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(57) ABSTRACT

A semiconductor storage device includes a semiconductor
substrate and a conductive layer separated from the semi-
conductor substrate in a first direction. The conductive layer
extends in a second direction parallel to the semiconductor
substrate. A semiconductor layer extends in the first direc-
tion through the conductive layer. A first contact extends in
the first direction and is connected to a surface of the
conductive layer facing away from the semiconductor sub-
strate. A first insulating layer extends in the first direction,
and a second insulating layer extends along the first insu-
lating layer in the first direction. Each of the first and second
insulating layers entirely overlaps with the first contact when
viewed in the first direction.
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SEMICONDUCTOR STORAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 17/172,470, filed on Feb. 10, 2021, which is
based upon and claims the benefit of priority from Japanese
Patent Application No. 2020-047000, filed on Mar. 17, 2020,
the entire contents of each of which are incorporated herein
by reference.

FIELD

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

BACKGROUND

[0003] A semiconductor storage device formed of stacked
conductive layers on a semiconductor substrate and a semi-
conductor memory pillar that extends through the stacked
conductive layers to form a plurality of memory cells at the
intersections of the conductive layers and the semiconductor
memory pillar is known.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates a schematic exploded perspective
view of a memory die.

[0005] FIG. 2 illustrates a schematic bottom view of a
memory chip.
[0006] FIG. 3 illustrates a schematic plan view of a

peripheral circuit chip.

[0007] FIG. 4 illustrates a schematic cross-sectional view
corresponding to line A1-A1' of FIG. 2 and line B1-B1' of
FIG. 3.

[0008] FIG. 5 illustrates a schematic cross-sectional view
corresponding to line A2-A2' of FIG. 2 and line B2-B2' of
FIG. 3.

[0009] FIG. 6 illustrates a schematic enlarged view of a
portion a region C of FIG. 2.

[0010] FIG. 7 illustrates a schematic enlarged view of a
region E of FIG. 6.

[0011] FIG. 8 illustrates a schematic cross-sectional view
of a structure shown in FIG. 7 cut along a line F-F' and
viewed along a direction of an arrow.

[0012] FIG. 9 illustrates a schematic enlarged view of a
region H of FIG. 8.

[0013] FIG. 10 illustrates a schematic cross-sectional view
of a structure shown in FIG. 6 cut along a line 11-I1' and
viewed along a direction of an arrow.

[0014] FIG. 11 illustrates a schematic enlarged view of
FIG. 6.
[0015] FIG. 12 illustrates a schematic cross-sectional view

of the structure shown in FIG. 6 cut along a line 12-12' and
viewed along a direction of an arrow.

[0016] FIG. 13 illustrates a schematic enlarged view of
FIG. 6.
[0017] FIGS. 14-46 are schematic cross-sectional views of

structures to illustrating aspects of a method of manufactur-
ing a memory die according to a first embodiment.

[0018] FIG. 47 illustrates a schematic cross-sectional view
of'a configuration of a semiconductor storage device accord-
ing to a first modification example.

Oct. 24, 2024

[0019] FIGS. 48-51 are schematic cross-sectional views of
structures illustrating aspects of a method of manufacturing
a semiconductor storage device according to the first modi-
fication example.

[0020] FIG. 52 illustrates a schematic cross-sectional view
of'a configuration of a semiconductor storage device accord-
ing to another embodiment.

[0021] FIG. 53 illustrates a schematic cross-sectional view
of'a configuration of a semiconductor storage device accord-
ing to still another embodiment.

DETAILED DESCRIPTION

[0022] Embodiments provide a semiconductor storage
device capable of being suitably manufactured.

[0023] In general, according to an embodiment, a semi-
conductor storage device includes a semiconductor substrate
with a first surface and a conductive layer separated from the
first surface in a first direction intersecting the first surface
of the semiconductor substrate. The conductive layer
extends in a second direction parallel to the first surface. A
semiconductor layer extending in the first direction through
the conductive layer. A first contact extends in the first
direction and is connected to a surface of the conductive
layer facing away from the semiconductor substrate. A first
insulating layer extends in the first direction, and a second
insulating layer extends along the first insulating layer in the
first direction. Each of the first and second insulating layers
entirely overlaps with the first contact when viewed in the
first direction.

[0024] According to another embodiment, a semiconduc-
tor storage device includes a semiconductor substrate, a
plurality of first conductive layers arranged in a first direc-
tion intersecting a surface of the semiconductor substrate, a
plurality of second conductive layers arranged in the first
direction between the semiconductor substrate and the plu-
rality of first conductive layers, a semiconductor layer
extending in the first direction through the first and second
conductive layers, and a contact extending in the first
direction and connected to a surface of one of the first
conductive layers facing away from the semiconductor
substrate in the first direction. The contact includes a first
portion extending through a part of the first conductive
layers, a second portion extending through the second con-
ductive layers, and a third portion between the first portion
and the second portion. A width of the third portion in a cross
section along the first direction is greater than a width of the
first portion in the cross section.

[0025] A semiconductor storage device according to an
example embodiment will be described with reference to the
drawings. The following described embodiment is merely
one example, and is not intended to limit the present
disclosure. The following drawings are schematic, and some
configurations and the like may be omitted for the sake of
convenience in description. The same reference numerals
may be given to parts common to a plurality of embodi-
ments, and the description of such repeated aspects may be
omitted.

[0026] In the present disclosure, when a first configuration
is said to be “electrically connected” to a second configu-
ration, the first configuration may be directly connected to
the second configuration, or the first configuration may be
connected to the second configuration via a wiring, an
interconnection, a semiconductor member, a transistor, or
the like. For example, when three transistors are connected
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in series, the first transistor is “electrically connected” to the
third transistor even though the second transistor is in an
OFF state.

[0027] Inthe present disclosure, a case where it is said that
a circuit or the like “electrically connects” two interconnec-
tions or the like can mean that this circuit or the like includes
a transistor or the like, the transistor or the like is provided
on a current path between the two interconnections, and this
transistor or the like enters an ON state.

[0028] In the present disclosure, one direction parallel to
an upper surface of a substrate is referred to as an X
direction, another direction which is parallel to the upper
surface of the substrate and perpendicular to the X direction
is referred to as a Y direction, and the direction orthogonal
to the upper surface of the substrate is referred to as a Z
direction.

[0029] In the present disclosure, one direction along a
predetermined surface is referred to as a first direction, a
direction along the predetermined surface and also intersect-
ing the first direction is referred to as a second direction, and
a direction intersecting the predetermined surface is referred
to as a third direction. The first direction, the second
direction, and the third direction need not necessarily cor-
respond to any of the X direction, the Y direction, and the Z
direction.

[0030] In the present disclosure, expressions such as
“upper” and “lower” are relative expressions based in a
general manner on a distance from the semiconductor sub-
strate. For example, a direction increasingly separated from
the semiconductor substrate along the Z direction is referred
to as upward, a direction approaching towards the semicon-
ductor substrate along the Z direction is referred to as
downward. When a lower surface and a lower end of a
certain aspect is referenced, this intends to refer to a surface
or an end portion of this aspect that is closest to or facing the
semiconductor substrate, and when an upper surface pr an
upper end are referenced, this intends to refer to a surface or
an end portion of this aspect that is farthest away from or
facing away from the semiconductor substrate. A surface
intersecting the X direction or the Y direction can be referred
to as a side surface, a lateral surface, or the like.

