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FIG. 6

Write Operation
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FIG. 8

Erase Operation

Vss
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|
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FIG. 9

S101 Pre—Program Unselected Drain—-Side
Selection Transistor SDTr (n—sel)
3102 Read Data from Memory
Transistors MTrl to MTr4

$103 Erase Pre—Programming of Unselected
Drain-Side Selection Transistor SDTr (n—sel)
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FIG. 13

Pre-Programming
Operation

SGD(tar)

SGD(n-tar)

FIG. 14

Pre—Programming
Erase Operation
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FIG. 16

S201 Pre—Program Unselected Source—Side
Selection Transistor SSTr (n—sel)

3202 Read Data from Memory Transistors
MTr1 to MTr4

3203 Erase Pre—Programming of Unselected
Source—Side Selection Transistor SSTr (n-sel)
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FIG. 20

Pre—Programming
Operation

t61 62  t63 164

FIG. 21

Pre—Programming
Erase Operation

SL

SGD(tar)
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SGS(n—tar)
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NON-VOLATILE SEMICONDUCTOR
STORAGE DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Morve than one reissue application has been filed for the

reissue of U.S. Pat. No. 7,933,151. The reissue applications
are application Ser. No. 13/870,676 (parent application) filed
Apr. 25, 2013, and the present reissue divisional application.
The present application claims benefit of priority under 35

US.C. $120 of application Ser. No. 13/870,676.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2008-

291779, filed on Nov. 14, 2008, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrically rewritable
non-volatile semiconductor storage device.

2. Description of the Related Art

Conventionally, LSIs are formed by 1ntegration of devices
in a two-dimensional plane on the silicon substrate. Although
the dimension for each device must be reduced (refined) to
increase memory storage capacity, recent years are facing
challenges 1n such refinement from the viewpoint of cost and
technology. Such refinement requires further improvements
in photolithography technology. However, in currently avail-
able ArF immersion lithography technology, for example, the
resolution limit has been reached around the 40 nm design
rule and so EUV exposure devices have to be introduced for
turther refinement. However, the EUV exposure devices are
expensive and infeasible 1n view of the costs. In addition, 1f
such refinement 1s accomplished, 1t 1s assumed that physical
improvement limait, such as 1n breakdown voltage between
devices, would be reached unless driving voltage can be
scaled. That 1s, 1t 15 likely that difficulties would be encoun-
tered 1n device operation 1tself.

Therefore, a large number of semiconductor storage
devices have been proposed recently where memory cells are
arranged 1n a three-dimensional manner to achieve improved
integration of memory devices (see, Patent Document 1:
Japanese Patent Laid-Open No. 2007-266143; Patent Docu-
ment 2: U.S. Pat. No. 5,599,724: and Patent Document 3: U.S.
Pat. No. 5,707,885).

One of the conventional semiconductor storage devices
where memory cells are arranged in a three-dimensional
manner uses transistors with a cylinder-type structure (see,
Patent Documents 1 to 3). Those semiconductor storage
devices using transistors with the cylinder-type structure are
provided with multiple laminated conductive layers corre-
sponding to gate electrodes and pillar-like columnar semi-
conductors. Each of the columnar semiconductors serves as a
channel (body) part of each of the transistors. Memory gate
insulation layers that can accumulate electric charges are
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2

provided around the columnar semiconductors. Such a con-
figuration including laminated conductive layers, columnar
semiconductors, and memory gate insulation layers 1s
referred to as a “memory string”.

Regarding the semiconductor storage devices with the
above-mentioned memory strings, there 1s a need for reading
data from a selected memory string 1n a more precise manner.

SUMMARY OF THE INVENTION

One aspect of the present invention provides a non-volatile
semiconductor storage device comprising: a plurality of
memory strings, each having a plurality of electrically rewrit-
able memory cells connected 1n series; and a plurality of first
selection transistors connected to one ends of the respective
memory strings, each of the memory strings comprising: a
first semiconductor layer including a columnar portion
extending 1n a direction perpendicular to a substrate; a first
clectric charge storage layer formed to surround a side surface
ol the columnar portion; and a first conductive layer formed to
surround a side surface of the columnar portion as well as the
first electric charge storage layer, the first conductive layer
functioning as a control electrode of a respective one of the
memory cells, each of the first selection transistors compris-
ing: a second semiconductor layer extending upward from a
top surface of the columnar portion; a second electric charge
storage layer formed to surround a side surface of the second
semiconductor layer; and a second conductive layer formed
to surround a side surface of the second semiconductor layer
as well as the second electric charge storage layer, the second
conductive layer functioning as a control electrode of a
respective one of the first selection transistors, the non-vola-
tile semiconductor storage device further comprising a con-
trol circuit configured to cause, prior to reading data from a
selected one of the memory strings, electric charges to be
accumulated in the second electric charge storage layer of one
ol the first selection transistors connected to an unselected
one of the memory strings.

Another aspect of the present invention provides a non-
volatile semiconductor storage device comprising: a plurality
of memory strings, each having a plurality of electrically
rewritable memory cells connected 1n series; and a plurality
of first selection transistors connected to one ends of the
respective memory strings, each of the memory strings com-
prising: a first semiconductor layer including a columnar
portion extending in a direction perpendicular to a substrate;
a first electric charge storage layer formed to surround a side
surface of the columnar portion; and a first conductive layer
formed to surround a side surface of the columnar portion as
well as the first electric charge storage layer, the first conduc-
tive layer functioning as a control electrode of a respective
one of the memory cells, each of the first selection transistors
comprising: a second semiconductor layer extending down-
ward from a bottom surface of the columnar portion; a second
clectric charge storage layer formed to surround a side surface
of the second semiconductor layer; and a second conductive
layer formed to surround a side surface of the second semi-
conductor layer as well as the second electric charge storage
layer, the second conductive layer functioning as a control
clectrode of a respective one of the first selection transistors,
the non-volatile semiconductor storage device further com-
prising a control circuit configured to cause, prior to reading
data from a selected one of the memory strings, electric
charges to be accumulated 1n the second electric charge stor-
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age layer of one of the first selection transistors connected to
an unselected one of the memory strings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a non-volatile semiconductor
storage device 100 according to a first embodiment of the
present invention;

FIG. 2 1s a schematic perspective view of a memory cell
array 11;

FIG. 3 1s an enlarged view of FIG. 2;

FIG. 4 1s a cross-sectional view of FIG. 3;

FI1G. 5 1s a circuit diagram of the non-volatile semiconduc-
tor storage device 100;

FIG. 6 1s a timing chart illustrating a write operation of the
non-volatile semiconductor storage device 100 according to
the first embodiment;

FI1G. 7 1s a ttiming chart illustrating a read operation of the
non-volatile semiconductor storage device 100 according to
the first embodiment;

FIG. 8 1s atiming chart 1llustrating an erase operation of the
non-volatile semiconductor storage device 100 according to
the first embodiment;

FIG. 9 1s a flowchart illustrating an operation to be per-
formed before and after the read operation 1n the non-volatile
semiconductor storage device 100 according to the first
embodiment;

FI1G. 10 1llustrates “Case 17 of the pre-programming at step
S101;

FIG. 11 illustrates “Case 27 of the pre-programming at step
S101;

FI1G. 12 1llustrates “Case 3™ of the pre-programming at step
S101;

FIG. 13 1s a timing chart illustrating the pre-programming;
operation (step S101);

FI1G. 14 1s a timing chart illustrating the pre-programming,
erase operation (step S103);

FIG. 15 1s a cross-sectional view of one memory block
MBa according to a second embodiment;

FIG. 16 1s a flowchart illustrating an operation to be per-
formed before and after the read operation 1n the non-volatile
semiconductor storage device according to the second
embodiment;

FI1G. 17 1llustrates “Case 4™ of the pre-programming at step
S201;

FIG. 18 illustrates “Case 5 of the pre-programming at step
S201;

FI1G. 19 1llustrates “Case 6 of the pre-programming at step
S201;

FIG. 20 1s a timing chart illustrating the pre-programming;
operation (step S201);

FI1G. 21 1s a timing chart illustrating the pre-programming,
erase operation (step S203);

FIG. 22 1s a cross-sectional view of one memory block
MBb according to the third embodiment;

FIG. 23 1s a circuit diagram of memory blocks MBc in a
non-volatile semiconductor storage device according to a
fourth embodiment;

FIG. 24 1s a schematic perspective view of one memory
block MBc 1n the non-volatile semiconductor storage device
of the fourth embodiment; and
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FIG. 25 1s an enlarged cross-sectional view of a part of F1G.
24.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Embodiments of anon-volatile semiconductor storage
device according to the present invention will now be
described below with reference to the accompanying draw-
ngs.

First Embodiment

Configuration of Non-Volatile Semiconductor Storage
Device 100 in First Embodiment

Referring first to FIG. 1, a configuration of a non-volatile
semiconductor storage device 100 according to a first
embodiment will be described below. FIG. 1 1s a block dia-
gram ol the non-volatile semiconductor storage device 100
according to the first embodiment of the present invention.

As 1llustrated in FIG. 1, the non-volatile semiconductor
storage device 100 of the first embodiment comprises: a
memory cell array 11; row decoders 12 and 13; a sense
amplifier 14; a column decoder 15; and a control signal gen-
eration unit (high-voltage generation unit) 16.

The memory cell array 11 has memory transistors M Tr for
clectrically storing data. The row decoders 12 and 13 decode
captured block address signals and gate address signals. The
row decoders 12 and 13 also control the memory cell array 11.
The sense amplifier 14 reads data from the memory cell array
11. The column decoder 15 decodes column address signals
and controls the sense amplifier 14. The control signal gen-
eration unit 16 boosts a reference voltage to generate a high
voltage that 1s required at the time of write and erase opera-
tions. Furthermore, The control signal generation unit 16
generates a control signal to control the row decoders 12 and
13, the sense amplifier 14, and the column decoder 15.

