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(57) ABSTRACT

According to one embodiment, a semiconductor memory
device includes first to nth string units (n being a natural
number of 3 or more), a plurality of layers of word lines, and
(n-1) layers of select gate layers. The first to nth string units
each includes a memory string. The memory string includes
a plurality of memory cells and a plurality of select transis-
tors connected in series in a first direction. The (n-1) layers

(51) Imt. CL of select gate layers include first to (2x(n-1))th select gates
G1IC 16/04 (2006.01) electrically isolated from each other. The first string unit is
HOIL 27/11524 (2006.01) selected by the first to (n-1)th select gates. The kth string
HOIL 23/528 (2006.01) unit (k being not less than 1 and not more than n) is selected
HOIL 27/11556 (2006.01) by the kth to (n+k-2)th select gates. The nth string unit is
G1IC 1626 (2006.01) selected by the nth to (2x(n-1))th select gates.
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SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-204702, filed on Oct. 23, 2017, the entire contents of
which are incorporated herein by reference.

FIELD

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

BACKGROUND

[0003] A memory device that has a three-dimensional
structure including a stacked body including multiple layers
of conductive layers stacked with an insulator interposed, a
semiconductor body provided inside a memory hole piercing
the stacked body, and a charge storage portion provided
between the semiconductor body and the conductive layers
has been proposed. The multiple layers of conductive layers
include multiple word lines functioning as control gates of
memory cells, and select gates functioning as control gates
of select transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram showing a configuration
of a semiconductor memory device of an embodiment;
[0005] FIG. 2 is a schematic perspective view of the
semiconductor memory device of the embodiment;

[0006] FIG. 3 is a schematic cross-sectional view of the
semiconductor memory device of the embodiment;

[0007] FIG. 4 is an enlarged view of one portion of FIG.
3;

[0008] FIG. 5 is a circuit diagram of a semiconductor
memory device of a first embodiment;

[0009] FIG. 6 is a schematic cross-sectional view of the
semiconductor memory device of the first embodiment;
[0010] FIGS. 7A to 7C are schematic plan views of the
semiconductor memory device of the first embodiment;
[0011] FIG. 8A to FIG. 11B are schematic cross-sectional
views showing a method for manufacturing the semicon-
ductor memory device of the first embodiment;

[0012] FIG. 12 is a circuit diagram of the semiconductor
memory device of the first embodiment;

[0013] FIG. 13 is a schematic cross-sectional view of the
semiconductor memory device of the first embodiment;
[0014] FIGS. 14A to 14D are schematic plan views of the
semiconductor memory device of the first embodiment;
[0015] FIG. 15 is a circuit diagram of a semiconductor
memory device of a second embodiment;

[0016] FIG. 16 is a schematic cross-sectional view of the
semiconductor memory device of the second embodiment;
[0017] FIG. 17 is a circuit diagram of the semiconductor
memory device of the second embodiment;

[0018] FIG. 18 is a circuit diagram of the semiconductor
memory device of the second embodiment;

[0019] FIG. 19 is a schematic cross-sectional view of the
semiconductor memory device of the second embodiment;
[0020] FIG. 20 is a circuit diagram of the semiconductor
memory device of the second embodiment;

[0021] FIG. 21 is a schematic cross-sectional view of the
semiconductor memory device of the second embodiment;

Apr. 25,2019

[0022] FIGS. 22A to 22C are figures illustrating potential
controls of source-side select gates of the semiconductor
memory device of the second embodiment;

[0023] FIG. 23 is a schematic cross-sectional view of
another example of a memory cell array of the embodiment;
[0024] FIG. 24 is a circuit diagram of a semiconductor
memory device of a third embodiment;

[0025] FIG. 25 is a circuit diagram of the semiconductor
memory device of the third embodiment;

[0026] FIG. 26 is a schematic cross-sectional view of the
semiconductor memory device of the third embodiment;
[0027] FIG. 27 is a circuit diagram of the semiconductor
memory device of the third embodiment;

[0028] FIG. 28 is a schematic cross-sectional view of the
semiconductor memory device of the third embodiment;
[0029] FIG. 29 is a circuit diagram of a semiconductor
memory device of a fourth embodiment;

[0030] FIG. 30 is a circuit diagram of the semiconductor
memory device of the fourth embodiment;

[0031] FIG. 31 is a schematic cross-sectional view of the
semiconductor memory device of the fourth embodiment;
[0032] FIG. 32 is a circuit diagram of the semiconductor
memory device of the fourth embodiment;

[0033] FIG. 33 is a schematic cross-sectional view of the
semiconductor memory device of the fourth embodiment;
[0034] FIGS. 34A to 34D are figures illustrating potential
controls of select gates of the semiconductor memory
devices of the third and fourth embodiments;

[0035] FIG. 35A is a drawing illustrating a threshold of a
memory cell and an allotment of a data in the case where one
bit of data is stored in one memory cell, and FIG. 35B is a
waveform diagram of a word line when reading;

[0036] FIG. 36A is a drawing illustrating a threshold of a
memory cell and an allotment of a data in the case where two
bits of data are stored in one memory cell, and FIGS. 36B
and 36C are waveform diagrams of a word line when
reading in the case where the two bits are stored in the one
memory cell;

[0037] FIG. 37 is a schematic view showing a chip con-
figuration of a semiconductor memory device of a fifth
embodiment;

[0038] FIG. 38A is a drawing showing a relationship of
thresholds of a memory cell of the fifth embodiment, and
FIGS. 38B and 38C are drawings showing a voltage of a
word line connected to a gate of a memory cell when reading
in the fifth embodiment;

[0039] FIG. 39A is a figure showing a relationship
between memory cells and a data that is read in the fifth
embodiment, and FIG. 39B is a figure showing a definition
of a data that is read;

[0040] FIG. 40 is an explanation drawing of a data pro-
gram operation in the fifth embodiment;

[0041] FIGS. 41A and 41B are drawings showing a volt-
age of a word line connected to a gate of a memory cell when
reading in a modification of the fifth embodiment;

[0042] FIG. 42A is a figure illustrating a relationship
between memory cells and a data that is read in the modi-
fication of the fifth embodiment, and FIG. 42B is a figure
showing a definition of the data that is read in the modifi-
cation of the fifth embodiment;

[0043] FIG. 43 is an explanation drawing of a data pro-
gram operation in the modification of the fifth embodiment;
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[0044] FIG. 44 is a schematic view showing a chip con-
figuration of the semiconductor memory device of the fifth
embodiment;

[0045] FIG. 45 is a circuit diagram of another example of
the semiconductor memory device of the first embodiment;
[0046] FIG. 46 is a schematic cross-sectional view of the
semiconductor memory device shown in FIG. 45 of the first
embodiment; and

[0047] FIGS. 47A and 47B are schematic plan views of the
semiconductor memory device shown in FIGS. 45 and 46 of
the first embodiment.

DETAILED DESCRIPTION

[0048] According to one embodiment, a semiconductor
memory device includes first to nth string units (n being a
natural number of 3 or more), a plurality of layers of word
lines, and (n-1) layers of select gate layers. The first to nth
string units each includes a memory string. The memory
string includes a plurality of memory cells and a plurality of
select transistors connected in series in a first direction. The
layers of word lines are stacked in the first direction. The
(n-1) layers of select gate layers are stacked in the first
direction. The (n-1) layers of select gate layers include first
to (2x(n-1))th select gates electrically isolated from each
other. The first string unit is selected by the first to (n—1)th
select gates. The kth string unit (k being not less than 1 and
not more than n) is selected by the kth to (n+k-2)th select
gates. The nth string unit is selected by the nth to (2x(n-
1))th select gates.

[0049] Embodiments will now be described with reference
to the drawings. The same components in the drawings are
marked with the same reference numerals.

[0050] FIG. 1 is a block diagram showing the configura-
tion of a semiconductor memory device of an embodiment.
[0051] The semiconductor memory device of the embodi-
ment includes a memory cell array 1 having a three-dimen-
sional structure, and a control circuit 2 controlling the
memory cell array 1. The control circuit 2 includes a row
decoder that controls word lines and select gates described
below.

[0052] FIG. 2 is a schematic perspective view of the
memory cell array 1.

[0053] FIG. 3 is a schematic cross-sectional view of the
memory cell array 1.

[0054] In FIG. 2, two mutually-orthogonal directions par-
allel to a major surface of a substrate 10 are taken as an
X-direction and a Y-direction; and a direction orthogonal to
both the X-direction and the Y-direction is taken as a
Z-direction (a stacking direction).

[0055] The memory cell array 1 includes the substrate 10,
a source layer (or source line) SL provided on the substrate
10, a stacked body 100 provided on the source layer SL,
multiple columnar portions CL, and multiple bit lines BL
provided above the stacked body 100.

[0056] The substrate 10 is, for example, a silicon sub-
strate. The source layer SL includes a semiconductor layer
doped with an impurity and may further include a layer
including a metal. An insulating layer 41 is provided
between the substrate 10 and the source layer SL.

[0057] The stacked body 100 is divided into multiple
blocks 200 by a separation portion 60. The separation
portion 60 extends in the stacking direction (the Z-direction)
and reaches the source layer SL. Further, the separation
portion 60 extends in the X-direction and divides the stacked
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body 100 into the multiple blocks 200 in the Y-direction. For
example, an erase operation is executed by block unit.
[0058] The separation portion 60 is, for example, an
insulating film provided inside a slit piercing the stacked
body 100. FIG. 3 illustrates one block 200 between two
separation portions 60.

[0059] The columnar portions CL are formed in substan-
tially circular columnar configurations extending through
the stacked body 100 in the stacking direction (the Z-direc-
tion). The columnar portions CL pierce the stacked body 100
and reach the source layer SL. For example, the multiple
columnar portions CL have a staggered arrangement. Or, the
multiple columnar portions CL may be arranged in a square
lattice along the X-direction and the Y-direction.

[0060] As shown in FIG. 2, the multiple bit lines BL are
metal films extending in the Y-direction. The multiple bit
lines BL are separated from each other in the X-direction.
The upper end portions of semiconductor bodies 20 of the
columnar portions CL described below are connected to the
bit lines BL via contacts Cb and V1.

[0061] As shown in FIG. 3, the stacked body 100 is
provided on the source layer SL. The stacked body 100
includes multiple conductive layers 70 stacked in a direction
(the Z-direction) perpendicular to the major surface of the
substrate 10 with insulating layers 72 interposed. The con-
ductive layers 70 are, for example, metal layers. The insu-
lating layer 72 is provided also between the source layer SL
and the conductive layer 70 of the lowermost layer. A gap
may be used as the insulator between the conductive layers
70.

[0062] FIG. 4 is an enlarged view of one portion of FIG.
3.

[0063] The columnar portion CL includes a memory film
30, the semiconductor body 20, and an insulative core film
50. The semiconductor body 20 is formed in a pipe-like
configuration; and the core film 50 is provided on the inner
side of the semiconductor body 20. The memory film 30 is
provided between the semiconductor body 20 and the con-
ductive layers 70 and surrounds the periphery of the semi-
conductor body 20.

[0064] The semiconductor body 20 is, for example, a
silicon film; and the lower end portion of the semiconductor
body 20 contacts the source layer SL as shown in FIG. 3. The
upper end portion of the semiconductor body 20 is con-
nected to the bit line BL via the contacts Cb and V1 shown
in FIG. 2.

[0065] Or, as shown in FIG. 23, the lower end portion of
the semiconductor body 20 may contact an active region
(e.g., a P-type well) 10a of the substrate 10. In such a case,
an interconnect portion LI of a conductive material is
provided in the separation portion 60 (a slit ST); and the
lower end portion of the interconnect portion LI is caused to
contact an N*-type semiconductor region 81 formed in the
active region 10a of the substrate 10. The semiconductor
body 20 is connected via a channel formed in the active
region 10a, the N*-type semiconductor region 81, and the
interconnect portion LI to an upper layer interconnect (a
source line) provided above the stacked body 100. In the
example shown in FIG. 23, an insulating layer 42 is provided
on the conductive layer 70 of the uppermost layer; and an
insulating layer 43 is provided on the insulating layer 42.
The insulating layer 43 covers the upper ends of the colum-
nar portions CL.
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[0066] As shown in FIG. 4, the memory film 30 is a
stacked film including a tunneling insulating film 31, a
charge storage film (a charge storage portion) 32, and a
blocking insulating film 33. The blocking insulating film 33,
the charge storage film 32, and the tunneling insulating film
31 are provided in order from the conductive layer 70 side
between the semiconductor body 20 and the conductive
layers 70.

[0067] The semiconductor body 20, the memory film 30,
and the conductive layer 70 are included in a memory cell
MC. The multiple conductive layers 70 include multiple
word lines WL functioning as control gates of the memory
cells MC. The memory cell MC has a vertical transistor
structure in which the word line WL surrounds the periphery
of the semiconductor body 20 with the memory film 30
interposed. In the memory cell MC having the vertical
transistor structure, the semiconductor body 20 functions as
a channel; and the charge storage film 32 functions as a data
storage layer that stores charge injected from the semicon-
ductor body 20.

[0068] The semiconductor memory device of the embodi-
ment is a nonvolatile semiconductor memory device that can
freely and electrically erase/program data and can retain the
memory content even when the power supply is OFF.
[0069] The memory cell MC is, for example, a charge trap
memory cell. The charge storage film 32 has many trap sites
that trap charge inside an insulative film and includes, for
example, a silicon nitride film. Or, the charge storage film 32
may be a conductive floating gate surrounded with an
insulator.

[0070] The tunneling insulating film 31 is used as a
potential barrier when the charge is injected from the semi-
conductor body 20 into the charge storage film 32 or when
the charge stored in the charge storage film 32 is discharged
into the semiconductor body 20. The tunneling insulating
film 31 includes, for example, a silicon oxide film.

[0071] The blocking insulating film 33 prevents the charge
stored in the charge storage film 32 from being discharged
into the word line WL. Also, the blocking insulating film 33
prevents back-tunneling of the charge from the word line
WL into the columnar portion CL.

[0072] The blocking insulating film 33 includes, for
example, a silicon oxide film. Or, the blocking insulating
film 33 may be, for example, a stacked film of a silicon oxide
film and a metal oxide film. In the stacked film, the silicon
oxide film is provided between the charge storage film 32
and the metal oxide film; and the metal oxide film is
provided between the silicon oxide film and the word line
WL.

[0073] As shown in FIG. 2, a drain-side select transistor
STD is provided in the upper layer portion of the stacked
body 100; and a source-side select transistor STS is provided
in the lower layer portion of the stacked body 100.

[0074] The conductive layer 70 of at least the uppermost
layer of the multiple conductive layers 70 functions as a
control gate (a drain-side select gate) of the drain-side select
transistor STD; and the conductive layer 70 of at least the
lowermost layer of the multiple conductive layers 70 func-
tions as a control gate (a source-side select gate) of the
source-side select transistor STS.

[0075] The semiconductor body 20 pierces the multiple
conductive layers 70 including the word lines WL and the
select gates. The memory film 30 shown in FIG. 4 is
provided also between the semiconductor body 20 and the

Apr. 25,2019

conductive layer used as the drain-side select gate and
between the semiconductor body 20 and the conductive
layer 70 used as the source-side select gate.

[0076] The multiple memory cells MC are provided
between the drain-side select transistor STD and the source-
side select transistor STS. The multiple memory cells MC,
the drain-side select transistor STD, and the source-side
select transistor STS are connected in series via the semi-
conductor body 20 (the channel) and are included in one
memory string MS. For example, the memory strings MS
have a staggered arrangement in planar directions parallel to
the XY plane; and the multiple memory cells MC are
provided three-dimensionally in the X-direction, the Y-di-
rection, and the Z-direction.

[0077] FIG. 5 is a circuit diagram of the semiconductor
memory device of the first embodiment.

[0078] FIG. 6 is a schematic cross-sectional view of the
semiconductor memory device of the first embodiment. FIG.
6 is a cross-sectional view of a portion of the one block 200
separated from the other blocks by the separation portions
60 described above where the memory cells MC and the
drain-side select transistors are provided.

[0079] In the example shown in FIG. 6, three string units
SU0, SU1, and SU2 are disposed in the one block 200. One
string unit includes multiple memory strings MS (multiple
columnar portions CL).

[0080] In the example shown in FIG. 6, two layers of the
drain-side select gate layers are stacked in the upper layer
portion of the stacked body 100. The insulating layer 72 is
provided between the two layers of the drain-side select gate
layers.

[0081] The drain-side select gate layer of the uppermost
layer is divided into two select gates in the Y-direction by a
separation portion 62a. The separation portion 62a divides
the drain-side select gate layer of the uppermost layer into a
first drain-side select gate SGDOA and a third drain-side
select gate SGDOB.

[0082] The drain-side select gate layer of the second layer
from the top is divided into two select gates in the Y-direc-
tion by a separation portion 625. The separation portion 625
divides the drain-side select gate layer of the second layer
from the top into a second drain-side select gate SGD1A and
a fourth drain-side select gate SGD1B.

[0083] The first drain-side select gate SGDOA, the second
drain-side select gate SGD1A, the third drain-side select
gate SGDOB, and the fourth drain-side select gate SGD1B
each are controlled electrically independently.

[0084] FIG. 7Ais a schematic plan view of the layer of the
one block 200 where the first drain-side select gate SGDOA
and the third drain-side select gate SGDOB are provided.
[0085] FIG. 7B is a schematic plan view of the layer of the
one block 200 where the second drain-side select gate
SGDI1A and the fourth drain-side select gate SGD1B are
provided.

[0086] FIG. 7C is a schematic plan view of the layer of the
one block 200 where the word line WL is provided.
[0087] The word line WL of each layer is provided com-
monly for the first to third string units SUQ to SU2. The first
drain-side select gate SGDOA is provided in the first string
unit SUO. The third drain-side select gate SGDOB is pro-
vided commonly for the second string unit SU1 and the third
string unit SU2. The second drain-side select gate SGD1A is
provided commonly for the first string unit SU0 and the
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second string unit SUL. The fourth drain-side select gate
SGDI1B is provided in the third string unit SU2.

