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1. 

NONVOLATILESEMCONDUCTOR 
MEMORY 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. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2010 
066938, filed on Mar. 23, 2010, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND 

1. Field 
Embodiments described herein relates to an electrically 

data-rewritable nonvolatile semiconductor memory device. 
2. Description of the Related Art 
As miniaturization technology approaches its limit, much 

is expected from stacking of memory cells as a way of 
improving bit density in nonvolatile semiconductor memory 
devices such as NAND flash memory. As an example, there is 
proposed a stacking-type NAND flash memory configured by 
a memory cell using a vertical-type transistor. The Stacking 
type NAND flash memory includes a memory string com 
prising a plurality of memory cells connected in series in the 
stacking direction, and select transistors provided at both 
ends of the memory string. 

This stacking-type NAND flash memory has a large num 
ber of memory strings connected to one bit line and the select 
transistors are thus required to have excellent cutoff charac 
teristics. At the same time, the manufacturing processes are 
also required to be simplified and the manufacturing costs 
kept low. In addition, power consumption is also required to 
be kept low. It is highly expected that a stacking-type NAND 
flash memory comprising select transistors simultaneously 
fulfilling these three different requirements is proposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a nonvolatile semiconductor 
memory device in accordance with a first embodiment. 

FIG.2 is a perspective view showing a stacking structure of 
a memory cell array AR1 in accordance with the first embodi 
ment. 

FIG. 3 is an equivalent circuit diagram of the memory cell 
array AR1. 

FIG. 4 is a cross-sectional view of the memory cell array 
AR1. 

FIG. 5 is a partial enlarged view of FIG. 4. 
FIG. 6 is a top view showing a second source side conduc 

tive layer 45a and a second drain side conductive layer 45b. 
FIG. 7 is a circuit diagram showing a specific configuration 

of a control circuit AR2. 
FIG. 8 is a flowchart showing a control operation of a 

threshold voltage in a first source side select transistor SSTr1 
and a first drain side select transistor SDTr1. 

FIG. 9 is a timing chart showing various signals pertaining 
to processing of step S101. 
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2 
FIG. 10 is a view showing voltages applied to various lines 

in step S101. 
FIG. 11 is a timing chart showing various signals pertain 

ing to processing of step S102. 
FIG. 12 is a view showing Voltages applied to various lines 

in step S102. 
FIG. 13 is a timing chart showing various signals pertain 

ing to processing of step S103. 
FIG. 14 is a view showing Voltages applied to various lines 

in step S103. 
FIG. 15 is a view showing voltages applied to various lines 

in step S103. 
FIG. 16 is a timing chart showing various signals pertain 

ing to processing of step S105. 
FIG. 17 is a schematic view showing processing of step 

S105. 
FIG. 18 is a view showing voltages applied to various lines 

when a threshold voltage of a first drain side select transistor 
SDTr1(1,1) in step S105 is increased. 

FIG. 19 is a view showing voltages applied to various lines 
when a threshold voltage of a first drain side select transistor 
SDTr1(1,2) in step S105 is left unincreased. 

FIG. 20 is a view showing voltages applied to various lines 
when a threshold voltage of a first source side select transistor 
SSTr1(1,1) in step S105 is increased. 

FIG. 21 is a view showing Voltages applied to various lines 
when a threshold voltage of a first source side select transistor 
SSTr1(1,2) in step S105 is left unincreased. 

FIG. 22 is a timing chart showing various signals pertain 
ing to processing of step S106. 

FIG. 23 is a view showing voltages applied to various lines 
when a threshold voltage of a second drain side select tran 
sistor SDTr2 in step S106 is set to a negative voltage. 

FIG. 24 is a view showing Voltages applied to various lines 
when a threshold Voltage of a second source side select tran 
sistor SSTr2 in step S106 is set to a negative voltage. 
FIG.25 is a view showing voltages applied to various lines 

during a write operation on a memory transistor MTr7 in step 
S107. 

FIG. 26 is a view showing voltages applied to various lines 
during a write prohibit operation on the memory transistor 
MTr7 in step S107. 

FIG. 27 is a view showing voltages applied to various lines 
during a read operation on the memory transistor MTr7 in 
step S107. 

FIG. 28 is a view showing voltages applied to various lines 
during an erase operation on the memory transistor MTr7 in 
step S107. 

FIG. 29 is a perspective view showing a stacking structure 
of a nonvolatile semiconductor memory device in accordance 
with a second embodiment. 

FIG.30 is a perspective view showing a stacking structure 
of a nonvolatile semiconductor memory device in accordance 
with a third embodiment. 

DETAILED DESCRIPTION 

According to one embodiment, a nonvolatile semiconduc 
tor memory device comprises a plurality of memory strings, a 
first transistor, a second transistor, a third transistor, a fourth 
transistor, a bit line, a source line, and a control circuit. The 
memory strings each includes a plurality of memory transis 
tors connected in series. The first transistor has one end con 
nected to one end of one of the memory strings and functions 
as a drain side select transistor of the one of the memory 
strings. The second transistor has one end connected to the 
other end of the first transistor. The third transistor has one 
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end connected to the other end of the one of the memory 
strings and functions as a source side select transistor of the 
one of the memory Strings. The fourth transistor has one end 
connected to the other end of the third transistor. The bit line 
is connected to the other end of the second transistor. The 5 
source line is connected to the other end of the fourth transis 
tor. The control circuit is configured to control a state of the 
memory strings, the first transistor, the second transistor, the 
third transistor, and the fourth transistor. Each of the memory 
strings comprises a first semiconductor layer, a first charge 10 
storage layer, and a first conductive layer. The first semicon 
ductor layer includes a first columnar portion extending in a 
perpendicular direction with respect to a Substrate and func 
tions as a body of the memory transistors. The first charge 
storage layer Surrounds the first columnar portion and 15 
changes a threshold Voltage of the memory transistors by 
storing a charge. The first conductive layer Surrounds the first 
columnar portion with the first charge storage layer sand 
wiched therebetween, extends in parallel to the substrate, and 
functions as a gate of the memory transistors. The first 20 
through fourth transistors each comprises a second semicon 
ductor layer, a second charge storage layer, and a second 
conductive layer. The second semiconductor layer includes a 
second columnar portion extending in the perpendicular 
direction with respect to the substrate and functions as a body 25 
of the first through fourth transistors. The second charge 
storage layer Surrounds the second columnar portion and 
changes a threshold Voltage of the first through fourth tran 
sistors by storing a charge. The second conductive layer Sur 
rounds the second columnar portion with the second charge 30 
storage layer sandwiched therebetween, extends in parallel to 
the substrate, and functions as a gate of the first through fourth 
transistors. In the case of performing an operation for increas 
ing the threshold voltage of the first transistor or the third 
transistor, the control circuit is configured to apply a first 35 
Voltage to the bit line, and apply a second Voltage greater than 
the first Voltage to a gate of the second transistor, thereby 
rendering the second transistor in a conductive state to trans 
fer the first voltage to the second semiconductor layer. Then 
the control circuit is configured to apply a program Voltage to 40 
a gate of the first transistor or the third transistor to store a 
charge in the second charge storage layer. In the case of 
leaving the threshold voltage of the first transistor or the third 
transistor unincreased, the control circuit is configured to 
apply the second Voltage to the bit line, and apply the second 45 
Voltage to the gate of the second transistor, thereby charging 
the first semiconductor layer and the second semiconductor 
layer to a certain voltage from the bit line via the second 
transistor and Subsequently renders the second transistor in a 
non-conductive state to maintain the first semiconductor layer 50 
and the second semiconductor layer in a floating state. Then, 
the control circuit is configured to apply the program Voltage 
to the gate of the first transistor or the third transistor to 
increase a Voltage of the second semiconductor layer through 
coupling, thereby prohibiting storage of charge in the second 55 
charge storage layer. 

According to one embodiment, a nonvolatile semiconduc 
tor memory device comprises a plurality of memory strings, a 
first transistor, a second transistor, a third transistor, a fourth 
transistor, a bit line, a source line, and a control circuit. The 60 
memory strings each includes a plurality of memory transis 
tors connected in series. The first transistor has one end con 
nected to one end of one of the memory strings and functions 
as a drain side select transistor of the one of the memory 
strings. The second transistor has one end connected to the 65 
other end of the first transistor. The third transistor has one 
end connected to the other end of the one of the memory 

4 
strings and functions as a Source side select transistor of the 
one of the memory Strings. The fourth transistor has one end 
connected to the other end of the third transistor. The bit line 
is connected to the other end of the second transistor. The 
source line is connected to the other end of the fourth transis 
tor. The control circuit is configured to control a state of the 
memory strings, the first transistor, the second transistor, the 
third transistor, and the fourth transistor. Each of the memory 
strings comprises a first semiconductor layer, a first charge 
storage layer, and a first conductive layer. The first semicon 
ductor layer includes a first columnar portion extending in a 
perpendicular direction with respect to a Substrate and func 
tions as a body of the memory transistors. The first charge 
storage layer Surrounds the first columnar portion and 
changes a threshold Voltage of the memory transistors by 
storing a charge. The first conductive layer Surrounds the first 
columnar portion with the first charge storage layer sand 
wiched therebetween, extends in parallel to the substrate, and 
functions as a gate of the memory transistors. The first 
through fourth transistors each comprises a second semicon 
ductor layer, a second charge storage layer, and a second 
conductive layer. The second semiconductor layer includes a 
second columnar portion extending in the perpendicular 
direction with respect to the substrate and functions as a body 
of the first through fourth transistors. The second charge 
storage layer Surrounds the second columnar portion and 
changes a threshold Voltage of the first through fourth tran 
sistors by storing a charge. The second conductive layer Sur 
rounds the second columnar portion with the second charge 
storage layer sandwiched therebetween, extends in parallel to 
the Substrate, and functions as a gate of the first through fourth 
transistors. Prior to executing the operation for increasing the 
threshold voltage of the first transistor or the third transistor, 
the control circuit is configured to increase the threshold 
voltage of the second transistor and the fourth transistor from 
a negative Voltage to a positive Voltage. 

Embodiments of a nonvolatile semiconductor memory 
device are described below with reference to the drawings. 

