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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-126448, filed on June 28, 2017, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
semiconductor device and a method for manufacturing a
semiconductor device.

BACKGROUND

[0003] In a three-dimensional memory device, a contact
structure for connecting multiple conductive layers to a
control circuit has been proposed in which, for example, the
multiple conductive layers are patterned into a staircase
configuration. Also, a method for forming the three-dimen-
sional memory device has been proposed in which a stacked
body is formed by alternately stacking sacrificial layers and
insulating layers, and the sacrificial layers are subsequently
replaced with conductive layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 is a schematic plan view of a semiconductor
device of an embodiment;

[0005] FIG. 2 is a schematic perspective view of a
memory cell array of the embodiment;

[0006] FIG. 3 is an A-A cross-sectional view of FIG. 1;
[0007] FIG. 4A is a B-B cross-sectional view of FIG. 1,
and FIG. 4B is a C-C cross-sectional view of FIG. 1;
[0008] FIG. 5 is a schematic perspective view of a second
stacked portion including a plurality of terrace portions of
the embodiment;

[0009] FIG. 6A is a schematic cross-sectional view of a
memory cell of the embodiment, and FIG. 6B is a schematic
plan view of the terrace portions of the embodiment;
[0010] FIG. 7 to FIG. 10 are schematic perspective views
showing a method for manufacturing the semiconductor
device of the embodiment;

[0011] FIG. 11A to FIG. 17B are schematic plan views
showing a method for manufacturing the semiconductor
device of the embodiment; and

[0012] FIG. 18 to FIG. 33B are schematic cross-sectional
views showing a method for manufacturing the semicon-
ductor device of the embodiment.

DETAILED DESCRIPTION

[0013] According to one embodiment, a semiconductor
device includes a stacked body and a columnar portion. The
stacked body includes a plurality of conductive layers
stacked with an insulator interposed. The stacked body
includes a first stacked portion and a second stacked portion.
The second stacked portion includes a plurality of terrace
portions arranged in a staircase configuration with level
differences in a first direction and a second direction. The
second direction crosses the first direction. The columnar
portion extends in a stacking direction of the stacked body
through the first stacked portion. One of the terrace portions
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in the second stacked portion includes a conductive portion
and a spacer portion. The conductive portion is connected to
a conductive layer of the first stacked portion and is provided
in same layer as the conductive layer. The conductive layer
is one layer of the conductive layers. The spacer portion is
provided in same layer as the conductive layer and the
conductive portion. The spacer portion is of a material
different from the conductive portion.

[0014] Embodiments will now be described with reference
to the drawings. The same components in the drawings are
marked with the same reference numerals.

[0015] In an embodiment, for example, a semiconductor
memory device that includes a memory cell array having a
three-dimensional structure is described as a semiconductor
device.

[0016] FIG. 1 is a schematic plan view of the semicon-
ductor device of the embodiment.

[0017] The semiconductor device of the embodiment
includes a memory cell array 1 and a staircase portion 2. The
memory cell array 1 includes multiple columnar portions
CL; and the staircase portion 2 includes multiple terrace
portions T.

[0018] FIG. 2 is a schematic perspective view of the
memory cell array 1.

[0019] FIG. 3 is an A-A cross-sectional view of FIG. 1.

[0020] In FIG. 2, two mutually-orthogonal directions par-
allel to a major surface of a substrate 10 are taken as an
X-direction and a Y-direction; and a direction orthogonal to
both the X-direction and the Y-direction is taken as a
Z-direction (a stacking direction). The X-direction, the Y-di-
rection, and the Z-direction shown in the other drawings
correspond respectively to the X-direction, the Y-direction,
and the Z-direction of FIG. 2.

[0021] A circuit layer 11 and a source layer SL are
provided on the substrate 10. The circuit layer 11 is provided
between the substrate 10 and the source layer SL, and
includes, for example, a CMOS circuit. The source layer SL
includes a semiconductor layer (e.g., a polycrystalline sili-
con layer doped with an impurity). Or, the source layer SL
includes a layer including a metal (a metal layer or a metal
silicide layer). Or, the source layer SL has a stacked structure
of a semiconductor layer and a layer including a metal.

[0022] The substrate 10 and the circuit layer 11 are not
illustrated in FIG. 3 and subsequent drawings.

[0023] As shown in FIG. 3, the memory cell array 1
includes a first stacked portion 100a provided on the source
layer SL used as a foundation layer. The staircase portion 2
is formed in a second stacked portion 1005.

[0024] In the example shown in FIG. 3, the source layer
SL is provided below the second stacked portion 1005. The
source layer SL. may not be provided below the second
stacked portion 1005.

[0025] As shown in FIG. 2, the memory cell array 1
includes the first stacked portion 1004, the multiple colum-
nar portions CL, and multiple separation portions 60. For
example, bit lines BL are provided as upper layer intercon-
nects above the first stacked portion 100a.

[0026] The columnar portions CL are formed in substan-
tially circular columnar configurations extending in the
stacking direction (the Z-direction) through the first stacked
portion 100a. The separation portions 60 spread in the
X-direction and the stacking direction of the first stacked
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portion 100a (the Z-direction), and divide the first stacked
portion 100a into multiple blocks (or fingers) 200 in the
Y-direction.

[0027] For example, the multiple columnar portions CL
have a staggered arrangement. Or, the multiple columnar
portions CL may have a square lattice arrangement along the
X-direction and the Y-direction.

[0028] The multiple bit lines BL are, for example, metal
films extending in the Y-direction. The multiple bit lines BL
are separated from each other in the X-direction. The upper
ends of semiconductor bodies 20 of the columnar portions
CL described below are connected to the bit lines BL via
contacts Cb and contacts V1 shown in FIG. 2.

[0029] As shown in FIG. 3, the first stacked portion 100a
includes multiple conductive layers 70a stacked on the
source layer SL. The multiple conductive layers 70a are
stacked in a direction (the Z-direction) perpendicular to the
major surface of the substrate 10 (shown in FIG. 2) with
insulating layers 72 interposed as insulators. The insulating
layer 72 is provided also between the source layer S and the
conductive layer 70a of a lowermost layer.

[0030] The conductive layer 70a is, for example, silicon
doped with an impurity, or a layer including a metal as a
major component. The insulating layer 72 is, for example, a
silicon oxide layer.