Referring now to FIGS. 2 to 4, a lamination structure and a
circuit configuration of the memory cell array 11 will be
described below. FIG. 2 1s a schematic perspective view of a
memory cell array 11. FIG. 3 1s an enlarged view of FIG. 2.
FI1G. 4 1s a cross-sectional view of FIG. 3. Wherein, the row
direction represents a direction orthogonal to the lamination
direction and the column direction represents another
orthogonal to the lamination direction and the row direction.
Note that mterlayer insulation layers provided between wir-
ings are omitted from FIG. 3.

As 1llustrated 1n FIG. 2, the memory cell array 11 has a
plurality of memory blocks MB. The memory blocks MB are
arranged in the column direction on a semiconductor sub-
strate Ba (not 1llustrated). In other words, one memory block
MB 1s formed for each certain region on the semiconductor
substrate Ba.

As 1llustrated 1n F1G. 2, each memory block MB comprises
a plurality of memory strings MS, source-side selection tran-
sistors SSTr, and drain-side selection transistors SDTr. Each
memory string MS 1ncludes memory transistors MTrl to
MTrd connected in series. Each drain-side selection transistor
SDTr 1s connected to one end (a memory transistor M1r4) of
a respective memory string MS. Fach source-side selection
transistor SSTr 1s connected to the other end (a memory
transistor MTrl) of a respective memory string MS. For
example, each memory block MB has multiple rows and four
columns of memory strings MS provided therein. Note that
cach memory string MS may include four or more memory
transistors. In addition, four or more columns of memory
strings MS may be provided in each memory block MB.
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As 1llustrated 1n FIG. 2, in each memory block MB, the
control gates of the memory transistors MTrl arranged 1n a
matrix form are commonly connected to a word line WL1.
Similarly, the control gates of the memory transistors MTr2
are commonly connected to a word line WL2. The control
gates of the memory transistors M1r3 are commonly con-
nected to a word line WL3. The control gates of the memory
transistors M1rd4 are commonly connected to a word line
WL4. The word lines WL1 to WL4 are controlled by 1nde-
pendent signals.

As 1llustrated 1n FIG. 2, in each memory block MB, the
control gates of the drain-side selection transistors SDTr
arranged 1n the row direction are commonly connected to a
drain-side selection gate line SGD. Each drain-side selection
gate line SGD 1s formed to extend 1n the row direction across
a plurality of memory blocks MB. A plurality of drain-side
selection gate lines SGD, which are provided in the column
direction, are controlled by independent signals. In addition,
the other ends of the drain-side selection transistors SDTr
arranged 1n the column direction are commonly connected to
a bit line BL. Each bit line BL 1s formed to extend in the
column direction across the memory blocks MB. A plurality
of bit lines BL, which are provided 1n the row direction, are
controlled by independent signals.

As 1llustrated 1n FIG. 2, in each memory block MB, the
control gates of the source-side selection transistors SSTr
arranged 1n the row direction are commonly connected to a
source-side selection gate line SGS. Each source-side selec-
tion gate line SGS 1s formed to extend 1n the row direction
across a plurality of memory blocks MB. A plurality of
source-side selection gate lines SGS, which are provided 1n
the column direction, are controlled by independent signals.
In addition, the other ends of the source-side selection tran-
sistors SS'Ir arranged 1n the column direction are commonly
connected to a source line SL.

The circuit configuration of the memory blocks MB as
described above 1s achieved by the lamination structure 1llus-
trated in FIGS. 3 and 4. Each memory block MB has a source-
side selection transistor layer 20, a memory transistor layer
30, and a drain-side selection transistor layer 40 that are
sequentially laminated on the semiconductor substrate Ba.

The source-side selection transistor layer 20 1s a layer that
functions as source-side selection transistors SSIr. The
memory transistor layer 30 1s a layer that functions as
memory strings MS (memory transistors M1rl to MTr4). The
drain-side selection transistor layer 40 1s a layer that functions
as drain-side selection transistors SDTr.

As 1llustrated 1n FIGS. 3 and 4, the source-side selection
transistor layer 20 has source-side first insulation layers 21,
source-side conductive layers 22, and source-side second
insulation layers 23 that are sequentially formed on the semi-
conductor substrate Ba. Each source-side conductive layer 22
1s formed to extend 1n the row direction. Note that an inter-
layer insulation layer 24 1s formed on the sidewall of each
source-side conductive layer 22.

The source-side first insulation layers 21 and the source-
side second insulation layers 23 are composed of, e.g., silicon
oxide (S10,) or silicon nitride (SiN). The source-side con-
ductive layers 22 are composed of, e.g., polysilicon (p-S1).

As 1llustrated in FIG. 4, the source-side selection transistor
layer 20 also has source-side holes 25 that are formed to
penetrate the source-side first insulation layers 21, the source-
side conductive layers 22, and the source-side second insula-
tion layers 23. The source-side holes 25 are formed 1n a matrix
form 1n the row and column directions.

Furthermore, as 1llustrated in FIG. 4, the source-side selec-
tion transistor layer 20 has source-side gate insulation layers
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26 and source-side columnar semiconductor layers 27 that are
sequentially formed on the sidewalls of the source-side holes
25. The source-side gate insulation layers 26 are formed with
a certain thickness on the sidewalls of the source-side holes
25. The source-side columnar semiconductor layers 27 are
formed to fill up the source-side holes 235. Each source-side
columnar semiconductor layer 27 1s formed 1n a columnar
shape extending in the lamination direction. The top surfaces
of the source-side columnar semiconductor layers 27 are
formed 1n contact with the bottom surfaces of respective
memory columnar semiconductor layers 335 described below.
The source-side columnar semiconductor layers 27 are
formed on a diffusion layer Bal on the semiconductor sub-
strate Ba. The diffusion layer Bal functions as a source line
SL.

The source-side gate insulation layers 26 are composed of,
¢.g., stlicon oxide (510,). The source-side columnar semi-
conductor layers 27 are composed of, e.g., polysilicon (p-S1).

According to the configuration of the source-side selection
transistor layer 20 as mentioned above, the source-side con-
ductive layers 22 function as the control gates of the source-
side selection transistors SSTr. The source-side conductive
layers 22 also function as source-side selection gate lines
SGS.

As 1llustrated 1n FIGS. 3 and 4, the memory transistor layer
30 has first to fifth insulation layers between word lines 31a to
31¢ and first to fourth word-line conductive layers 32a to 32d
that are sequentially laminated on the source-side selection
transistor layer 20. The first to fourth word-line conductive
layers 32a to 32d are formed to expand in a two-dimensional
manner (1n a plate-like form) in the row and column direc-
tions. The first to fourth word-line conductive layers 32a to
32d are separated for each memory block MB.

The first to fifth insulation layers between word lines 31a to
31e are composed of, e.g., silicon oxide (S10,). The first to
fourth word-line conductive layers 32a to 32d are composed
of, e.g., polysilicon (p-S1).

As illustrated in FIG. 4, the memory transistor layer 30 also
has memory holes 33 that are formed to penetrate the first to
fifth insulation layers between word lines 31a to 31e and the
first to fourth word-line conductive layers 32a to 32d. The
memory holes 33 are formed 1n a matrix form in the row and
column directions. The memory holes 33 are formed at posi-
tions matching the source-side holes 25.

Furthermore, as illustrated in F1G. 4, the memory transistor
layer 30 has block insulation layers 34a, electric charge stor-
age layers 34b, tunnel insulation layers 34c, and memory
columnar semiconductor layers 35 that are sequentially
formed on the sidewalls of the memory holes 33. The block
insulation layers 34a are formed with a certain thickness on
the sidewalls of the memory holes 33. The electric charge
storage layers 34b are formed with a certain thickness on the
sidewalls of the block insulation layers 34a. The tunnel insu-
lation layers 34c are formed with a certain thickness on the
sidewalls of the electric charge storage layers 34b. The
memory columnar semiconductor layers 35 are formed to fill
up the memory holes 33. Each memory columnar semicon-
ductor layer 35 1s formed 1n a columnar shape extending in the
lamination direction. The bottom surfaces of the memory
columnar semiconductor layers 35 are formed in contact with
the top surfaces of the respective source-side columnar semi-
conductor layers 27. In addition, the top surfaces of the
memory columnar semiconductor layers 35 are formed in
contact with the bottom surfaces of respective drain-side
columnar semiconductor layers 47 described below.

The block mnsulation layers 34a and the tunnel 1mnsulation
layers 34c¢ are composed of, e.g., silicon oxide (S10,). The
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clectric charge storage layers 34b are composed of, e.g.,
silicon mitride (S1N). The memory columnar semiconductor
layers 35 are composed of, e.g., polysilicon (p-S1).

In the configuration of the memory transistor layer 30 as
mentioned above, the first to fourth word-line conductive

layers 32a to 32d function as the control gates of the memory
transistors M1rl to MTr4. The first to fourth word-line con-
ductive layers 32a to 32d also function as parts of the word

lines WL1 to WL4.

As 1llustrated 1n FIGS. 3 and 4, the drain-side selection
transistor layer 40 has drain-side first insulation layers 41,
drain-side conductive layers 42, and drain-side second 1nsu-
lation layers 43 that are sequentially laminated on the
memory transistor layer 30. The drain-side conductive layers
are formed immediately above where the memory columnar
semiconductor layers 35 are formed. The drain-side conduc-
tive layers 42 are formed to extend 1n the row direction. Note
that interlayer msulation layers 44 are formed on the side-
walls of the drain-side conductive layers 42.

The drain-side first insulation layers 41 and the drain-side
second insulation layers 43 are composed of, e.g., silicon
oxide (510, ) or silicon nitride (S1N). The drain-side conduc-
tive layers 42 are composed of, e.g., polysilicon (p-51).

As 1llustrated 1in FIG. 4, the drain-side selection transistor
layer 40 also has drain-side holes 45 that are formed to pen-
ctrate the drain-side first insulation layers 41, the drain-side
conductive layers 42, and the drain-side second insulation
layers 43. The drain-side holes 43 are formed 1n a matrix form
in the row and column directions. The drain-side holes 45 are
formed at positions matching the memory holes 33.