[0031] In the present disclosure, when a “width,” “thick-
ness,” or other dimension in a predetermined direction is
described for a configuration, a member, or the like this
means that a width, a thickness, or other dimension that may
be observed in a cross section or the like by scanning
electron microscopy (SEM), transmission electron micros-
copy (TEM), or the like.

First Embodiment

Structure of Memory Die MD

[0032] FIG. 1 illustrates a schematic exploded perspective
view of a configuration example of a semiconductor storage
device according to a first embodiment. As shown in FIG. 1,
a memory die MD includes a chip C,, on a memory cell
array side and a chip C, on a peripheral circuit side.

[0033] A plurality of external pad electrodes Py is pro-
vided on an upper surface of the chip C,,. A plurality of first
bonding electrodes Pu is provided on a lower surface of the
chip C,,. A plurality of second bonding electrodes P,, is
provided on an upper surface of the chip C,. The surface of
the chip C,, on which the first bonding electrodes Pu are
provided is referred to as a front surface, and the surface on
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which the external pad electrodes P, are provided is referred
to as a rear surface. In the chip C,, the surface on which the
second bonding electrodes P, are provided is referred to as
a front surface, and the surface of the chip Ce opposite to the
front surface is referred to as a rear surface. In the illustrated
example of FIG. 1, the front surface of the chip C is facing
upwards, the rear surface of the chip C,, is provided facing
upwards.

[0034] The chip C,,and the chip C, are provided such that
the front surface of the chip C,, and the front surface of the
chip C, face each other. The plurality of first bonding
electrodes Pu is provided so as to correspond to the plurality
of second bonding electrodes P,,. The plurality of first
bonding electrodes P,; are provided at locations to which
they can be respectively bonded to the plurality of second
bonding electrodes P,,. The first bonding electrodes P,, and
the second bonding electrodes P, are used for bonding the
chip C,, to the chip C,, and function as electrodes for
electrical connections between the chips.

[0035] Inthe example of FIG. 1, corners al, a2, a3, and a4
of the chip C,, correspond to corners b1, b2, b3, and b4 of
the chip C, respectively.

[0036] FIG. 2 illustrates a schematic bottom view of a
configuration example of the chip C,,. A portion surrounded
by a dotted line on a lower right side of FIG. 2 indicates a
structure in the interior of the chip C,, is being depicted.
FIG. 3 illustrates a schematic plan view of a configuration
example of the chip C,. A portion surrounded by a dotted
line on a lower left side of FIG. 3 indicates a structure in the
interior of the chip C is being depicted. FIG. 4 illustrates a
schematic cross-sectional view corresponding to a line
A1-A1" of FIG. 2 and a line B1-B1' of FIG. 3. FIG. 5
illustrates a schematic cross-sectional view corresponding to
a line A2-A2' of FIG. 2 and a line B2-B2' of FIG. 3. FIGS.
4 and 5 show a cross section when the structures shown in
FIGS. 2 and 3 are cut along the lines and viewed in
directions of arrows. FIG. 6 illustrates a schematic enlarged
view of a portion indicated by C of FIG. 2. FIG. 7 illustrates
a schematic enlarged view of a portion indicated by E of
FIG. 6. FIG. 8 illustrates a schematic cross-sectional view of
a structure shown in FIG. 7 cut along a line F-F' and viewed
along a direction of an arrow. FIG. 9 illustrates a schematic
enlarged view of a portion indicated by H of FIG. 8. FIG. 10
illustrates a schematic cross-sectional view of a structure
shown in FIG. 6 cut along a line I1-I1' and viewed along a
direction of an arrow. FIG. 11 illustrates a schematic
enlarged view of a part of FIG. 6. FIG. 12 illustrates a
schematic cross-sectional view of the structure shown in
FIG. 6 cut along a line 12-12' and viewed along a direction
of'an arrow. FIG. 13 illustrates a schematic enlarged view of
a part of FIG. 6.

[0037] FIGS. 2 to 13 show schematic configurations. In
FIGS. 2 to 13, some aspects are omitted from the depictions.
For example, bit lines 146 provided in an interconnection
layer 141 are shown in a right portion of FIG. 7, but the bit
lines 146 are not shown in a left portion. However, as shown
in FIG. 4, the bit lines 146 are provided over the entire
region of a memory cell array region R, .

Structure of Chip C,,

[0038] The chip C,, includes four memory planes 10
arrayed in the X and Y directions, as shown in FIG. 2. Each
memory plane 10 includes two memory cell array regions
Ry, aligned with each other in the X direction, a first
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hook-up region R, and a second hook-up region R,
aligned with each other in the X direction between the two
memory cell array regions R, ,,. A memory cell array MCA
is provided in the memory cell array region R, ,. The chip
C,, includes a peripheral region R, provided closer to one
end in the Y direction than the four memory planes 10.

[0039] As shown in FIGS. 4 and 5, the chip C,, includes,
for example, a base layer 100, a memory cell array layer
L,,c4; provided below the base layer 100, a memory cell
array layer L,,,, provided below the memory cell array
layer L,,~,,, and a plurality of interconnection layers 141,
142, and 143 provided below the memory cell array layer

LMCA2 .

Structure of Base Layer 100 of Chip C,,

[0040] For example, the base layer 100 is provided on the
rear surface of the chip C,, as shown in FIG. 4. The base
layer 100 includes, for example, an insulating layer 101 and
a conductive layer 102 to be described later with reference
to FIG. 8. The base layer 100 includes a passivation film (not
shown) provided close to the rear surface of the chip C, , and
a rear surface interconnection layer (not shown) that func-
tions as the external pad electrodes P (FIG. 1).

Structure of Memory Cell Array Layers L, ,,, and L, ,, of
Chip C,, in Memory Cell Array Regions R, -,

[0041] For example, as shown in FIG. 6, a plurality of
memory blocks 11 aligned in the Y direction are provided in
the memory cell array layers L,,,, and L,,.,,. Each
memory block 11 includes a plurality of string units SU
aligned in the direction. An inter-block insulating layer 151
of a material such as silicon oxide (SiO,) is provided
between two memory blocks 11 adjacent to each other in the
Y direction. For example, as shown in FIG. 7, an inter-
string-unit insulating layer 152 of a material such as silicon
oxide (Si0,) is provided between two string units SU
adjacent to each other in the Y direction.

[0042] As shown in FIG. 8, the memory block 11 includes,
for example, a plurality of conductive layers 110 stacked in
the Z direction, a plurality of semiconductor layers 120
extending in the Z direction, and a plurality of gate insulat-
ing film 130 provided between the plurality of conductive
layers 110 and the plurality of semiconductor layers 120.
[0043] The conductive layer 110 is a plate-shaped con-
ductive layer extending in the X direction. The conductive
layer 110 may include a barrier conductive film such as
titanium nitride (TiN) and a stacked film of a metal film such
as tungsten (W). The conductive layer 110 may contain, for
example, polycrystalline silicon or the like containing impu-
rities such as phosphorus (P) and boron (B). Insulating
layers 101 of a material such as silicon oxide (SiO,) are
provided between the stacked conductive layers 110 in the Z
direction.

