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NONVOLATILE SEMICONDUCTOR
MEMORY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2006-86674, filed on May 27, 2006, the entire contents
of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention is related to an electrically
programmable semiconductor memory device, and particu-
larly in such a semiconductor memory device, related to a
nonvolatile semiconductor memory device.

BACKGROUND OF THE INVENTION

[0003] Demand for a nonvolatile semiconductor memory
device that is small and has a large capacity has been
increasing rapidly, and a NAND type flash memory, in
which high integration and large capacitivity can be
expected, has been paid attention.

[0004] It will be necessary that a design rule should be
reduced to proceeded high integration and large capacity.
For reducing the design rules, further micro processing of
wiring patterns will be required.

[0005] For realizing further micro processing such as
wiring patterns, a very high quality of processing technique
is required; therefore, reduction of the design rules has
become difficult.

[0006] Thus, in late years, large number of inventions on
semiconductor memory devices, in which a three-dimen-
sional memory cell has been suggested to raise integration
degree of the memory (Japanese Patent Laid-Open No.
2003-078044, U.S. Pat. No. 5,599,724, U.S. Pat. No. 5,707,
885, “Masuoka et al. “Novel Ultrahigh-Density Flash
Memory With a Stacked-Surrounding Gate Transistor
(S-SGT) Structured Cell”, IEEE TRANSACTION SON
ELECTRON DEVICES, VOL. 50, NO. 4, pp 945-951, April
2003”.

[0007] Many of the conventional semiconductor memory
device, in which a three dimensional memory cell is placed,
need to proceed Photo Etching Process (hereinafter called
“PEP”, which represents so-called a process to proceed a
patterning, using photo resist and manufacturing process
such as a lithography process and etching, etc.). Here, a
Photo Etching Process performed with a smallest line width
of the design rule is set as “a critical PEP”, and a Photo
Etching Process performed with a line width larger than the
smallest line width of the design rule is set as “a rough PEP”.
In the conventional semiconductor memory device, in which
a three-dimensional memory cell is disposed, it is required
that the critical PEP number per one layer of a memory cell
part should be equal to or more than 3. Additionally in a
conventional semiconductor memory device, there are many
of those, in which memory cells are simply stacked, and thus
cost increase caused by three-dimensional manufacturing
will not be avoided.

[0008] In addition, in one of the conventional semicon-
ductor memory devices which placed a three-dimensional
memory cell, there is a semiconductor memory device in use
of a transistor of a SGT (a column shape) structure (Japanese
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Patent Laid-Open No. 2003-078044, U.S. Pat. No. 5,599,
724, U.S. Pat. No. 5,707,885).

[0009] In a semiconductor memory device in use of a
transistor of a SGT (a column shape) structure, a process, in
which poly-silicon that will become gate electrodes in its
side walls are formed after having formed a channel (a body)
part of a stacked memory transistor part in the shape of a
pillar, is adopted. It is highly possible that problems such as
a shortstop between the adjacent gates occur with micro
processing, because the structure from the overhead view is
the structure like skewering dumplings.

[0010] Even more particularly, as disclosed by IEEE
TRANSACTION SON ELECTRON DEVICES, VOL. 50,
NO 4, pp 945-951, April 2003, after having formed upper
pillar and a side wall gate, a lower layer pillar is formed
regarding the upper pillar and the sidewall gate as a mask,
and thus a lower layer gate is formed. Therefore, as the lower
the layer is going, pillar diameter is different. Accordingly,
not only a variation of a transistor property occurs in every
layer, but also a cell area from the overhead view becomes
large, because a pitch at the time of two dimensional
placements with a pillar diameter of the bottom layer is
fixed. In addition, a pair of adjacent pillars that is disposed
in a two dimensional state are separated thoroughly, and an
extra process that connects word lines of every layer will be
needed. Therefore, the process will become cumbersome.

[0011] As for the nonvolatile semiconductor memory
device of conventional stacked type, a number of the word
line driver that is necessary has increased because there are
word lines that exist at least independently in every layer
thus; a tip area has grown large.

BRIEF SUMMARY OF THE INVENTION

[0012] According to one embodiment of the present inven-
tion, a nonvolatile semiconductor memory device compris-
ing a plurality of memory strings, the memory string com-
prising a memory strings having a plurality of electrically
programmable memory cells connected in series, wherein
the memory string comprises a pillar shaped semiconductor,
a first insulation film formed around the pillar shaped
semiconductor, a charge storage layer formed around the
first insulation film, a second insulation film formed around
the charge storage layer, and first to nth electrodes formed
around the second insulation film (n is a natural number not
less than 2); and wherein the first to the nth electrodes of the
memory strings and the first to the nth electrodes of the other
memory strings form first to nth conductor layers spread in
two dimensional, respectively.

[0013] In addition, according to one embodiment of the
present invention, a manufacturing method of a nonvolatile
semiconductor memory device comprising: forming diffu-
sion areas having conductor impurities on a semiconductor
substrate; forming a plurality of first insulation films and
conductors in turn above the semiconductor substrates;
forming a plurality of holes in the plurality of the first
insulation films and the conductors; forming a second insu-
lation film on the surface of the holes; etching the second
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insulation film at the bottom of the holes; and forming a
plurality of pillar shape semiconductors in the holes, respec-
tively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
an implementation of the present invention, and together
with the description, explain the invention.

[0015] Inthe drawings, FIG. 1 is an outline diagram of the
nonvolatile semiconductor memory device according to one
embodiment of the present invention.

[0016] FIG. 2 is a part of an outline diagram of the
memory transistor area 2 of the nonvolatile semiconductor
memory device 1 according to one embodiment of the
present invention.

[0017] FIG. 3 is a diagram that shows an outline structure
of one of the memory strings 10 of the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0018] FIG. 4 is a diagram that shows a sectional view of
one memory transistor MTr in the one embodiment of the
present invention.

[0019] FIG. 5 is an equivalent circuit schematic of the
nonvolatile semiconductor memory device according to one
embodiment of the present invention.

[0020] FIG. 6 is a diagram that shows a bias state in the
case that reading operation of the data of the memory
transistor MTr 3 shown by dotted lines is performed, in the
nonvolatile semiconductor memory device 1 according to
one embodiment of the present invention.

[0021] FIG. 7 is a diagram that shows a bias state in the
case that program operation of the data of the memory
transistor MTr 3 shown by dotted lines is performed, in the
nonvolatile semiconductor memory device 1 according to
one embodiment of the present invention.

[0022] FIG. 8 is a diagram that shows a bias state of the
selected block in the case that deletion operation of the data
of the memory transistor MTr of the selected block is
performed, in the nonvolatile semiconductor memory device
according to one embodiment of the present invention.
[0023] FIG. 9 is a diagram that shows a bias state of the
no selected block in the case deletion operation of the data
of the memory transistor MTr of the selected block is
performed, in the nonvolatile semiconductor memory device
according to one embodiment of the present invention.
[0024] FIG. 10(A) is a diagram that shows a condition
setting of a simulation of the deletion operation of one
memory string of the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion; FIG. 10(B) is a diagram that shows structure of the
memory string based on the condition setting of FIG. 10(A).
[0025] FIG. 11 is a diagram that shows a plurality of
adjacent memory transistor areas in the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0026] FIG. 12 is a diagram that shows a calculation result
based on a simulation condition shown in FIG. 10.

[0027] FIG. 13 is a diagram that shows a calculation result
based on a simulation condition shown in FIG. 10.

[0028] FIG. 14 is a diagram that shows a deletion opera-
tion model of the nonvolatile semiconductor memory device
1 according to one embodiment of the present invention.
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[0029] FIG. 15 is a diagram that shows a deletion opera-
tion mode] of the nonvolatile semiconductor memory device
1 according to one embodiment of the present invention.
[0030] FIG. 16 is a diagram that shows a deletion opera-
tion model of the nonvolatile semiconductor memory device
1 according to one embodiment of the present invention.
[0031] FIG. 17 is a diagram that shows a bird’s-eye view
of the nonvolatile semiconductor memory device 1 accord-
ing to one embodiment of the present invention.

[0032] FIG. 18 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0033] FIG. 19 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0034] FIG. 20 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0035] FIG. 21 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0036] FIG. 22 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0037] FIG. 23 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0038] FIG. 24 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0039] FIG. 25 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0040] FIG. 26 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0041] FIG. 27 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0042] FIG. 28 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0043] FIG. 29 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0044] FIG. 30 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0045] FIG. 31 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0046] FIG. 32 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0047] FIG. 33 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0048] FIG. 34 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0049] FIG. 35 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
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[0050] FIG. 36 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0051] FIG. 37 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0052] FIG. 38 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0053] FIG. 39 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0054] FIG. 40 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0055] FIG. 41 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0056] FIG. 42 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0057] FIG. 43 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0058] FIG. 44 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0059] FIG. 45 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0060] FIG. 46 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0061] FIG. 47 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0062] FIG. 48 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0063] FIG. 49 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0064] FIG. 50 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0065] FIG. 51 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0066] FIG. 52 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0067] FIG. 53 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0068] FIG. 54 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0069] FIG. 55 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0070] FIG. 56 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
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[0071] FIG. 57 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0072] FIG. 58 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0073] FIG. 59 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0074] FIG. 60 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0075] FIG. 61 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0076] FIG. 62 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0077] FIG. 63 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0078] FIG. 64 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0079] FIG. 65 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0080] FIG. 66 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0081] FIG. 67 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0082] FIG. 68 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor!memory device 1
according to one embodiment of the present invention.
[0083] FIG. 69 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0084] FIG. 70 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0085] FIG. 71 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0086] FIG. 72 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0087] FIG. 73 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0088] FIG. 74 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0089] FIG. 75 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0090] FIG. 76 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0091] FIG. 77 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
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[0092] FIG. 78 is a diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0093] FIG. 79 is a diagram that shows two adjacent
memory transistor areas in the nonvolatile semiconductor
memory device 1 according to one embodiment of the
present invention.

[0094] FIG. 80 is a diagram that shows two adjacent
memory transistor areas in the nonvolatile semiconductor
memory device 1 according to one embodiment of the
present invention.

[0095] FIG. 81 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0096] FIG. 82 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0097] FIG. 83 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0098] FIG. 84 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0099] FIG. 85 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.

[0100] FIG. 86 is diagram that shows a manufacturing
process of the nonvolatile semiconductor memory device 1
according to one embodiment of the present invention.
[0101] FIG. 87 is an outline diagram of the nonvolatile
semiconductor memory device according to one embodi-
ment of the present invention.

[0102] FIG. 88 is an outline diagram of the nonvolatile
semiconductor memory device according to one embodi-
ment of the present invention.

[0103] FIG. 89 is a diagram that shows a plurality of
adjacent memory transistor areas in the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0104] FIG. 90 is a diagram that shows a plurality of
adjacent memory transistor areas in the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0105] FIG. 91 is a diagram that shows a plurality of
adjacent memory transistor areas in the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0106] FIG. 92 is a diagram that shows a plurality of
adjacent memory transistor areas in the nonvolatile semi-
conductor memory device 1 according to one embodiment
of the present invention.

[0107] FIG. 93 is a diagram showing another configura-
tion of the nonvolatile semiconductor memory device 1 of
the present invention according to one embodiment.

[0108] FIG. 94 is a diagram showing one example of
simulation result of the impurity distribution in the nonvola-
tile semiconductor memory 1 of the present invention
according to one embodiment.

[0109] FIG. 95 is diagram showing one example of thresh-
old change amount considering process difference in case of
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changing a gate length of the selection gate transistor in the
nonvolatile semiconductor memory device 1 of the present
invention according to one embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0110] The following description explains embodiments
of the nonvolatile semiconductor memory device and the
manufacturing methods for according to one embodiment of
the present invention; however, the present invention will
not be will not be limited to the following embodiments.
Also, in each of the embodiment, same codes are referred for
the similar structure, and will not be explained again.
[0111] An outline diagram of the nonvolatile semiconduc-
tor memory device 1 of the present invention according to
the embodiment is shown in FIG. 1. The nonvolatile semi-
conductor memory device 1 of the present invention accord-
ing to the embodiment has a memory transistor area 2, a
word line driving circuit 3, source side selection gate line
(SGS) a driving circuit 4, drain side selection gate lines
(SGD) a driving circuit 5, a sense amplifier 6, etc. As shown
in FIG. 1, in the nonvolatile semiconductor memory device
1 of the present invention according to this embodiment,
memory transistors that configure the memory transistor
area 2 are formed by laminating a plurality of semiconductor
layers. In addition, the word line of each of the layers, are
spread in a two dimensional state at a certain area. The word
lines of each layers respectively have a plane structure
comprising the same layer and have a plate-shaped plane
structure.