Furthermore, as 1llustrated 1in FIG. 4, the drain-side selec-
tion transistor layer 40 has block msulation layers 46a, elec-
tric charge storage layers 46b, tunnel insulation layers 46c,
and the drain-side columnar semiconductor layers 47 that are
sequentially formed on the sidewalls of the drain-side holes
45. The block 1nsulation layers 46a are formed with a certain
thickness on the sidewalls of the drain-side holes 45. The
clectric charge storage layers 46b are formed with a certain
thickness on the sidewalls of the block msulation layers 46a.
The tunnel 1nsulation layers 46c¢ are formed with a certain
thickness on the sidewalls of the electric charge storage layers
46b. The drain-side columnar semiconductor layers 47 are
formed to fill up the drain-side holes 45. Each drain-side
columnar semiconductor layer 47 1s formed 1n a columnar
shape extending 1n the lamination direction. The bottom sur-
faces of the drain-side columnar semiconductor layers 47 are
formed 1n contact with the top surfaces of the memory colum-
nar semiconductor layers 33. Bit line layers 51 are formed on
the top surfaces of the drain-side columnar semiconductor
layers 47. The bit line layers 51 are formed to extend in the
column direction at a certain pitch in the row direction. The
bit line layers 51 function as bit lines BL.

The block mnsulation layers 46a and the tunnel msulation
layers 46¢ are composed of, e.g., silicon oxide (510,). The
clectric charge storage layers 46b are composed of, e.g.,
s1licon nitride (Si1N). The drain-side columnar semiconductor
layers 47 are composed of e.g., polysilicon (p-S1).

In the configuration of the drain-side selection transistor
layer 40 as mentioned above, the drain-side conductive layers
42 function as the control gates of the drain-side selection
transistors SD'Ir. The drain-side conductive layers 42 also
function as parts of drain-side selection gate lines SGD.

Referring now to FI1G. 5, a circuit configuration of the row
decoders 12 and 13 will be described below. FI1G. 5 1s a circuit

diagram of the non-volatile semiconductor storage device
100.
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As 1illustrated 1n FIG. 5, a row decoder 12 has a NAND
circuit 121, a NOT circuit 122, and a voltage conversion
circuit 123 for cach memory block MB.

Each NAND circuit 121 receives an address signal Address
from the control signal generation unit 16 and outputs 1t to the
NOT circuit 122. The NOT circuit 122 receives the signal
from the NAND circuit 121 and outputs 1t to the voltage
conversion circuit 123. The voltage conversion circuit 123
converts the voltage of the signal received from the NOT
circuit 122, and then outputs the converted signal to a control
gate of a {irst transier transistor 124a described below.

As 1llustrated 1n FIG. 5, the row decoder 12 also has a pair
of first and second transier transistors 124a and 124b for
memory strings MS connected to the same drain-side selec-
tion gate line SGD.

One end of the first transier transistor 124a receives a
signal Sg .-, from the control signal generation unit 16. The
signal Sg... 1s a signal for driving a particular drain-side
selection gate line SGD. The other end of each first transfer
transistor 124a 1s connected to a drain-side selection gate line
SGD. The control gate of each first transier transistor 124a
receives a signal from the voltage conversion circuit 123.

One end of each second transier transistor 124b receives a
signal Sg...~-7 from the control signal generation unit 16.
The signal Sg..,,77 15 a signal for disabling a drain-side
selection gate line SGD. The other end of each second transter
transistor 124b 1s connected to a drain-side selection gate line
SGD. The control gate of each second transier transistor 124b
receives a signal from the NAND circuit 121.

As 1llustrated 1n FIG. 5, the row decoder 12 also has third
and fourth transfer transistors 124c¢ and 124d for each
memory block MB.

One ends of the third and fourth transfer transistors 124c¢
and 124d recerve signals Sg ;- , and Sg ;.- ., respectively, from
the control signal generation unit 16. The signals Sg,,, , and
Sg..r . are signals for driving the word lines WL3 and WLA4.
The other ends of the third and fourth transfer transistors 124¢
and 124d are connected to the word lines WL3 and WL4. The
control gates of the third and fourth transter transistors 124¢
and 124d receive signals from the voltage conversion circuit
123.

As 1illustrated 1n FIG. 5, a row decoder 13 has a NAND
circuit 131, a NOT circuit 132, and a voltage conversion
circuit 133 for each memory block MB.

Each NAND circuit 131 receives an address signal Address
from the control signal generation unit 16 and outputs 1t to the
NOT circuit 132. The NOT circuit 132 recerves a signal from
the NAND circuit 131 and outputs it to the voltage conversion
circuit 133. The voltage conversion circuit 133 converts the
voltage of the signal received from the NOT circuit 132, and
then outputs the converted signal to a control gate of a first
transier transistor 134a described below.

As 1llustrated in FIG. §, the row decoder 13 also has pair of
first and second transfer transistors 134a and 134b for
memory strings MS connected to the same source-side selec-
tion gate line SGS.

One end of the first transfer transistor 134a receives a
signal Sg.... from the control signal generation umt 16. The
signal Sg.-. 1s a signal for driving a particular source-side
selection gate line SGS. The other end of each first transfer
transistor 134a 1s connected to a source-side selection gate
line SGS. The control gate of each first transfer transistor
134a recerves a signal from the voltage conversion circuit
133.

One end of each second transier transistor 134b receives a
signal Sg ..., Irom the control signal generation unit 16.
The signal Sg...,~= 15 a signal for disabling a source-side
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selection gate line SGS. The other end of each second transter
transistor 134b 1s connected to a source-side selection gate
line SGS. The control gate of each second transier transistor
134b receives a signal from the NAND circuit 131.

As 1llustrated 1n FIG. 5, the row decoder 13 also has third
and fourth transfer transistors 134c and 134d for each
memory block MB.

One ends of the third and fourth transier transistors 134c
and 134d receive signals Sg ;. , and Sg,, ,, respectively, from
the control signal generation unit 16. The signals Sg;», and
Sg ..., are signals for driving the word lines WL1 and WL2.
The other ends of the third and fourth transter transistors 134c¢
and 134d are connected to the word lines WL1 and WL2. The
control gates of the third and fourth transfer transistors 134c¢
and 134d recerve signals from the voltage conversion circuit
133.

Operation of Non-Volatile Semiconductor Storage Device
100 1n First Embodiment

An operation of the non-volatile semiconductor storage
device 100 of the first embodiment will now be described
below. Referring first to FIGS. 6 to 8, write, read, and erase
operations of the non-volatile semiconductor storage device
100 of the first embodiment will be described below. The
operations 1illustrated in FIGS. 6 to 8 are performed by the
control signal generation unit 16. FIG. 6 1s a timing chart
illustrating a write operation of the non-volatile semiconduc-
tor storage device 100 according to the first embodiment;
FIG. 7 1s a timing chart 1llustrating a read operation thereof;
and FIG. 8 1s a timing chart illustrating an erase operation
thereol.

In this case, 1t 1s assumed that the write, read, and erase

operations are performed on one particular memory block
MB. The word lines WL1 to WL4 are denoted by “word lines

WL”. One of the word lines WL1 to WL4 that 1s selected for
write, read, or erase operations 1s denoted by a “selected word
line WL (sel)”. On the other hand, one of the word lines WL1
to WL4 that 1s not selected for such operations 1s denoted by
an “unselected word line WL (n-sel)”. One of the drain-side
selection gate lines SGD that 1s selected for write, read, or
erase operations 1s denoted by a “selected drain-side selection
gate line SGD (sel)”. On the contrary, one of the drain-side
selection gate lines SGD that 1s not selected for such opera-
tions 1s denoted by an “unselected drain-side selection gate
line SGD (n-sel)”. One of the source-side selection gate lines
SGS that 15 selected for write, read, or erase operations 1s
denoted by a “selected source-side selection gate line SGS
(sel)”. Meanwhile, one of the source-side selection gate lines
SGS that 1s not selected for such operations 1s denoted by an
“unselected source-side selection gate line SGS (n-sel)”.
Furthermore, one of the memory blocks MB that 1s selected
for write, read, or erase operations 1s denoted by a “selected
memory block MB (sel)”. On the other hand, one of the
memory blocks MB that 1s not selected for such operations 1s
denoted by an “unselected memory block MB (n-sel)”. One
of the memory strings MS that 1s selected for write, read, or
erase operations 1s denoted by a “selected memory string MS
(sel)”. On the contrary, one of the memory strings MS that 1s
not selected for such operations 1s denoted by an “unselected
memory string MS (n-sel)”. One of the drain-side selection
transistors SDTr that 1s selected for write, read, or erase
operations 1s denoted by a “selected drain-side selection tran-
sistor SDTr (sel)”. Meanwhile, one of the drain-side selection
transistors SDTr that 1s not selected for such operations 1s
denoted by an “unselected drain-side selection transistor
SDTr (n-sel)”. One of the source-side selection transistors
SSTr that 1s selected for write, read, or erase operations 1s
denoted by a “selected source-side selection transistor SSTr
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(sel)”. In contrast, one of the source-side selection transistors
SSTr that 1s not selected for such operations 1s denoted by an
“unselected source-side selection transistor SSTr (n-sel)”.

In write operation, as illustrated 1n FIG. 6, the source line
SL 1s mitially set at a voltage Vdd, while the others set at a
ground voltage Vss. Then, in writing “1” at time t11, the bat
line BL 1s boosted to the voltage Vdd. Alternatively, in writing
“0” at time t11, the bit line BL 1s maintained at the ground
voltage Vss. In addition, at time t11, a selected word line WL
(sel) and unselected word lines WL (n-sel) are boosted to the
voltage Vdd. Furthermore, at time tll, a selected drain-side
selection gate line SGD (sel) 1s boosted to a voltage Vsg. The
voltage Vdd 1s, e.g., on the order o1 3V to 4V. The voltage Vsg
1s, €.g., on the order of 4V. Note that unselected drain-side
selection gate lines SGD (n-sel) and unselected source-side
selection gate lines SGS (n-sel) are set at the ground voltage
Vss. In addition, the word lines WL 1n unselected blocks MB
(n-sel) are set 1n a floating state.

