 46. In addition, on the 
surface of each inter-electrode insulating film 53' in the slit 
46, steps (unevenness) are formed at the interfaces between 
the films adjacent in the stacking direction. Note that the 
silicon oxide film 53'b is preferably removed not to retreat 
into the through holes 49. 
As shown in FIGS. 39(a) and (b), a metal layer of nickel or 

cobalt is formed on the inner surface of the slit 46 and that of 
the opening portion 57. After that, annealing is performed to 
form silicide layers 58 on the surfaces of the control gates CG 
in the slit 46 and the surfaces of the select gates SG in the 
opening portion 57. 
As shown in FIGS. 35(a) and (b), an insulating member 59 

made of a silicon oxide film is buried in the slit 46 and the 
opening portion 57. In this way, the collectively-processed 
type three-dimensionally laminated memory according to the 
fourth embodiment is manufactured. 
Effects 
According to the fourth embodiment, each inter-electrode 

insulating film 53' is formed such that the size in the stacking 
direction is larger in the second portion D projecting into the 
slit 46 than in the first portion C between the control gates CG. 
In addition, on the end face (the end face of the second portion 
D) of each inter-electrode insulating film 53' in the slit 46, 
unevenness (steps) is provided at the interfaces between the 
adjacent films. This increases the Surface area of each inter 
electrode insulating film 53' exposed in the slit 46 between 
two control gates CG adjacent in the stacking direction as 
compared to the second and third embodiments. As a result, 
when forming the silicide layers 58 on the side surfaces of the 
control gates CG in the slit 46, it is possible to more effec 
tively prevent shorts by bridging between the control gates 
CG and leakage currents between the control gates CG. 
<Fifth Embodiment> 
A nonvolatile semiconductor memory device according to 

the fifth embodiment will be described with reference to 
FIGS. 40, 41, 42, 43, 44, 45, 46, 47, 48,49, 50, 51, and 52. In 
the fifth embodiment, a silicide layer is formed on the surface 
of the back gate as well, and the control gates are formed on 
the inter-electrode insulating film on the back gate. 
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Note that in the fifth embodiment, a description of the same 
points as in the above-described first embodiment will be 
omitted, and different points will mainly be explained. 
Structure 
The structure of the nonvolatile semiconductor memory 

device according to the fifth embodiment will be described 
below with reference to FIG. 40. 

FIG. 40 is a sectional view of the nonvolatile semiconduc 
tor memory device according to the fifth embodiment taken 
along the column direction. Note that one NAND string of the 
nonvolatile semiconductor memory device will mainly be 
explained with reference to FIG. 40. 
As shown in FIG. 40, the fifth embodiment is different 

from the first embodiment in that a plurality of doped silicon 
layers 43 and a plurality of inter-electrode insulating films 53 
are alternately stacked directly on a back gate BG. 

In the fifth embodiment, the back gate BG includes a first 
conductive layer 40a formed on a semiconductor substrate 
(not shown), and a second conductive layer 40b formed on the 
first conductive layer 40a. The first conductive layer 4.0a and 
the second conductive layer 40b are made of the same mate 
rial, for example, phosphorus-doped polysilicon. In the back 
gate BG, a pipe portion B of a U-shaped silicon pillar SP is 
provided in the first conductive layer 40a, and columnar 
portions A of the U-shaped silicon pillar SP are provided in 
the second conductive layer 40b. Inter-electrode insulating 
films 53' are formed on the back gate BG (second conductive 
layer 40b) without intervening the silicon oxide film 41 
shown in FIG. 15A, and lowermost control gates CG are 
formed on the inter-electrode insulating films 53'. 

Silicide layers 58 are formed not only the surfaces of the 
control gates CG in a slit 46 and the Surfaces of select gates 
SG in an opening portion 57 but also on the surface of the back 
gate BG in the slit 46. In other words, the silicide layer 58 is 
also formed between the back gate BG and an insulating 
member 59. 
The lowermost inter-electrode insulating films 53' formed 

on the back gate BG have almost the same film thickness as 
that of the inter-electrode insulating films 53' from the second 
layer. In other words, the interval between the back gate BG 
and the lowermost control gates CG is almost the same as the 
interval between two adjacent control gates CG above the 
lowermost layers. 
Manufacturing Method 
A method of manufacturing the nonvolatile semiconductor 

memory device according to the fifth embodiment will be 
described below with reference to FIGS. 41, 42, 43, 44, 45, 
46, 47, 48,49, 50, 51, and 52. 