[0031] FIG. 6A is an enlarged schematic cross-sectional
view of the vicinity of the columnar portion CL.

[0032] The columnar portion CL includes a memory film
30, the semiconductor body 20, and an insulative core film
50. The semiconductor body 20 extends to be continuous in
a pipe-like configuration in the stacking direction (the Z-di-
rection) through the first stacked portion 100a. The memory
film 30 is provided between the semiconductor body 20 and
the conductive layers 70q, and surrounds the semiconductor
body 20 from the outer perimeter side. The core film 50 is
provided on the inner side of the semiconductor body 20
having the pipe-like configuration.

[0033] The memory film 30 is a stacked film including a
tunneling insulating film 31, a charge storage film (a charge
storage portion) 32, and a blocking insulating film 33. The
tunneling insulating film 31 is provided between the semi-
conductor body 20 and the charge storage film 32. The
charge storage film 32 is provided between the tunneling
insulating film 31 and the blocking insulating film 33. The
blocking insulating film 33 is provided between the charge
storage film 32 and the conductive layers 70a.

[0034] The semiconductor body 20, the memory film 30,
and the conductive layer 70a are included in a memory cell
MC. The memory cell MC has a vertical transistor structure
in which the conductive layer 70a surrounds the periphery of
the semiconductor body 20 with the memory film 30 inter-
posed.

[0035] In the memory cell MC that has the vertical tran-
sistor structure, the semiconductor body 20 is, for example,
a channel body of silicon; and the conductive layer 70a
functions as a control gate. The charge storage film 32
functions as a data storage layer that stores charge injected
from the semiconductor body 20.

[0036] The semiconductor memory device of the embodi-
ment is a nonvolatile semiconductor memory device that can
freely and electrically erase/program data and can retain the
memory content even when the power supply is OFF.
[0037] The memory cell MC is, for example, a charge trap
memory cell. The charge storage film 32 has many trap sites
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that trap charge inside an insulative film, and includes, for
example, a silicon nitride film. Or, the charge storage film 32
may be a conductive floating gate surrounded with an
insulator.

[0038] The tunneling insulating film 31 is used as a
potential barrier when the charge is injected from the semi-
conductor body 20 into the charge storage film 32 or when
the charge stored in the charge storage film 32 is discharged
into the semiconductor body 20. The tunneling insulating
film 31 includes, for example, a silicon oxide film.

[0039] The blocking insulating film 33 prevents the charge
stored in the charge storage film 32 from being discharged
into the conductive layer 70a. Also, the blocking insulating
film 33 prevents back-tunneling of the charge from the
conductive layer 70a into the columnar portion CL.

[0040] The blocking insulating film 33 includes, for
example, a silicon oxide film. Or, the blocking insulating
film 33 may be a stacked film of a silicon oxide film and a
metal oxide film (e.g., an aluminum oxide film). The silicon
oxide film is provided between the charge storage film 32
and the metal oxide film; and the metal oxide film is
provided between the silicon oxide film and the conductive
layer 70a.

[0041] As shown in FIG. 2, a drain-side selection transis-
tor STD is provided in the upper layer portion of the first
stacked portion 100a. A source-side selection transistor STS
is provided in the lower layer portion of the first stacked
portion 100a. The drain-side selection transistor STD and
the source-side selection transistor STS each include the
semiconductor body 20 that functions as a channel. The
semiconductor body 20 of the memory cell MC is electri-
cally connected to the semiconductor body 20 of the drain-
side selection transistor STD and the semiconductor body 20
of the source-side selection transistor STS.

[0042] The multiple memory cells MC are provided
between the drain-side selection transistor STD and the
source-side selection transistor STS. The multiple memory
cells MC, the drain-side selection transistor STD, and the
source-side selection transistor STS are connected electri-
cally in series via the semiconductor body 20 and are
included in one memory string. For example, the memory
strings have a staggered arrangement in a planar direction
parallel to the X-Y plane; and the multiple memory cells MC
are provided three-dimensionally in the X-direction, the
Y-direction, and the Z-direction.

[0043] As shown in FIG. 1, the separation portion 60
includes an insulating film 61. The insulating film 61 is not
illustrated in FIG. 2. Or, the separation portion 60 may
include an interconnect portion that is a film including, for
example, a metal, and spreading in the X-direction and the
Z-direction.

[0044] As shown in FIG. 3, the lower end portions of the
semiconductor bodies 20 contact the source layer SL.
[0045] The staircase portion 2 formed in the second
stacked portion 1005 will now be described.

[0046] As shown in FIG. 1 and FIG. 3, the staircase
portion 2 includes the multiple terrace portions T. The
multiple terrace portions T are arranged in a staircase
configuration with level differences in the two directions of
the X-direction and the Y-direction.

[0047] The separation portion 60 dividing the first stacked
portion 100q into the multiple blocks 200 extends to the
region where the second stacked portion 1005 including the
multiple terrace portions T is formed as shown in FIG. 1. A
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separation portion 62 is further provided in the region where
the second stacked portion 1005 is formed. The separation
portion 62 is not provided in the region where the first
stacked portion 100a is formed.

[0048] Similar to the separation portion 60, the separation
portion 62 also is formed from the insulating film 61. The
separation portion 60 and the separation portion 62 pierce
the second stacked portion 1006 and extend in the X-direc-
tion. The separation portion 60 and the separation portion 62
are arranged alternately in the Y-direction in the region
where the second stacked portion 1005 is formed.

[0049] The second stacked portion 10056 is divided into
multiple blocks (or fingers) 300 in the Y-direction by the
separation portions 60 and 62 which are more numerous
than the separation portions 60 dividing the first stacked
portion 100a.

[0050] The pitch in the Y-direction of the multiple sepa-
ration portions 60 and 62 in the region where the second
stacked portion 1005 is formed is smaller than the pitch in
the Y-direction of the multiple separation portions 60 in the
memory cell array 1. The width in the Y-direction of one
block 300 is narrower than the width in the Y-direction of
one block 200 in the memory cell array 1.

[0051] One block 300 that is partitioned by the separation
portions 60 and 62 includes the two columns of a first
column 91 or 93 and a second column 92 or 94. The block
300 on the left side in FIG. 1 includes the first column 91 and
the second column 92. The block 300 on the right side in
FIG. 1 includes the first column 93 and the second column
9.

