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SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2008-191829, filed on Jul. 25, 2008; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to a semiconductor memory
device having a three-dimensional memory cell array struc-
ture in which columnar element rows are arranged at high
density in the electrode-stacked direction with respect to
stacked electrode films.

[0003] A conventional stacked memory technology has
many production steps per layer and is not suitable for
enlargement of capacity, by the structure in which layers are
stacked by repeating a step of forming a general plane
memory cell on a silicon substrate at times of the number of
the layers.

[0004] Accordingly, there is proposed a technique that
though a stacked structure in which gate electrode layers and
interlayer insular layers are alternately stacked, holes passing
from the uppermost layer to the lowermost layer are opened at
one time and that silicon containing impurities is buried in a
columnar shape and thereby enlargement of capacity is
achieved by high production efficiency (Patent document 1
(JP-A 2007-266143 (Kokai)).

[0005] In this case, the structure is that the gate electrode
layers cover the pillar of silicon by a certain interval, and a
charge trap layer for data storage is provided in the crossover
part between the gate electrode layer and the silicon pillar,
and thereby, the memory cell transistor is formed. However,
in forming a through-hole in the multilayer structure of the
electrode layers and the insulator layers at one time, the
diameter of the through-hole, namely, the diameter of the
silicon pillar buried into the hole tends to be narrower in the
lower part, and therefore, the problem that the characteristics
of'the memory transistor become different between the upper
layer side and the lower layer side is feared.

SUMMARY OF THE INVENTION

[0006] According to an aspect of the invention, there is
provided a semiconductor memory device including: a semi-
conductor substrate; a stacked body provided on the semicon-
ductor substrate and having a plurality of insulator layers and
a plurality of conductive layers alternately stacked; a semi-
conductor layer provided inside a through-hole formed so as
to pass through the stacked body and extending in a stacking
direction ofthe insulator layers and the conductive layers; and
a charge trap layer provided between the conductive layer and
the semiconductor layer, a lower part in the semiconductor
layer being narrower than an upper part therein, and at least
the lowermost layer in the conductive layers being thinner
than the uppermost layer therein.

[0007] According to another aspect of the invention, there
is provided a semiconductor memory device including: a
semiconductor substrate; and a plurality of memory cell units
stacked on the semiconductor substrate, the memory cell
units including: a stacked body having a plurality of insulator
layers and a plurality of conductive layers alternately stacked;
a semiconductor layer provided inside a through-hole formed
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to pass through the stacked body and extending in a stacking
direction of the insulator layers and the conductive layers; and
a charge trap layer provided between the conductive layer and
the semiconductor layer, a lower part in the semiconductor
layer being narrower than an upper part therein in each of the
memory cell units, and at least the lowermost layer in the
conductive layers being thinner than the uppermost layer
therein in each of the memory cell units.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic perspective view illustrating a
semiconductor memory device according to a first embodi-
ment of the invention;

[0009] FIG. 2 is a schematic sectional view of one (one row
of) memory string in the same semiconductor memory
device;

[0010] FIG. 3 is a schematic perspective view of the same
one memory string;

[0011] FIGS. 4A to 4C are schematic views illustrating a
method for manufacturing the semiconductor memory device
according to the first embodiment of the invention;

[0012] FIGS. 5A to 5C are schematic views showing pro-
cesses following FIG. 4C;

[0013] FIG. 6 is a schematic view showing a process fol-
lowing FIG. 5C;

[0014] FIG. 7 is a schematic view showing a process fol-
lowing FIG. 6;
[0015] FIG. 8 is a schematic view showing a process fol-
lowing FIG. 7,
[0016] FIG. 9 is a schematic view showing a process fol-
lowing FIG. 8;
[0017] FIG. 10 is a schematic view showing a process fol-
lowing FIG. 9;
[0018] FIG. 11 is a schematic view showing a modification

of the structure in FIG. 2;

[0019] FIG. 12 is a schematic view showing another modi-
fication of the structure in FIG. 2;

[0020] FIG. 13 is a schematic view showing still another
modification of the structure in FIG. 2;

[0021] FIG. 14 is a schematic perspective view illustrating
a semiconductor memory device according to a second
embodiment of the invention;

[0022] FIG. 15 is a principal cross-sectional view of the
structure in FIG. 14;

[0023] FIG. 16 is a circuit diagram of a memory string in
the semiconductor memory device according to the second
embodiment of the invention;

[0024] FIGS. 17A and 17B are schematic cross-sectional
views illustrating the semiconductor memory device accord-
ing to the second embodiment of the invention;

[0025] FIG. 18 is a schematic cross-sectional view illustrat-
ing a semiconductor memory device according to a third
embodiment of the invention;

[0026] FIG.191is a schematic view illustrating a method for
manufacturing the semiconductor memory device according
to the third embodiment of the invention;

[0027] FIG. 20 is a schematic view showing a process fol-
lowing FIG. 19;
[0028] FIG. 21 is a schematic view showing a process fol-

lowing FIG. 20; and
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[0029] FIG. 22 is a schematic view showing a process fol-
lowing FIG. 21.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Hereinafter, embodiments of the invention will be
described with reference to drawings.

First Embodiment

[0031] FIG.1is aschematic perspective view illustrating a
semiconductor memory device according to a first embodi-
ment of the invention.

[0032] FIG. 2 is a schematic cross-sectional view of one
(one row of) memory string in the same semiconductor
memory device.

[0033] FIG. 3 is a schematic perspective view of the same
one memory string.

[0034] In the FIGS. 1 and 3, for making the figures easily
viewable, only the conductive parts are shown, and the insu-
lator parts are not shown in the figures.

[0035] The semiconductor memory device according to
this embodiment has a structure in which semiconductor lay-
ers, insulator layers, conductive layers, wires, and so forth are
formed on a semiconductor substrate. In this embodiment,
silicon is exemplified as the semiconductor, but another semi-
conductor may be used.

[0036] As shownin FIG. 2, a cell source CS is provided on
a silicon substrate 11. The cell source CS is a silicon layer
made to have low resistance by, for example, introducing
impurities thereinto at a relatively high concentration. On the
cell source CS, an insulator layer 12 is provided, and thereon,
alower select-gate LSG is provided, and thereon, an insulator
layer 13 is provided. The insulator layers 12, 13 are, for
example, silicon oxide layers, and the lower select-gate L.SG
is, for example, an amorphous or polycrystalline silicon layer.
A stacked body ML1 is composed of the insulator layer 12
and the lower select-gate L.SG and the insulator layer 13.
[0037] On the stacked body ML1, a stacked body ML2 in
which a plurality of insulator layers 14 made of, for example,
silicon oxide and a plurality of conductive layers WL1 to
WL4 made of, for example, amorphous or polycrystalline
silicon are alternately stacked.

