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SEMICONDUCTOR MEMORY DEVICE AND METHOD FOR
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is based upon and claims the benefit of
priority from U.S. Provisional Patent Application 62/327,157
filed on April 25, 2016; the entire contents of which are
incorporated herein by reference.

FIELD
Embodiments are generally related to a semiconductor memory

device and a method for manufacturing the same.

BACKGROUND

A semiconductor memory device of three-dimensional structure is
under developing, which includes a charge storage layer and a
semiconductor layer provided in a memory hole. The memory hole is
formed in a stacked body that includes a plurality of electrode layers
stacked on a conductive layer, and the charge storage layer and the
semiconductor layer extend in a stacked direction of the plurality of
electrode layer. In the manufacturing process of such a memory device,
the memory hole is formed from a top surface to be in communication

with the conductive layer.

SUMMARY

According to one embodiment, a semiconductor memory device
includes a first semiconductor layer; a stacked body including a plurality
of electrode layers stacked in a first direction; a metal layer provided in
the first direction between the first semiconductor layer and the stacked
body; a second semiconductor layer extending in the first direction
through the stacked body and the metal layer, and being electrically
connected to the first semiconductor layer.

The embodiments of the present invention can realize a
semiconductor memory device and a method for manufacturing the
semiconductor memory device capable of increasing the memory
capacity in the semiconductor memory device.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view showing a memory cell part of a

semiconductor memory device according to an embodiment;

FIGS. 2A and 2B are schematic cross-sectional views showing
the memory cell part of the semiconductor memory device according to
the embodiment;

FIGS. 3A and 3B are schematic views showing a hook-up part of
the semiconductor memory device according to the embodiment;

FIGS. 4A to 4M are schematic cross-sectional views showing a
manufacturing process of the semiconductor memory device according
to the embodiment;

FIGS. 5A to 5C are schematic cross-sectional views showing a
manufacturing process according to a variation of the embodiment; and

FIGS. 6A to 6C are schematic views showing a semiconductor
memory device according to a variation of the embodiment.

DETAILED DESCRIPTION
Embodiments will now be described with reference to the

drawings. The same portions inside the drawings are marked with the
same numerals; a detailed description is omitted as appropriate; and the
different portions are described. The drawings are schematic or
conceptual; and the relationships between the thicknesses and widths of
portions, the proportions of sizes between portions, etc., are not
necessarily the same as the actual values thereof. The dimensions
and/or the proportions may be illustrated differently between the
drawings, even in the case where the same portion is illustrated.

There are cases where the dispositions of the components are
described using the directions of XYZ axes shown in the drawings. The
X-axis, the Y-axis, and the Z-axis are orthogonal to each other.
Hereinbelow, the directions of the X-axis, the Y-axis, and the Z-axis are
described as an X-direction, a Y-direction, and a Z-direction. Also,
there are cases where the Z-direction is described as upward and the
direction opposite to the Z-direction is described as downward.

A semiconductor memory device according to an embodiment is,
for example, a NAND type nonvolatile memory device, and includes a
memory cell part MCP that includes three-dimensionally disposed
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memory cells. FIG. 1 is a perspective view showing the memory cell
part MCP of a semiconductor memory device 1. It should be noted in
FIG. 1 that an insulating layer provided between a stacked body 100 and
bit lines BL is omitted.

The memory cell part MCP shown in FIG. 1 includes the stacked
body 100 and columnar bodies CL. The stacked body 100 is provided
on a substrate (not shown) with an insulating layer 10 and a source layer
20 interposed, and the columnar bodies CL extends in the Z-direction
through the stacked body 100. The stacked body 100 includes a
plurality of electrode layers 50 stacked in the Z-direction. An insulating
layer 40 is provided between electrode layers 50 that are adjacent to
each other in the Z-direction. An electrode layer 50 acts as a control
gate of memory cell, i.e. a word line. Moreover, in the embodiment, a
metal layer 30 is provided between the source layer 20 and a stacked
body 100.