FIGS. 41, 42, 43,44, 45, 46, 47, 48, 49, 50, 51, and 52 are 
sectional views showing steps in the manufacture of the non 
Volatile semiconductor memory device according to the fifth 
embodiment taken along the column direction. Note that one 
NAND string of the nonvolatile semiconductor memory 
device will mainly be explained with reference to FIGS. 41. 
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, and 52. 
As shown in FIG. 41, a first conductive layer 4.0a is formed 

on a semiconductor substrate (not shown). A trench 50' is 
formed in the first conductive layer 40a by photolithography 
and etching. The trench 50' runs in the column direction and 
serves as a connection hole 50 to be described later in a 
Subsequent process. 
As shown in FIG. 42, an undoped polysilicon member 

containing no impurity is formed on the entire Surface. After 
that, the undoped polysilicon member is removed from the 
upper surface of the first conductive layer 4.0a outside the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
trench 50' by etching and remains only in the trench 50'. A 
dummy layer 60 made of undoped polysilicon and buried in 
the trench 50' is thus formed. 
As shown in FIG. 43, a second conductive layer 40b is 

formed on the first conductive layer 40a including the dummy 
layer 60. A back gate BG including the first conductive layer 
40a and the second conductive layer 40b is thus formed. 
As shown in FIG. 44, undoped polysilicon layers 42 con 

taining no impurity and doped polysilicon layers (p-type 
polysilicon layers) 43 containing boron and serving as control 
gates CG are alternately stacked on the second conductive 
layer 40b. At this time, the layers are stacked such that the 
undoped polysilicon layer 42 is formed immediately on the 
second conductive layer 40b. In addition, a silicon oxide film 
44 is formed on the uppermost doped polysilicon layer 43. 
A stacked body 45 including the undoped polysilicon lay 

ers 42, the doped polysilicon layers 43, and the silicon oxide 
film 44 is formed in this way. 
As shown in FIG. 45, a slit 46 is formed in the stacked body 

45 and the second conductive layer 40b by photolithography 
and etching. The slit 46 is formed midway through the second 
conductive layer 40b. The second conductive layer 40b is thus 
exposed to the bottom surface of the slit 46 while the first 
conductive layer 40a (dummy layer 60) is not exposed. The 
slit 46 is formed while making an adjustment such that the 
second conductive layer 40b remains on the bottom surface of 
the slit 46 after thermal oxidation in the subsequent process. 
The sidewalls (side surfaces) in the slit 46 are thermally 

oxidized. That is, the surfaces of the undoped polysilicon 
layers 42 and the doped polysilicon layers 43 exposed in the 
slit 46 are thermally oxidized. A silicon oxide film 150 is thus 
formed on the surfaces of the undoped polysilicon layers 42 
and the doped polysilicon layers 43 exposed in the slit 46. 
At this time, the surface of the second conductive layer 40b 

exposed in the slit 46 is also thermally oxidized to form the 
silicon oxide film 150. The second conductive layer 40b is 
made of polysilicon doped with an impurity. For this reason, 
the rate of oxidation of the second conductive layer 40b is 
lower than that of the undoped polysilicon layers 42 but 
almost equal to that of the doped polysilicon layers 43. At this 
time, the thermal oxidation is adjusted not to oxidize the 
dummy layer 60 located under the second conductive layer 
40b. The thermal oxidation is performed so as to leave the 
second conductive layer 40b between the dummy layer 60 
and the silicon oxide film 150. 
As shown in FIG. 46, a sacrifice member 47 made of a 

silicon nitride film is buried in the slit 46, thereby forming the 
sacrifice member 47 spreading in the row direction and the 
stacking direction. 
As shown in FIG. 47, a doped polysilicon layer (p-type 