[0112] Further, in the nonvolatile semiconductor memory
device 1 of the present invention according to the embodi-
ment shown in FIG. 1, the source side selection gate line
(SGS) has a plate-shaped wiring structures, and the drain
side selection gate lines (SGD) respectively have insulated
and isolated wiring structures. Also, in the nonvolatile
semiconductor memory device 1 of the present invention
according to the embodiment, each of the source side
selection gate line (SGS) may be set to have an insulated and
isolated wiring structures, and a drain side selection gate line
(SGD) may be set to have a plate-shaped plane wiring
structures, as shown in FIG. 87. Also, in the nonvolatile
semiconductor memory device 1 of the present invention
according to the embodiment, each of the source side
selection gate lines (SGS) may be set to have an insulated
and isolated wiring structure, and each of the drain side
selection gate lines (SGD) may be set to have an insulated
and isolated plane wiring structure, as shown in FIG. 88.
[0113] FIG. 2 is an outline structure diagram of a part of
a memory transistor area 2 of the nonvolatile semiconductor
memory device 1 according to the embodiment In the
embodiment, the memory transistor area 2 has mxn of
memory strings 10 (m and n are natural numbers) compris-
ing memory transistors (MTrlmn to MTrdmn) and selection
transistors SSTrmn and SDTrmn. In FIG. 2, an example of
m=3 and n=4.

[0114] Word Lines WL 1 to WL 4 are formed with
conductive layers that are connected to the gates of memory
transistors (MTrlmn to MTrdmn) of each of the memory
strings 10, which are applied to each of the counterpart
respectively. In other words: all of the gates of the memory
transistor MTrlmn of each of the memory strings 10 are
connected to the word line 1, all of the gates of the memory
transistor MTr2mn of each of the memory strings 10 are
connected to word line 2, all of the gates of memory
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transistor MTr3mn of each of the memory strings 10 are
connected to word line WL3, and all of the gates of the
memory transistor MTrdmn of each of the memory strings
10 are connected to word line 4. In a nonvolatile semicon-
ductor memory device 1 of the present invention according
to this embodiment, as shown in FIGS. 1 and 2, the word
lines (WL1 to WL4) are respectively spread in two dimen-
sional and have a plate-shaped plane structure. Also, the
word lines (WL1 to WL4) respectively have a plane struc-
ture, which is almost vertical for the memory strings 10. In
addition, source side selection gate lines SGS, which drive
the source side selection transistors SSTrmn, can be set to set
as a common potential per each layer all the time as a matter
of operation. Therefore, in this embodiment, a plate shaped
structure is applied for the source side selection gates SGS.
[0115] Each of memory strings 10 has a pillar shaped
semiconductor on n+ area that is formed in a P-well area of
the semiconductor substrate. Each of the memory strings 10
is arranged within a plane being vertical to the pillar shaped
semiconductor with a matrix. In addition, the pillar shaped
semiconductor may be either a cylindrical shape or a prism
shape. Also, a pillar shaped semiconductor includes a pillar
shaped semiconductor having stepwise shape.

[0116] Each word line WL may be set to have a spread that
is equal to or more than two times of a distance, wherein a
diameter of a pillar shaped semiconductor is added in an
interval of the pillar shaped semiconductor next to each
other. In other words, it is preferable that each word line WL
should have a spread that is equal to or more than two times
of the distance between centers of the pillar shaped semi-
conductor

[0117] An outline diagram of one memory string 10 (here
shown by mnth memory string) of the nonvolatile semicon-
ductor memory device 1 of the present invention according
to this embodiment is shown in FIG. 3(A), and its equivalent
circuit schematic in FIG. 3(B). In this embodiment, the
memory strings 10 have 4 memory transistors MTrlmz to
MTrdnm, and two selection transistors SSTrmn and
SDTrmn. The 4 memory transistors MTrlmnr to MTrdmn
and two selection transistors SSTrmn and SDTrmn are
connected respectively in series, as shown in FIG. 3. In one
memory strings 10 of the nonvolatile semiconductor
memory device 1 of this embodiment, a pillar semiconduc-
tor 11 is formed in N+ area 15 that is formed in P-type area
(P-Well area) on a semiconductor substrate. Also, insulation
films 12 formed around a pillar shaped semiconductor 11
and a plurality of plate shaped electrodes 134 to 13e that are
formed around the insulation films 12 are formed. The
electrodes 135 to 13e, the insulation films 12, and the pillar
shaped semiconductor 11 form memory transistor MTrlmn
to MTrdmn. In addition, the insulation films 12 is the
insulation film that function as charge storage layers (for
example, a silicon oxide film, a silicon nitride film, a
lamination film of the silicon oxide films). For example, if
the insulation films 12 include a film that is made of a silicon
oxide film, a silicon nitride film, a lamination film of the
silicon oxide films, what is called ONO film, a charge is held
in a SiN trap disintegrated and distributed into the silicon
nitride film. The electrodes 135 to 13e respectively become
word line WL1 to WL4, an electrode 13f becomes a selec-
tion gate line SGDn, and 13a becomes a selection gate line
SGS. Also, a bit line BLm is connected to an edge of
source/drain of the selected transistor SDTrmn, a source line
SLm (in this embodiment, N+ area 15) is connected to an
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edge of the source/drain the selected transistor SDTrmn. In
addition, the charge storage layer may be set to be formed
around the column shaped semiconductor layer 11 of the
MTrlmn to MTrdmn (that is, the layer may be set to be
localized between the pillar shaped semiconductor 11 and
the electrodes 135 to 13e).

[0118] In addition, a floating gate, which is formed in the
charge storage layer by a conductor, may be applied. At the
time, the conductor is formed only between the pillar shaped
semiconductor and each word line.

[0119] Further, an insulation film 14 functioning as a gate
insulation film is formed between the electrodes 13a and 13/,
and the pillar shaped semiconductor 11.

[0120] Further in this embodiment, the memory strings 10
has 4 memory transistors MTrlmn to MTrdmn, the number
of memory transistors in a memory string is not limited to
this, but may be changed accordingly to an arbitrary number
depending on memory capacity.

[0121] The memory string in this embodiment of the
present invention has an outline symmetry shape to a center
axis of the pillar shaped semiconductor.

[0122] FIG. 4 is a figure that shows a cross-sectional
structure of one memory transistor MTr (for example,
MTrdmn) in this embodiment. In addition, the other memory
transistors M Trlmn to MTr3mn have same structure with the
memory transistor MTrdmn. In the memory transistor
MTrdmn, the conductor layer 13e surrounding the pillar
shaped semiconductor 11 functions as a control gate elec-
trode via the insulation films 12. The source 20 and drain 21
of the memory transistor are formed in the pillar shaped
semiconductor 11. However, for case that the memory
transistor MTrlmn, and the selection gate transistors
SSTrmn and SDTrmn have a depression type transistor
structure, a definite source/drain diffusion layer may be set
not to exist in a part of the semiconductor 11. Also, the pillar
shaped semiconductor 11 may be set what is called an
enhancement type transistor, in which an area roughly
surrounded with the conductor layer 13e roughly is set to be
a P-type semiconductor, and in which an area not roughly
surrounded with the conductor layer 13e is set to be a N-type
semiconductor.

[0123] In FIG. 3 and FIG. 4, explanation for one memory
string 10 has been performed, in the nonvolatile semicon-
ductor memory device 1 according to this embodiment; all
of the memory strings have the same structure.

[0124] Operation

[0125] First, “reading operation”, “programming opera-
tion” and “erasing operation” in the memory transistors
MTrlmn to MTrdmn of one memory strings 10 according to
this embodiment will be explained referring to FIG. 3. As for
the “reading operation” and “program operation” explana-
tion is held by illustrating memory transistor MTr3mn.
[0126] Further, the memory transistors MTrlmr to
MTr4mn in this embodiment are what is called a MONOS
type transistor including semiconductor 11, insulation films
(a silicon oxide film, a silicon nitride film, and a lamination
film of the silicon oxide film) functioning as a charge storage
layer, and a conductor layer (a poly-silicon layer in this
embodiment), here explanation will be performed with the
assumption that threshold Vth of a memory transistor MTr
with a situation that electrons are not accumulated in the
charge storage layer (hereinafter called “neutral threshold”)
be near OV.
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[0127] Reading Operation

[0128] At the time of data reading from the memory
transistor MTr3mn, Vbl (for example 0.7V), 0V, Vdd (for
example 3.0V), and VPW (for example, OV) are respectively
applied to the bit line BLm, source line SL, the selection gate
line SGD and SGS, and P-Well area. Then, the word line
WL3, wherein the bit desired to be read out bit (M Tr3mn) is
connected, is set as 0V, and the other word lines WL are set
as Vread (for example, 4V). Hereby is determined whether
current is charged to the bit line BLm, depending upon
whether the threshold Vth of the bit desired to be read out
bit (MTr3mn) more or less than OV, and thus it becomes
possible to read out data information of the bit M Tr3mn) by
sensing current of the bit line BLm. In addition, the data of
other bits (the memory transistor MTrlmn, MTr2mn, and
MTr4mn) can be read out with a similar operation.

[0129] Programming Operation

[0130] At the time of programming data “0” into the
memory transistor MTr3mn, i.e., enhancing threshold of the
memory transistor by implanting electrons in the charge
storage layer of the memory transistor MTr3mn (shifting the
threshold toward a positive direction), 0V, Vdd, Vdd (for
example, 3.0 V), Voff (for example 0V) and VPW (for
example, 0V) are respectively applied to bit line BLm, the
source line SL, the selection gate line SGDn, the selection
gate line SGS, and the P-Well area. And the word line WL3
of bits desired to be programmed (MTr3) and the other word
lines WL, are further set to be Vprog (for example, 18V) and
Vpass (for example, 10V), respectively. By doing so, elec-
tric field strength, wherein only the desired bits (MTr3m#n)
are applied to the charge storage layer, are strengthened,
electrons are implanted into the charge storage layer, and
then the threshold of the memory transistor MTr3mn is
shifted toward a positive direction.

[0131] At the time of programming data “1” into the
memory transistor MTr3mn, ie., the threshold is not
enhanced from the erasing state of the memory transistor
MTr3mn (electrons are not implanted into the charge storage
layer), the gate potential and the source potential of the
selection transistor SDTrmn become equivalent potentials
by applying to the bit line BLm. Therefore, the selection
transistor SDTrmn becomes an off-state, and a potential
difference between the channel forming area (a body part)
and the word line 3 of the memory transistor MTr3mn are
decreased. As a result, the electron implantation into the
charge storage layer of the memory transistor MTr3mn is not
occurred. In addition, data may be programmed into the
other bits (memory transistors MTrlmn, MTr2mn, and
MTrdmn) by the same operation.

[0132] Erasing Operation

[0133] At the time of data erasing, data erasing of the
memory transistors MTrlmnr to MTrdmn is performed a
block unit including a plurality of memory strings 10.
[0134] In the selection blocks (the blocks desired to be
erased) Verase (for example 20V) is applied to the P-Well
area, the potentials of the selection gate lines SGS and the
SGDn are enhanced (for example, to 15V), setting the
source line SL to be floating and sliding the time slightly
with the timing applying Verase to the P-Well area (sliding
at a degree of 4 psec, for example). By doing so, GIDL (Gate
Induced Drain Leak) is occurred near the gate terminal of the
selection transistor SSTrmn, and the generated holes are
drained into the inside of the semiconductor layer 11, which
is the body part of the memory transistors MTrlmn to
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MTrdmn. On the other hand, electrons are flowed into the
P-Well direction. Thereby potential near Verase is transmit-
ted to the channel forming area (the body part) of the
memory transistor MTr, because of this, if the potentials of
the word line WL1 to WL4 are set to be 0V, the electrons of
the charge storage layer are pulled out into the P-Well and
thus data deletion of the memory transistors MTrlmn to
MTrdmnr may be performed.

[0135] On the other hand, when data erasing of the
memory transistor is performed, in the non-selected blocks,
potentials of the channel forming area (the body part) of the
memory transistors MTrlmn to MTrdmn are enhanced by
setting the word lines WL1 to WL4 being floating, at the
same time, potentials of the word lines WL1 to WL4 are
enhanced by coupling and there becomes no potential dif-
ference between the word lines WL1 to WL4 and the charge
storage layers of the memory transistors MTrlmn to
MTr4mn. Therefore, pulling out (deletion) of the electrons
from the charge storage layer is not performed.

[0136] Next, “reading operation”, “program operation”
and “erasing operation” of the nonvolatile semiconductor
memory device 1 of this embodiment, wherein the memory
strings 10 are disposed vertically and horizontally with a two
dimensional shape for the substrate face, are explained. In
FIG. 5, an equivalent circuit of the nonvolatile semiconduc-
tor memory device 1 of the present invention according to
this embodiment is shown. In the nonvolatile semiconductor
memory device 1 of this embodiment, the potentials of word
lines WL1 to WL4 respectively have the same ones, as
described above. Also here, each of the selection gate lines
SGS1 to SGS3 are set to be able to be controlled indepen-
dently, and these potentials may be set to be controlled by
setting them to be the equivalent potentials such as forming
the selection gate lines SGS1 to SGS3 with the same
conductor layer and soon.