[0044] A conductive layer 111 is provided above the
plurality of conductive layers 110. The conductive layer 111
may contain, for example, polycrystalline silicon or the like
containing impurities such as phosphorus (P) and boron (B).
An insulating layer 101 of a material such as silicon oxide
(Si0,) is provided between the conductive layer 111 and the
conductive layer 110.

[0045] The conductive layer 102 is provided above the
conductive layer 111. In the illustrated example, the con-
ductive layer 102 includes a semiconductor layer 113 con-
nected to an upper end of the semiconductor layer 120 and
a conductive layer 114 connected to an upper surface of the
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semiconductor layer 113. The semiconductor layer 113 may
contain, for example, polycrystalline silicon or the like
containing impurities such as phosphorus (P) and boron (B).
The conductive layer 114 may include, for example, metal
such as tungsten (W), a conductive layer such as tungsten
silicide, or another conductive layer. An insulating layer 101
is provided between the conductive layer 102 and the
conductive layer 111.

[0046] For example, the semiconductor layers 120 are
arrayed in a predetermined pattern in the X direction and the
Y direction as shown in FIG. 7. The semiconductor layer 120
is, for example, a semiconductor material such as polycrys-
talline silicon (Si). As shown in FIG. 8, for example, the
semiconductor layer 120 has a cylindrical shape, and an
insulating layer 125 of a material such as silicon oxide is
provided in a central (interior) portion thereof. An outer
peripheral surface of each of the semiconductor 120 is
surrounded by the conductive layer 110 and faces the
conductive layer 110.

[0047] An impurity region 121 containing N-type impu-
rities such as phosphorus (P) is provided at a lower end
portion of the semiconductor layer 120. The impurity
regions 121 are connected to the bit lines 146 via contacts
144 and contacts 145 (FIG. 5).

[0048] An impurity region 122 containing an N-type
impurity such as phosphorus (P) or a P-type impurity such
as boron (B) is provided at an upper end portion of the
semiconductor layer 120. The impurity regions 122 are
connected to the semiconductor layer 113 of the conductive
layer 102. An outer peripheral surface of the impurity region
122 is surrounded by the conductive layer 111 and faces the
conductive layer 111.

[0049] The gate insulating film 130 has a bottomed cylin-
drical shape that covers the outer peripheral surface of the
semiconductor layer 120. As shown in FIG. 9, for example,
the gate insulating film 130 includes a tunnel insulating film
131, a charge storage film 132, and a block insulating film
133 stacked between the semiconductor layer 120 and the
conductive layer 110. The tunnel insulating film 131 and the
block insulating film 133 are, for example, insulating films
of a material such as silicon oxide (SiO,). The charge
storage film 132 is, for example, a film capable of storing
charges such as a film of silicon nitride (Si;N,). The tunnel
insulating film 131, the charge storage film 132, and the
block insulating film 133 have a cylindrical shape, and
extend in the Z direction along the outer peripheral surface
of the semiconductor layer 120.

[0050] FIG. 9 shows an example in which the gate insu-
lating film 130 includes the charge storage film 132 such as
silicon nitride. However, the gate insulating film 130 may
include, for example, a floating gate such as polycrystalline
silicon containing N-type or P-type impurities.

Structure of Memory Cell Array Layers L, ,.,, and L, ,, of
Chip C,, in First Hook-up Region R,

[0051] As shown in FIG. 4, a part of the plurality of
conductive layers 110 and the conductive layer 111, a
plurality of support structures 153 extending in the Z direc-
tion by penetrating the plurality of conductive layers 110 and
the conductive layer 111, and a plurality of contacts 161
connected to the plurality of conductive layers 110 and the
conductive layer 111 are provided in the first hook-up region
Rz7en- The plurality of conductive layers 110 and the con-
ductive layer 111 in the memory cell array layer L,,,, are
connected to elements of the chip C, via the plurality of
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contacts 161. The support structure 153 comprises, for
example, silicon oxide (Si0,).

[0052] The plurality of contacts 161 is connected to the
plurality of conductive layers 110 in the memory cell array
layer L,,~,, by penetrating all the conductive layers 110 in
the memory cell array layer L, ., and penetrating a part of
the conductive layers 110 in the memory cell array layer
L,scq1- The contact 161 includes, for example, a barrier
conductive film such as titanium nitride (TiN) and a stacked
film of a metal film such as tungsten (W). As shown in FIG.
10, for example, the contact 161 has a bottomed cylindrical
shape, and an insulating layer 116 of a material such as
silicon oxide (Si0,) is provided at a central portion (interior)
thereof. An upper surface of the contact 161 is in contact
with a lower surface of the conductive layer 110 and lower
ends of the plurality of support structures 153. A plurality of
insulating layers 110B stacked in the Z direction and a
plurality of insulating layers 101 provided between the
plurality of insulating layers 110B are provided on an outer
peripheral surface of the contact 161. Each of the insulating
layers 110B is provided between the contact 161 and the
conductive layer 110, and comprises silicon oxide (SiO,) or
the like. The contact 161 is insulated from the conductive
layer 110 via the insulating layer 110B. In some examples,
the insulating layer 110B may include gaps (voids or seams).

[0053] As shown in FIG. 11, a portion of the contact 161
in the memory cell array layer L, -, has a flower-like shape
when viewed from the Z direction. That is, assuming that a
distance from a center pl of the contact 161 to the outer
peripheral surface of the contact 161 is r, the outer peripheral
surface of the contact 161 has a plurality of points p2 at
which the distance r is a maximum value r1 and a plurality
of points p3 at which the distance r is a minimum value r2.
The points p2 and the points p3 alternate with each other
along the outer peripheral surface of the contact 161 to form
what is referred to as a flower-like shape. The contact 161 is
provided at a location overlapping with several support
structures 153 when viewed from the Z direction. Assuming
a circle having a radius r3 with a center of p4 of such a
support structure 153 in an XY plane as a center, at least a
part of the outer peripheral surface of the contact 161
overlaps with this circle. Each point p2 is provided on a
circumference of such a circle. The radius r3 is larger than
a size r4/2, which is half of a distance r4 between the centers
p4 of two adjacent support structures 153 in the XY plane.
The radius r3 is smaller than a distance r5 from the center p4
of one support structure 153 to the outer peripheral surface
of an adjacent support structure 153 in the XY plane.

[0054] As shown in FIG. 10, an insulating layer 115 is
provided at a portion of the outer peripheral surface of the
contact 161 located at a boundary between the memory cell
array layer L,,.,, and the memory cell array layer L, .
The insulating layer 115 contains, for example, a metal
oxide such as aluminum oxide (AlO), hathium oxide (HfO),
or zirconium oxide (Zro). In the example of the first embodi-
ment, the plurality of insulating layers 115 is provided so as
to correspond to the plurality of contacts 161. However, one
insulating layer 115 that covers a lower surface of the
memory cell array layer L,,.,, may be provided over the
entire first hook-up region R, instead of the plurality of
insulating layers 115. The insulating layer 115 may be
provided over a region other than the first hook-up region

RHUI'
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Structure of Memory Cell Array Layers L, ,; and L, of
Chip C,, in Second Hook-up Region R,

[0055] As shown in FIG. 4, a part of the plurality of
conductive layers 110 and the conductive layer 111, a
plurality of support structures 153 extending in the Z direc-
tion by penetrating the plurality of conductive layers 110 and
the conductive layer 111, and a plurality of contacts 162
connected to the plurality of conductive layers 110 are
provided in the second hook-up region R, . The plurality
of conductive layers 110 in the memory cell array layer
Lscqn 18 connected to elements of the chip C, via the
plurality of contacts 162.