As shown in FIG. 1, stacked bodies 100 are arranged in the
Y-direction on the source layer 20. An insulating layer 60 is provided
between the stacked bodies 100 which are adjacent to each other. A
columnar body CL includes a semiconductor layer 70, and the
semiconductor layer 70 is electrically connected to a bit line BL via a
contact plug Cb. Moreover, the semiconductor layer 70 is electrically
connected to the source layer 20 (see FIG. 2A).

Hereinafter, a structure of the memory cell part MCP is described
in detail with reference to FIGS. 2A and 2B. FIG. 2A is a schematic
cross- sectional view of the memory cell part MCP taken along the Y-Z
plane. FIG. 2B is a schematic cross-sectional view showing a memory
cell MC shown in FIG. 2A.

As shown in FIG. 2A, the source layer 20 is provided on the
insulating layer 10. The source layer 20 is, for example, an N-type
semiconductor layer, and includes a first portion 21 and a second portion
23. The first portion 21 is positioned between the insulating layer 10
and the second layer 23. The first portion 21 is, for example, an N-type
amorphous silicon layer. The second portion 23 is, for example, an
N-type amorphous silicon layer which includes N-type impurities of
higher concentration than that in the first portion 21.

The metal layer 30, for example, is provided to be in contact with
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the second portion 23. A contact resistance between the source layer
20 and the metal layer 30 is smaller as the concentration of N-type
impurities becomes higher in the second portion 23. Thus, the
concentration of N-type impurities in the second portion 23, for example,
is desirable to be not less than 1 x 10%%cm.

It should be noted that the source layer 20 is not limited to the
example described above. The source layer 20 may be a
semiconductor layer, for example, that uniformly includes N-type
impurities. The source layer 20 may be, for example, a P-type
semiconductor layer. In such a case, the second portion 23 includes
P-type impurities of higher concentration than that in the first portion 21.
Moreover, the source layer 20 may be, for example, a polycrystalline
silicon layer. The second portion 23 may includes a material different
from a material of the first portion 21. When the first portion 21 includes,
for example, polycrystalline silicon, the second portion 23 may includes
silicon-germanium (SiGe).

The metal layer 30 includes high-melting-point metal such as
tungsten, tantalum and like. Alternatively, the metal layer 30 may
include metal compound such as tungsten nitride (WN), tungsten silicide
(WSi) and like.

As shown in FIG. 2A, the columnar body CL is provided to extend
in the Z-direction through the metal layer 30, the insulating layers 40 and
the electrode layers 50. The insulating layer 60 is provided between
the adjacent stacked bodies 100, and divides the metal layer 30.

The columnar body CL includes a semiconductor layer 70, a core
body 75 and an insulating layer 80. The core body 75 is, for example, a
silicon oxide, and extends in the Z-direction through the columnar body
CL. The semiconductor layer 70 extends in the Z-direction. The
semiconductor layer 70 is, for example, an amorphous silicon layer, and
is provided so as to surround the core body 75 (see FIG. 6B). The
insulating layer 80 is provided so as to surround a periphery of the
semiconductor layer 70 (see FIG. 6B). That is, the semiconductor layer
70 is positioned between the core body 75 and the insulating layer 80.

As shown in FIG. 2A, a selection transistor STS on a source side
is provided at a part where the columnar body CL extends through an
electrode layer 50b. The electrode layer 50b is the lowermost layer of
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the electrode layers 50 included in the stacked body 100. The
semiconductor layer 70 acts as a channel of the selection transistor STS,
and the electrode layer 50b acts as a selection gate on the source side.
The insulating layer 80 acts as a gate insulating layer of the selection
transistor STS at a part positioned between the electrode layer 50b and
the semiconductor layer 70.

