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SEMICONDUCTOR MEMORY DEVICE AND
METHOD FOR MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-187675,
filed on Sep. 10, 2013; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device and a method for manufacturing
the same.

BACKGROUND

There is proposed a memory device having a three-dimen-
sional structure. In this memory device, a memory hole is
formed in a stacked body in which a plurality of electrode
layers functioning as control gates in memory cells are alter-
nately stacked with insulating layers. A silicon body consti-
tuting a channel is provided via a charge storage film on the
sidewall of the memory hole. As an extraction contact struc-
ture of the electrode layers, there is proposed a structure in
which aplug is connected to each of the plurality of electrode
layers processed into a staircase structure.

In the staircase structure section, each electrode layer is
once connected with the upper-layer interconnection through
the plug extending upward from the electrode layer. Further-
more, the upper-layer interconnection is routed to the outside
of the staircase structure section. Then, the upper-layer inter-
connection is connected to a circuit interconnection formed
on the substrate surface through another plug extending from
the upper-layer interconnection toward the substrate side.
Such an extraction structure of interconnection may hamper
the reduction of the chip area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a semiconductor
memory device of an embodiment;

FIG. 2 is a schematic cross-sectional view of the semicon-
ductor memory device of the embodiment;

FIG. 3 is a schematic perspective view of a memory cell
array of the semiconductor memory device of the embodi-
ment;

FIG. 4 is a schematic cross-sectional view of a memory cell
of the semiconductor memory device of the embodiment;

FIG. 5 is a schematic perspective view of a tier selecting
section of the semiconductor memory device of the embodi-
ment;

FIG. 6 is a schematic cross-sectional view of the semicon-
ductor memory device of the embodiment; and

FIG.7A to FIG. 56 are schematic views showing a method
for manufacturing the semiconductor memory device of the
embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor memory
device includes a substrate, a plurality of circuit interconnec-
tions, a stacked body, a channel body, a memory film, a
plurality of contact parts, and a plurality of plugs. The plu-
rality of circuit interconnections are provided on the sub-
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strate. The stacked body includes a plurality of electrode
layers and a plurality of insulating layers alternately stacked
on the substrate. The channel body extends in a stacking
direction of the stacked body through the plurality of elec-
trode layers. The memory film is provided between the elec-
trode layer and the channel body. The plurality of contact
parts are provided in a protruding shape on respective end
parts of the plurality of electrode layers. The plurality of
contact parts do not overlap each other in the stacking direc-
tion. The plurality of contact parts are displaced in a surface
direction of the substrate. The plurality of plugs extends from
the respective contact parts toward the respective circuit inter-
connections and electrically connects the respective contact
parts with the respective circuit interconnections.

Embodiments will now be described with reference to the
drawings. In the drawings, like elements are labeled with like
reference numerals.

FIG. 1 is a schematic plan view of a semiconductor
memory device of an embodiment.

FIG. 2 is a schematic sectional view of the semiconductor
memory device of the embodiment.

The semiconductor memory device of the embodiment
includes a memory cell array 1 and a tier selecting section 2.

FIG. 3 is a schematic perspective view of the memory cell
array 1. In FIG. 3, insulating portions are not shown for clarity
of illustration.

InFIG. 3, two directions orthogonal to each other in a plane
parallel to the major surface of the substrate 10 are referred to
as X-direction and Y-direction. The direction orthogonal to
both the X-direction and the Y-direction is referred to as
Z-direction (stacking direction).

The X-direction and the Y-direction shown in FIG. 1 cor-
respond to the X-direction and the Y-direction shown in FIG.
3, respectively. Furthermore, FIG. 2 shows aY-Z cross section
and an X-Z cross section in the direction orthogonal to the Y-Z
cross section, separated by the break line.

In FIG. 2, the cross section of the region 100 enclosed with
the dashed line corresponds to the a-at cross section in FIG. 1.

FIG. 4 is an enlarged view of the portion provided with
memory cells in the Y-Z cross section.

As shown in FIG. 2, the memory cell array 1 and the tier
selecting section 2 are provided on the same substrate 10. The
substrate 10 is e.g. a silicon substrate.

A circuit for driving or controlling the memory cell array 1
is formed on the surface of the substrate 10 and inside the
substrate 10. The circuit includes transistors and interconnec-
tion layers. In FIG. 2, uppermost circuit interconnections 515,
52, 53, 54 are shown.

As shown in FIG. 5, other circuit interconnections 51a,
51c¢-51fare formed along the Y-direction on the rear side and
the front side of the circuit interconnection 515 with respect to
the page of FIG. 2.

As shown in FIG. 2, an insulating layer 41 is provided
between the uppermost circuit interconnections and on the
uppermost circuit interconnections. An insulating layer 42
different in kind from the insulating layer 41 is provided on
the insulating layer 41. For instance, the insulating layer 41 is
alayer primarily including silicon oxide. The insulating layer
42 is a layer primarily including silicon nitride.

The memory cell array 1 includes a stacked body in which
aplurality of electrode layers WL and a plurality of insulating
layers 40 are stacked alternately one by one.

This stacked body is provided on a back gate electrode
layer (hereinafter simply referred to as back gate) BG. Here,
the number of electrode layers WL shown in the figure is
illustrative only. The number of electrode layers WL is arbi-

trary.
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The back gate BG is provided on the insulating layer 42 via
an insulating layer 43. The insulating layer 43 is e.g. a layer
primarily including silicon oxide. The back gate BG and the
electrode layer WL are conductive layers, such as silicon
layers doped with impurity.

An insulating layer 46 is provided between the back gate
BG and the lowermost electrode layer WL. The insulating
layer 40 and the insulating layer 46 are e.g. layers primarily
including silicon oxide.

As shown in FIG. 3, the memory cell array 1 includes a
plurality of memory strings MS. One memory string MS is
formed in a U-shape including a pair of columnar parts CL
extending in the Z-direction and a joining part JP joining the
respective lower ends of the pair of columnar parts CL. The
columnar part CL is formed in e.g. a cylindrical shape, and
penetrates through the stacked body.

A drain side select gate SGD is provided in one upper end
part of the pair of columnar parts CL in the U-shaped memory
string MS. A source side select gate SGS is provided in the
other upper end part. As shown in FIG. 2, the drain side select
gate SGD and the source side select gate SGS as upper select
gates are provided on the uppermost electrode layer WL via
the insulating layer 40.

The drain side select gate SGD and the source side select
gate SGS are conductive layers, such as silicon layers doped
with impurity. In the following description, the drain side
select gate SGD and the source side select gate SGS may also
be simply referred to as select gates SG without distinction.