polysilicon layer) 48 containing boron and serving as pro 
spective select gates SG is formed on the silicon oxide film 
44. After that, a pair of through holes 49 are formed in the 
doped polysilicon layer 48, the stacked body 45, and the 
second conductive layer 40b. At this time, the pair of through 
holes 49 are formed so as to reach the two ends of the dummy 
layer 60 in the column direction. The doped polysilicon layer 
48, the stacked body 45, the second conductive layer 40b, and 
the dummy layer 60 are thus exposed through the through 
holes 49. 
As shown in FIG. 48, wet etching is performed through the 

through holes 49. This wet etching is performed using, for 
example, an alkaline etchant. With this process, the undoped 
polysilicon layers 42 of the stacked body 45 are removed. As 
a result, a gap 52 is formed between two control gates CG 
adjacent in the stacking direction. 
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At the same time, the dummy layer 60 made of undoped 
polysilicon is also removed. A connection hole 50 that 
extends in the column direction and connects the lower ends 
of the pair of through holes 49 in the first conductive layer 40a 
is thus formed. That is, a U-shaped memory hole 51 including 
the pair of through holes 49 and the connection hole 50 is 
formed in the doped polysilicon layer 48, the stacked body 45, 
the first conductive layer 40a, and the second conductive 
layer 40b. 
As shown in FIG. 49, a memory film 56 including a block 

insulating film 53, a charge storage layer 54, and a tunnel 
insulating film 55, and a U-shaped silicon pillar SP including 
a pair of columnar portions A and a connection portion B are 
formed in the U-shaped memory hole 51. 
As shown in FIG.50, an opening portion 57 is formed in the 

doped polysilicon layer 48 by RIE. The sacrifice member 47 
is exposed to the bottom surface of the opening portion 57. 

Next, wet etching is performed through the opening por 
tion 57. The sacrifice member 47 in the slit 46 is thus 
removed. As a result, the silicon oxide film 150 is exposed in 
the slit 46. 
As shown in FIG.50, the silicon oxide film 150 in the slit 

46 is removed by, for example, a dilute hydrofluoric acid 
treatment. The control gates CG and inter-electrode insulat 
ing films 53' are thus exposed in the slit 46. 
As shown in FIG. 52, a metal layer of nickel or cobalt is 

formed on the inner surface of the slit 46 and that of the 
opening portion57. After that, annealing is performed to form 
a silicide on the surface of silicon exposed in the slit 46 and 
the opening portion 57. That is, silicide layers 58 are formed 
on the surfaces of the control gates CG in the slit 46 and the 
surfaces of the select gates SG in the opening portion 57. 
Simultaneously, the silicide layer 58 is also formed on the 
surface of the back gate BG in the slit 46. 
As shown in FIG. 40, an insulating member 59 made of a 

silicon oxide film is buried in the slit 46 and the opening 
portion 57. In this way, the collectively-processed-type three 
dimensionally laminated memory according to the fifth 
embodiment is manufactured. 
Effects 
According to the fifth embodiment, the silicide layer 58 is 

formed on the surface of the back gate BG in the slit 46. This 
allows to reduce the resistance of the back gate BG and 
improve the operation. 
The lowermost control gates CG are formed on the inter 

electrode insulating film 53' on the back gate BG having the 
silicide layer 58 formed on its surface. That is, polysilicon 
layers having the same shape as the control gates CG on the 
upper side are formed under the lowermost control gates CG 
at almost the same distance between the control gates CG on 
the upper side. This allows to equalize the leakage field from 
the periphery to the lowermost control gates CG with that 
from the periphery to the remaining control gates CG. It is 
also possible to equalize the influence of coupling between 
adjacent cells on the lowermost control gates CG with that on 
the remaining control gates CG. That is, the lowermost con 
trolgates CG and the remaining control gates CG can have the 
same operation characteristics, thus improving the operation. 

Note that in the fifth embodiment, the structure of the first 
embodiment has been exemplified. However, the fifth 
embodiment is also applicable to the structures of the second 
to fourth embodiments. 