[0088] The separation portion 62a and the separation
portion 625 are insulating films that extend in the same
direction as the separation portion 60 (the slit ST).

[0089] As shown in FIG. 6, the three string units SUO,
SU1, and SU2 in the one block 200 are arranged to be
separated from each other in the Y-direction.

[0090] The separation portion 624 is disposed between the
first string unit SUQ and the second string unit SU1 adjacent
to each other in the Y-direction, pierces only the drain-side
select gate layer of the uppermost layer of the multiple
conductive layers 70, and does not divide the other conduc-
tive layers of the multiple conductive layers 70.

[0091] The separation portion 625 is disposed between the
second string unit SU1 and the third string unit SU2 adjacent
to each other in the Y-direction, pierces only the drain-side
select gate layer of the second layer from the top of the
multiple conductive layers 70, and does not divide the other
conductive layers of the multiple conductive layers 70.
[0092] As shown in FIG. 6, FIG. 7A, and FIG. 7B, the
position in the Y-direction of the separation portion 62a
provided in the drain-side select gate layer of the uppermost
layer and the position in the Y-direction of the separation
portion 626 provided in the drain-side select gate layer of the
second layer from the top are shifted from each other.
[0093] As shown in FIG. 5, the first string unit SUQ
includes a first drain-side select transistor STDOA having the
first drain-side select gate SGDOA as a control gate and a
second drain-side select transistor STD1A having the second
drain-side select gate SGD1A as a control gate.

[0094] The second string unit SU1 includes a third drain-
side select transistor STDOB having the third drain-side
select gate SGDOB as a control gate and the second drain-
side select transistor STD1A having the second drain-side
select gate SGD1A as a control gate.

[0095] The third string unit SU2 includes the third drain-
side select transistor STDOB having the third drain-side
select gate SGDOB as a control gate and a fourth drain-side
select transistor STD1B having the fourth drain-side select
gate SGD1B as a control gate.

[0096] Any one of the string units of the three string units
SU0, SU1, and SU2 inside the one block 200 is selected by
the drain-side select transistors STDOA, STDO0B, STD1A,
and STD1B.

[0097] When the first string unit SUO is selected, a poten-
tial that is the threshold voltage or more is applied to the first
drain-side select gate SGDOA and the second drain-side
select gate SGD1A; and the first drain-side select transistor
STDOA and the second drain-side select transistor STD1A
are set to ON. The third drain-side select transistor STDOB
and the fourth drain-side select transistor STD1B are set to
OFF.

[0098] The semiconductor bodies 20 of the selected first
string unit SUO are electrically connected to the bit lines BL;
and the semiconductor bodies 20 of the unselected second
string unit SU1 and the semiconductor bodies 20 of the
unselected third string unit SU2 are not electrically con-
nected to the bit lines BL.

[0099] When the second string unit SU1 is selected, a
potential that is the threshold voltage or more is applied to
the third drain-side select gate SGDOB and the second
drain-side select gate SGD1A; and the third drain-side select
transistor STDOB and the second drain-side select transistor
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STD1A are set to ON. The first drain-side select transistor
STDOA and the fourth drain-side select transistor STD1B
are set to OFF.

[0100] The semiconductor bodies 20 of the selected sec-
ond string unit SU1 are electrically connected to the bit lines
BL; and the semiconductor bodies 20 of the unselected first
string unit SUO and the semiconductor bodies 20 of the
unselected third string unit SU2 are not electrically con-
nected to the bit lines BL.

[0101] When the third string unit SU2 is selected, a
potential that is the threshold voltage or more is applied to
the third drain-side select gate SGDOB and the fourth
drain-side select gate SGD1B; and the third drain-side select
transistor STDOB and the fourth drain-side select transistor
STD1B are set to ON. The first drain-side select transistor
STDOA and the second drain-side select transistor STD1A
are set to OFF.

[0102] The semiconductor bodies 20 of the selected third
string unit SU2 are electrically connected to the bit lines BL;
and the semiconductor bodies 20 of the unselected first
string unit SUO and the semiconductor bodies 20 of the
unselected second string unit SU1 are not electrically con-
nected to the bit lines BL.

[0103] A method for manufacturing the semiconductor
memory device of the first embodiment will now be
described with reference to FIG. 8A to FIG. 11B.

[0104] As shown in FIG. 8A, the insulating layer 41 is
formed on the substrate 10; the source layer SL is formed on
the insulating layer 41; and the stacked body 100 is formed
on the source layer SL. The substrate 10, the insulating layer
41, and the source layer SL are not illustrated in FIG. 8B to
FIG. 11B.

[0105] The insulating layer 72 and a sacrificial layer 71 are
stacked alternately on the source layer SL. The process of
alternately stacking the insulating layer 72 and the sacrificial
layer 71 is repeated; and the stacked body 100 that includes
the multiple insulating layers 72 and the multiple sacrificial
layers 71 is formed on the source layer SL. For example, the
insulating layers 72 are silicon oxide layers; and the sacri-
ficial layers 71 are silicon nitride layers.

[0106] As shown in FIG. 8B, a mask (e.g., a silicon oxide
film) 75 is formed on the stacked body 100; and a slit 615
is formed by RIE (reactive ion etching). The slit 615 pierces
the mask 75, the insulating layer 72 of the uppermost layer,
and the sacrificial layer 71 of the uppermost layer. The
bottom surface of the slit 615 is positioned in the insulating
layer 72 of the second layer from the top.

[0107] As shown in FIG. 8C, the separation portion 625 is
formed inside the slit 615 by filling an insulating film (e.g.,
a silicon oxide film) 62. The insulating film 62 is deposited
also on the mask 75. For example, the mask 75 and the
insulating film 62 deposited on the mask 75 are removed by
etch-back (FIG. 9A). The sacrificial layer 71 of the upper-
most layer is divided by the separation portion 625 of a
material that is different from that of the sacrificial layers 71.
[0108] Subsequently, as shown in FIG. 9B, one layer of
the sacrificial layers 71, one layer of the insulating layers 72,
and a mask (e.g., a silicon oxide film) 76 are stacked in
order; and a slit 61a is formed in the stacked body 100 by
using RIE. The slit 61a is formed at a position that is
different from the position of the separation portion 62b.
[0109] The slit 61a pierces the mask 76, the insulating
layer 72 of the uppermost layer, and the sacrificial layer 71
of the uppermost layer of the stacked body 100 shown in
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FIG. 9B. The bottom surface of the slit 614 is positioned in
the insulating layer 72 of the second layer from the top.
[0110] As shown in FIG. 9C, the separation portion 62a is
formed inside the slit 61a by filling the insulating film 62.
The insulating film 62 is deposited also on the mask 76. The
mask 76 and the insulating film 62 deposited on the mask 76
are removed by, for example, etch-back (FIG. 10A). The
separation portion 62a is, for example, a silicon oxide film
and divides the sacrificial layer 71 of the uppermost layer.
[0111] Subsequently, for example, multiple memory holes
are formed in the stacked body 100 by using RIE; and the
columnar portions CL are formed inside the memory holes
as shown in FIG. 10B. The memory holes pierce the stacked
body 100 and reach the source layer SL; and the lower end
portions of the semiconductor bodies 20 that are formed
inside the memory holes contact the source layer SL.
[0112] After forming the columnar portions CL, the slits
ST are formed in the stacked body 100 as shown in FIG.
11A. The slits ST are formed by RIE using a not-illustrated
mask, pierce the stacked body 100, and reach the source
layer SL.

[0113] Then, the sacrificial layers 71 are removed by
etching via the slits ST. For example, the sacrificial layers 71
which are silicon nitride layers are removed using a solution
including phosphoric acid. The separation portions 62a and
625 which are silicon oxide films are not removed.

[0114] The sacrificial layers 71 are removed; and a gap 73
is formed between the multiple insulating layers 72 as
shown in FIG. 11A. The multiple insulating layers 72
contact the side surfaces of the multiple columnar portions
CL to surround the side surfaces. The multiple insulating
layers 72 are supported by such a physical bond with the
multiple columnar portions CL; and the gap 73 is main-
tained.

[0115] As shown in FIG. 11B, the conductive layers that
are used to form the select gates SGDOA, SGD0B, SGD0A,
and SGDOB and the word lines WL are formed inside the
gap 73. For example, a tungsten layer is formed by CVD
(chemical vapor deposition) as the conductive layers. A film
formation gas is supplied to the gap 73 via the slits ST. Or,
the separation portions 62a and 625 (the slits 61a and 615)
also can be formed after forming the conductive layers 70
(after the replacement).

[0116] Generally, there is a tendency for the width of a slit
formed by RIE to increase as the depth increases. According
to the embodiment, the depths of the separation portions 62a
and 625 (the slits 61a and 615) dividing the drain-side select
gate layers formed in the upper layer portion of the stacked
body 100 are shallower than the depths of the separation
portions 60 (the slits ST) dividing the entire stacked body
100. Therefore, the widths of the separation portions 62a and
625 (the slits 61a and 615) are narrower than the widths of
the separation portions 60.

[0117] Here, as a comparative example, a configuration
may be used in which the separation portion 60 (the slit ST)
that pierces the entire stacked body 100 divides the drain-
side select gate layer of the second string unit SU1 and the
drain-side select gate layer of the third string unit SU2.
[0118] Conversely, according to the embodiment, the
separation portion 625 that has a smaller width than the
separation portion 60 (the slit ST) divides the drain-side
select gate layer of the second string unit SU1 and the
drain-side select gate layer of the third string unit SU2.
Therefore, according to the embodiment, it is possible to
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reduce the number of the separation portions 60 (the slits
ST) and reduce the planar size of the memory cell array.
[0119] The separation portion 62a and the separation
portion 625 divide drain-side select gate layers of different
layers and are disposed at positions that are shifted from
each other in the Y-direction. The separation portion 62a is
disposed between the first string unit SU0 and the second
string unit SU1; and the separation portion 625 is disposed
between the second string unit SU1 and the third string unit
SU2.

[0120] Accordingly, when the sacrificial layers 71 are
replaced with the conductive layers 70 via the slits ST as
shown in FIGS. 11A and 11B, the two regions that are
divided in the Y-direction by the separation portion 62a (the
regions where the drain-side select gate SGDOA and the
drain-side select gate SGDOB are formed) each communi-
cate with the slit ST; and the two regions that are divided in
the Y-direction by the separation portion 626 (the regions
where the drain-side select gate SGDOA and the drain-side
select gate SGD1B are formed) each communicate with the
slit ST.

[0121] Accordingly, the replacement of the sacrificial
layer 71 with the conductive layer used to form the drain-
side select gate layer can be performed even for the region
where the second string unit SU1 not adjacent to the slit ST
is disposed.

[0122] Another example of the semiconductor memory
device of the first embodiment will now be described with
reference to FIG. 12 to FIG. 14D.

[0123] FIG. 12 is a circuit diagram of the other example of
the semiconductor memory device of the first embodiment.
[0124] FIG. 13 is a schematic cross-sectional view of the
other example of the semiconductor memory device of the
first embodiment.

[0125] In the example shown in FIGS. 12 and 13, the four
string units SUO, SU1, SU2, and SU3 are disposed in one
block 200. Also, three layers of the drain-side select gate
layers are stacked in the upper layer portion of the stacked
body 100. The insulating layers 72 are provided between the
drain-side select gate layers.

[0126] The drain-side select gate layer of the uppermost
layer is divided into two select gates in the Y-direction by the
separation portion 62a. The separation portion 62a divides
the drain-side select gate layer of the uppermost layer into
the first drain-side select gate SGDOA and the fourth drain-
side select gate SGDO0B.

[0127] The drain-side select gate layer of the second layer
from the top is divided into two select gates in the Y-direc-
tion by the separation portion 625. The separation portion
625 divides the drain-side select gate layer of the second
layer from the top into the second drain-side select gate
SGD1A and a fifth drain-side select gate SGD1B.

[0128] The drain-side select gate layer of the third layer
from the top is divided into two select gates in the Y-direc-
tion by a separation portion 62¢. The separation portion 62¢
divides the drain-side select gate layer of the third layer from
the top into a third drain-side select gate SGD2A and a sixth
drain-side select gate SGD2B.

[0129] The first drain-side select gate SGDOA, the second
drain-side select gate SGD1A, the third drain-side select
gate SGD2A, the fourth drain-side select gate SGDOB, the
fifth drain-side select gate SGD1B, and the sixth drain-side
select gate SGD2B each are controlled electrically indepen-
dently.
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[0130] FIG. 14A is a schematic plan view of the layer of
the one block 200 where the first drain-side select gate
SGDOA and the fourth drain-side select gate SGDOB are
provided.

[0131] FIG. 14B is a schematic plan view of the layer of
the one block 200 where the second drain-side select gate
SGD1A and the fifth drain-side select gate SGD1B are
provided.

[0132] FIG. 14C is a schematic plan view of the layer of
the one block 200 where the third drain-side select gate
SGD2A and the sixth drain-side select gate SGD2B are
provided.

[0133] FIG. 14D is a schematic plan view of the layer of
the one block 200 where the word line WL is provided.
[0134] The word line WL of each layer is provided com-
monly for the first to fourth string units SUO to SU3. The
fourth drain-side select gate SGDOB is provided commonly
for the second string unit SU1, the third string unit SU2, and
the fourth string unit SU3. The second drain-side select gate
SGD1A is provided commonly for the first string unit SUQ
and the second string unit SU1. The fifth drain-side select
gate SGDI1B is provided commonly for the third string unit
SU2 and the fourth string unit SU3. The third drain-side
select gate SGD2A is provided commonly for the first string
unit SUQ, the second string unit SU1, and the third string
unit SU2.

[0135] The separation portions 62a to 62¢ are insulating
films extending in the same direction as the separation
portions 60 (the slits ST) piercing the entire stacked body
100.

[0136] As shown in FIG. 13, the four string units SUO,
SU1, SU2, and SU3 of the one block 200 are arranged to be
separated from each other in the Y-direction.

[0137] The separation portion 62a is disposed between the
first string unit SUQ and the second string unit SU1 adjacent
to each other in the Y-direction, pierces only the drain-side
select gate layer of the uppermost layer of the multiple
conductive layers 70, and does not divide the other conduc-
tive layers of the multiple conductive layers 70.

[0138] The separation portion 625 is disposed between the
second string unit SU1 and the third string unit SU2 adjacent
to each other in the Y-direction, pierces only the drain-side
select gate layer of the second layer from the top of the
multiple conductive layers 70, and does not divide the other
conductive layers.

[0139] The separation portion 62¢ is disposed between the
third string unit SU2 and the fourth string unit SU3 adjacent
to each other in the Y-direction, pierces only the drain-side
select gate layer of the third layer from the top of the
multiple conductive layers 70, and does not divide the other
conductive layers.

[0140] As shown in FIG. 13 and FIGS. 14A to 14D, the
position in the Y-direction of the separation portion 62a
provided in the drain-side select gate layer of the uppermost
layer, the position in the Y-direction of the separation portion
625 provided in the drain-side select gate layer of the second
layer from the top, and the position in the Y-direction of the
separation portion 62¢ provided in the drain-side select gate
layer of the third layer from the top are shifted from each
other.

[0141] As shown in FIG. 12, the first string unit SUQ
includes the first drain-side select transistor STDOA having
the first drain-side select gate SGDOA as a control gate, the
second drain-side select transistor STD1A having the second
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drain-side select gate SGD1A as a control gate, and a third
drain-side select transistor STD2A having the third drain-
side select gate SGD2A as a control gate.

[0142] The second string unit SU1 includes a fourth
drain-side select transistor STDOB having the fourth drain-
side select gate SGDOB as a control gate, the second
drain-side select transistor STD1A having the second drain-
side select gate SGD1A as a control gate, and the third
drain-side select transistor STD2A having the third drain-
side select gate SGD2A as a control gate.

[0143] The third string unit SU2 includes the fourth drain-
side select transistor having the fourth drain-side select gate
SGDOB as a control gate, the fifth drain-side select transistor
having the fifth drain-side select gate SGD1B as a control
gate, and the third drain-side select transistor having the
third drain-side select gate SGD2A as a control gate.
[0144] The fourth string unit SU3 includes the fourth
drain-side select transistor having the fourth drain-side
select gate SGDOB as a control gate, the fifth drain-side
select transistor having the fifth drain-side select gate
SGD1B as a control gate, and the sixth drain-side select
transistor having the sixth drain-side select gate SGD2B as
a control gate.

[0145] Any one of the string units of the four string units
SU0, SU1, SU2, and SU3 inside the one block 200 is
selected by the drain-side select transistors.

[0146] When the first string unit SUO is selected, a poten-
tial that is the threshold voltage or more is applied to the first
drain-side select gate SGDOA, the second drain-side select
gate SGD1A, and the third drain-side select gate SGD2A;
and the first drain-side select transistor, the second drain-
side select transistor, and the third drain-side select transistor
are set to ON. The fourth drain-side select transistor, the fifth
drain-side select transistor, and the sixth drain-side select
transistor are set to OFF.

[0147] The semiconductor bodies 20 of the selected first
string unit SUQ are electrically connected to the bit lines BL;
and the semiconductor bodies 20 of the unselected second to
fourth string units SU1 to SU3 are not electrically connected
to the bit lines BL.

[0148] When the second string unit SU1 is selected, a
potential that is the threshold voltage or more is applied to
the fourth drain-side select gate SGDOB, the second drain-
side select gate SGD1A, and the third drain-side select gate
SGD2A; and the fourth drain-side select transistor, the
second drain-side select transistor, and the third drain-side
select transistor are set to ON. The first drain-side select
transistor, the fifth drain-side select transistor, and the sixth
drain-side select transistor are set to OFF.