[0038] The conductive layers from WL1 to WL4 function
as word lines. The insulator layers 14 are provided above and
below the conductive layers WL1 to WL4 and therebetween,
and function as interlayer insulator layers insulating the con-
ductive layers WL1 to WL4 one another. Accordingly, when
the layer number of the conductive layers WL1 to WL4 isn (n
is a natural number), the layer number of the insulator layers
14 is (n+1). Although the layer number n of the conductive
layers WL1 to WL4 is optional, n is 4 in this embodiment.
[0039] An insulator layer 15 is provided on the stacked
body ML.2, and thereon an upper select-gate USG is provided,
and thereon an insulator layer 16 is provided. The insulator
layers 15, 16 are, for example, silicon oxide layers, and the
upper select-gate USG is, for example, a silicon layer. A
stacked body ML3 is composed of the insulator layer 15 and
the upper select-gate USG and the insulator layer 16.

[0040] Hereinafter, in this specification, for the conve-
nience of the description, an XYZ orthogonal coordinate
system(Cartesian coordinate system) is introduced. In this
coordinate system, two directions parallel to the upper sur-
face (main surface) of the silicon substrate 11 and orthogonal
to each other are X direction and Y direction, and the direction
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orthogonal to both of X direction and Y direction, namely, the
stacking direction of the insulator layers 14 and the conduc-
tive layers WL1 to WL4 is Z direction.

[0041] As shown in FIG. 1, the layer provided in a more
upper part of the conductive layers WL1 to WL4 has a shorter
length in the X direction. When viewed from above (+Z
direction), the conductive layers WL1 to WL4 broaden in
plate shapes inside the lower select-gate LSG and the cell
source CS that are provided in the part lower than the con-
ductive layers. Moreover, the upper select-gate USG is
located inside the uppermost conductive layer WL4. Accord-
ingly, the ends of the stacking body from the cell source CS to
the upper select-gate USG have a stepwise manner.

[0042] The stacked body ML 1, the stacked body MIL.2, and
the stacked body ML3 (hereinafter, genetically also referred
to as “stacking body ML”) are provided so as to be divided
into a plurality of blocks along the Y direction.

[0043] The upper select-gate USG is formed by one plate-
like conductive layer (for example, amorphous or polycrys-
talline silicon layer) segmented to the plural along the Y
direction, and is a conductive material having a plurality of
wire shapes extending in the X direction.

[0044] The conductive layers WL1 to WL4 and the lower
select-gate [.SG are plate-like conductive layers parallel to
the XY plane. Moreover, the cell source CS is one plate-like
conductive layer parallel to the XY plane so as to link the
plurality of blocks immediately below the stacked bodies
ML.

[0045] For the stacked body ML, a plurality of through-
holes extending through the entire stacked bodies ML in the
stacking direction (Z direction) are formed. The plurality of
through-holes are arranged, for example, in a matrix configu-
ration along the X direction and the Y direction, and the
arrangement period is constant in each of the X direction and
the Y direction.

[0046] Inside each ofthe though-holes, a silicon pillar SP is
buried as a columnar semiconductor layer. The silicon pillar
SP is formed from polycrystalline silicon or amorphous sili-
con that is doped with impurities or non-doped. The shape of
the silicon pillar SP is a columnar shape extending in the Z
direction, and for example, a circular cylindrical shape.
Moreover, the silicon pillar SP is provided over the entire
length of the stacking direction of the stacked bodies ML, and
the lower end thereof is connected to the cell source CS.
[0047] Moreover, on the stacked body ML3, an insulator
layer 18 is provided, and on the insulator layer 18, a plurality
of'bit lines BL extending in the Y direction are provided. The
bit lines BL. are formed from, for example, a metal material. In
this specification, “metal” includes alloys in addition to pure
metals.

[0048] Each of the bit lines BL is arranged so as to pass
immediately above each row of the silicon pillars SP arranged
along theY direction, and connected to the upper ends of the
silicon pillars SP through a via-hole 184 formed in the insu-
lator layer 18. That is, each row of the silicon pillars SP
extending in the Y direction is connected to the different bit
line BL.. Each of the silicon pillars SP is connected between
the bit line BL and the cell source CS.

[0049] Inthe -X direction side of the region in which the bit
lines BL are arranged, a plurality of upper select-gate lines
(USL) extending in the X direction are provided. The upper
select-gate line USL is formed from, for example, a metal
material. The number of the upper select-gate lines USL is the
same as the number of the upper select-gates USG.
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[0050] Inthe +X direction side of the region in which the bit
line BL are arranged, for each of blocks of the stacked bodies
ML, a plurality of word lines WLL extending in the X direc-
tion, one lower select-gate line LSL extending in the X direc-
tion, and one cell source line CSL extending in the X direction
are provided. The word lines WLL, the lower select-gate line
LSL, and the cell source line CSL are formed from, for
example, metal material.

[0051] The number of the word lines WLL corresponding
to one stacked body ML is the same as the number of the
conductive layers WL1 to WL4, and each of the word lines
WLL are connected to each of the conductive layers WL1 to
WLA4 through a via 21. Moreover, the lower select-gate line
LSL is connected to the lower select-gate LSG through a via
22, and the cell source lines CSL are connected to the cell
source CS through a contact 23. The vias 21, 22, and the
contact 23 are formed in the region departing from the
memory cell region provided with the silicon pillars to the +X
direction side.

[0052] The lines are insulated from each other by interlayer
insulation films, which are not shown.

[0053] Intheinner circumferential wall of the through-hole
formed in the stacked body ML2 composed of the stacked
structure of the conductive layer WL1 to WL4 and the insu-
lator layers 14, as shown in FIG. 2, a first insulator film 27, a
charge trap layer 26, and a second insulator film 25 are formed
in tubular shapes, respectively. Inside the first insulator film
27, the silicon pillar SP is buried. The first insulator film 27 is
in contact with the silicon pillar SP, and the second insulator
film 25 is in contact with the conductive layers WL1 to WL4
and the insulator layers 14. Between the first insulator film 27
and the second insulator film 25, the charge trap layer 26 is
provided.