First Embodiment 
First, an overall configuration of a nonvolatile semiconduc 

tor memory device in accordance with a first embodiment is 
described with reference to FIG.1. FIG. 1 is a circuit diagram 
of the nonvolatile semiconductor memory device in accor 
dance with the first embodiment. 
As shown in FIG. 1, the nonvolatile semiconductor 

memory device in accordance with the first embodiment 
includes a memory cell array AR1 and a control circuit AR2 
provided at a periphery of the memory cell array AR1. 
As shown in FIG. 1, the memory cell array AR1 is config 

ured having a plurality of memory strings MS arranged 
therein, each of the memory strings MS having electrically 
rewritable memory transistors MTr1-MTr8 (memory cells) 
connected in series. The control circuit AR2 is configured by 
various kinds of control circuits configured to control a volt 
age applied to a gate and so on of the memory transistors MTr 
(MTr1-MTr8). The control circuit AR2 executes a write 
operation for writing data to the memory transistors MTr, an 
erase operation for erasing data in the memory transistors 
MTr, and a read operation for reading data from the memory 
transistors MTr. During the write operation and the read 
operation, a Voltage applied to a selected memory String MS 
is substantially similar to a conventional Stacking-type flash 
memory. 
As shown in FIG. 1, the memory cell array AR1 includes m 

columns of memory blocks MB. Each memory block MB 
includes n rows by 2 columns of memory units MU. The 
memory unit MU comprises the memory string MS, a first 



US RE45,890 E 
5 

source side select transistor SSTr1 and a second source side 
select transistor SSTr2 connected in series to a source side of 
the memory string MS, and a first drain side select transistor 
SDTr1 and a second drain side select transistor SDTr2 con 
nected in series to a drain side of the memory string MS. Note 
that, in the example shown in FIG. 1, a first column of the 
memory units MU is labeled (1), and a second column of the 
memory units MU is labeled (2). Two memory units MU 
aligned in a column direction in each of the memory blocks 
MB share a bit line BL. In addition, n memory units MU 
aligned in a row direction in each of the memory blocks MB 
share word lines, select gate lines, a source line, and a back 
gate line. The bit line BL and a source line SL are shared by 
them columns of memory blocks MB. 
As shown in FIG. 2, the memory cell array AR1 is config 

ured to have the electrically data-storing memory transistors 
MTr arranged in a three-dimensional matrix. That is, as well 
as being arranged in a matrix in a horizontal direction, the 
memory transistors MTrare arranged also in a stacking direc 
tion (a perpendicular direction with respect to a substrate). A 
plurality of the memory transistors MTr1-MTr3 lined up in 
the stacking direction are connected in series to configure the 
aforementioned memory string MS. The first and second 
drain side select transistors SDTr1 and SDTr2, and the first 
and second source side select transistors SSTr1 and SSTr2, 
which are rendered conductive when selected, are connected 
to the two ends of the memory string MS, respectively. The 
memory string MS is arranged to be long in the stacking 
direction. Note that a detailed stacking structure is described 
hereafter. 

Next, a circuit configuration of the memory cell array AR1 
is described specifically with reference to FIG.3. FIG.3 is an 
equivalent circuit diagram of the memory cell array AR1. 
As shown in FIG. 3, the memory cell array AR1 includes a 

plurality of the bit lines BL and a plurality of the memory 
blocks MB. The bit lines BL are formed in stripes extending 
with the column direction as a long direction and arranged 
with a certain pitch in the row direction. The memory blocks 
MB are provided repeatedly in the column direction with a 
certain pitch. 
As shown in FIG. 3, the memory block MB includes a 

plurality of the memory units MU arranged in a matrix in the 
row direction and the column direction. In the memory block 
MB, one bit line BL is provided with the plurality of the 
memory units MU which are commonly connected. The 
memory unit MU includes the memory string MS, the first 
source side select transistor SSTr1 and the second source side 
select transistor SSTr2, and the first drainside select transistor 
SDTr1 and the second drain side select transistor SDTr2. The 
memory units MU are arranged in a matrix in the row direc 
tion and the column direction. 

The memory string MS is configured by the memory tran 
sistors MTr1-MTr8 and a back gate transistor BTrconnected 
in series. The memory transistors MTr1-MTrA are connected 
in series in the stacking direction. The memory transistors 
MTr5-MTr3 also are similarly connected in series in the 
stacking direction. The memory transistors MTr1-MTr8 
change a threshold Voltage by changing an amount of charge 
stored in a charge storage layer. Data retained by the memory 
transistors MTr1-MTr3 can be overwritten by changing the 
threshold voltage. The back gate transistor BTris connected 
between transistors MTrá and MTr5 at the lowermost layer 
memory. The memory transistors MTr1-MTr8 and the back 
gate transistor BTr are thus connected in a U shape in a 
cross-section in the column direction. A drain of the first 
source side select transistor SSTr1 is connected to one end of 
the memory string MS (a source of the memory transistor 
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6 
MTr3). A drain of the second source side select transistor 
SSTr2 is connected to a source of the first source side select 
transistor SSTr1. A source of the first drain side select tran 
sistor SDTr1 is connected to the other end of the memory 
string MS (a drain of the memory transistor MTr1). A source 
of the second drain side select transistor SDTr2 is connected 
to a drain of the first drain side select transistor SDTr1. These 
transistors SSTr1 and SSTr2, and SDTr1 and SDTr2 have 
differing threshold Voltages by changing an amount of charge 
stored in a respective charge storage layer. 

Gates of the n memory transistors MTr1 in the memory 
units MU arranged in a line in the row direction are com 
monly connected to a word line WL1 extending in the row 
direction. Similarly, gates of then memory transistors MTr2 
MTr3 respectively arranged in lines in the row direction are 
commonly connected to respective word lines WL2-WL8 
extending in the row direction. Moreover, gates of the 2xn 
back gate transistors BTr arranged in a matrix in the row 
direction and the column direction are commonly connected 
to a back gate line BG. 

Gates of the n first source side select transistors SSTr1 
arranged in a line in the row direction are commonly con 
nected to a first source side select gate line SGS1 extending in 
the row direction. Similarly, gates of then second source side 
select transistors SSTr2 arranged in a line in the row direction 
are commonly connected to a second source side select gate 
line SGS2 extending in the row direction. Moreover, sources 
of the second source side select transistors SSTr2 are con 
nected to the source line SL extending in the row direction. 

Gates of the n first drain side select transistors SDTr1 
arranged in a line in the row direction are commonly con 
nected to a first drain side select gate line SGD1 extending in 
the row direction. Similarly, gates of the n second drain side 
select transistors SDTr2 arranged in a line in the row direction 
are commonly connected to a second drain side select gate 
line SGD2 extending in the row direction. Moreover, drains 
of the second drain side select transistors SDTr2 are con 
nected to the bit line BL extending in the column direction. 

Next, the Stacking structure of the nonvolatile semiconduc 
tor memory device in accordance with the first embodiment is 
described with reference to FIGS. 4 and 5. FIG. 4 is a cross 
sectional view of the memory cell array AR1, and FIG. 5 is a 
partial enlarged view of FIG. 4. 
As shown in FIG.4, the memory cell array AR1 includes, 

on a Substrate 10, a back gate transistor layer 20, a memory 
transistor layer 30, a select transistor layer 40, and a wiring 
layer 50. The back gate transistor layer 20 functions as the 
back gate transistor BTr. The memory transistor layer 30 
functions as the memory transistors MTr1-MTr8 (memory 
string MS). The select transistor layer 40 functions as the first 
source side select transistor SSTr1 and second source side 
select transistor SSTr2, and the first drainside select transistor 
SDTr1 and second drain side select transistor SDTr2. The 
wiring layer 50 functions as the source line SL and the bit line 
BL. 
The back gate transistor layer 20 includes a back gate 

conductive layer 21, as shown in FIG. 4. The back gate con 
ductive layer 21 functions as the back gate line BG and also 
functions as a gate of the back gate transistor BTr. 
The back gate conductive layer 21 is formed extending 

two-dimensionally in the row direction and the column direc 
tion parallel to the substrate 10. The back gate conductive 
layer 21 is divided on the basis of memory blocks MB. The 
back gate conductive layer 21 is constituted by polysilicon 
(poly-Si). 
The back gate transistor layer 20 includes a back gate hole 

22, as shown in FIG. 4. The back gate hole 22 is formed so as 
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to dig out the back gate conductive layer 21. The back gate 
hole 22 is formed in a Substantially rectangular shape long in 
the column direction as viewed from an upper surface. The 
back gate holes 22 are formed in a matrix in the row direction 
and the column direction. 
The memory transistor layer 30 is formed in a layer above 

the back gate transistor layer 20, as shown in FIG. 4. The 
memory transistor layer 30 includes word line conductive 
layers 31a-31d. The word line conductive layers 31a-31d 
function as the word lines WL1-WL8 and also function as the 
gates of the memory transistors MTr1-MTr8, respectively. 
The word line conductive layers 31a-31d are stacked sand 

wiching interlayer insulating layers (not shown) therebe 
tween. The word line conductive layers 31a-31d are formed 
extending with the row direction as a long direction and 
having a certain pitch in the column direction. The word line 
conductive layers 31a-31d are constituted by polysilicon 
(poly-Si). 
The memory transistor layer 30 includes a memory hole 

32, as shown in FIG. 4. The memory hole 32 is formed so as 
to penetrate the word line conductive layers 31a-31d and the 
interlayer insulating layers not shown. The memory hole 32 is 
formed so as to align with an end vicinity in the column 
direction of the back gate hole 22. 

In addition, the back gate transistor layer 20 and the 
memory transistor layer 30 include a memory gate insulating 
layer 33 and a memory semiconductor layer 34, as shown in 
FIG. 5. The memory semiconductor layer functions as bodies 
of the memory transistors MTr1-MTr8 (memory string MS). 
The memory gate insulating layer 33 is formed with a 

certain thickness on a side Surface of the backgate hole 22 and 
the memory hole 32, as shown in FIG. 5. The memory gate 
insulating layer 33 includes a block insulating layer 33a, a 
charge storage layer 33b, and a tunnel insulating layer 33c. 
Storing of a charge in the charge storage layer 33b causes the 
threshold voltage of the memory transistors MTr1-MTr3 to 
change, thereby allowing data retained in the memory tran 
sistors MTr to be overwritten. 
The block insulating layer 33a is formed with a certain 

thickness on the side surface of the back gate hole 22 and the 
memory hole 32, as shown in FIG. 5. The charge storage layer 
33b is formed with a certain thickness on a side surface of the 
block insulating layer 33a. The tunnel insulating layer 33c is 
formed with a certain thickness on a side Surface of the charge 
storage layer 33b. The block insulating layer 33a and the 
tunnel insulating layer 33c are constituted by silicon oxide 
(SiO4). The charge storage layer 33b is constituted by silicon 
nitride (SiN). 
The memory semiconductor layer 34 is formed in contact 

with a side surface of the tunnel insulating layer 33c. The 
memory semiconductor layer 34 is formed so as to fill the 
back gate hole 22 and the memory hole 32. The memory 
semiconductor layer34 is formed in a U shape as viewed from 
the row direction. The memory semiconductor layer 34 
includes a pair of columnar portions 34a extending in the 
perpendicular direction with respect to the substrate 10 and a 
joining portion 34b configured to join lower ends of the pair 
of columnar portions 34a. The memory semiconductor layer 
so 34 is constituted by polysilicon (poly-Si). 