[0149] The semiconductor bodies 20 of the selected sec-
ond string unit SU1 are electrically connected to the bit lines
BL; and the semiconductor bodies 20 of the unselected first,
third, and fourth string units SU0, SU2, and SU3 are not
electrically connected to the bit lines BL.

[0150] When the third string unit SU2 is selected, a
potential that is the threshold voltage or more is applied to
the fourth drain-side select gate SGDOB, the fifth drain-side
select gate SGD1B, and the third drain-side select gate
SGD2A; and the fourth drain-side select transistor, the fifth
drain-side select transistor, and the third drain-side select
transistor are set to ON. The first drain-side select transistor,
the second drain-side select transistor, and the sixth drain-
side select transistor are set to OFF.
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[0151] The semiconductor bodies 20 of the selected third
string unit SU2 are electrically connected to the bit lines BL;
and the semiconductor bodies 20 of the unselected first,
second, and fourth string units SU0, SU1, and SU3 are not
electrically connected to the bit lines BL.

[0152] When the fourth string unit SU3 is selected, a
potential that is the threshold voltage or more is applied to
the fourth drain-side select gate SGDOB, the fifth drain-side
select gate SGD1B, and the sixth drain-side select gate
SGD2B; and the fourth drain-side select transistor, the fifth
drain-side select transistor, and the sixth drain-side select
transistor are set to ON. The first drain-side select transistor,
the second drain-side select transistor, and the third drain-
side select transistor are set to OFF.

[0153] The semiconductor bodies 20 of the selected fourth
string unit SU3 are electrically connected to the bit lines BL;
and the semiconductor bodies 20 of the unselected first to
third string units SU0 to SU2 are not electrically connected
to the bit lines BL.

[0154] Inthe example shown in FIG. 13 and FIGS. 14A to
14D as well, it is possible to reduce the number of the
separation portions 60 (the slits ST) having wide widths
piercing the entire stacked body 100 and reduce the planar
size of the memory cell array.

[0155] The separation portions 62a to 62¢ divide drain-
side select gate layers of different layers and are disposed at
positions that are shifted from each other in the Y-direction.
Accordingly, when replacing the sacrificial layers 71 with
the conductive layers 70 via the slit ST, the two regions
divided in the Y-direction by the separation portion 62a (the
regions where the drain-side select gate SGDOA and the
drain-side select gate SGD0B are formed) each communi-
cate with the slit ST; the two regions divided in the Y-di-
rection by the separation portion 625 (the regions where the
drain-side select gate SGD1A and the drain-side select gate
SGD1B are formed) each communicate with the slit ST; and
the two regions divided in the Y-direction by the separation
portion 62¢ (the regions where the drain-side select gate
SGD2A and the drain-side select gate SGD2B are formed)
each communicate with the slit ST.

[0156] Accordingly, the replacement of the sacrificial lay-
ers 71 with the conductive layers that are used to form the
drain-side select gate layers can be performed even for the
regions where the second string unit SU1 and the third string
unit SU2 that are not adjacent to the slit ST are disposed.

[0157] The number of string units disposed inside one
block 200 subdivided by the separation portions 60 (the slits
ST) may be 5 or more. The number of string units and the
number of layers of drain-side select gate layers can be
specified as follows.

[0158] Namely, the semiconductor memory device of the
first embodiment includes the first to nth string units (n being
a natural number of 3 or more) including the multiple
memory strings MS, and the (n-1) layers of the drain-side
select gate layers stacked in the Z-direction. The (n-1)
layers of the drain-side select gate layers include the first to
(2x(n-1))th drain-side select gates that are electrically iso-
lated. The first string unit is selected by the first to (n—1)th
drain-side select gates; the second string unit is selected by
the second to (n—-1+1)th drain-side select gates; the kth string
unit (k being not less than 1 and not more than n) is selected
by the kth to (n+k-2)th select gates; and the nth string unit
is selected by the nth to (2x(n-1))th drain-side select gates.
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[0159] A semiconductor memory device of a second
embodiment will now be described.

[0160] FIG. 15 is a circuit diagram of the semiconductor
memory device of the second embodiment.

[0161] FIG. 16 is a schematic cross-sectional view of the
semiconductor memory device of the second embodiment.

[0162] FIG. 16 shows two sub-blocks 200a and 2005
subdivided by three separation portions 60 (slits ST) sepa-
rated from each other in the Y-direction.

[0163] One block which is the erasing unit includes the
two sub-blocks 200a and 2005; the first string unit SU0 and
the second string unit SU1 are disposed in one sub-block
200a of the two sub-blocks 200a and 2005 (on the left side
in FIG. 16); and the third string unit SU2 and the fourth
string unit SU3 are disposed in the other sub-block 2005 (on
the right side in FIG. 16).

[0164] Similarly to the first embodiment described above,
the multiple conductive layers 70 are stacked on the source
layer SL with the insulating layers 72 interposed. The
multiple conductive layers 70 include the multiple word
lines WL, a drain-side select gate layer, and multiple layers
of the source-side select gate layers.

[0165] The word line WL of each layer in the one sub-
block 200qa is provided commonly for the first string unit
SUO and the second string unit SU1. The word line WL of
each layer in the other sub-block 2005 is provided com-
monly for the third string unit SU2 and the fourth string unit
SU3.

[0166] In the example shown in FIG. 16, one layer of the
drain-side select gate layers and three layers of the source-
side select gate layers are provided. The multiple layers of
the word lines WL are stacked between the drain-side select
gate layer and the source-side select gate layers. The three
layers of the source-side select gate layers are stacked
between the source layer SL and the word line WL of the
lowermost layer. In each of the sub-blocks 200a and 2005,
the drain-side select gate layer is divided into two select
gates in the Y-direction by the separation portion 62a. The
separation portion 62a of the one sub-block 200a divides the
drain-side select gate layer into a first drain-side select gate
SGDO0 and a second drain-side select gate SGD1. The
separation portion 62a of the other sub-block 2005 divides
the drain-side select gate layer into a third drain-side select
gate SGD2 and a fourth drain-side select gate SGD3. The
separation portion 62a is an insulating film extending in the
same direction as the separation portions 60 (the slits ST)
piercing the entire stacked body 100.

[0167] The first to fourth drain-side select gates SGDO to
SGD3 each are controlled electrically independently.

[0168] The first string unit SU0 and the second string unit
SU1 in the one sub-block 200a are arranged to be separated
from each other in the Y-direction. The third string unit SU2
and the fourth string unit SU3 in the other sub-block 20056
are arranged to be separated from each other in the Y-di-
rection.

[0169] As shown in FIG. 15, the memory string of the first
string unit SUO includes a first drain-side select transistor
STDO0 having the first drain-side select gate SGDO as a
control gate. The memory string of the second string unit
SU1 includes a second drain-side select transistor STD1
having the second drain-side select gate SGD1 as a control
gate.
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[0170] The memory string of the third string unit SU2
includes a third drain-side select transistor STD2 having the
third drain-side select gate SGD2 as a control gate.

[0171] The memory string of the fourth string unit SU3
includes a fourth drain-side select transistor STD3 having
the fourth drain-side select gate SGD3 as a control gate.
[0172] As shown in FIG. 16, a first source-side select gate
SGS0A, a second source-side select gate SGS1A, and a
bottom select gate SGSB are provided in the one sub-block
200a. The select gates SGS0A, SGS1A, and SGSB are
provided commonly for the first string unit SU0 and the
second string unit SUT.

[0173] The bottom select gate SGSB is provided on the
source layer SL; the second source-side select gate SGS1A
is provided on the bottom select gate SGSB; and the first
source-side select gate SGSOA is provided on the second
source-side select gate SGS1A.

[0174] The insulating layer 72 is provided between the
bottom select gate SGSB and the source layer SL, between
the second source-side select gate SGS1A and the bottom
select gate SGSB, and between the first source-side select
gate SGSOA and the second source-side select gate SGS1A.
[0175] A first source-side select gate SGSOB, a second
source-side select gate SGS1B, and the bottom select gate
SGSB are provided in the other sub-block 2005. The select
gates SGSOB, SGS1B, and SGSB are provided commonly
for the third string unit SU2 and the fourth string unit SU3.
[0176] The bottom select gate SGSB is provided on the
source layer SL; the second source-side select gate SGS1B
is provided on the bottom select gate SGSB; and the first
source-side select gate SGSOB is provided on the second
source-side select gate SGS1B.

[0177] The insulating layer 72 is provided between the
bottom select gate SGSB and the source layer SL, between
the second source-side select gate SGS1B and the bottom
select gate SGSB, and between the first source-side select
gate SGSOB and the second source-side select gate SGS1B.
[0178] The source-side select gate SGSOA and the source-
side select gate SGSOB are provided in the same layer and
are divided in the Y-direction by the separation portions 60
(the slits ST). The source-side select gate SGS1A and the
source-side select gate SGS1B are provided in the same
layer, and are divided in the Y-direction by the separation
portions 60 (the slits ST).

[0179] As shown in FIG. 15, the memory string of the first
string unit SUO includes a first source-side select transistor
STSO0A having the first source-side select gate SGSOA as a
control gate, a second source-side select transistor STS1A
having the second source-side select gate SGS1A as a
control gate, and a bottom select transistor STSB having the
bottom select gate SGSB as a control gate.

[0180] In one memory string of the first string unit SUO,
the first source-side select transistor STSOA, the second
source-side select transistor STS1A, and the bottom select
transistor STSB are connected in series between the source
layer SL and the memory cells MC.

[0181] The memory string of the second string unit SU1
includes the first source-side select transistor STSOA having
the first source-side select gate SGSOA as a control gate, the
second source-side select transistor STS1A having the sec-
ond source-side select gate SGS1A as a control gate, and the
bottom select transistor STSB having the bottom select gate
SGSB as a control gate.
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[0182] In one memory string of the second string unit
SU1, the first source-side select transistor STS0A, the sec-
ond source-side select transistor STS1A, and the bottom
select transistor STSB are connected in series between the
source layer SL and the memory cells MC.

[0183] The first source-side select transistor STSOA of the
first string unit SUO is a transistor of the depletion type; and
the first source-side select transistor STSOA of the second
string unit SU1 is a transistor of the enhancement type.
[0184] Here, the transistor of the depletion type has a
negative threshold voltage; and the transistor of the enhance-
ment type has a positive threshold voltage.

[0185] The second source-side select transistor STS1A of
the first string unit SUO is a transistor of the enhancement
type; and the second source-side select transistor STS1A of
the second string unit SU1 is a transistor of the depletion
type.

[0186] The memory string of the third string unit SU2 of
the other sub-block 2005 includes a first source-side select
transistor STSOB having the first source-side select gate
SGSOB as a control gate, a second source-side select tran-
sistor STS1B having the second source-side select gate
SGS1B as a control gate, and the bottom select transistor
STSB having the bottom select gate SGSB as a control gate.
[0187] In one memory string of the third string unit SU2,
the first source-side select transistor STS0B, the second
source-side select transistor STS1B, and the bottom select
transistor STSB are connected in series between the source
layer SL. and the memory cells MC.

[0188] The memory string of the fourth string unit SU3
includes the first source-side select transistor STS0B having
the first source-side select gate SGSOB as a control gate, the
second source-side select transistor STS1B having the sec-
ond source-side select gate SGS1B as a control gate, and the
bottom select transistor STSB having the bottom select gate
SGSB as a control gate.

[0189] In one memory string of the fourth string unit SU3,
the first source-side select transistor STSOB, the second
source-side select transistor STS1B, and the bottom select
transistor STSB are connected in series between the source
layer SL and the memory cells MC.

[0190] The first source-side select transistor STSOB of the
third string unit SU?2 is a transistor of the depletion type; and
the first source-side select transistor STSOB of the fourth
string unit SU3 is a transistor of the enhancement type.
[0191] The second source-side select transistor STS1B of
the third string unit SU2 is a transistor of the enhancement
type; and the second source-side select transistor STS1B of
the fourth string unit SU3 is a transistor of the depletion
type.

[0192] FIG. 22A is a figure (a table) illustrating the
potential controls of the source-side select gates of the
semiconductor memory device shown in FIG. 15 and FIG.
16.

[0193] In FIG. 22A, “L” and “H” illustrate the potentials
applied to the source-side select gates; and the “L” level (a
first level) is a potential that is higher than the threshold
voltage of the transistor of the depletion type and lower than
the threshold voltage of the transistor of the enhancement
type. The “L” level is, for example, 0 V. The “H” level (a
second level) is a positive potential that is higher than the
threshold voltage of the transistor of the enhancement type.
[0194] Any one of the string units of the first string unit
SUO and the second string unit SU1 inside one of the
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sub-blocks 200a and 2005 is selected by the source-side
select transistors STSO0A, STS1A, and STSB.

[0195] When the first string unit SUOQ is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGSO0A;
the first source-side select transistor STSOA of the first string
unit SUO is set to ON; the “H” level is applied to the second
source-side select gate SGS1A; and the second source-side
select transistor STS1A of the first string unit SU0 also is set
to ON.

[0196] The semiconductor bodies 20 of the selected first
string unit SUQ are electrically connected to the source layer
SL.

[0197] The first source-side select transistor STSOA of the
second string unit SU1 that shares the first source-side select
gate SGSOA with the first string unit SUO is set to OFF by
the “L” level applied to the first source-side select gate
SGSO0A. Accordingly, the semiconductor bodies 20 of the
unselected second string unit SU1 are not electrically con-
nected to the source layer SL.

[0198] In the other sub-block 20054, the “L” level is
applied to the first source-side select gate SGS0B and the
second source-side select gate SGS1B; the second source-
side select transistor STS1B of the third string unit SU2 are
set to OFF; and the first source-side select transistor STS0B
of the fourth string unit SU3 is set to OFF.

[0199] Accordingly, the semiconductor bodies 20 of the
unselected third string unit SU2 and the semiconductor
bodies 20 of the unselected fourth string unit SU3 are not
electrically connected to the source layer SL.

[0200] When the read operation is executed for the
memory cells of the first string unit SUO, the potentials of the
semiconductor bodies 20 of the selected first string unit SUQ
are set to the potential of the source layer SL. At this time,
the semiconductor bodies 20 of the unselected second string
unit SU1 which is in the same sub-block 2004 as the first
string unit SUO are not connected to the source layer SL; and
the voltage stress (the read disturbance) in the read operation
applied to the memory cells of the second string unit SU1
can be suppressed.

[0201] When the second string unit SU1 is selected, the
bottom select transistor STSB is set to ON. Further, the “H”
level is applied to the first source-side select gate SGSO0A;
the first source-side select transistor STSOA of the second
string unit SU1 is set to ON; the “L” level is applied to the
second source-side select gate SGS1A; and the second
source-side select transistor STSOA of the second string unit
SU1 also is set to ON.

[0202] The semiconductor bodies 20 of the selected sec-
ond string unit SU1 are electrically connected to the source
layer SL.

[0203] The second source-side select transistor STS1A of
the first string unit SUO that shares the second source-side
select gate SGS1A with the second string unit SU1 is set to
OFF by the “L” level applied to the second source-side
select gate SGS1A. Accordingly, the semiconductor bodies
20 of the unselected first string unit SU0 are not electrically
connected to the source layer SL.

[0204] In the other sub-block 2005, the “L” level is
applied to the first source-side select gate SGSOB and the
second source-side select gate SGS1B; the second source-
side select transistor STS1B of the third string unit SU2 is
set to OFF; and the first source-side select transistor STSO0B
of the fourth string unit SU3 is set to OFF.
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[0205] Accordingly, the semiconductor bodies 20 of the
unselected third string unit SU2 and the semiconductor
bodies 20 of the unselected fourth string unit SU3 are not
electrically connected to the source layer SL.

[0206] When the read operation is executed for the
memory cells of the second string unit SU1, the potentials of
the semiconductor bodies 20 of the selected second string
unit SUT are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected first
string unit SUO which is in the same sub-block 200q as the
second string unit SU1 are not connected to the source layer
SL; and the voltage stress (the read disturbance) in the read
operation applied to the memory cells of the first string unit
SUO can be suppressed.

[0207] When the third string unit SU2 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGS0B;
the first source-side select transistor STSOB of the third
string unit SU2 is set to ON; the “H” level is applied to the
second source-side select gate SGS1B; and the second
source-side select transistor STSOB of the third string unit
SU2 also is set to ON.

[0208] The semiconductor bodies 20 of the selected third
string unit SU2 are electrically connected to the source layer
SL.

[0209] The first source-side select transistor STSOB of the
fourth string unit SU3 that shares the first source-side select
gate SGSOB with the third string unit SU2 is set to OFF by
the “L” level applied to the first source-side select gate
SGSO0B. Accordingly, the semiconductor bodies 20 of the
unselected fourth string unit SU3 are not electrically con-
nected to the source layer SL.

[0210] In the other sub-block 200a, the “L” level is
applied to the first source-side select gate SGSOA and the
second source-side select gate SGS0A; the second source-
side select transistor STS1A of the first string unit SUO is set
to OFF; and the first source-side select transistor STS0A of
the second string unit SU1 is set to OFF.

[0211] Accordingly, the semiconductor bodies 20 of the
unselected first string unit SUO and the semiconductor
bodies 20 of the unselected second string unit SU1 are not
electrically connected to the source layer SL.

[0212] When the read operation is executed for the
memory cells of the third string unit SU2, the potentials of
the semiconductor bodies 20 of the selected third string unit
SU2 are set to the potential of the source layer SL. At this
time, the semiconductor bodies 20 of the unselected fourth
string unit SU3 which is in the same sub-block 2005 as the
third string unit SU2 are not connected to the source layer
SL; and the voltage stress (the read disturbance) in the read
operation applied to the memory cells of the fourth string
unit SU3 can be suppressed.