A selection transistor STD on a drain side (not shown) is provided
at a part where the columnar body CL extends through an electrode layer
50a (see FIG. 1). The electrode layer 50a is the uppermost layer of the
electrode layers 50. The electrode layer 50a acts as a selection gate
on the drain side. Then, the memory cells MC are provided at parts
where the columnar body CL extends through electrode layers 50
positioned between the electrode layer 50a and the electrode layer 50b.

As shown in FIG. 2B, the insulating layer 80 includes, for
example, a first layer 81, a second layer 82 and a third layer 83. The
first layer 81, the second layer 83 and the third layer 85 each extend
along the semiconductor layer 70 in the Z-direction. The second layer
83 is positioned between the first layer 81 and the third layer 85. The
first layer 81 is positioned between the electrode layers 50 and the
second layer 83. The third layer 85 is positioned between the
semiconductor layer 70 and the second layer 83. The first layer 81 and
the third layer 85 are, for example, silicon oxide layers, and the second
layer 83 is, for example, a silicon nitride layer.

The insulating layer 80 includes charge storage portions
positioned between the electrode layers 50 and the semiconductor layer
70. For example, electric charges are injected into the insulating layer
80 from the semiconductor layer 70 by a bias voltage applied between
an electrode layer 50 and the semiconductor layer 70. Then, the
electric charges injected are trapped at interface states between the first
layer 81 and the second layer 83 or at interface states between the
second layer 83 and the third layer 85. Moreover, the electric charges
trapped in these interface states are released into the semiconductor
layer 70 by a reverse bias voltage applied between the electrode layer
50 and the semiconductor layer 70. Thus, data writing in a memory cell
MC and data erasing from the memory cell MC are performed in this
manner. Differently from the example described above, the insulating
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layer 80 may include conductors at the portions between the electrode
layers 50 and the semiconductor layer 70 such that the conductors acts
as floating gates.

FIGS. 3A and 3B are schematic views showing the hook-up part
HUP of the semiconductor memory device 1. The hook-up part HUP
has a structure that hooks up each of the plurality of electrode layers 50
stacked in the Z-direction so as to be electrically connected to a driving
circuit (not shown).

FIG. 3A is a plan view schematically showing an arrangement of
memory cell array. As shown in FIG. 3A, the hook-up part is provided
on each side of the memory cell part MCP in the X-direction.

FIG. 3B is a cross-sectional view taken along A-A line shown in
FIG. 3A. As shown in FIG. 3B, a plurality of columnar bodies CL are
provided in the memory cell part MCP, and each include a semiconductor
layer 70 which is electrically connected to a bit line BL via a contact plug
Cb. A plurality of contact plugs Cg and Csg are provided in the hook-up
part HUP. End portions of the electrode layers 50, which locate in the
hook-up part HUP, are formed into stairs respectively. The end portions
of the electrode layers 50 are arranged so as not to be overlapped in the
Z-direction from each other. Thus, it is possible to electrically connect
the contact plugs Cg and Csg to the end portions of the electrode layers
50 respectively.

As shown in FIG. 3B, the contact plug Cg is electrically
connected to each electrode layer 50 (a word line). The contact plug
Csg is electrically connected to the electrode layer 50a or 50b (a
selection gate). A contact plug Csa is further provided at a position
farthest from the memory cell part MCP in the hook-up part HUP, and is
electrically connected to a metal layer 30. For example, a contact plug
Csg, which is electrically connected to the electrode layer 50b (the
selection gate on the source side), is positioned between the contact
plug Cg and the contact plug Csa.

The contact plugs Cg and Csg electrically connect gate
interconnections (not shown) and the electrode layers 50 respectively.
The contact plug Csa electrically connects the source layer 20 and the
source line SL1 (see FIG. 6C).

In the embodiment, the metal layer 30 is provided between the
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source layer 20 and the stacked body 100, and reduces a spreading
resistance of the source layer 20. Thereby, it is possible to provide the
contact plug Csa at a position far from the memory cell part MCP.
That is, by reducing the spreading resistance of the source layer 20, it is
possible to reduce differences in bias voltages applied to
semiconductor layers 70 in the columnar bodies CL respectively via the
source line SL1, the contact plug Csa and the source layer 20.