Expressing the above-described configuration of the back 
gate transistor layer 20 in other words, the memory gate 
insulating layer 33 is formed Surrounding the joining portion 
34b. The back gate conductive layer is formed surrounding 
the joining portion 34b. Moreover, expressing the above 
described configuration of the memory transistor layer 30 in 
other words, the memory gate insulating layer 33 is formed 
Surrounding the columnar portion34a. The word line conduc 
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8 
tive layers 31a-31d are formed surrounding the columnar 
portion 34a with the memory gate insulating layer 33 inter 
posed therebetween. 
The select transistor layer 40 includes a first source side 

conductive layer 41a and a first drain side conductive layer 
41b, as shown in FIG. 4. The first source side conductive layer 
41a functions as the first source side select gate line SGS1 and 
also functions as a gate of the first source side select transistor 
SSTr1. The first drain side conductive layer 41b functions as 
the first drain side select gate line SGD1 and also functions as 
a gate of the first drain side select transistor SDTr1. 
The first source side conductive layer 41a is formed in a 

layer above one of the columnar portions 34a configuring the 
memory semiconductor layer 34, and the first drain side con 
ductive layer 41b is of the same layer as the first source side 
conductive layer 41a and formed in a layer above the other of 
the columnar portions 34a configuring the memory semicon 
ductor layer34. The first source side conductive layer 41a and 
the first drain side conductive layer 41b are formed in stripes 
extending in the row direction with a certain pitch in the 
column direction. The first source side conductive layer 41a 
and the first drain side conductive layer 41b are constituted by 
polysilicon (poly-Si). 
The select transistor layer 40 includes a first source side 

hole 42a and a first drain side hole 42b, as shown in FIG. 4. 
The first source side hole 42a is formed so as to penetrate the 
first source side conductive layer 41a. The first drain side hole 
42b is formed so as to penetrate the first drain side conductive 
layer 41b. The first source side hole 42a and the first drain side 
hole 42b are each formed at a position aligning with the 
memory hole 32. 
The select transistor layer 40 includes a first source side 

gate insulating layer 43a, a first source side columnar semi 
conductor layer 44a, a first drain side gate insulating layer 
43b, and a first drain side columnar semiconductor layer 44b, 
as shown in FIG. 5. The first source side columnar semicon 
ductor layer 44a functions as a body of the first source side 
select transistor SSTr1. The first drain side columnar semi 
conductor layer 44b functions as a body of the first drain side 
select transistor SDTr1. 
The first source side gate insulating layer 43a is formed 

with a certain thickness on a side surface of the first source 
side hole 42a. The first source side gate insulating layer 43a 
includes a block insulating layer 43aa, a charge storage layer 
43ab, and a tunnel insulating layer 43ac. The charge storage 
layer 43ab functions to store a charge. 
The block insulating layer 43aa is formed with a certain 

thickness on the side surface of the first source side hole 42a, 
as shown in FIG. 5. The block insulating layer 43aa is formed 
continuously in an integrated manner with the block insulat 
ing layer 33a. The charge storage layer 43ab is formed with a 
certain thickness on a side Surface of the block insulating 
layer 43aa. The charge storage layer 43ab is formed continu 
ously in an integrated manner with the charge storage layer 
33b. The tunnel insulating layer 43ac is formed with a certain 
thickness on a side Surface of the charge storage layer 43ab. 
The tunnel insulating layer 43ac is formed continuously in an 
integrated manner with the tunnel insulating layer 33c. The 
block insulating layer 43aa and the tunnel insulating layer 
43ac are constituted by silicon oxide (SiO). The charge 
storage layer 43ab is constituted by silicon nitride (SiN). 
The first source side columnar semiconductor layer 44a is 

formed in a column shape extending in the perpendicular 
direction with respect to the substrate 10 and in contact with 
aside Surface of the first Source side gate insulating layer 43a 
and an upper Surface of one of the pair of columnar portions 
34a. The first source side columnar semiconductor layer 44a 
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is formed so as to fill the first source side hole 42a. The first 
Source side columnar semiconductor layer 44a is formed 
continuously in an integrated manner with the columnar por 
tion 34a. The first source side columnar semiconductor layer 
44a is constituted by polysilicon (poly-Si). 
The first drain side gate insulating layer 43b is formed with 

a certain thickness on a side surface of the first drain side hole 
42b. The first drain side gate insulating layer 43b includes a 
block insulating layer 43ba, a charge storage layer 43bb, and 
a tunnel insulating layer 43bc. The charge storage layer 43bb 
stores a charge and thereby changes the threshold Voltage of 
the first drain side select transistor SDTr1. 

The block insulating layer 43ba is formed with a certain 
thickness on the side surface of the first drain side hole 42b, as 
shown in FIG. 5. The block insulating layer 43ba is formed 
continuously in an integrated manner with the block insulat 
ing layer 33a. The charge storage layer 43bb is formed with a 
certain thickness on a side Surface of the block insulating 
layer 43ba. The charge storage layer 43bb is formed continu 
ously in an integrated manner with the charge storage layer 
33b. The tunnel insulating layer 43bc is formed with a certain 
thickness on a side Surface of the charge storage layer 43bb. 
The tunnel insulating layer 43bc is formed continuously in an 
integrated manner with the tunnel insulating layer 33c. The 
block insulating layer 43ba and the tunnel insulating layer 
43bc are constituted by silicon oxide (SiO). The charge 
storage layer 43bb is constituted by silicon nitride (SiN). 
The first drain side columnar semiconductor layer 44b is 

formed in a column shape extending in the perpendicular 
direction with respect to the substrate 10 and in contact with 
a side surface of the first drain side gate insulating layer 43b 
and an upper surface of the other of the pair of columnar 
portions 34a. The first drain side columnar semiconductor 
layer 44b is formed so as to fill the first drain side hole 42b. 
The first drain side columnar semiconductor layer 44b is 
formed continuously in an integrated manner with the colum 
nar portion 34a. The first drain side columnar semiconductor 
layer 44b is constituted by polysilicon (poly-Si). 

In addition, the select transistor layer 40 includes a second 
Source side conductive layer 45a and a second drain side 
conductive layer 45b, as shown in FIG. 4. The second source 
side conductive layer 45a functions as the second source side 
select gate line SGS2 and also functions as a gate of the 
second source side select transistor SSTr2. The second drain 
side conductive layer 45b functions as the second drain side 
select gate line SGD2 and also functions as a gate of the 
second drain side select transistor SDTr2. 
The second source side conductive layer 45a is formed in a 

layer above the first source side conductive layer 41a. The 
second drain side conductive layer 45b is of the same layer as 
the second source side conductive layer 45a and formed in a 
layer above the first drain side conductive layer 41b. The 
second source side conductive layer 45a and the second drain 
side conductive layer 45b are constituted by polysilicon 
(poly-Si). 
The select transistor layer 40 includes a second source side 

hole 46a and a second drain side hole 46b, as shown in FIG. 
4. The second source side hole 46a is formed so as to penetrate 
the second source side conductive layer 45a. The second 
Source side hole 46a is formed at a position aligning with the 
first source side hole 42a. The second drain side hole 46b is 
formed so as to penetrate the second drain side conductive 
layer 45b. The second drain side hole 46b is formed at a 
position aligning with the first drain side hole 42b. 
The select transistor layer 40 includes a second source side 

gate insulating layer 47a, a second source side columnar 
semiconductor layer 48a, a second drain side gate insulating 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
layer 47b, and a second drain side columnar semiconductor 
layer 48b, as shown in FIG. 5. The second source side colum 
nar semiconductor layer 48a functions as a body of the second 
source side select transistor SSTr2. The second drain side 
columnar semiconductor layer 48b functions as a body of the 
second drain side select transistor SDTr2. 
The second source side gate insulating layer 47a is formed 

with a certain thickness on a side Surface of the second source 
side hole 46a. The second source side gate insulating layer 
47a includes a block insulating layer 47aa, a charge storage 
layer 47ab, and a tunnel insulating layer 47ac. The charge 
storage layer 47ab Stores a charge and thereby changes the 
threshold Voltage of the second source side select transistor 
SSTr2. 
The block insulating layer 47aa is formed with a certain 

thickness on the side surface of the second source side hole 
46a, as shown in FIG. 5. The block insulating layer 47aa is 
formed continuously in an integrated manner with the block 
insulating layer 43aa. The charge storage layer 47ab is formed 
with a certain thickness on a side Surface of the block insu 
lating layer 47aa. The charge storage layer 47ab is formed 
continuously in an integrated manner with the charge storage 
layer 43ab. The tunnel insulating layer 47ac is formed with a 
certain thickness on a side Surface of the charge storage layer 
47ab. The tunnel insulating layer 47ac is formed continuously 
in an integrated manner with the tunnel insulating layer 43ac. 
The block insulating layer 47aa and the tunnel insulating 
layer 47ac are constituted by siliconoxide (SiO). The charge 
storage layer 47ab is constituted by silicon nitride (SiN). 
The second source side columnar semiconductor layer 48a 

is formed in a column shape extending in the perpendicular 
direction with respect to the substrate 10 and in contact with 
a side Surface of the second source side gate insulating layer 
47a and an upper Surface of the first source side columnar 
semiconductor layer 44a. The second source side columnar 
semiconductor layer 48a is formed so as to fill the second 
Source side hole 46a. The second source side columnar semi 
conductor layer 48a is formed continuously in an integrated 
manner with the first source side columnar semiconductor 
layer 44a. The second source side columnar semiconductor 
layer 48a is constituted by polysilicon (poly-Si). 
The second drain side gate insulating layer 47b is formed 

with a certain thickness on a side Surface of the second drain 
side hole 46b. The second drain side gate insulating layer 47b 
includes a block insulating layer 47ba, a charge storage layer 
47bb, and a tunnel insulating layer 47bc. The charge storage 
layer 47bb stores a charge and thereby changes the threshold 
voltage of the second drain side select transistor SDTr2. 
The block insulating layer 47ba is formed with a certain 

thickness on the side surface of the second drain side hole 
46b, as shown in FIG. 5. The block insulating layer 47ba is 
formed continuously in an integrated manner with the block 
insulating layer 43ba. The charge storage layer 47bb is 
formed with a certain thickness on a side surface of the block 
insulating layer 47ba. The charge storage layer 47bb is 
formed continuously in an integrated manner with the charge 
storage layer 43bb. The tunnel insulating layer 47bc is formed 
with a certain thickness on a side Surface of the charge storage 
layer 47bb. The tunnel insulating layer 47bc is formed con 
tinuously in an integrated manner with the tunnel insulating 
layer 43bc. The block insulating layer 47ba and the tunnel 
insulating layer 47bc are constituted by silicon oxide (SiO). 
The charge storage layer 47bb is constituted by silicon nitride 
(SiN). 
The second drain side columnar semiconductor layer 48b 

is formed in a column shape extending in the perpendicular 
direction with respect to the substrate 10 and in contact with 
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a side Surface of the second drain side gate insulating layer 
47b and an upper surface of the first drain side columnar 
semiconductor layer 44b. The second drain side columnar 
semiconductor layer 48b is formed so as to fill the second 
drain side hole 46b. The second drain side columnar semi 
conductor layer 48b is formed continuously in an integrated 
manner with the first drain side columnar semiconductor 
layer 44b. The second drain side columnar semiconductor 
layer 48b is constituted by polysilicon (poly-Si). 

Expressing the above-described configuration of the select 
transistor layer 40 in other words, the first source side gate 
insulating layer 43a is formed Surrounding the first Source 
side columnar semiconductor layer 44a. The first source side 
conductive layer 41a is formed Surrounding the first Source 
side columnar semiconductor layer 44a with the first source 
side gate insulating layer 43a interposed therebetween. The 
first drain side gate insulating layer 43b is formed Surround 
ing the first drain side columnar semiconductor layer 44b. The 
first drain side conductive layer 41b is formed surrounding 
the first drain side columnar semiconductor layer 44b with the 
first drain side gate insulating layer 43b interposed therebe 
tWeen. 