The drain side select gate SGD and the source side select
gate SGS are separated in the Y-direction by an insulating
separation film 73. The stacked body below the drain side
select gate SGD and the stacked body below the source side
select gate SGS are separated in the Y-direction by an insu-
lating separation film 47. That is, the stacked body between
the pair of columnar parts CL in the U-shaped memory string
MS is separated in the Y-direction by the insulating separation
film 47.

A source line SIand a bit line BL. are provided on the select
gate SG. The source line SL and the bit line BL are e.g. metal
films. As shown in FIGS. 1 and 2, a plurality of bit lines BL. are
arranged in the X-direction. Each bit line BL extends in the
Y-direction.

An insulating layer 48 is provided between the bit line BL
and the select gate SG, between the source line SL. and the
select gate SG, and between the bit line BL and the source line
SL.

A U-shaped memory hole MH is formed in the back gate
BG and the stacked body on the back gate BG as shown in
FIG. 29 described later. A channel body 20 is provided in the
memory hole MH. The channel body 20 is e.g. a silicon film.
The impurity concentration of the channel body 20 is lower
than the impurity concentration of the electrode layer WL.

A memory film 30 is provided between the inner wall of the
memory hole MH and the channel body 20. As shown in FIG.
4, the memory film 30 includes a block film 31, a charge
storage film 32, and a tunnel film 33. The block film 31, the
charge storage film 32, and the tunnel film 33 are provided
sequentially from the electrode layer WL side between the
electrode layer WL and the channel body 20.

The channel body 20 is provided in a tubular shape. The
memory film 30 in a tubular shape is provided so as to sur-
round the outer peripheral surface of the channel body 20. The
electrode layer WL surrounds the channel body 20 via the
memory film 30. Furthermore, a core insulating film 50 is
provided inside the channel body 20.
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The block film 31 is in contact with the electrode layer WL.
The tunnel film 33 is in contact with the channel body 20. The
charge storage film 32 is provided between the block film 31
and the tunnel film 33.

The channel body 20 functions as a channel in the memory
cell. The electrode layer WL functions as a control gate of the
memory cell. The charge storage film 32 functions as a data
memory layer for accumulating charge injected from the
channel body 20. That is, a memory cell having a structure
with the channel surrounded with the control gate is formed at
the intersection of the channel body 20 and each electrode
layer WL.

The semiconductor memory device of the embodiment is a
nonvolatile semiconductor memory device capable of elec-
trically and freely erasing/writing data and retaining its
memory content even when powered off.

The memory cell is e.g. a charge trap type memory cell.
The charge storage film 32 includes a large number of trap
sites for trapping charge, and is e.g. a silicon nitride film.

The block film 31 is e.g. a silicon oxide film, a silicon
nitride film, or a multilayer film thereof, and prevents the
charge accumulated in the charge storage film 32 from dif-
fusing into the electrode layer WL.

The tunnel film 33 serves as a potential barrier when charge
is injected from the channel body 20 into the charge storage
film 32, or when the charge accumulated in the charge storage
film 32 is diffused into the channel body 20. The tunnel film
33 is e.g. a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, or a multilayer film including them.

As shown in FIG. 3, a drain side select transistor STD is
provided in one upper end part of the pair of columnar parts
CL in the U-shaped memory string MS. A source side select
transistor STS is provided in the other upper end part.

The memory cell, the drain side select transistor STD, and
the source side select transistor STS have a vertical channel
structure in which the current flows in the Z-direction.

The drain side select gate SGD functions as a gate electrode
(control gate) of the drain side select transistor STD. An
insulating film functioning as a gate insulating film of the
drain side select transistor STD is provided between the drain
side select gate SGD and the channel body 20. The channel
body of the drain side select transistor STD is connected with
the bit line BL through the plug 113 shown in FIG. 2 above the
drain side select gate SGD.

The source side select gate SGS functions as a gate elec-
trode (control gate) of the source side select transistor STS.
An insulating film functioning as a gate insulating film of the
source side select transistor STS is provided between the
source side select gate SGS and the channel body 20. The
channel body of the source side select transistor STS is con-
nected with the source line SL through the plug 114 shown in
FIG. 2 above the source side select gate SGS.

A back gate transistor BGT is provided in the joining part
JP of the memory string MS. The back gate BG functions as
a gate electrode (control gate) of the back gate transistor BGT.
The memory film 30 provided in the back gate BG functions
as a gate insulating film of the back gate transistor BGT.

A plurality of memory cells with the respective electrode
layers WL serving as control gates are provided between the
drain side select transistor STD and the back gate transistor
BGT. Likewise, a plurality of memory cells with the respec-
tive electrode layers WL serving as control gates are provided
also between the source side select transistor STS and the
back gate transistor BGT.

The plurality of memory cells, the drain side select tran-
sistor STD, the back gate transistor BGT, and the source side
select transistor STS are series connected through the channel
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body 20 to constitute one U-shaped memory string MS. This
memory string MS is arranged in a plurality in the X-direction
and the Y-direction. Thus, a plurality of memory cells are
provided three-dimensionally in the X-direction, the Y-direc-
tion, and the Z-direction.

The memory cell array 1 is provided in a memory array
region on the substrate 10. As shown in FIG. 1, a plurality of
columnar parts CL are arranged in a matrix configuration in
the X-direction and the Y-direction in the memory array
region.

The lower ends of a pair of columnar parts CL adjacent in
the Y-direction are joined to form a U-shaped memory string
MS.

In the example shown in FIG. 1, two tier selecting sections
2 are laid out so as to sandwich the memory cell array 1 in the
X-direction.

The stacked body including a plurality of electrode layers
WL is divided into a plurality in the Y-direction in the memory
cell array region. Each block extends in the X-direction and is
connected with the tier selecting section 2 on one end side of
the block in the X-direction. The insulating separation film 47
is provided between the blocks adjacent in the Y-direction.

The pair of columnar parts CL joined at lower ends are
provided, respectively, in a pair of blocks adjacent in the
Y-direction across the insulating separation film 47.

The tier selecting section 2 is provided outside the memory
cell array region on the substrate 10. In the tier selecting
section 2, each electrode layer WL is not divided in the
Y-direction, but is continuous in the Y-direction.

Next, the tier selecting section 2 is described with reference
to FIGS. 2 and 5. F1G. 5 is a schematic perspective view of the
region 100 enclosed with the dashed line in FIG. 2.

The positions in the X-direction of the end parts (end parts
in the X-direction) of the back gate BG and the respective
electrode layers WL in the tier selecting section 2 are aligned.
Contact parts 61, 62a-62d are provided on the end parts.