[0052] The first column 91 of the block 300 on the left side
in FIG. 1 is disposed between the separation portion 60 and
the second column 92, and is adjacent to the separation
portion 60 and the second column 92. The second column 92
of the block 300 on the left side is disposed between the first
column 91 and the separation portion 62, and is adjacent to
the first column 91 and the separation portion 62.

[0053] The first column 93 of the block 300 on the right
side in FIG. 1 is disposed between the separation portion 62
and the second column 94, and is adjacent to the separation
portion 62 and the second column 94. The second column 94
of the block 300 on the right side is disposed between the
first column 93 and the separation portion 60, and is adjacent
to the first column 93 and the separation portion 60.
[0054] FIG.4A is a B-B cross-sectional view of FIG. 1 and
illustrates the cross section of the second stacked portion
1005 including the first column 91 at the vicinity of the
boundary with the separation portion 60.

[0055] FIG. 4B is a C-C cross-sectional view of FIG. 1 and
illustrates the cross section of the second stacked portion
1005 including the second column 92 at the vicinity of the
boundary with the first column 91.

[0056] FIG. 5 is a schematic perspective view of the block
300 including the first column 91 and the second column 92.

[0057] The first column 91 and the second column 92 each
include multiple (e.g., five) terrace portions T arranged in
staircase configurations with level differences in the X-di-
rection. Also, the first column 93 and the second column 94
each include multiple (e.g., five) terrace portions T arranged
in staircase configurations with level differences in the
X-direction. The first column 91, the second column 92, the
first column 93, and the second column 94 include the same
number of terrace portions T.
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[0058] FIG. 6B is a schematic plan view of the multiple
terrace portions T.

[0059] The numerals that mark the terrace portions T in
FIG. 6B illustrate the level numbers of the terrace portions
T counting from the terrace portion T of the lowermost level
(the terrace portion T of the first level). The terrace portion
T of the first level is the terrace portion of the layer (the
level) most proximal to the substrate 10. The larger numerals
illustrate the terrace portions T of the higher layers (levels).
[0060] The level difference changes one level at a time
from the first level to the fifth level for the five terrace
portions T of the first column 91.

[0061] The level difference changes one level at a time
from the fifth level to the ninth level for the five terrace
portions T of the second column 92.

[0062] The level difference changes one level at a time
from the ninth level to the thirteenth level for the five terrace
portions T of the first column 93.

[0063] The level difference changes one level at a time
from the thirteenth level to the seventeenth level for the five
terrace portions T of the second column 94.

[0064] A level difference is formed also between the
columns adjacent to each other in the Y-direction. The level
difference between the columns adjacent to each other in the
Y-direction is larger than the level difference between the
terrace portions T adjacent to each other in the X-direction
for each of the columns 91 to 94.

[0065] The terrace portions T of the second column 92 are
disposed in levels equal to or higher than the uppermost
level of the first column 91 inside the same block 300 as the
second column 92. The terrace portions T of the second
column 94 are disposed in levels equal to or higher than the
uppermost level of the first column 93 inside the same block
300 as the second column 94.

[0066] The terrace portions T from the fifth level to the
ninth level of the second column 92 are disposed in levels
equal to or higher than the uppermost level (the fifth level)
of the first column 91. The terrace portions T from the
thirteenth level to the seventeenth level of the second
column 94 are disposed in levels equal to or higher than the
uppermost level (the thirteenth level) of the first column 93.
[0067] The terrace portions T from the ninth level to the
thirteenth level of the first column 93 are disposed in levels
equal to or higher than the uppermost level (the ninth level)
of the second column 92 of the adjacent block 300. In the
example shown in FIG. 6B, the level difference changes four
levels at a time for the multiple terrace portions T adjacent
to each other in the Y-direction.

[0068] The terrace portion T of the lowermost level (the
fifth level) of the second column 92 is positioned in the same
level as the terrace portion T of the uppermost level (the fifth
level) of the first column 91. The terrace portion T of the
lowermost level (the thirteenth level) of the second column
94 is positioned in the same level as the terrace portion T of
the uppermost level (the thirteenth level) of the first column
93. In FIG. 6B, the terrace portion T of the lowermost level
(the ninth level) of the first column 93 of the block 300 on
the right side is positioned in the same level as the terrace
portion T of the uppermost level (the ninth level) of the
second column 92 of the block 300 on the left side.
[0069] As shown in FIG. 1 and FIG. 5, the second stacked
portion 1006 includes a first conductive portion 7056, a
second conductive portion 70¢, and a spacer portion 71. The
first conductive portion 706, the second conductive portion
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70c, and the spacer portion 71 are provided in the same layer
as the layer of the first stacked portion 100a where the
conductive layer 70a is provided.

[0070] As shown in FIG. 3 and FIGS. 4A and 4B, in the
second stacked portion 1005, the insulating layer 72 and the
layer where the first conductive portion 705, the second
conductive portion 70c¢, and the spacer portion 71 are
provided are stacked alternately. The insulating layer 72 of
the second stacked portion 1005 is provided as one body of
the same material (e.g., silicon oxide) as the insulating layer
72 of the first stacked portion 100a.

[0071] The terrace portion T includes the first conductive
portion 705, the second conductive portion 70¢, and the
spacer portion 71. The terrace portion T is formed in the
same layer as the conductive layer 70a of the memory cell
array 1; and the upper surface of the terrace portion T is
covered with the insulating layer 72.

[0072] The thickness of the conductive layer 70a is sub-
stantially equal to the thickness of the first conductive
portion 705, the thickness of the second conductive portion
70c, and the thickness of the spacer portion 71.

[0073] The first conductive portion 705 is provided at the
X-direction end of the terrace portion T. The second con-
ductive portion 70c¢ extends in the X-direction along the
Y-direction edge of the terrace portion T, and connects the
first conductive portion 705 and the conductive layer 70a of
the first stacked portion 100a. One end portion of the second
conductive portion 70c extending in the X-direction is
connected to the first conductive portion 705 provided at the
tip of the terrace portion T; and the other end portion is
connected to the conductive layer 70a of the first stacked
portion 100a. The first conductive portion 7056 and the
second conductive portion 70c¢ are connected in an L.-shaped
configuration in a plan view when the staircase portion 2 is
viewed from above in the Z-direction.