Further expressing the above-described configuration of 
the select transistor layer 40 in other words, the second source 
side gate insulating layer 47a is formed Surrounding the sec 
ond source side columnar semiconductor layer 48a. The sec 
ond source side conductive layer 45a is formed Surrounding 
the second source side columnar semiconductor layer 48a 
with the second source side gate insulating layer 47a inter 
posed therebetween. The second drain side gate insulating 
layer 47b is formed surrounding the second drain side colum 
nar semiconductor layer 48b. The second drain side conduc 
tive layer 45b is formed surrounding the second drain side 
columnar semiconductor layer 48b with the second drain side 
gate insulating layer 47b interposed therebetween. 
As described above, the select transistors SDTr1, SDTr2, 

SSTr1, and SSTr2 include the charge storage layers 43ab, 
43bb, 47ab, and 47bb similar to the memory transistors MTr. 
and are configured to allow the threshold voltage to be 
changed by changing the amount of charge stored in the 
respective charge storage layers. Fundamentally, select tran 
sistors have no need to include Such charge storage layers. 
However, from the viewpoint of reducing manufacturing 
costs, the select transistors in the present embodiment also 
include charge storage layers. That is, when only the select 
transistors are formed with a gate insulating layer that does 
not include a charge storage layer, the number of processes 
increases, and there is an inevitable increase in manufacturing 
costs. Accordingly, in the present embodiment, although it is 
not shown in the diagrams, the conductive layers 31a-31d, the 
conductive layers 41a, 41b, 45a, and 45b, and the interlayer 
insulating layers not shown that are sandwiched between 
these layers 31a-31d, 41a, 41b, 45a, and 45b, are first stacked, 
and then a U-shaped hole is formed and a silicon oxide film, 
a silicon nitride film (charge storage layer), and a silicon 
oxide film are sequentially deposited on a wall surface of the 
U-shaped hole, thereby attaining the configuration shown in 
FIG.S. 

However, when the gate insulating layer of the select tran 
sistors includes a charge storage layer, there is a risk that, in 
write and read operations on the memory cells, holes and 
electrons end up being trapped in the charge storage layer of 
the select transistors, resulting in the threshold voltage of the 
select transistors varying unintentionally. 

5 

10 

15 

25 

30 

35 

12 
Consequently, in the present embodiment, the control cir 

cuit AR2 is configured such that a threshold Voltage-adjusting 
operation (write operation) is executable on the select tran 
sistors. 
The wiring layer 50 is formed in a layer above the select 

transistor layer 40, as shown in FIG. 4. The wiring layer 50 
includes a source line layer 51 and a bit line layer 52. The 
source line layer 51 functions as the source line SL. The bit 
line layer 52 functions as the bit line BL. 
The source line layer 51 is formed in a plate-like shape 

extending in the row direction. The source line layer 51 is 
formed in contact with upper Surfaces of a pair of the second 
Source side columnar semiconductor layers 48a adjacent in 
the column direction. The bit line layer 52 is formed in stripes 
extending in the column direction with a certain pitch in the 
row direction and in contact with an upper Surface of the 
second drain side columnar semiconductor layer 48b. The 
source line layer 51 and the bit line layer 52 are constituted by 
a metal such as tungsten (W). 

Next, a shape of the second source side conductive layer 
45a and the second drain side conductive layer 45b is 
described in detail with reference to FIG. 6. FIG. 6 is a top 
view showing the second source side conductive layer 45a 
and the second drain side conductive layer 45b. 
As shown in FIG. 6, the second source side conductive 

layer 45a and the second drain side conductive layer 45b are 
each formed in a comb tooth shape as viewed from the per 
pendicular direction. The second source side conductive layer 
45a comprises a plurality of straight portions 451a each con 
figured to surround a plurality of the second source side 
columnar semiconductor layers 48a aligned in the row direc 
tion, and a straight portion 452a configured to join ends of the 
plurality of straight portions 451a. Similarly, the second drain 
side conductive layer 45b comprises a plurality of straight 
portions 451b each configured to surround a plurality of the 
second drain side columnar semiconductor layers 48b aligned 
in the row direction, and a straight portion 452b configured to 

40 join ends of the plurality of straight portions 451b. As shown 
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in FIG. 6, four straight portions 451a and two straight portions 
451b are provided alternately in the column direction. 

Next, a specific configuration of the control circuit AR2 is 
described with reference to FIG. 7. FIG. is a circuit diagram 
showing the specific configuration of the control circuit AR2. 
As shown in FIG. 7, the control circuit AR2 includes an 
address decoder circuit 11, boost circuits 12a-12c, word line 
drive circuits 13a and 13b, a back gate line drive circuit 14, 
select gate line drive circuits 15a and 15b, a source line drive 
circuit 16, a sense amplifier circuit 17, a sequencer 18, and 
row decoder circuits 19a and 19b. 
As shown in FIG. 7, the address decoder circuit 11 outputs 

a signal BAD to the row decoder circuits 19a and 19b. The 
signal BAD is for specifying a memory block MB (block 
address). 
The boost circuits 12a-12c generate a boost voltage that is 

a boosted reference voltage. As shown in FIG. 7, the boost 
circuit 12a transfers the boosted voltage to the word line drive 
circuits 13a and 13b. The boost circuit 12b transfers the 
boosted voltage to the source line drive circuit 16. The boost 
circuit 12c outputs a boosted signal RDEC to the row decoder 
circuits 19a and 19b. 
As shown in FIG. 7, the word line drive circuit 13a outputs 

signals VCG1-VCG4. The word line drive circuit 13b outputs 
signals VCG5-VCG8. The signals VCG1-VCG8 are used 
when driving the word lines WL1-WL8 in a selected memory 
block MB<i>. 
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As shown in FIG. 7, the back gate line drive circuit 14 
outputs a signal VBG. The signal VBG is used when driving 
the back gate line BG in the selected memory block MB-i>. 
As shown in FIG. 7, the select gate line drive circuit 15a 

outputs a signal VSGSb, a signal VSGDa, a signal VSGD2, 
and a signal VSGOFF. The select gate line drive circuit 15b 
outputs a signal VSGSa, a signal VSGDb, a signal VSGS2, 
and the signal VSGOFF. The signal VSGSa and the signal 
VSGSb are used when driving the first-column and the sec 
ond-column first Source side select gate lines SGS1, respec 
tively, in the selected memory block MB-i>. The signal 
VSGDa and the signal VSGDb are used when driving the 
first-column and the second-column first drain side select 
gate lines SGD1, respectively, in the selected memory block 
MB<i>. The signal VSGS2 is used when driving the second 
source side select gate line SGS2 in the selected memory 
block MB-3>. The signal VSGD2 is used when driving the 
second drain side select gate line SGD2 in the selected 
memory block MB<i>. The signal VSGOFF is used when 
driving the first source side select gate line SGS1 and the first 
drain side select gate line SGD1 in a non-selected memory 
block MB<i>. 
Now, the above-mentioned signal VSGSb, signal VSGDa, 

and signal VSGOFF are inputted from the select gate line 
drive circuit 15a to various lines via the row decoder circuit 
19a. In contrast, the signal VSGD2 is inputted as a signal 
VSGD2<i> directly from the select gate line drive circuit 15a 
to the gate of the second drain side select transistor SDTr2. 
Moreover, the signal VSGOFF, signal VSGDb, and signal 
VSGSaare inputted from the select gate line drive circuit 15b 
to various lines via the row decoder circuit 19b. In contrast, 
the signal VSGS2 is inputted as a signal VSGS2<i> directly 
from the select gate line drive circuit 15b to the gate of the 
second source side select transistor SSTr2. In addition, the 
signal VSGS2 and signal VSGD2 are supplied as a common 
signal over a plurality of memory blocks MB. 
As shown in FIG. 7, the source line drive circuit 16 outputs 

a signal VSL. The signal VSL is used when driving the source 
line SL. 
As shown in FIG. 7, the sense amplifier circuit 17 outputs 

a signal VBL<i>, thereby charging a certain bit line BL to a 
certain Voltage, and then judges the retained data of the 
memory transistor MTr in the memory string MS on the basis 
of a change in Voltage of the bit line BL. In addition, the sense 
amplifier circuit 17 outputs the signal VBL<i> appropriate to 
a write data to a certain bit line BL. 
As shown in FIG. 7, the sequencer 18 supplies a control 

signal to the above-described circuits 11-17, thereby control 
ling the above-described circuits 11-17. 
As shown in FIG. 7, the row decoder circuits 19a and 19b 

are provided one each to one of the memory blocks MB. The 
row decoder circuit 19a inputs signals VCG1<i>-VCG4<i> 
to gates of the memory transistors MTr1-MTrA, based on the 
signal BAD and the signals VCG1-VCG4. In addition, the 
row decoder circuit 19a selectively inputs a signal VSGSb<i> 
to a gate of the first source side select transistor SSTr1 in the 
second-column memory unit MU, based on the signal BAD, 
the signal VSGSb, and the signal VSGOFF. Furthermore, the 
row decoder circuit 19a selectively inputs a signal VSGDa<i> 
to a gate of the first drain side select transistor SDTr1 in the 
first-column memory unit MU, based on the signal BAD, the 
signal VSGDa, and the signal VSGOFF. 
The row decoder circuit 19a includes a NAND circuit 19aa, 

a NOT circuit 19ab, a voltage conversion circuit 19ac, first 
transfer transistors Tra1-Traé, and second transfer transistors 
Trb1 and Trb2. The voltage conversion circuit 19ac generates 
a signal VSELa<i> based on the signal BAD which is 
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received via the NAND circuit 19aa and the NOT circuit 19ab 
and on the signal RDEC, and outputs this signal VSELaki> to 
gates of the first transfer transistors Tra1-Traé. In addition, 
the Voltage conversion circuit 19ac generates a signal 
VbSELaki> based on the signal BAD and on the signal 
RDEC, and outputs this signal VbSELaki> to gates of the 
second transfer transistors Trb1 and Trb2. 
The first transfer transistors Tra1-Tra4 are connected 

between the word line drive circuit 13a and the respective 
word lines WL1-WL4. The first transfer transistors Tra1-Tra4 
output the signals VCG1<i>-VCG4<i> to the word lines 
WL1-WL4, based on the signals VCG1-VCG4 and 
VSELa<i>. The first transfer transistor Tras is connected 
between the select gate line drive circuit 15a and the first 
source side select gate line SGS1 in the second-column 
memory unit MU. The first transfer transistorTras outputs the 
signal VSGSb<i> to the first source side select gate line SGS1 
in the second-column memory unit MU, based on the signal 
VSGSb and the signal VSELaki>. The first transfer transistor 
Traé is connected between the select gate line drive circuit 
15a and the first drain side select gate line SGD1 in the 
first-column memory unit MU. The first transfer transistor 
Traé outputs the signal VSGDa<i> to the first drain side select 
gate line SGD1 in the first-column memory unit MU, based 
on the signal VSGDa and the signal VSELasi>. 
The second transfer transistor Trb1 is connected between 

the select gate line drive circuit 15a and the first source side 
select gate line SGS1 in the second-column memory unit MU. 
The second transfer transistor Trb1 outputs the signal 
VSGSb<i> to the first source side select gate line SGS1 in the 
second-column memory unit MU, based on the signal 
VSGOFF and the signal VbSELa<i>. The second transfer 
transistorTrb2 is connected between the select gate line drive 
circuit 15a and the first drain side select gate line SGD1 in the 
first-column memory unit MU. The second transfer transistor 
Trb2 outputs the signal VSGDa<i> to the first drain side select 
gate line SGD1 in the first-column memory unit MU, based 
on the signal VSGOFF and the signal VbSELaki>. 
The row decoder circuit 19b inputs signals VCG5<i>- 