A contact part 62a is provided on the end part of the
uppermost electrode layer WL. A contact part 625 is provided
on the end part of the second highest electrode layer WL. A
contact part 62¢ is provided on the end part of the third highest
electrode layer WL. A contact part 624 is provided on the end
part of the fourth highest electrode layer WL. A contact part
61 is provided on the end part of the back gate BG.

A contact part 63 is provided also on the end part of the
select gate SG.

Each contact part 61, 62a-62d, 63 is formed in a protruding
shape projected from the end part of the corresponding layer
in the X-direction on the opposite side from the memory cell
array region. Each contact part 61, 62a-62d, 63 is integrally
made of the same material (e.g., silicon doped with impurity)
as the corresponding layer.

The contact parts 61, 62a-624d, 63 do not overlap each other
in the Z-direction. The contact parts 61, 62a-62d, 63 are
displaced in the Y-direction parallel to the surface of the
substrate 10. The contact parts 61, 62a-62d, 63 are spaced in
the Y-direction.

The aforementioned stacked body is not provided between
the contact part 61, 62a-62d, 63 and the circuit interconnec-
tion 51a-51f. The select gate SG, the electrode layers WL, and
the back gate BG do not lie below the contact parts 61,
62a-62d, 63.

The circuit interconnection 51a-51fis formed on the front
side of the substrate 10 directly below each contact part
62a-62d, 61, 63. The circuit interconnections 51a-51f corre-
spond to the uppermost interconnection in the circuit for
applying a potential to the electrode layers WL, the back gate
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BG, and the select gate SG, respectively. The circuit intercon-
nections 51a-51f are spaced in the Y-direction.

Each contact part 62a-62d, 61, 63 has an upper surface and
a lower surface parallel to the upper surface and the lower
surface of the corresponding layer. Furthermore, each contact
part 62a-62d, 61, 63 has a pair of side surfaces and an end
surface (a surface formed at the end in the X-direction)
formed between the upper surface and the lower surface.

The X-direction end part of each layer and the contact part
62a-62d, 61, 63 are covered with the insulating layer 49
shown in FIG. 2.

The contact parts 62a-62d, 61, 63 are electrically con-
nected with the circuit interconnections 51a-51f through
plugs 80a-80f, respectively. The plug 80a-80f primarily
includes a metal material (e.g., tungsten).

Each plug 80a-80fis in contact with the upper surface and
the end surface of'the corresponding contact part 62a-624, 61,
63. The lower end of each plug 80a-80fis in contact with the
corresponding circuit interconnection 51a-51f

That is, the uppermost electrode layer WL is electrically
connected to the circuit interconnection 51a through the con-
tact part 62a and the plug 80a. The second highest electrode
layer WL is electrically connected to the circuit interconnec-
tion 515 through the contact part 625 and the plug 805. The
third highest electrode layer WL is electrically connected to
the circuit interconnection 51c¢ through the contact part 62¢
and the plug 80c. The fourth highest electrode layer WL is
electrically connected to the circuit interconnection 51d
through the contact part 624 and the plug 80d. The back gate
BG s electrically connected to the circuit interconnection 51e
through the contact part 61 and the plug 80e. The select gate
SG is electrically connected to the circuit interconnection 51/
through the contact part 63 and the plug 807

Fach plug 80a-80fis formed in a cylindrical shape extend-
ing in the direction (Z-direction) connecting the correspond-
ing contact part 62a-62d, 61, 63 with the corresponding cir-
cuit interconnection 51a-51f'in the insulating layer 49.

Each plug 80a-80fhas an upper part 81 and a lower part 82
smaller in diameter than the upper part 81. The upper part 81
and the lower part 82 are integrally made of the same material.
A cross-sectional area parallel to the surface direction of the
substrate 10 of the upper part 81 is larger than a cross-sec-
tional area parallel to the surface direction of the lower part
82.

The upper part 81 is provided above the corresponding
contact part 62a-62d, 61, 63. The lower end of the upper part
81 reaches the upper surface of the corresponding contact part
62a-624, 61, 63.

The lower part 82 is in contact with the end surface of the
corresponding contact part 62a-62d, 61, 63 and extends
downward. The lower end of the lower part 82 penetrates
through the insulating layer 42 and the insulating layer 41
provided on the corresponding circuit interconnection 51a-
51/ and reaches the corresponding circuit interconnection
51a-51f

In the memory cell array 1 of the embodiment, the drain
side select gate SGD switches on/off the electrical continuity
between the bit line BL and the channel body 20. The source
side select gate SGS switches on/off the electrical continuity
between the source line SL and the channel body 20.

The channel body 20 can be made electrically continuous
with the bit line BL by applying a desired potential to the
drain side select gate SGD through the contact part 63. The
channel body 20 can be made electrically continuous with the
source line SL by applying a desired potential to the source
side select gate SGS through the contact part 63.
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The bit line BL and the source line SL are connected with
the circuit interconnection 52 through an upper-layer inter-
connection 111 (shown in FIG. 2) formed above the stacked
body in which memory cells are formed. That is, the upper-
layer interconnection 111 is connected with the plug 112
extending in the insulating layer 49 therebelow toward the
circuit interconnection 52. The lower end of the plug 112 is
connected with the circuit interconnection 52.

Furthermore, a tier of the electrode layers WL is selected
through the tier selecting section 2. That is, a desired potential
can be applied to each electrode layers WL through the cor-
responding circuit interconnection 51a-51f, the correspond-
ing plug 80a-80f, and the corresponding contact part 62a-
62d. Furthermore, a desired potential can be applied to the
back gate BG through the circuit interconnection 51e, the
plug 80e, and the contact part 61.

According to the embodiment, other contact parts 62a-62d,
61, 63 do not lie below each contact part 62a-62d, 61, 63.
Furthermore, the electrode layers WL, the back gate BG, and
the select gate SG do not also lie below each contact part
62a-62d, 61, 63.

Thus, the respective electrode layers WL, the back gate
BG, and the select gate SG can be directly connected with the
circuit interconnections 51a-51f below the stacked body
through the plug 804a-80f extending downward from the cor-
responding contact part 62a-62d, 61, 63 without traversing
the upper-layer interconnection routed on the stacked body.

Accordingly, the interconnection path connecting each
layer with the circuit interconnection is made shorter than in
the case of traversing the upper-layer interconnection. This
can suppress the propagation delay of signals.

Furthermore, the area of the interconnection formation
region connecting each layer with the circuit interconnection
can be made smaller than that of the interconnection routing
structure traversing the upper-layer interconnection. Thus,
the total chip area can be reduced, leading to cost reduction.

Here, the select gate SG is divided into more blocks (drain
side select gate SGD, source side select gate SGS) than the
electrode layers WL and the back gate BG. Dense packing of
contact parts and plugs should be avoided. Thus, the drain
side select gate SGD and the source side select gate SGS are
not limited to being connected with the circuit interconnec-
tion 51fthrough the contact part 63 and the plug 80fshown in
FIG. 5.