[0074] The conductive layer 70a, the first conductive
portion 7054, and the second conductive portion 70c are
provided to be continuous as one body of the same material.
The conductive layer 704, the first conductive portion 705,
and the second conductive portion 70c are, for example, a
metal layer including mainly tungsten.

[0075] As shown in FIG. 1, the first column 91 of the
block 300 on the left side includes one second conductive
portion 70¢ provided at the boundary with the separation
portion 60. The second conductive portion 70c is adjacent to
the separation portion 60.

[0076] The second column 92 adjacent to the first column
91 includes two second conductive portions 70¢ provided at
the boundary with the separation portion 62 and the bound-
ary with the first column 91. The second conductive portion
70c¢ on the separation portion 62 side of the second column
92 is adjacent to the separation portion 62.

[0077] The first column 93 of the block 300 on the right
side includes one second conductive portion 70c¢ provided at
the boundary with the separation portion 62. The second
conductive portion 70c is adjacent to the separation portion
62.

[0078] The second column 94 adjacent to the first column
93 includes two second conductive portions 70c¢ provided at
the boundary with the separation portion 60 and the bound-
ary with the first column 93. The second conductive portion
70c¢ on the separation portion 60 side of the second column
94 is adjacent to the separation portion 60.
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[0079] The first conductive portion 705 and the second
conductive portion 70c are provided in an L-shaped con-
figuration along the corner of the terrace portion T; and the
terrace portions T of the first columns 91 and 93 each include
one L-shaped conductive portion. The terrace portions T of
the second columns 92 and 94 each include two L-shaped
conductive portions combined to have line symmetry with
respect to an axis along the X-direction. The spacer portion
71 is provided on the inner side of the first conductive
portion 705 and the second conductive portion 70¢ forming
the L-shape.

[0080] The spacer portion 71 is an insulating portion. The
spacer portion 71 is a layer of a material different from the
first conductive portion 705, the second conductive portion
70c, and the insulating layer 72 and is, for example, a silicon
nitride layer.

[0081] In the first stacked portion 1004, the entire space
between the insulating layers 72 adjacent to each other
above and below is the conductive layer 70a. Conversely, in
the second stacked portion 1005, the first conductive portion
705, the second conductive portion 70c, and the spacer
portion 71 are provided in the space between the insulating
layers 72 adjacent to each other above and below.

[0082] The conductive layer 70a spreads in the region
where the multiple columnar portions CL are disposed and
changes into a layer made of the second conductive portion
70c¢ and the spacer portion 71 from a region (a region where
the columnar portions CL are not disposed) partway through
the layer in which the conductive layer 70a is provided. The
layer that is made of the second conductive portion 70c and
the spacer portion 71 further extends in the X-direction; and
the first conductive portion 705 is provided to be continuous
with the second conductive portion 70c¢ at the X-direction
end (the end of the terrace portion T).

[0083] The volume (the planar surface area) of the con-
ductive layer 70a of one layer spreading in the first stacked
portion 100a is greater than the total volume (the planar
surface area) of the first conductive portion 705 and the
second conductive portion 70c¢ of the same layer as the
conductive layer 70a.

[0084] As shown in FIG. 3 and FIGS. 4A and 4B, an
inter-layer insulating film 40 is provided on the staircase
portion 2 of the second stacked portion 1004. In FIG. 5, the
inter-layer insulating film 40 is illustrated by a double
dot-dash line. The separation portion 60 and the separation
portion 62 that are formed in the second stacked portion
1005 also pierce the inter-layer insulating film 40 and divide
the inter-layer insulating film 40 in the Y-direction.

[0085] As shown in FIG. 3, multiple contacts CC extend-
ing in the Z-direction are provided inside the inter-layer
insulating film 40. The contacts CC pierce the inter-layer
insulating film 40 and the insulating layers 72, and reach the
terrace portions T. The lower end portions of the multiple
contacts CC respectively contact the corresponding first
conductive portions 7056 of the multiple terrace portions T.
[0086] The contacts CC are conductive bodies including a
metal; and the contacts CC are connected respectively to
not-illustrated upper layer interconnects. The upper layer
interconnects are electrically connected to a control circuit
formed in the circuit layer 11 shown in FIG. 2 via not-
illustrated contacts. The conductive layers 70a of the
memory cell array 1 are electrically connected to the con-
tacts CC via the second conductive portions 70c and the first
conductive portions 704.
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[0087] A method for manufacturing the semiconductor
device of the embodiment will now be described with
reference to FIG. 7 to FIG. 32B.

[0088] FIG. 7 to FIG. 10 are schematic perspective views
showing processes for the first column 91 and the second
column 92.

[0089] FIG. 11A to FIG. 17B are schematic plan views
similar to FIG. 1.

[0090] FIG. 18 to FIG. 29 are schematic cross-sectional
views showing processes for the portion shown in FIG. 3.
FIG. 20 to FIG. 22 are cross-sectional views in which only
the first column 91 is extracted.

[0091] FIG. 30A, FIG. 31A, and FIG. 32A are schematic
cross-sectional views showing processes for the portion
shown in FIG. 4A.

[0092] FIG. 30B, FIG. 31B, and FIG. 32B are schematic
cross-sectional views showing processes for the portion
shown in FIG. 4B.

[0093] As shown in FIG. 18, a stacked body 100 is formed
on the source layer SL. The insulating layer 72 as a second
layer and a sacrificial layer 71 as a first layer are stacked
alternately on the source layer SL. The stacked body 100
including the multiple insulating layers 72 and the multiple
sacrificial layers 71 is formed on the source layer SL by
repeating the process of alternately stacking the insulating
layer 72 and the sacrificial layer 71. The insulating layer 72
is, for example, a silicon oxide layer; and the sacrificial layer
71 is, for example, a silicon nitride layer.

[0094] Then, a portion of the stacked body 100 is pat-
terned into a staircase configuration; and the multiple terrace
portions T are formed as shown in FIG. 7 and FIG. 19. The
multiple terrace portions T are arranged in a staircase
configuration with level differences in the two directions of
the X-direction and the Y-direction. The insulating layers 72
remain on the upper surfaces of the sacrificial layers 71 of
the terrace portions T.