[0137] Further in this case, “reading operation” and “pro-
gramming operation” in the memory transistor Mtr321
shown with a dotted line (a Mtr3 of the memory strings that
is connected to the bit line BL.2 and the selection gate lines
SGS1 and SGD1) will be explained, and “erasing operation”
of the memory transistor will be explained.

[0138] Reading Operation

[0139] FIG. 6 is a diagram showing bias state in the case
that reading operation of data of the memory transistor
Mtr321 shown by dotted line in the nonvolatile semicon-
ductor memory device 1 according to this embodiment is
performed. Here again, explanation will be performed
assuming: the memory transistor Mtr in this embodiment is
what is called a MONOS type transistor including the
semiconductor 11, the insulation film, which function as a
charge storage layer (a silicon oxide film, a silicon nitride
film, and a lamination film of the silicon nitride film) and the
conductor layer (a poly-silicon layer in this embodiment),
and a threshold Vth (a neutral threshold) of the memory
transistor Mtr in the state, wherein the electrons are lami-
nating in the charge storage layer, is near OV.

[0140] At the time of data reading out from the memory
transistor MTr321, Vbl (for example, 0.7V), 0V, 0V, Vdd
(for example, 3.0V), and Voff (for example, 0V), and VPW
(for example, OV; however, VPW may be any potentials so
far as the P-Well and the memory strings are not in a forward
bias) are respectively applied to: the bit line BL2, which the
memory transistor Mtr321 is connected to, the other bit lines
BL, the source line SL, the selection gate lines SGD1 and
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SGS1, in which the memory transistor MTr321 is connected,
the other selection gate lines SGD and SGS, and the P-Well
area. And the word line WL3, which the bit (MTr321)
desired to be read out is connected to, is set to be 0V, and the
other word lines WL are set to be Vread (for example, 4.5V).
Hereby a potential difference occurs between the bit line
BL2 and the source line SL of the bit (MTr321) reading out
data, and the selection gate line SGD1 is in an “on” state.
Because of this, whether the current is flow or not to the bit
line BL2 is determined by whether the threshold Vth of the
bit desired to be read out (MTr321) is large or small.
Therefore, the data information of the bit (MTr321) can be
read out by sensing the current of the bit line BL2. In
addition, the data of the other bits (the memory transistor
MTrlmnr) may be read out with a similar operation. As this
occurs, for example, the SGD2 of the memory transistor
MTr322 is Voff, despite the threshold Vth is at any value i.e.,
either “1” or “0” is programmed into the memory transistor
MTr322, therefore, current will not flow into the memory
transistor MTr322 and the memory strings 10 that the
MTr322 belongs to. These are memory strings 10 connected
to the bit line BL2, which is similar in all of the memory
strings 10 that is not connected to the selection gate line
SGD1.

[0141] Also, for example, explaining with an example of
the memory transistor MTr331, in the case of the memory
strings 10 that MTr331 belongs to, despite a threshold Vth
of the memory transistor MTr331 is at any value, i.e., either
“1” or “0” is programmed into the memory transistor 322,
current will not be running into the bit line BL3, because the
bit line BL3 is OV and has same potential to the source line
SL. This is common in all of the memory strings 10 not
connected to the bit line BL2.

[0142] From the above description, in the nonvolatile
semiconductor memory device 1 of the present invention
according to this embodiment, even if the word lines WL1
to WL4 are respectively made driven with the common
potentials, and the selection gate lines SGS1 to SGD3 are
respectively driven with the common potential, the data at
the threshold of the optional bits can be read.

[0143] Programming Operation

[0144] FIG. 7 is a diagram showing a bias state in the case
of programming operation of the data of the memory tran-
sistor M Tr321 shown with the dotted line, in the nonvolatile
semiconductor memory device 1 of the present invention
according to this embodiment.

[0145] In the case that data “0” is programmed into the
memory transistor MTr3, i.e., the threshold of the memory
transistor is enhanced by implanting electrons into the
charge storage layer of the memory transistor MTr321
(shifting the threshold toward a positive direction), 0V, Vdd,
Vdd, vdd, Voff, Voff, VPW (for example, 0V), are respec-
tively applied to: the bit line BL2, which the memory
transistor MTr321 is connected to the other bit lines, the
source line SL, the selection gate line SGD1, which the
memory transistor MTr321 is connected to the other selec-
tion gate line SGD, the selection gate lines SGS1 to SGS3,
and the P-Well area. Further, by setting the word line WL3
of the bit (MTr321) desired to be programmed to be Vprog
(for example, 18V) and the other word lines WL to be Vpass
(for example, 10V), a channel is formed into all the memory
transistors except for the selection gate transistor SSTr21,
which a source side selection gate line SGS1 is connected to
MTr121, MTr221, MTr321, and MTr421, in the memory
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strings 10 that the MTr321 belongs to, then the potential of
the bit line BL2 (0V) is transmitted to the channel. There-
fore, the filed strength, which is applied to a ONO film
including the charge laminating layer that exists between the
word line of the desired bit (MTr321) and the column shaped
semiconductor becomes strong, the electrons are implanted
into the charge storage layer, and then the threshold of the
memory transistor MTr321 shifts toward a positive direc-
tion.

[0146] At this time, for example, in the memory transistor
MTr322, Voft is applied to the source side selection gate line
SGD2 so that the potential of the bit line BL2 is not
transmitted to the channel part of the memory transistor
MTr322 and thus no implantation of the electrons occurs in
the memory transistor MTr322. This is applied to the
memory strings 10 connected to the BL2, which is same to
all the memory strings 10, in which the memory transistor
MTr321 is not belonged to.

[0147] Also for example, in the memory transistor
MTr331, the source side potential of the selection transistor
SDTr31, which the selection gate line SGD1 is connected to,
becomes Vdd and the potential of the bit line BL3 is also
Vdd in the memory strings 10 that MTr331 belongs to.
Therefore, the potentials of the source of the selection
transistor and the gate of the selection transistor SDTr31
become same potentials. As a consequence, the selection
transistor SDtr31 is not on, and the outer electric potential is
not transmitted in the channel part of the memory transistor
MTr331, and thus, electron implant will not occur. This is
similar to all the memory strings 10 that are not connected
to the bit line 2.

[0148] In case that data “1” is programmed in memory
transistor MTr321, i.e., the threshold is not enhanced from
the erasing state of the memory transistor MTr321 (electrons
are not implanted into the charge storage layer), the gate
potential and the source potential of the selection transistor
SDTr21 become the same potentials by applying Vdd to the
bit line BL2. Therefore, the selection transistor SDTr21
becomes off state and the potential difference between the
channel formation area (the body part) and the word line
WL3 of the memory transistor MTr3 becomes reduced, so
that the electron implant does not occur in the charge storage
layer of the memory transistor MTr321. In addition, data of
the other bits (memory transistor MTrlmn: in an example
shown in FIG. 7,1 is 1 to 4, m is 1 to 3, and n is 1 to 3) may
be programmed.

[0149] Also, by setting the potential of each bit line BL
adequately with OV or Vdd, it becomes possible to perform
a programming, namely page programming simultaneously
on the bit (MTr) of the common word lines WL selected by
one selection gate line SGD.

[0150] Erasing Operation

[0151] At the time of data erasing, data erasing of the
memory transistor MTr is performed per block unit includ-
ing a plurality of memory strings. FIG. 8 is a diagram
showing a bias state in the case the erasing operation of data
of the memory transistor MTr of the selected block, in the
nonvolatile semiconductor memory device 1 of the present
invention according to this embodiment.

[0152] In the selected block (the block desired to be
erased) Verase (for example, 20V) is applied in the P-Well
area, the source line SL is set to be at floating, and sliding
the time slightly with the timing applying Verase in the
P-Well area (for example, sliding in the degree of 4 usec)
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and thus the potentials of the selection gate lines SGS and
SGD is enhanced (for example, to 15V). By doing so, GIDL
(Gate Induced Drain Leak) is occurred near the gate terminal
of the selection transistor SSTr, and the generated holes are
drained into the inside of the semiconductor layer 11, which
is the body part of the memory transistor MTr. On the other
hand, electrons are drained into the P-Well direction.
Thereby potential near Verase is transmitted to the channel
forming area (the body part) of the memory transistor MTr,
because of this, if the voltage of the word lines WL1 to WL4
are set to be 0V, the electrons of the charge storage layer of
the memory transistor MTr are pulled out into the P-Well
and thus data erasing may be performed.

[0153] On the other hand, when performing data erasing
of the memory transistors of the selected block, in the no
selected block, potentials of the channel forming area (the
body part) of the memory transistors MTtrlmn to MTrdmn
are enhanced by setting the word lines WL1 to WL4 being
floating, at the same time, potential of the word lines WL1
to WL4 are enhanced by coupling and there becomes no
potential difference between the word lines WL1 to WL4
and the charge storage layers of the memory transistors
MTrl to MTr4. Therefore, pulling out (erasing) of the
electrons from the charge storage layer is not performed.
[0154] Here summarization of a relationship of the poten-
tials among “the reading out operation”, “the programming
operation” and “the erasing operation” of the nonvolatile
semiconductor memory device 1 of the present invention
according to this embodiment is shown in Table 1.

TABLE 1
Erase Erase
Read Write“0”  Write“1”  (selection) (nonselection)

BL Vbl 0 Vdd Verase Verase
SGD Vdd Vdd Vdd Vera_del Vera_del
W14 Vread Vpass Vpass 0 open
WL3 0 Vprog Vprog 0 open
WL2 Vread Vpass Vpass 0 open
WL1 Vread Vpass Vpass 0 open
SGS Vdd Voff Voff Vera_del Vera_del
SL 0 vdd Vdd open open
PW 0 0 0 Verase Verase

[0155] Erasing Operation Simulation

[0156] A setting condition and a result of the erasing
operation simulation of the nonvolatile semiconductor
memory device 1 of the present invention according to this
embodiment are shown in FIG. 10 to FIG. 13.

[0157] FIG. 10(A) is a diagram showing a setting condi-
tion of the simulation of the erasing operation of one
memory string of the nonvolatile semiconductor memory
device of the present invention according to this embodi-
ment. Also, FIG. 10(B) shows a structure of the memory
strings based on a condition setting of FIG. 10(A). In FIG.
10(A) and (B), impurity concentration of the P-Well is 1E19
cm-3, impurity concentration of the source line SL is SE19
cm-3, a diameter and impurity concentration of the pillar
shaped semiconductor layer (the body) was respectively set
to be 19 nm, 1E15 cm-3, impurity concentration of the bit
line BL was set to be 1E19 cm-3 (the lower layer part), SE19
cm-3 (the upper layer part), a thickness of the word line WL
was set to be 50 nm, a distance between each of the word
lines WL was set to be 25 nm, a thickness of poly-silicon of
the selection gate line SGS was set to be 10 nm, a diameter
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of a hole, in which the pillar shaped semiconductor layer is
implanted (hereinafter it may be called “a memory plug
hole”), was set to be 35 nm, and the thickness of the charge
storage layer FG was set to be 16 nm (however in the
simulation, the potential of FG is not floating but a word line
potential VCG). In addition, the voltage Verase that was
applied to P-Well at the time of data erasing, is made
enhanced up to 20V, the voltage Vdd that was applied to the
bit line BL, is made enhanced up to 20V, a voltage VSG that
is applied to the selection gate line SGD was made enhanced
up to 15V, and thus a voltage VCG that was applied to the
word lines were set to be OV.

[0158] FIG. 12 and FIG. 13 show a calculation result
based upon the simulation condition that is shown in FIG.
10, is shown. FIG. 12 shows a potential change and FIG. 13
shows a hole concentration. If the potential of the P-Well is
enhanced, the potential of the pillar shaped semiconductor
layer (the body) begins to enhance having a little delay.
Accompanying with it, the hole concentration of the pillar
shaped semiconductor layer (the body) is enhancing. This
indicates that electric field is on between the pillar shaped
semiconductor layer (the body) and word lines the erasing
becomes possible by occurrence of the GIDL current at SGS
gate terminal part, implant of the hole in the pillar shaped
semiconductor layer (the body), and transmission of the
potentials.

[0159] Here in the nonvolatile semiconductor memory
device of the present invention according to this embodi-
ment, examples of the structure to realize the deletion
operation is shown in FIG. 14 to FIG. 16.

[0160] FIG. 14 is an example, in which concentration of
the pillar shaped semiconductor layer (the body) of the
selection gate transistor SSTr connected to the source side
selection gate line SGS is enhanced. By doing this, GIDL
may be increased so that the holes that are necessary and
sufficient for the erasing operation may be supplied. FIG. 14
is a structure, in which the deletion method using GIDL
current shown in the above-described simulation, is realiz-
able. In addition, this embodiment of the present invention
is also realizable with the deletion method, in which the
GIDL is not used. Such example is shown in FIG. 15 and
FIG. 16.