As shown in FIG. 6, part of the drain side select gates SGD
and the source side select gates SGS may be connected with
the circuit interconnection through an upper-layer intercon-
nection 113 formed on the select gates SG.

Part of the select gates SG are connected with the upper-
layer interconnection 113 through a plug 114 provided on the
select gate SG. The upper-layer interconnection 113 is routed
as the upper-layer interconnection 111 outside the region
provided with the stacked body. The upper-layer interconnec-
tion 111 is connected with the circuit interconnection 52
through the plug 112 extending downward from the upper-
layer interconnection 111.

For the select gate SG divided in a larger number than the
electrode layers WL and the back gate BG, dense packing of
the connection structure thereof can be suppressed by com-
bining the structure of direct connection to the circuit inter-
connection therebelow and the structure of connection to the
circuit interconnection through the upper-layer interconnec-
tion. This facilitates processing and enhances the reliability.

Next, a method for manufacturing a semiconductor
memory device of the embodiment is described with refer-
ence to FIGS. 7A to 33.
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The X-Z cross section and the Y-Z cross section in each
process sectional view correspond to the X-Z cross section
and the Y-Z cross section in FIG. 2, respectively.

As shown in FIG. 7A, a peripheral circuit for controlling
the memory cell array is formed on the substrate 10. The
peripheral circuit includes transistors and interconnection
layers. In FIG. 7A, uppermost interconnection layers 515,
52-54 in the peripheral circuit are shown. The substrate 10 is
not shown in FIG. 7B and the subsequent figures.

The interconnection layers 515, 52-54 are covered with an
insulating layer 41. An insulating layer 42 different in mate-
rial from the insulating layer 41 is formed on the insulating
layer 41. For instance, the insulating layer 41 primarily
includes silicon oxide. The insulating layer 42 primarily
includes silicon nitride. The insulating layer 42 functions as a
stopper film for etching in a later step.

An insulating layer 43 different in material from the insu-
lating layer 42 and primarily including silicon oxide is
formed on the insulating layer 42. A back gate BG is formed
on the insulating layer 43. The back gate BG is a silicon layer
doped with impurity such as boron.

As shown in FIG. 7B, a plurality of recesses 44 are formed
in the back gate BG. The recesses 44 are formed by e.g. RIE
(reactive ion etching) technique using a resist film, not shown,
as a mask.

As shown in FIG. 8A, a sacrificial film 45 such as a silicon
nitride film is embedded in the recess 44 by CVD (chemical
vapor deposition) technique.

FIG. 8B shows an A-A cross section in FIG. 8A.

That is, a plurality of circuit interconnections 51a-51f are
arranged in the Y-direction.

FIG. 9A shows a step subsequent to FIG. 8A. FIG. 9B
shows an A-A cross section in FIG. 9A.

The back gate BG is processed by etching using a mask, not
shown. Thus, a contact part 61 in a protruding shape is formed
on the X-direction end part of the back gate BG. The contact
part 61 is projected in the X-direction toward the opposite
side from the region (memory cell array region) embedded
with the sacrificial film 45.

The end surface BGe of the back gate BG and the contact
part 61 are covered with an insulating layer 46. Furthermore,
the insulating layer 46 is formed on the back gate BG and on
the sacrificial film 45. The insulating layer 46 is e.g. a layer
primarily including silicon oxide.

As shown in FIGS. 10A and 10B, an electrode layer WL is
formed on the insulating layer 46. FIG. 10B shows an A-A
cross section in FIG. 10A. The electrode layer WL is a silicon
layer doped with impurity such as boron.

The electrode layer WL is processed by etching using a
mask, not shown. Thus, as shown in FIGS. 11A and 11B, a
contact part 624 in a protruding shape is formed on the X-di-
rection end part of the electrode layer WL. The contact part
62d is projected in the X-direction toward the opposite side
from the memory cell array region. FIG. 11B shows an A-A
cross section in FIG. 11A.

As shown in FIG. 11B, the contact part 62d does not
overlap the contact part 61 of the back gate BG. The contact
part 624 is displaced in the Y-direction from the contact part
61.

The end surface WLe of the electrode layer WL and the
contact part 62d are covered with an insulating layer 40.
Furthermore, the insulating layer 40 is further stacked on the
electrode layer WL. The insulating layer 40 is e.g. a layer
primarily including silicon oxide.

As shown in FIGS. 12A and 12B, an electrode layer WL is
further stacked on the insulating layer 40. FIG. 12B shows an
A-A cross section in FIG. 12A.
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The electrode layer WL is processed by etching using a
mask, not shown. Thus, as shown in FIGS. 13A and 13B, a
contact part 62¢ in a protruding shape is formed on the X-di-
rection end part of the electrode layer WL. The contact part
62c is projected in the X-direction toward the opposite side
from the memory cell array region. FIG. 13B shows an A-A
cross section in FIG. 13A.

As shown in FIG. 13B, the contact part 62¢ does not over-
lap the contact part 61 of the back gate BG and the contact part
62d of the underlying electrode layer WL. The contact part
62c is displaced in the Y-direction from the contact parts 61
and 62d.

The end surface WLe of the electrode layer WL and the
contact part 62¢ are covered with an insulating layer 40.
Furthermore, the insulating layer 40 is further stacked on the
electrode layer WL.

As shown in FIGS. 14 and 15, an electrode layer WL is
further stacked on the insulating layer 40. FIG. 15 shows an
A-A cross section in FIG. 14.

The electrode layer WL is processed by etching using a
mask, not shown. Thus, as shown in FIGS. 16 and 17, a
contact part 625 in a protruding shape is formed on the X-di-
rection end part of the electrode layer WL. The contact part
625 is projected in the X-direction toward the opposite side
from the memory cell array region. FIG. 17 shows an A-A
cross section in FIG. 16.

As shown in FIG. 17, the contact part 625 does not overlap
the contact part 61 of the back gate BG and the contact parts
62d and 62¢ of the underlying electrode layers WL. The
contact part 626 is displaced in the Y-direction from the
contact parts 61, 62d, and 62c.

The end surface of the electrode layer WL and the contact
part 625 are covered with an insulating layer 40. Furthermore,
the insulating layer 40 is further stacked on the electrode layer
WL.

As shown in FIGS. 18 and 19, an electrode layer WL is
further stacked on the insulating layer 40. FIG. 19 shows an
A-A cross section in FIG. 18.