[0054] The silicon pillar SP provided in the stacked body
ML .2 functions as a channel, and the conductive layers WL1
to WL4 function as a control gate, and the charge trap layer 26
functions as a data memory layer accumulating charge
injected from the silicon pillar SP. That is, in the crossover
parts of the silicon pillar SP and the conductive layers WL1 to
WLA4, memory cells MC1 to MC4 having an SGT (Surround-
ing Gate Transistor) structure in which the surrounding part
of the channel is surrounded by the gate electrodes are
formed.

[0055] The memory cells MC1 to MC4 are memory cells
each having a charge trap structure, and the charge trap layer
26 has many traps for blocking in charge (electron) and is
made of, for example, silicon nitride film.

[0056] The first insulator film 27 is made of, for example,
silicon oxide film, and becomes a potential barrier when
charge is injected into the charge trap layer 26 from the silicon
pillar SP or when charge trapped in the charge trap layer 26
diffuses into the silicon pillar SP.

[0057] The second insulator film 25 is made of, for
example, silicon oxide film, and prevents the charge trapped
in the charge trap layer 26 from diffusing into the conductive
layers WL1 to WL4 functioning as the gate electrodes.
[0058] As memory cells MC1 to MC4 having the above-
described structures become finer, normal writing/reading
operation can be performed without having a diffusion layer
serving as the source/drain region. Accordingly, in this
embodiment, the memory cells MC1 to MC4 do not have a
diffusion layer as the source/drain region having a different
conductive type in the silicon pillar SP. That is, the silicon
pillar SP functions as a channel region, a source region, and a
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drain region in the memory cells MC1 to MC4. Moreover, by
controlling the voltage applied to the conductive layers WL1
to WL4, the inside of the silicon pillar SP opposed to the
conductive layers WL1 to WL4 can be approximately
depleted, and thereby the OFF state is realized.

[0059] Asshown in FIG. 3, around one silicon pillar SP, the
memory cells MC1 to MC4 having the same number as the
conductive layers WL1 to W14 are serially connected in the
Z direction, and thereby, one memory string is composed.
Such memory strings are arranged in the matrix shape in the
X direction and the Y direction, and thereby, a plurality of
memory cells are arranged three-dimensionally in the X
direction, the Y direction, and the Z direction.

[0060] With reference to FIG. 2 again, in the inner circum-
ferential wall of the through-hole formed in the stacked body
ML1 that is a layer lower than the stacked body ML.2, a gate
insulator film GD is formed in a tubular shape, and inside the
gate insulator film GD, a silicon pillar SP is buried. Thereby,
in the stacked body ML.1, a lower selection transistor LST in
which the silicon pillar SP serves as a channel and the lower
select-gate LSG around the silicon pillar SP serves as the gate
electrode is provided.

[0061] Moreover, in the inner circumferential wall of the
through-hole formed in the stacked body ML3 that is a layer
upper than the stacked body M2, the gate insulator film GD
is formed in a tubular shape, and inside the gate insulator film
GD, a silicon pillar SP is buried. Thereby, in the stacked body
ML3, a upper selection transistor UST in which the silicon
pillar SP serves as a channel and the upper select-gate USG
around the silicon pillar SP serves as the gate electrode is
provided.

[0062] Each of the lower selection transistor LST and the
upper selection transistor UST has an SGT structure that is the
same as the above-described memory cells MC1 to MC4,
however does not function as a memory cell but functions
selecting the silicon pillar SP.

[0063] Furthermore, in the semiconductor memory device
according to this embodiment, there is provided a driver
circuit for applying potential to the upper end of the silicon
pillar SP through the bit line BL, a driver circuit for applying
potential to the lower end of the silicon pillar SP through the
cell source line CSL and contact 23 and the cell source CS, a
driver circuit for applying potential to the upper select-gate
USG through the upper select-gate line USL and the via 20, a
driver circuit for applying potential to the lower select-gate
LSG through the lower select-gate Line LSL and the via 22,
and a driver circuit for applying potential to each of the
conductive layers WL1 to WL4 through the word lines WLL
and the vias 21 (which are not shown). In a circuit region in
which each of the driver circuits is formed, a P well and an N
well (not shown) are formed, and an element such as a tran-
sistor is formed in the wells.

[0064] The semiconductor memory device according to
this embodiment is a nonvolatile semiconductor memory
device by which erasing and writing of data can be electri-
cally performed freely and the memory contents can be held
even when the power is shut off.

[0065] The X coordinate of the memory cells is selected by
selecting a bit line BL, and the Y coordinate of the memory
cells is selected by selecting the upper select-gate USG to
make the upper selection transistor UST be in a conduction
state or in a non-conduction state, and the Z coordinate of the
memory cells is selected by selecting the conductive layers
WL1 to WL4 as the word line. And, information is recorded
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by injecting electron into the charge trap layer 26 of the
selected memory cell. Moreover, by a sense current flowing
through a silicon pillar SP passing through this memory cell,
the information recorded in this memory cell is read.

[0066] Next, with reference to FIGS. 4A to 10, amethod for
manufacturing the semiconductor memory device according
to the embodiment of the invention will be described.
[0067] First, impurities are introduced into a memory array
region in a silicon substrate 11, and as shown in FIG. 4A, the
cell source CSis formed. On the other hand, P well and N well
and so forth are formed in the peripheral circuit region (not
shown), and sources and drains of transistors composing each
of the driver circuits and further gates of the transistors are
formed.

[0068] The insulator layer 12 on the cell source CS, and
thereon, a silicon layer serving as the lower select-gate L.SG,
and furthermore thereon, the insulator layer 13 is formed.
Thereby, the stacked body ML1 composed of the insulator
layer 12 and the lower select-gate .SG and the insulator 13 is
formed.

[0069] As shown in FIG. 4B, in the stacked body ML1, the
through-hole 17a extending in the Z direction (the stacking
direction) and reaching the cell source CS is formed by etch-
ing. In this case, a plurality of through holes 174 are formed
at the same time so as to be arranged in matrix configuration
as viewed from the Z direction. In this case, in the bottom
surface of the through-hole 17a, the cell source CS is once
exposed, but a silicon oxide film 30 such as a natural oxide
film is formed on the exposed surface thereof.

[0070] As shown in FIG. 4C, on the entire surface of the
stacked body ML1, a silicon nitride film 31 is deposited. The
silicon nitride film 31 is also formed on the bottom surfaces
and the side surfaces of the through-holes 17« in addition to
the upper surface of the stacked body ML1.