[0095] The portion of the stacked body 100 where the
terrace portions T are formed is used to form the second
stacked portion 1005, and the portion of the stacked body
100 where the terrace portions T are not formed is used to
form the first stacked portion 100a.

[0096] Then, as shown in FIG. 8, FIG. 20, and FIG. 11A,
the portion of the sacrificial layer 71 provided at the end
portion where the terrace portions T form the level differ-
ence is caused to recede. At this time, a space 51a is formed
between the insulating layers 72 sandwiching the sacrificial
layer 71 from above and below by the recession in the
X-direction of the X-direction end portion of the sacrificial
layer 71. For example, the sacrificial layer 71 which is a
silicon nitride layer is etched using an etchant including hot
phosphoric acid.

[0097] As shown in FIG. 8, the second stacked portion
1005 including the second column 92 includes the sacrificial
layers 71 provided higher than the upper surface of the first
column 91. In addition to the etching from the X-direction
end portion, etching progresses also from the first column 91
side for the sacrificial layers 71 higher than the first column
91 in the second stacked portion 1005 including the second
column 92.

[0098] Accordingly, a space 515 is formed in the second
stacked portion 1005 including the second column 92 at the
vicinity of the boundary with the first column 91.

[0099] As shown in FIG. 11A, the space 515 and the space
51a are connected in an L-shaped configuration. In addition
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to the etching from the X-direction end portion, etching
progresses also from the first column 93 side for the sacri-
ficial layers 71 higher than the first column 93 in the second
stacked portion 1005 including the second column 94 of the
adjacent block 300; and the space 515 is formed in the
second stacked portion 1005 including the second column
94 at the vicinity of the boundary with the first column 93.
[0100] Further, in addition to the etching from the X-di-
rection end portion, etching progresses also from the second
column 92 side for the sacrificial layers 71 higher than the
second column 92 of the adjacent block 300 (on the left side)
in the second stacked portion 10056 including the first
column 93; and the space 516 is formed in the second
stacked portion 1006 including the first column 93 at the
vicinity of the boundary with the second column 92.
[0101] Sacrificial films are formed inside the space 51a
and the space 515. As shown in FIG. 9, FIG. 11B, and FIG.
22, a sacrificial film 52a is formed inside the space 51a; and
a sacrificial film 524 is formed inside the space 5156. The
sacrificial film 524 and the sacrificial film 525 are formed as
one body inside the space 51a and inside the space 515 and
are, for example, a polycrystalline silicon film.

[0102] As shown in FIG. 21, the sacrificial film 52 is
formed along the staircase configuration of the staircase
portion 2; and the sacrificial film 52 also enters the space 51a
and the space 515. Subsequently, for example, the sacrificial
film 52 formed on the upper surface of the staircase portion
2 is removed by RIE (Reactive lon Etching).

[0103] The sacrificial layers 71 remain in the other regions
of the layers of the second stacked portion 1005 where the
sacrificial films 52a and 525 are formed.

[0104] Subsequently, as shown in FIG. 10 and FIG. 23, the
inter-layer insulating film 40 is formed on the second
stacked portion 1005 to cover the multiple terrace portions
T. The level differences in the X-direction of the columns 91
to 94 and the level differences in the Y-direction between the
columns 91 to 94 are filled with the inter-layer insulating
film 40. The upper surface of the inter-layer insulating film
40 is planarized.

[0105] Subsequently, as shown in FIG. 24, multiple
memory holes MH are formed in the first stacked portion
100a by, for example, RIE. The memory holes MH pierce
the first stacked portion 100a and reach the source layer SL.

[0106] As shown in FIG. 25, the columnar portions CL are
formed inside the memory holes MH. The memory film 30,
the semiconductor body 20, and the core film 50 are formed
in order inside the memory holes MH. The lower end
portions of the semiconductor bodies 20 contact the source
layer SL.

[0107] Subsequently, as shown in FIG. 12, multiple slits
ST1 are formed in the first stacked portion 100a and the
second stacked portion 1004. In addition to the slits ST1, a
slit ST2 is further formed in the second stacked portion
1005.

[0108] The slits ST1 and ST2 are formed by RIE using a
not-illustrated mask, pierce the first stacked portion 100q,
the second stacked portion 1005, and the inter-layer insu-
lating film 40 on the second stacked portion 1005, and reach
the source layer SL. The slits ST1 extend to be continuous
in the X-direction through the first stacked portion 100a and
through the second stacked portion 10056. The slit ST2
extends in the X-direction through the second stacked por-
tion 1005 and is not formed in the first stacked portion 100a.
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[0109] The first stacked portion 100q is divided into the
multiple blocks 200 in the Y-direction by the slits ST1. The
second stacked portion 1006 is divided into the multiple
blocks 300 in the Y-direction by the slits ST1 and the slit
ST2.

[0110] The slit ST2 is formed between the second column
92 of the block 300 on the left side of FIG. 12 and the first
column 93 of the block 300 on the right side of FIG. 12; and
the second column 92 and the first column 93 are adjacent
to the slit ST2. The side surface of the first column 91 on the
side opposite to the second column 92 is adjacent to the slit
ST1. The side surface of the second column 94 on the side
opposite to the first column 93 is adjacent to the slit ST1.
[0111] FIG. 30A is a B-B cross-sectional view of FIG. 12;
and FIG. 30B is a C-C cross-sectional view of FIG. 12.
[0112] As shown in FIG. 13, a cover film 81 and a resist
film 82 are formed inside the slits ST1 and inside the slit
ST2. The side surface of the first stacked portion 1004, the
side surface of the second stacked portion 1005, and the side
surface of the inter-layer insulating film 40 exposed in the
slits ST1 are covered with the cover film 81; and the side
surface of the second stacked portion 1005 and the side
surface of the inter-layer insulating film 40 exposed in the
slit ST2 are covered with the cover film 81. The resist film
82 is formed on the inner side of the cover film 81.

[0113] The cover film 81 is a film of a material different
from the sacrificial layer 71 which is a silicon nitride layer,
and is, for example, a polycrystalline silicon film.