[0056] The plurality of contacts 162 is connected to the
plurality of conductive layers 110 in the memory cell array
layer L, , by penetrating a part of the conductive layers
110 in the memory cell array layer L,,~,,. The contact 162
includes, for example, a barrier conductive film such as
titanium nitride (TiN) and a stacked film of a metal film such
as tungsten (W). As shown in FIG. 12, for example, the
contact 162 has a cylindrical shape, and an insulating layer
116 is provided at a central portion thereof. An upper surface
of the contact 162 is in contact with the lower surface of the
conductive layer 110 and lower ends of the plurality of
support structures 153. A plurality of insulating layers 110B
stacked in the Z direction and a plurality of insulating layers
101 provided between the plurality of insulating layers 110B
are provided on an outer peripheral surface of the contact
162. Each of the insulating layers 110B is provided between
the contact 162 and the conductive layer 110, and comprises
silicon oxide (Si0,) or the like. The contact 162 is insulated
from the conductive layer 110 via the insulating layer 110B.
In some examples, the insulating layer 110B may include
gaps (voids or seams).

[0057] As shown in FIG. 13, the contact 162 has a circular
shape when viewed from the Z direction. The contact 162 is
provided at a location overlapping with several support
structures 153 when viewed from the Z direction.

Structure of Interconnection Layers 141, 142, and 143 of
Chip C,,

[0058] Forexample, as shown in FIGS. 4 and 5, a plurality
of interconnections in the interconnection layers 141, 142,
and 143 is electrically connected to, for example, at least one
of the memory cell array layers L,,~,, and L,,,, and
elements of the chip Cp.

[0059] The interconnection layer 141 includes a plurality
of interconnections 147. The plurality of interconnections
147 may include, for example, a barrier conductive film such
as titanium nitride (TiN) and a stacked film of a metal film
such as copper (Cu). A part of the plurality of interconnec-
tions 147 functions as the bit line 146. As shown in FIG. 7,
for example, the bit lines 146 are arrayed along the X
direction and extend in the Y direction. Each bit line 146 is
connected to one semiconductor layer 120 in each string unit
SU.

[0060] The interconnection layer 142 includes, for
example, a plurality of interconnections 148 as shown in
FIGS. 4 and 5. The interconnections 148 may include, for
example, a barrier conductive film such as titanium nitride
(TiN) and a stacked film of a metal film such as copper (Cu).
[0061] The interconnection layer 143 includes a plurality
of first bonding electrodes P, . The plurality of first bonding
electrodes Pu may include, for example, a barrier conductive
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film such as titanium nitride (TiN) and a stacked film of a
metal film such as copper (Cuw).

Structure of Chip C,

[0062] As shown in FIG. 3, for example, the chip C,
includes four peripheral circuit regions R .- arrayed in the X
and Y directions so as to correspond to the memory planes
10. The chip C, includes a circuit region R provided in a
region facing the peripheral region R.

[0063] As shown in FIGS. 4 and 5, the chip C, includes,
for example, a semiconductor substrate 200, a plurality of
transistors Tr provided on a front surface of the semicon-
ductor substrate 200, and a plurality of interconnection
layers 141' to 145' provided above the plurality of transistors
Tr. The semiconductor substrate 200 is, for example, a
semiconductor substrate made of P-type silicon (Si) con-
taining P-type impurities such as boron (B). The intercon-
nection layer 141' is an interconnection layer containing a
conductive material such as tungsten (W). The interconnec-
tion layer 142' is an interconnection layer containing a
conductive material such as copper (Cu). The interconnec-
tion layer 143' is an interconnection layer containing a
conductive material such as copper (Cu). The interconnec-
tion layer 144' is an interconnection layer containing a
conductive material such as copper (Cu) or aluminum (Al).
The interconnection layer 145' is, for example, an intercon-
nection layer containing a conductive material such as
copper (Cu), and includes a plurality of second bonding
electrodes P,,.

Manufacturing Method

[0064] Next, a method of manufacturing the memory die
MD will be described with reference to FIGS. 14 to 46.
FIGS. 14, 15, 17 to 25, 27, 32 to 38, and 46 illustrate
schematic cross-sectional views of structures to explain the
manufacturing method, and show cross sections correspond-
ing to FIG. 4. FIGS. 16 and 30 illustrate schematic bottom
view of structures to explain the manufacturing method, and
show the lower surfaces corresponding to FIG. 7. FIGS. 26,
28, 31, 44, and 45 illustrate schematic cross-sectional views
of'structures to explain the manufacturing method, and show
cross sections corresponding to FIG. 5. FIG. 29 illustrate a
schematic bottom view of a structure to explain the manu-
facturing method, and shows the lower surface correspond-
ing to FIG. 11. FIGS. 39 to 43 illustrate schematic cross-
sectional views of structures to explain the manufacturing
method, and show cross sections corresponding to FIG. 10.
[0065] In manufacturing the memory die MD according to
the present embodiment, a semiconductor wafer 100A is
formed as shown in FIG. 14, for example. An insulating
layer 101 is formed on an upper surface of the semiconduc-
tor wafer 100A. A conductive layer 111 and an insulating
layer 101 are formed on an upper surface of the insulating
layer 101. A plurality of sacrificial layers 110A and insulat-
ing layers 101 are alternately formed. The sacrificial layer
110A contains, for example, silicon nitride (SiN) and the
like. This process is performed by, for example, a method
such as chemical vapor deposition (CVD).

[0066] Subsequently, a plurality of via holes VH is formed
as shown in FIG. 15. The via hole VH extends in the Z
direction, and penetrates the insulating layer 101, the sac-
rificial layer 110A, the conductive layer 111, and a part of
elements of the wafer 100A. This process is performed by,
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for example, a method such as RIE. As shown in FIG. 16, the
via holes VH are provided in locations corresponding to the
semiconductor layer 120 (FIG. 7), locations corresponding
to the support structures 153 (FIG. 4), and locations corre-
sponding to the inter-block insulating layers 151 (FIG. 7).

[0067] Subsequently, sacrificial films 120A are formed on
inner peripheral surfaces of the via holes VH as shown in
FIG. 17. The sacrificial film 120A contains a material
contained in the sacrificial layer 110A and a material dif-
ferent from the material contained in the insulating layer
101. The sacrificial film 120A contains, for example, silicon
(Si), metal, or the like. This process is performed by, for
example, a method such as CVD. In this process, before the
sacrificial films 120A are formed, an insulating film of a
material such as silicon oxide (SiO,) or silicon nitride (SiN)
may be formed or an oxidation treatment, a nitriding treat-
ment, or the like may be performed. In this process, silicon
oxide (Si0,) or the like may be formed on the inner
peripheral surfaces of the plurality of via holes VH corre-
sponding to the support structures 153 among the plurality
of via holes VH instead of the sacrificial films 120A.