Subsequently, at time t12, the selected drain-side selection
gate line SGD (sel) 1s dropped to the voltage Vdd. Then, at
time t13, the selected word line WL (sel) and the unselected
word lines WL (n-sel) are boosted to a voltage Vpass. Sub-
sequently, at time t14, the selected word line WL (sel) 1s
boosted to a voltage Vpgm. The voltage Vpass 1s, e.g., 10V,
The voltage Vpgm 1s, e.g., 18V.

Then, at time t15, the selected word line WL (sel), the
unselected word lines WL (n-sel), and the selected drain-side
selection gate line SGD (sel) are dropped to the ground volt-
age Vss.

Through this operation, electric charges are accumulated in
the control gate of the memory transistor MTr 1n a selected
memory string MS (sel) that 1s connected to the selected word
line WL (sel). As a result, data 1s written to the memory
transistor M Ir.

In read operation, as illustrated in FIG. 7, the bit line BL,
the source line SL, the selected word line WL (sel), the
unselected word lines (n-sel), the selected drain-side selec-
tion gate line SGD (sel), and the selected source-side selec-
tion gate line SGS (sel) are initially set at the ground voltage
Vss. Note that the unselected drain-side selection gate lines
SGD (n-sel) and the unselected source-side selection gate
lines SGS (n-sel) are set at the ground voltage Vss. Each word
line WL 1n an unselected memory block MB (n-sel)1s setina
floating state.

Then, at time 21, the bit line BL 1s boosted to a voltage
Vpre. The voltage Vpre is, e.g., on the order o1 1V. In addition,
at time t21, the unselected word lines WL (n-sel) are boosted
to a voltage Vread. The voltage Vread 1s, e.g., on the order of
4V. In addition, at time t21, the selected drain-side selection
gate line SGD (sel) 1s boosted to the voltage Vsg. Then, at
time t22, the selected source-side selection gate line SGS (sel)
1s boosted to the voltage Vsg.

Subsequently, at time t23, the unselected word lines WL
(n-sel), the selected drain-side selection gate line SGD (sel),
and the selected source-side selection gate line SGS (sel) are
dropped to the ground voltage Vss.

Through this operation, such current 1s detected that tlows
from the bit line BL through the selected memory string MS
(sel) into the source line SL (from one end to the other of the
memory string MS). Then, data 1s read through the compari-
son of the magnitude (large or small) of the detected current.

In erase operation, as illustrated 1n FIG. 8, the source line
SL, the word line WL, the selected drain-side selection gate
line SGD (sel), and the selected source-side selection gate
line SGS (sel) are in1tially set at the ground voltage Vss. Note
that the bit line BL 1s set 1n a floating state. In addition, the
unselected drain-side selection gate lines SGD (n-sel) and the
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unselected source-side selection gate lines SGS (n-sel) are set
in a tloating state. Furthermore, each word line WL 1n the
unselected block MB (n-sel) 1s set 1n a floating state.

Then, at time t31, the source line SL 1s boosted to a voltage
Vera. Subsequently, at time t32, the selected drain-side selec- 3
tion gate line SGD (sel) and the selected source-side selection
gate line SGS (sel) are boosted to a voltage Verasg. The
voltage Vera 1s on the order of 20V. The voltage Verasg 1s on
the order of 15V.

Then, at time t33, the source line SL 1s dropped to the 10
ground voltage Vss. Subsequently, at time t34, the selected
drain-side selection gate line SGD (sel) and the selected
source-side selection gate line SGS (sel) are dropped to the
ground voltage Vss.

Through this operation, GIDL (Gate Induced Drain Leak) 15
current 1s produced near the gates of the source-side selection
transistors SSTr, and the generated holes flow into the
memory columnar semiconductor layers 35. As a result, the
potential of the source line SL 1s transierred to the memory
columnar semiconductor layers 35. On the other hand, elec- 20
trons flow toward the semiconductor substrate Ba. Conse-
quently, due to the potential difference between the memory
columnar semiconductor layer 35 and the first to fourth word-
line conductive layers 32a to 32d (e.g., set at 0V), the elec-
trons are extracted from the electric charge storage layer 34b 25
included in the memory transistors M Trl to MTr4. That 1s, the
erase operation 1s performed.

Referring now to FIG. 9, an operation to be performed
before and after the above-mentioned read operation will be
described below. The operation 1llustrated 1 FIG. 9 15 per- 30
formed by the control signal generation unit 16. FIG. 9 1s a
flowchart illustrating an operation to be performed before and
alter the read operation of the non-volatile semiconductor
storage device 100 of the first embodiment.

As 1llustrated 1n FI1G. 9, pre-programming (pre-writing) 1s 35
first performed on the unselected drain-side selection transis-
tor SDTr (n-sel) that 1s connected to an unselected memory
string MS (n-sel) (step S101). The pre-programming 1s per-
tormed by accumulating electric charges 1n an electric charge
storage layer 46b of the drain-side selection transistor layer 40
40. This pre-programming increases the threshold voltage of
the drain-side selection transistor SDTr.

Then, data 1s read from the memory transistors MT1rl to
MTr4 1n the selected memory string MS (sel) (step S102).

Subsequently, the pre-programming of the unselected 45
drain-side selection transistor SDTr (n-sel) connected to the
unselected memory string MS (n-sel) 1s erased (step S103).
The pre-programming erase 1s performed by discharging
clectric charges from the electric charge storage layer 46b of
the drain-side selection transistor layer 40. This pre-program- 50
ming erase decreases the threshold voltage of the drain-side
selection transistor SDTr.

The above-mentioned pre-programming at step S101 1s
performed on unselected drain-side selection transistors
SDTr (n-sel) that are connected to unselected memory strings 55
MS (n-sel) 1n an unselected memory block MB (n-sel), as
illustrated 1 “Case 1” of FIG. 10. The pre-programming 1s
also performed on unselected drain-side selection transistors
SDTr (n-sel) that are connected to unselected memory strings
MS (n-sel) 1n a selected memory block MB (sel). 60

Alternatively, as illustrated in “Case 2 of FIG. 11, the
above-mentioned pre-programming at step S101 1s only per-
formed on unselected drain-side selection transistors SDTr
(n-sel) that are connected to unselected memory strings MS
(n-sel) 1n a selected memory block MB (sel). 65

In addition, as 1llustrated in “Case 3 of F1G. 12, the above-
mentioned pre-programming at step S101 1s only performed
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on unselected drain-side selection transistors SDTr (n-sel) 1in
an unselected memory block MB (n-sel).

Referring now to FIG. 13, the pre-programming operation
(step S101) will be described below. The operation 1llustrated
in FIG. 13 1s performed by the control signal generation unit
16. F1G. 13 1s a timing chart 1llustrating the pre-programming,
operation.

In this case, one of the drain-side selection gate lines SGD
that 1s subject to the pre-programming operation 1s hereinat-

ter denoted by a “target drain-side selection gate line SGD
(tar)”. One of the drain-side selection gate lines SGD that 1s
not subject to the pre-programming operation 1s denoted by a
“non-target drain-side selection gate line SGD (n-tar)”. In
addition, one of the source-side selection gate lines SGS that
1s subject to the pre-programming operation 1s denoted by a
“target source-side selection gate line SGS (tar)”. One of the
source-side selection gate lines SGS that 1s not subject to the
pre-programming operation 1s denoted by a “non-target
source-side selection gate line SGS (n-tar)”.

In writing data to drain-side selection transistors SDTr,
unlike the word lines WL1 to WL4, data cannot be selectively
written to a plurality of drain-side selection transistors SD'Tr
that are connected to a selected drain-side selection gate line
SGD (sel). Thus, “0” data 1s collectively written to all of the
drain-side selection transistors SDTr. As such, all of the bit
lines BL are set at the ground voltage Vss.

As 1llustrated 1n FI1G. 13, a bit line BL, a source line SL, a
word line WL, a target drain-side selection gate line SGD
(tar), a non-target drain-side selection gate line SGD (n-tar),
and a source-side selection gate line SGS are initially set at
the ground voltage Vss. Then, attime t41, the target drain-side
selection gate line SGD (tar) 1s boosted to the voltage Vdd.
Then, at time t42, the target drain-side selection gate line
SGD (tar) 1s boosted to the voltage Vpass. Subsequently, at
time t43, the target drain-side selection gate line SGD (tar) 1s
boosted to the voltage Vpgm. Thereafter, at time t44, the
target drain-side selection gate line SGD (tar) 1s dropped to
the ground voltage Vss. Meanwhile, the above-mentioned
operation 1s restated as follows: the target drain-side selection
gate line SGD (tar) 1s boosted 1n a step-like manner.

Through this operation, due to the potential difference
between the drain-side columnar semiconductor layer 47 and
the drain-side conductive layer 42, electric charges are accu-
mulated 1n the electric charge storage layer 46b. That 1s, the
pre-programming 1s performed.

Referring now to FIG. 14, the pre-programming erase
operation (step S103) will be described below. The operation
illustrated 1n FIG. 14 1s performed by the control signal gen-
cration unit 16. FIG. 14 1s a timing chart illustrating the
pre-programming erase operation.

As 1llustrated 1n FIG. 14, the source line SL, the target
source-side selection gate line SGS (tar), the target drain-side
selection gate line SGD (tar), and the non-target drain-side
selection gate line SGD (n-tar) are initially set at the ground
voltage Vss. The word lines WL are set 1in a floating state.
Each word line WL and non-target source-side selection gate
line SGS (n-tar) 1n an unselected block MB (n-sel) are set 1n
a floating state.

Firstly, at time t51, the source line SL 1s boosted to the
voltage Vera. Then, at time t52, the target source-side selec-
tion gate line SGS (tar), the target drain-side selection gate
line SGD (tar), and the non-target drain-side selection gate
line SGD (n-tar) are boosted to the voltage Verasg.