When the metal layer 30 is not provided, for example, it is
desirable to provide a contact plug Csb in the insulating layer 60 as
shown in FIG. 6A. Thereby, it is possible to reduce differences in bias
voltages applied to semiconductor layers 70 respectively by reducing a
distance between each semiconductor layer 70 and the contact plug Csb.
In such a structure, however, a distance is widened between stacked
bodies 100 being adjacent to each other. Thus, the number of memory
cells disposed in the memory cell part MCP is reduced, and a reduction
of memory capacity may be raised.

In contrast, it is possible in the embodiment to enlarge the
memory capacity by providing the contact plug Csa at the outside of the
memory cell part MCP and reducing the distance between the stacked
bodies 100 being adjacent to each other.

Hereinafter, a manufacturing method of the semiconductor
memory device 1 according to the embodiment is described with
reference to FIGS. 4A to 4M. FIGS. 4A to 4M are schematic
cross-sectional views showing a manufacturing process of the
semiconductor memory device 1.

As shown in FIG. 4A, phosphorus (P), which is an N-type impurity,
is ion-implanted into a top side of the source layer 20. The source layer
20 is formed, for example, on a substrate (not shown) with an insulating
layer 10 interposed. The insulating layer 10 is, for example, a silicon
oxide layer formed using TEOS-CVD (Chemical Vapor Deposition). The
source layer 20 is, for example, an amorphous silicon layer formed using
CVD. Phosphorus (P), which is an N-type impurity, is doped, for
example, in the source layer 20.

Then, the N-type impurities (P) are ion-implanted, for example,
under a condition of implant energy Ei not more than 50 keV and a dose
amount Da not less than 1.0 x 10"cm™. The N-type impurities are
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implanted in the vicinity of a front surface of the source layer 20, and
form a first portion 21 and a second portion 23 in the source layer 20.
The second portion 23 is positioned on the top surface side of the source
layer 20, and includes N-type impurities of higher concentration than that
in the first portion 21. It should be noted that there is a case where the
amorphous silicon is crystallized and converted to polycrystalline silicon
through a process of thermal treatment for activating the ion-implanted
N-type impurities.

As shown in FIG. 4B, a metal layer 30 is formed on the source
layer 20. The metal layer 30 includes, for example, a high-melting-point
metal such as tungsten formed using CVD. The metal layer 30 is
formed, for example, directly on the second portion 23 which includes
N-type impurities with a concentration not less than 1 x 10%cm=.
Thereby, a contact resistance is reduced between the source layer 20
and the metal layer 30.

As shown in FIG. 4C, a stacked body 110 is formed on the metal
layer 30. The stacked body 110 includes, for example, insulating layers
40 and 45 alternately stacked in the Z-direction. The insulating layers
40 are, for example, silicon oxide layers formed using CVD. The
insulating layers 45 are, for example, silicon nitride layers formed using
CVD. Materials used for the insulating layers 45 are selectively
removed with respect to the insulating layers 40 under a prescribed
etching condition.

As shown in FIG. 4D, a memory hole MH is formed from a top
surface of the stacked body 110 to the metal layer 30. The memory
hole MH is formed by selectively removing the insulating layers 40 and
45, for example, using RIE (Reactive lon Etching). The memory hole
MH is formed, for example, under an etching condition where an etching
rate of the metal layer 30 is slower than etching rates of the insulating
layers 40 and 45. That is, the metal layer 30 acts as an etching stopper
layer.

As shown in FIG. 4E, the source layer 20 is exposed at a bottom
surface of the memory hole MH by selectively removing the metal layer
30. It is desirable to remove the metal layer 30 under an etching
condition where the source layer 20 is not removed or is removed with a
faster rate than an etching rate of the source layer 20. The metal layer
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30 is removed, for example, using wet etching or isotropic dry etching.