[0114] The resist film 82 inside the slits ST1 formed in the
first stacked portion 100a is removed by exposing and
developing the resist film 82. As shown in FIG. 14, a portion
of the slits ST1 formed in the first stacked portion 100a
appears. The side surface of the cover film 81 is exposed in
the portion of the slits ST1.

[0115] Then, the cover film 81 formed in the slits ST1 of
the first stacked portion 100a is removed in the state in
which the region including the second stacked portion 1005
and the cover film 81 is covered with a not-illustrated mask
layer. An etchant is supplied to the interior of the slits ST1
on the inner side of the cover film 81; and the cover film 81
formed in the slits ST1 of the first stacked portion 100a is
removed. Subsequently, the mask layer covering the second
stacked portion 10056 is removed; and the resist film 82
formed in the slits ST1 and ST2 of the second stacked
portion 1005 is removed.

[0116] As shown in FIG. 15, the slits ST1 formed in the
first stacked portion 100a appear; and the side surface of the
first stacked portion 100a is exposed in the slits ST1. Inside
the slits ST1 and the slit ST2 formed in the second stacked
portion 1005, the cover film 81 remains; and the side surface
of the second stacked portion 1005 is covered with the cover
film 81.

[0117] Then, the sacrificial layers 71 of the first stacked
portion 100a are removed by an etchant or an etching gas
supplied through the exposed slits ST1. For example, the
sacrificial layers 71 which are silicon nitride layers are
removed using an etchant including hot phosphoric acid.
[0118] The sacrificial layers 71 of the first stacked portion
100a are removed; and as shown in FIG. 26, a space (an air
gap) 74 is formed between the insulating layers 72 adjacent
to each other above and below. At this time, the multiple
insulating layers 72 stacked with the space 74 interposed
contact the side surfaces of the columnar portions CL to
surround the side surfaces of the multiple columnar portions
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CL. The multiple insulating layers 72 are supported by such
a physical bond with the multiple columnar portions CL; and
the space 74 is maintained between the insulating layers 72.

[0119] The side surfaces of the sacrificial layers 71 of the
second stacked portion 1005 on the slit ST1 and ST2 sides
are covered with the cover film 81, are not exposed in the
slits ST1 and ST2, and therefore are not etched. The etching
of the sacrificial layers 71 of the first stacked portion 100a
progresses from the side surfaces exposed in the slits ST1.
Although the etching of the sacrificial layers 71 progresses
also in the X-direction, the etching time is controlled so that
the sacrificial layers 71 of the second stacked portion 1005
remain.

[0120] Then, the cover film 81 inside the slits ST1 and
inside the slit ST2 formed in the second stacked portion
1005 is removed. As shown in FIG. 16A, the slits ST1 and
the slit ST2 formed in the second stacked portion 1004
appear.

[0121] The sacrificial layers 71 and the sacrificial films
52a of the first column 91 of the second stacked portion
1004 are exposed in the slits ST1. The sacrificial layers 71
and the sacrificial films 52a of the second column 92 of the
second stacked portion 1005 are exposed in the slit ST2. The
sacrificial layers 71 and the sacrificial films 52a of the first
column 93 of the second stacked portion 1005 are exposed
in the slit ST2. The sacrificial layers 71 and the sacrificial
films 52a of the second column 94 of the second stacked
portion 1005 are exposed in the slits ST1.

[0122] Then, the portions of the sacrificial layers 71 of the
second stacked portion 1005 exposed in the slits ST1 and the
slit ST2 are caused to recede by etching using an etching gas
or an etchant supplied to the slits ST1 and the slit ST2. For
example, the sacrificial layers 71 which are silicon nitride
layers are etched using an etchant including hot phosphoric
acid.

[0123] By etching a portion of the sacrificial layers 71, a
space 51c is formed in the portions adjacent to the slits ST1
and ST2 of the layers in which the sacrificial layers 71 are
formed in each block 300 as shown in FIG. 10, FIG. 16B,
and FIG. 31A. FIG. 31A is a B-B cross-sectional view of
FIG. 16B.

[0124] At this time, the etchant enters the space 74 formed
in the first stacked portion 100a also from the slits ST1 of the
first stacked portion 100a; and the sacrificial layers 71 that
remain in the second stacked portion 1005 are etched in the
X-direction. By controlling the etching time, the etching of
the sacrificial layers 71 of the second stacked portion 1005
stops at one portion on the slit ST1 and ST2 sides so that a
portion of the sacrificial layers 71 remains in the second
stacked portion 1005 while suppressing the etching amount
from the first stacked portion 100a side (the space 74 side)
of the sacrificial layers 71. The space 51c¢ extends in the
X-direction along the Y-direction edges of the columns 91 to
94 and communicates with the space 74 formed in the first
stacked portion 100a.

[0125] As shown in FIG. 10, FIG. 16B, FIG. 31A, and
FIG. 31B, the sacrificial films 52a and 524 which are, for
example, polycrystalline silicon films remain after the etch-
ing of the sacrificial layers 71 (after the formation of the
space 51¢). FIG. 31B is a C-C cross-sectional view of FIG.
16B.
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[0126] One end portion in the Y-direction of the sacrificial
film 524 is exposed in the slit ST1 or the slit ST2. Then, the
sacrificial film 52a is removed by the etchant supplied to the
slits ST1 and ST2.

[0127] The sacrificial films 52a are removed; and the
space 51a appears as shown in FIG. 17A, FIG. 27, and FIG.
32A. FIG. 32A is a B-B cross-sectional view of FIG. 17A.
[0128] The sacrificial films 526 formed in the second
stacked portion 1005 including the second columns 92 and
94 are exposed in the space 51a; the sacrificial films 5254 also
are removed by the etchant entering the space 51a; and the
space 515 appears as shown in FIG. 17A and FIG. 32B. FIG.
32B is a C-C cross-sectional view of FIG. 17A.

[0129] The state of the second stacked portion 1005 is a
state in which the spaces 51a, 515, and 51¢ communicating
with the space 74 are formed in the same layers as the layers
in which the space 74 of the first stacked portion 100qa is
formed.

[0130] As described above, the multiple insulating layers
72 stacked with the space 74 interposed in the first stacked
portion 100a are supported by the multiple columnar por-
tions CL.

[0131] On the other hand, in the second stacked portion
1005, one portion of the sacrificial layers 71 remains; the
remaining one portion supports the insulating layers 72
directly above as shown in FIG. 27 as the spacer portions 71;
and the spaces 51a, 515, and 51c¢ are maintained.