[0213] When the fourth string unit SU3 is selected, the
bottom select transistor STSB is set to ON. Further, the “H”
level is applied to the first source-side select gate SGS0B;
the first source-side select transistor STSOB of the fourth
string unit SU3 is set to ON; the “L” level is applied to the
second source-side select gate SGSO0B; and the second
source-side select transistor STS1B of the fourth string unit
SU3 also is set to ON.

[0214] The semiconductor bodies 20 of the selected fourth
string unit SU3 are electrically connected to the source layer
SL.
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[0215] The second source-side select transistor STS1B of
the third string unit SU2 that shares the second source-side
select gate SGS1B with the fourth string unit SU3 is set to
OFF by the “L” level applied to the second source-side
select gate SGS1B. Accordingly, the semiconductor bodies
20 of the unselected third string unit SU2 are not electrically
connected to the source layer SL.

[0216] In the other sub-block 200a, the “L” level is
applied to the first source-side select gate SGSOA and the
second source-side select gate SGS0A; the second source-
side select transistor STS1A of the first string unit SUO is set
to OFF; and the first source-side select transistor STSOA of
the second string unit SU1 is set to OFF.

[0217] Accordingly, the semiconductor bodies 20 of the
unselected first string unit SUO and the semiconductor
bodies 20 of the unselected second string unit SU1 are not
electrically connected to the source layer SL.

[0218] When the read operation is executed for the
memory cells of the fourth string unit SU3, the potentials of
the semiconductor bodies 20 of the selected fourth string
unit SU3 are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected
third string unit SU2 which is in the same sub-block 2005 as
the fourth string unit SU3 are not connected to the source
layer SL; and the voltage stress (the read disturbance) in the
read operation applied to the memory cells of the third string
unit SU2 can be suppressed.

[0219] Another example of the semiconductor memory
device of the second embodiment will now be described.
[0220] FIG. 17 and FIG. 18 are circuit diagrams of the
other example of the semiconductor memory device of the
second embodiment.

[0221] FIG. 19 is a schematic cross-sectional view of the
other example of the semiconductor memory device of the
second embodiment.

[0222] FIG. 19 shows one block 200 subdivided by two
separation portions 60 (slits ST) separated from each other
in the Y-direction.

[0223] In the one block 200, the first string unit SUO, the
second string unit SU1, the third string unit SU2, and the
fourth string unit SU3 are arranged to be separated from
each other in the Y-direction.

[0224] Similarly to the embodiment described above, the
multiple conductive layers 70 are stacked on the source layer
SL with the insulating layers 72 interposed. The multiple
conductive layers 70 include the multiple word lines WL, a
drain-side select gate layer, and multiple layers of the
source-side select gate layers.

[0225] The word line WL of each layer is provided com-
monly for the first to fourth string units SU0 to SU3.
[0226] One layer of the drain-side select gate layers and
five layers of the source-side select gate layers are provided
in the example shown in FIG. 19. The multiple layers of the
word lines WL are stacked between the drain-side select gate
layer and the source-side select gate layers. The five layers
of the source-side select gate layers are stacked between the
source layer SL and the word line WL of the lowermost
layer.

[0227] The drain-side select gate layer is divided into the
four drain-side select gates SGDO to SGD3 in the Y-direc-
tion by the separation portion 62a. The first to fourth
drain-side select gates SGDO0 to SGD3 each are controlled
electrically independently.
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[0228] As shown in FIGS. 17 and 18, the memory string
of the first string unit SUO includes the first drain-side select
transistor STDO having the first drain-side select gate SGD0
as a control gate.

[0229] The memory string of the second string unit SU1
includes the second drain-side select transistor STD1 having
the second drain-side select gate SGD1 as a control gate.
[0230] The memory string of the third string unit SU2
includes the third drain-side select transistor STD2 having
the third drain-side select gate SGD2 as a control gate.
[0231] The memory string of the fourth string unit SU3
includes the fourth drain-side select transistor STD3 having
the fourth drain-side select gate SGD3 as a control gate.
[0232] As shown in FIG. 19, the multiple layers of the
source-side select gate layers include a first source-side
select gate SGS0, a second source-side select gate SGS1, a
third source-side select gate SGS2, a fourth source-side
select gate SGS3, and the bottom select gate SGSB. The
select gates SGS0, SGS1, SGS2, SGS3, and SGSB are
provided commonly for the first to fourth string units SUQ to
SU3.

[0233] The bottom select gate SGSB is provided on the
source layer SL; the fourth source-side select gate SGS3 is
provided on the bottom select gate SGSB; the third source-
side select gate SGS2 is provided on the fourth source-side
select gate SGS3; the second source-side select gate SGS1
is provided on the third source-side select gate SGS2; and
the first source-side select gate SGS0 is provided on the
second source-side select gate SGS1.

[0234] The insulating layer 72 is provided between the
bottom select gate SGSB and the source layer SL. and
between the select gates.

[0235] As shown in FIGS. 17 and 18, the memory string
of the first string unit SUQ includes a first source-side select
transistor STS0 having the first source-side select gate SGS0
as a control gate, a second source-side select transistor STS1
having the second source-side select gate SGS1 as a control
gate, a third source-side select transistor STS2 having the
third source-side select gate SGS2 as a control gate, a fourth
source-side select transistor STS3 having the fourth source-
side select gate SGS3 as a control gate, and the bottom select
transistor STSB having the bottom select gate SGSB as a
control gate.

[0236] In one memory string of the first string unit SUO,
the five source-side select transistors recited above are
connected in series between the source layer S and the
memory cells MC.

[0237] The first source-side select transistor STS0 of the
first string unit SUO is a transistor of the depletion type; and
the second to fourth source-side select transistors STS1 to
STS3 of the first string unit SUQ are transistors of the
enhancement type.

[0238] The memory string of the second string unit SU1
includes the first source-side select transistor STS0 having
the first source-side select gate SGS0 as a control gate, the
second source-side select transistor STS1 having the second
source-side select gate SGS1 as a control gate, the third
source-side select transistor STS2 having the third source-
side select gate SGS2 as a control gate, the fourth source-
side select transistor STS3 having the fourth source-side
select gate SGS3 as a control gate, and the bottom select
transistor STSB having the bottom select gate SGSB as a
control gate.
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[0239] In one memory string of the second string unit
SU1, the five source-side select transistors recited above are
connected in series between the source layer SL and the
memory cells MC. The second source-side select transistor
STS1 of the second string unit SU1 is a transistor of the
depletion type; and the first, third, and fourth source-side
select transistors STS0, STS2, and STS3 of the second string
unit SU1 are transistors of the enhancement type.

[0240] The memory string of the third string unit SU2
includes the first source-side select transistor STS0 having
the first source-side select gate SGS0 as a control gate, the
second source-side select transistor STS1 having the second
source-side select gate SGS1 as a control gate, the third
source-side select transistor STS2 having the third source-
side select gate SGS2 as a control gate, the fourth source-
side select transistor STS3 having the fourth source-side
select gate SGS3 as a control gate, and the bottom select
transistor STSB having the bottom select gate SGSB as a
control gate.

[0241] In one memory string of the third string unit SU2,
the five source-side select transistors recited above are
connected in series between the source layer SL and the
memory cells MC.

[0242] The third source-side select transistor STS2 of the
third string unit SU2 is a transistor of the depletion type; and
the first, second, and fourth source-side select transistors
STS0, STS1, and STS3 of the third string unit SU2 are
transistors of the enhancement type.

[0243] The memory string of the fourth string unit SU3
includes the first source-side select transistor STS0 having
the first source-side select gate SGS0 as a control gate, the
second source-side select transistor STS1 having the second
source-side select gate SGS1 as a control gate, the third
source-side select transistor STS2 having the third source-
side select gate SGS2 as a control gate, the fourth source-
side select transistor STS3 having the fourth source-side
select gate SGS3 as a control gate, and the bottom select
transistor STSB having the bottom select gate SGSB as a
control gate.

[0244] In one memory string of the fourth string unit SU3,
the five source-side select transistors recited above are
connected in series between the source layer S and the
memory cells MC. The fourth source-side select transistor
STS3 of the fourth string unit SU3 is a transistor of the
depletion type; and the first to third source-side select
transistors STS0 to STS2 of the fourth string unit SU3 are
transistors of the enhancement type.

[0245] FIG. 22B is a figure (a table) illustrating the
potential controls of the source-side select gates of the
semiconductor memory device shown in FIG. 17 to FIG. 19.
[0246] In FIG. 22B, “L” and “H” illustrate the potentials
applied to the source-side select gates; and the “L.” level (the
first level) is a potential that is higher than the threshold
voltage of the transistor of the depletion type and lower than
the threshold voltage of the transistor of the enhancement
type. The “L” level is, for example, 0 V. The “H” level (the
second level) is a positive potential that is higher than the
threshold voltage of the transistor of the enhancement type.
Accordingly, when the “L” voltage is applied to the select
gate, the transistor of the depletion type is set ON and the
transistor of the enhancement type is set to OFF; and when
the “H” voltage is applied to the select gate, the transistors
of the depletion type and the enhancement type each are set
to ON.
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[0247] Any one of the string units of the first to fourth
string units SUO to SU3 inside one block 200 is selected by
the source-side select transistors STS0, STS1, STS2, STS3,
and STSB.

[0248] When the first string unit SUO is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGS0; and
the first source-side select transistor STS0 of the first string
unit SUO is set to ON. The “H” level is applied to the second
to fourth source-side select gates SGS1 to SGS3; and the
second to fourth source-side select transistors STS1 to STS3
of the first string unit SU0 also are set to ON.

[0249] The semiconductor bodies 20 of the selected first
string unit SU0 are electrically connected to the source layer
SL.

[0250] The first source-side select transistor STS0 of the
enhancement type is set to OFF by the “L” level applied to
the first source-side select gate SGS0 for the second to fourth
string units SU1 to SU3. Accordingly, the semiconductor
bodies 20 of the unselected second to fourth string units SU1
to SU3 are not electrically connected to the source layer SL.
[0251] When the read operation is executed for the
memory cells of the first string unit SUO, the potentials of the
semiconductor bodies 20 of the selected first string unit SUQ
are set to the potential of the source layer SL. At this time,
the semiconductor bodies 20 of the unselected second to
fourth string units SU1 to SU3 which are in the same block
200 as the first string unit SUO are not connected to the
source layer SL; and the voltage stress (the read disturbance)
in the read operation applied to the memory cells of the
second to fourth string units SU1 to SU3 can be suppressed.
[0252] When the second string unit SU1 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the second source-side select gate SGS1;
and the second source-side select transistor STS1 of the
second string unit SU1 is set to ON. The “H” level is applied
to the first, third, and fourth source-side select gates SGSO0,
SGS2, and SGS3; and the first, third, and fourth source-side
select transistors STS0, STS2, and STS3 of the first string
unit SUO also are set to ON.

[0253] The semiconductor bodies 20 of the selected sec-
ond string unit SU1 are electrically connected to the source
layer SL. The second source-side select transistor STS1 of
the enhancement type is set to OFF by the “L” level applied
to the second source-side select gate SGS1 for the first, third,
and fourth string units SU0, SU2, and SU3. Accordingly, the
semiconductor bodies 20 of the unselected first, third, and
fourth string units SU0, SU2, and SU3 are not electrically
connected to the source layer SL.

[0254] When the read operation is executed for the
memory cells of the second string unit SU1, the potentials of
the semiconductor bodies 20 of the selected second string
unit SU1 are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected
first, third, and fourth string units SU0, SU2, and SU3 which
are in the same block 200 as the second string unit SU1 are
not connected to the source layer SL; and the voltage stress
(the read disturbance) in the read operation applied to the
memory cells of the first, third, and fourth string units SUO,
SU2, and SU3 can be suppressed.

[0255] When the third string unit SU2 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the third source-side select gate SGS2; and
the third source-side select transistor STS2 of the third string
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unit SU2 is set to ON. The “H” level is applied to the first,
second, and fourth source-side select gates SGS0, SGS1,
and SGS3; and the first, second, and fourth source-side
select transistors STS0, STS1, and STS3 of the third string
unit SU2 also are set to ON.

[0256] The semiconductor bodies 20 of the selected third
string unit SU2 are electrically connected to the source layer
SL.

[0257] The third source-side select transistor STS2 of the
enhancement type is set to OFF by the “L” level applied to
the third source-side select gate SGS2 for the first, second,
and fourth string units SU0, SU1, and SU3. Accordingly, the
semiconductor bodies 20 of the unselected first, second, and
fourth string units SU0, SU1, and SU3 are not electrically
connected to the source layer SL.

[0258] When the read operation is executed for the
memory cells of the third string unit SU2, the potentials of
the semiconductor bodies 20 of the selected third string unit
SU2 are set to the potential of the source layer SL. At this
time, the semiconductor bodies 20 of the unselected first,
second, and fourth string units SU0O, SU1, and SU3 which
are in the same block 200 as the third string unit SU2 are not
connected to the source layer SL; and the voltage stress (the
read disturbance) in the read operation applied to the
memory cells of the first, second, and fourth string units
SU0, SU1, and SU3 can be suppressed.

[0259] When the fourth string unit SU3 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the fourth source-side select gate SGS3;
and the fourth source-side select transistor STS3 of the
fourth string unit SU3 is set to ON. The “H” level is applied
to the first to third source-side select gates SGS0 to SGS2;
and the first to third source-side select transistors STS0 to
STS2 of the fourth string unit SU3 also are set to ON.
[0260] The semiconductor bodies 20 of the selected fourth
string unit SU3 are electrically connected to the source layer
SL. The fourth source-side select transistor STS3 of the
enhancement type is set to OFF by the “L” level applied to
the fourth source-side select gate SGS3 for the first to third
string units SUO to SU2. Accordingly, the semiconductor
bodies 20 of the unselected first to third string units SU0 to
SU2 are not electrically connected to the source layer SL.
[0261] When the read operation is executed for the
memory cells of the fourth string unit SU3, the potentials of
the semiconductor bodies 20 of the selected fourth string
unit SU3 are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected first
to third string units SU0O to SU2 which are in the same block
200 as the fourth string unit SU3 are not connected to the
source layer SL; and the voltage stress (the read disturbance)
in the read operation applied to the memory cells of the first
to third string units SUO to SU2 can be suppressed.

[0262] Yet another example of the semiconductor memory
device of the second embodiment will now be described.
[0263] FIG. 20 is a circuit diagram of the other example of
the semiconductor memory device of the second embodi-
ment.

[0264] FIG. 21 is a schematic cross-sectional view of the
other example of the semiconductor memory device of the
second embodiment.

[0265] FIG. 21 shows one block 200 subdivided by the
two separation portions 60 (the slits ST) separated from each
other in the Y-direction.
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[0266] In the one block 200, the first string unit SUO, the
second string unit SU1, the third string unit SU2, the fourth
string unit SU3, a fifth string unit SU4, and a sixth string unit
SUS are arranged to be separated from each other in the
Y-direction.

[0267] Similarly to the embodiment described above, the
multiple conductive layers 70 are stacked on the source layer
SL with the insulating layers 72 interposed. The multiple
conductive layers 70 include the multiple word lines WL, a
drain-side select gate layer, and multiple layers of the
source-side select gate layers.

[0268] The word line WL of each layer is provided com-
monly for the first to sixth string units SU0 to SUS.
[0269] One layer of the drain-side select gate layers and
five layers of the source-side select gate layers are provided
in the example shown in FIG. 21. The multiple layers of the
word lines WL are stacked between the drain-side select gate
layer and the source-side select gate layers. The five layers
of the source-side select gate layers are stacked between the
source layer SI and the word line WL of the lowermost
layer.

[0270] The drain-side select gate layer is divided into the
six drain-side select gates SGDO0 to SGDS5 in the Y-direction
by the separation portion 62a. The first to sixth drain-side
select gates SGDO to SGDS5 each are controlled electrically
independently.

[0271] As shown in FIG. 20, the memory string of the first
string unit SUQ includes the first drain-side select transistor
STDO having the first drain-side select gate SGDO as a
control gate.

[0272] The memory string of the second string unit SU1
includes the second drain-side select transistor STD1 having
the second drain-side select gate SGD1 as a control gate.
[0273] The memory string of the third string unit SU2
includes the third drain-side select transistor STD2 having
the third drain-side select gate SGD2 as a control gate.
[0274] The memory string of the fourth string unit SU3
includes the fourth drain-side select transistor STD3 having
the fourth drain-side select gate SGD3 as a control gate.
[0275] The memory string of the fifth string unit SU4
includes a fifth drain-side select transistor STD4 having the
fifth drain-side select gate SGD4 as a control gate.

[0276] The memory string of the sixth string unit SUS
includes a sixth drain-side select transistor STD5 having the
sixth drain-side select gate SGDS as a control gate.

[0277] As shown in FIG. 21, the multiple layers of the
source-side select gate layers include the first source-side
select gate SGS0, the second source-side select gate SGS1,
the third source-side select gate SGS2, the fourth source-
side select gate SGS3, and the bottom select gate SGSB. The
select gates SGSO0, SGS1, SGS2, SGS3, and SGSB are
provided commonly for the first to sixth string units SUO to
SUS.

[0278] The bottom select gate SGSB is provided on the
source layer SL; the fourth source-side select gate SGS3 is
provided on the bottom select gate SGSB; the third source-
side select gate SGS2 is provided on the fourth source-side
select gate SGS3; the second source-side select gate SGS1
is provided on the third source-side select gate SGS2; and
the first source-side select gate SGSO0 is provided on the
second source-side select gate SGS1.

[0279] The insulating layer 72 is provided between the
bottom select gate SGSB and the source layer SL. and
between the select gates.
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[0280] As shown in FIG. 20, the memory strings of the
first to sixth string units SUO to SU5 each include the first
source-side select transistor STS0 having the first source-
side select gate SGSO as a control gate, the second source-
side select transistor STS1 having the second source-side
select gate SGS1 as a control gate, the third source-side
select transistor STS2 having the third source-side select
gate SGS2 as a control gate, the fourth source-side select
transistor STS3 having the fourth source-side select gate
SGS3 as a control gate, and the bottom select transistor
STSB having the bottom select gate SGSB as a control gate.