Subsequently, at time t33, the target drain-side selection
gate line SGD (tar) 1s dropped to the ground voltage Vss.
Then, at time t54, the source line SL, the target source-side




US RE45,832 E

13

selection gate line SGS (tar), and the non-target drain-side
selection gate line SGD (n-tar) are dropped to the ground

voltage Vss.
Through this operation, GIDL (Gate Induced Drain Leak)

current 1s produced near the gates of the source-side selection
transistors SSTr, and the generated holes flow through the
memory columnar semiconductor layers 35 into the drain-
side columnar semiconductor layers 47. As a result, the
potential of the source line SL 1s transierred to the drain-side
columnar semiconductor layers 47. On the other hand, elec-
trons flow toward the semiconductor substrate Ba. Conse-
quently, the drain-side columnar semiconductor layers 47 1s
boosted by the GIDL current. Then, due to the potential
difference between the drain-side columnar semiconductor
layers 47 and the drain-side selection gate lines SGD (e.g., set
at 0V), the electrons are deleted 1n the electric charge storage
layers 46b included in the drain-side selection transistors
SDTr. That 1s, the pre-programming erase operation 1s per-
formed.

Advantages of Non-Volatile Semiconductor Storage
Device 100 1n First Embodiment

Advantages of the non-volatile semiconductor storage
device 100 of the first embodiment will now be described
below. As can be seen from the above lamination structure,
the non-volatile semiconductor storage device 100 according
to the first embodiment may achieve high integration.

In addition, as described 1n the above manufacturing pro-
cess of the non-volatile semiconductor storage device 100,
cach layer corresponding to respective memory transistors
MTr, source-side selection transistors SS'Ir, and drain-side
selection transistors SDTr may be manufactured 1n a certain
number of lithography steps, irrespective of the number of
laminated layers. That i1s, the non-volatile semiconductor
storage device 100 may be manufactured at a lower cost.

In addition, the non-volatile semiconductor storage device
100 1s configured to be able to control the threshold voltages
of the drain-side selection transistors SD'Ir. Accordingly,
prior to reading data, the non-volatile semiconductor storage
device 100 may control the threshold voltage to be a high
value for an unselected drain-side selection transistor SDTr
(n-sel) connected to an unselected memory string MS (n-sel).
Therefore, when reading data, the non-volatile semiconduc-
tor storage device 100 may suppress the leakage current that
would tlow from a bit line BL to a source line SL through an
unselected memory string MS (n-sel). That 1s, the non-vola-
tile semiconductor storage device 100 allows for more accu-
rate read operation.

Second Embodiment

Configuration of Non-Volatile Semiconductor Storage
Device in Second Embodiment

Referring now to FIG. 15, a configuration of a non-volatile
semiconductor storage device according to a second embodi-
ment will be described below. FIG. 15 1s a cross-sectional
view of one memory block MBa according to the second
embodiment. Note that the same reference numerals repre-
sent the same components as the first embodiment, and
description thereof will be omitted 1n the second embodi-
ment.

The non-volatile semiconductor storage device according,
to the second embodiment has memory blocks MBa different
from the first embodiment.

Each memory block MBa has a source-side selection tran-
sistor layer 20A and a drain-side selection transistor layer
40A that are different from the first embodiment.
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The source-side selection transistor layer 20A has block
insulation layers 26a, electric charge storage layers 26b, and
tunnel msulation layers 26c¢, instead of the source-side gate
insulation layers 26. The block msulation layers 26a are
formed with a certain thickness on the sidewalls of the source-
side holes 25. The electric charge storage layers 26b are
formed with a certain thickness on the sidewalls of the block
insulation layers 26a. The tunnel insulation layers 26¢ are
tformed with a certain thickness on the sidewalls of the electric
charge storage layers 26b. The block insulation layers 26a and
the tunnel insulation layers 26¢ are composed of, e.g., silicon
oxide (510, ). The electric charge storage layers 26b are com-
posed of, e.g., silicon nitride (S1N).

The drain-side selection transistor layer 40 A has drain-side
gate msulation layers 46, instead of the block 1nsulation lay-
ers 46a, the electric charge storage layers 46b, and the tunnel
insulation layers 46¢. The drain-side gate insulation layers 46
are formed with a certain thickness on the sidewalls of the
drain-side holes 45. The drain-side gate insulation layers 46
are composed of, e.g., silicon oxide (510,).

Operation of Non-Volatile Semiconductor Storage Device
in Second Embodiment

Referring now to FIG. 16, an operation to be performed
betore and after the read operation according to the second
embodiment will be described below. The operation 1llus-
trated 1n F1G. 16 1s performed by the control signal generation
umt 16. FIG. 16 1s a flowchart illustrating an operation to be
performed before and after the read operation of the non-
volatile semiconductor storage device according to the sec-
ond embodiment.

As illustrated in FIG. 16, pre-programming (pre-writing) 1s
first performed on an unselected source-side selection tran-
sistor SSIr (n-sel) that 1s connected to an unselected memory
string MS (n-sel) (step S201). The pre-programming 1s per-
formed by accumulating electric charges 1n an electric charge
storage layer 26b of the source-side selection transistor layer
20A. The pre-programming increases the threshold voltage of
the unselected source-side selection transistor SS'Tr (n-sel).

Then, data 1s read from the memory transistors M1rl to
MTr4 1n the selected memory string (sel) (step S202).

Subsequently, the pre-programming of the unselected
source-side selection transistor SSTr (n-sel) connected to the
unselected memory string (n-sel) 1s erased (step S203). The
pre-programming erase 1s performed by discharging electric
charges from the electric charge storage layer 26b of the
source-side selection transistor layer 20. This pre-program-
ming erase decreases the threshold voltage of the unselected
source-side selection transistor SSTr (n-sel).

The above-mentioned pre-programming at step S201 1s
performed on unselected drain-side selection transistors
SDTr (n-sel) that are connected to unselected memory strings
MS (n-sel) 1n an unselected memory block MB (n-sel), as
illustrated 1n “Case 4” of FIG. 17. The pre-programming 1s
also performed on unselected drain-side selection transistors
SDTr (n-sel) that are connected to unselected memory strings
MS (n-sel) 1n a selected memory block MB (sel).

Alternatively, as illustrated 1n “Case 57 of FIG. 18, the
above-mentioned pre-programming at step S201 1s only per-
formed on unselected drain-side selection transistors SDTr
(n-sel) that are connected to unselected memory strings MS
(n-sel) 1 a selected memory block MB (sel).

In addition, as 1llustrated in “Case 6 of FIG. 19, the above-
mentioned pre-programming at step S201 1s only performed
on unselected drain-side selection transistors SD'Ir (n-sel) 1in
an unselected memory block MB (n-sel).

Referring now to FIG. 20, the pre-programming operation
(step S201) will be described below. The operation illustrated
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in FIG. 20 1s performed by the control signal generation unit
16. F1G. 20 1s a timing chart i1llustrating the pre-programming
operation.

As 1llustrated 1n FIG. 20, all lines are mitially set at the
ground voltage Vss. Firstly, at time t61, the target source-side
selection gate line SGS (tar) 1s boosted to the voltage Vdd.
Then, at time 162, the target source-side selection gate line
SGS (tar) 1s boosted to the voltage Vpass. Subsequently, at
time t63, the target source-side selection gate line SGS (tar) 1s
boosted to the voltage Vpgm. Thereafter, at time t64, the
target source-side selection gate line SGS (tar) 1s dropped to
the ground voltage Vss. Note that the above-mentioned
operation 1s restated as follows: the target source-side selec-
tion gate line SGS (tar) 1s boosted 1n a step-like manner.

Through this operation, due to the potential difference
between the source-side columnar semiconductor layers 27
and the source-side conductive layers 22, electric charges are
accumulated 1n the electric charge storage layers 26b. That is,
the pre-programming 1s performed.

Referring now to FIG. 21, the pre-programming erase
operation (step S203) will be described below. The operation
illustrated 1n FIG. 21 1s performed by the control signal gen-
eration unit 16. FIG. 21 1s a timing chart illustrating the
pre-programming erase operation.

As 1llustrated 1 FIG. 21, the source line SL, the target
source-side selection gate line SGS (tar), the non-target
source-side selection gate line SGS (n-tar), and the target
drain-side selection gate line SGD (tar) are initially set at the
ground voltage Vss. The word line WL 1s set 1n a floating state.
The non-target drain-side selection gate line SGD (n-tar) 1s
set 1n a floating state.

Then, at time t71, the source line SL. 1s boosted to the
voltage Vera. Subsequently, at time t72, the target drain-side
selection gate line SGD (tar), the non-target source-side
selection gate line SGS (n-tar), and the target source-side
selection gate line SGS (tar) are boosted to the voltage Verasg.

Then, at time t73, the target source-side selection gate line
SGS (tar) 1s dropped to the ground voltage Vss. Subsequently,
at time t74, the source line SL, the non-target source-side
selection gate line SGS (n-tar), and the target drain-side selec-

tion gate line SGD (tar) are dropped to the ground voltage
Vss.

Through this operation, GIDL (Gate Induced Drain Leak)
current 1s produced near the gates of the source-side selection
transistors SSTr, and the generated holes tlow 1nto the source-
side columnar semiconductor layers 27. As a result, the
potential of the source line SL 1s transierred to the source-side
columnar semiconductor layers 27. On the other hand, elec-
trons flow toward the semiconductor substrate Ba. Conse-
quently, the source-side columnar semiconductor layers 27 1s
boosted by the GIDL current. Then, due to the potential
difference between the source-side columnar semiconductor
layers 27 and the source-side selection gate lines SGS (e.g.,
set at OV), the electrons are deleted 1n the electric charge
storage layers 26b included 1n the source-side selection tran-
sistors SSTr. That 1s, the pre-programming erase operation 1s
performed.

Advantages of Non-Volatile Semiconductor Storage
Device 1n Second Embodiment

Advantages of the non-volatile semiconductor storage
device according to the second embodiment will now be
described below. As can be seen from the above, the non-
volatile semiconductor storage device according to the sec-
ond embodiment is configured to be able to control the thresh-
old voltages of the source-side selection transistors SSTr.
Accordingly, prior to reading data, the non-volatile semicon-
ductor storage device may control the threshold voltage to be
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a high value for an unselected source-side selection transistor
SSTr (n-sel) connected to an unselected memory string MS
(n-sel). Therefore, the non-volatile semiconductor storage
device may suppress the leakage current that would flow from
a bit line BL to a source line SL through an unselected
memory string MS (n-sel). That 1s, as 1n the first embodiment,
the non-volatile semiconductor storage device according to
the second embodiment allows for more accurate read opera-
tion.