[0071] For example, by RIE (Reactive lon Etching), the
silicon nitride film 31 formed on the upper surface of the
stacked body ML1 and the bottom surfaces of the through-
holes 17a is removed. Thereby, as shown in FIG. 5A, a silicon
nitride film 31 is left in the side surfaces of the through-holes
17a, and becomes the gate insulator film GD.

[0072] For example, by wet etching with dilute fluorinated
acid, as shown in FIG. 5B, the silicon oxide film 30 such as a
natural oxide film is removed from the bottom surfaces of the
through-holes 174, and the cell source CS is exposed to the
bottom surfaces of the through-holes 17a.

[0073] As shown in FIG. 5C, silicon is buried inside the
through-holes 174, and the silicon pillars SP are formed in the
through-holes 17a. Thereby, the lower selection transistor
LST is formed.

[0074] As shown in FIG. 6, on the stacked body ML 1, the
insulator layers 14 and the conductive layers WL1 to WL4 are
alternately stacked to form the stacked body ML2. For
example, five insulator layers 14 made of silicon oxide and
four conductive layers WL1 to WL4 made of amorphous or
polycrystalline silicon are alternately film-formed.

[0075] Inthis case, in this embodiment, the layer thickness
of'lower conductive layer is set to be thinner. In the example
shown in FIG. 6, the lowermost conductive layer WL1 is the
thinnest, and the upper layers of the conductive layer WL2
that is the second layer from the bottom, the conductive layer
WL3 that is the third layer from the bottom, and the conduc-
tive layer WL 4 that is the uppermost layer are formed thicker
in the stepwise manner. The thicknesses of the insulator lay-
ers 14 are optional.
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[0076] Asshown in FIG. 7, the through-hole 175 extending
in the Z direction and reaching the silicon pillar SP of the
stacked body ML1 is formed in the part immediately above
the silicon pillar SP of the stacked body ML1.

[0077] The through-hole 175 is formed by RIE. On the
current process, in particular when the aspect ratio is large,
the diameter of the through-hole 175 does not become con-
stant in the depth direction, but becomes narrower from the
upper part of the opening end side to the lower part (the
bottom part). More specifically, in the side surface of the
through-hole 175, slight steps are formed in the boundaries of
the respective layers, and the through-hole 175 becomes nar-
rower in a stepwise manner from the upper part to the lower
part. Moreover, the side surface of the through-hole 175,
namely, the side surface of the insulator layers 14 and the
conductive layers WL1 to WL4 exposed to the inside of the
through-hole 174, is provided with a taper so as to be nearer
to the center of the radial direction of the through-hole 175 in
the lower layer side.

[0078] After forming the though-hole 175, on the entire
surface of the stacked body ML 2, as shown in FIG. 8, the first
insulator film 25, the charge trap layer 26 and the second
insulator film 27 are formed in this order. These films are
formed on the bottom surfaces and side surfaces of the
through-holes 1756 in addition to the upper surface of the
stacked body ML2.

[0079] The first insulator film 25, the charge trap layer 26
and the second insulator film 27 formed on the upper surface
of the stacked body ML2 and the bottom surfaces of the
through-holes 175 are removed. Thereby, only on the side
surfaces of the through-holes 175, the first insulator film 25,
the charge trap layer 26 and the second insulator film 27 are
left.

[0080] And, as shown in FIG. 9, by burying silicon inside
the through-holes 175, the silicon pillars SP in the stacked
body ML.2 are formed. Thereby, the memory cells each hav-
ing an SGT structure are formed at the crossover parts of the
silicon pillar SP and the conductive layers WL1 to WL4. The
lower end of the silicon pillar SP of the stacked body ML2 is
in contact with the upper end of the silicon pillar SP of the
stacked body ML1. The silicon pillar SP formed on the
stacked body ML.2 is formed narrower in the stepwise manner
from the upper part to the lower part so as to be adapted to the
through-hole 174.

[0081] After forming the resist film (not shown) on the
stacked body ML2, RIE is performed so that the resist film
serves as a mask, and pattering the insulator layers 14 and the
conductive layers WL1 to WL4 sequentially from the upper-
most layer side and ashing the resist film to be one size
smaller (sliming) are alternately repeated to process the ends
of the stacked ML2 in the stair-like pattern as shown in FIG.
1

[0082] As shown in FIG. 10, the insulator layer 15 is
formed on the stacked body ML2, and thereon, a silicon layer
serving as the upper select-gate USG is formed, and further-
more, thereon, the insulator film 16 is formed. Thereby, the
stacked body ML3 composed of the insulator layer 15, the
upper select-gate USG and the insulator layer 16 is formed.

[0083] In the stacked body ML3, through-holes 17¢ each
extending in the Z direction (the stacking direction) and
reaching the silicon pillar SP of the stacked body ML.2 are
formed by etching. In this case, in the bottom surfaces of the
through-holes, the upper surfaces of the silicon pillar SP of
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the lower layer are once exposed, but on the exposed surface,
a silicon oxide film 30 such as a natural oxide film is formed.
[0084] On the entire surface of the stacked body ML3, a
silicon nitride film is deposited. This silicon nitride film is
formed on the bottom surfaces and the side surfaces of the
through-holes 17¢ in addition to the upper surface of the
stacked body ML3.

[0085] For example, by RIE, the silicon nitride film formed
on the upper surface of the stacked body ML3 and the bottom
surfaces of the through-holes 17¢ is removed. Thereby, as
shown in FIG. 10, the silicon nitride film is left in the side
surfaces of the through-holes 17¢, and becomes the gate insu-
lator film GD.

[0086] For example, by wet etching with dilute fluorinated
acid, the silicon oxide film 30 such as a natural oxide film is
removed from the bottom surfaces of the through-holes 17¢ to
make the silicon pillar layers of the stacked body MIL2
exposed to the bottom surfaces of the through-holes 17¢.
[0087] As shown in FIG. 2, silicon is buried inside the
through-holes 17¢, and the silicon pillars SP are formed in the
through-holes 17¢. Thereby, the upper selection transistor
UST is formed. The lower end of the silicon pillar SP of the
stacked body ML3 is in contact with the upper end of the
silicon pillar SP of the stacked body ML2.

[0088] After forming the insulator layer 18 on the stacked
body ML3, the vias 18a are formed in the insulator layer 18.
A metal film is formed on the entire surface and patterned, and
thereby, bit lines BL. are formed. Furthermore, the upper
select-gate line USL, the word line WLL, the lower select-
gate line LSL, and the cell source line CSL are formed, and
thereby, the structure shown in FIG. 1 can be obtained.
[0089] According to this embodiment, as described above,
the silicon pillar SP in the stacked body ML.2 functioning as
a channel of the memory cell transistor is not formed with the
same diameter from the upper part to the lower part, but has a
shape of becoming narrower in the lower part. There is a
correlation between the diameter of the silicon pillar SP and
an S factor of the memory cell transistor.