[0281] In one memory string of each string unit, the five
source-side select transistors recited above are connected in
series between the source layer SL. and the memory cells
MC.

[0282] The first source-side select transistor STS0 and the
second source-side select transistor STS1 of the first string
unit SUO are transistors of the depletion type; and the third
source-side select transistor STS2 and the fourth source-side
select transistor STS3 of the first string unit SUO are
transistors of the enhancement type.

[0283] The first source-side select transistor STS0 and the
third source-side select transistor STS2 of the second string
unit SUT are transistors of the depletion type; and the second
source-side select transistor STS1 and the fourth source-side
select transistor STS3 of the second string unit SU1 are
transistors of the enhancement type.

[0284] The first source-side select transistor STS0 and the
fourth source-side select transistor STS3 of the third string
unit SU2 are transistors of the depletion type; and the second
source-side select transistor STS1 and the third source-side
select transistor STS2 of the third string unit SU2 are
transistors of the enhancement type.

[0285] The second source-side select transistor STS1 and
the third source-side select transistor STS2 of the fourth
string unit SU3 are transistors of the depletion type; and the
first source-side select transistor STS0 and the fourth source-
side select transistor STS3 of the fourth string unit SU3 are
transistors of the enhancement type.

[0286] The second source-side select transistor STS1 and
the fourth source-side select transistor STS3 of the fifth
string unit SU4 are transistors of the depletion type; and the
first source-side select transistor STS0 and the third source-
side select transistor STS2 of the fifth string unit SU4 are
transistors of the enhancement type.

[0287] The third source-side select transistor STS2 and the
fourth source-side select transistor STS3 of the sixth string
unit SUS5 are transistors of the depletion type; and the first
source-side select transistor STS0 and the second source-
side select transistor STS1 of the sixth string unit SU5 are
transistors of the enhancement type.

[0288] FIG. 22C is a figure (a table) illustrating the
potential controls of the source-side select gates of the
semiconductor memory device shown in FIGS. 20 and 21.

[0289] In FIG. 22C, “L” and “H” illustrate the potentials
applied to the source-side select gates; and the “L.”” level (the
first level) is a potential that is higher than the threshold
voltage of the transistor of the depletion type and lower than
the threshold voltage of the transistor of the enhancement
type. The “L” level is, for example, 0 V. The “H” level (the
second level) is a positive potential that is higher than the
threshold voltage of the transistor of the enhancement type.
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[0290] Any one of the string units of the first to sixth string
units SUQ to SUS inside one block 200 is selected by the
source-side select transistors STS0, STS1, STS2, STS3, and
STSB.

[0291] When the first string unit SUQ is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGS0 and
the second source-side select gate SGS1; and the first
source-side select transistor STS0 and the second source-
side select transistor STS1 of the first string unit SU0 are set
to ON. Further, the “H” level is applied to the third source-
side select gate SGS2 and the fourth source-side select gate
SGS3; and the third source-side select transistor STS2 and
the fourth source-side select transistor STS3 of the first
string unit SUO also are set to ON.

[0292] The semiconductor bodies 20 of the selected first
string unit SUO are electrically connected to the source layer
SL.

[0293] The source-side select transistor of the enhance-
ment type is set to OFF by the “L” level applied to the first
source-side select gate SGS0 and the second source-side
select gate SGS1 for the second to sixth string units SUT to
SUS. Accordingly, the semiconductor bodies 20 of the
unselected second to sixth string units SU1 to SUS are not
electrically connected to the source layer SL.

[0294] When the read operation is executed for the
memory cells of the first string unit SU0, the potentials of the
semiconductor bodies 20 of the selected first string unit SU0
are set to the potential of the source layer SL. At this time,
the semiconductor bodies 20 of the unselected second to
sixth string units SU1 to SUS which are in the same block
200 as the first string unit SU0 are not connected to the
source layer SL; and the voltage stress (the read disturbance)
in the read operation applied to the memory cells of the
second to sixth string units SU1 to SU5 can be suppressed.
[0295] When the second string unit SU1 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGS0 and
the third source-side select gate SGS2; and the first source-
side select transistor STS0 and the third source-side select
transistor STS2 of the second string unit SU1 are set to ON.
Further, the “H” level is applied to the second source-side
select gate SGS1 and the fourth source-side select gate
SGS3; and the second source-side select transistor STS1 and
the fourth source-side select transistor STS3 of the second
string unit SU1 also are set to ON.

[0296] The semiconductor bodies 20 of the selected sec-
ond string unit SU1 are electrically connected to the source
layer SL.

[0297] The source-side select transistor of the enhance-
ment type is set to OFF by the “L.” level applied to the first
source-side select gate SGS0 and the third source-side select
gate SGS2 for the string units other than the second string
unit SUL. Accordingly, the semiconductor bodies 20 of the
unselected string units other than the second string unit SU1
are not electrically connected to the source layer SL.

[0298] When the read operation is executed for the
memory cells of the second string unit SU1, the potentials of
the semiconductor bodies 20 of the selected second string
unit SUT are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected
string units that are in the same block 200 as the second
string unit SU1 are not connected to the source layer SL; and
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the voltage stress (the read disturbance) in the read operation
applied to the memory cells of the unselected string units can
be suppressed.

[0299] When the third string unit SU2 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the first source-side select gate SGS0 and
the fourth source-side select gate SGS3; and the first source-
side select transistor STS0 and the fourth source-side select
transistor STS3 of the third string unit SU2 are set to ON.
Further, the “H” level is applied to the second source-side
select gate SGS1 and the third source-side select gate SGS2;
and the second source-side select transistor STS1 and the
third source-side select transistor STS2 of the third string
unit SU2 also are set to ON.

[0300] The semiconductor bodies 20 of the selected third
string unit SU2 are electrically connected to the source layer
SL.

[0301] The source-side select transistor of the enhance-
ment type is set to OFF by the “L” level applied to the first
source-side select gate SGSO0 and the fourth source-side
select gate SGS3 for the string units other than the third
string unit SU2. Accordingly, the semiconductor bodies 20
of the unselected string units other than the third string unit
SU2 are not electrically connected to the source layer SL.

[0302] When the read operation is executed for the
memory cells of the third string unit SU2, the potentials of
the semiconductor bodies 20 of the selected third string unit
SU2 are set to the potential of the source layer SL. At this
time, the semiconductor bodies 20 of the unselected string
units that are in the same block 200 as the third string unit
SU2 are not connected to the source layer SL; and the
voltage stress (the read disturbance) in the read operation
applied to the memory cells of the unselected string units can
be suppressed.

[0303] When the fourth string unit SU3 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the second source-side select gate SGS1
and the third source-side select gate SGS2; and the second
source-side select transistor STS1 and the third source-side
select transistor STS2 of the fourth string unit SU3 are set to
ON. Further, the “H” level is applied to the first source-side
select gate SGSO and the fourth source-side select gate
SGS3; and the first source-side select transistor STS0 and
the fourth source-side select transistor STS3 of the fourth
string unit SU3 also are set to ON.

[0304] The semiconductor bodies 20 of the selected fourth
string unit SU3 are electrically connected to the source layer
SL.

[0305] The source-side select transistor of the enhance-
ment type is set to OFF by the “L” level applied to the
second source-side select gate SGS1 and the third source-
side select gate SGS2 for the string units other than the
fourth string unit SU3. Accordingly, the semiconductor
bodies 20 of the unselected string units other than the fourth
string unit SU3 are not electrically connected to the source
layer SL.

[0306] When the read operation is executed for the
memory cells of the fourth string unit SU3, the potentials of
the semiconductor bodies 20 of the selected fourth string
unit SU3 are set to the potential of the source layer SL. At
this time, the semiconductor bodies 20 of the unselected
string units that are in the same block 200 as the fourth string
unit SU3 are not connected to the source layer SL; and the
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voltage stress (the read disturbance) in the read operation
applied to the memory cells of the unselected string units can
be suppressed.

[0307] When the fifth string unit SU4 is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the second source-side select gate SGS1
and the fourth source-side select gate SGS3; and the second
source-side select transistor STS1 and the fourth source-side
select transistor STS3 of the fifth string unit SU4 are set to
ON. Further, the “H” level is applied to the first source-side
select gate SGSO and the third source-side select gate SGS2;
and the first source-side select transistor STS0 and the third
source-side select transistor STS2 of the fifth string unit SU4
also are set to ON.

[0308] The semiconductor bodies 20 of the selected fifth
string unit SU4 are electrically connected to the source layer
SL.

[0309] The source-side select transistor of the enhance-
ment type is set to OFF by the “L” level applied to the
second source-side select gate SGS1 and the fourth source-
side select gate SGS3 for the string units other than the fifth
string unit SU4. Accordingly, the semiconductor bodies 20
of the unselected string units other than the fifth string unit
SU4 are not electrically connected to the source layer SL.

[0310] When the read operation is executed for the
memory cells of the fifth string unit SU4, the potentials of
the semiconductor bodies 20 of the selected fifth string unit
SU4 are set to the potential of the source layer SL. At this
time, the semiconductor bodies 20 of the unselected string
units that are in the same block 200 as the fifth string unit
SU4 are not connected to the source layer SL; and the
voltage stress (the read disturbance) in the read operation
applied to the memory cells of the unselected string units can
be suppressed.

[0311] When the sixth string unit SUS is selected, the
bottom select transistor STSB is set to ON. Further, the “L”
level is applied to the third source-side select gate SGS2 and
the fourth source-side select gate SGS3; and the third
source-side select transistor STS2 and the fourth source-side
select transistor STS3 of the sixth string unit SUS are set to
ON. Further, the “H” level is applied to the first source-side
select gate SGSO and the second source-side select gate
SGS1; and the first source-side select transistor STS0 and
the second source-side select transistor STS1 of the sixth
string unit SU5 also are set to ON.

[0312] The semiconductor bodies 20 of the selected sixth
string unit SU5 are electrically connected to the source layer
SL.

[0313] The source-side select transistor of the enhance-
ment type is set to OFF by the “L” level applied to the third
source-side select gate SGS2 and the fourth source-side
select gate SGS3 for the string units other than the sixth
string unit SU5. Accordingly, the semiconductor bodies 20
of the unselected string units other than the sixth string unit
SUS are not electrically connected to the source layer SL.

[0314] When the read operation is executed for the
memory cells of the sixth string unit SU5, the potentials of
the semiconductor bodies 20 of the selected sixth string unit
SUS are set to the potential of the source layer SL. At this
time, the semiconductor bodies 20 of the unselected string
units that are in the same block 200 as the sixth string unit
SUS are not connected to the source layer SL; and the
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voltage stress (the read disturbance) in the read operation
applied to the memory cells of the unselected string units can
be suppressed.

[0315] The source-side select transistor has a structure
similar to that of the memory cell. In other words, the
source-side select transistor includes the semiconductor
body 20, the source-side select gate, and the memory film 30
including the charge storage film 32 provided between the
semiconductor body 20 and the source-side select gate.
[0316] After forming the memory cell array, the erase
operation (the injection of holes into the charge storage film
32) is executed collectively for all of the source-side select
transistors inside the same block 200; and the source-side
select transistors are set to the depletion type.

[0317] Subsequently, the program operation (the storing of
electrons in the charge storage film 32) is executed for the
source-side select transistors to be set to the enhancement
type; and the programmed source-side select transistors are
set to the enhancement type. At this time, the selection of the
string unit is performed by the drain-side select gates.
[0318] In the second embodiment, the number of string
units disposed inside one block 200 subdivided by the
separation portions 60 (the slits ST) may be 7 or more. The
number of string units and the number of layers of source-
side select gates (other than the bottom gate) can be specified
as follows.

[0319] Namely, the semiconductor memory device of the
second embodiment includes k layers of source-side select
gates (k being a natural number of 3 or more) and the first
to nth string units (n being a natural number of 3 or more)
that each include multiple memory strings. The memory
strings each include a select transistor of the depletion type
and a select transistor of the enhancement type connected in
series to each other.

[0320] Among the first to nth string units, one string unit
is selected and the other string units are unselected by setting
the source-side select gates connected to the source-side
select transistors of the depletion type included in the one
string unit to the first level and by setting the source-side
select gates connected to the source-side select transistors of
the enhancement type to the second level.

[0321] Among the k layers of the source-side select gates,
one string unit is selected and the other string units are
unselected by setting the h layers of the select gates to the
first level and by setting the (k-h) layers of the select gates
to the second level. n is a number of not more than
k!/((k=h)!xh!).

[0322] The structure and the method for controlling the
drain-side select transistor of the first embodiment are
applicable to the drain-side select transistor of the second
embodiment.

[0323] In the second embodiment, the two ends in the
Y-direction of the drain-side select gate contact the separa-
tion portion 62a and do not contact the separation portions
60 (the slits ST) for each of the drain-side select gates SGD1
and SGD2 shown in FIG. 19 and the drain-side select gates
SGD1, SGD2, SGD3, and SGD4 shown in FIG. 21.
[0324] The select gates and the word lines WL are formed
by, for example, filling tungsten into the gap between the
insulating layers 72 from the slit ST side and by subse-
quently dividing the drain-side select gate in the Y-direction
by the separation portion 62a.

[0325] A wide width of the portion between the slit ST and
the columnar portions CL of the drain-side select gate
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adjacent to the slit ST is easily ensured. On the other hand,
the width of the portion of the drain-side select gate not
adjacent to the slit ST between the separation portion 62a
and the columnar portions CL easily can be narrower than
the width of the portion between the slit ST and the
columnar portions CL of the drain-side select gate adjacent
to the slit ST. Accordingly, the resistance of the drain-side
select gate not adjacent to the slit ST easily can be higher
than the resistance of the drain-side select gate adjacent to
the slit ST. This may increase the time constant of the
drain-side select gate not adjacent to the slit ST and delay the
access time.

[0326] FIG. 24 and FIG. 25 are circuit diagrams of a
semiconductor memory device of a third embodiment.
[0327] FIG. 26 is a schematic cross-sectional view of the
semiconductor memory device of the third embodiment.
[0328] FIG. 34A is a table illustrating the potential con-
trols of the drain-side select gates SGDO0 to SGD3 and the
source-side select gates SGS0 to SGS3 of the semiconductor
memory device shown in FIGS. 24 to 26.

[0329] Similarly to the embodiments described above, the
D-type shown in FIG. 24 and FIG. 25 illustrates the tran-
sistor of the depletion type; and the E-type illustrates the
transistor of the enhancement type. The D-type and the
E-type in FIG. 27 and subsequent figures are defined simi-
larly.

[0330] The “L” level and the “H” level shown in FIG. 34A
are defined similarly to the embodiments described above.
The “L” level and the “H” level of FIGS. 34B to 34D also
are defined similarly.

[0331] In the third embodiment, multiple layers of the
drain-side select gates SGDO to SGD3 are provided also on
the drain side similarly to the source side. The drain-side
select gate layer that is provided in the uppermost layer is
divided into the four drain-side select gates SGDTO,
SGDT1, SGDT2, and SGDT3 by the separation portion 62a.
[0332] The string unit SUO includes the drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, the drain-side select transistor
of the enhancement type having the drain-side select gate
SGD1 as a control gate, the drain-side select transistor of the
enhancement type having the drain-side select gate SGD2 as
a control gate, and the drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0333] The string unit SU1 includes the drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, the drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, the drain-side select transistor
of the enhancement type having the drain-side select gate
SGD2 as a control gate, and the drain-side select transistor
of the enhancement type having the drain-side select gate
SGD3 as a control gate.

[0334] The string unit SU2 includes the drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, the drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, the drain-side select
transistor of the depletion type having the drain-side select
gate SGD2 as a control gate, and the drain-side select
transistor of the enhancement type having the drain-side
select gate SGD3 as a control gate.
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[0335] The string unit SU3 includes the drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, the drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, the drain-side select
transistor of the enhancement type having the drain-side
select gate SGD2 as a control gate, and the drain-side select
transistor of the depletion type having the drain-side select
gate SGD3 as a control gate.

[0336] The string units SUO to SU3 each are selected by
the “L” level or the “H” level being applied to the select
gates as shown in FIG. 34A.

[0337] Similarly to the embodiments described above, for
example, the thresholds of the select transistors are preset to
the enhancement type or the depletion type by performing
the erase operation and/or the program operation for the
select transistors when testing in die sorting or the like
before shipping. The selection of the string units SU0 to SU3
when programming is performed by the drain-side select
gates SGDT0, SGDT1, SGDT2, and SGDT3 divided by the
separation portion 62a.

[0338] When used by a user, one string unit is selected by
applying, to the drain-side select gates SGDTO0, SGDT1,
SGDT2, and SGDT3, prescribed voltages that set the drain-
side select transistors having the drain-side select gates
SGDTO0, SGDT1, SGDT2, and SGDT3 as control gates to
ON, and by applying prescribed voltages to the drain-side
select gates SGDO to SGD3.

[0339] Because the drain-side select gates SGDT1 and
SGDT?2 are not adjacent to the slit ST, the time constant may
increase and the access time may be delayed. However,
because the select operations that use the drain-side select
gates SGDT1 and SGDT2 are only when programming
when die sorting to set the transistors having the drain-side
select gates SGDO to SGD3 as control gates to the enhance-
ment type, the access time is not a problem.

[0340] Normally, when used by the user, the drain-side
select gates SGDTO, SGDT1, SGDT2, and SGDT3 are
constantly ON; and one string unit is selected by the
drain-side select gates SGDO to SGD3; therefore, high-
speed access is possible.

[0341] FIG. 27 is a circuit diagram of another example of
the semiconductor memory device of the third embodiment.
[0342] FIG. 28 is a schematic cross-sectional view of the
other example of the semiconductor memory device of the
third embodiment.