Third Embodiment

Configuration of Non-Volatile Semiconductor Storage
Device 1n Third Embodiment

Referring now to FIG. 22, a configuration of a non-volatile
semiconductor storage device according to a third embodi-
ment will be described below. FIG. 22 1s a cross-sectional
view ol one memory block MBb according to the third
embodiment. Note that the same reference numerals repre-
sent the same components as the first and second embodi-
ments, and description thereof will be omitted 1n the third
embodiment.

As 1llustrated 1n FIG. 22, the non-volatile semiconductor
storage device of the third embodiment has memory blocks
MBb different from the first embodiment.

Each memory block MBb has the source-side selection
transistor layer 20A, the memory transistor layer 30, and the
drain-side selection transistor layer 40 as described in the first
and second embodiments.

Operation of Non-Volatile Semiconductor Storage Device
in Third Embodiment

An operation of the non-volatile semiconductor storage
device of the third embodiment will now be described below.
The control signal generation unit 16 according to the third
embodiment performs operations as illustrated in FIG. 9
according to the first embodiment (step S101 to 5103) and 1n
FIG. 16 according to the second embodiment (step S201 to
S203).

Advantages of Non-Volatile Semiconductor Storage
Device 1n Third Embodiment

Advantages of the non-volatile semiconductor storage
device according to the third embodiment will be described
below. The non-volatile semiconductor storage device of the
third embodiment has the characteristics according to the first
and second embodiments. Accordingly, the non-volatile
semiconductor storage device of the third embodiment has
the same advantages as the first and second embodiments.

Fourth Embodiment

Configuration of Non-Volatile Semiconductor Storage
Device in Fourth Embodiment

Referring now to FIGS. 23 to 25, a configuration of a
non-volatile semiconductor storage device according to a
fourth embodiment will be described below. FIG. 23 1s a
circuit diagram of memory blocks MBc 1n the non-volatile
semiconductor storage device of the fourth embodiment.
FIG. 24 1s a schematic perspective view of one memory block
MBc. FIG. 25 15 an enlarged cross-sectional view illustrating
a part of FIG. 24. Note that the same reference numerals
represent the same components as the first to third embodi-
ments, and description thereot will be omitted in the fourth
embodiment.

As 1llustrated 1n FIG. 23, each memory block MBc com-
prises a plurality of memory strings MSb, source-side selec-
tion transistors SSTrb, and drain-side selection transistors
SDTrb. Each memory string MSb includes memory transis-
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tors MTrbl to MTrb8 connected 1n series and a back gate
transistor BTr. Each back gate transistor B'lr 1s connected
between a memory transistor M1rb4 and a memory transistor
MTrb5. Each drain-side selection transistor SD'Irb 1s con-
nected to one end (a memory transistor MTrb8) of a memory >
string MSb. Each source-side selection transistor SSTrb 1s
connected to the other end (a memory transistor MTrbl) of a
memory string MSh.

As 1llustrated 1n FI1G. 23, 1n each memory block MBc, the
control gates of the memory transistors M1rb1 arranged 1n
the row direction are commonly connected to a word line
WLb1. Similarly, the control gates of the memory transistors
MTrb2 to MTrb8 arranged 1n the row direction are commonly
connected to respective word lines WLb2 to WLb8. In addi-
tion, the control gates of the back gate transistors Blr
arranged 1n a matrix form in the row and column directions
are commonly connected to a back gate line BG.

As 1llustrated 1n FI1G. 23, 1n each memory block MBc, the
control gates of the respective drain-side selection transistors 2g
SDTrb arranged 1n the column direction are commonly con-
nected to a drain-side selection gate line SGDb. Each drain-
side selection gate line SGDb i1s formed to extend in the row
direction across a plurality of memory blocks MBb. In addi-
tion, the other ends of the drain-side selection transistors 25
SDTrb arranged in the row direction are commonly con-

nected to a bit line BLb. Each bit line BLb 1s formed to extend
in the column direction across a plurality of memory blocks
MBb.

As 1llustrated 1n FI1G. 23, 1n each memory block MBc, the 30
control gates of the respective source-side selection transis-
tors SSTrb arranged 1n the column direction are commonly
connected to a source-side selection gate line SGSb. Fach
source-side selection gate line SGSb 1s formed to extend 1n
the row direction across a plurality of memory blocks MBc. In 35
addition, the other ends of the source-side selection transis-
tors SSTrb arranged in the row direction are commonly con-
nected to a source line SLb. The neighboring source-side
selection transistors SSIrb 1n the column direction are con-
nected to a common source line SLb. Each source line SLb1s 40
formed to extend in the row direction across a plurality of
memory blocks MBc.

The circuit configuration of the memory blocks MBc as
described above 1s achieved by the lamination structure 1llus-
trated 1n FIGS. 24 and 25. Fach memory block MBc has a 45
back gate transistor layer 208, amemory transistor layer 30B,
and a selection transistor layer 40B that are sequentially lami-
nated on a semiconductor substrate Baa. The back gate tran-
sistor layer 20B functions as back gate transistors B'lr. The
memory transistor layer 30B functions as memory strings 50
MSb (memory transistors M1rb1l to M1rb8). The selection
transistor layer 40B functions as source-side selection tran-
sistors SSTrb and drain-side selection transistors SD'Irb.

As 1llustrated 1n FIGS. 24 and 23, the back gate transistor
layer 20B has a back gate conductive layer 21B. The back gate 55
conductive layer 21B 1s formed over a certain region so as to
expand 1n the row and column directions. The back gate
conductive layer 21B 1s separated for each memory block
MBc.

Each back gate conductive layer 21B 1s composed of, e.g., 60
polysilicon (p-S1).

As illustrated 1n FIG. 235, the back gate transistor layer 20B
also has a back gate hole 22B that 1s formed to dig into the
back gate conductive layer 21B. Each back gate hole 22B 1s
formed to extend in the column direction. The back gate holes 65
22B are formed in a matrix form in the row and column
directions.
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Furthermore, as illustrated 1n FIG. 25, the back gate tran-
sistor layer 20B has a block insulation layer 23Ba, an electric
charge storage layer 23Bb, a tunnel insulation layer 23Bc, and
a bottom semiconductor layer 24B within each back gate hole
22B. Each block insulation layer 23Ba 1s formed with a
certain thickness on the sidewall of a back gate hole 22B.
Each electric charge storage layer 23Bb 1s formed with a
certain thickness on the sidewall of a block 1nsulation layer
23Ba. Each tunnel isulation layer 23Bc¢ 1s formed with a
certain thickness on the sidewall of an electric charge storage
layer 23Bb. Each bottom semiconductor layer 24B 1s formed
to fill up a back gate hole 22B. Each bottom semiconductor
layer 24B 1s formed to extend 1n the column direction.

The block insulation layers 23Ba and the tunnel 1nsulation
layers 23Bc¢ are composed of, e.g., silicon oxide (510,). The
clectric charge storage layers 23Bb are composed of, e.g.,
silicon nitride (S1N). The bottom semiconductor layers 24B
are composed of, e.g., polysilicon (p-S1).

In the configuration of the back gate transistor layer 20B as
mentioned above, each back gate conductive layer 21B func-
tions as the control gate of a back gate transistor B1r. In
addition, each back gate conductive layer 21B functions as a
part of a back gate line BG.

As 1llustrated 1 FIGS. 24 and 235, the memory transistor
layer 30B has word-line conductive layers 31Bato 31Bh. The
word-line conductive layers 31Ba to 31Bh are formed to
extend 1n the row direction. The word-line conductive layers
31Ba to 31Bh are 1nsulated and 1solated from each other via
interlayer insulation layers (not illustrated). The word-line
conductive layers 31Ba to 31Bh are separated for each
memory block MBc. The word-line conductive layer 31Ba
and the word-line conductive layer 31Bb are formed on the
first (bottom) layer. The word-line conductive layer 31Bc and
the word-line conductive layer 31Bd are formed on the sec-
ond layer. The word-line conductive layer 31Be and the word-
line conductive layer 31B1 are formed on the third layer. The
word-line conductive layer 31Bg and the word-line conduc-
tive layer 31Bh are formed on the fourth (top) layer.

The word-line conductive layers 31Ba to 31Bh are com-
posed of, e.g., polysilicon (p-S1).

As 1llustrated 1n FIG. 25, the memory transistor layer 30B
also has a memory hole 32Ba that 1s formed to penetrate the
word-line conductive layers 31Ba, 31Bc, 31Be, and 31Bg,
and a memory hole 32Bb that 1s formed to penetrate the
word-line conductive layers 31Bb, 31Bd, 31B1, and 31Bh.
The memory holes 32Ba and 32Bb are formed 1n a matrix
form 1n the row and column directions. The memory holes
32Ba and 32Bb are formed to match opposite ends 1n the
column direction of the respective back gate holes 22B.

Furthermore, as 1llustrated in FIG. 25, the memory transis-
tor layer 30B has a block insulation layer 33Ba, an electric
charge storage layer 33Bb, a tunnel insulation layer 33Bc, and
memory columnar semiconductor layers 34Ba and 34Bb
within respective memory holes 32Ba and 32Bb. Each block
insulation layer 33Ba 1s formed with a certain thickness on the
sidewall of a memory hole 32B. Each electric charge storage
layer 33Bb 1s formed with a certain thickness on the sidewall
of a block mnsulation layer 33Ba. Each tunnel insulation layer
33Bc 1s formed with a certain thickness on the sidewall of an
clectric charge storage layer 33Bb. The memory columnar
semiconductor layers 34Ba and 34Bb are formed to fill up
respective memory holes 32Ba and 32Bb. Each of the
memory columnar semiconductor layers 34Ba and 34Bb 1s
formed 1n a colummnar shape extending i1n the lamination
direction. The memory columnar semiconductor layers 34Ba
and 34Bb are formed in contact with the top surface of a
bottom semiconductor layer 24B at opposite ends 1n the col-
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umn direction. That 1s, each semiconductor layer included in
a memory string MSb 1ncludes a pair of memory columnar
semiconductor layers 34Ba and 34Bb (columnar portions)
and a bottom semiconductor layer 24B (a joining portion) that
1s formed to join the bottom ends of the memory columnar
semiconductor layers 34Ba and 34Bb. Fach semiconductor
layer included 1n amemory string MSb 1s formed 1n a U-shape
as viewed from the row direction.