[0068] Subsequently, as shown in FIG. 18, insulating
layers 115 are formed in locations of the upper surface of the
structure described with reference to FIG. 17 which corre-
spond to the contacts 161 (FIG. 4).

[0069] Subsequently, as shown in FIG. 19, a plurality of
sacrificial layers 110A and insulating layers 101 are alter-
nately formed on an upper surface of the insulating layer
101. This process is performed by, for example, a method
such as CVD.

[0070] Subsequently, a plurality of via holes VH is formed
as shown in FIG. 20. The via hole VH extends in the Z
direction, penetrates the insulating layers 101 and the sac-
rificial layers 110 A, and exposes upper ends of the sacrificial
films 120A or upper surfaces of the insulating layers 115.
This process is performed by, for example, a method such as
RIE. The via holes VH are provided in locations correspond-
ing to the semiconductor layers 120 (FIG. 4), locations
corresponding to the support structures 153 (FIG. 4), loca-
tions corresponding to the contacts 161 (FIG. 4), and loca-
tions corresponding to the inter-block insulating layers 151
(FIG. 5).

[0071] Subsequently, sacrificial films 120A are formed on
inner peripheral surfaces of the via holes VH as shown in
FIG. 21. This process is performed by, for example, a
method such as CVD.

[0072] Subsequently, the sacrificial films 120A provided
inside the via holes located in the memory cell array region
R, /-4 among the plurality of via holes VH are removed as
shown in FIG. 22. This process is performed, for example,
by wet etching or the like.

[0073] Subsequently, a semiconductor layer 120 or the
like is formed inside the via hole VH as shown in FIG. 23.
In this process, the semiconductor layers 120, the gate
insulating films 130, the insulating layers 125, and the like
described with reference to FIG. 8 are formed inside the via
holes VH. In forming the semiconductor layers 120, film
formation is performed by CVD or the like, and an amor-
phous silicon film is formed inside the via hole VH. A crystal
structure of this amorphous silicon film can be modified by
an annealing treatment or the like.

[0074] Subsequently, the sacrificial films 120A provided
inside the via holes corresponding to the support structures
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153 among the plurality of via holes VH are removed as
shown in FIG. 23. This process is performed, for example,
by wet etching or the like.

[0075] Subsequently, support structures 153 are formed
inside the via holes VH as shown in FIG. 24. This process
is performed by, for example, a method such as CVD.

[0076] Subsequently, the sacrificial films 120A provided
inside the via holes corresponding to the contacts 161 among
the plurality of via holes VH are removed as shown in FIG.
25. For example, the sacrificial films 120A provided inside
the via holes corresponding to the inter-block insulating
layers 151 among the plurality of via holes VH are removed
as shown in FIG. 26. This process is performed, for example,
by wet etching or the like.

[0077] Subsequently, a part of the sacrificial layers 110A
and the insulating layers 101 is removed as shown in FIGS.
27 and 28. This process is performed, for example, by wet
etching or the like. As a result, a diameter of the via hole VH
increases. For example, the via holes VH aligned in the X
direction and the Y direction are connected to each other,
and through via holes 161A are formed as shown in FIG. 29.
For example, the plurality of via holes VH aligned in the X
direction are joined to each other, and grooves 151 A extend-
ing in the X direction are formed as shown in FIG. 30.

[0078] Subsequently, sacrificial films 120A are formed on
inner peripheral surfaces of the grooves 151A as shown in
FIG. 31. This process is performed by, for example, a
method such as CVD.

[0079] Subsequently, a plurality of contact holes 163A
(FIG. 38) is formed as shown in FIGS. 32 to 38. The contact
holes 163 A are through via holes provided so as to corre-
spond to all the sacrificial layers 110A in the memory cell
array layers L, ,,, and L, ,,» by penetrating the plurality of
sacrificial layers 110A and the insulating layers 101.

[0080] In this process, the insulating layer 115 (see FIG.
27) provided on bottom surfaces of the through via holes
161A and a part of the plurality of support structures 153 are
removed as shown in FIG. 32. A plurality of through via
holes 162A is formed in the second hook-up region R, ,,.

[0081] Subsequently, a hard mask and a resist are formed
on an upper surface of the structure shown in FIG. 32. The
hard mask and the resist are patterned to expose a part of the
plurality of through via holes 161A and 162A and cover the
other configuration. The material loss rate of hard mask due
to an etching process is preferably smaller than a material
loss rate of the resist such that at least a residual film of the
hardmask remains even after a plurality of resist patterning
and etching processes. Materials containing carbon (C),
boron (B), nitrogen (N), metal, and the like are preferably
used as a material of the hard mask. Subsequently, one
insulating layer 101 exposed on the bottom surfaces of the
plurality of through via holes 161A and 162A is selectively
removed, and one sacrificial layer 110A is selectively
removed. As a result, the upper surface of the insulating
layer 101 directly below the sacrificial layer is exposed. This
process is performed by, for example, RIE. In this process,
the support structure 153 and the resist (not shown) in the
through via holes 161A and 162A are also removed.

[0082] Subsequently, the hard mask formed on an upper
surface of this structure is removed, and a hard mask 201 and
a resist 211 are newly formed as shown in FIG. 33. The hard
mask 201 and the resist 211 expose a part of the plurality of
through via holes 161A and 162A and cover the other
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configuration. A part of the resist 211 may enter the insides
of'the through via holes 161 A and 162A covered by the resist
211.

[0083] Subsequently, two insulating layers 101 and two
sacrificial layers 110A counted from the insulating layer 101
closest to the bottom surfaces of the plurality of through via
holes 161A and 162A are selectively removed, and an upper
surface of the third insulating layer 101 is exposed as shown
in FIG. 34. In this process, the support structures 153 and the
resist 211 in the through via holes 161A and 162A are also
removed.

[0084] Subsequently, the hard mask 201 formed on an
upper surface of this structure is removed, and a hard mask
202 and a resist 212 are newly formed as shown in FIG. 35.
The hard mask 202 and the resist 212 expose a part of the
plurality of through via holes 161 A and 162A and cover the
other configuration. A part of the resist 212 may enter the
insides of the through via holes 161A and 162A covered by
the resist 212.

[0085] Subsequently, four insulating layers 101 and four
sacrificial layers 110A, as counted from the insulating layer
101 closest to the bottom surfaces of the plurality of through
via holes 161A and 162A, are selectively removed, and an
upper surface of the fifth insulating layer 101 is exposed as
shown in FIG. 36. In this process, the support structures 153
and the resist 212 in the through via holes 161A and 162A
are also removed. The number of insulating layers 101 and
sacrificial layers 110A removed in this process is not limited
to four.

[0086] Similarly, a part of the plurality of through via
holes 161A and 162A is exposed on the wafer, and a hard
mask and a resist covering the other configuration are
formed (see FIG. 37). Further, 2” (n is a natural number)
insulating layers 101 and 2” sacrificial layers 110A counted
from the insulating layer 101 closest to the bottom surfaces
of the plurality of through via holes 161A and 162A are
selectively removed, and an upper surface of the (27+1)-th
insulating layer 101 is exposed (see FIG. 38). As a result, for
example, a plurality of contact holes 163A is formed as
shown in FIG. 38.

[0087] Subsequently, a part of the sacrificial layers 110A
is removed as shown in FIGS. 39 and 40. This process is
performed, for example, by wet etching or the like.