[0343] FIG. 34B is a table illustrating the potential con-
trols of the drain-side select gates SGDO0 to SGD3 and the
source-side select gates SGS0 to SGS3 of the semiconductor
memory device shown in FIG. 27 and FIG. 28.

[0344] In the example as well, multiple layers of the
drain-side select gates SGDO0 to SGD3 are provided on the
drain side. The drain-side select gate layer that is provided
in the uppermost layer is divided into the six drain-side
select gates SGDTO0, SGDT1, SGDT2, SGDT3, SGDT4, and
SGDTS by the separation portion 62a. Also, a dummy gate
SGDD may be provided between the drain-side select gate
SGDO and the drain-side select gates SGDT0 to SGDTS5.
[0345] The string unit SUO includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the depletion type having the drain-side select gate SGD1 as
a control gate, a drain-side select transistor of the enhance-
ment type having the drain-side select gate SGD2 as a
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control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0346] The string unit SU1 includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD1 as a control gate, a drain-side select transistor of the
depletion type having the drain-side select gate SGD2 as a
control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0347] The string unit SU2 includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD1 as a control gate, a drain-side select transistor of the
enhancement type having the drain-side select gate SGD2 as
a control gate, and a drain-side select transistor of the
depletion type having the drain-side select gate SGD3 as a
control gate.

[0348] The string unit SU3 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, a drain-side select transistor of
the depletion type having the drain-side select gate SGD2 as
a control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0349] The string unit SU4 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD2 as a control gate, and a drain-side select transistor of
the depletion type having the drain-side select gate SGD3 as
a control gate.

[0350] The string unit SUS includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, a drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD2 as a control gate, and a drain-side select tran-
sistor of the depletion type having the drain-side select gate
SGD3 as a control gate.

[0351] As shown in FIG. 34B, the string units SU0 to SUS
each are selected by the “L” level or the “H” level being
applied to the drain-side select gates SGDO to SGD3. The
levels shown in FIG. 34A are applied to the source-side
select gates SGSO0 to SGS3. When the “L” voltage is applied
to the select gate, the transistor of the depletion type is set
to ON and the transistor of the enhancement type is set to
OFF; and when the “H” voltage is applied to the select gate,
the transistors of the depletion type and the enhancement
type each are set to ON; thereby, one string unit is selected.
[0352] Similarly to the embodiments described above, for
example, the thresholds of the select transistors are preset to
the enhancement type or the depletion type by the erase
operation and/or the program operation for the select tran-
sistors when testing in the die sorting or the like before
shipping. The selection of the string units SU0 to SUS when
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programming is performed by the drain-side select gates
SGDTO0 to SGDTS5 divided by the separation portion 62a.
[0353] When used by the user, one string unit is selected
by applying, to the drain-side select gates SGDTO0 to
SGDTS, prescribed voltages that set the drain-side select
transistors having the drain-side select gates SGDTO0 to
SGDTS as control gates to ON, and by applying prescribed
voltages to the drain-side select gates SGDO0 to SGD3.
[0354] Because the drain-side select gates SGDT1 to
SGDT4 are not adjacent to the slit ST, the time constant may
increase and the access time may be delayed. However,
because the select operations that use the drain-side select
gates SGDT1 to SGDT4 are only when programming when
die sorting to set the transistors having the drain-side select
gates SGDO to SGD3 as control gates to the enhancement
type, the access time is not a problem.

[0355] Normally, when used by the user, the drain-side
select gates SGDTO0 to SGDTS5 are constantly ON; and one
string unit is selected by the drain-side select gates SGDO to
SGD3; therefore, high-speed access is possible.

[0356] FIG. 29 and FIG. 30 are circuit diagrams of a
semiconductor memory device of a fourth embodiment.
[0357] FIG. 31 is a schematic cross-sectional view of the
semiconductor memory device of the fourth embodiment.
[0358] FIG. 34C is a table illustrating potential controls of
the drain-side select gates SGDO0 to SGD3 of the semicon-
ductor memory device shown in FIG. 29 to FIG. 31.
[0359] Other than using one layer of the source-side select
gates SGS on the source side, the fourth embodiment is the
same as the third embodiment recited above.

[0360] The string unit SUO includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD1 as a control gate, a drain-side select transistor of the
enhancement type having the drain-side select gate SGD2 as
a control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0361] The string unit SU1 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO0 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD2 as a control gate, and a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD3 as a control gate.

[0362] The string unit SU2 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, a drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD2 as a control gate, and a drain-side select tran-
sistor of the enhancement type having the drain-side select
gate SGD3 as a control gate.

[0363] The string unit SU3 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO as a control gate, a drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, a drain-side select
transistor of the enhancement type having the drain-side
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select gate SGD2 as a control gate, and a drain-side select
transistor of the depletion type having the drain-side select
gate SGD3 as a control gate.

[0364] The string units SUO to SU3 each are selected by
the “L” level or the “H” level being applied to the select
gates as shown in FIG. 34C.

[0365] Similarly to the embodiments described above, for
example, the thresholds of the select transistors are preset to
the enhancement type or the depletion type by the erase
operation and/or the program operation for the select tran-
sistors when testing in the die sorting or the like before
shipping.

[0366] The selection of the string units SU0 to SU3 when
programming is performed by the drain-side select gates
SGDTO0, SGDT1, SGDT2, and SGDT3 divided by the
separation portion 62a.

[0367] When used by the user, one string unit is selected
by applying, to the drain-side select gates SGDT0, SGDT1,
SGDT2, and SGDT3, prescribed voltages that set the drain-
side select transistors having the drain-side select gates
SGDT0, SGDT1, SGDT2, and SGDT3 as control gates to
ON, and by applying prescribed voltages to the drain-side
select gates SGDO to SGD3.

[0368] Because the drain-side select gates SGDT1 and
SGDT?2 are not adjacent to the slit ST, the time constant may
increase and the access time may be delayed. However,
because the select operations that use the drain-side select
gates SGDT1 and SGDT2 are only when programming
when die sorting to set the transistors having the drain-side
select gates SGDO to SGD3 as control gates to the enhance-
ment type, the access time is not a problem.

[0369] Normally, when used by the user, the drain-side
select gates SGDTO0, SGDT1, SGDT2, and SGDT3 are
constantly ON; and one string unit is selected by the
drain-side select gates SGDO to SGD3; therefore, high-
speed access is possible.

[0370] FIG. 32 is a circuit diagram of another example of
the semiconductor memory device of the fourth embodi-
ment.

[0371] FIG. 33 is a schematic cross-sectional view of the
other example of the semiconductor memory device of the
fourth embodiment.

[0372] FIG. 34D is a table illustrating the potential con-
trols of the drain-side select gates SGD0 to SGD3 of the
semiconductor memory device shown in FIG. 32 and FIG.
33.

[0373] The string unit SUO includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the depletion type having the drain-side select gate SGD1 as
a control gate, a drain-side select transistor of the enhance-
ment type having the drain-side select gate SGD2 as a
control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0374] The string unit SU1 includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD1 as a control gate, a drain-side select transistor of the
depletion type having the drain-side select gate SGD2 as a
control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.
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[0375] The string unit SU2 includes a drain-side select
transistor of the depletion type having the drain-side select
gate SGDO as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD1 as a control gate, a drain-side select transistor of the
enhancement type having the drain-side select gate SGD2 as
a control gate, and a drain-side select transistor of the
depletion type having the drain-side select gate SGD3 as a
control gate.

[0376] The string unit SU3 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO0 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, a drain-side select transistor of
the depletion type having the drain-side select gate SGD2 as
a control gate, and a drain-side select transistor of the
enhancement type having the drain-side select gate SGD3 as
a control gate.

[0377] The string unit SU4 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO0 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD1 as a control gate, a drain-side select transistor of
the enhancement type having the drain-side select gate
SGD2 as a control gate, and a drain-side select transistor of
the depletion type having the drain-side select gate SGD3 as
a control gate.

[0378] The string unit SU5 includes a drain-side select
transistor of the enhancement type having the drain-side
select gate SGDO0 as a control gate, a drain-side select
transistor of the enhancement type having the drain-side
select gate SGD1 as a control gate, a drain-side select
transistor of the depletion type having the drain-side select
gate SGD2 as a control gate, and a drain-side select tran-
sistor of the depletion type having the drain-side select gate
SGD3 as a control gate.

[0379] The “L” level or the “H” level is applied to the
drain-side select gates SGDO0 to SGD3 as shown in FIG. 34D
for the string units SU0 to SUS5. When the “L” voltage is
applied to the select gate, the transistor of the depletion type
is set to ON and the transistor of the enhancement type is set
to OFF; and when the “H” voltage is applied to the select
gate, the transistors of the depletion type and the enhance-
ment type each are set to ON; thereby, one string unit is
selected.

[0380] Similarly to the embodiments described above, for
example, the thresholds of the select transistors are preset to
the enhancement type or the depletion type by the erase
operation and/or the program operation for the select tran-
sistors when testing in the die sorting or the like before
shipping. The selection of the string units SU0 to SUS when
programming is performed by the drain-side select gates
SGDTO0 to SGDTS5 divided by the separation portion 62a.
[0381] When used by the user, one string unit is selected
by applying, to the drain-side select gates SGDTO0 to
SGDTS, prescribed voltages that set the drain-side select
transistors having the drain-side select gates SGDTO0 to
SGDTS5 as control gates ON and by applying prescribed
voltages to the drain-side select gates SGDO to SGD3.
[0382] Because the drain-side select gates SGDT1 to
SGDT4 are not adjacent to the slit ST, the time constant may
increase and the access time may be delayed. However,
because the select operations that use the drain-side select
gates SGDT1 to SGDT4 are only when programming when
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die sorting to set the transistors having the drain-side select
gates SGDO to SGD3 as control gates to the enhancement
type, the access time is not a problem.

[0383] Normally, when used by the user, the drain-side
select gates SGDTO0 to SGDT5 are constantly ON; and one
string unit is selected by the drain-side select gates SGDO to
SGD3; therefore, high-speed access is possible.

[0384] In the third and fourth embodiments, it is also
possible to easily set the drain-side select transistors having
the drain-side select gates SGDTO0 to SGDT5 as control
gates to be constantly ON when used by the user by setting
the thresholds to be low by performing the erase operation
after the programming that sets the drain-side select tran-
sistors to the enhancement type in the die sort test.

[0385] Normally, when used by the user, for example, it is
also possible to apply an internal power supply voltage to the
drain-side select gates SGDT0 to SGDTS5 because the drain-
side select transistors having the drain-side select gates
SGDTO0 to SGDTS as control gates are constantly set to ON.
[0386] The dummy gate SGDD may be provided between
the drain-side select gate SGDO0 and the drain-side select
gates SGDTO to SGDT5. A dummy gate may be provided
between the drain-side select gate SGD3 and the word lines
WL. A dummy gate may be provided between the source-
side select gate SGS0 and the word lines WL. The dummy
gate SGDD may be provided between the source-side select
gate SGSB and the source-side select gate SGS3.

[0387] A fifth embodiment will now be described.
[0388] FIG. 35A is a drawing illustrating the threshold of
the memory cell and the allotment of the data in the case
where one bit of data is stored in one memory cell.

[0389] FIG. 35B is the waveform diagram of the word line
when reading.

[0390] The threshold of the memory cell is set to “Z” by
the erase operation and “A” by the program operation.
[0391] When reading, the cell is set to ON when the
voltage “AR” is applied to the word line linked to the gate
of the memory cell and when the threshold of the memory
cell is “Z;” therefore, the level of the bit line linked to the
memory cell is set to the “L” level and is read as the “1”
datum.

[0392] On the other hand, the cell is set to OFF when the
threshold of the memory cell is “A;” therefore, the level of
the bit line linked to the memory cell is set to the “H” level
and is read as the “0” datum.

[0393] FIG. 36A is a drawing illustrating the threshold of
the memory cell and the allotment of the data in the case
where two bits of data are stored in one memory cell.
[0394] FIGS. 36B and 36C are waveform diagrams of the
word line when reading in the case where the two bits are
stored in the one memory cell.

[0395] By the erase operation, the threshold of the
memory cell is set to “Z.” When programming, the memory
cell is programmed to the thresholds of “A,” “B,” and “C”
using the two bits of data of the Lower Page and the Upper
Page.

[0396] When reading the Upper Page, the cell is set to ON
when the voltage “BR” is applied to the word line linked to
the gate of the memory cell and when the threshold of the
memory cell is “Z” or “A;” therefore, the level of the bit line
linked to the memory cell is set to the “L.” level and is read
as the “1” datum.

[0397] On the other hand, the cell is set to OFF when the
threshold of the memory cell is “B” or “C;” therefore, the
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level of the bit line linked to the memory cell is set to the
“H” level and is read as the “0” datum.

[0398] Therefore, the Upper Page can be read by one read
operation.
[0399] However, when reading the Lower Page, it is

necessary to perform the read operation twice by applying
the voltages “AR” and “CR” to the word line linked to the
gate of the memory cell. Then, when the threshold of the
memory cell is “Z” or “C,” the level is read as the “1” datum;
and when the threshold of the memory cell is “A” or “B,” the
level is read as the “0” datum.

[0400] Accordingly, multiple levels must be read when
reading multi-bit memory that stores multiple bits in one
memory cell; and there may be a risk that the read time is
undesirably long.

[0401] According to a fifth embodiment described below,
by storing one datum by sharing in multiple memory cells,
it is possible to reduce the number of reads even in the case
where multiple bits are stored in the memory cells.

[0402] FIG. 37 to FIG. 39B illustrate an example in which
three values (first to third states) are set in one memory cell;
and three bits are stored in two cells.

[0403] The read operation can be performed once; and the
number of reads is the same as the case where one bit of data
is stored in one memory cell as shown in FIGS. 35A and
35B.

[0404] FIG. 37 is a schematic view showing the chip
configuration of the semiconductor memory device of the
fifth embodiment.

[0405] The chip (the semiconductor memory device)
includes multiple memory cell arrays. In the example shown
in FIG. 37, the chip includes a first memory cell array 1a and
a second memory cell array 1b. For example, the first
memory cell array 1a and the second memory cell array 16
can be configured similarly to the memory cell array 1
described above shown in FIG. 2.

[0406] The first memory cell array la and the second
memory cell array 15 each include the multiple memory
cells MC. The channels (the semiconductor bodies) of the
memory cells MC are connected to the bit lines BL; and the
gates of the memory cells MC are connected to the word
lines WL. It is possible to simultaneously apply a voltage to
the word line WL of the cell array so that the voltages are
different between the memory cell arrays 1a and 1b.
[0407] For example, 1 kB to 16 kB of memory cells MC
are linked to one word line WL; and the reading of these
memory cells MC is performed simultaneously. The data
that is read is retained in multiple S/A Data Latches; and the
data of the S/A Data Latches is output outside the chip via
a logic circuit (an arithmetic circuit) 91 and an input/output
circuit 92.

[0408] FIG. 38A is a drawing showing the relationship of
the thresholds of the memory cell of the fifth embodiment.
[0409] The threshold of the memory cell is set to “Z” by
the erase operation.

[0410] FIGS. 38B and 38C are drawings showing the
voltage of the word line linked to the gate of the memory cell
when reading in the fifth embodiment.

[0411] When reading the Lower Page, the read level (the
read voltage) of the first memory cell array is “AR” and the
read level of the second memory cell array is “AR;” when
reading the Middle Page, the read level of the first memory
cell array is “AR” and the read level of the second memory
cell array is “BR;” when reading the Upper Page, the read
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level of the first memory cell array is “BR” and the read level
of the second memory cell array is “AR;” and the datum
(“L” or “H”) of one word line read from the memory cell
array is retained in the S/A Data Latches.

[0412] FIG. 39A is a figure showing the relationship
between the memory cells and the data that is read in the fifth
embodiment.

[0413] FIG. 39B is a figure showing the definition of the
data that is read.

[0414] In the Lower Page, in the case where the threshold
of the first memory cell is “Z” and the threshold of the
second memory cell is “Z,” the read level of the first memory
cell array is “AR;” therefore, the cell is set to ON and the bit
line is set to the “L.” level. The read level of the second
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. In the case where the
data of the first memory cell array and the second memory
cell array respectively is “L” and “L,” the read data is set to
“»

[0415] In the Middle Page, the read level of the first
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “BR;” therefore, the cell is set
to ON; and the bit line is set to the “L” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “L,” the read data
is set to “1.”

[0416] In the Upper Page, the read level of the first
memory cell array is “BR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to ON; and the bit line is set to the “L” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “L,” the read data
is set to “1.”

[0417] Inthe Lower Page, in the case where the threshold
of the first memory cell is “Z” and the threshold of the
second memory cell is “A,” the read level of the first
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to OFF; and the bit line is set to the “H” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L” and “H,” the read data
is set to “1.”

[0418] In the Middle Page, the read level of the first
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “BR;” therefore, the cell is set
to ON; and the bit line is set to the “L” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “L,” the read data
is set to “1.”

[0419] In the Upper Page, the read level of the first
memory cell array is “BR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to OFF; and the bit line is set to the “H” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “H,” the read data
is set to “0.”

[0420] In the Lower Page, in the case where the threshold
of the first memory cell is “Z” and the threshold of the
second memory cell is “B,” the read level of the first
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memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to OFF; and the bit line is set to the “H” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “H,” the read data
is set to “1.”

[0421] In the Middle Page, the read level of the first
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “BR;” therefore, the cell is set
to OFF; and the bit line is set to the “H” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L” and “H,” the read data
is set to “0.”

[0422] In the Upper Page, the read level of the first
memory cell array is “BR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to OFF; and the bit line is set to the “H” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L”” and “H,” the read data
is set to “0.”