[0161] In FIG. 15, an example, in which the pillar shaped
semiconductor layer (the body) and the P-Well area of the
semiconductor substrate are connected directly. In this case,
holes can be implanted directly from the P-Well. Also,
because contact with the source line SL and the pillar shaped
semiconductor layer (the body) is also necessary, it is
necessary that the pillar shaped semiconductor layer (the
body) and n+ diffusion area be an overlap structure.
[0162] In FIG. 16, a method, in which holes are directly
injected into the pillar shaped semiconductor layer from the
P-dope poly-silicon layer of the substrate, is shown. It shows
a constitution, in which a contact layer including a p-type
poly-silicon is formed on a n+ diffusion area, and the pillar
shaped semiconductor layer (the body) contacts with the
contact layer including the n+ diffusion area and the p-type
poly-silicon.

[0163] Any structures in FIG. 14 to FIG. 16, the erasing
operation of the nonvolatile semiconductor memory device
of the present invention according to this embodiment may
be realized. In addition, the structures explained in this
embodiment are merely examples of the nonvolatile semi-
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conductor memory device of the present invention so that it
is not limited to these structures.

[0164] Manufacturing Method

[0165] A bird’s-eye view of the nonvolatile semiconductor
memory device 1 of the present invention according to this
embodiment is shown in FIG. 17. The nonvolatile semicon-
ductor memory device 1 of the present invention according
to this embodiment has a structure, in which memory
transistors are laminated on the semiconductor substrate.
The area, in which the memory transistors are laminated
(memory transistor areas), can be manufactured by 5 Photo
Etching Processes (3 critical PEP and 2 rough PEP) without
a relationship of the lamination number of the memory
transistors.

[0166] As shown in FIG. 17, each of the word lines WL1
to WL4 respectively has a plate-shaped and a stepwise-
shaped structure. Because each of the word lines WL1 to
WL4 respectively has a plate-shaped and stepwise-shaped
structure, a step occurs in the side edge parts of each of the
word lines WL1 to WL4. By using the steps, contact holes
to connect a word line driver and each of the word lines WL1
to WL4 may be manufactured by the same photo etching
process. Also, the bit lines are connected to the sense
amplifier, and the selection gate line SGD is connected to the
selection gate line SGD driver, using the contact holes that
are formed at the same time by the photo etching process.

[0167] The nonvolatile semiconductor memory device
according to one embodiment of the present invention may
form a plurality of vertical type transistors connected in
series with 1 PEP, by laminating the lamination film corre-
sponding to number of the lamination of the memory
transistors in advance and forming a hole pattern simulta-
neously.

[0168] Also in the nonvolatile semiconductor memory
device 1 of the present invention according to this embodi-
ment, it is necessary to connect the selection gates to the
upper and lower parts of vertical type transistors that are
connected in series to operate a plurality of the vertical type
transistors. Formation of the series structure with the plu-
rality of the vertical type transistors that are connected in
series to the selection gates, can be performed simulta-
neously with PEP of 1 or 2 a (memory transistor formation
holes PEP)

[0169] Further, the source side selection gate lines SGS of
the vertical transistor that are connected in series and each
of the word lines of each of the memory transistors can be
set as a common potential per each layer all the time as a
matter of operation. Therefore, a plane shaped structure may
be applied to either the selection gate lines SGS and the
word lines WL. As thus described, the word line may be
formed by the rough PEP, by which the manufacturing
process may be simplified and thus the cost reduction may
be realized.

[0170] A manufacturing process of the nonvolatile semi-
conductor memory device 1 of the present invention accord-
ing to this embodiment using FIG. 18 to FIG. 44 will be
explained. In FIG. 18 to FIG. 44, a peripheral circuit area,
in which a peripheral circuit areas such as a word line driver
circuit and a sensing amplifier circuit are formed are shown
on the left side, and the memory transistor area is shown on
the right side. Also in the memory transistor area, parts
corresponding to an area A part, an area B part, a cross
section of X-X' and Y-Y' of the nonvolatile semiconductor
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memory device 1 of the present invention according to this
embodiment shown in FIG. 17 are shown.

[0171] First, FIG. 18 is referred. A thin silicon oxide film
(Si02) is formed on a semiconductor substrate 1 (not shown
in the figures), then subsequently, a silicon nitride film
(Si3N4) is laminated (not shown in the figures), and in the
area 102a, 1025, 102¢, 1034 and 102¢, which forms STI
(Sharrow Trench Isolation), a shallow trench of about
300nm is formed by Dry Etching method. Afterwards, by
laminating a silicon oxide film with a heat CVD method or
a plasma CVD (Chemical Vapor Deposition) method,
embedding the slot thoroughly with the silicon oxide film,
and removing the silicon oxide film other than the part of the
slot by Chemical Mechanical Polishing (CMP), STI (Shal-
low Trench Isolation) 1024, 10256, 102¢, 102d, 102 are
formed (FIG. 18). Then, the remaining silicon oxide films
are removed with heat phosphorous.

[0172] Next, sacrificial oxidation is performed in the sub-
strate surface (not shown in the figures), photoresist pattern
that opens desired areas is formed, boron (B) ions are
implanted, forming the P-Well area 104, afterwards, the
resist is removed (FIG. 19). Next, the photo resist pattern
that opens the desired areas is formed; boron (B) ions are
implanted near the surface of the substrate 100, and thus a
channel implant area 106a and 1065, by which a threshold
of the transistor Vth is adjusted. are formed. In addition,
here, the transistor formed in the peripheral circuit area
shows an example of N-channel type transistor; however,
N-Well area is formed and thus P-channel type transistor is
formed (not shown in the figures) by implanting ions giving
the N type in the desired area.

[0173] Next, the photo resist pattern, in which only the
memory transistor areas is open, is formed, a phosphorous
(P) ions are implanted only in the memory cell transistor
area, and thus n+ diffusion area 107 is formed (FIG. 20). The
n+ diffusion area 107 becomes the source line SL.

[0174] Next, the sacrificial oxidation film (not shown in
the figures) is removed, and thus a first gate insulating film
(not shown in the figures) is formed.

[0175] Next, photo resist masks 108a and 1085 are formed
in the desired pattern, and Wet Etching is performed, by
doing so, the first gate insulation film at the desired position
and a part of STI102a and 1025 are etched and removed
(FIG. 21). A thin film gate transistor for high speed operation
is formed in the area, and the thick gate transistor for high
resist pressure will be formed in the area, where no Wet
Etching is performed.

[0176] Next, the photo resist mask 108 and 1085 are
removed so that a second gate insulation film (not shown in
the figures) is formed. And a poly-silicon (p-Si) film 110
adding conductive type impurities such as P (phosphorus)
are formed on the substrate (FIG. 22). And the poly-silicon
film 110 is etched with a predetermined pattern, then gate
electrodes 110a and 1105 of the transistor of the peripheral
circuit area are formed (FIG. 23). Next, photo resist is
formed in the P-channel type transistor area of the peripheral
circuit area and the memory transistor area (not shown in the
figures), P (phosphorus) ions or As (arsenic) ions etc., are
implanted into the N-channel type transistor area in the
peripheral circuit area, the N-channel type areas 112a, 1125,
112¢ and 1124 that are automatically shallow are formed
with the gate electrode 110a and 1106 (FIG. 23). Then the
photo resist is removed.
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[0177] Next, photo resist is formed in the area of N-chan-
nel type transistor and the memory transistor area of the
peripheral circuit areas (not shown in the figures), B (boron)
ion etc., are implanted in the P-channel type transistor area
of the peripheral circuit areas, a P-type area (not shown in
the figures) that automatically shallow are formed with the
gate electrode (not shown in the figures), and then, the photo
resist is removed.

[0178] Next, silicon nitride film is formed on the whole
surface of the substrate and by performing anisotropic
etching, the silicon nitride films are remained only in the
both edge part of the gate electrode 110a and 1105, thus side
walls 114a, 1145, 114¢ and 1144 are formed (FIG. 24).
[0179] Next, photo resist is formed in the P-channel type
transistor area in the peripheral circuit area and the memory
transistor area (not shown in the figures), arsenic (As) ions
are implanted in the N-channel type transistor of the periph-
eral circuit areas, a source/drain areas 116a, 1165, 116¢ and
116d are formed automatically shallow with the side walls
1144, 1145, 114c¢ and 1144 (FIG. 25), and then, the photo
resist is removed.

[0180] Next, photo resist is formed in the N-channel type
transistor area of the peripheral circuit area and the memory
transistor area (not shown in the figures), boron (B) ions are
implanted into the P-channel type transistor area of the
peripheral circuit area, the source/drain areas are formed
automatically shallow with the side walls (not shown in the
figures), and then, photo resist is removed.

[0181] Next, a silicon nitride film (a barrier silicon nitride
film) 118 is formed on the whole surface of the substrate
(FIG. 25).

[0182] Subsequently, BPSG (Boron Phosphor Silicate
Glass) film 120 is formed in the whole substrate, and by
performing CMP treatment, a BPSG film 120 is planarized
(FIG. 26). And by forming cobalt (Co) film on the whole
surface of the substrate by a spattering method and perform-
ing a heat treatment, cobalt silicide (CoSi2) is 122a¢ and
1225 are formed (FIG. 26). Then, useless Co is removed.
Hereby cobalt silicide may be formed in the gate electrode,
and the silicide using other metals (Ti, Ni, etc.) may be
formed. Further, no silicide may be formed, and in this case,
manufacturing of the gate and the formation of the transistor
may be performed, after tungsten silicide and SiN are
formed as a film on a poly-silicon at the time of laminating
the poly-silicon 110 of the gate electrodes.

[0183] Next, a BPSG film 124 is formed on the whole
substrate (FIG. 27).

[0184] Subsequently, the poly-silicon film 126 and a sili-
con nitride film 128, in which conductive type impurities of
the P (phosphorus) on the whole surface of the substrate are
formed (FIG. 28). Afterwards, holes (hereinafter it may be
called “transistor plug holes”) 130a are formed by the
photoresist process. The poly-silicon film 126 becomes a
Selected Gate Line SGS of the memory transistor area.
[0185] Next by heating the substrate, thermal oxidation
film 132a and 1325 are formed (FIG. 29). The thermal
oxidation films 132a and 1325 becomes the gate insulating
films of the selection gate transistor SSTr. Subsequently, a
silicon nitride film is formed on the whole surface of the
substrate, and by performing anisotropic etching, a block
silicon nitride 134 is formed (FIG. 29).

[0186] Next, a part of the thermal oxidation film 1325 is
removed, by wet etching using hydrofluoric acid or dry
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etching using gas of fluoride system, thus thermal oxidation
film 132c¢ is formed (FIG. 30).

[0187] Subsequently, after a block silicon nitride film 134
is removed and amorphous silicon (a-Si) films 136 are
formed on the whole surface of the substrate, amorphous
silicon films are formed by performing the CMP to the
amorphous silicon films 136 (FIG. 31). In addition, instead
of the amorphous silicon films 136, silicon film 136a and
1365 may be formed by performing epitaxial growth to the
single crystal silicon.

[0188] Next, photo resist 138 is formed and photo etching
process is performed (FIG. 32).

[0189] Next, by forming titanium (Ti) film and performing
heat treatment titanium silicide (TiSi) 140a and 1405 are
formed (FIG. 33). In addition, instead of titanium silicide
(TiSi) 1404 and 1405 cobalt silicide (CoSi2) may be formed,
also, the silicide 140a and 1405 either may or not may be
formed.

[0190] Next, the silicon oxide film 142 is formed as the
primetal insulation film (PMD). Then a contact hole is
formed by photo etching process, then, after forming a slot
for wiring in the silicon oxide film 142, a tungsten (W) film
is embedded, tungsten (W) plugs 144a, 1445 and 144¢ and
a wiring 1464 and 1465 are formed. Next, silicon oxide film
148 is formed using TEOS (Tetracthoxysilane) (FIG. 33).
Hereinafter, the silicon nitride film that is formed using
TEOS may be called “a TEOS film.”

[0191] Next, by forming poly-silicon films (or amorphous
silicon films) and silicon oxide films in turn, in which
conductive impurities such as P (phosphorous) etc. are
added in, poly-silicon films 150, 154, 158, 162 and 166, and
silicon oxide films 152, 156, 160, 164, are formed (FIG. 34).
Further, a silicon nitride film 168 is formed (FIG. 34).
[0192] Subsequently in the memory transistor area,
memory plug holes 170 are formed to form a pillar shaped
semiconductor (a body part) of the memory transistor (FIG.
35). In addition, in this embodiment, the memory plug holes
170 are called “a memory plug holes 170”.