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 inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
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omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
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 nonvolatile semiconductor memory device compris 

ing: 
a semiconductor Substrate; 
a first conductive layer formed above the semiconductor 

Substrate; 
a second conductive layer, a first inter electrode insulating 

film, and a third conductive layer sequentially stacked 
above the first conductive layer; 

a block insulating film formed on an inner Surface of each 
of through holes provided in the second conductive 
layer, the first inter electrode insulating film, and the 
third conductive layer and extending in a stacking direc 
tion; 

a charge storage layer formed on the block insulating film; 
a tunnel insulating film formed on the charge storage layer; 
a semiconductor layerformed on the tunnel insulating film; 
an insulating member buried in a slit located between the 

adjacent through holes to divide the second conductive 
layer, the first inter electrode insulating film, and the 
third conductive layer; and 

a silicide layer formed on each of surfaces of the second 
conductive layer and the third conductive layer in the 
slit, 

wherein a distance between the second conductive layer 
and the third conductive layer along an inner surface of 
the slit is longer than that along the stacking direction. 

2. The nonvolatile semiconductor memory device of claim 
1, wherein a surface of the first inter electrode insulating film 
in the slit projects into the slit more than surfaces of the 
second conductive layer and the third conductive layer in the 
slit. 

3. The nonvolatile semiconductor memory device of claim 
2, wherein the first inter electrode insulating film includes a 
first portion sandwiched between the second conductive layer 
and the third conductive layer and a second portion projecting 
into the slit more than the surfaces of the second conductive 
layer and the third conductive layer in the slit, and 

a size of the second portion along the Stacking direction is 
larger than a size of the first portion along the stacking 
direction. 

4. The nonvolatile semiconductor memory device of claim 
2, wherein the surface of the first inter electrode insulating 
film in the slit projects into the slit more than surfaces of the 
silicide layers in the slit. 

5. The nonvolatile semiconductor memory device of claim 
1, wherein a surface of the first inter electrode insulating film 
in the slit has unevenness. 

6. The nonvolatile semiconductor memory device of claim 
5, wherein the surface of the first inter electrode insulating 
film in the slit has a multilayered structure in which a silicon 
nitride film and a silicon oxide film are alternately stacked, 
and has unevenness at interface. 

7. The nonvolatile semiconductor memory device of claim 
1, wherein the first inter electrode insulating film includes a 
silicon nitride film on a surface in the slit. 

8. The nonvolatile semiconductor memory device of claim 
1, wherein the first inter electrode insulating film is formed 
from the block insulating film which is buried between the 
second conductive layer and the third conductive layer and is 
in contact with the insulating member. 
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9. The nonvolatile semiconductor memory device of claim 
8, wherein the first inter electrode insulating film and the 
block insulating film have a multilayered structure in which a 
silicon nitride film and a silicon oxide film are alternately 
stacked from an outer side. 5 

10. The nonvolatile semiconductor memory device of 
claim 1, wherein the silicide layer is formed on a surface of 
the first conductive layer in the slit. 

11. The nonvolatile semiconductor memory device of 
claim 10, further comprising a second inter electrode insulat- 10 
ing film formed on the first conductive layer, 

wherein a film thickness of the second inter electrode insu 
lating film Substantially equals a film thickness of the 
first inter electrode insulating film. 

12. The nonvolatile semiconductor memory device of 15 
claim 1, wherein the second conductive layer and the third 
conductive layer comprise a boron doped polysilicon layer. 

13. The nonvolatile semiconductor memory device of 
claim 1, wherein the silicide layer comprises one of a nickel 
silicide layer and a cobalt silicide layer. 2O 

14. The nonvolatile semiconductor memory device of 
claim 1, wherein 

the block insulating film is formed on an inner Surface of a 
connection hole which connects lower ends of the adja 
cent through holes, 25 

the charge storage layer is formed on the block insulating 
film in the connection hole, 

the tunnel insulating film is formed on the charge storage 
layer in the connection hole, and 

the semiconductor layer is formed on the tunnel insulating 30 
film in the connection hole. 
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