The block insulation layers 33Ba and the tunnel insulation
layers 33Bc are composed of, e.g., silicon oxide (S510,). The
clectric charge storage layers 33Bb are composed of, e.g.,
silicon mitride (S1N). The memory columnar semiconductor
layers 34B are composed of, e.g., polysilicon (p-S1).

In the configuration of the memory transistor layer 30B as
mentioned above, the word-line conductive layers 31Ba to
31Bh function as the control gates of the memory transistors
MTrbl to MTrb8. In addition, the word-line conductive lay-
ers 31Ba to 31Bh function as parts of the word lines WLb1 to
WLDbS.

As 1llustrated in FIGS. 24 and 25, the selection transistor
layer 40B has a source-side conductive layer 41B and a drain-
side conductive layer 42B. Each source-side conductive layer
41B and drain-side conductive layer 42B are formed to
extend 1n the row direction. Each source-side conductive
layer 41B 1s formed above the top word-line conductive layer
31Bg. Each drain-side conductive layer 42B 1s formed above
the top word-line conductive layer 31Bh.

The source-side conductive layers 41B and the drain-side
conductive layers 42B are composed of, e.g., polysilicon
(p-S1).

As 1llustrated in FIG. 235, the selection transistor layer 40B
also has a source-side hole 43B that 1s formed to penetrate a
source-side conductive layer 41B, and a drain-side hole 44B
that 1s formed to penetrate a drain-side conductive layer 42B.
Each source-side hole 43B 1s formed at a position matching a
respective memory hole 32Ba. FEach drain-side hole 44B 1s
formed at a position matching respective a memory hole
32Bb.

Furthermore, as illustrated in FIG. 25, the selection tran-
sistor layer 40B has a block insulation layer 45Ba, an electric
charge storage layer 45Bb, a tunnel insulation layer 45Bc, and
a source-side columnar semiconductor layer 468 within each
source-side hole 43B. Each block msulation layer 45Ba 1s
formed with a certain thickness on the sidewall of a source-
side hole 43B. Fach electric charge storage layer 45Bb 1s
formed with a certain thickness on the sidewall of a block
insulation layer 45Ba. Each tunnel insulation layer 45Bc 1s
tormed with a certain thickness on the sidewall of an electric
charge storage layer 45Bb. Each source-side columnar semi-
conductor layer 468 1s formed to fill up a source-side hole
43B. The source-side columnar semiconductor layers 46B are
formed 1n a matrix form in the row and column directions.
Each source-side colummnar semiconductor layer 46B 1is
formed in a columnar shape extending in the lamination
direction. Fach source-side colummar semiconductor layer
46B 1s formed 1n contact with the top surface of the corre-
sponding memory columnar semiconductor layer 34Ba.

The block insulation layers 45Ba and the tunnel 1nsulation
layers 45Bc are composed of, e.g., silicon oxide (S10,). The
clectric charge storage layers 45Bb are composed of, e.g.,
s1licon nitride (SiN). The source-side columnar semiconduc-
tor layers 46B are composed of, e.g., polysilicon (p-S1).

Furthermore, as illustrated in FIG. 25, the selection tran-
sistor layer 40B has a block insulation layer 47Ba, an electric
charge storage layer 47Bb, a tunnel insulation layer 47Bc, and
a drain-side columnar semiconductor layer 48B within each
drain-side hole 44B. Each block nsulation layer 47Ba 1is
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formed with a certain thickness on the sidewall of a drain-side
hole 44B. Each electric charge storage layer 47Bb 1s formed
with a certain thickness on the sidewall of a block insulation
layer 47Ba. Each tunnel msulation layer 47Bc 1s formed with
a certain thickness on the sidewall of an electric charge stor-
age layer 47Bb. Each drain-side columnar semiconductor
layer 48B 1s formed to {ill up a drain-side hole 44B. The
drain-side columnar semiconductor layers 48B are formed 1n
a matrix form 1n the row and column directions. Each drain-
side columnar semiconductor layer 48B 1s formed 1n a colum-
nar shape extending in the lamination direction. Each drain-
side columnar semiconductor layer 48B 1s formed 1n contact
with the top surface of the corresponding memory columnar
semiconductor layer 34Bb.

The block insulation layers 47Ba and the tunnel 1nsulation
layers 47Bc are composed of, e.g., silicon oxide (S10,). The
clectric charge storage layers 47Bb are composed of, e.g.,
silicon nitride (SiN). The drain-side columnar semiconductor
layers 488 are composed of, e.g., polysilicon (p-S1).

In the configuration of the selection transistor layer 40B as
mentioned above, each source-side conductive layer 41B
functions as the control gate of a source-side selection tran-
sistor SSTrb. In addition, each source-side conductive layer
41B functions as a part of a source-side selection gate line
SGSb. Each drain-side conductive layer 42B functions as the
control gate of a drain-side selection transistor SDTrb. Each
drain-side conductive layer 42B also functions as a part of a
drain-side selection gate line SGDb.

In addition, as 1llustrated in FIG. 24, a source-line conduc-
tive layer 51B 1s formed on the top surfaces of the source-side
columnar semiconductor layers 46B aligned 1n the row direc-
tion. Each source-line conductive layer 51B 1s formed to
extend in the row direction. Each source-line conductive layer
51B functions as a source line SLb. In addition, bit-line con-
ductive layers 52B are formed on the top surfaces of the
drain-side columnar semiconductor layers 48B aligned in the
row direction. Each bit-line conductive layer 52B 1s formed to
extend 1n the column direction. Each bit-line conductive layer
52B functions as a bit line BLb.

Operation of Non-Volatile Semiconductor Device 1n
Fourth Embodiment

An operation of the non-volatile semiconductor device
according to the fourth embodiment will now be described
below. As 1n the third embodiment, prior to a read operation,
the control signal generation unit 16 according to the fourth
embodiment performs pre-programming on the control gates
of an unselected drain-side selection transistor SDTrb (n-sel)
and an unselected source-side selection transistor SSTrb
(n-sel) that are connected to an unselected memory string
MSb. As a result, it increases the threshold voltages of these
control gates.

In addition, as in the third embodiment, after the read
operation, the control signal generation unit 16 of the fourth
embodiment erases the pre-programming of the control gates
of the unselected drain-side selection transistor SDIrb (n-sel)
and the unselected source-side selection transistor SSTrb
(n-sel). As aresult, 1t decreases the threshold voltages of these
control gates.

Advantages of Non-Volatile Semiconductor Device 1n
Fourth Embodiment

Advantages ol the non-volatile semiconductor device
according to the fourth embodiment will be described below.
The non-volatile semiconductor storage device of the fourth
embodiment operates in the same way as described in the
third embodiment. Accordingly, the non-volatile semicon-
ductor storage device of the fourth embodiment has the same
advantages as the third embodiment.
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Other Embodiments

While embodiments of the non-volatile semiconductor
storage device have been described, the present invention 1s
not imtended to be limited to the disclosed embodiments and
various other changes, additions, substitutions or the like may
be made thereto without departing from the spirit of the
invention.

For example, the non-volatile semiconductor storage
device of the fourth embodiment may be configured to per-
form pre-programming only on unselected drain-side selec-
tion transistors SDTrb (n-sel) that are connected to a selected
memory string MSb (sel). The non-volatile semiconductor
storage device of the fourth embodiment may also be config-
ured to perform pre-programming only on unselected source-
side selection transistors SSTrb (n-sel) that are connected to a
selected memory string MS (sel).

What 1s claimed 1s:

1. A non-volatile semiconductor storage device compris-
ng:

a plurality of memory strings, each having a plurality of
clectrically rewritable memory cells connected in series;
and

a plurality of first selection transistors connected to one
ends of the respective memory strings,

cach of the memory strings comprising;:

a first semiconductor layer including a columnar portion
extending 1n a direction perpendicular to a substrate;

a first electric charge storage layer formed to surround a
side surface of the columnar portion; and

a first conductive layer formed to surround a side surface
of the columnar portion as well as the first electric
charge storage layer, the first conductive layer func-
tioning as a control electrode of arespective one of the
memory cells,

cach of the first selection transistors comprising;:

a second semiconductor layer extending upward from a
top surface of the columnar portion;

a second electric charge storage layer formed to sur-
round a side surface of the second semiconductor
layer; and

a second conductive layer formed to surround a side
surface of the second semiconductor layer as well as
the second electric charge storage layer, the second
conductive layer functioning as a control electrode of
a respective one of the first selection transistors,

the non-volatile semiconductor storage device further
comprising a control circuit configured to cause, prior to
reading data from a selected one of the memory strings,
clectric charges to be accumulated in the second electric
charge storage layer of one of the first selection transis-
tors connected to an unselected one of the memory
strings.

2. The non-volatile semiconductor storage device accord-

ing to claim 1, wherein

a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and

prior to reading data from a selected one of the memory
strings 1n a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layer of one of the
first selection transistors connected to an unselected one
of the memory strings in the selected memory block.