[0088] Subsequently, an insulating layer 110B is formed
on an upper surface of the uppermost insulating layer 101
and the inner peripheral surfaces of the via holes VH as
shown in FIG. 41. The insulating layer 110B is formed to be
thin to some extent that the via hole VH is not buried. This
process is performed by, for example, a method such as
CVD.

[0089] Subsequently, a portion provided on the upper
surface of the uppermost insulating layer 101, a portion
provided on a side surface of the insulating layer 101, and
a portion provided on the bottom surface of the contact hole
163 A are removed from the insulating layer 110B as shown
in FIG. 42. This process is performed, for example, by wet
etching or the like.

[0090] Subsequently, a contact 161 or a contact 162 is
formed inside the contact hole 163 A as shown in FIG. 43. An
insulating layer 116 is formed inside the contacts 161 and
162. This process is performed by, for example, a method
such as CVD.
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[0091] Subsequently, the sacrificial film 120A provided
inside the grooves 151A is removed as shown in FIG. 44.
This process is performed, for example, by wet etching or
the like.

[0092] Subsequently, the semiconductor layer 113
described with reference to FIG. 8 is formed via the grooves
151A. This process is performed, for example, by wet
etching, selective CVD, or the like. Subsequently, the sac-
rificial layer 110A is removed via the grooves 151A. This
process is performed by, for example, a method such as wet
etching. For example, a conductive layer 110 is formed via
the grooves 151A as shown in FIG. 45. This process is
performed by, for example, a method such as CVD. Inter-
block insulating layers 151 are formed in the grooves 151A.
This process is performed by, for example, methods such as
CVD and RIE.

[0093] Subsequently, configurations such as the intercon-
nection layers 141, 142, and 143 and contacts or the like
connected to the interconnection layers are formed, and a
configuration corresponding to the chip C,, is formed as
shown in FIG. 46.

[0094] Thereafter, the semiconductor wafer 100A on
which the configuration corresponding to the chip C,, has
been formed and the semiconductor wafer on which the
configuration corresponding to the chip C, has been formed
are bonded to each other. A rear surface of the semiconduc-
tor wafer 100A is polished to remove a part of the semi-
conductor wafer 100A. The external pad electrodes P (FIG.
1) or the like are formed on the rear surface of the semi-
conductor wafer 100A. Subsequently, the semiconductor
wafer is separated into pieces by dicing. As a result, the
configuration described with reference to FIGS. 1 to 13 is
formed.

First Modification Example

[0095] FIG. 47 illustrates a schematic cross-sectional view
of'a configuration of a semiconductor storage device accord-
ing to a first modification example.

[0096] The semiconductor storage device according to the
first modification example does not include the conductive
layers 110, but instead includes conductive layers 110'. End
portions of a plurality of conductive layers 110' in the X
direction provided in the memory cell array layer L, ., are
provided in the first hook-up region R, ;. End portions of
a plurality of conductive layers 110" in the X direction
provided in the memory cell array layer L, ,,, are provided
in the second hook-up region Ry, . Positions of the end
portions of the plurality of conductive layers 110' in the X
direction are different from each other. As a result, a stepped
structure is formed in the first hook-up region R, and the
second hook-up region R, .

[0097] The semiconductor storage device according to the
first modification example does not include the contacts 161
and 162, and instead includes contacts 161' and 162'. None
of upper surfaces of the contacts 161' and 162' is in contact
with any of the support structures 153, unlike the contacts
161 and 162 according to the first embodiment.

[0098] FIGS. 48 to 51 illustrate schematic cross-sectional
views of structures to explain a method of manufacturing a
semiconductor storage device according to the first modifi-
cation example.

[0099] In the manufacturing method according to the first
modification example, after the process described with ref-
erence to FIG. 20, for example, a stepped structure is formed
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by selectively removing a part of the plurality of sacrificial
layers 110A and the insulating layers 101 in the first hook-up
region R, and the second hook-up region R, as shown
in FIG. 48.

[0100] In the manufacturing method according to the first
modification example, after the process described with ref-
erence to FIG. 45, for example, the plurality of via holes VH
for exposing the upper surfaces of the plurality of sacrificial
layers 110A is formed as shown in FIGS. 49 and 50. This
process is performed by, for example, a method such as RIE.
A depth of the via hole VH varies depending on a height
position of the corresponding sacrificial layer 110A.
[0101] In the manufacturing method according to the first
modification example, after the process described with ref-
erence to FIG. 50, for example, the contacts 161' and 162"
are formed inside the via holes VH as shown in FIG. 51. This
process is performed by, for example, a method such as
CVD.

Effects

[0102] In the manufacturing method according to the first
modification example, it is necessary to form the plurality of
via holes VH having different depths in the process
described with reference to FIG. 50. When there is an
attempt to collectively form such a plurality of via holes VH,
the via holes corresponding to the conductive layer 110'
provided relatively above may penetrate the conductive
layer 110", and such a conductive layer 110' may short-
circuit with the lower conductive layer 110'. When there is
an attempt to form such a plurality of via holes VH multiple
times, the number of manufacturing processes may increase.
[0103] In contrast, in the manufacturing method according
to the first embodiment, for example, the plurality of contact
holes 163 A (FIG. 38) is formed by repeating patterning and
etching multiple times as described with reference to FIGS.
32 to0 38.

[0104] According to such a method, the plurality of via
holes VH having different depths can be suitably formed.
Accordingly, it is possible to prevent a short-circuit of the
conductive layer 110' described above and an increase in the
number of manufacturing processes.

[0105] When such a method is adopted, it is necessary to
check whether or not these layers are suitably removed in the
removing of the sacrificial layers 110A and the insulating
layers 101. To achieve the purpose, for example, the amount
of the material (for example, silicon oxide or silicon nitride)
removed by RIE or the like may be monitored. However,
when the diameter of the contact hole 163A is small, the
amount of the material removed is small, and thus, such
monitoring may be difficult. In order to increase such an
amount, for example, it is possible that the diameter of the
contact hole 163 A can be increased and the support structure
153 is provided so as not to interfere with the contact hole
163 A. However, when the number of support structures 153
is reduced, the structure may become distorted in the pro-
cessing for removing the plurality of sacrificial layers 110A
after the process described with reference to FIG. 44, and the
semiconductor storage device may not be suitably formed.
[0106] To address such issues, in the manufacturing
method according to the first embodiment, the support
structures 153 are provided at a predetermined density. In
the processes described with reference to FIGS. 32 to 38, not
only the plurality of sacrificial layers 110A and the insulat-
ing layers 101 but also the support structures 153 are
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removed. According to such a method, the plurality of via
holes VH having different depths can be suitably formed.
The distortion of the structure described above can also be
prevented.

[0107] In the manufacturing method according to the first
embodiment, in the process described with reference to FIG.
43, the contacts 161 made of metal or the like are formed on
the inner peripheral surfaces and the bottom surfaces of the
contact holes 163 A (FIG. 42), and the insulating layer 116 is
formed in the central portion of the contact 161. According
to such a method, the amount of the metal required for
forming the contacts 161 can be reduced, and the manufac-
turing cost of the semiconductor storage device can be
reduced.