As shown in FIG. 4F, an insulating layer 80 is formed to cover an
inner surface of the memory hole MH. The insulating layer 80 is formed,
for example, using CVD on the inner surface of the memory hole MH.
The insulating layer 80 has a structure, for example, in which a silicon
oxide layer, a silicon nitride layer and another silicon oxide layer are
stacked in order.

As shown in FIG. 4G, a part of the insulating layer 80 is
selectively removed, which is formed on the bottom surface of the
memory hole MH. The part of the insulating layer 80 is removed, for
example, using anisotropic RIE.

As shown in FIG. 4H, a semiconductor layer 70 is formed to cover
the inner surface of the memory hole MH. The semiconductor layer 70
is, for example, an amorphous silicon layer formed using CVD. The
semiconductor layer 70 covers the insulating layer 80 formed on an inner
wall of the memory hole MH, and is electrically connected to the source
layer 20 at the bottom surface of the memory hole MH. A core body 75
is further formed so as to be embedded in the memory hole MH. The
core body 75 includes, for example, silicon oxide formed using CVD.

As shown in FIG. 4l, a slit space ST is formed, which divides the
stacked body 110 into a plurality of parts. The slit space ST is formed,
for example, using anisotropic RIE from the top surface of the stacked
body 110 with a depth capable of reaching the metal layer 30. The slit
space ST extends in the X-direction, and divides the stacked body 110
into the parts each formed to be a stacked body 100. The metal layer
30 also acts as an etching stopper layer while forming the slit space ST.

As shown in FIG. 4J, the insulating layers 45 are selectively
removed through the slit space ST. The insulating layers 45 are
selectively etched, for example, by supplying etching liquid through the
slit space ST. When the insulating layers 45 are silicon nitride layers,
and the insulating layers 40 are silicon oxide layers, it is possible to
selectively remove the insulating layers 45 using hot phosphoric acid as
the etching liquid, and leave the insulating layers 40. It should be noted
that a material used for the metal layer 30 has resistivity against the
etching solution.

As shown in FIG. 4K, a metal layer 55 is formed in spaces 45s
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which are formed by removing the insulating layers 45. The metal layer
55 is, for example, a tungsten layer formed using CVD. Source gases
of CVD are supplied through the silt space ST.

As shown in FIG. 4L, electrode layers 50 are formed by removing
a part of the metal layer 55 which covers an inner surface of the slit
space ST. Thereby, the stacked body 100 (see FIG. 1) is completed,
which includes the plurality of electrode layers 50. In this process, it is
also possible to expose the source layer 20 at the bottom surface of the
slit space ST by selectively removing the metal layer 30. Electrode
layers 50, which are adjacent to each other in the Z-direction, are
electrically isolated by one of the insulating layers 40.

As shown in FIG. 4M, an insulating layer 60 is formed in the slit
space ST. The insulating layer 60 is, for example, a silicon oxide layer
formed using CVD, and electrically isolates the stacked bodies 100
which are adjacent to each other in the Y-direction (see FIG. 1).
Moreover, the memory cell part MCP is completed by forming bit lines BL
over the stacked bodies 100 via an interlayer insulating layer (not
shown).

In the manufacturing method described above, the metal layer 30
acts as the etching stopper layer through the formation process of the
memory hole MH and the formation process of the slit space ST. Then,
it is possible to improve depth controllability of the memory hole MH and
the slit space ST. Thus, it becomes possible to reduce an etching
amount of the source layer 20, and to form the source layer 20 with a
thin thickness. Thereby, reducing manufacturing cost and load on the
manufacturing equipment used for forming the source layer 20 can be
achieved.

Hereinbelow, a manufacturing method of the semiconductor
memory device 1 according to a variation of the embodiment is
described with reference to FIGS. 5A to 5C. FIGS. 5A to 5C are
schematic cross-sectional views showing a manufacturing process, for
example, following FIG. 4E.