3. The non-volatile semiconductor storage device accord-

ing to claim 1, wherein

a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
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prior to reading data from a selected one of the memory
strings 1n a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layers of the first
selection transistors connected to the memory strings in
an unselected one of the memory blocks.
4. The non-volatile semiconductor storage device accord-
ing to claim 1, wherein
a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
prior to reading data from a selected one of the memory
strings 1 a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layer of one of the
first selection transistors connected to an unselected one
of the memory strings 1n the selected memory block, and
also causes electric charges to be accumulated 1n the
second electric charge storage layers of the first selec-
tion transistors connected to the memory strings 1n an
unselected one of the memory blocks.
5. The non-volatile semiconductor storage device accord-
ing to claim 1, wherein
after reading data from a selected one of the memory
strings, the control circuit causes electric charges to be
discharged from the second electric charge storage layer
of one of the first selection transistors connected to an
unselected one of the memory strings.
6. The non-volatile semiconductor storage device accord-
ing to claim 5, wherein
the control circuit 1s configured to generate a GIDL current
near a gate of one of the first selection transistors con-
nected to an unselected one of the memory strings to
boost a voltage at the second semiconductor layer to a
first voltage by the GIDL current,
thereby discharging electric charges stored in the second
clectric charge storage layer.
7. The non-volatile semiconductor storage device accord-
ing to claim 1, wherein
the control circuit causes electric charges to be accumus-
lated 1n the second electric charge storage layer by
boosting 1n a step-like manner to be applied to a gate of
one of the first selection transistors connected to an
unselected one of the memory strings.
8. The non-volatile semiconductor storage device accord-
ing to claim 1, comprising:
a plurality of second selection transistors connected to the
other ends of the memory strings,
wherein each of the second selection transistors comprises:
a third semiconductor layer extending downward from a
bottom surface of the first semiconductor layer;
a third electric charge storage layer formed to surround
a side surface of the third semiconductor layer; and
a third conductive layer formed to surround a side sur-
face of the third semiconductor layer as well as the
third electric charge storage layer, the third conduc-
tive layer functioning as a control electrode of a
respective one ol the second selection transistors, and
prior to reading data from a selected one of the memory
strings, the control circuit causes electric charges to be
accumulated 1n the third electric charge storage layer of
one of the second selection transistors connected to an
unselected one of the memory strings.
9. The non-volatile semiconductor storage device accord-
ing to claim 8, wherein
a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
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prior to reading data from a selected one of the memory
strings 1n a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the third electric charge storage layer of one of the
second selection transistors connected to an unselected
one of the memory strings 1n the selected memory block.

10. The non-volatile semiconductor storage device accord-

ing to claim 8, wherein

a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and

prior to reading data from a selected one of the memory
strings 1 a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the third electric charge storage layers of the second
selection transistors connected to the memory strings in
an unselected one of the memory blocks.

11. The non-volatile semiconductor storage device accord-

ing to claim 8, wherein

a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and

prior to reading data from a selected one of the memory
strings 1n a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the third electric charge storage layer of one of the
second selection transistors connected to an unselected
one of the memory strings 1n the selected memory block,
and also causes electric charges to be accumulated 1n the
third electric charge storage layers of the second selec-
tion transistors connected to the memory strings 1 an
unselected one of the memory blocks.

12. The non-volatile semiconductor storage device accord-

ing to claim 8, wherein

after reading data from a selected one of the memory
strings, the control circuit causes electric charges to be
discharged from the third electric charge storage layer of
one of the second selection transistors connected to an
unselected one of the memory strings.

13. The non-volatile semiconductor storage device accord-

ing to claim 12, wherein

the control circuit 1s configured to generate a GIDL current
near a gate of one of the second selection transistors
connected to an unselected one of the memory strings to
boost a voltage at the third semiconductor layer to a
second voltage by the GIDL current,

thereby discharging electric charges stored in the third
clectric charge storage layer.

14. The non-volatile semiconductor storage device accord-

ing to claim 8, wherein

the control circuit causes electric charges to be accumu-
lated 1n the third electric charge storage layer by boost-
ing in a step-like manner a voltage to be applied to a gate
of one ofthe second selection transistors connected to an
unselected one of the memory strings.

15. The non-volatile semiconductor storage device accord-

ing to claim 1, wherein

the first semiconductor layer comprises a joining portion
formed to join bottom ends of a pair of the columnar
portions.

16. A non-volatile semiconductor storage device compris-

ng:

a plurality of memory strings, each having a plurality of
clectrically rewritable memory cells connected in series;
and

a plurality of first selection transistors connected to one
ends of the respective memory strings,
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cach of the memory strings comprising;

a first semiconductor layer including a columnar portion
extending 1n a direction perpendicular to a substrate;

a first electric charge storage layer formed to surround a
side surface of the columnar portion; and

a first conductive layer formed to surround a side surface
of the columnar portion as well as the first electric
charge storage layer, the first conductive layer func-
tionming as a control electrode of a respective one of the
memory cells,

cach of the first selection transistors comprising:

a second semiconductor layer extending downward
from a bottom surface of the columnar portion;

a second electric charge storage layer formed to sur-
round a side surface of the second semiconductor
layer; and

a second conductive layer formed to surround a side
surface of the second semiconductor layer as well as
the second electric charge storage layer, the second
conductive layer functioning as a control electrode of
a respective one of the first selection transistors,

the non-volatile semiconductor storage device further
comprising a control circuit configured to cause, prior to
reading data from a selected one of the memory strings,
clectric charges to be accumulated in the second electric
charge storage layer of one of the first selection transis-
tors connected to an unselected one of the memory
strings.
17. The non-volatile semiconductor storage device accord-
ing to claim 16, wherein
a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
prior to reading data from a selected one of the memory
strings 1n a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layer of one of the
first selection transistors connected to an unselected one
of the memory strings in the selected memory block.
18. The non-volatile semiconductor storage device accord-
ing to claim 16, wherein
a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
prior to reading data from a selected one of the memory
strings 1 a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layers of the first
selection transistors connected to the memory strings 1n
an unselected one of the memory blocks.
19. The non-volatile semiconductor storage device accord-
ing to claim 16, wherein
a plurality of memory blocks each includes a plurality of
the memory strings arranged 1n a matrix form, and
prior to reading data from a selected one of the memory
strings 1 a selected one of the memory blocks, the
control circuit causes electric charges to be accumulated
in the second electric charge storage layer of one of the
first selection transistors connected to an unselected one
of the memory strings 1n the selected memory block, and
also causes electric charges to be accumulated 1n the
second electric charge storage layers of the first selec-
tion transistors connected to the memory strings 1n an
unselected one of the memory blocks.
20. The non-volatile semiconductor storage device accord-
ing to claim 16, wherein
alter reading data from a selected one of the memory
strings, the control circuit causes electric charges to be
discharged from the second electric charge storage layer
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of one of the first selection transistors connected to an
unselected one of the memory strings.
21. A non-volatile semiconductor storage device compris-
Ing:
a first memory string including memory cells electrically
coupled in series;

afirst selection transistor electrically coupled to one end of

the first memory string;
a word line electrically coupled to a gate of one of the

memory cells;

a first line electrically coupled to the first selection tran-
sistor; and

a controller configured to perform an evase operation on
the condition that an evase voltage is applied to the first

line, a first voltage is applied to a gate of the first selec-
tion transistor, and the evase voltage is higher than the
fivst voltage,

the controller being configured to perform a program
operation on the condition that a program voltage is
applied to the gate of the first selection transistor, a
second voltage is applied to the first line, a thivd voltage
is applied to the word line, the program voltage is higher
than the second voltage, and the program voltage is
higher than the third voltage.

22. The non-volatile semiconductor storage device accord-

ing to claim 21, wherein the second voltage is zero voltage.

23. The non-volatile semiconductor storage device accord-
ing to claim 21, further comprising:

a second selection transistor electrically coupled to the

other end of the first memory string;

a second line electrically coupled to the second selection
transistor; and

wherein the second voltage is applied to a gate of the
second selection transistor in the program operation.

24. The non-volatile semiconductor storage device accord-
ing to claim 22, further comprising:

a second selection transistor electrically coupled to the

other end of the first memory string;

a second line electrically coupled to the second selection
transistor; and

wherein zero is applied to a gate of the second selection
transistor in the program operation.

25. The non-volatile semiconductor storage device accord-

ing to claim 21, further comprising:

word lines electrically coupled to the memory cells; and

wherein the second voltage is applied to the word lines in
the program operation.

26. The non-volatile semiconductor storage device accord-

ing to claim 23, further comprising:

a second memory string including memory cells electri-
cally coupled in servies; and wherein either the first line
or the second line electrically coupled to both the first
memory string and the second memory string.

27. A method of controlling a non-volatile semiconductor
storage device including a first memory string, in which
memory cells are coupled in series, a first selection transistor
electrically coupled to one end of the first memory string, a

26

word line electrically coupled to a gate of one of the memory
cells, and a first line electrically coupled to the first selection
transistor, comprising:

erasing on the condition that an evase voltage is applied to
5 the first line, a first voltage is applied to a gate of the first
selection transistor, and the evase voltage is higher than

the first voltage; and
programming on the condition that a program voltage is

applied to the gate of the first selection transistor, a
second voltage is applied to the first line, a third voltage

is applied to the word line, the program voltage is higher
than the second voltage, and the program voltage is

higher than the third voltage.
28. The method according to claim 27, wherein the erasing

is an erasing for a cell of the first memory string and the
programming is a programming for the first selection tran-
sistor.

29. The method according to claim 27, wherein the second
voltage is zero voltage.

30. The method according to claim 27, wherein the non-
volatile semiconductor storage device further comprising:

a second selection transistor electrically coupled to the

other end of the first memory string;

a second line electrically coupled to the second selection
transistor; and

wherein the second voltage is applied to a gate of the
second selection transistor in the programming.

31. The method according to claim 29, wherein the non-

volatile semiconductor storage device further comprising:

a second selection transistor electrically coupled to the
other end of the first memory string;

a second line electrically coupled to the second selection
transistor; and

wherein zevo voltage is applied to a gate of the second
selection transistor in the programming,.

32. The method according to claim 27, wherein the non-

volatile semiconductor storage device further comprising:
word lines electrically coupled to the memory cells; and
wherein the second voltage is applied to the word lines in
the programming.

33. The method according to claim 29, wherein the non-
volatile semiconductor storage device further comprising:

a second memory string including memory cells electri-
cally coupled in series; and wherein either the first line
or the second line electrically coupled to both the first
memory string and the second memory string.

34. The non-volatile semiconductor storage device accord-

ing to claim 21, wherein the controller is configured to per-
Jorm the program operation on the condition that the program
voltage is applied to the gate of the first selection transistor
after a pass voltage is applied to the gate of the first selection
transistor.

35. The method according to claim 27, wherein the pro-
gramming is performed on the condition that a program
voltage is applied to the gate of the first selection transistor
after a pass voltage is applied to the gate of the first selection
transistor.
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