[0090] Here, the S factor represents switching characteris-
tics that becomes a rough indication of how rapidly ON/OFF
of the transistor can be switched, and is defined as a gate
voltage required for enhancing the element current by a single
order. In the smaller S factor, the switching characteristics are
more excellent.

[0091] The memory cell formed in a part of the narrow
silicon pillar SP tends to have a smaller S factor than the
memory cell formed in a part having the thicker pillar diam-
eter. Accordingly, variation of the switching characteristics is
caused between the upper-layer-side memory cell transistor
and the lower-layer-side memory cell transistor, and the
design difficulty level for obtaining desired characteristics as
the entire semiconductor memory device comes to increase.
[0092] However, in this embodiment, the conductive layers
WL1 to WL4 functioning as the control gates are formed so as
to be thinner in a stepwise manner from the uppermost W14
to the lowermost WL1. The layer thicknesses of the conduc-
tive layers WL1 to WL4 correspond to the gate lengths, and as
the gate length is shorter, namely as the conductive layer is
thinner, the S factor has a tendency of being larger.

[0093] In this embodiment, when only the correlation
between the diameter of the silicon pillar SP and the S factor
is noticed, the S factor of the lower layer side is smaller than
that of the upper layer side, but when only the correlation
between the layer thickness (gate length) of each of the con-
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ductive layers WL1 to WL4 and the S factor is noticed, the S
factor of the lower layer side is larger than that of the upper
layer side. That is, in this structure, variation of the S factor
among different layers due to diameter of the silicon pillar SP
is cancelled by making the thickness of each of the conductive
layers WL1 to WL4 thinner with the lower layer side.
[0094] When the conductive layer is thinner (the gate
length is shorter) with the memory cell formed in the part
having a narrower diameter of the silicon pillar SP and the
conductive layer is thicker (the gate length is longer) with the
memory cell formed in the part having a thicker diameter of
the silicon pillar SP, the S factors of the memory transistors
between the lower layer side and the upper layer side can be
substantially uniformed, and the design becomes easy.
[0095] Ifacomparative example is that the diameter of the
silicon pillar SP is the upper diameter of the opening end side
of'the though-hole that is almost constant without considering
that the pillar diameter of the lower layer side becomes thin-
ner, in this embodiment, with considering that the pillar layer
of'the lower layer side is narrower, the conductive layer of the
lower layer side is set to be thinner according to the narrower
pillar diameter. Therefore, when the thickness of the entire
stacked body ML 2 is the same as the case of the comparative
example, because the conductive layer of the lower layer side
is set to be thinner in this embodiment, further increase of the
layer number of the conductive layers, namely, multi-strati-
fication of the memory cells can be achieved, and enlarge-
ment of memory capacity can be realized.

[0096] Moreover, it is also possible that the thickness (gate
length) of the lowermost conductive layer WL.1 determined to
obtain the desired S factor according to diameter of the silicon
pillar SP of the lowermost memory cell is set to be the mini-
mum value, and based on the value, the thicknesses of the
conductive layers WL2 to WL4 of the upper layers may be set
to be longer sequentially in a stair-like pattern.

[0097] In the plurality of the conductive layers WL1 to
WL4, at least when the thickness relation between the low-
ermost layer and the uppermost layer corresponding to the
parts having the largest pillar diameter difference is a relation
that the lowermost layer is thinner than the uppermost layer,
the effect can be obtained in suppressing the variation of the
switching characteristics of the memory cells among the dif-
ferent layers. Therefore, the thicknesses of all of the conduc-
tive layers are not necessarily different from each other. For
example, between the vertically contiguous layers having
relatively small pillar diameter difference, the conductive
layers may be set to have the same thickness. For example, as
shown in FIG. 11, the second conductive layer WL2 and the
third conductive layer WL3 may be set to have the same
thickness, and as shown in FIG. 12, the first conductive layer
WL1 and the second conductive layer WL.2 may be set to have
the same thickness, or as shown in FIG. 13, the third conduc-
tive layer WL 3 and the fourth conductive layer may be set to
have the same thickness.

[0098] When the thickness of the conductive layer with
respect to the diameter of the silicon pillar SP in each of the
memory cell is individually adjusted according to the target
size, variation of the switching characteristics of memory
cells among the layers can be suppressed more efficiently.

Second Embodiment

[0099] FIG. 14 is a schematic perspective view of part of a
memory transistor region in a nonvolatile semiconductor
memory device according to a second embodiment of the
invention.
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[0100] The nonvolatile semiconductor memory device
according to this embodiment has mxn memory strings MS
(m and n are natural numbers) including, memory transistors
MTrlmnr to MTr8mn, source-side selection transistors
SSTrmn, and drain-side selection transistors SDTrmn. In
FIG. 14, the case of m=6 and n=2 is shown as an example.
Moreover, in FIG. 15, a partial enlarged sectional view of
FIG. 14 is shown.

[0101] Each of'the memory strings MS has a configuration
in which a plurality of electrically rewritable memory tran-
sistors MTrlmn to MTr8mn are serially connected. Each of
the memory strings MS has a U-shaped semiconductor
SCmn, word lines WLm1 to WLm8 which are conductive
layers, a source-side select-gate line SGSm, a drain-side
select-gate line SGDm, and a back gate line BG.

[0102] The U-shaped semiconductor SCmn is formed in a
U shape when viewed from the row direction that is the
extending direction of each of word lines WL.m1 to WLm8.
The U-shaped semiconductor SCmn has one pair of column
parts CLmn extending to approximately vertical direction
and a junction part JPmn formed so as to connect lower ends
of the one pair of column parts CL.mn.

[0103] Moreover, as shown in FIG. 15, the U-shaped semi-
conductor SCmn has a hollow part H1 communicated from
the upper end of one column CLmn through the junction part
JPmn to the upper end of the other column CL.mn, and in the
hollow part H1, an insulator part I is provided. The columnar
part CLmn may have a circular cylinder shape or a rectangular
cylinder shape. Moreover, the column part CLmn may have a
columnar shape formed in a stepped shape.