VCG8<i> to gates of the memory transistors MTr5-MTr8, 
based on the signal BAD and the signals VCG5-VCG8. In 
addition, the row decoder circuit 19b selectively inputs a 
signal VSGSa<i> to a gate of the first source side select 
transistor SSTr1 in the first-column memory unit MU, based 
on the signal BAD, the signal VSGSa, and the signal 
VSGOFF. Furthermore, the row decoder circuit 19b selec 
tively inputs a signal VSGDb-i> to a gate of the first drain 
side select transistor SDTr1 in the second-column memory 
unit MU, based on the signal BAD, the signal VSGDb, and the 
signal VSGOFF. 
The row decoder circuit 19b includes a NAND circuit 

19ba, a NOT circuit 19bb, a voltage conversion circuit 19bc, 
first transfer transistors Trc1-Trc7, and second transfer tran 
sistors Trd1 and Trd2. The voltage conversion circuit 19bc 
generates a signal VSELb<i> based on the signal BAD which 
is received via the NAND circuit 19ba and the NOT circuit 
19bb and on the signal RDEC, and outputs this signal 
VSELb<i> to gates of the first transfer transistors Trc1-Trc7. 
In addition, the Voltage conversion circuit 19bc generates a 
signal VbSELb<i> based on the signal BAD and on the signal 
RDEC, and outputs this signal VbSELb<i> to gates of the 
second transfer transistors Trd 1 and Trd2. 
The first transfer transistors Trc1-Trc4 are connected 

between the word line drive circuit 13b and the respective 
word lines WL5-WL8. The first transfer transistors Trc1-Trc4 
output the signals VCG5<i>-VCG8<i> to the word lines 
WL5-WL8, based on the signals VCG5-VCG8 and 
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VSELb-i>. The first transfer transistor Trc5 is connected 
between the back gate line drive circuit 14 and the back gate 
line BG. The first transfer transistor Trc5 outputs a signal 
VBG-i> to the back gate line BG, based on the signal VBG 
and the signal VSELb<i>. The first transfer transistorTrc6 is 
connected between the select gate line drive circuit 15b and 
the first source side select gate line SGS1 in the first-column 
memory unit MU. The first transfer transistor Trc6 outputs the 
signal VSGSasid to the first source side select gate line SGS1 
in the first-column memory unit MU, based on the signal 
VSGSa and the signal VSELb<i>. The first transfer transistor 
Trc7 is connected between the select gate line drive circuit 
15b and the first drain side select gate line SGD1 in the 
second-column memory unit MU. The first transfer transistor 
Trc7 outputs the signal VSGDb-i> to the first drain side select 
gate line SGD1 in the second-column memory unit MU, 
based on the signal VSGDb and the signal VSELb<i>. 

The second transfer transistor Trd 1 is connected between 
the select gate line drive circuit 15b and the first source side 
select gate line SGS1 in the first-column memory unit MU. 
The second transfer transistor Trd 1 outputs the signal 
VSGSa<i> to the first source side select gate line SGS1 in the 
first-column memory unit MU, based on the signal VSGOFF 
and the signal VbSELb<i>. The second transfer transistor 
Trd2 is connected between the select gate line drive circuit 
15b and the first drain side select gate line SGD1 in the 
second-column memory unit MU. The second transfer tran 
sistorTrd2 outputs the signal VSGDb-i> to the first drain side 
select gate line SGD1 in the second-column memory unit 
MU, based on the signal VSGOFF and the signal 
VbSELb.<i>. 

Next, a processing for increasing the threshold Voltage of 
the first source side select transistor SSTr1 and the first drain 
side select transistor SDTr1 in the nonvolatile semiconductor 
memory device in accordance with the first embodiment is 
described with reference to the flowchart of FIG. 8. 
As shown in FIG. 8, the control circuit AR2 changes the 

threshold voltage of all the second drain side select transistors 
SDTr2 and second source side select transistors SSTr2 in the 
memory cell array 11 from a negative Voltage to a positive 
voltage (step S101). That is, in an ordinary state, the control 
circuit AR2 sets the the second drain side select transistor 
SDTr2 and second source side select transistor SSTr2 to 
depletion type (D type). However, when executing the pro 
cessing for increasing the threshold Voltage of the first Source 
side select transistor SSTr1 and the first drain side select 
transistor SDTr1, the control circuit AR2 temporarily 
Switches these transistors from D type to enhancement type 
(E type). After completion of the processing, the control 
circuit AR2 changes them back to D type. 

Next, the control circuit AR2 reduces the threshold voltage 
of the first drain side select transistors SDTr1 and first source 
side select transistors SSTr1 in a selected memory block 
s-MB (step S102). That is, the control circuit AR2 executes an 
erase operation on the first drain side select transistors SDTr1 
and first source side select transistors SSTr1 in the selected 
memory blocks-MB. Variations exist in the threshold voltage 
of the first drain side select transistors SDTr1 and first source 
side select transistors SSTr1, and this processing is therefore 
executed to once align the threshold voltage of all the first 
drain side select transistors SDTr1 and first source side select 
transistors SSTr1 in a certain range. 

Subsequently, the control circuit AR2 reads a state of the 
first drain side select transistors SDTr1 and first source side 
select transistors SSTr1 in the selected memory blocks-MB 
(S103). 
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Next, the control circuit AR2 judges whether or not the 

threshold voltage of the first drain side select transistors 
SDTr1 and first source side select transistors SSTr1 in the 
selected memory block s-MB is of a certain value or more, 
based on the state read in step S103 (step S104). 

Here, when the control circuit AR2 judges that the thresh 
old voltage of the first drain side select transistors SDTr1 and 
first source side select transistors SSTr1 in the selected 
memory blocks-MB is less than the certain value (step S104, 
N), the control circuit AR2 executes a processing of step 
5105. 

In step S105, the control circuit AR2 executes a write 
operation on the first drain side select transistors SDTr1 and 
first source side select transistors SDTr1 in the selected 
memory blocks-MB that have a threshold voltage less than 
the certain value in order to increase the threshold voltage of 
these transistors. In addition, in step S105, the control circuit 
AR2 leaves unincreased the threshold voltage of the first 
drain side select transistors SDTr1 and first source side select 
transistors SSTr1 that are not subject to having their threshold 
Voltage increased (floating write prohibit scheme). That is, 
these transistors are provided with a state where the write 
operation is prohibited. Then, subsequent to step S105, the 
control circuitAR2 repeatedly executes the processing of step 
S103. 
On the other hand, in step S104, when the control circuit 

AR2judges that the threshold voltage of all the first drain side 
select transistors SDTr1 and first source side select transistors 
SSTr1 in the selected memory block s-MB is of the certain 
value or more (step S104,Y), the control circuit AR2 executes 
a processing of step S106. 

In step S106, the control circuit AR2 changes the threshold 
voltage of all the second drain side select transistors SDTr2 
and second source side select transistors SSTr2 in the 
memory cell array 11 from the positive voltage back to the 
negative Voltage. That is, the control circuit AR2 changes the 
second drain side select transistors SDTr2 and second source 
side select transistors SSTr2 from E type back to D type. 

Then, the control circuit AR2 executes any of a read opera 
tion, a write operation (write prohibit operation), and an erase 
operation on the memory transistors MTr1-MTr8 (step S107). 
With that, the control circuit AR2 completes the processing 
for increasing the threshold voltage of the first source side 
select transistor SSTr1 and the first drain side select transistor 
SDTr1. 

Next, the processing of step S101 is described specifically 
with reference to FIGS. 9 and 10. In step S101, the signals 
outputted from the control circuit AR2, the signals within the 
selected/non-selected memory blocks s-MB/ns-MB, and the 
signals of the bit line BL and Source line SL change as shown 
in FIG. 9. As shown in FIG. 10, in step S101, the control 
circuit AR2 applies a ground voltage GND (Vss) to the bit line 
BL and source line SL. Further, the control circuit AR2 
applies a program Voltage Vpgm (for example, 18 V) to the 
second source side select gate line SGS2 and second drain 
side select gate line SGD2. 
The potential difference between this program voltage 

Vpgm and the ground Voltage GND causes a charge to be 
stored in the charge storage layer of the second source side 
select transistor SSTr2 and the charge storage layer of the 
second drain side select transistor SDTr2. That is, the thresh 
old voltage of the second source side select transistor SSTr2 
and second drain side select transistor SDTr2 is set to a 
positive Voltage due to this stored charge. 

Next, the processing of step S102 is described specifically 
with reference to FIGS. 11 and 12. In step S102, the signals 
outputted from the control circuit AR2, the signals within the 



US RE45,890 E 
17 

selected/non-selected memory blocks s-MB/ns-MB, and the 
signals of the bit line BL and source line SL change as shown 
in FIG. 11. As shown in FIG. 12, in step S102, the control 
circuit AR2 applies an erase voltage Vera (for example, 20V) 
to the bit line BL and source line SL. Further, the control 
circuit AR2 applies the ground voltage GND to the first drain 
side select gate line SGD1 and first source side select gate line 
SGS1 in the selected memory blocks-MB. 

This causes charge to be discharged from the charge Stor 
age layer of the first drain side select transistors SDTr1 and 
first source side select transistors SSTr1.That is, the threshold 
voltage of the first drain side select transistors SDTr1 and first 
source side select transistors SSTr1 in the selected memory 
blocks s-MB is reduced due to this discharged charge. 

Next, the processing for reading the state of the first drain 
side select transistors SDTr1 in step S103 is described spe 
cifically with reference to FIGS. 13 and 14. When reading the 
state of the first drain side select transistors SDTr1 in step 
S103, the signals outputted from the control circuit AR2, the 
signals within the selected/non-selected memory blocks 
s-MB/ns-MB, and the signals of the bit line BL and source 
line SL change as shown in FIG. 13. In this example, the case 
is described where the furthest leftward memory units-MU 
shown in FIG. 14 is selected, and the state of the first drain 
side select transistor SDTr1 selected from within that 
memory units-MU is read. As shown in FIG. 14, in step S103. 
the control circuit AR2 applies a voltage Vb1 (for example, 
1.5 V) to the selected bit line BL, and applies the ground 
voltage GND to the source line SL. Further, the control circuit 
AR2 applies a read voltage Vread (for example, 6-8 V) to all 
the second drain side select gate lines SGD2 and second 
source side select gate lines SGS2, and also applies the read 
voltage Vread to the word lines WL1-WL8, the backgate line 
BG, and the first source side select gale line SGS1 connected 
to the memory units-MU. In addition, the control circuit AR2 
applies a verify voltage VVrfy (for example, 1 V) to the first 
drain side select gate line SGD1 in the memory units-MU. 
Note that the control circuit AR2 applies the ground voltage 
GND to non-selected ones of the first drain side select gale 
lines SGD1 and first source side select gate lines SGS1. 

This results in the selected transistors SDTr2, SSTr1, 
SSTr2, MTr1-MTr8, and BTr being rendered in a conductive 
state. Detecting whether or not a current flows from the bit 
line BL to the source line SL via the selected first drain side 
select transistor SDTr1 in this state allows the state of the 
selected first drain side select transistor SDTr1 to be read. 