As shown in FIG. 5A, the metal layer 30 is selectively removed
via the memory hole MH, and the source layer 20 is exposed at the
bottom surface thereof. Also in this example, the source layer 20
includes the first portion 21 and the second portion 23, and a surface of
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the second portion 23 is exposed at the bottom surface of the memory
hole MH.

As shown in FIG. 5B, a bottom portion of the memory hole MH is
widened in a direction along a surface of the source layer 20 (the
X-direction and the Y-direction) by further etching the metal layer 30.
Thereby, a surface of the source layer 20 exposed at the bottom surface
of the memory hole MH is widened. The etching of the metal layer 30 is
performed, for example, using isotropic dry etching under a condition
where an etching rate thereof is faster than an etching rate of the source
layer 20.

As shown in FIG. 5C, the semiconductor layer 70, the core body
75 and the insulating layer 80 are formed in the memory hole MH. In
this process, the manufacturing method shown in FIG. 4F to 4H is used,
for example. In this example, as the bottom portion of the memory hole
MH is widened, it is possible to enlarge a bottom portion 70b of the
semiconductor layer 70 in the X-direction and the Y-direction. Thereby,
a contact area between the source layer 20 and the semiconductor layer
70 is widened, and thus, it is possible to reduce the contact resistance
between the source layer and the semiconductor layer 70.

Hereinafter, a semiconductor memory device 2 according to
another variation of the embodiment is described with reference to FIGS.
B6A to 6C. FIG. 6A is a schematic view showing a cross-section of a
memory cell part MCP taken along C-C line shown in FIG. 6B. FIG. 6B
is a schematic view showing a cross-section taken along B-B line shown
in FIG. 6A. FIG. 6C is a schematic plan view showing source lines SL1
and SL2 provided above the stacked body 100.

Also in this example, the metal layer 30 is provided between
the source layer 20 and the stacked body 100 as shown in FIG. 6A.
The contact plug Csb is further formed, which extends through the
insulating layer 60 in the Z-direction. The contact plug Csb is
electrically connected to the source layer 20 at a bottom end thereof.
Moreover, the contact plug Csb is electrically connected at a top end
thereof to the source line SL2 which is provided above the stacked body
100 (see FIG. 6C).

As shown in FIG. 6B, the contact plug Csb is provided, for
example, with a columnar shape having a circular cross-section. The
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contact plug Csb is provided in the memory cell part MCP at a position
close to the stacked body 100. Thereby, it is possible to apply uniform
bias voltages to semiconductor layers 70 of the columnar bodies CL
respectively through the source line SL2, the contact plug Csb and the
source layer 20 by making a distance between a contact plug Cs and a
columnar body CL short.

As shown in FIG. 6C, the semiconductor memory device 2
includes the source line SL and the source line SL2. The source line
SL1 is electrically connected to the contact plug Csa that is provided at a
position away from the memory cell part. The source line SL2 is
electrically connected to the contact plug Csb that is provided in the
memory cell part MCP.

The source line SL2 shown in FIG. 6C includes a first portion
SL2a and a second portion SL2b. The first portion SL2a extends in the
Y-direction, and the second portion SL2b extends in the X-direction.
The first portion SL2a and the second portion SL2b are crossed in a
mesh structure above the memory cell part MCP. The second portion
SL2b is provided, for example, above the insulating layer 60 that extends
along the slit space ST, and is electrically connected to the contact plug
Csb.

In the semiconductor memory device 2, it is possible to apply
uniform bias voltages to the semiconductor layers 70 in the columnar
bodies CL by a combination of the source line SL1 and the source line
SL2. Moreover, it is possible in the memory cell part MCP to make a
contact plug Csb of small size and to reduce the number thereof by
providing both the contact plug Csa and the contact plug Csb. Thereby,
it becomes possible to reduce a distance between the adjacent stacked
bodies 100, and thus, to enlarge the memory capacity in the
semiconductor memory device 2.