[0423] In the Lower Page, in the case where the threshold
of the first memory cell is “A” and the threshold of the
second memory cell is “Z,” the read level of the first memory
cell array is “AR;” therefore, the cell is set to OFF; and the
bit line is set to the “H” level. The read level of the second
memory cell array is “AR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. In the case where the
data of the first memory cell array and the second memory
cell array respectively is “H” and “L,” the read data is set to
«) »

[0424] In the Middle Page, the read level of the first
memory cell array is “AR;” therefore, the cell is set to OFF;
and the bit line is set to the “H” level. The read level of the
second memory cell array is “BR;” therefore, the cell is set
to ON; and the bit line is set to the “L” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “H” and “L,” the read data
is set to “0.”

[0425] In the Upper Page, the read level of the first
memory cell array is “BR;” therefore, the cell is set to ON;
and the bit line is set to the “L” level. The read level of the
second memory cell array is “AR;” therefore, the cell is set
to ON; and the bit line is set to the “L” level. In the case
where the data of the first memory cell array and the second
memory cell array respectively is “L” and “L,” the read data
is set to “1.”

[0426] Similarly thereafter, the data that is read is deter-
mined according to the thresholds of the first memory cell
and the second memory cell as shown in FIG. 39A.
[0427] In the read operation, first, when the read operation
command and address are input from the outside, one of the
Lower Page, the Middle Page, or the Upper Page is deter-
mined according to the address; one word line WL of the
first memory cell array la and one word line WL of the
second memory cell array 15 shown in FIG. 37 are selected;
and the word lines WL are respectively set to the prescribed
voltages shown in FIGS. 38B and 38C. Then, the data of the
memory cells MC linked to the word lines WL is read via the
bit lines BL; and the datum of “L” or “H” is retained
respectively in the S/A Data Latches of the first memory cell
array la and the second memory cell array 1.
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[0428] Subsequently, based on an output command from
the outside, one set (e.g., the data output unit of 8 bits or 16
bits) of the S/A Data Latches is selected for each of the
arrays 1a and 15; the datum (“L” or “H”) is input to the logic
circuit (the select arithmetic circuit) 91; and the “1” or “0”
datum is determined according to the definition of FIG. 39B
and output outside the chip via the input/output circuit 92.
[0429] On the other hand, in the program operation, first,
the data of the Lower Page is input and retained in the S/A
Data Latches of the first memory cell array la and the
second memory cell array 15 via the input/output circuit 92
and the logic circuit 91. At this time, the same data is
retained in the S/A Data Latches of the first memory cell
array la and the second memory cell array 164.

[0430] Subsequently, similarly to the Lower Page, the data
of the Middle Page and the Upper Page is transmitted to the
S/A Data Latches of the first memory cell array 1a and the
second memory cell array 15. At this time, the same data is
retained in the S/A Data Latches of the first memory cell
array la and the second memory cell array 1.

[0431] Subsequently, after the input of a program com-
mand, the data that is retained in the S/A Data Latches is
converted to the data inside the S/A Data Latches for Inhibit,
for programming to the “A” level, and for programming to
the “B” level for each of the first memory cell array 1a and
the second memory cell array 15 according to the table
shown in FIG. 40 and is programmed as the prescribed
threshold of the memory cell.

[0432] Inthe case where the data input from the outside is
Lower Page “1,” Middle Page “0,” and Upper Page “0,” the
data to the S/A Data Latches is set as follows. Programming
is performed to set the first memory cell array to “Inhibit”
(Z) and the second memory cell array to “B.” Or, program-
ming is performed to set the first memory cell array to “B”
and the second memory cell array to “Inhibit” (Z). In the
case where the number of cells for which the programming
is not completed is counted partway through the program-
ming, the data is set for predetermined halves of the multiple
S/A Data Latches so that the data can be halved.

[0433] A modification of the fifth embodiment will now be
described with reference to FIG. 41A to FIG. 43.

[0434] FIGS. 41A and 41B are drawings showing the
voltage of the word line linked to the gate of the memory cell
when reading in the modification.

[0435] When reading the Lower Page, the read level of the
first memory cell array is set to “AR” and the read level of
the second memory cell array is set to “BR;” when reading
the Middle Page, the read level of the first memory cell array
is set to “BR” and the read level of the second memory cell
array is set to “AR;” and when reading the Upper Page, the
read level of the first memory cell array is set to “BR” and
the read level of the second memory cell array is set to “BR.”
[0436] FIG. 42A is a figure illustrating the relationship
between the memory cells and the data that is read in the
modification.

[0437] FIG. 42B is a figure showing the definition of the
data that is read.

[0438] After the input of the program command, the data
that is retained in the S/A Data Latches is converted to the
data of the S/A Data Latches for Inhibit, for programming to
the “A” level, and for programming to the “B” level for each
of the first memory cell array and the second memory cell
array according to the table shown in FIG. 43 and is
programmed as the prescribed threshold of the memory cell.
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[0439] In the case where the data input from the outside is
Lower Page “0,” Middle Page “0,” and Upper Page “0,” the
data to the S/A Data Latches is set as follows. Programming
is performed to set the first memory cell array to “Inhibit”
(Z) and the second memory cell array to “B.” Or, program-
ming is performed to set the first memory cell array to “B”
and the second memory cell array to “Inhibit” (Z). In the
case where the number of cells for which the programming
is not completed is counted partway through the program-
ming, the data is set for predetermined halves of the multiple
S/A Data Latches so that the data can be halved.

[0440] According to the fifth embodiment, by applying the
prescribed voltages to the word lines for each of multiple
memory cell arrays, even in the case where multiple bits are
stored in one memory cell, it is possible to set the number
of reads to one read operation; and a read operation is
possible in which the number of reads is the same as the case
where one bit of data is stored in one memory cell.

[0441] According to the fifth embodiment, two memory
cell arrays are included; word lines are linked to the gates of
the memory cells of each array; voltages that are different
between the arrays are applied to the word lines; and three
bits are stored in one memory; but there may be three or
more memory cell arrays. Also, four or more bits may be
stored by providing four, five, or more thresholds of the
memory cell in one memory cell.

[0442] Although according to the fifth embodiment two
memory cell arrays are used as one set and three bits are
stored in two cells, for example, the eight physical memory
cell arrays shown in FIG. 44 may be used as one set; and the
data may be stored in the memory cells of each set.
[0443] FIG. 45 is a circuit diagram of another example of
the semiconductor memory device of the first embodiment;
[0444] FIG. 46 is a schematic cross-sectional view of the
semiconductor memory device shown in FIG. 45 of the first
embodiment; and FIG. 47A is a schematic plan view of the
layer of the one block 200 where the drain-side select gates
SGD0, SDG1, SDG2, and SGD3 are provided.

[0445] FIG. 47B is a schematic plan view of the layer of
the one block 200 where the word line WL is provided.
[0446] As shown in FIG. 46 and FIG. 47A, the separation
portions 62a divide the one drain-side select gate layer into
the first drain-side select gate SGDO, the second drain-side
select gate SGD1, the third drain-side select gate SGD2, and
the fourth drain-side select gate SGD3.

[0447] As shown in FIG. 45, the first drain-side select gate
SGDO is connected to the drive circuit DRV0. The second
drain-side select gate SGD1 is connected to the drive circuit
DRV1. The third drain-side select gate SGD?2 is connected
to the drive circuit DRV2. The fourth drain-side select gate
SGD3 is connected to the drive circuit DRV3.

[0448] The second drain-side select gate SGD1 is con-
nected to the two drive circuits DRV1 from both sides of the
word line WL. The second drain-side select gate SGD1 is
driven from both sides of the word line WL. The third
drain-side select gate SGD2 is connected to the two drive
circuits DRV2 from both sides of the word line WL. The
third drain-side select gate SGD2 is driven from both sides
of the word line WL.

[0449] Accordingly, even if the resistance of the drain-side
select gate SGD1, SGD2 is high, the rise time of the
drain-side select gate SGD1, SGD2 is not delayed as com-
pared with the rise time of the other drain-side select gate
SGDO, SGD3.
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[0450] The word line WL, the drain-side select gate
SGDO, and the drain-side select gate SGD3 are driven from
one side. The drain-side select gate SGD1 and the drain-side
select gate SGD2 are driven from both sides of the word line
WL.

[0451] When the first string unit SUQ is selected, the first
drain-side select transistor having the first drain-side select
gate SGDO is set to ON. The other drain-side select tran-
sistors each having the second drain-side select gate SGD1,
the third drain-side select gate SGD2 and the fourth drain-
side select gate SGD3 are set to OFF.

[0452] When the second string unit SU1 is selected, the
second drain-side select transistor having the second drain-
side select gate SGD1 is set to ON. The other drain-side
select transistors each having the first drain-side select gate
SGDO, the third drain-side select gate SGD2 and the fourth
drain-side select gate SGD3 are set to OFF.

[0453] When the third string unit SU2 is selected, the third
drain-side select transistor having the third drain-side select
gate SGD2 is set to ON. The other drain-side select tran-
sistors each having the first drain-side select gate SGDO, the
second drain-side select gate SGD3 and the fourth drain-side
select gate SGD3 are set to OFF.

[0454] When the fourth string unit SU3 is selected, the
fourth drain-side select transistor having the fourth drain-
side select gate SGD3 is set to ON. The other drain-side
select transistors each having the first drain-side select gate
SGDO, the second drain-side select gate SGD3 and the third
drain-side select gate SGD2 are set to OFF.

[0455] Although the two drain-side select gates SGD0 and
SGD3 are each driven by the one drive circuit from the one
side in the above embodiment, one drain-side select gate or
any plurality of drain-side select gates may be driven by the
one drive circuit from the one side.

[0456] Although the two drain-side select gates SGD1 and
SGD2 are each driven by the two drive circuits from the both
sides in the above embodiment, one drain-side select gate or
any plurality of drain-side select gates may be driven by the
two drive circuits from the both sides.

[0457] In the embodiments described above, the stacked
body 100 that includes the multiple conductive layers 70 and
the multiple insulating layers 72 may be formed by alter-
nately stacking the conductive layers 70 and the insulating
layers 72 without forming the sacrificial layers 71. Also, in
the embodiments described above, a dummy word line may
be provided between the drain-side select gate and the word
lines and/or between the source-side select gate and the
word lines. A prescribed voltage is applied to the dummy
word line in the read, program, and erase operations. Also,
dummy cells may be preset to a prescribed threshold by an
erase operation and a program operation.

[0458] The semiconductor memory device according to
the embodiment may include the following configuration.

Note 1

[0459] A semiconductor memory device, comprising:
[0460] first to nth string units (n being a natural number of
3 or more), the first to nth string units each including a
memory string, the memory string including a plurality of
memory cells and a plurality of select transistors connected
in series in a first direction;

[0461] a plurality of layers of word lines stacked in the
first direction; and
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[0462] (n-1) layers of select gate layers stacked in the first
direction,
[0463] the (n-1) layers of select gate layers including first

to (2x(n-1))th select gates electrically isolated from each
other,

[0464] the first string unit being selected by the first to
(n-1)th select gates,

[0465] the kth string unit (k being not less than 1 and not
more than n) being selected by the kth to (n+k-2)th select
gates,

[0466] the nth string unit being selected by the nth to
(2x(n-1))th select gates.

Note 2

[0467] The device according to Note 1, wherein

[0468] a stacked body including the plurality of layers of

word lines and the (n-1) layers of select gate layers is
divided into a plurality of blocks in a second direction by a
first separation portion, the first separation portion piercing
the stacked body, and

[0469] the first to nth string units in one of the blocks are
arranged to be separated from each other in the second
direction.

Note 3
[0470] The device according to Note 2, wherein
[0471] one layer of the select gate layers inside the one

block is divided into two of the select gates by a second
separation portion between mutually-adjacent string units of
the string units,

[0472] the second separation portion divides the one layer
of the select gate layers and does not divide the other layers
of the select gate layers, and

[0473] positions in the second direction of the second
separation portions provided in different layers of the select
gate layers are shifted from each other.

Note 4

[0474] The device according to Note 2, wherein
[0475] the memory string includes:
[0476] a semiconductor body extending through the
stacked body in the first direction; and
[0477] a charge storage portion provided between the

semiconductor body and one of the word lines.

Note 5

[0478] A semiconductor memory device, comprising:
[0479] a first string unit and a second string unit, the first
string unit and the second string unit each including a
memory string, the memory string including a plurality of
memory cells and a plurality of select transistors connected
in series in a first direction;

[0480] a plurality of layers of word lines stacked in the
first direction, the plurality of layers of word lines being
provided commonly for the memory cells of the first string
unit and the memory cells of the second string unit; and
[0481] a first select gate and a second select gate stacked
in the first direction, the first select gate and the second select
gate being provided commonly for the select transistors of
the first string unit and the select transistors of the second
string unit,

[0482] the first string unit including a first select transistor
and a second select transistor, the first select transistor being
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of'a depletion type and being selected by the first select gate,
the second select transistor being of an enhancement type,
being selected by the second select gate, and being con-
nected in series to the first select transistor,

[0483] the second string unit including a third select
transistor and a fourth select transistor, the third select
transistor being of the enhancement type and being selected
by the first select gate, the fourth select transistor being of
the depletion type, being selected by the second select gate,
and being connected in series to the third select transistor.

Note 6

[0484] The device according to Note 5, wherein

[0485] a stacked body including the plurality of layers of
word lines, the first select gate, and the second select gate is
divided into a plurality of blocks in a second direction by a
separation portion, the separation portion piercing the
stacked body, and

[0486] the first string unit and the second string unit in one
of the blocks are arranged to be separated from each other
in the second direction.

Note 7

[0487] The device according to Note 6, wherein
[0488] the memory string includes:
[0489] a semiconductor body extending through the
stacked body in the first direction; and
[0490] a charge storage portion provided between the
semiconductor body and one of the word lines, between
the semiconductor body and the first select gate, and
between the semiconductor body and the second select
gate,
[0491] the first select transistor and the third select tran-
sistor are set to the depletion type by an erase operation for
the charge storage portion, and
[0492] the second select transistor and the fourth select
transistor are set to the enhancement type by a program
operation for the charge storage portion.

Note 8

[0493] The device according to Note 5, wherein

[0494] the first select transistor of the depletion type and
the second select transistor of the enhancement type are
connected in series in order from the memory cell side
between a source line and the memory cells of the first string
unit, and

[0495] the third select transistor of the enhancement type
and the fourth select transistor of the depletion type are
connected in series in order from the memory cell side
between the source line and the memory cells of the second
string unit.

Note 9

[0496] The device according to Note 8, wherein

[0497] when the first string unit is selected, the first select
transistor, the second select transistor, and the fourth select
transistor are set to ON and the third select transistor is set
to OFF, and

[0498] when the second string unit is selected, the first
select transistor, the third select transistor, and the fourth
select transistor are set to ON and the second select transistor
is set to OFF.
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Note 10
[0499] A semiconductor memory device, comprising:
[0500] first to nth string units (n being a natural number of

3 or more), the first to nth string units each including a
memory string, the memory string including a plurality of
memory cells and a plurality of select transistors connected
in series in a first direction;

[0501] a plurality of layers of word lines stacked in the
first direction; and

[0502] k layers of select gates (k being a natural number
of 3 or more) stacked in the first direction,

[0503] the memory strings each including a select transis-
tor of a depletion type and a select transistor of an enhance-
ment type connected in series to each other,

[0504] one string unit of the first to nth string units being
selected and the other string units of the first to nth string
units being unselected by setting the select gates connected
to the select transistors of the depletion type included in the
one string unit to a first level and by setting the select gates
connected to the select transistors of the enhancement type
included in the one string unit to a second level.

Note 11

[0505] The device according to Note 10, wherein the one
string unit is selected and the other string units are unse-
lected by setting h layers of the select gates of the k layers
of the select gates to the first level and by setting (k-h) layers
of the select gates of the k layers of the select gates to the
second level.

Note 12

[0506] The device according to Note 11, wherein n is a
number not more than k!/((k-h)!xh!).

Note 13

[0507] The device according to Note 10, wherein

[0508] a stacked body including the plurality of layers of
word lines and the k layers of the select gates is divided into
a plurality of blocks in a second direction by a separation
portion, the separation portion piercing the stacked body,
and

[0509] the first to nth string units in one of the blocks are
arranged to be separated from each other in the second
direction.

Note 14

[0510]
[0511]
[0512] a semiconductor body extending through the
stacked body in the first direction; and
[0513] a charge storage portion provided between the
semiconductor body and one of the word lines, and
between the semiconductor body and the first to nth
select gates,
[0514] the select transistors are set to the depletion type by
an erase operation for the charge storage portion, and
[0515] the select transistors are set to the enhancement
type by a program operation for the charge storage portion.

The device according to Note 13, wherein
the memory string includes:
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Note 15
[0516] The device according to Note 13, wherein

[0517] the stacked body includes four layers of the select
gates,
[0518] the first to fourth string units in one of the blocks

are arranged to be separated from each other in the second
direction,

[0519] the first string unit includes a first select transistor
of the depletion type, a second select transistor of the
enhancement type, a third select transistor of the enhance-
ment type, and a fourth select transistor of the enhancement
type connected in series in order from the memory cell side
between a source line and the memory cells of the first string
unit,

[0520] the second string unit includes a fifth select tran-
sistor of the enhancement type, a sixth select transistor of the
depletion type, a seventh select transistor of the enhance-
ment type, and an eighth select transistor of the enhancement
type connected in series in order from the memory cell side
between the source line and the memory cells of the second
string unit,

[0521] the third string unit includes a ninth select transis-
tor of the enhancement type, a tenth select transistor of the
enhancement type, an eleventh select transistor of the deple-
tion type, and a twelfth select transistor of the enhancement
type connected in series in order from the memory cell side
between the source line and the memory cells of the third
string unit, and

[0522] the fourth string unit includes a thirteenth select
transistor of the enhancement type, a fourteenth select
transistor of the enhancement type, a fifteenth select tran-
sistor of the enhancement type, and a sixteenth select
transistor of the depletion type connected in series in order
from the memory cell side between the source line and the
memory cells of the fourth string unit.