The electrode layer WL is processed by etching using a
mask, not shown. Thus, as shown in FIGS. 20 and 21, a
contact part 62a in a protruding shape is formed on the X-di-
rection end part of the electrode layer WL. The contact part
62a is projected in the X-direction toward the opposite side
from the memory cell array region. FIG. 21 shows an A-A
cross section in FIG. 20.

As shown in FIG. 21, the contact part 62a does not overlap
the contact part 61 of the back gate BG and the contact parts
62d, 62¢, and 625 of the underlying electrode layers WL. The
contact part 62a is displaced in the Y-direction from the
contact parts 61, 62d, 62¢, and 62b.

The end surface WLe of the electrode layer WL and the
contact part 62a are covered with an insulating layer 40.
Furthermore, the insulating layer 40 is further stacked on the
electrode layer WL.

Next, aslit is formed in the stacked body in the memory cell
array region. Then, an insulating separation film 47 shown in
FIG. 22 is embedded in the slit.

The insulating separation film 47 divides a plurality of
electrode layers WL in the Y-direction on the sacrificial film
45 embedded in the back gate BG. The insulating separation
film 47 extends in the X-direction as shown in FIG. 1.

Next, as shown in FIGS. 23 and 24, a select gate SG is
stacked on the uppermost insulating layer 40. FIG. 24 shows
anA-A cross sectionin FIG. 23. The select gate SGis a silicon
layer doped with impurity such as boron.

The select gate SG is processed by etching using a mask,
not shown. Thus, as shown in FIGS. 25 and 26, a contact part
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63 in a protruding shape is formed on the X-direction end part
of the select gate SG. The contact part 63 is projected in the
X-direction toward the opposite side from the memory cell
array region. FIG. 26 shows an A-A cross section in FIG. 25.

As shown in FIG. 26, the contact part 63 does not overlap
the contact part 61 of the back gate BG and the contact parts
62d, 62¢, 625, and 624 of the underlying electrode layers WL.
The contact part 63 is displaced in the Y-direction from the
contact parts 61, 62d, 62¢, 625, and 62a.

The end surface of the select gate SG and the contact part
63 are covered with an insulating layer 48. Furthermore, the
insulating layer 48 is stacked on the select gate SG.

FIG. 27 is a schematic perspective view of the region 100
enclosed with the dashed line in FIG. 25.

As shown in FIG. 27, the contact parts 63, 62a-62d, 61 ina
protruding shape are formed in the respective end parts of the
select gate SG, the electrode layers WL, and the back gate
BG.

The contact parts 63, 62a-62d, 61 do not overlap each other
in the Z-direction, but are displaced in the Y-direction from
each other. Furthermore, the circuit interconnections 51a-51f
are formed directly below the contact parts 62a-62d, 61, 63.

The select gate SG, the electrode layers WL, and the back
gate BG are not formed between the contact part 62a-624d, 61,
63 and the circuit interconnection 51a-51f

Next, as shown in FIG. 28, holes 71 are formed. The holes
71 penetrate through the stacked body in the memory cell
array region and reach the sacrificial film 45. A pair of holes
71 are formed per one recess (sacrificial film 45). The holes 71
are formed by RIE technique using a mask, not shown,
formed on the stacked body.

The hole 71 penetrates through the select gate SG made of
a silicon layer, the electrode layers WL also made of silicon
layers, and the insulating layers 48, 40, 46 made of silicon
oxide layers, and reaches the sacrificial film 45 made of a
silicon nitride film. The sacrificial film 45 different in material
from the select gate SG, the electrode layers WL, and the
insulating layers 48, 40, 46 functions as an etching stopper for
etching the hole 71.

Next, the sacrificial film 45 is removed by etching through
the hole 71. For instance, the sacrificial film 45 is removed by
wet etching using H;PO,.

As shown in FIG. 29, the recess 44 formed in the back gate
BG appears by the removal of the sacrificial film 45. The
respective lower ends of the pair of holes 71 are connected to
the recess 44. Thus, a U-shaped memory hole MH is formed
in the back gate BG and the stacked body thereabove.

As shown in FIG. 30, the aforementioned memory film 30
is formed on the inner wall of the memory hole MH. Further-
more, a channel body 20 is formed on the inner wall of the
memory film 30. Furthermore, a core insulating film 50
shown in FIG. 4 is embedded inside the channel body 20.

Next, as shown in FIG. 31, a slit 72 is formed. The slit 72
divides the select gate SG into a plurality of drain side select
gates SGD and source side select gates SGS. As shown in
FIG. 32, an insulating separation film 73 is embedded in the
slit 72.

As shown in FIGS. 33 and 5, plugs 80a-80fare formed in
the region where the contact parts 62a-62d, 61, 63 are formed.
The plugs 80a-80f connect the respective contact parts 62a-
62d, 61, 63 with the respective circuit interconnections 51a-
517

First, a plurality of contact holes are simultaneously
formed by e.g. RIE technique. The insulating layer 49 in the
region where the contact parts 62a-62d, 61, 63 are formed is
etched. Furthermore, the insulating layer 42 below the insu-
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lating layer 49 and the insulating layer 41 therebelow are
etched. The lower end of the contact hole reaches the circuit
interconnection 51a-51f.

The contact holes extend in the insulating layer 49 toward
the respective contact parts 62a-62d, 61, 63. The contact
holes further extend therefrom toward the respective circuit
interconnections 51a-51f

The contact parts 62a-62d, 61, 63 and the circuit intercon-
nections 51a-51f different in material from the insulating
layers 49, 42, 41 are scarcely etched because of high etching
selectivity in etching for contact hole formation.

Then, a metal material including e.g. tungsten is embedded
in the contact hole. Thus, plugs 80a-80fare formed. The plugs
804-80fdirectly connect the respective contact parts 62a-62d,
61, 63 with the respective circuit interconnections 51a-51f
without the intermediary of upper-layer interconnection.

Subsequently, bit lines BL, source lines SL and the like are
formed in the memory cell array region. The upper-layer
interconnection 111, the plug 112 and the like shown in FIG.
2 are formed in the peripheral region around the memory cell
array region.

Next, a method for manufacturing a semiconductor
memory device of an alternative embodiment is described
with reference to FIGS. 34 to 42. In the following embodi-
ment, the contact parts of the respective layers are collectively
formed after stacking the back gate BG, the electrode layers
WL, and the select gate SG.

Like the above embodiment, recesses 44 are formed in the
back gate BG. A sacrificial film 45 is embedded in the recess
44. Then, a stacked body including a plurality of electrode
layers WL is formed on the back gate BG.

Then, as shown in FIG. 34, the stacked body in the memory
cell array region is divided into a plurality of blocks by an
insulating separation film 47.