[0132] The ratio of the planar surface area of the spaces
51a, 515, and 51c, and the planar surface area of the spacer
portions 71 of the second stacked portion 1005 are set so that
the insulating layers 72 do not flex.

[0133] The sacrificial layers 71 remain in the second
stacked portion 1005 so that the insulating layers 72 do not
flex in the state in which the spaces 74, 51a, 515, and S1c¢
are formed prior to replacing the sacrificial layers 71 with
the conductive material. The columnar portions are not
disposed in the second stacked portion 1005. Accordingly, it
is unnecessary to ensure a region for disposing the columnar
portions in the terrace portions T; and by this amount, it is
possible to reduce the surface area of the terrace portions T.
This makes it possible to reduce the surface area of the entire
semiconductor device (chip).

[0134] Then, a conductive material that is continuous
inside the spaces 74, 51a, 515, and 51c¢ is formed inside the
spaces 74, 51a, 515, and 51c¢. As shown in FIG. 17B, FIG.
4A, FIG. 4B, FIG. 5, and FIG. 28, the conductive layer 70a
is formed in the first stacked portion 100a; and the first
conductive portion 705 and the second conductive portion
70c are formed in the second stacked portion 1005.

[0135] For example, a tungsten layer is formed as the
conductive layer 70a, the first conductive portion 705, and
the second conductive portion 70¢ by CVD (Chemical Vapor
Deposition). At this time, a source gas is supplied to the
spaces 74, 51a, 515, and 51c¢ through the slits ST1 and ST2.
[0136] After forming the conductive layer 70a, the first
conductive portion 7056, and the second conductive portion
70c, the separation portion 60 is formed as shown in FIG. 1
by filling the insulating film 61 into the slits ST1; and the
separation portion 62 is formed by filling the insulating film
61 into the slit ST2.

[0137] Subsequently, as shown in FIG. 29, multiple con-
tact holes CH that pierce the inter-layer insulating film 40
and reach the first conductive portions 706 of the terrace
portions T are formed by, for example, RIE. The contacts CC
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shown in FIG. 3 are formed inside the contact holes CH; and
the contacts CC contact the first conductive portions 7054.
[0138] FIGS. 33A and 33B are schematic cross-sectional
views showing another example of the method for forming
the contact holes CH and the contacts CC.

[0139] In the case where the diameter of the contact hole
CH is wider than the width of the first conductive portion
705 of the terrace portion T to be connected, the sacrificial
layers (the spacer portions) 71 and the insulating layers 72
that are positioned at the portions lower than the upper
surface of the first conductive portion 706 of the terrace
portion T to be connected also may be etched when etching
to form the contact hole CH. In such a case, as shown in FIG.
33A, a portion of the contact hole CH extends lower than the
upper surface of the first conductive portion 705, and as
shown in FIG. 33B, the contact (the conductive material of
a metal, etc.) CC is filled into the contact hole CH.

[0140] Accordingly, the contact CC extends lower than the
upper surface of the first conductive portion 705, and
contacts the side surface of the first conductive portion 7056
in addition to the upper surface of the first conductive
portion 705.

[0141] Because the spacer portions 71 are silicon nitride
layers and are insulating bodies, the contact CC is not
shorted to the first conductive portions 706 of the other
layers even when the contact CC reaches the spacer portions
71 of the other layers lower than the first conductive portion
705 to be connected.

[0142] Because the level number changes one level at a
time in the X-direction for the multiple terrace portions T
arranged in the X-direction, the first conductive portions 705
are not formed in the other layers under the first conductive
portion 705 to be connected. Accordingly, the contact CC
that extends lower than the first conductive portion 705 to be
connected is not shorted to the first conductive portions 705
of the other layers. However, the contact CC is formed not
to contact the source layer SL shown in FIG. 2.

[0143] For example, according to the lithography preci-
sion or the size of the contact CC, there may be a case where
the contact CC is not contained within the area of the terrace
portion T to be connected as illustrated by the broken lines
in FIG. 6B; and the contact CC also may drop down to the
terrace portion T of one layer level below the terrace portion
T to be connected.

[0144] Even in such a case, the contact CC is not shorted
to the first conductive portions 706 of the other layers
because the first conductive portions 705 of the other layers
do not exist under the first conductive portion 705 at the
formation position of the contact CC shown by the broken
line in FIG. 6B, and because the spacer portions 71 and the
insulating layers 72 which are insulating bodies are stacked.
[0145] However, because a structure is obtained in which
the end of the lowermost level of the second column 92 (the
end on the front side in FIG. 5) overlaps the multiple first
conductive portions 705 with the insulating layers 72 inter-
posed, the first conductive portions 705 of different layers
may be shorted to each other via the contact CC if the
contact CC is shifted from the terrace portion T of the
lowermost level of the second column 92.

[0146] Accordingly, in the example shown in FIG. 6B, the
terrace portion T that is in the same level as the terrace
portion T of the uppermost level (the fifth level) of the first
column 91 is disposed in the lowermost level of the second
column 92 as a dummy; and the contact CC does not drop
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down to the first conductive portion 7056 of the dummy
terrace portion T. In the example shown in FIG. 6B, the first
conductive portion 705 of the terrace portion T of the fifth
level is connected to the contact CC disposed at the bound-
ary between the fifth level and the fourth level of the first
column 91.
[0147] Similarly, the contact CC is not disposed at the
ends of the lowermost levels of the first column 93 and the
second column 94 of the adjacent block 300. In the lower-
most level of the first column 93, the terrace portion T that
is in the same level as the terrace portion T of the uppermost
level (the ninth level) of the second column 92 left-adjacent
is disposed as a dummy. In the lowermost level of the second
column 94, the terrace portion T that is in the same level as
the terrace portion T of the uppermost level (the thirteenth
level) of the first column 93 left-adjacent is disposed as a
dummy.
[0148] By etching through the slits ST1, the insulating
layers 72 that are between the multiple conductive layers
70a of the first stacked portion 100a may be removed; and
an air gap may be provided between the multiple conductive
layers 70a of the first stacked portion 100q4. In such a case,
the multiple conductive layers 70a stacked with the air gap
interposed are supported by the multiple columnar portions
CL.
[0149] By causing at least a portion of the insulating layers
72 to remain in the second stacked portion 1005 in which the
columnar portions are not disposed, the multiple layers
separated vertically and including the conductive portions
705, 70¢ and the spacer portions 71 can be supported.
[0150] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modification as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. A semiconductor device, comprising:
a stacked body including a plurality of conductive layers
stacked with an insulator interposed, the stacked body
including a first stacked portion and a second stacked
portion, the second stacked portion including a plural-
ity of terrace portions arranged in a staircase configu-
ration with level differences in a first direction and a
second direction, the second direction crossing the first
direction; and
a columnar portion extending in a stacking direction of
the stacked body through the first stacked portion,
one of the terrace portions in the second stacked portion
including
a conductive portion connected to a conductive layer of
the first stacked portion and provided in same layer
as the conductive layer, the conductive layer being
one layer of the conductive layers, and