[0193] In addition, unevenness may be occurred on the
surface of the memory plug holes 170 as shown in FIG. 81
and FIG. 82, by various factors such as: switching of the
etching gas, at the time of forming this memory plug holes
170; removal of the piles; materials of films 150 to 168 and
so on. In FIG. 81, an example, in which poly-silicon films
150, 154, 158, 162 and 166 on the surface of the memory
hole 170 are excessively etched and unevenness is occurred
on the surface of the memory plug holes 170, are shown.
Even though the case like this, which the unevenness is
occurred on the surface of the memory plug holes 170, the
cross-sectional shape of the memory transistor area of the
nonvolatile semiconductor memory device 1 according to
this embodiment is almost symmetric to a central axis of the
memory plug holes 170.

[0194] In FIG. 82, an example, in which silicon nitride
films 150, 152, 156, 160 and 164 on the surface of the
memory plug holes 170 are excessively etched, and uneven-
ness is occurred on the surface of the memory plug hole 170
are shown. In addition, even though the case like this, which
the unevenness is occurred on the surface of the memory
plug holes 170, the cross-section of the memory transistor
area of the nonvolatile semiconductor memory device 1
according to this embodiment is almost symmetric to a
central axis of the memory plug holes 170.
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[0195] Also, silicon nitride films 340a, 3405, 340c and
3404 on the surface of the memory plug holes 170 may be
formed so that dielectric constant of the film among each of
the poly-silicon films 150, 154, 158, 162 and 166 that
become the word lines WL of the nonvolatile semiconductor
memory device 1 according to this embodiment may be
enhanced (FIG. 83). By doing so, change effect of the
potential of the word lines WL may be efliciently transmitted
to the pillar shaped semiconductor layer that are formed in
the memory plug holes 170 later.

[0196] Also in this embodiment, the silicon oxide films
152, 156, 160 and 164 are formed (FIG. 34), alternatively,
lamination films 152, 156, 160 and 164 of the silicon oxide
films/silicon nitride films/silicon nitride film may be formed
(FIG. 84). By doing so, change effect of the potential of the
word lines WL may be efliciently transmitted to the pillar
shaped semiconductor layer that are formed in the memory
plug holes 170 later.

[0197] Inaddition, by various factors such as: switching of
the etching gas at the time of forming this memory plug
holes 170, removal of the piles, materials of films 150 to 168
and so on, a shape of the memory plug holes 170 may
become a forward taper shape (FIG. 85) or in a barrel shape
(FIG. 86).

[0198] Next, a silicon oxide film, a silicon nitride film and
silicon oxide film are sequentially laminating and thus what
is called a ONO film 172 are formed (FIG. 36). The silicon
nitride film in the ONO films 172 becomes a charge storage
layer of the memory transistor.

[0199] Subsequently, by forming photoresist and perform-
ing etch back, a part of the ONO film 172 of the peripheral
circuit area and the memory transistor area are removed. In
the memory plug holes 170 of the memory transistor area, an
ONO film 172a and a photo resist 174 are remained except
for a layer (poly-silicon 166), in which the selection gate
transistor SDTr is formed, and a part of the silicon oxide film
164 at the lower part of the poly-silicon layer 166 (FIG. 37).
[0200] Next, by removing photo resist 174 and performing
heat treatment, a thermal oxidation film 176 is formed in the
layer (FIG. 38), in which the selected gate transistor SDTr
is formed (poly-silicon 166). In addition, instead of forming
this thermal oxidation film, a silicon oxide film 176 may be
formed by the CVD method.

[0201] Subsequently, by forming a silicon nitride film on
the whole substrate and performing anisotropic etching,
spacer silicon nitride films 178 are formed (FIG. 39).
[0202] After removing the spacer silicon nitride films 178,
by laminating amorphous silicon films and performing CMP
treatment, a pillar shaped amorphous silicon layers 180 are
formed (FIG. 40). In addition, instead of laminating the
amorphous silicon films, poly-silicon is made to be grown
with an epitaxial growth, by which poly-silicon layers 180
may be formed. Also, in the case that the poly-silicon are
formed by selective epitaxial growth in the silicon inside of
the lower layer selection gate transistor SSTr, monosilicon
180 may be formed by the selective epitaxial growth
method.

[0203] A taper etching is performed to silicon nitride 168;
poly-silicon films 150, 154, 158, 162 and 166, and the
silicon oxide films 152, 156, 160 and 164 so that the edge
parts of each layer become stepwise shapes. Thus, silicon
nitride film 168a, poly-silicon film 150, 154a, 1584, 162a
and 1664, and silicon oxide films 152a, 156a 160a and 164a
are formed (FIG. 41).
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[0204] Next, interlayer insulation film (BPSG) 182 is
formed, performing CMP treatment, and planarized (FIG.
42).

[0205] Here, the memory transistor area may be divided as

shown in FIG. 80 (B), FIG. 90 or FIG. 11. At the time, after
forming the interlayer insulation film (BPSG) 182 and
planarizing the BPSG with CMP, division patterns of the
memory transistor are formed with a photolithography
method and thus conductive films 150, 154, 158, 162 and
166, and the interlayer insulation films 152, 156, 160, 164
and 168, are etched. Then, by laminating the interlayer
insulation films (BPSG) again and planarizing it, array
divisions like FIG. 80(B) or FIG. 90 are formed. Further, in
case of performing the array division, the silicon substrate
100 of the memory area may be divided in advance into the
area at the same degree of the array divided by the STI102;
or the silicon substrate 100 may as well be divided.

[0206] Next, by photo etching process, the layer of the
selection gate transistor SDTr is divided, and the interlayer
insulation films are laminated into the area 186a and 1865
(FIG. 43).

[0207] Subsequently, the interlayer insulation films
(BPSG) 182 are removed, titan films are formed, and the
heat treatment is performed, and thus titan silicide films are
formed. In addition, instead of titan silicide films, cobalt
silicide or nickel silicide etc. may be used, or the silicides
may as well be not formed. And silicon oxide films 187 as
the primetal insulation films (PMD) are formed; the CMP is
performed; and then planarized (FIG. 44). Afterwards by
photo etching process, contact holes are formed; tungsten
films are formed; and the CMP treatment is performed.
Thus, tungsten plugs 1884, 1885, 188¢, 1884 and 188e are
formed (FIG. 44).

[0208] Next, an aluminum (Al) films is formed and, via
photo etching process, electrodes 190a, 190¢, 1904, 190e
and 190f are formed (FIG. 44).

[0209] Subsequently, interlayer insulation films (BPSG)
are formed; the CMP treatment is performed; and then
planarized (FIG. 44). Afterwards by photo etching process,
contact holes are formed, tungsten films are formed, and the
CMP treatment is performed; thus tungsten plugs 196a and
19656 are formed (FIG. 44). And the aluminum film (Al) is
formed and, via photo etching process, electrodes 1964 and
1905 are formed (FIG. 44).

[0210] By the above-described process, the nonvolatile
semiconductor memory device 1 of the present invention
according to this embodiment may be manufactured.
[0211] According to the nonvolatile semiconductor
memory device according to one embodiment of the present
invention and the manufacturing method thereof, by forming
the word lines with a common conductor layer per each
layer, the number of the word lines drive may be reduced,
and thus reduction of the chip area may be realized.
[0212] Also in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, a plurality of
vertical type transistors that are connected in series may be
formed by 1PEP, by laminating the lamination films corre-
sponding to the number of the lamination layers of the
memory transistors in advance and formation hole patterns
in a lump.

[0213] Also in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, it is necessary to
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connect the selection gates to the upper and lower parts a
plurality of vertical type transistors that are connected in
series to operate. Formation of the series structure with the
plurality of the vertical type transistors that are connected in
series to the selection gates can be performed simulta-
neously with PEP of 1 or 2 a (memory transistor formation
holes PEP).

[0214] Also in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, the selection
gate SGS of a plurality of vertical type transistors that are
connected in series and the word lines WL of each memory
transistor can be set always to be a common potential per
each layer. Therefore in either of the selection gate lines SGS
and the word lines WL, a layer structure may be adopted.
Thereby the word lines can be formed by rough PEP, by
which the manufacturing process is simplified, thus cost
reduction may be realized.

Second Embodiment

[0215] In this embodiment, the manufacturing process of
another example of the nonvolatile semiconductor memory
device of the present invention will be explained using FIG.
45 to FIG. 77. Further in FIG. 45 to FIG. 77, as well as with
the first embodiment, a peripheral circuit area, in which
peripheral circuits such as a word line driver circuit and a
sense amplifier circuit are formed, is shown at the left side;
a memory transistor area is shown at the right side. In the
memory transistor area, area A part, area B part, and parts
equivalent to the cross section of X-X' and Y-Y' are shown.
[0216] First, FIG. 45 is shown. By the same method with
the first embodiment, ST1202a, 2025, 202¢, 202d, 202¢ are
formed on the semiconductor substrate 200 are formed (FIG.
45).

[0217] Next, sacrificial oxidation is performed on the
substrate surface (not shown in the figures), and after the
photo resist patterns are formed at the desired position,
boron (B) ions are implanted, and thus P-Well area 204 is
formed (FIG. 46). Also, after forming the photo resist pattern
are formed at the desired position, boron (B) ions are
implanted near the surface of the substrate 200 and thus
channel implant area 206a and 2065 are formed, which
adjusts threshold Vth of the transistor Here in addition, like
the first embodiment 1, the transistor that is formed at the
peripheral circuit area shows an example of the N-channel
type transistor, in which N-Well area are formed by implant-
ing ions that add N-type in the desired area, and thus
P-channel type transistor is formed (not shown in the
figures).

[0218] Next, photo etching process, by which only the
memory transistor area is opened, is performed; phosphorus
(P) ions are implanted at the desired position of the memory
transistor area; and thus a thick n+ area 208 is formed (FIG.
46). The n+ diffusion area 208 becomes the source line SL.
[0219] Next, silicon nitride film 209 (barrier silicon nitride
film) is formed on the whole surface of the substrate, then
subsequently, TEOS film or BPSG film 210 are formed on
the whole surface of the substrate (FIG. 46).

[0220] Next, poly-silicon (p-Si) film 212 is formed, in
which conductive type impurities such as phosphorus (P) are
added on the whole surface of the substrate, and subse-
quently, silicon nitride film 214 is formed on the whole
surface of the substrate (FIG. 46).
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[0221] Next, photo resist is formed at the desired pattern,
the poly-silicon film 212 and the silicon nitride film 214 are
etched with a photolithography process, and thus a poly-
silicon film 2124 and a silicon nitride film 214a are formed
(FIG. 47).

[0222] Next, photo resist mask (not shown in the figures)
is formed at the place except for the peripheral circuit area;
using the photo resist mask, a silicon oxide film 210 and a
silicon nitride film (barrier silicon nitride film) 209 are
etched, silicon nitride film 210a at the memory transistor
area is made remained; and the silicon oxide film 210 and
the silicon nitride film (barrier silicon nitride film) of the
peripheral circuit area are removed (FIG. 48). Then subse-
quently, photo resist mask (not shown in the figures) is
removed.

[0223] Subsequently, by removing a sacrificial oxidation
film (not shown in the figures) and performing heat treat-
ment, the first thermally-oxidized film (not shown in the
figures) is formed.

[0224] Next, by forming a photo resist mask :216a and
2165 in the desired pattern and performing wet etching, a
part of first thermally-oxidized films, STI1202a and 2025 are
removed by etching (FIG. 49). A thin film transistor for high
speed operation is formed in the area removed by etching;
and a thick film gate transistor for high voltage resist will be
formed at the part, where no removal by the etching are
performed.

[0225] Afterwards by removing the photo resist mask
216a and 2165 and performing heat treatment, a second
thermally-oxidized film (not shown in the figures) is formed.
[0226] Subsequently, a poly-silicon film 218, in which
conductive impurities such as P (phosphorus) are added, are
formed (FIG. 50). Then a poly-silicon film 218 is etched
with a predetermined pattern and thus gate electrodes 218a
and 2185 of the peripheral circuit area are formed (FIG. 51).
At this time, in the memory transistor area, poly-silicon
films 218¢, 2184, 218¢ and 218 may as well remain upon
etching condition.

[0227] Then photo resist is formed in the P-channel type
transistor of the peripheral circuit area and the memory
transistor area (not shown in the figures); As ions or P ions
are implanted into the N-channel type transistor area of the
peripheral circuit area; the N-type areas 220a, 2205, 220c¢
and 220d that are automatically shallow with the gate
electrodes 218a and 2185 are formed (FIG. 51); then photo
resist is removed.

[0228] Next, a photo resist is formed in the N-channel type
transistor area of the peripheral circuit area and the memory
transistor area (not shown in the figures); in the P-channel
type transistor area of the peripheral circuit area, for
example B ions are implanted; P-type areas (not shown in
the figures) that is automatically shallow with the gate
electrodes (not shown in the figures) are formed; then, photo
resist is removed.