Next, a select gate SG is stacked on the uppermost insulat-
ing layer 40. As shown in FIG. 35, a mask layer 120 is formed
from e.g. resist on the select gate SG. A pair of openings 121
are selectively formed in the mask layer 120.

Then, the stacked body outside the memory cell array
region is etched by e.g. RIE technique using the mask layer
120 as a mask.

Etching is advanced in a direction oblique to the X-direc-
tion, the Y-direction, and the Z-direction through the pair of
openings 121 of the mask layer 120. For instance, RIE is
performed with the wafer held so that the wafer surface (X-Y
surface) to be etched is inclined with respect to the accelera-
tion direction of ions.

A protrusion 130 is formed in part of the stacked body by
this oblique etching. The protrusion 130 is inclined with
respect to the surface direction of the substrate 10 and extends
from the select gate SG toward the back gate BG.

FIG. 36 shows an X-Z cross section of the region where the
protrusion 130 is formed.

FIG. 37 is a B-B sectional view in FIG. 36.

FIG. 36 shows a cross section of cutting the protrusion 130
in the portion of the second highest electrode layer WL and
the insulating layer 40 thereabove in FIG. 37.

As shown in FIG. 37, the insulating layers 40 and the
electrode layers WL are alternately arranged along the
oblique direction of extension of the protrusion 130 between
the select gate SG and the back gate BG in the protrusion 130.
The insulating layer 43 is formed between the back gate BG
and the insulating layer 42.

In the protrusion 130, the select gate SG, the plurality of
electrode layers WL, and the back gate BG do not overlap
each other in the Z-direction, but are displaced in the Y-direc-
tion from each other.
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Furthermore, a space is formed above and below the pro-
trusion 130. Thus, the select gate SG, the electrode layers WL,
and the back gate BG do not lie below the protrusion 130.

Next, as shown in FIGS. 38 and 39, an insulating layer 48
is embedded in the space above and below the protrusion 130.
FIG. 39 shows a B-B cross section in FIG. 38. Furthermore,
the insulating layer 48 is stacked on the select gate SG.

Next, the stacked body on the left side of line B-B in FIG.
38 is removed. That is, the stacked body located on the farther
side from the memory cell array region than the protrusion
130 is removed. As shown in FIG. 40, an insulating layer 49
is embedded in the portion where the stacked body has been
removed.

FIG. 41 is a schematic perspective view of the region 200
enclosed with the dashed line in FIG. 40.

The positions in the X-direction of the end parts (end parts
in the X-direction) of the select gate SG, the respective elec-
trode layers WL, and the back gate BG are aligned in the tier
selecting section outside the memory cell array region. Con-
tact parts 63, 62a-62d, 61 are provided on the end parts.

The contact part 63 is provided on the end part of the select
gate SG. The contact part 624 is provided on the end part of
the uppermost electrode layer WL. The contact part 625 is
provided on the end part of the second highest electrode layer
WL. The contact part 62¢ is provided on the end part of the
third highest electrode layer WL. The contact part 624 is
provided on the end part of the fourth highest electrode layer
WL. The contact part 61 is provided on the end part of the
back gate BG.

Each contact part 61, 62a-624d, 63 is formed in a protruding
shape projected from the end part of the corresponding layer
in the X-direction on the opposite side from the memory cell
array region. Each contact part 61, 62a-62d, 63 is integrally
made of the same material (e.g., silicon doped with impurity)
as the corresponding layer.

Furthermore, each contact part 61, 62a-62d, 63 has an
oblique surface 131 inclined with respect to the upper surface
and the end surface of the corresponding layer. Furthermore,
each contact part 61, 62a-624d, 63 has an end surface parallel
to the end surface of the corresponding layer.

The contact parts 61, 62a-62d, 63 do not overlap each other
in the Z-direction. The contact parts 61, 62a-62d, 63 are
displaced in the Y-direction parallel to the surface of the
substrate 10. The contact parts 61, 62a-62d, 63 are spaced in
the Y-direction.

The circuit interconnection 51a-51f7is formed on the front
side of the substrate 10 directly below each contact part
62a-624, 61, 63.

The aforementioned stacked body is not provided between
the contact part 61, 62a-62d, 63 and the circuit interconnec-
tion 51a-51f. The select gate SG, the electrode layers WL, and
the back gate BG do not lie below the contact parts 61,
62a-62d, 63.

Next, as in the above embodiment, plugs 80a-80f'shown in
FIG. 42 are formed. The contact parts 62a-62d, 61, 63 are
electrically connected with the circuit interconnections 51a-
51f'through plugs 80a-80f, respectively.

Each plug 80a-80fis in contact with the end surface of the
corresponding contact part 62a-62d, 61, 63. Furthermore,
each plug 80a-80fis in contact with at least one of the upper
surface and the oblique surface 131 of the corresponding
contact part 62a-62d, 61, 63. The contact resistance can be
reduced if each plug 80a-80fis in contact with both the upper
surface and the oblique surface 131 of the corresponding
contact part 62a-62d, 61, 63. The lower end of each plug
80a-80171s in contact with the corresponding circuit intercon-
nection 51a-51f
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Each plug 80a-80f'has an upper part 81 and a lower part 82
smaller in diameter than the upper part 81. The upper part 81
is provided above the corresponding contact part 62a-624, 61,
63. The lower end of the upper part 81 reaches at least one of
the oblique surface 131 and the upper surface of the corre-
sponding contact part 62a-62d, 61, 63.

The lower part 82 is in contact with the end surface of the
corresponding contact part 62a-62d, 61, 63 and extends
downward. The lower end of the lower part 82 reaches the
corresponding circuit interconnection 51a-51f

A cross-sectional area parallel to the surface direction of
the substrate 10 of the upper part 81 is larger than a cross-
sectional area parallel to the surface direction of the lower
part 82.

Also in this tier selecting section shown in FIG. 42, the
respective electrode layers WL, the back gate BG, and the
select gate SG can be directly connected with the circuit
interconnections 51a-51fbelow the stacked body through the
plug 80a-80f extending downward from the corresponding
contact part 62a-62d, 61, 63 without traversing the upper-
layer interconnection routed on the stacked body.

Accordingly, the interconnection path connecting each
layer with the circuit interconnection is made shorter than in
the case of traversing the upper-layer interconnection. This
can suppress the propagation delay of signals.

Furthermore, the area of the interconnection formation
region connecting each layer with the circuit interconnection
can be made smaller than that of the interconnection routing
structure traversing the upper-layer interconnection. Thus,
the total chip area can be reduced, leading to cost reduction.

The inclination angle 6 of the obliquely extending protru-
sion 130 shown in FIG. 37 with respect to the upper surface
(XY surface) of the insulating layer 42 is set in a range larger
than 0° and smaller than 90°.