a spacer portion provided in same layer as the conduc-
tive layer and the conductive portion, the spacer
portion being of a material different from the con-
ductive portion.
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2. The device according to claim 1, wherein the spacer
portion is an insulating portion.

3. The device according to claim 1, wherein the insulator
is a silicon oxide layer, and the spacer portion is a silicon
nitride layer.

4. The device according to claim 1, wherein a material of
the conductive portion is same material as the conductive
layer.

5. The device according to claim 1, wherein the conduc-
tive portion includes an L-shaped portion along the first
direction and the second direction.

6. The device according to claim 1, further comprising:

an inter-layer insulating film provided on the second

stacked portion; and

a plurality of contacts extending in the stacking direction

through the inter-layer insulating film and reaching the

terrace portions, one of the contacts contacting the
conductive portions of one of the terrace portions.

7. The device according to claim 6, wherein

the conductive portion includes:

a first conductive portion provided at an end in the first
direction of one of the terrace portions, one of the
contacts contacting the first conductive portion; and

a second conductive portion extending in the first
direction along an edge in the second direction of
one of the terrace portions and connecting the first
conductive portion and the conductive layer of the
first stacked portion.

8. The device according to claim 1, further comprising:

a plurality of first separation portions piercing the first

stacked portion, extending in the first direction, and

dividing the first stacked portion into a plurality of first
blocks in the second direction; and

a plurality of second separation portions piercing the

second stacked portion, extending in the first direction,

and dividing the second stacked portion into a plurality
of second blocks in the second direction.

9. The device according to claim 8, wherein

one of the second blocks between two of the second

separation portions adjacent to each other in the second

direction includes:

a first column including the terrace portions arranged in
the first direction and adjacent to one second sepa-
ration portion of the two second separation portions;
and

a second column including the terrace portions
arranged in the first direction and adjacent to the first
column and the other second separation portion of
the two second separation portions.

10. The device according to claim 9, wherein number of
the terrace portions of the first column and number of the
terrace portions of the second column are same.

11. The device according to claim 9, wherein

a level number changes one level at a time in the first

direction for the terrace portions of the first column,

a level number changes one level at a time in the first

direction for the terrace portions of the second column,

and

the terrace portion of a lowermost level of the second

column is positioned at same level as the terrace

portion of an uppermost level of the first column.
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12. The device according to claim 9, wherein the terrace
portions of the second column are disposed in a level equal
to or higher than an uppermost level of the terrace portions
of the first column.

13. The device according to claim 12, wherein

the conductive portion includes:

a first conductive portion provided at an end in the first
direction of one of the terrace portions; and

a second conductive portion extending in the first
direction along an edge in the second direction of
one of the terrace portions and connecting the first
conductive portion and the conductive layer of the
first stacked portion,

the terrace portions of the first column each include one
second conductive portion provided at a boundary with
the one second separation portion, and

the terrace portions of the second column each include
two second conductive portions provided at a boundary
with the other second separation portion and a bound-
ary with the first column.

14. The device according to claim 6, wherein

the spacer portion is an insulating portion,

a level number changes one level at a time in the first
direction for the terrace portions arranged in the first
direction, and

one of the contacts extends to be lower than an upper
surface of the conductive portion of one of the terrace
portions and contacts a side surface of the conductive
portion.

15. The device according to claim 1, wherein

the columnar portion includes:

a semiconductor body extending in the stacking direc-
tion; and

a charge storage portion provided between the semi-
conductor body and one of the conductive layers.

16. A method for manufacturing a semiconductor device,
comprising:

forming a plurality of terrace portions arranged in a
staircase configuration with level differences in a por-
tion of a stacked body, the stacked body including a
plurality of first layers and a plurality of second layers,
the first layers and the second layers including a first
layer and a second layer stacked alternately;

forming a plurality of columnar portions in a first stacked
portion of the stacked body, the first stacked portion not
including the terrace portions;
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forming a first space after the forming of the columnar
portions by removing the first layer of the first stacked
portion by etching through a plurality of first slits
formed in the first stacked portion;

forming a second space by performing etching through a

plurality of second slits formed in a second stacked
portion including the terrace portions, the etching
removing one portion of the first layer of the second
stacked portion adjacent to the second slits while
causing another portion of the first layer to remain in
the second stacked portion; and

forming a conductive material inside the first space and

inside the second space, the conductive material being
continuous inside the first space and inside the second
space.

17. The method according to claim 16, further comprising
forming a third space by causing end portions of the first
layers of the second stacked portion to recede in a first
direction, the end portions forming the level differences, the
end portions being provided at an end in the first direction,
the second slits extending in the first direction,

the forming of the conductive material including forming

the conductive material also inside the third space to be
continuous with the conductive material inside the
second space.

18. The method according to claim 17, further compris-
ing:

forming an inter-layer insulating film on the terrace por-

tions; and

forming a plurality of contacts piercing the inter-layer

insulating film and contacting the conductive material
formed inside the third space.

19. The method according to claim 17, wherein

the second slits are formed after forming a sacrificial film

inside the third space, the sacrificial film being of a
material different from the first layer, and

the sacrificial film is removed by etching through the

second slits.

20. The method according to claim 16, wherein

the first slits and the second slits are formed simultane-

ously, and

the first layer of the first stacked portion is removed by

etching through the first slits in a state in which side
walls of the second slits are covered with a cover film.
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