[0104] The U-shaped semiconductor SCmn is provided so
that straight lines each connecting the central axis of the one
pair of column part CL.mn are parallel to the column direction
perpendicular to the stacking direction and the row direction.
Moreover, the U-shaped semiconductor SCmn is disposed to
have a matrix shape in the plane composed by the row direc-
tion and the column direction.

[0105] Each ofthe word lines WLm1 to WLm8 is formed in
a line shape extending in parallel to the row direction. The
word lines WLm1 to WLm8 are insulated and separated to
one another and formed repeatedly in the column direction.
[0106] The gate of each of the memory transistors M Trlmn
to MTr8mn disposed in the same position of the column
direction and lining in the row direction is connected to the
same one of the word lines WLm1 to WLm8. The ends in the
row direction and the ends in the column direction of each of
the word lines WLm1 to WLm8 are formed in a stair-like
shape. Alternatively, the ends in the column direction of each
of the word lines WLm1 to WLm8 are not limited to the
stair-like shape, but may be formed to be uniform at prede-
termined positions of the column direction.

[0107] AsshowninFIG. 15, between each ofthe word lines
WLm1 to WLm8 and the column part of the U-shaped semi-
conductor SCmn, an ONO (Oxide-Nitride-Oxide) layer NL is
formed. The ONO layer NL has a tunnel insulator layer TI
contacting the column part CLmn, a charge trap layer EC
contacting the tunnel insulator layer T1, and a block insulator
layer BI contacting the charge trap layer EC.

[0108] The charge trap layer is made of, for example, sili-
con nitride having traps blocking in charge. The charge trap
layer EC is formed so as to surround the side surface of the
column part CLmn.

[0109] Moreover, each of the word lines WLm1 to WLm8
is formed so as to surround the side surface of the column part
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CLmn and the charge trap layer EC. Moreover, each of the
word lines WL.m1 to WLm8 are divided every column part
CLmn adjacent in the column direction.

[0110] The drain-side select-gate line SGDm is provided
above the word line WL.m1, which is the uppermost layer. The
drain-side select-gate line SGDm is formed in a line shape
extending in the row direction. The drain-side select-gate
lines SGDm are insulated and separated to one another and
repeatedly formed in the column direction so as to sandwich
the source-side select-gate lines SGSm. The column part
CLmn is formed to pass through the center of the column
direction in each of the drain-side select-gate lines SGDm. As
shown in FIG. 15, between the drain-side select-gate line
SGDm and the column part CLmn, a gate insulator layer DGI
is formed.

[0111] The source-side select-gate line SGSm is provided
above the word line WL.m8, which is the uppermost layer. The
source-side select-gate line SGSm is formed in a line shape
extending in parallel in the row direction. The source-side
select-gate lines SGSm are insulated and separated to one
another and repeatedly formed in the column direction. The
column part CL.mn is formed to pass through the center of the
column direction in the source-side selection gate lines
SGSm. As shown in FIG. 15, between the source-side gate
line SGSm and the column part CL.mn, a gate insulator layer
SGI is formed.

[0112] The back gate line BG is formed to two-dimension-
ally expand in the row direction and the column direction so
as to cover the lower part of the junction part JPmn in the
U-shaped semiconductor SCmn. As shown in FIG. 15,
between the back gate line BG and the junction part JPmn, the
above-described ONO layer NL is formed.

[0113] Theupperend part above the source-side select-gate
line SGSm in the column part CL.mn of the U-shaped semi-
conductor SCmn is connected to a source line SLn.

[0114] The upper end of the column part CLmn extending
above the drain-side select-gate line SGDm is connected to a
bit line BL.n thought a plug line PLmn. A plurality of bit lines
BLn are formed repeatedly in a line shape extending in the
column direction with predetermined intervals in the row
direction.

[0115] FIG. 161s acircuit view of one memory string MS in
this embodiment.

[0116] Inthisembodiment, each of the memory strings MS
has eight memory transistors M Trlmn to MTr8mn, a source-
side selection transistor SSTrmn, a drain-side selection tran-
sistor SDTrmn, and a back gate transistor BGTrmn. These are
connected serially. To the source line SLn, a control circuit,
which is not shown, is connected.

[0117] Each ofthe memory transistor MTrlmn to M Tr8mn
is composed of the above-described column part CL.mn, the
ONO layer NL including the charge trap layer EC, and each of
the word line WLm1 to WL.m8. The part contacting the ONO
layer NL in each of the word line WL m1 to WLm8 functions
as a control gate electrode of each of the memory transistor
MTrlmn to MTr8mn.

[0118] The drain-side selection transistor SDTrmn is com-
posed of the column part CL.mn, the gate insulator layer DGI,
and the drain-side select-gate line SGDm. The part contacting
the gate insulator layer DGI in the drain-side select-gate line
SGDm functions as a control gate electrode of the drain-side
selection transistor SDTrmn.

[0119] The source-side selection transistor SSTrmn is com-
posed of the column part CL.mn, the gate insulator layer SGI,
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and the source-side select-gate line SGSm. The part contact-
ing the gate insulator layer SGI in the source-side select-gate
line SGSm functions as a control gate electrode of the source-
side selection transistor SSTrmn.

[0120] The back gate transistor BGTrmn is composed of
the junction part JPmn, the ONO layer NL, and the back gate
line BG. The part contacting the ONO layer NL in the back
gate line BG functions as a control gate electrode of the back
gate transistor BGTrmn.

[0121] Next, with reference to FIG. 17, a specific configu-
ration of the nonvolatile semiconductor memory device
according to this embodiment will be described. FIG. 17A
shows a section of the column direction in the memory tran-
sistor region, and FIG. 17B shows a section of the row direc-
tion below the bit line BLn.

[0122] The back gate line BG is provided through an insu-
lator film 41 on a semiconductor substrate Ba. The back gate
line BG covers the junction part JPmn of the U-shaped semi-
conductor SCmn through the ONO layer NL.

[0123] On the back gate line BG, a plurality of insulator
layers 40 made of, for example, silicon oxide and word lines
WLato WLd thatare conductive layers made of, for example,
amorphous or polycrystalline silicon are alternately stacked.
[0124] Here, the word line WLa that is the first layer from
below corresponds to the word lines WL.m4, WLmS5 in FIG.
14, and the word line WL a that is the second layer from below
corresponds to the word lines WL.m3, WL.mé6 in FIG. 14, and
the word line WLa that is the first layer from below corre-
sponds to the word lines WL.m2, WLm7 in FIG. 14, and the
word line WLa that is the first layer from below corresponds
to the word lines WLm1, WLm8 in FIG. 14.