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 omissions, substitutions and changes in the
form of the embodiments described herein may be made without
departing from the spirit of the inventions. The accompanying claims and
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their equivalents are intended to cover such forms or modification as
would fall within the scope and spirit of the inventions.
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What is claimed is:

1. A semiconductor memory device, the device comprising:

a first semiconductor layer;

a stacked body including a plurality of electrode layers stacked in
a first direction;

a metal layer provided in the first direction between the first
semiconductor layer and the stacked body;

a second semiconductor layer extending in the first direction
through the stacked body and the metal layer, and being electrically
connected to the first semiconductor layer.

2. The semiconductor memory device according to claim 1, wherein
the first semiconductor layer has a first conductive type, and
the first semiconductor layer includes a first portion and a second
portion, the second portion being positioned between the first portion and
the metal layer, and having a first conductive type impurity concentration
higher than a first conductive type impurity concentration in the first

portion.

3. The semiconductor memory device according to claim 2, wherein
the second portion includes a material different form a material of the

first portion.

4. The semiconductor memory device according to claim 1, wherein
the second semiconductor layer includes a material same as a material
of the first semiconductor layer.

5. The semiconductor memory device according to claim 1, further
comprising:

a first insulating layer extending along the second semiconductor
layer in the first direction, the first insulating film being positioned
between each of the plurality of electrode layers and the second
semiconductor layer, and between the metal layer and the second
semiconductor layer.
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6. The semiconductor memory device according to claim 5, wherein
the plurality of electrode layers includes a first electrode layer
and a second electrode layer positioned between the metal layer and the
first electrode layer, and
the first insulating layer includes a first portion positioned
between the first electrode layer and the second semiconductor layer,
the first portion including a charge storage part.

7. The semiconductor memory device according to claim 6, wherein

the first insulating layer further includes a second portion and a
third portion, the second portion being positioned between the second
electrode layer and the second semiconductor layer, and the third
position being positioned between the metal layer and the second
semiconductor layer, and

a periphery of the third portion is wider than a periphery of the
second portion in a second direction along a surface of the metal layer
facing the second electrode layer.

8. The semiconductor memory device according to claim 6, further
comprising:

a first contact plug electrically connected to the first electrode
layer;

a second contact plug electrically connected to the second
electrode layer; and

a third contact plug electrically connected to the metal layer,

the second contact plug being positioned between the first
contact plug and the third contact plug.

9. The semiconductor memory device according to claim 8, further
comprising:

a plurality of stacked bodies including the stacked body; and

a fourth contact plug electrically connected to the first
semiconductor layer between adjacent stacked bodies of the plurality of
stacked bodies.

10. The semiconductor memory device according to claim 1, wherein
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the metal layer includes tungsten.

1. A method for manufacturing a semiconductor memory device, the
method comprising:

forming a metal layer on a first semiconductor layer of a first
conductive type;

forming a stacked body including first layers and second layers,
the first layers and the second layers being alternately stacked on the
metal layer;

forming a memory hole from a top surface of the stacked body to
the metal layer;

exposing the first semiconductor layer by selectively removing
the metal layer at a bottom surface of the memory hole;

forming a first insulating layer covering an inner wall of the
memory hole; and

forming a second semiconductor layer covering the first
insulating layer in the memory hole, and electrically connected to the first
semiconductor layer.

12. The method for manufacturing a semiconductor memory device
according to claim 11, further comprising:

ion-implanting impurities of the first conductive type into the first
semiconductor layer on the top surface side,

the metal layer being in contact with the top surface of the first

semiconductor layer.

13. The method for manufacturing a semiconductor memory device
according to claim 11, further comprising:

widening a bottom portion of the memory hole in a direction along
a surface of the semiconductor layer by removing a part of the metal

layer.

14. The method for manufacturing a semiconductor memory device
according to claim 11, further comprising:

dividing the stacked body into a plurality of parts by forming a slit
space from the top surface of the stacked body to the metal layer;
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selectively removing the first layers via the slit space; and
forming electrode layers in spaces formed by removing the first
layer via the slit space.