As 0 becomes closer to 0°, the distance between the elec-
trode layers WL adjacent in the oblique direction becomes
larger. Thus, the diameter of the plugs 80a-80d can be made
larger. This facilitates processing.

On the other hand, as 6 becomes closer to 90°, the total
Y-direction size of the protrusion 130 can be made smaller.

Next, a method for manufacturing a semiconductor
memory device of a further alternative embodiment is
described with reference to FIGS. 43 to 56.

Like the above embodiments, recesses 44 are formed in the
back gate BG. A sacrificial film 45 is embedded in the recess
44. Then, a stacked body including a plurality of electrode
layers WL is formed on the back gate BG.

Then, as shown in FIG. 43, the stacked body in the memory
cell array region is divided into a plurality of blocks by an
insulating separation film 47. Subsequently, a select gate SG
is stacked on the uppermost insulating layer 40. Furthermore,
an insulating layer 48 is formed on the select gate SG.

Next, as shown in FIGS. 43 and 44, part of the stacked body
in the region where the tier selecting section is to be formed is
processed into a staircase structure.

FIG. 44 shows a C-C cross section in FIG. 43.

The staircase structure section 140 shown in FIG. 43 shows
a cross section of the stacked body below the second highest
electrode layer WL (including the second highest electrode
layer WL ) in the staircase structure section 140 shown in FIG.
44.

The stairs of the staircase structure 140 are arranged in the
Y-direction. Part of the select gate SG is exposed at the upper-
most stair of the staircase structure section 140. Part of the
uppermost electrode layer WL among the electrode layers
WL is exposed at the second highest stair of the staircase
structure section 140. Part of the electrode layer WL one layer
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lower than the uppermost electrode layer WL is exposed at the
third highest stair of the staircase structure section 140. Part of
the electrode layer WL two layers lower than the uppermost
electrode layer WL is exposed at the fourth highest stair of the
staircase structure section 140. Part of the electrode layer WL
three layers lower than the uppermost electrode layer WL is
exposed at the fifth highest stair of the staircase structure
section 140. Part of the back gate BG is exposed at the lowest
stair of the staircase structure section 140.

Next, impurity such as boron is implanted by ion implan-
tation technique into the exposed portion of each of the select
gate SG, the electrode layers WL, and the back gate BG in the
staircase structure 140.

Each of'the select gate SG, the electrode layers WL, and the
back gate BG is a silicon layer. Each layer has already been
implanted with boron as impurity and provided with conduc-
tivity.

Boron is further implanted into the exposed portion of each
layer in the aforementioned staircase structure section 140.
Thus, as shown in FIGS. 45 and 46, the impurity concentra-
tion (boron concentration) of the end part 141 of each of the
select gate SG, the electrode layers WL, and the back gate BG
of'the staircase structure section 140 is made relatively higher
than the impurity concentration (boron concentration) of the
other portion. FIG. 46 shows an A-A cross section in FIG. 45.

Next, as shown in FIGS. 47 and 48, the staircase structure
section 140 is covered with an insulating layer 49. FIG. 48
shows a C-C cross section in FIG. 47.

Next, the stacked body on the left side of line C-C in FIG.
47 is removed as shown in FIG. 49. That is, the stacked body
located on the farther side from the memory cell array region
than the staircase structure section 140 is removed. FIG. 50
shows a C-C cross section in FIG. 49.

Then, as shown in FIGS. 51 and 52, the portion adjacent to
the end part 141 implanted with impurity in each of the select
gate SG, the electrode layers WL, and the back gate BG is
removed by etching.

The etching liquid used at this time is e.g. an alkaline
chemical such as KOH (potassium hydroxide) solution.

The etching rate of the silicon layer in the alkaline chemical
depends on the concentration of boron doped in the silicon
layer. In particular, ata boron concentration of 1x10?° cm™ or
more, the etching rate sharply decreases by a factor of several
tens relative to that at a boron concentration of 1x10® cm™ or
less.

Thus, the silicon layer having a lower boron concentration
than the end part 141 of the staircase structure section 140 is
selectively removed, with the end part 141 of the staircase
structure section 140 left, by the above etching. At the time of
etching shown in FIG. 51, the etching time is controlled so
that the etching of each layer having a lower boron concen-
tration than the end part 141 of the staircase structure section
140 does not proceed to the memory cell array region.

As shown in FIGS. 53 and 54, an insulating layer 49 is
embedded in the gap 151 formed by the removal of each layer
by the above etching. FIG. 54 shows a C-C cross section in
FIG. 53.

FIG. 55 is a schematic perspective view of the region 300
enclosed with the dashed line in FIG. 53.

The positions in the X-direction of the end parts (end parts
in the X-direction) of the select gate SG, the respective elec-
trode layers WL, and the back gate BG are aligned in the tier
selecting section outside the memory cell array region. On the
end parts, the end parts 141 of the aforementioned staircase
structure section 140 are provided as contact parts.

Each contact part 141 is formed in a protruding shape
projected from the X-direction end part of the corresponding
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layer in the X-direction on the opposite side from the memory
cell array region. Each contact part 141 is integrated with the
silicon layer forming the corresponding layer. However, the
impurity concentration of the contact part 141 is higher than
that of the other portion of the same silicon layer.

The upper surface of each contact part 141 is parallel to the
upper surface and the lower surface of the corresponding
layer. The end surface of each contact part 141 is parallel to
the end surface of the corresponding layer.

The contact parts 141 do not overlap each other in the
Z-direction. The contact parts 141 are displaced in the Y-di-
rection parallel to the surface of the substrate 10. The contact
parts 141 are spaced in the Y-direction.

The circuit interconnection 51a-51fis formed on the front
side of the substrate 10 directly below each contact part 141.

The aforementioned stacked body is not provided between
the contact part 141 and the circuit interconnection 51a-51f.
The select gate SG, the electrode layers WL, and the back gate
BG do not lie below the contact parts 141.

Next, as in the above embodiments, plugs 80a-80/shown in
FIG. 56 are formed. The contact parts 141 are electrically
connected with the circuit interconnections 51a-51fthrough
plugs 80a-80f; respectively.

Each plug 804-80fis in contact with the upper surface and
the end surface of the corresponding contact part 141. The
lower end of each plug 804-80f'is in contact with the corre-
sponding circuit interconnection 51a-51f.

Each plug 80a-80f'has an upper part 81 and a lower part 82
smaller in diameter than the upper part 81. The upper part 81
is provided above the corresponding contact part 141. The
lower end ofthe upper part 81 reaches the upper surface of the
corresponding contact part 141.