[0108] As described with reference to FIGS. 32 to 38,
when the plurality of contact holes 163A is formed by
repeated patterning and etching multiple times, the number
of sacrificial layers 110A or the like to be removed increases
as the process approaches the latter half. For example, when
the semiconductor storage device includes 255 different
conductive layers 110, it is necessary to remove the sacri-
ficial layers 110A including one layer in a first process, two
layers in a second process, four layers in a third process,
eight layers in a fourth process, 16 layers in a fifth process,
32 layers in a sixth process, 64 layers in a seventh process,
and 128 layers in an eighth process. As a result, the number
of manufacturing processes and therefore the manufacturing
cost may increase.

[0109] To address such issues, in the manufacturing
method according to the first embodiment, in the process
described with reference to FIG. 20, the via holes VH are
provided in the locations corresponding to the semiconduc-
tor layers 120, the locations corresponding to the support
structures 153, the locations corresponding to the contacts
161, and the locations corresponding to the inter-block
insulating layers 151. In the processes described with ref-
erence to FIGS. 27 and 28, the through via holes 161A
corresponding to the contacts 161 and the grooves 151A
corresponding to the inter-block insulating layers 151 are
formed by increasing the diameters of the via holes VH by
a method such as wet etching and communicatively con-
necting the plurality of via holes VH to each other.

[0110] According to such a method, it is possible to form
the through via holes for communicatively connecting the
plurality of sacrificial layers 110A in the memory cell array
layer L, -, to each other in advance. Accordingly, the
process of forming the deepest hole may be omitted. For
example, when the semiconductor storage device includes
255 conductive layers 110 as described above, the process of
removing 128 sacrificial layers 110A may be omitted.
Accordingly, the number of manufacturing processes can be
significantly reduced, and the manufacturing cost of the
semiconductor storage device can be reduced.

[0111] According to such a method, in the process
described with reference to FIG. 20, the via holes VH are
collectively formed in the locations corresponding to the
semiconductor layers 120, the locations corresponding to the
support structures 153, the locations corresponding to the
contacts 161, and the locations corresponding to the inter-
block insulating layers 151. Accordingly, the number of
processes of forming the via holes VH can be significantly
reduced.
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Other Embodiments

[0112] The semiconductor storage device according to the
first embodiment has been described above. However, the
semiconductor storage device according to the embodiment
is merely an example, and the specific configuration and the
like can be appropriately adjusted.

[0113] For example, in the first embodiment, the first
hook-up region R, and the second hook-up region R,
are provided inside the two memory cell array regions R,
as described with reference to FIGS. 2 and 3. However, such
a configuration is an example, and the specific configuration
and the like can be appropriately adjusted. For example, the
first hook-up region R, and the second hook-up region
Rzr» may be provided outside the memory cell array
regions R, .

[0114] In the first embodiment, the memory transistor in
which the charge storage film is provided in the gate
insulating film is used as the memory cell. The configuration
in which the plurality of conductive layers 110 correspond-
ing to the gate electrodes are stacked in the Z direction is
illustrated. However, such a configuration is an example,
and the specific configuration can be appropriately adjusted.
For example, the configuration described above is also
applicable to a configuration in which a plurality of semi-
conductor layers corresponding to a channel region are
stacked in the Z direction. The configuration described
above is also applicable to a configuration including a pair
of electrodes and a memory film provided between these
electrodes instead of the memory transistor.

[0115] In the first embodiment, the insulating layer 116 is
provided inside the contacts 161 and 162 as described with
reference to FIGS. 10 and 12. However, such a configuration
is an example, and the specific configuration and the like can
be appropriately adjusted. For example, a metal material, a
semiconductor material, or the like may be provided inside
the contacts 161 and 162 instead of the insulating layer 116.
The insides of the contacts 161 and 162 may be or included
unfilled gaps or voids.

[0116] In the process described with reference to FIG. 32,
the insulating layer 115 may be removed such that the
diameter of the through via hole provided in the insulating
layer 115 is larger than the other portion of the through via
hole 161A. In this case, for example, an annular protrusion
115' protruding in an outer circumferential direction may be
formed on the outer peripheral surface of the contact 161 at
a boundary portion between the memory cell array layer
Lsc.4; and the memory cell array layer L, as shown in
FIG. 52.

[0117] In the process described with reference to FIG. 32,
the insulating layer 115 may be removed such that the
diameter of the lower end of the through via hole provided
in the insulating layer 115 is smaller than the other portion
of the through via hole 161A. In this case, for example, a
diameter of a portion of the contact 161 provided in the
memory cell array layer L,,,, may be smaller than a
diameter of a portion of the contact 161 provided in the
memory cell array layer L, ,, as shown in FIG. 53. In this
case, an average diameter value of the portion of the contact
161 corresponding to the insulating layer 115 may be larger
than an average diameter value of the portion of the contact
161 provided in the memory cell array layer L, ,,, and may
be smaller than an average diameter value of the portion of
the contact 161 provided in the memory cell array layer

LMCA2'
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[0118] In the first embodiment, the contacts 161 and 162
are provided in the first hook-up region R, and the second
hook-up region R,,,. Here, in order to more suitably
monitor the amount of the material removed by RIE or the
like as described above, for example, in the processes
described with reference to FIGS. 32 to 38, it is possible for
the contact holes 163A to also be formed in regions outside
the memory planes 10 (described with reference to FIG. 2)
or the like. Such outside regions may be, for example, the
peripheral region R.. Such outside regions may be regions
provided outside the memory planes 10 and the peripheral
region R along one or more of the four sides of the chip C,,.
In such a case, configurations similar to those of the contacts
161 and 162 (hereinafter, referred to as “dummy contacts™)
can be formed in such regions. The dummy contacts may be
in a floating state, that is such dummy contacts are not
electrically connected to any other components, or, in some
examples, such structures may be used as an interconnec-
tion, a capacitor, or the like.

[0119] In order to suitably monitor the amount of the
material removed by RIE or the like as described above, for
example, it is possible for the etching to also be performed
in the outside regions in all the etching processes described
with reference to FIGS. 32 to 38. In such a case, the contact
holes 163A provided in these regions may have depths
similar to that of the deepest contact hole 163 A provided in
the first hook-up region R, or the deepest contact holes
163A provided in the second hook-up region R, . In such
a case, a length of the dummy contact in the Z direction may
be the same as the length of the contact having the largest
length in the Z direction among the plurality of contacts 161
provided in the first hook-up region R, or the length of the
contact having the largest length in the Z direction provided
in the second hook-up region R,;,, among the plurality of
contacts 162.

[0120] In the first embodiment, one contact 161 is pro-
vided corresponding to one conductive layer 110, and like-
wise one contact 162 is provided corresponding to one
conductive layer 110. However, such a configuration is an
example, and the specific configuration and the like can be
appropriately adjusted. For example, in order to more suit-
ably monitor the amount of the material removed by RIE or
the like as described above, for example, two or more
contacts 161 may be provided so as to correspond to one
conductive layer 110, and two or more contacts 162 may be
provided so as to correspond to one conductive layer 110.