[0229] Next, by forming a silicon nitride film on the whole
surface of the substrate and performing anisotropic etching
the silicon nitride films are made remained on at the both
edges of the gate electrodes 218a and 2185, then side walls
222a, 2225, 222¢ and 222d are formed (FIG. 52). In addi-
tion, in the memory transistor area, upon the etching con-
dition, side walls 222¢, 222f; 222g and 222/ may as well be
formed at the side part of the poly-silicon films 218¢, 2184,
2184 and 218f respectively.
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[0230] Next, photo resist is formed in the P-channel type
transistor area of the peripheral circuit area and the memory
transistor area (not shown in the figures); arsenic (As) ions
are implanted into the N-channel type transistor area of the
peripheral circuit area; sourc e/drain area 224a, 224b, 224c
and 224d are formed automatically with the side walls 224a,
224b, 224c¢ and 224d (FIG. 53); then afterwards the photo
resist is removed.

[0231] Next, photo resist is formed in the N-channel type
transistor of the peripheral circuit area and the memory
transistor area (not shown in the figures); B ions are
implanted into the P-channel type transistor area of the
peripheral circuit area; the source/drain area (not shown in
the figures) is shown automatically with the side walls (not
shown in the figures), then photo resist is removed.

[0232] Next, a silicon nitride film (the barrier silicon
nitride film) 226 are formed on the whole surface of the
substrate (FIG. 53).

[0233] Subsequently by forming a BPSG film 228 on the
whole surface of the substrate and performing a CMP
treatment, the BPSG film 228 is planarized (FIG. 54).
[0234] Next, a silicon oxide film 230 is formed as a
primetal layer; then subsequently, contact holes 2324, 2325
and 232¢ are formed in the silicon oxide film by the photo
etching process (FIG. 55). Then, by forming a trench for
wiring in the silicon oxide film 230 by the photo etching
process and planarization the tungsten by such as the embed-
ded CMP, tungsten plugs 234a, 2345 and 234c¢, and wirings
235a, 235b and 235c¢ are formed (FIG. 56). Then a TEOS
film 236 is formed (FIG. 56).

[0235] Subsequently, by forming the poly-silicon films
and the TEOS films, in which conductive impurities such as
P are added, poly-silicon films 238, 242, 246 and 250, and
silicon oxide films 240, 244, 248 and 252, are formed (FIG.
57).

[0236] Next, taper etching process is performed so that
edge parts of the each layer of the memory transistor area are
set to be in the shape of stairs. At first, photo resist mask 254
is formed in the predetermined position of the memory
transistor area (FIG. 58).

[0237] Next, using the photo resist mask 254, the silicon
oxide is 252 is etched and thus a silicon oxide film 2524 is
formed (FIG. 59).

[0238] Then using the photo resist mask 254, poly-silicon
film 250q is etched and thus a poly-silicon film 250aq is
formed (FIG. 60).

[0239] Subsequently, the photo resist mask 254 is thin-
ning, then the photo resist mask 254a is formed (FIG. 61).
And using photo resist mask 254a, the silicon oxide films
252a and 248 are etched so that a silicon oxide films 2526
and 248a are formed (FIG. 61).

[0240] Then, using the photo resist mask 254a, a poly-
silicon film 250a and 246 are etched so that a poly-silicon
film 2505 and 246a are formed (FIG. 62).

[0241] Subsequently, the photo resist mask 2545 is thin-
ning so that a photo resist mask 254¢ is formed (FIG. 63).
And using the photo resist mask 254c, the silicon oxide films
012525 248a and 244 are etched and thus silicon oxide films
252¢, 248b and 244a are formed (FIG. 63).

[0242] Next, using photo resist mask 254¢, poly-silicon
films 2505, 246a and 242 are etched so that poly-silicon
films 250c¢, 2465 and 242qa are formed (FIG. 64).

[0243] Then the photo resist mask 254c¢ is thinning so that
a photo resist mask 2544 is formed (FIG. 64). And, using the
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photo resist mask 2544, silicon nitride films 252¢, 2485,
244a and 240 are etched so that silicon nitride films 2524,
248c¢, 244b and 240q are formed (FIG. 65).

[0244] Next, using the photo resist mask 254d, poly-
silicon film 250c, 246b, 242a and 238 are etched so that
poly-silicon films 250d, 246¢, 242b and 238a are formed
(FIG. 66). By doing so, edge parts of the each layer are
formed in the shape of stairs.

[0245] Also in the above-described embodiment 1, using
the taper etching explained in this second embodiment, a
silicon nitride film 1684, poly-silicon films 150, 1544, 1584,
162a and 1664, and silicon oxide films 152a, 1564, 160a and
164a may be formed as shown in FIG. 41.

[0246] Next, the photo resist film 2544 is removed, then a
silicon nitride film (barrier silicon nitride film) 255 is formed
on the whole surface of the substrate (FIG. 67)

[0247] Subsequently, by forming the BPSG film 256 on
the whole surface of the substrate and performing heat
treatment (reflow treatment), surface of the BPSG film 256
is planarized (FIG. 67). Further by performing the CMP
treatment to the BPSG film 256, flatness of the surface of the
BPSG film 256 is made enhanced. Here, the memory
transistor area may be divided as shown in FIG. 80(B), FIG.
90 or FIG. 11. At the time, after forming the interlayer
insulation film (BPSG) 256 and planarizing the BPSG with
CMP, division patterns of the memory transistor area are
formed with the photolithography method, and thus conduc-
tive films 238a, 242b, 246¢ and 250d, and the interlayer
insulation films 240a, 2445, 248¢ and 254d are etched. Then,
by laminating the interlayer insulation films (BPSG) 256
again and planarizing it, array divisions like FIG. 80(B),
FIG. 90 or FIG. 11 are formed. Further, in case of perform-
ing the array division, the silicon substrate 100 of the
memory transistor area may be divided in advance into the
area at the same degree of the array divided by the STI102;
or the silicon substrate 200 may as well be not divided.
Afterward, a poly-silicon film 258, in which conductive
impurities such as P (phosphorus) are added, and a silicon
nitride 260 are formed (FIG. 67).

[0248] Next in the memory transistor area, holes 262 to
form a pillar shaped semiconductor (a body part) of the
memory transistor are formed (FIG. 68). Further in this
embodiment, the holes 262 are called “memory plug holes
2627.

[0249] In addition, unevenness may be occurred on the
surface of the memory plug holes 262 as well as with those
shown in FIG. 81 and FIG. 82 of the above-described first
embodiment by various factors such as switching of the
etching gas at the time of forming the memory plug holes
262, removal of the piles, materials of films 238 to 252 and
so on. In addition, even though the case like this, which the
unevenness is occurred on the surface of the memory plug
holes 262, the cross-sectional shape of the memory transis-
tor area of the nonvolatile semiconductor memory device 1
according to this embodiment is almost symmetric to a
central axis of the memory plug holes 262.

[0250] Also as well as with those shown in FIG. 83 of the
above-described first embodiment 1, silicon nitride films are
formed on the surface of the memory plug holes 262; thus,
dielectric constant of the films, which are among each of the
poly-silicon films 238, 242, 246 and 250 that become the
word lines of the nonvolatile semiconductor memory device
1 according to this embodiment, may be made enhanced. By
doing so, effect of the potential change of the word lines WL
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may be transmitted effectively to the pillar-shaped semicon-
ductor layers formed later in the memory plug holes 262.
[0251] And as well as with those shown in FIG. 84 of the
above-described first embodiment, the lamination films with
silicon oxide films/silicon nitride films/silicon oxide films
may be formed respectively in this embodiment. By doing
so, effect of the potential change of the word lines WL may
be transmitted effectively to the pillar-shaped semiconductor
layers formed later in the memory plug holes 262.

[0252] In addition, the shapes of the memory plug holes
262 may become a forward taper shape or a barrel shape as
well as with those shown in FIG. 85 and FIG. 86 of the
above-described first embodiment, by various factors such
as switching of the etching gas at the time of forming the
memory plug holes 262, removal of the piles, materials of
films 238 to 252 and so on.

[0253] After forming the memory plug holes 262, phos-
phorus (P) ions may be implanted into the whole surface of
the substrate, and may be implanted again into the n+diffu-
sion area 208, which becomes the source line SL (not shown
in the figures).

[0254] Next, a TEOS film 264 is formed on the whole
surface of the substrate (FIG. 69). The TEOS film 264 is
formed to the bottom parts of the memory plug holes 262,
as shown in FIG. 69. Here, instead of forming the TEOS film
264, an oxidation film may be formed by thermal oxidation
method; in this case, as well as with the first embodiment,
oxidation films may be formed only on the poly-silicon part
of the side wall of the memory plug holes 262 and the silicon
substrate of the bottom part of the memory plug holes 262.
[0255] Subsequently, anisotropic etching is performed to
the TEOS film 264 so that the TEOS film 264a is formed
(FIG. 70). Then in the TEOS film 264, the bottom parts of
the memory plug holes 262 are set to be etched.

[0256] Then an amorphous silicon film 266 are formed
(FIG. 70).

[0257] Next, the amorphous silicon film 266 are etch
backed and made it receded until it become an amorphous
silicon films 268a (FIG. 71). Next, the TEOS film 264a
inside the memory plug holes 262 is removed, and then a
silicon oxide film, a silicon nitride film and a silicon oxide
film are laminated in turn so that what is called an ONO film
270 are formed (FIG. 71). The ONO film becomes a charge
storage layer of the memory transistor. Further, the silicon
oxide film of the ONO film 270 may include the TEOS film.
[0258] Subsequently, by performing the anisotropic etch-
ing to the ONO film 270, a bottom part of the ONO film 270
is removed so that the ONO film 270a are formed (FIG. 72).
Next, an amorphous silicon film 272 is formed, etch backed
and made it receded until it become an amorphous silicon
films 272a (FIG. 72). Next, an area, where the ONO films
270a of the side wall inside of the memory plug holes 262
are removed to a degree that a part of the silicon oxide 252
is exposed (FIG. 72). Then, a TEOS film 274 is formed on
the whole surface of the substrate (FIG. 72). Also, thermal
oxidation films may be formed instead of the TEOS. In this
case, oxidation films are formed only on the poly-silicon of
the side wall of the memory plug holes 262 and the poly-
silicon parts of the bottom parts of the memory plug holes
262.

[0259] Next, by performing the anisotropic etching to the
TEOS film 274, the bottom part of the TEOS film 274 is
removed so that TEOS films 274a are formed (FIG. 73).
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[0260] Next, by forming an amorphous silicon film 276
and performing the CMP treatment, an amorphous silicon
film 276 is planarized (FIG. 74).

[0261] Subsequently by photo etching process, the layer of
the selection gate transistor SDTr are divided (FIG. 75)
BPSG film 280 is accumulated in the area 278a and 1865,
and then the CMP treatment is performed (FIG. 76).

[0262] Next, by the photo etching process, contact holes
282a, 282b, 282¢, 282d, 282¢, 282f and 282g are formed
(FIG. 76).

[0263] After forming the lamination films of titanium and
titanium nitride (not showing in the figures), by forming a
tungsten film and performing CMP treatment, tungsten plugs
284a, 284b, 284c, 284d, 284e, 284f and 284g are formed
into contact holes 282a, 2825, 282¢, 282d, 282¢, 282f and
282g a (FIG. 77).

[0264] Next, aluminum/copper (Al, CU) films are formed;
photo resist mask (not shown in the figures) is formed; and
patterning is performed by photo etching process so that
wirings 286a, 286b, 286¢, 2864, 286¢, 286/, 286g and 286/
are formed (FIG. 78). Then photo resist mask is removed
(FIG. 77).

[0265] By the above-described process, the nonvolatile
semiconductor memory device 1 according to this embodi-
ment may be manufactured.

[0266] According to the nonvolatile semiconductor
memory device and the manufacturing method thereof
according to one embodiment of the present invention,
number of word line drivers may be reduced by forming the
word line per each layer with a common conductor layer,
and thus reduction of chip area may be realized.

[0267] And in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, a plurality of
vertical type transistors that are connected in series may be
formed by 1PEP, by laminating the lamination films corre-
sponding to the, number of the lamination layers of the
memory transistors in advance and formation hole patterns
in a lump.

[0268] Also in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, it is necessary to
connect the selection gates to the upper and lower parts of
vertical type transistors that are connected in series to
operate a plurality of the transistors. Also the formation of
the series structure with the plurality of the vertical type
transistors that are connected to the selection gates in series
may be performed simultaneously with the PEPs of 1 or 2
(memory transistor formation PEP)

[0269] Further in the nonvolatile semiconductor memory
device according to one embodiment of the present inven-
tion and the manufacturing method thereof, the source side
selection gates SGS of the plurality of vertical type transis-
tors that are connected in series and the word lines WL of
each of the memory transistors, as a matter of operation, can
be set to be a common potential per each layer all the time.
Therefore, the layer structure may be applied to both of the
selection gate lines SGS and the word lines WL. As thus
described, the word lines can be formed by the rough PEP,
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by which the manufacturing process may be simplified and
thus the cost reduction may be realized.