Next, the processing for reading the state of the first source 
side select transistors SSTr1 in step S103 is described spe 
cifically with reference to FIG. 15. In this example, the case is 
described where the furthest leftward memory unit s-MU 
shown in FIG. 15 is selected, and the state of the first source 
side select transistor SSTr1 selected from within that memory 
units-MU is read. As shown in FIG. 15, in step S103, the 
control circuit AR2 applies the voltage Vb1 to the selected bit 
line BL, and applies the ground voltage GND to the source 
line SL. Further, the control circuit AR2 applies the read 
voltage Vread (for example, 6-8 V) to all the second drain side 
select gate lines SGD2 and second source side select gate 
lines SGS2, and also applies the read voltage Vread to the 
word lines WL1-WL8, the back gate line BG, and the first 
drain side select gate line SGD1 connected to the memory 
units-MU. In addition, the control circuit AR2 applies the 
verify voltage Vvrfy to the first source side select gate line 
SGS1 in the memory units-MU. Note that the control circuit 
AR2 applies the ground voltage GND to non-selected ones of 
the first drain side select gale lines SGD1 and first source side 
select gate lines SGS1. 
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This results in the selected transistors SDTr1, SDTr2, 

SSTr2, MTr1-MTr8, and BTr being rendered in a conductive 
state. Detecting whether or not a current flows from the bit 
line BL to the source line SL via the selected first source side 
select transistor SSTr1 in this state allows the state of the 
selected first source side select transistor SSTr1 to be read. 

Next, the processing for increasing the threshold Voltage of 
the first drain side select transistor SDTr1 in step S105 is 
described specifically with reference to FIGS. 16-19. When 
increasing the threshold voltage of the first drain side select 
transistor SDTr1 in step S105, the signals outputted from the 
control circuit AR2, the signals within the selected/non-se 
lected memory blocks s-MB/ns-MB, and the signals of the bit 
line BL and source line SL change as shown in FIG. 16. 

In this example, as shown in FIG. 17, the case is described 
where the memory unit MU(1,1) positioned in the first col 
umn and first row within the selected memory blocks-MB is 
selected, and the threshold voltage of the first drain side select 
transistor SDTr1(1,1) included in that memory unit MU(1,1) 
is increased. At this time, it is sometimes desired to leave the 
threshold voltage of first drain side select transistors SDTr1 
(1,2)-SDTr1(1..n) included in other memory units MU(1,2)- 
MU(1,n) existing in the same first column unincreased. Con 
sequently, in the present embodiment, the following system is 
used to prohibit increase in the threshold voltage of these first 
drain side select transistors SDTr1(1,2)-SDTr1 (1..n). 

FIG. 18 shows an outline of control for increasing the 
threshold voltage of the first drain side select transistor SDTr1 
(1,1). As shown in FIG. 18, the control circuit AR2 applies the 
ground voltage GND to the first-row bit line BL(1) and the 
source line SL. Further, the control circuit AR2 applies a 
power supply voltage Vdd (for example, 3 V) to the second 
drain side select gate line SGD2, and also applies the ground 
voltage GND to the second source side select gate line SGS2. 
This causes the second drain side select transistor SDTr2(1,1) 
to be rendered in a conductive state, and the ground Voltage 
GND to be transferred from the bit line BL(1) to a body (first 
drain side columnar semiconductor layer) of the first drain 
side select transistor SDTr1(1,1). In addition, the second 
source side select transistor SSTr2(1,1) is rendered in a non 
conductive state. 

Next, the control circuit AR2 applies the program Voltage 
Vpgm to the first-column first drain side select gate line 
SGD1(1) in the selected memory blocks-MB, and applies a 
pass voltage Vpass (for example, 10 V) to the other first 
source side select gate lines SGS1 and first drain side select 
gate lines SGD1, the word lines WL1-WL8, and the backgate 
line BG in the selected memory blocks-MB. As a result, the 
potential difference between the transferred ground voltage 
GND and the program voltage Vpgm applied to the first drain 
side select gate line SGD1(1) causes a charge to be stored in 
the charge storage layer of the first drain side select transistor 
SDTr1(1,1). That is, the threshold voltage of the first drain 
side select transistor SDTr(1,1) is increased due to this stored 
charge. 

FIG. 19 shows an outline of control for leaving the thresh 
old voltage of the first drain side select transistor SDTr1(1-2) 
unincreased. As shown in FIG. 19, the control circuit AR2 
applies the power supply voltage Vdd to the second-row bit 
line BL(2). and applies the ground voltage GND to the source 
line SL. Further, the control circuit AR2 applies the power 
supply voltage Vdd to the second drain side gale lines SGD2 
and applies the ground Voltage GND to the second source side 
select gate lines SGS2. This causes the second drain side 
select transistor SDTr2(1,2) to be rendered in a conductive 
state, and the second source side select transistor SSTr2(1,2) 
to be rendered in a non-conductive state. Subsequently, a 
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body (first drain side columnar semiconductor layer) of the 
first drain side select transistor SDTr1 (1.2) and a body 
(memory columnar semiconductor layer) of the memory tran 
sistors MTr1(1,2)-MTr3(1.2) are charged from the bit line 
BL(2) via the second drain side select transistor SDTr2(1,2) 
to a voltage Vdd-Vth (Vth is the threshold voltage of the 
second drain side select transistor SDTr2(1,2)). Then, subse 
quent to the bodies being charged to the above-described 
voltage, the first drain side select transistor SDTr1(1,2) is cut 
off (rendered in a non-conductive state), and the body of the 
first drain side select transistor SDTr1(1.2) and body of the 
memory transistors MTr1(1,2)-MTr3(1.2) are rendered in a 
floating state. 

Next, the control circuit AR2 applies similar voltages to the 
various lines as in FIG. 18. This causes the voltage of the body 
(first drain side columnar semiconductor layer) of the first 
drain side select transistor SDTr1(1,2) to increase due to 
coupling based on the Voltages applied to the various lines. 
This means that even if the program Voltage Vprg is applied to 
the gate of the first drain side select transistor SDTr1(1,2), a 
high Voltage is not applied to its charge storage layer. That is, 
storage of charge in the charge storage layer is prohibited, and 
the threshold voltage of the first drain side select transistor 
SDTr1 (1.2) is left unincreased. 

Next, the processing for increasing the threshold Voltage of 
the first source side select transistor SSTr1 in step S105 is 
described specifically with reference to FIGS. 17, 20, and 21. 

In this example, as shown in FIG. 17, the case is described 
where the memory unit MU(1,1) positioned in the first col 
umn and first row within the selected memory blocks-MB is 
selected, and the threshold voltage of the first source side 
select transistor SSTr1(1,1) included in that memory unit 
MU(1,1) is increased. At this time, it is sometimes desired to 
leave the threshold voltage of first source side select transis 
tors SSTr1(1,2)-SSTr1 (1..n) included in other memory units 
MU(1,2)-MU(1,n) existing in the same first column unin 
creased. Consequently, in the present embodiment, the fol 
lowing system is used to prohibit increase in the threshold 
voltage of these first source side select transistors SSTr1(1, 
2)-SSTr1(1..n). 

FIG. 20 shows an outline of control for increasing the 
threshold voltage of the first source side select transistor 
SSTr1(1,1). As shown in FIG. 20, the control circuit AR2 
applies the ground voltage GND to the first-row bit line BL(1) 
and the source line SL. Further, the control circuit AR2 
applies the power Supply Voltage Vdd to the second drain side 
select gate line SGD2, and also applies the ground Voltage 
GND to the second source side select gate line SGS2. This 
causes the second drain side select transistor SDTr2 to be 
rendered in a conductive state, and the second source side 
select transistor SSTr2 to be rendered in a non-conductive 
State. 

Next, the control circuit AR2 applies the program Voltage 
Vpgm to the first-column first source side select gate line 
SGS1(1) in the selected memory blocks-MB, and applies the 
pass Voltage V pass to the other first source side select gate 
lines SGS1 and first drain side select gate lines SGD1, the 
word lines WL1-WL8, and the back gate line BG in the 
selected memory blocks-MB. This causes the memory tran 
sistors MTr1(1,1)-MTr3(1,1) to be rendered in a conductive 
state, and the ground voltage GND to be transferred from the 
bit line BL(1) to a body (first source side columnar semicon 
ductor layer) of the first source side select transistor SSTr1 
(1,1). Further, the potential difference between the trans 
ferred ground Voltage GND and the program Voltage Vpgm 
applied to the first source side select gate line SGS1(1) causes 
a charge to be stored in the charge storage layer of the first 
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source side select transistor SSTr1(1,1). That is, the threshold 
voltage of the first source side select transistor SSTr(1,1) is 
increased due to this stored charge. 

FIG. 21 shows an outline of control for leaving the thresh 
old voltage of the first source side select transistor SSTr1(1-2) 
unincreased. As shown in FIG. 21, the control circuit AR2 
applies the power supply voltage Vdd to the second-row bit 
line BL(2), and applies the ground voltage GND to the source 
line SL. Further, the control circuit AR2 applies the power 
supply voltage Vdd to the second drain side gate lines SGD2 
and applies the ground Voltage GND to the second source side 
select gate lines SGS2. This causes the second drain side 
select transistor SDTr2(1,2) to be rendered in a conductive 
state, and the second source side select transistor SSTr2(1,2) 
to be rendered in a non-conductive state. Subsequently, a 
body (first source side columnar semiconductor layer) of the 
first source side select transistor SSTr1(1,2) and a body 
(memory columnar semiconductor layer) of the memory tran 
sistors MTr1(1,2)-MTr8(1.2) are charged from the bit line 
BL(2) via the second drain side select transistor SDTr2(1,2) 
to the voltage Vdd-Vth. Then, subsequent to the bodies being 
charged to the above-described voltage, the first drain side 
select transistor SDTr1 (1.2) is cut off (rendered in a non 
conductive state), and the body of the first source side select 
transistor SSTr1 (1.2) and body of the memory transistors 
MTr1(1,2)-MTr3(1.2) are rendered in a floating state. 

Next, the control circuit AR2 applies similar voltages to the 
various lines as in FIG. 20. This causes the voltage of the body 
(first source side columnar semiconductor layer) of the first 
source side select transistor SSTr1(1,2) to increase due to 
coupling based on the Voltages applied to the various lines. 
This means that even if the program voltage Vprg is applied to 
the gate of the first source side select transistor SSTr1(1-2), a 
high Voltage is not applied to its charge storage layer. That is, 
storage of charge in the charge storage layer is prohibited, and 
the threshold voltage of the first source side select transistor 
SSTr1(1,2) is left unincreased. 

Next, the processing for setting the threshold voltage of the 
second drain side select transistors SDTr2 to a negative volt 
age in step S106 is described specifically with reference to 
FIGS. 22 and 23. When setting the threshold voltage of the 
second drain side select transistors SDTr2 to a negative volt 
age in step S106, the signals outputted from the control circuit 
AR2, the signals within the selected/non-selected memory 
blocks s-MB/ns-MB, and the signals of the bit line BL and 
source line SL change as shown in FIG.22. As shown in FIG. 
23, the control circuit AR2 applies the erase voltage Vera to 
the bit line BL and source line SL, and applies the ground 
voltage GND to the second drain side select gate line SGD2. 
This causes charge to be discharged from the charge storage 
layer of the second drain side select transistors SDTr2. 
thereby setting the threshold voltage of the second drain side 
select transistors SDTr2 to a negative value. 