The lower part 82 is in contact with the end surface of the
corresponding contact part 141 and extends downward. The
lower end of the lower part 82 reaches the corresponding
circuit interconnection 51a-51f

A cross-sectional area parallel to the surface direction of
the substrate 10 of the upper part 81 is larger than a cross-
sectional area parallel to the surface direction of the lower
part 82.

Also in this tier selecting section shown in FIG. 56, the
respective electrode layers WL, the back gate BG, and the
select gate SG can be directly connected with the circuit
interconnections 51a-51f'below the stacked body through the
plug 80a-80f extending downward from the corresponding
contact part 141 without traversing the upper-layer intercon-
nection routed on the stacked body.

Accordingly, the interconnection path connecting each
layer with the circuit interconnection is made shorter than in
the case of traversing the upper-layer interconnection. This
can suppress the propagation delay of signals.

Furthermore, the area of the interconnection formation
region connecting each layer with the circuit interconnection
can be made smaller than that of the interconnection routing
structure traversing the upper-layer interconnection. Thus,
the total chip area can be reduced, leading to cost reduction.

Here, the exposed portion of each of the select gate SG, the
electrode layers WL, and the back gate BG in the aforemen-
tioned staircase structure section 140 may be turned into
metal silicide to provide etching resistance for the etching of
the silicon layer.

That is, at the time of etching shown in FIG. 52, the silicon
layer not turned into metal silicide is selectively removed,
with the end part (metal silicide part) 141 of the staircase
structure section 140 left.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
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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

5 embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
ormodification as would fall within the scope and spirit of the
inventions.

What is claimed is:

1. A semiconductor memory device comprising:

a substrate;

a plurality of circuit interconnections provided on the sub-
strate;

a stacked body including a plurality of electrode layers and
a plurality of insulating layers alternately stacked on the
substrate;

a channel body extending in a stacking direction of the
stacked body through the plurality of electrode layers;

a memory film provided between the electrode layer and
the channel body;

a plurality of contact parts provided in a protruding shape
on respective end parts of the plurality of electrode lay-
ers, not overlapping each other in the stacking direction,
and displaced in a surface direction of the substrate; and

a plurality of plugs extending from the respective contact
parts toward the respective circuit interconnections and
electrically connecting the respective contact parts with
the respective circuit interconnections.

2. The device according to claim 1, wherein the plug is in
contact with an upper surface and an end side surface of the
contact part.

3. The device according to claim 1, wherein

the contact part has an oblique surface inclined with respect
to an upper surface of the electrode layer, and

the plugis in contact with an end surface of the contact part,
and further in contact with at least one of the oblique
surface and an upper surface of the contact part.

4. The device according to claim 1, wherein

the channel body and the memory film are provided in a
memory cell array region in the stacked body, and

the contact part is provided outside the memory cell array
region.

5. The device according to claim 4, wherein the contact part
is projected to opposite side from the memory cell array
region.

6. The device according to claim 4, wherein

the stacked body is divided in a first direction into a plu-
rality of blocks in the memory cell array region, and

the stacked body is continuous in the first direction outside
the memory cell array region.

7. The device according to claim 6, wherein the plurality of
contact parts are projected in a second direction crossing the
55 first direction, and are arranged in the first direction outside
the memory cell array region.

8. The device according to claim 1, wherein

the plug is formed in a columnar shape including an upper
part above the contact part and a lower part below the
contact part, and

a cross-sectional area parallel to the surface direction ofthe
substrate of the upper part is larger than a cross-sectional
area parallel to the surface direction of the lower part.

9. The device according to claim 1, wherein the respective
65 circuit interconnection to be connected with the respective

contact part is provided directly below the respective contact
part.
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10. The device according to claim 1, wherein the contact
part is connected with the circuit interconnection through the
plug without intermediary of an upper-layer interconnection
provided above the stacked body.

11. The device according to claim 1, wherein the electrode
layer does not lie below the contact part.

12. The device according to claim 1, wherein the electrode
layer and the contact part include silicon doped with impurity.

13. The device according to claim 12, wherein an impurity
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forming a channel body on a sidewall of the memory film
in the hole;

forming a plurality of contact parts provided in a protrud-
ing shape on respective end parts of the plurality of
electrode layers, not overlapping each other in the stack-
ing direction, and displaced in surface direction of the
substrate; and

forming a plurality of plugs extending from the respective
contact parts toward the respective circuit interconnec-

zgﬁzggzzgﬁ §§$§ eclzrcltérigfif ?glésr higher than an impurity 10 tions and electrically connecting the respective contact
14. The device according to claim 12, wherein the contact parts with the respecpve Clrc}nt mterconngctlons. .
part includes metal silicide 18. The method according to claim 17, wherein the forming
15. The device according to claim 1, further comprising: the plur.ahty of Coma,c t pz}ns includes:
a select gate provided on the stacked body; 15 forming a protrusion 1n a part of the stacked quy, Fhe
aselect gate contact part provided in a protruding shape on protrusion inclined with respect to the surface direction
an end part of the select gate, not overlapping the contact of the substrate and extending from an uppermost one of
parts of the electrode layers, and displaced in the surface thedelelctrode layers toward a lowermost one of the elec-
direction of the substrate; and 1 gtr%he ayeﬁs.d & laim 17. wherei
aselect gate connection plug extending from the select gate 20 b : | © I?et Of according (o ¢ a]mé .’l.w erei d
contact part toward the circuit interconnection and con- the }E urality (1)1 co]nta? parIEs nctude st 1cgn,lal(1] .
necting the select gate contact part with the circuit inter- the forming the plurality of contact parts includes:
connection. processing the plurality of electrode layers into a staircase
16. The device according to claim 1, wherein the channel . struct'ure; . L. .
body and the memory film include: 25 implanting an impurity into the end parts of the respective
a pair of columnar parts extending in the stacking direction elec.tr ode ]aye.r s in the staircase structure; an d
in the stacked body; and removing a portion of the electrode layers adjacent to the
a joining part joining lower ends of the pair of columnar end parts where the 1mpurtty 1s implanted. .
parts. 20. The method according to claim 17, wherein
17. A method for manufacturing a semiconductor memory 30 the plurality of contact parts include silicon, and

device, comprising:

forming a stacked body on a substrate, the stacked body
including a plurality of electrode layers and a plurality of
insulating layers alternately stacked, a plurality of cir-
cuit interconnections formed on the substrate;

forming a hole extending in a stacking direction of the
stacked body through the plurality of electrode layers;

forming a memory film on a sidewall of the hole;
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the forming the plurality of contact parts includes:

processing the plurality of electrode layers into a staircase
structure;

forming metal silicide on the end parts of the respective
electrode layers in the staircase structure; and

removing a portion of the electrode layers adjacent to the
end parts where the metal silicide is formed.
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