Third Embodiment

[0270] In this embodiment, a film including a nanocrystal
film in the charge storage layer of the nonvolatile semicon-
ductor memory device of the present invention. For
example, the charge storage layer is set to be a lamination
structure configured to a silicon oxide film, a nanocrystal
film and a silicon oxide film. As the nanocrystal films, a
silicon oxide film including the nanocrystal of the silicon
may be used. In the nonvolatile semiconductor memory
device according to this embodiment, charges are held in the
nanocrystal of the silicon that are disintegrated and distrib-
uted in this nanocrystal film.

[0271] Further in this embodiment, the nanocrystal film
including the nanocrystal of the silicon is used; however,
nanocrystal of metals or the other nanocrystal of conductors,
such as cobalt (Co), tungsten (W), silver (Ag) gold (Au),
platinum (Pt), etc. In addition, the nanocrystal is also called
“metal nano dot” and “nanocrystal”.

[0272] Also in this embodiment, silicon oxide film, nanoc-
rystal film and silicon oxide film are applied for the charge
storage layers; a single layer structure of the insulation film
such as silicon oxide film, in which the three layers are
formed serially and in which nanocrystal of silicon, metals
and the other conductors are contained, may be applied.

Fourth Embodiment

[0273] In this embodiment, another example of the con-
figuration of the memory transistor area in the nonvolatile
semiconductor memory device of the present invention will
be explained. In addition, the other configuration will not be
explained again, for they are same with the above-described
first embodiment, the second embodiment and the third
embodiment.

[0274] In the nonvolatile semiconductor memory device
according to one embodiment of the present invention,
conductor layers and the interlayer films are etched in a taper
shape so that steps are formed. Hereby an example, in which
two adjacent memory transistor areas are formed, is shown
in FIG. 79. FIG. 79 is a diagram, in which the conductor
layers of the memory transistor area of the nonvolatile
semiconductor memory device of the present invention
according to this embodiment are seen from the top part. The
conductor layers 300 to 306 show one memory transistor
area, in which 300 shows a first conductor layer; 302 shows
a second conductor layer; 304 shows a third conductor layer;
and 306 shows a fourth conductor layer. And the conductor
layers 308 to 314 show the adjacent memory transistor areas,
in which 308 shows a first conductor layer; 310 shows a
second conductor layer; 312 shows a third conductor layer;
and 314 shows a fourth conductor layer. In addition, “A” is
a length of Y' to Y direction of the two adjacent memory
transistors, and “B” is a length of the X to X' direction.
[0275] Thus, in the case that the adjacent memory tran-
sistor areas are formed, each of the memory transistor areas
may be formed separately.

[0276] Also in FIG. 80, another example of two memory
transistor areas of the nonvolatile semiconductor memory
device according to this embodiment is shown. FIG. 80(A)
is a diagram, in which the conductor layers of the memory
transistor area of the nonvolatile semiconductor memory

Nov. 1, 2007

device of the present invention according to this embodi-
ment are seen from the top part. 320 show a first conductor
layer; 322 show a second conductor layer; 324 show a third
conductor layer; and 326 and 328 show fourth conductor
layers.

[0277] Inthe memory transistor area shown in FIG. 80(A)
(B), by removing with etching the conductor layers 320, 324
and 326 along with X to X' to in the vicinity of the centre,
two memory transistor areas of: a memory transistor area
configured to conductor areas 320a, 3224, 324a and 326
and; the memory transistor area configured to conductor
layers 3205, 322b, 3245 and 328, may be formed. In the
memory transistor area shown in FIG. 80, the length of the
Y to Y' direction may be shortened as compared with the
memory transistor area shown in FIG. 79, and thus the area
of the memory transistor area may be reduced.

[0278] Subsequently an example, in which the 10 adjacent
memory transistor areas are formed, is shown in FIG. 89.
FIG. 89 is a diagram, in which the conductor layers of the
memory transistor area of the nonvolatile semiconductor
memory device of the present invention according to this
embodiment are seen from the top part. In addition, “A” is
equivalent to the length of the Y to Y' direction of the two
adjacent memory transistors shown in FIG. 79; and “B” is
equivalent to the length of the X to X' direction.

[0279] In the nonvolatile semiconductor memory device
according to this embodiment shown in FIG. 89, 330 shows
a first conductor layer; 332 shows a second conductor layer;
334 shows a third conductor layer; and 336a to 336/ show
fourth conductor layer.

[0280] In the memory transistor area shown in FIG. 89, as
shown in FIG. 90, the conductor layers 330, 332 and 334 are
removed by etching along with the X' to X direction between
the fourth conductor layers 336a to 336/, by which conduc-
tor layers 330a to 330j, conductor layers 332a to 332,
conductor layers 334a to 334, and conductor layers 336a to
336/ are formed.

[0281] In the memory transistor area shown in FIG. 89, a
overhead view diagram, in which the conductor layers 330,
32 and 334 are removed by the etching along with the X' to
X direction between the fourth conductor layers 336a to
3365 and thus ten memory transistor areas are formed, are
shown in FIG. 90. The memory transistor area configured to
conductor layers 330a, 332a, 334a and 336a the memory
transistor areas configured to the conductor layers 3306,
332b, 334b and 3365, the memory transistor areas config-
ured to the conductor layers 330¢, 332¢, 334¢ and 336¢, the
memory transistor areas configured to the conductor layers
3304, 332d, 334d and 336d; the memory transistor areas
configured to the conductor layers 330e, 332¢, 334e and
336¢; the memory transistor areas configured to the con-
ductor layers 330/, 332/, 334/ and 336/ the memory tran-
sistor areas configured to the conductor layers 330g, 332g,
334g and 336g; the memory transistor areas configured to
the conductor layers 330/, 332k, 334k and 336k, the
memory transistor areas configured to the conductor layers
3304, 332/, 334i and 336i; and the memory transistor areas
configured to the conductor layers 330j, 332/, 334; and 336/
are formed, thus totally ten memory transistor areas are
formed. The memory transistor areas shown in FIG. 90 may
be shorten the length of the Y to Y' direction as compared
with the memory transistor areas shown in FIG. 79, there-
fore the areas of the memory transistor areas may be
reduced.
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[0282] Further in this embodiment, an example the non-
volatile semiconductor memory device of the present inven-
tion, in the case that it is formed by laminating the four
conductor layers so that ten memory transistor are formed,
are explained. However, the nonvolatile semiconductor
memory device of the present invention is not limited to this;
an arbitrary number of the conductor layers may be lami-
nated and an arbitrary number of the memory transistor
areas may be formed simultaneously.

[0283] Also, an example, in which the adjacent seven
memory transistor areas are formed into two columns, is
shown in FIG. 91 and FIG. 92. FIG. 91 is a diagram, in
which the conductor layers of the memory transistor areas of
the nonvolatile semiconductor memory device of the present
invention according to this embodiment are seen from the
top part. In addition, “A” is equivalent to a length of Y' to
Y direction of the two adjacent memory transistor areas
shown in FIG. 79, and “B” is equivalent to a length of the
X' to X direction.

[0284] In the nonvolatile semiconductor memory device
according to this embodiment shown in FIG. 91, 340 shows
a first conductor layer; 342 shows a second conductor layer;
344 shows a third conductor layer; and 346a to 346n show
fourth conductor layers.

[0285] In the memory transistor area shown in FIG. 91, as
shown in FIG. 92, the conductor layers 340, 342 and 344 are
removed by etching along with the X' to X direction and the
Y' to Y direction between the fourth conductor layers 346a
to 3467, by which conductor layers 340a to 340z, conductor
layers 342a to 342»n, conductor layers 344a to 344n, and
conductor layers 346a to 346n are formed.

[0286] In FIG. 92, the memory transistor area configured
to conductor layers 340qa, 342a, 344a and 3464, the memory
transistor areas configured to the conductor layers 3406,
342b, 344b and 3465, the memory transistor areas config-
ured to the conductor layers 340c¢, 342¢, 344¢ and 346¢, the
memory transistor areas configured to the conductor layers
3404, 342d, 344d and 346d, the memory transistor areas
configured to the conductor layers 340e, 342¢, 344e and
346¢, the memory transistor areas configured to the conduc-
tor layers 340f; 342f, 344f and 346f; the memory transistor
areas configured to the conductor layers 340g, 342g, 344g
and 346g, the memory transistor areas configured to the
conductor layers 340/, 3424, 344/ and 346/, the memory
transistor areas configured to the conductor layers 340;,
342i, 344i and 346i, and the memory transistor areas con-
figured to the conductor layers 340/, 342/, 344; and 346/ are
formed, thus totally fourteen memory transistor areas are
formed. The memory transistor areas shown in FIG. 92 may
be shorten the length of the Y to Y' direction as compared
with the memory transistor areas shown in FIG. 79, there-
fore the areas of the memory transistor areas may be
reduced.

[0287] In addition here, an example the nonvolatile semi-
conductor memory device of the present invention, in the
case that it is formed by laminating the four conductor layers
so that fourteen memory transistor areas are formed, are
explained. However, the nonvolatile semiconductor memory
device of the present invention is not limited to this; an
arbitrary number of the conductor layers may be laminated
and an arbitrary number of the memory transistor areas may
be formed simultaneously.

[0288] Further in FIG. 11, an example, in which a plurality
number of the memory transistor areas shown in FIG. 92 are
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formed, is shown. As shown in FIG. 11, in the nonvolatile
semiconductor memory device according to this embodi-
ment, the plurality of the memory transistor areas may be
disposed efficiently.

[0289] In addition here, an example the nonvolatile semi-
conductor memory device of the present invention, in the
case that it is formed by laminating the four conductor layers
so that two fourteen-memory-transistor areas are formed, are
explained. However, the nonvolatile semiconductor memory
device of the present invention is not limited to this; an
arbitrary number of the conductor layers may be laminated
and an arbitrary number of the memory transistor areas may
be formed simultaneously.

[0290] In addition, in the above-described embodiment 1,
a case is shown, where a metal wiring 1464 of the bottom
layer is formed after forming the transistor and the source
side selection gate (SGS) in the peripheral circuit area and
the memory cell areas are stacked afterward. The case is not
limited to this formation process; for example, a metal
wiring may be formed on the top layer after stacking the
memory cell areas.

[0291] An example, where the metal wiring is formed on
the top layer, is shown in FIG. 93. In the example, tungsten
(W) plug 144a, 1445 and the wiring 146a, which are shown
in the peripheral circuit area of the above-described FIG. 33,
are not formed. After the interlayer insulation film 182 is
formed in the peripheral circuit area shown in the above-
described FIG. 42, and shifted to a process of forming the
metal wiring shown in FIG. 93. In FIG. 93, a contact hole is
formed by photo etching process, a tungsten film is formed
and CMP process is performed. Thereby, the tungsten plugs
301a, 3015, 301c, 301d, 1885, 188c, 1884 and 188¢ are
formed.

[0292] Next in FIG. 93, an aluminum (AL) film is formed,
and the electrodes 302a, 3025, 302¢, 3024, 1905, 190c,
1904, 190¢ and 190f are formed via the photo etching
process. In the next place, in FIG. 93, the interlayer insu-
lation film (BPSG) 192 is formed, the CMP process is
performed to perform planarization. Afterwards, a contact
hole is formed by the photo etching process, a tungsten film
is formed and the CMP process is performed. Thereby, the
tungsten plugs 303a, 3035 and 1945 are formed. Further, in
FIG. 93, an aluminum (Al) film is formed, and the electrodes
304a, 3045 and 1965 are formed.

[0293] As above, in the peripheral circuit area, influence
of the heat process performed at the time of stacking the
memory cell area may be reduced by forming the metal
wiring from the top layer rather than by forming the metal
wiring at the bottom layer.

[0294] In addition, in a case where the nonvolatile semi-
conductor memory device shown in the above-described
FIG. 44, FIG. 77 and FIG. 93 is formed, the thermal history
is different in the upper layer selection gate transistor SDTr
and the lower layer selection gate transistor SSTr, because
the nonvolatile semiconductor memory device is formed
from the bottom layer section. In particular, the bottom layer
selection gate transistor SSTr affect the thermal history
larger than the upper layer selection gate transistor SDTr;
therefore, measures to maintain the electric connection of
the off electric current characteristics with the memory array
area well is required. As measures for this, an example, in
which a gate length L1 of the upper layer selection gate

Micron Ex. 1087, p. 112
Micron v. YMTC

IPR2025-00190



US 2007/0252201 Al

transistor SDTr and the gate length L2 of the lower layer
selection gate transistor SSTr becomes the different lengths,
are explained as follows.