Next, the processing for setting the threshold voltage of the 
second source side select transistors SSTr2 to a negative 
voltage in step S106 is described specifically with reference 
to FIG. 24. As shown in FIG. 24, the control circuit AR2 
applies the erase voltage Vera to the bit line BL and source line 
SL, and applies the ground voltage GND to the second source 
side select gate line SGS2. This causes charge to be dis 
charged from the charge storage layer of the second source 
side select transistors SSTr2, thereby setting the threshold 
voltage of the second source side select transistors SSTr2 to a 
negative value. 

Next, the write operation, erase operation, and read opera 
tion on the memory transistors MTr1-MTr3 in step S107 are 
described specifically with reference to FIGS. 25-28. Volt 
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ages applied to the word lines WL, select gate lines SGD1 and 
SGS1, back gate line BG, and so on, are similar to those 
conventionally applied, and a detailed description thereof is 
thus omitted. However, as shown in FIGS. 25-28, during each 
of the operations, the control circuit AR2 applies the ground 
voltage GND to the second drain side select gate line SGD2 
and second source side select gate line SGS2. The second 
drain side select transistors SDTr2 and second source side 
select transistors SSTr2 are ordinarily set to D type and thus 
maintain a conductive state even if the ground voltage GND is 
applied to their gates. 

Next, advantages of the first embodiment are described. As 
described above, the first embodiment includes two drain side 
select transistors SDTr1 and SDTr2, and two source side 
Select transistors SSTr1 and SSTr2. The transistors SDTr1 
and SDTr2, and SSTr1 and SSTr2 each include a charge 
storage layer that changes the respective threshold Voltages. 
The transistors SDTr1 and SDTr2, and SSTr1 and SSTr2 can 
thus be formed in one lot along with manufacture of the 
memory string MS (memory transistors MTr1-MTr3). That 
is, the first embodiment allows manufacturing costs to be 
curbed. 

Furthermore, the first drain side select transistor SDTr1 
and first source side select transistor SSTr1 are configured to 
have their threshold Voltages increasable through a floating 
gate write prohibit system using, respectively, the second 
drain side select transistor SDTr2 and second source side 
select transistor SSTr2. That is, the first embodiment is able to 
have a first drain side select transistor SDTr1 and first source 
side select transistor SSTr1 with excellent cut-off character 
istics, while curbing manufacturing costs. Moreover, there is 
no need in this embodiment to add a circuit for applying a 
negative Voltage, and power consumption and occupied area 
can thus be curbed. 

In addition, the second drain side select transistor SDTr2 
and second source side select transistor SSTr2 are set to D 
type Subsequent to adjustment of the threshold Voltages of the 
first drain side select transistor SDTr1 and first source side 
select transistor SSTr1. As a result, there is no need in this 
embodiment to control the Voltages applied to the gates of the 
transistors SDTr2 and SSTr2 when subsequently executing 
the likes of write, read, and erase operations on the memory 
transistors MTr1-MTr8. That is, this embodimentallows such 
control to be simplified. 

Second Embodiment 
Next, a nonvolatile semiconductor memory device in 

accordance with a second embodiment is described with ref 
erence to FIG. 29. FIG. 29 is a perspective view showing a 
stacking structure of the nonvolatile semiconductor memory 
device in accordance with the second embodiment. Note that 
in the second embodiment, identical symbols are assigned to 
configurations similar to those in the first embodiment and 
descriptions thereofare omitted. 
Now, in the first embodiment, the memory semiconductor 

layer 34 is formed in a U shape extending in the stacking 
direction as viewed from the row direction. In contrast, as 
shown in FIG. 29, a memory semiconductor layer 34A in 
accordance with the second embodiment is formed in an I 
shape (column shape) as viewed from the row direction and 
the column direction. Word line conductive layers 31Aa 
31Adare formed in a plate shape extending in the row direc 
tion and column direction on a memory block MB basis, and 
are formed Surrounding a memory columnar semiconductor 
layer 34A with the memory gate insulating layer 33 inter 
posed therebetween. 

In addition, a first source side columnar semiconductor 
layer 44Aa is formed extending in the stacking direction from 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
a lower Surface of the memory columnar semiconductor layer 
34A, and a second source side columnar semiconductor layer 
48Aa is formed extending in the stacking direction from a 
lower Surface of the first source side columnar semiconductor 
layer 44Aa. A first source side conductive layer 41Aa is 
formed Surrounding the first source side columnar semicon 
ductor layer 44Aa with the first source side gate insulating 
layer 43a interposed therebetween. A second source side con 
ductive layer 45Aa is formed surrounding the second source 
side columnar semiconductor layer 48Aa with the second 
Source side gate insulating layer 47a interposed therebe 
tWeen. 

Moreover, a first drain side columnar semiconductor layer 
44Ab is formed extending in the stacking direction from an 
upper Surface of the memory columnar semiconductor layer 
34A, and a second drain side columnar semiconductor layer 
48Ab is formed extending in the stacking direction from an 
upper Surface of the first drain side columnar semiconductor 
layer 44Ab. A first drain side conductive layer 41 Ab is formed 
Surrounding the first drain side columnar semiconductor layer 
44Ab with the first drain side gate insulating layer 43b inter 
posed therebetween. A second drain side conductive layer 
45Ab is formed surrounding the second drain side columnar 
semiconductor layer 48Ab with the second drain side gate 
insulating layer 47b interposed therebetween. 

In addition, a diffusion layer 51A is formed at a position 
aligning with the second source side columnar semiconductor 
layer 48Aa, the diffusion layer 51A being an upper surface of 
the substrate 10. The diffusion layer 51A functions as the 
source line SL. The bit line layer 52 is formed in contact with 
an upper Surface of the second drain side columnar semicon 
ductor layer 48Ab. 
The nonvolatile semiconductor memory device in accor 

dance with the second embodiment executes similar opera 
tions to those of the flowchart shown in FIG. 8 for the first 
embodiment. The second embodiment thus displays similar 
advantages to the first embodiment. 

Third Embodiment 
Next, a nonvolatile semiconductor memory device in 

accordance with a third embodiment is described with refer 
ence to FIG. 30. FIG. 30 is a perspective view showing a 
stacking structure of the nonvolatile semiconductor memory 
device in accordance with the third embodiment. Note that in 
the third embodiment, identical symbols are assigned to con 
figurations similar to those in the first and second embodi 
ments and descriptions thereof are omitted. 
As shown in FIG. 30, in the third embodiment, a second 

source side conductive layer 45Ba is formed in a rectangular 
plate shape Surrounding a plurality of second source side 
columnar semiconductor layers 48Aa aligned in the row 
direction and the column direction on a memory block MB 
basis. Moreover, a second drain side conductive layer 45Bb is 
formed in a rectangular plate shape Surrounding a plurality of 
second drain side columnar semiconductor layers 48Ab 
aligned in the row direction and the column direction on a 
memory block MB basis. This allows manufacturing pro 
cesses in the third embodiment to be simplified more than in 
the second embodiment. 
The nonvolatile semiconductor memory device in accor 

dance with the third embodiment executes similar operations 
to those of the flowchart shown in FIG.8 for the first embodi 
ment. The third embodiment thus displays similar advantages 
to the first embodiment. 

Other Embodiments 
While certain embodiments of the inventions have been 

described, these embodiments have been presented by way of 
example only, and are not intended to limit the scope of the 
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inventions. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, Substitutions and changes in the 
form of the methods and systems described herein may be 
made without departing from the spirit of the inventions. The 
accompanying claims and their equivalents are intended to 
cover such forms or modifications as would fail within the 
Scope and spirit of the inventions. 

For example, in the above-described embodiments, an 
erase operation is performed on the second drain side select 
transistors SDTr2 and second source side select transistors 
SSTr2 in step S106, thereby executing an operation to change 
these transistors SDTr2 and SSTr2 from E type to D type. 
However, the present invention may omit the treatment of step 
S106 and leave the second drain side select transistors SDTr2 
and second source side select transistors SSTr2 in E type. In 
this case, when for example a read operation is Subsequently 
executed, the control circuit AR2 must apply a positive volt 
age not only to the first drain side select transistors SDTr1 and 
first source side select transistors SSTr1, but also to the sec 
ond drain side select transistors SDTr2 and second source 
side select transistors SSTr2. However, the time required for 
the overwrite operation of the first drain side select transistors 
SDTr1 and first source side select transistors SSTr1 can nev 
ertheless be reduced by an amount corresponding to step 
S106 being omitted. 

What is claimed is: 
1. A nonvolatile semiconductor memory device, compris 

ing: 
a plurality of memory strings each including a plurality of 
memory transistors connected in series: 

a first transistor having one end connected to one end of one 
of the memory strings and functioning as a drain side 
Select transistor of the one of the memory strings; 

a second transistor having one end connected to the other 
end of the first transistor; 

a third transistor having one end connected to the other end 
of the one of the memory strings and functioning as a 
source side select transistor of the one of the memory 
Strings: 

a fourth transistor having one end connected to the other 
end of the third transistor, 

a bit line connected to the other end of the second transis 
tor; 

a source line connected to the other end of the fourth 
transistor, and 

a control circuit configured to control a state of the memory 
strings, the first transistor, the second transistor, the third 
transistor, and the fourth transistor, 

each of the memory strings comprising: 
a first semiconductor layer including a first columnar por 

tion extending in a perpendicular direction with respect 
to a substrate and functioning as a body of the memory 
transistors; 

a first charge storage layer Surrounding the first columnar 
portion and changing a threshold Voltage of the memory 
transistors by storing a charge; and 

a first conductive layer Surrounding the first columnar por 
tion with the first charge storage layer sandwiched ther 
ebetween, extending in parallel to the Substrate, and 
functioning as a gate of the memory transistors, and 

the first through fourth transistors each comprising: 
a second semiconductor layer including a second columnar 

portion extending in the perpendicular direction with 
respect to the Substrate and functioning as a body of the 
first through fourth transistors; 
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a second charge storage layer Surrounding the second 

columnar portion and changing a threshold Voltage of 
the first through fourth transistors by storing a charge; 
and 

a second conductive layer Surrounding the second colum 
nar portion with the second charge storage layer sand 
wiched therebetween, extending in parallel to the sub 
strate, and functioning as a gate of the first through 
fourth transistors, 

wherein 
in the case of performing an operation for increasing the 

threshold voltage of the first transistor or the third tran 
sistor, the control circuit is configured to apply a first 
Voltage to the bit line, and apply a second Voltage greater 
than the first Voltage to a gate of the second transistor, 
thereby rendering the second transistor in a conductive 
state to transfer the first Voltage to the second semicon 
ductor layer, and then apply a program Voltage to a gate 
of the first transistor or the third transistor to store a 
charge in the second charge storage layer, and 

in the case of leaving the threshold voltage of the first 
transistor or the third transistor unincreased, the control 
circuit is configured to apply the second Voltage to the bit 
line, and apply the second Voltage to the gate of the 
second transistor, thereby charging the first semiconduc 
tor layer and the second semiconductor layer to a certain 
voltage from the bit line via the second transistor and 
Subsequently render the second transistor in a non-con 
ductive state to maintain the first semiconductor layer 
and the second semiconductor layer in a floating state, 
and then, apply the program Voltage to the gate of the 
first transistor or the third transistor to increase a voltage 
of the second semiconductor layer through coupling, 
thereby prohibiting storage of charge in the second 
charge storage layer. 

2. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein 

prior to executing the operation for increasing the threshold 
voltage of the first transistor or the third transistor, the 
control circuit is configured to increase the threshold 
Voltage of the second transistor and the fourth transistor 
from a negative Voltage to a positive Voltage. 

3. The nonvolatile semiconductor memory device accord 
ing to claim 2, wherein 

Subsequent to executing the operation for increasing the 
threshold voltage of the first transistor or the third tran 
sistor, the control circuit is configured to change the 
threshold voltage of the second transistor and the fourth 
transistor from the positive Voltage back to the negative 
Voltage. 

4. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein 

prior to executing the operation for increasing the threshold 
voltage of the first transistor or the third transistor, the 
control circuit is configured to perform an erase opera 
tion on the first transistor and the third transistor. 

5. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein 

the control circuit is configured to perform reading of the 
threshold voltage of the first transistor or the third tran 
sistor, and when the threshold voltage of the first tran 
sistor or the third transistor is of a certain value or less, 
the control circuit is configured to execute an operation 
for increasing the threshold voltage of the first transistor 
and the third transistor. 

6. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein 
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a plurality of the second semiconductor layer are disposed 
in a matrix in a plane parallel to the Substrate and are 
commonly connected to the second conductive layer. 

7. The nonvolatile semiconductor memory device accord 
ing to claim 6, wherein 

the second conductive layer functioning as the gate of the 
third or fourth transistors is formed in a comb-tooth 
shape or a rectangular plate shape in the plane parallel to 
the substrate. 

8. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein 

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

9. The nonvolatile semiconductor memory device accord 
ing to claim 2, wherein 

the control circuit is configured to apply a third Voltage to 
the Source line and the bit line, and apply a fourth Voltage 
higher than the third Voltage to the gates of the second 
transistor and the fourth transistor, thereby increasing 
the threshold voltage of the second transistor and the 
fourth transistor from the negative Voltage to the positive 
Voltage. 

10. The nonvolatile semiconductor memory device accord 
ing to claim 3, wherein 

the control circuit is configured to apply a fifth Voltage to 
the source line and the bit line, and apply a sixth Voltage 
lower than the fifth voltage to the gate of the second 
transistor or the fourth transistor, thereby changing the 
threshold voltage of the second transistor or the fourth 
transistor from the positive voltage back to the negative 
Voltage. 

11. The nonvolatile semiconductor memory device accord 
ing to claim 4, wherein 

the control circuit is configured to apply a seventh Voltage 
to the source line and the bit line, and apply an eighth 
Voltage lower than the seventh Voltage to the gates of the 
first transistor and the third transistor, thereby perform 
ing the erase operation on the first transistor and the third 
transistor. 

12. The nonvolatile semiconductor memory device accord 
ing to claim 5, wherein 

the control circuit is configured to apply a ninth Voltage to 
the gates of the memory transistors, the gates of the 
second transistor and the fourth transistor, and any one 
of the gate of the first transistor or the third transistor, 
apply a tenth Voltage lower than the ninth Voltage to the 
others, apply an eleventh Voltage to the bit line, and 
apply a twelfth voltage lower than the eleventh voltage 
to the source line, thereby reading the threshold voltage 
of the first transistor or the third transistor. 

13. A nonvolatile semiconductor memory device, compris 
ing: 

a plurality of memory strings each including a plurality of 
memory transistors connected in series; 

a first transistor having one end connected to one end of one 
of the memory strings and functioning as a drain side 
Select transistor of the one of the memory strings; 

a second transistor having one end connected to the other 
end of the first transistor; 

a third transistor having one end connected to the other end 
of the one of the memory strings and functioning as a 
source side select transistor of the one of the memory 
Strings: 

a fourth transistor having one end connected to the other 
end of the third transistor, 
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a bit line connected to the other end of the second transis 

tor; 
a source line connected to the other end of the fourth 

transistor, and 
a control circuit configured to control a state of the memory 

strings, the first transistor, the second transistor, the third 
transistor, and the fourth transistor, 

each of the memory strings comprising: 
a first semiconductor layer including a first columnar por 

tion extending in a perpendicular direction with respect 
to a substrate and functioning as a body of the memory 
transistors; 

a first charge storage layer Surrounding the first columnar 
portion and changing a threshold Voltage of the memory 
transistors by storing a charge; and 

a first conductive layer Surrounding the first columnar por 
tion with the first charge storage layer sandwiched ther 
ebetween, extending in parallel to the Substrate, and 
functioning as a gate of the memory transistors, and 

the first through fourth transistors each comprising: 
a second semiconductor layer including a second columnar 

portion extending in the perpendicular direction with 
respect to the Substrate and functioning as a body of the 
first through fourth transistors; 

a second charge storage layer Surrounding the second 
columnar portion and changing a threshold Voltage of 
the first through fourth transistors by storing a charge; 
and 

a second conductive layer Surrounding the second colum 
nar portion with the second charge storage layer sand 
wiched therebetween, extending in parallel to the sub 
strate, and functioning as a gate of the first through 
fourth transistors, 

wherein 
prior to executing an operation for increasing the threshold 

voltage of the first transistor or the third transistor, the 
control circuit is configured to increase the threshold 
Voltage of the second transistor and the fourth transistor 
from a negative Voltage to a positive Voltage. 

14. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein 

Subsequent to executing the operation for increasing the 
threshold voltage of the first transistor or the third tran 
sistor, the control circuit is configured to change the 
threshold voltage of the second transistor and the fourth 
transistor from the positive Voltage back to the negative 
Voltage. 

15. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein 

prior to executing the operation for increasing the threshold 
voltage of the first transistor or the third transistor, the 
control circuit is configured to performs an erase opera 
tion on the first transistor and the third transistor. 

16. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein 

the control circuit is configured to perform reading of the 
threshold voltage of the first transistor or the third tran 
sistor, and when the threshold voltage of the first tran 
sistor or the third transistor is of a certain value or less, 
the control circuit is configured to execute an operation 
for increasing the threshold voltage of the first transistor 
and the third transistor. 

17. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein 

a plurality of the second semiconductor layer are disposed 
in a matrix in a plane parallel to the Substrate and are 
commonly connected to the second conductive layer. 
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18. The nonvolatile semiconductor memory device accord 
ing to claim 17, wherein 

the second conductive layer functioning as the gate of the 
third or fourth transistors is formed in a comb-tooth 
shape or a rectangular plate shape in the plane parallel to 5 
the substrate. 

19. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein 

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

20. A nonvolatile semiconductor memory device, compris 
ing. 
a first memory unit including a plurality of memory cells 

coupled in series, a first selection transistor, a second 15 
Selection transistor; a third selection transistor, and a 
fourth selection transistor, the first selection transistor 
and the second selection transistor being coupled in 
series, the third selection transistor and the fourth selec 
tion transistor being coupled in series, 

a bit line coupled to the first selection transistor, 
a source line electrically coupled to the fourth selection 

transistor, and 
a controller configured to perform a first operation before 
a normal operation, the normal operation including a 
read operation, a write operation, an erase operation, 

wherein the controller is configured to apply a first voltage 
to a gate of the second selection transistor, and a gate of 
the third selection transistor, then apply a program volt 
age to a gate of the first selection transistor and a gate of 30 
the fourth selection transistor in the first operation, the 
program voltage being higher than the first voltage. 

21. The nonvolatile semiconductor memory device accord 
ing to claim 20, further comprising: 

a plurality of blocks including a first block, the first block 
including the first memory unit, 

wherein the controller is configured to perform the first 
operation when the first block is selected. 

22. The nonvolatile semiconductor memory device accord 
ing to claim 21, further comprising: 

a second memory unit including a plurality of memory cells 
coupled in series, a fifth selection transistor; a sixth 
Selection transistor, a seventh selection transistor, and 
an eighth selection transistor, the fifth selection transis 
tor and the sixth selection transistor being coupled in 
series, the seventh selection transistor and the eighth 
Selection transistor being coupled in series. 

23. The nonvolatile semiconductor memory device accord 
ing to claim 22, filrther comprising: 

a plurality of blocks including a first block and a second 
block, the first block including the first memory unit, the 
Second block including a second memory unit, 

wherein the controller is configured to perform the first 
operation to the first memory unit when the first block is 
selected. 

24. The nonvolatile semiconductor memory device accord 
ing to claim 23, further comprising: 

a third memory unit including a plurality of memory cells 
coupled in series, 

wherein the first memory unit and the third memory unit is 
in the first block, and gates of the memory cells in the first 
memory unit are electrically coupled to gates of the 
memory cells in the third memory unit. 
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25. A nonvolatile semiconductor memory device, compris 

ing. 
a first memory unit including a plurality of memory cells 

coupled in series, a first selection transistor, a second 
Selection transistor, a third selection transistor, and a 
fourth selection transistor, the first selection transistor 
and the second selection transistor being coupled in 
Series, the third selection transistor and the fourth selec 
tion transistor being coupled in series, 

a bit line coupled to the first selection transistor, 
a source line electrically coupled to the fourth selection 

transistor, and 
a controller configured to perform a first operation or a 

second operation before a normal operation, the normal 
operation including a read operation, a write operation, 
an erase operation, 

wherein the controller is configured to apply a first voltage 
to a bit line, apply a second voltage to a gate of the 
Second selection transistor, and a gate of the third selec 
tion transistor, then apply a program voltage to a gate of 
the first selection transistor and a gate of the fourth 
Selection transistor in the first operation, the program 
voltage being higher than the first voltage, 

wherein the controller is configured to apply a third voltage 
higher than the first voltage to a bit line, apply a fourth 
voltage to a gate of the second selection transistor, and 
a gate of the third selection transistor; then apply a 
program voltage to a gate of the first selection transistor 
and a gate of the third selection transistor in the second 
Operation. 

26. The nonvolatile semiconductor memory device accord 
ing to claim 25, further comprising: 

a plurality of blocks including a first block, the first block 
including the first memory unit, 

wherein the controller is configured to perform the first 
operation when the first block is selected. 

27. The nonvolatile semiconductor memory device accord 
ing to claim 26, further comprising: 

a second memory unit including a plurality of memory cells 
coupled in series, a fifth selection transistor, a sixth 
Selection transistor, a seventh selection transistor, and 
an eighth selection transistor, the fifth selection transis 
tor and the sixth selection transistor being coupled in 
series, the seventh selection transistor and the eighth 
selection transistor being coupled in series. 

28. The nonvolatile semiconductor memory device accord 
ing to claim 27, further comprising: 

a plurality of blocks including a first block and a second 
block, the first block including the first memory unit, the 
Second block including a second memory unit, 

wherein the controller is configured to perform the first 
Operation to the first memory unit when the first block is 
selected. 

29. The nonvolatile semiconductor memory device accord 
ing to claim 28, further comprising: 

a third memory unit including a plurality of memory cells 
coupled in series, 

wherein the first memory unit and the third memory unit is 
in the first block, and gates of the memory cells in the first 
memory unit are electrically coupled to gates of the 
memory cells in the third memory unit. 