[0125] On the stacked body of the insulator layers 40 and
the word lines WLa to WLd, the drain-side select-gate line
SGDm and the source-side select-gate line SGSm are pro-
vided through an insulator layer 42. The drain-side selection
transistor is composed by surrounding one upper part of the
U-shaped semiconductor SCmn through the gate insulator
film DGI by the drain-side select-gate line SGDm. The
source-side selection transistor is composed by surrounding
the other upper part of the U-shaped semiconductor SCmn
through the gate insulator film SGI by the source side select-
gate line SGSm.

[0126] The upper end of the U-shaped semiconductor
SCmn above the drain-side select-gate line SGDm is con-
nected to the bit line BLn through the plug line PLmn. The
upper end of the U-shaped semiconductor SCmn above the
source-side select-gate line SGSm is connected to the source
line SLn. The drain-side select-gate line SGDm, the source-
side select-gate line SGSm, the plug line PLmn, and the
source line SLn are insulated and separated to one another by
an interlayer insulator layer 43. Moreover, the bit line BL.n
and the source line SLn are insulated and separated by an
interlayer insulator layer 44.

[0127] The column part CLmn of the U-shaped semicon-
ductor SCmn provided so as to pass through the insulator
layers 40 and the word lines WLa to WLd functions as a
channel, and each of the word lines WLa to WLd functions as
a control gate, and the charge trap layer included in the ONO
layer NL functions as a data memory layer for accumulating
charge injected from the column part CLmn. That is, in the
intersection part of the column part CLmn and each of the
word lines WLa to WLd, a memory cell transistor having a
structure in which the gate electrode surrounds the channel is
formed.
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[0128] And, also in this embodiment, similar to the above-
described first embodiment, by setting the word line to be
thinner with the memory cell formed in the column part
CLmn having a smaller diameter and by setting the word line
to be thicker with the memory cell formed in the column part
CLmn having a larger diameter, S factors of the memory cell
transistors of the lower side and the upper side can be set to be
substantially the same.

Third Embodiment

[0129] Next, FIG. 18 is a schematic cross-sectional view of
one memory string in an semiconductor memory device
according to a third embodiment of the invention. In FIG. 18,
with corresponding to the section of FIG. 2 in the above-
described first embodiment, occasionally, the same signs are
appended to substantially the same component as the first
embodiment and the explanation thereof will be omitted.
[0130] In this embodiment, by stacking a plurality of
memory cell units ML.2-1 ML.2-2, capacity enlargement of
the memory capacity is achieved. Each of the memory cell
units MIL2-1, MLL2-2 corresponds to the stacked body ML.2 in
FIG. 2.

[0131] That is, the memory cell unit MI.2-1 has, a stacked
body in which a plurality of insulator layers 14 and a plurality
of conductive layers WL1 to WL4 are alternately stacked, a
silicon pillar SP provided inside a memory hole formed to
pass through the stacked body, and a charge trap layer 26
provided between each of the conductive layers WL1 to WL4
and the silicon pillar SP. The silicon pillar SP functions as a
channel, and each of the conductive layers WL1 to WL4
functions as a control gate, and the charge trap layer 26
functions as a data memory layer for accumulating charge
injected from the silicon pillar SP. That is, in the intersection
parts of the silicon pillar SP and the conductive layers WL1 to
WLA4, the memory cells MC1 to MC4 each having a structure
in which the gate electrode surrounds the channel are formed.
[0132] Similarly, the memory cell unit ML2-2 has, a
stacked body in which a plurality of insulator layers 14 and a
plurality of conductive layers WL5 to WL8 are alternately
stacked, a silicon pillar SP provided inside a memory hole
formed to pass through the stacked body, and a charge trap
layer 26 provided between each of the conductive layers WL5
to WL8 and the silicon pillar SP. The silicon pillar SP func-
tions as a channel, and each of the conductive layers WL5 to
WLS8 functions as a control gate, and the charge trap layer 26
functions as a data memory layer for accumulating charge
injected from the silicon pillar SP. That is, in the intersection
parts of the silicon pillar SP and the conductive layers WL5 to
WLS8, the memory cells MC5 to MC8 each having a structure
in which the gate electrode surrounds the channel are formed.
[0133] The bottom of the silicon pillar SP of the memory
cell unit MIL2-2 of the upper layer is connected to the upper
part of the silicon pillar SP of the memory cell unit ML2-1 of
the lower layer, and the silicon pillars SP of the memory cell
unit ML.2-2 and the memory cell unit MI.2-1 are electrically
connected. That is, the memory cells MC1 to MC 8 are
serially connected, and thereby, one memory string is com-
posed.

[0134] And, also in this embodiment, for the memory cell
unit MLL2-1, by setting the conductive layer to be thinner with
the memory cell formed in a part of the silicon pillar SP
having a smaller diameter and by setting the conductive layer
to be thicker with the memory cell formed in a part of the
silicon pillar SP having a larger diameter, S factors of the
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memory cell transistors of the lower side and the upper side
can be set to be substantially the same. Similarly, also for the
memory cellunit MI.2-2, by setting the conductive layer to be
thinner with the memory cell formed in a part of the silicon
pillar SP having a smaller diameter and by setting the con-
ductive layer to be thicker with the memory cell formed in a
part of the silicon pillar SP having a larger diameter, S factors
of'the memory cell transistors of the lower side and the upper
side can be set to be substantially the same. As a result,
variation of S factors among the memory cells MC1 to MC8
can be suppressed.

[0135] Moreover, the upper end diameter of the silicon
pillar SP in the memory cell unit ML.2-1 is larger than the
lower end diameter of the silicon pillar SP in the memory cell
unit ML2-2. Therefore, if the central lines of the silicon pillar
SP of the memory cell unit M1.2-2 and the silicon pillar SP of
the memory cell unit MI.2-1 are slightly displaced, the silicon
pillars SP of the memory cell units ML2-1, MLL2-1 can be
electrically connected.

[0136] Next, a method for manufacturing a semiconductor
memory device according to the same third embodiment will
be described.

[0137] First, after forming the memory cell unit ML.2-1 by
performing the processes until FIG. 9 in the above-described
first embodiment, as shown in FIG. 19, the insulator layers 14
and the conductive layers WL5 to WL8 are alternately
stacked on the memory cell unit ML.2-1. In this case, the layer
thickness is set to be thinner with the conductive layer of the
lower layer.