[0295] In FIG. 93, the gate length L1 of the upper layer
selection gate transistor SDTr and the gate length L2 of the
lower layer selection gate transistor SSTr are shown. In this
case, the gate length L2 of the lower layer selection gate
transistor SSTr is set longer than the gate length L1 of the
upper layer selection gate transistor SDTr. Hereinafter, set-
ting examples of the gate length L1 and 1.2 will be respec-
tively explained referring to FIG. 93 to FIG. 95.

[0296] In FIG. 93, D1 shows a distance between the lower
layer source line SL and the lower layer selection gate
transistor SSTr; L2 shows a gate length of the lower selec-
tion gate transistor SSTr; D2 shows a distance of joint
between the lower layer selection gate transistor SSTr and
the memory array at the bottom layer; D3 shows a distance
of joint between the memory array at the top layer and the
upper layer selection gate transistor SDTr; also in FIG. 93,
D4 shows a distance between the upper layer selection gate
transistor SD'Tr and the body silicon top layer.

[0297] FIG. 94 is a diagram showing one example of each
drain profile of the lower selection gate transistor SSTr
before or after re-re-annealing, and a drain profile of the
upper selection gate transistor SSTr after the re-annealing. In
the diagram, depth of the diffusion layer became 0.25 pum,
when applying 950° C./40 sec which is equivalent to the heat
process forming the upper layer selection gate transistor
SDTr and the memory array. By the above, it becomes
apparent that depth of the diffusion layer in the lower
selection gate transistor SSTr differs in the depth 0.05 pum, as
compared to depth of the diffusion layer of the upper layer
selection gate transistor SDTr. By this, it became further
apparent that the gate length L2 of the lower selection gate
transistor SSTr is required to be lengthened in at least equal
to or more than 0.05 um as compared to the gate length L1
of the upper layer selection gate transistor SDTr.

[0298] FIG. 95 is a diagram showing an example of
difference of threshold (a threshold change amount delta
Vith) considering the process difference in the case of
changing the gate length L of the selection gate transistor. In
the diagram, an example is shown, in which three drain
diffusion conditions 140 keV, 160 keV, 180 keV are set and
the length of the gate length L are changed. Together with
the three conditions, it became apparent that the unevenness
of threshold change amount delta Vth is large in the case that
the gate length L is set to be less than 0.2 um; it became
further apparent that the difference of threshold change
amount delta Vth becomes small in the case that the gate
length L is set to be equal to or more than 0.2 um.

[0299] By the result shown in the above-described FIG. 94
and FIG. 95, it became apparent that the gate length .1 of
the upper layer selection gate transistor SDTr and the gate
length 1.2 of the lower layer selection gate transistor SSTr
both require lengths of equal to or more than 0.2 um. It
became further apparent that the gate length 1.2 of the lower
selection gate transistor SSTr is required to be lengthened at
least equal to or more than 0.05 um as compared to the gate
length L1 of the upper layer selection gate transistor SDTr.
[0300] It is preferred that the length of the above-de-
scribed gate lengths be set to be different, and that the
following measures (1) to (3) be performed.

[0301] (1) To lengthen the distance D1 between the lower
layer selection gate transistor SSTr and the source line SL
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than the distance D3 of joint between the memory array of
the top layer and the upper layer selection gate transistor
SDTr.

[0302] (2) To lengthen the distance D2 of joint between
the lower selection gate transistor SSTr and the memory
array at the bottom layer, longer than the distance D4 (Refer
to FIG. 93.) between the upper layer selection gate transistor
STDr and the body silicon top layer.

[0303] (3) To set the distance D1 between the lower gate
transistor SSTr and the source line SL to be equal to or more
than 300 nm.

[0304] By performing the above-described measures (1) to
(3) increase of the off electric current caused by the extent
of the diffusion layer by different thermal histories may be
improved, and the concentration of the diffusion layer of the
gate connection section may be maintained in high concen-
tration. Further, by setting the gate length .2 of the lower
layer selection gate transistor SSTr and the gate length L1 of
the upper layer selection gate transistor SDTr to be different
lengths, an overlap amount of gate electrodes of the upper
layer selection gate transistor SDTr and the lower layer
selection gate transistor SSTr and the drain diffusion layer is
set to save sufficiently together with maintaining satisfactory
contact resistance, and thus the driving force may be
improved.

[0305] In addition, in the above-described embodiments, a
case is shown, in which an ONO film is applied as a gate
insulation film including the charge storage layer; however,
the present invention is not limited to this. For example, an
ONA film, a SANOS film and such may be applied. That is
to say, anything is possible as far as the gate insulation film
may be the film that includes the charge storage layer, which
does not mean limitation of the materials.

What is claimed is:

1. A nonvolatile semiconductor memory device compris-
ing a plurality of memory strings, the memory strings
comprising a memory string having a plurality of electrically
programmable memory cells connected in series,

wherein the memory string comprises a pillar shaped

semiconductor, a first insulation film formed around the
pillar shaped semiconductor, a charge storage layer
formed around the first insulation film, a second insu-
lation film formed around the charge storage layer, and
first to nth electrodes formed around the second insu-
lation film (n is a natural number not less than 2); and
Wherein the first to the nth electrodes of the memory
strings and the first to the nth electrodes of the other
memory strings form first to nth conductor layers
spread in two dimensional, respectively.

2. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the first to the nth conductor
layers spread in two dimensional are plate-shaped conductor
layers, respectively.

3. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the plurality of the memory
strings are arranged within a plane being vertical to the pillar
shaped semiconductor with a matrix shape.

4. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the first to the nth conductor
layers spread in two dimensional are stacked via an insula-
tion film, respectively, and each of the memory strings is
arranged in the first to the nth conductor layers spread in two
dimensional with an array shape, respectively.
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5. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the charge storage layer is an
insulation film.

6. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the first insulation film is a
silicon oxide film, wherein the charge storage layer silicon
nitride layer, and wherein the second insulation film is a
silicon oxide film.

7. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the pillar shape semiconductor
device is either a cylindrical shape or a prism shape.

8. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the pillar shape semiconductor
is formed vertically on the semiconductor substrate.

9. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the conductor layers forming the
first to the nth electrodes of the memory strings are stepwise
formed in the edges of the conductor layers.

10. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the charge storage layer is
localized between the pillar shape semiconductor and the
first to the nth electrodes of the memory strings.

11. The nonvolatile semiconductor memory device as
claimed in claim 10, wherein the charge storage layer is a
conductor layer.

12. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein one of the memory strings
comprises a first transistor connected to one end of the
memory string and a second transistor connected to the other
end of the memory string.

13. The nonvolatile semiconductor memory device as
claimed in claim 12, wherein the gate electrode of the first
transistor of the memory string and the gate electrode of the
first transistor of the other memory string are formed by the
same conductor layer.

14. The nonvolatile semiconductor memory device as
claimed in claim 12, wherein a diffusion layer part of the
semiconductor substrate, in which a source electrode of the
first transistor is connected, is an n- type and the part is
directly connected to an n+ diffusion layer.

15. The nonvolatile semiconductor memory device as
claimed in claim 12, wherein a diffusion part of the semi-
conductor substrate, in which a source electrode of the first
transistor is connected, is an p- type and the part is directly
connected to a p+ diffusion layer.

16. The nonvolatile semiconductor memory device as
claimed in claim 4, wherein an element isolation layer is not
formed in the source electrode of the memory stings.

17. The nonvolatile semiconductor memory device as
claimed in claim 16, wherein the source electrode of the
memory string and the source electrode of the other memory
string are electrically insulated by the element isolation
layer.

18. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the pillar shaped semiconductor
is n- type semiconductor.

19. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the plurality of the memory cells
is a depression type transistor.

20. The nonvolatile semiconductor memory device as
claimed in claim 14, further comprising:

a poly-silicon layer on the diffusion layer of the semicon-

ductor substrate via an insulation film,
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wherein the pillar shaped semiconductor is connected to
both of the poly-silicon and the n+ diffusion layer
above the semiconductor substrate.

21. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the charge storage layer has a
film including nano-crystal.

22. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the memory strings have a
symmetry shape to a center axis of the pillar shaped semi-
conductor.

23. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein the first to the nth electrodes of
the memory strings forms word lines, respectively, and
wherein the first to the nth electrodes of the memory strings
are driven by same word line driving circuit, respectively.

24. The nonvolatile semiconductor memory device as
claimed in claim 23, wherein bit lines respectively con-
nected to the drain electrode of the plurality of the memory
strings are connected to the same sense amplifier.

25. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein a fourth insulation film is
formed between the first to the nth electrodes of the memory
strings, and wherein the edges of the first to nth electrodes
of the memory strings and the edge of the fourth insulation
film are stepwise formed.

26. The nonvolatile semiconductor memory device as
claimed in claim 1, wherein a fourth insulation film is
formed between the first to the nth electrodes of the memory
strings, and wherein the parts of the edges of the first to the
nth electrodes of the memory strings and the edge of the
fourth insulation film are stepwise formed, and the other
parts of the edges of the first to nth electrodes of the memory
strings and the edge of the fourth insulation film are not
stepwise formed.

27. A manufacturing method of a nonvolatile semicon-
ductor memory device comprising:

forming diffusion areas having conductor impurities on a

semiconductor substrate;

forming a plurality of first insulation films and conductors

in turn above the semiconductor substrates;

forming a plurality of holes in the plurality of the first

insulation films and the conductors;

forming a second insulation film on the surface of the

holes;

etching the second insulation film at the bottom of the

holes; and

forming a plurality of pillar shape semiconductors in the

holes, respectively.

28. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 27, further
comprising:

forming first to nth electrodes by the plurality of the

conductors;

forming the pillar shaped semiconductor, and memory

strings, wherein a plurality of memory cells that are
electrically programmable are connected in series are
connected by a plurality of the second insulation film
and the first to the nth electrodes that are in turn formed.

29. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the pluralities of the memory strings are arranged within a
plane being vertical to the pillar shaped semiconductor with
a matrix shape.
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30. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the plurality of the conductors are spread in two dimen-
sional, respectively, and the memory strings are arranged in
the plurality of conductor layers with an array shape, respec-
tively.

31. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 27, wherein
the second insulation film includes a charge storage layer.

32. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 27, wherein:

a silicon oxide film, a silicon nitride film and a silicon

oxide film are stacked in turn in the second insulation
film.

33. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 27, wherein
the pillar shaped semiconductor is either a cylindrical shape
or a prism shape.

34. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 27, wherein
the pillar shaped semiconductor is formed vertically on the
semiconductor substrate.

35. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the conductor layers forming the first to the nth electrodes of
the memory strings are stepwise formed in the edges part of
the conductor layers.

36. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
each of the memory strings comprises a first transistor
connected to one end of the memory string and a second
transistor connected to the other end of the memory string.

37. The manufacturing method of a nonvolatile semicon-
ductor memory device as claimed in claim 36, wherein the
gate electrode of the first transistor of the memory string and
the gate electrode of the other memory string are formed by
the same conductor layer.

38. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 36, wherein
a diffusion layer part of the semiconductor substrate in
which the source electrode of the first transistor is connected
is an n- type and the diffusion layer is directly connected to
the n+ type diffusion layer of the semiconductor substrate.

39. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 36, wherein
a diffusion layer part of the semiconductor substrate in
which the source electrode of the first transistor is connected
is p— type, and the diffusion layer is directly connected to the
p+ type diffusion layer of the semiconductor substrate.

40. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 30, wherein
an element isolation layer is not formed among the source
electrode of the plurality of the memory strings.
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41. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 40, wherein
the source electrode of the memory sting and the source
electrode of the other memory string are electrically isolated
by the element isolation layer.

42. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the pillar shaped semiconductor is n- type semiconductor.

43. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the plurality of the memory cells is a depression type
transistor.

44. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 39, further
comprising a poly-silicon layer on the diffusion layer of the
semiconductor substrate via an insulation film, wherein the
pillar shaped semiconductor is connected to both of the
poly-silicon and the n+ diffusion layer above the semicon-
ductor substrate.

45. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 31, wherein
the charge storage layer has a film including nano-crystal.

46. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
each of the memory strings have a symmetry shape to a
central axis of the pillar shaped semiconductor.

47. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, wherein
the first to the nth electrodes of the memory strings form
word lines, respectively, wherein the first to the nth elec-
trodes of the memory strings are driven by same word line
driving circuit, respectively, wherein and the first to the nth
electrodes of the memory strings are connected to same
sense amplifier, respectively.

48. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 47, wherein
bit lines connected to a drain electrode of the plurality of the
memory strings are connected to the same sense amplifier.

49. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 28, further
comprising:

manufacturing the first to the nth electrodes of the

memory strings and the edge of the first insulation film
being stepwise formed.

50. The manufacturing method of the nonvolatile semi-
conductor memory device as claimed in claim 49, further
comprising:

dividing the first to the nth electrodes of the memory

strings and the first insulation film of the memory
strings to a horizontal direction for the semiconductor
substrate.
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