Note 16

[0523] The device according to Note 15, wherein

[0524] when the first string unit is selected, the first to
fourth, sixth to eighth, tenth to twelfth, and fourteenth to
sixteenth select transistors are set to ON and the other select
transistors are set to OFF,

[0525] when the second string unit is selected, the first,
third to ninth, eleventh to thirteenth, and fifteenth to six-
teenth select transistors are set to ON and the other select
transistors are set to OFF,

[0526] when the third string unit is selected, the first to
second, fourth to sixth, eighth to fourteenth, and sixteenth
select transistors are set to ON and the other select transis-
tors are set to OFF, and

[0527] when the fourth string unit is selected, the first to
third, fifth to seventh, ninth to eleventh, and thirteenth to
sixteenth select transistors are set to ON and the other select
transistors are set to OFF.

Note 17
[0528] The device according to Note 13, wherein

[0529] the stacked body includes four layers of the select
gates,
[0530] the first to sixth string units in one of the blocks are

arranged to be separated from each other in the second
direction,

[0531] the first string unit includes a first select transistor
of the depletion type, a second select transistor of the
depletion type, a third select transistor of the enhancement
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type, and a fourth select transistor of the enhancement type
connected in series in order from the memory cell side
between a source line and the memory cells of the first string
unit,

[0532] the second string unit includes a fifth select tran-
sistor of the depletion type, a sixth select transistor of the
enhancement type, a seventh select transistor of the deple-
tion type, and an eighth select transistor of the enhancement
type connected in series in order from the memory cell side
between the source line and the memory cells of the second
string unit,

[0533] the third string unit includes a ninth select transis-
tor of the depletion type, a tenth select transistor of the
enhancement type, an eleventh select transistor of the
enhancement type, and a twelfth select transistor of the
depletion type connected in series in order from the memory
cell side between the source line and the memory cells of the
third string unit,

[0534] the fourth string unit includes a thirteenth select
transistor of the enhancement type, a fourteenth select
transistor of the depletion type, a fifteenth select transistor of
the depletion type, and a sixteenth select transistor of the
enhancement type connected in series in order from the
memory cell side between the source line and the memory
cells of the fourth string unit,

[0535] the fifth string unit includes a seventeenth select
transistor of the enhancement type, an eighteenth select
transistor of the depletion type, a nineteenth select transistor
of the enhancement type, and a twentieth select transistor of
the depletion type connected in series in order from the
memory cell side between the source line and the memory
cells of the fifth string unit, and

[0536] the sixth string unit includes a twenty-first select
transistor of the enhancement type, a twenty-second select
transistor of the enhancement type, a twenty-third select
transistor of the depletion type, and a twenty-fourth select
transistor of the depletion type connected in series in order
from the memory cell side between the source line and the
memory cells of the sixth string unit.

Note 18
[0537] The device according to Note 17, wherein
[0538] when the first string unit is selected, the first to

fifth, seventh to ninth, eleventh to twelfth, fourteenth to
sixteenth, eighteenth to twentieth, and twenty-third to
twenty-fourth select transistors are set to ON and the other
select transistors are set to OFF,

[0539] when the second string unit is selected, the first to
second, fourth to tenth, twelfth, fourteenth to sixteenth,
eighteenth, twentieth, and twenty-second to twenty-fourth
select transistors are set to ON and the other select transis-
tors are set to OFF,

[0540] when the third string unit is selected, the first to
third, fifth to seventh, ninth to twelfth, fourteenth to fif-
teenth, eighteenth to twentieth, and twenty-second to
twenty-fourth select transistors are set to ON and the other
select transistors are set to OFF,

[0541] when the fourth string unit is selected, the first to
second, fourth to fifth, seventh to ninth, twelfth to eigh-
teenth, twentieth to twenty-first, and twenty-third to twenty-
fourth select transistors are set to ON and the other select
transistors are set to OFF,

[0542] when the fifth string unit is selected, the first to
third, fifth, seventh, ninth, eleventh to fifteenth, seventeenth
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to twenty-first, and twenty-third to twenty-fourth select
transistors are set to ON and the other select transistors are
set to OFF, and

[0543] when the sixth string unit is selected, the first to
second, fifth to seventh, ninth to tenth, twelfth to fifteenth,
seventeenth to eighteenth, and twentieth to twenty-fourth
select transistors are set to ON and the other select transis-
tors are set to OFF.

Note 19

[0544] A method for manufacturing the semiconductor
memory device according to Note 7,

[0545] the erase operation and the program operation
being performed before shipping.

Note 20

[0546] A method for manufacturing the semiconductor
memory device according to Note 14,

[0547] the erase operation and the program operation
being performed before shipping.

Note 21

[0548] A semiconductor memory device, comprising first
to nth memory cells (n being a natural number), the first to
nth memory cells each having a plurality of thresholds,
[0549] the first to nth memory cells being selected simul-
taneously in a read operation,

[0550] after the read operation, k pieces of read data (k
being n or less) being determined from n pieces of data read
from the first to nth memory cells.

Note 22

[0551] The device according to Note 21, wherein

[0552] the first to nth memory cells include a first state, a
second state, a third state, and an hth state (h being 3 or
more),

[0553] the first state and the second state are discriminated
by applying a first read voltage to gates of the first to nth
memory cells,

[0554] the second state and the third state are discrimi-
nated by applying a second read voltage to the gates of the
first to nth memory cells,

[0555] the (h—1)th state and the hth state are discriminated
by applying an (h-1)th read voltage to the gates of the first
to nth memory cells, and

[0556] a voltage of the first to (h—1)th read voltages is
applied to the first to nth memory cells in the read operation.

Note 23

[0557] A semiconductor memory device, comprising a
first memory cell and a second memory cell, the first
memory cell and the second memory cell each having a
plurality of thresholds,

[0558] the first memory cell and the second memory cell
being selected simultaneously in a read operation,

[0559] after the read operation, one piece of read data is
determined from first data read from the first memory cell
and second data read from the second memory cell.
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Note 24
[0560] The device according to Note 23, wherein
[0561] the first memory cell and the second memory cell

each include a first state, a second state, and a third state,
[0562] the first state and the second state are discriminated
by applying a first read voltage to a gate of the first memory
cell and a gate of the second memory cell,

[0563] the second state and the third state are discrimi-
nated by applying a second read voltage to the gate of the
first memory cell and the gate of the second memory cell,
[0564] the read operation is performed in a first read
operation by applying the first read voltage to the first
memory cell and applying the first read voltage to the second
memory cell,

[0565] the read operation is performed in a second read
operation by applying the first read voltage to the first
memory cell and applying the second read voltage to the
second memory cell, and

[0566] the read operation is performed in a third read
operation by applying the second read voltage to the first
memory cell and applying the first read voltage to the second
memory cell.

Note 25
[0567] A semiconductor memory device, comprising:
[0568] first to nth string units (n being a natural number of

3 or more), the first to nth string units each including a
memory string, the memory string including a plurality of
memory cells and a plurality of select transistors connected
in series in a first direction;

[0569] a plurality of layers of word lines stacked in the
first direction; and

[0570] one select gate layer stacked in the first direction,
[0571] the one select gate layer including first, second, and
nth select gates electrically isolated from each other,

[0572] the first string unit being selected by the first select
gates,
[0573] the kth string unit (k being not less than 1 and not

more than n) being selected by the kth select gates,

[0574] each ofh (h being not less than 1 and not more than
n) select gates of the first, second, and nth select gates is
connected to one drive circuit,

[0575] each ofi (i being not less than 1 and not more than
n) select gates of the first, second, and nth select gates is
connected to two drive circuits.

Note 26
[0576] The device according to Note 25, wherein
[0577] the plurality of layers of word lines and the one

select gate layer are divided into a plurality of blocks in a
second direction by a first separation portion, the first
separation portion piercing a stacked body including the
plurality of layers of word lines and the one select gate layer,
and

[0578] the first to nth string units in one of the blocks are
arranged to be separated from each other in the second
direction.

[0579] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
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the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modification as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. A semiconductor memory device, comprising:
first to nth string units (n being a natural number of 3 or
more), the first to nth string units each including a
memory string, the memory string including a plurality
of memory cells and a plurality of select transistors
connected in series in a first direction;
a plurality of layers of word lines stacked in the first
direction; and
(n-1) layers of select gate layers stacked in the first
direction,
the (n-1) layers of select gate layers including first to
(2x(n-1))th select gates electrically isolated from each
other,
the first string unit being selected by the first to (n—-1)th
select gates,
the kth string unit (k being not less than 1 and not more
than n) being selected by the kth to (n+k-2)th select
gates,
the nth string unit being selected by the nth to (2x(n-1))th
select gates.
2. The device according to claim 1, wherein
a stacked body including the plurality of layers of word
lines and the (n-1) layers of select gate layers is divided
into a plurality of blocks in a second direction by a first
separation portion, the first separation portion piercing
the stacked body, and
the first to nth string units in one of the blocks are
arranged to be separated from each other in the second
direction.
3. The device according to claim 2, wherein
one layer of the select gate layers inside the one block is
divided into two of the select gates by a second
separation portion between mutually-adjacent string
units of the string units,
the second separation portion divides the one layer of the
select gate layers and does not divide the other layers
of the select gate layers, and
positions in the second direction of the second separation
portions provided in different layers of the select gate
layers are shifted from each other.
4. The device according to claim 2, wherein
the memory string includes:
a semiconductor body extending through the stacked
body in the first direction; and
a charge storage portion provided between the semi-
conductor body and one of the word lines.
5. A semiconductor memory device, comprising:
first to nth string units (n being a natural number of 2 or
more), the first to nth string units each including a
memory string, the memory string including a plurality
of memory cells and a plurality of select transistors
connected in series in a first direction;
a plurality of layers of word lines stacked in the first
direction; and
k layers of select gates (k being a natural number of 2 or
more) stacked in the first direction,
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the memory strings each including a select transistor of a
depletion type and a select transistor of an enhancement
type connected in series to each other,

one string unit of the first to nth string units being selected
and the other string units of the first to nth string units
being unselected by setting the select gates connected
to the select transistors of the depletion type included in
the one string unit to a first level and by setting the
select gates connected to the select transistors of the
enhancement type included in the one string unit to a
second level.

6. The device according to claim 5, wherein the one string
unit is selected and the other string units are unselected by
setting h layers of the select gates of the k layers of the select
gates to the first level and by setting (k-h) layers of the select
gates of the k layers of the select gates to the second level.

7. The device according to claim 6, wherein n is a number
not more than k!/((k-h)!xh!).

8. The device according to claim 5, wherein
stacked body including the plurality of layers of word
lines and the k layers of the select gates is divided into
a plurality of blocks in a second direction by a sepa-
ration portion, the separation portion piercing the
stacked body, and
the first to nth string units in one of the blocks are

arranged to be separated from each other in the second

direction.
9. The device according to claim 8, wherein
the memory string includes:

a semiconductor body extending through the stacked

body in the first direction; and

a charge storage portion provided between the semi-
conductor body and one of the word lines, and
between the semiconductor body and the first to nth
select gates,

the select transistors are set to the depletion type by an
erase operation for the charge storage portion, and

the select transistors are set to the enhancement type by a
program operation for the charge storage portion.

10. The device according to claim 8, wherein

the stacked body includes four layers of the select gates,

the first to fourth string units in one of the blocks are
arranged to be separated from each other in the second
direction,

the first string unit includes a first select transistor of the
depletion type, a second select transistor of the
enhancement type, a third select transistor of the
enhancement type, and a fourth select transistor of the
enhancement type connected in series in order from the
memory cell side between a source line and the
memory cells of the first string unit,

the second string unit includes a fifth select transistor of
the enhancement type, a sixth select transistor of the
depletion type, a seventh select transistor of the
enhancement type, and an eighth select transistor of the
enhancement type connected in series in order from the
memory cell side between the source line and the
memory cells of the second string unit,

the third string unit includes a ninth select transistor of the
enhancement type, a tenth select transistor of the
enhancement type, an eleventh select transistor of the
depletion type, and a twelfth select transistor of the
enhancement type connected in series in order from the
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memory cell side between the source line and the
memory cells of the third string unit, and

the fourth string unit includes a thirteenth select transistor
of the enhancement type, a fourteenth select transistor
of the enhancement type, a fifteenth select transistor of
the enhancement type, and a sixteenth select transistor
of the depletion type connected in series in order from
the memory cell side between the source line and the
memory cells of the fourth string unit.

11. The device according to claim 10, wherein

when the first string unit is selected, the first to fourth,
sixth to eighth, tenth to twelfth, and fourteenth to
sixteenth select transistors are set to ON and the other
select transistors are set to OFF,

when the second string unit is selected, the first, third to
ninth, eleventh to thirteenth, and fifteenth to sixteenth
select transistors are set to ON and the other select
transistors are set to OFF,

when the third string unit is selected, the first to second,
fourth to sixth, eighth to fourteenth, and sixteenth select
transistors are set to ON and the other select transistors
are set to OFF, and

when the fourth string unit is selected, the first to third,
fifth to seventh, ninth to eleventh, and thirteenth to
sixteenth select transistors are set to ON and the other
select transistors are set to OFF.

12. The device according to claim 8, wherein

the stacked body includes four layers of the select gates,

the first to sixth string units in one of the blocks are
arranged to be separated from each other in the second
direction,

the first string unit includes a first select transistor of the
depletion type, a second select transistor of the deple-
tion type, a third select transistor of the enhancement
type, and a fourth select transistor of the enhancement
type connected in series in order from the memory cell
side between a source line and the memory cells of the
first string unit,

the second string unit includes a fifth select transistor of
the depletion type, a sixth select transistor of the
enhancement type, a seventh select transistor of the
depletion type, and an eighth select transistor of the
enhancement type connected in series in order from the
memory cell side between the source line and the
memory cells of the second string unit,

the third string unit includes a ninth select transistor of the
depletion type, a tenth select transistor of the enhance-
ment type, an eleventh select transistor of the enhance-
ment type, and a twelfth select transistor of the deple-
tion type connected in series in order from the memory
cell side between the source line and the memory cells
of the third string unit,

the fourth string unit includes a thirteenth select transistor
of the enhancement type, a fourteenth select transistor
of the depletion type, a fifteenth select transistor of the
depletion type, and a sixteenth select transistor of the
enhancement type connected in series in order from the
memory cell side between the source line and the
memory cells of the fourth string unit,

the fifth string unit includes a seventeenth select transistor
of the enhancement type, an eighteenth select transistor
of the depletion type, a nineteenth select transistor of
the enhancement type, and a twentieth select transistor
of the depletion type connected in series in order from
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the memory cell side between the source line and the
memory cells of the fifth string unit, and

the sixth string unit includes a twenty-first select transistor
of the enhancement type, a twenty-second select tran-
sistor of the enhancement type, a twenty-third select
transistor of the depletion type, and a twenty-fourth
select transistor of the depletion type connected in
series in order from the memory cell side between the
source line and the memory cells of the sixth string
unit.

13. The device according to claim 12, wherein

when the first string unit is selected, the first to fifth,
seventh to ninth, eleventh to twelfth, fourteenth to
sixteenth, eighteenth to twentieth, and twenty-third to
twenty-fourth select transistors are set to ON and the
other select transistors are set to OFF,

when the second string unit is selected, the first to second,
fourth to tenth, twelfth, fourteenth to sixteenth, eigh-
teenth, twentieth, and twenty-second to twenty-fourth
select transistors are set to ON and the other select
transistors are set to OFF,

when the third string unit is selected, the first to third, fifth
to seventh, ninth to twelfth, fourteenth to fifteenth,
eighteenth to twentieth, and twenty-second to twenty-
fourth select transistors are set to ON and the other
select transistors are set to OFF,

when the fourth string unit is selected, the first to second,
fourth to fifth, seventh to ninth, twelfth to eighteenth,
twentieth to twenty-first, and twenty-third to twenty-
fourth select transistors are set to ON and the other
select transistors are set to OFF,

when the fifth string unit is selected, the first to third, fifth,
seventh, ninth, eleventh to fifteenth, seventeenth to
twenty-first, and twenty-third to twenty-fourth select
transistors are set to ON and the other select transistors
are set to OFF, and

when the sixth string unit is selected, the first to second,
fifth to seventh, ninth to tenth, twelfth to fifteenth,
seventeenth to eighteenth, and twentieth to twenty-
fourth select transistors are set to ON and the other
select transistors are set to OFF.
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14. The device according to claim 8, wherein

the stacked body includes two layers of the select gates,

the first to second string units in one of the blocks are

arranged to be separated from each other in the second
direction,

the first string unit includes a first select transistor of the

depletion type, and a second select transistor of the
enhancement type connected in series in order from the
memory cell side between a source line and the
memory cells of the first string unit, and

the second string unit includes a third select transistor of

the enhancement type, and a fourth select transistor of
the depletion type connected in series in order from the
memory cell side between the source line and the
memory cells of the second string unit.

15. A semiconductor memory device, comprising first to
nth memory cells (n being a natural number of 2 or more),
the first to nth memory cells each having a plurality of
thresholds,

the first to nth memory cells being selected simultane-

ously in a read operation,

after the read operation, k pieces of read data (k being n

or less) being determined from n pieces of data read
from the first to nth memory cells.
16. The device according to claim 15, wherein
the first to nth memory cells include a first state, a second
state, a third state, and an hth state (h being 3 or more),

the first state and the second state are discriminated by
applying a first read voltage to gates of the first to nth
memory cells,

the second state and the third state are discriminated by

applying a second read voltage to the gates of the first
to nth memory cells,

the (h-1)th state and the hth state are discriminated by

applying an (h-1)th read voltage to the gates of the first
to nth memory cells, and

a voltage of the first to (h-1)th read voltages is applied to

the first to nth memory cells in the read operation.

* % ok k%

Micron Ex. 1005, p. 74
Micron v. YMTC
IPR2024-00794