[0138] Next, as shown in FIG. 20, a hole 175 passing
through the insulator layers 14 and the conductive layers WL5
to WL8 is formed above the silicon pillar SP of the memory
cell unit ML2-1.

[0139] The hole 175 is formed by RIE. In the current pro-
cess, in particular when the aspect ratio is large, the diameter
of'the hole 175 does not become constant in the depth direc-
tion, but becomes narrower from the upper part of the opening
end side to the lower part (the bottom part). More specifically,
in the side surface of the hole 175, slight steps are formed at
the boundaries of the respective layers, and the hole 176
becomes narrower in a stepwise manner from the upper part
to the lower part. Moreover, the side surface of the hole 175,
namely, the side surface of the insulator layers 14 and the
conductive layers WL1 to WL4 exposed to the inside of the
hole 175, is provided with a taper so as to be nearer to the
center of the radial direction of the hole 175 in the lower layer
side.

[0140] After formingthe hole 175, on the side surface of the
hole 175b, as shown in FIG. 21, a first insulator film 25, the
charge trap layer 26, and a second insulator film 27 are formed
in this order.

[0141] Next, after removal of the first insulator film 25 and
the charge trap layer 26 and the second insulator film 27
formed on the upper surface of the stacked body and the
bottom surface of the hole 1754, as shown in F1G. 22, silicon is
buried inside the hole 175, and thereby, the silicon pillar SP in
the memory cell unit M1.2-2 is formed. Thereby, in the inter-
section parts of the silicon pillar SP and the conductive layers
WL5 to WL8, memory cells are formed. The silicon pillar SP
is formed so as to be narrower in a stepwise manner from
above to below in agreement with the shape of the hole 175.
[0142] After then, similar to the first embodiment, forma-
tion of the upper selection transistor and so forth is continued.
As described above, the embodiments of the invention have
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been described with reference to the specific examples. How-
ever, the invention is not limited thereto, and various modifi-
cations based on the technical ideas of the invention are
possible.

[0143] The silicon pillar may have a rectangular cylindrical
shape as well as the circular cylindrical shape. Or, other than
that all of the through-holes are buried with the semiconduc-
tor layer, the structure in which the semiconductor layer may
be formed in a tubular shape only on the part in contact with
the first insulator film 27 and an insulator body is buried
inside the semiconductor layer is also possible.

[0144] The film configuration between the conductive layer
(control gate) and the silicon pillar in the memory cell is not
limited to the above-described configuration. For example, a
bi-layer structure of the charge trap layer (the silicon nitride
film) and the gate insulator film (the silicon oxide film) is also
possible. Moreover, the memory cell is not limited to the
charge trap structure, but a floating electrode structure by
using the conductive layer as the charge trap layer may be
adopted, and the floating layer may be a Si microcrystal in the
insulator film.

1. A semiconductor memory device comprising:

a semiconductor substrate;

a stacked body provided on the semiconductor substrate
and having a plurality of insulator layers and a plurality
of conductive layers alternately stacked;

a semiconductor layer provided inside a through-hole
formed so as to pass through the stacked body and
extending in a stacking direction of the insulator layers
and the conductive layers; and

a charge trap layer provided between the conductive layer
and the semiconductor layer,

a lower part in the semiconductor layer being narrower
than an upper part therein, and

at least the lowermost layer in the conductive layers being
thinner than the uppermost layer therein.

2. The device according to claim 1, wherein the semicon-
ductor layer is narrower in a stepwise manner from the upper
part to the lower part.

3. The device according to claim 1, wherein the conductive
layers are thinner in a stepwise manner from the uppermost
layer to the lowermost layer.

4. The device according to claim 1, wherein a plurality of
memory cells including the conductive layer, the semicon-
ductor layer and the charge trap layer between the conductive
layer and the semiconductor layer, are connected serially in
the stacking direction, and the memory cell of the upper layer
side and the memory cell of the lower layer side have gener-
ally equal switching characteristics.

5. The device according to claim 4, wherein the memory
cell has a transistor structure in which the conductive layer
surrounds a surrounding area of the semiconductor layerin a
crossover part between the semiconductor layer and the con-
ductive layer.

6. The device according to claim 1, wherein the charge trap
layer is an insulator film.

7. The device according to claim 6, wherein the charge trap
layer has traps which can store charges.

8. The device according to claim 1, wherein the semicon-
ductor layer is formed in a columnar shape.
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9. The device according to claim 1, wherein the semicon-
ductor layer includes silicon.

10. The device according to claim 1, wherein the conduc-
tive layer is conductor including doped poly-silicon, sili-
cided-silicon, or metal.

11. A semiconductor memory device comprising:

a semiconductor substrate; and

a plurality of memory cell units stacked on the semicon-
ductor substrate,

the memory cell units including:

a stacked body having a plurality of insulator layers and
a plurality of conductive layers alternately stacked;

a semiconductor layer provided inside a through-hole
formed to pass through the stacked body and extend-
ing in a stacking direction of the insulator layers and
the conductive layers; and

a charge trap layer provided between the conductive
layer and the semiconductor layer,

a lower part in the semiconductor layer being narrower
than an upper part therein in each of the memory cell
units, and

at least the lowermost layer in the conductive layers being
thinner than the uppermost layer therein in each of the
memory cell units.

12. The device according to claim 11, wherein in each of

the memory cell units, the semiconductor layer is narrower in
a stepwise manner from the upper part to the lower part.
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13. The device according to claim 11, wherein in each of
the memory cell units, the conductive layers are thinner in a
stepwise manner from the uppermost layer to the lowermost
layer.

14. The device according to claim 11, wherein a plurality of
memory cells including the conductive layer, the semicon-
ductor layer and the charge trap layer between the conductive
layer and the semiconductor layer, are connected serially in
the stacking direction, and the memory cell of the upper layer
side and the memory cell of the lower layer side have gener-
ally equal switching characteristics.

15. The device according to claim 14, wherein the memory
cell has a transistor structure in which the conductive layer
surrounds a surrounding area of the semiconductor layerin a
crossover part between the semiconductor layer and the con-
ductive layer.

16. The device according to claim 11, wherein the charge
trap layer is an insulator film.

17. The device according to claim 16, wherein the charge
trap layer has traps which can store charges.

18. The device according to claim 11, wherein the semi-
conductor layer is formed in a columnar shape.

19. The device according to claim 11, wherein the semi-
conductor layer includes silicon.

20. The device according to claim 11, wherein the conduc-
tive layer is conductor including doped poly-silicon, sili-
cided-silicon, or metal.
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