[0121] In the first embodiment, the semiconductor sub-
strate is not provided on the rear surface side of the chips
C,, and the semiconductor substrate 200 is provided on the
rear surface side of the chip C,. However, such a configu-
ration is an example, and the specific configuration and the
like can be appropriately adjusted. For example, a semicon-
ductor substrate may be provided on the rear surface side of
the chip C,,. In such a case, the depicted vertical relationship
between the configuration of the chip C,, and the configu-
ration of the chip C, may be defined oppositely to the first
embodiment.

[0122] In the first embodiment, the configuration of the
memory cell array MCA and the configuration of the periph-
eral circuit region R,. are formed with separate chips.
However, such a configuration is an example, and the
specific configuration and the like can be appropriately
adjusted. For example, the plurality of configurations may
be formed as parts of the same chip on the same wafer. In
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such a case, the memory cell array MCA may be formed in
a predetermined region on the semiconductor substrate, and
the peripheral circuits may be formed in other regions. In
such a case, the peripheral circuit may be formed on the
semiconductor substrate, and the memory cell array MCA
may be formed above the peripheral circuit.

[0123] In the first embodiment, the plurality of sacrificial
layers 110A and the insulating layers 101 corresponding to
the memory cell array layer L, ,, are formed in the process
described with reference to FIG. 14, and the via holes VH
corresponding to the memory cell array layer L,,.,, are
formed in the process described with reference to FIG. 15.
The plurality of sacrificial layers 110A and the insulating
layers 101 corresponding to the memory cell array layer
L sc.4- are formed in the process described with reference to
FIG. 19, and the via holes VH corresponding to the memory
cell array layer L,,,, are formed in the process described
with reference to FIG. 20. However, such a method is an
example, and the specific manufacturing method can be
appropriately adjusted. For example, the processes
described with reference to FIGS. 18 to 21 may be omitted.

Others

[0124] 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 disclo-
sure. 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 disclosure. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosure.

What is claimed is:

1. A semiconductor storage device comprising:

a semiconductor substrate having a first surface;

a plurality of first conductive layers stacked in a first
direction intersecting the first surface;

a plurality of second conductive layers stacked in the first
direction, the plurality of second conductive layers
being between the first surface and the plurality of first
conductive layers;

a semiconductor layer extending in the first direction
through the plurality of first conductive layers and the
plurality of second conductive layers; and

a first contact extending in the first direction and con-
nected to a surface of one of the first conductive layers
facing away from the semiconductor substrate, wherein

the first contact includes a first portion extending through
some of the first conductive layers, a second portion
extending through the second conductive layers, and a
third portion between the first portion and the second
portion, and

a width of the third portion in a cross section along the
first direction is greater than a width of the first portion
in the cross section.

2. The semiconductor storage device according to claim 1,
wherein the width of the third portion in the cross section is
less than a width of the second portion in the cross section.

3. The semiconductor storage device according to claim 1,
wherein the width of the third portion in the cross section is
greater than a width of the second portion in the cross
section.
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4. The semiconductor storage device according to claim 1,
further comprising:

a plurality of first insulating layers, the first insulating
layers alternating with the first conductive layers along
the first direction;

a plurality of second insulating layers, the second insu-
lating layers alternating with the second conductive
layers along the first direction; and

a third insulating layer provided in contact with and
surrounding the third portion of the first contact,

wherein the third insulating layer contains a material that
is not in the first conductive layers, the first insulating
layers, the second conductive layers, or the second
insulating layers.

5. The semiconductor storage device according to claim 1,
wherein the second portion of the contact in a cross-
sectional plane perpendicular to the first direction has a
plurality of radially-expanded regions.

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

a second contact extending in the first direction through
the conductive layer, a length of the second contact in
the first direction being smaller than a length of the first
contact in the first direction.

7. The semiconductor storage device according to claim 6,

further comprising:

a third contact extending in the first direction and con-
nected to a surface of other one of the first conductive
layers facing away from the semiconductor substrate;

a plurality of first insulating layers, the first insulating
layers alternating with the first conductive layers along
the first direction;

a plurality of second insulating layers, the second insu-
lating layers alternating with the second conductive
layers along the first direction; and

a third insulating layer provided in contact with and
surrounding the third portion of the first contact and the
second contact,

wherein the third insulating layer contains a material that
is not in the first conductive layers, the first insulating
layers, the second conductive layers, or the second
insulating layers.

8. The semiconductor storage device according to claim 1,

further comprising:

a third contact extending in the first direction and con-
nected to a surface of other one of the first conductive
layers facing away from the semiconductor substrate;

a plurality of first insulating layers, the first insulating
layers alternating with the first conductive layers along
the first direction;

a plurality of second insulating layers, the second insu-
lating layers alternating with the second conductive
layers along the first direction; and

a third insulating layer provided in contact with and
surrounding the third portion of the first contact and the
second contact,

wherein the third insulating layer contains a material that
is not in the first conductive layers, the first insulating
layers, the second conductive layers, or the second
insulating layers.

9. The semiconductor storage device according to claim 1,

further comprising:

a plurality of fourth insulating layers each provided
between the first portion and the plurality of first
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conductive layers in a second direction along the first
surface of the semiconductor substrate; and
a plurality of fifth insulating layers each provided between
the second portion and the plurality of second conduc-
tive layers in the second direction.
10. The semiconductor storage device according to claim
9, wherein the plurality of fourth and fifth insulating layers
comprises silicon oxide.
11. The semiconductor storage device according to claim
9, wherein the plurality of fourth and fifth insulating layers
includes gaps.

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

a sixth insulating layer extending in the first direction, a
length of the first insulating layer in the first direction
being greater than a length of the first insulating layer
in a second direction along the first surface of the
semiconductor substrate; and

a seventh insulating layer extending along the sixth insu-
lating layer in the first direction, a length of the second
insulating layer in the first direction being greater than
a length of the second insulating layer in the second
direction,

wherein each of the sixth and seventh insulating layers
entirely overlaps with the first contact when viewed in
the first direction.

13. The semiconductor storage device according to claim
12, wherein a cross-sectional shape of the semiconductor
layer in a plane perpendicular to the first direction is same
as a cross-sectional shape of the sixth insulating layer in the
plane.

14. The semiconductor storage device according to claim
13, wherein a cross-sectional shape of the seventh insulating
layer in the plane is same as the cross-sectional shape of the
sixth insulating layer in the plane.

15. The semiconductor storage device according to claim
12, further comprising:
a eighth insulating layer extending along the first and
second insulating layers in the first direction,

wherein the eighth insulating layer entirely overlaps with
the first contact when viewed in the first direction.

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

the sixth and seventh insulating layers are aligned in the
second direction, and

the sixth and eighth insulating layers are aligned in a third
direction intersecting the first surface, the third direc-
tion being different from the second direction.

17. The semiconductor storage device according to claim
15, wherein the sixth, seventh, and eighth insulating layers
are aligned in the second direction.

18. The semiconductor storage device according to claim
15, wherein a distance between the sixth and seventh insu-
lating layers in a direction along the first surface is equal to
a distance between the sixth and eighth insulating layers in
a direction along the first surface.

19. The semiconductor storage device according to claim
1, further comprising:
a ninth insulating layer extending within the first contact
in the first direction.
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20. The semiconductor storage device according to claim
1, wherein
a plurality of memory cell transistors is formed along the
semiconductor layer, and
the plurality of first and second conductive layers is a gate
electrode of one of the memory cell transistors.
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