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NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from Japanese Patent Application No. 2012 
2388, filed on Jan. 10, 2012; the entire contents of which are 
incorporated herein by reference. 

FIELD 

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

BACKGROUND 

0003 Memory cells of a nonvolatile semiconductor 
memory device can perform electrical rewriting, for example, 
by transferring charges between a charge storage layer. Such 
as a floating gate or a dielectric film including a charge trap, 
and a semiconductor Substrate. In the memory cell, transfer of 
charges is performed by applying a high electric field to a 
tunnel dielectric film between the charge storage layer and the 
substrate when writing data “0”. Moreover, in order to pre 
vent erroneous writing to a selected cell when writing data 
“1” to the selected cell, a high electric field is prevented from 
being applied to the tunnel dielectric film of the selected cell 
by boosting the channel of the selected cell. 
0004 At this time, when memory cells on which writing 
has been performed increases, a boost coupling ratio 
decreases, so that erroneous writing is easy to occur. There 
fore, in order to stabilize a boost level, a method called chan 
nel isolation of electrically isolating memory cells, on which 
has been written, when boosting a channel is used in some 
CaSCS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a block diagram illustrating a schematic 
configuration of a nonvolatile semiconductor memory device 
according to a first embodiment; 
0006 FIG. 2 is a circuit diagram illustrating a schematic 
configuration of a block of the nonvolatile semiconductor 
memory device in FIG. 1; 
0007 FIG. 3A to FIG. 3D are cross-sectional views illus 
trating a setting method of word line Voltages at the time of 
writing for one NAND string of the nonvolatile semiconduc 
tor memory device in FIG. 1; 
0008 FIG. 4 is a diagram illustrating waveforms of word 
line Voltages at the time of writing in the nonvolatile semi 
conductor memory device in FIG. 1; 
0009 FIG. 5A to FIG.5D are cross-sectional views illus 
trating a setting method of word line Voltages at the time of 
writing for one NAND string of a nonvolatile semiconductor 
memory device according to a second embodiment; 
0010 FIG. 6A to FIG. 6E are diagrams illustrating wave 
forms of word line voltages at the time of writing in the 
nonvolatile semiconductor memory device according to the 
second embodiment; 
0011 FIG. 7 is a diagram illustrating waveforms of word 
line Voltages at the time of writing in a nonvolatile semicon 
ductor memory device according to a third embodiment; 
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0012 FIG. 8A to FIG. 8F are diagrams illustrating wave 
forms of word line Voltages at the time of writing in a non 
Volatile semiconductor memory device according to a fourth 
embodiment; and 
(0013 FIG. 9A to FIG.9E are diagrams illustrating wave 
forms of word line Voltages at the time of writing in a non 
Volatile semiconductor memory device according to a fifth 
embodiment. 

DETAILED DESCRIPTION 

0014. In general, according to a nonvolatile semiconduc 
tor memory device in embodiments, a memory cell array, 
word lines, bit lines, a write control unit, and an isolation 
control unit are included. In the memory cell array, memory 
cells forming NAND strings are arranged in a matrix manner 
in a row direction and a column direction. The word line 
selects a memory cell in the row direction. The bit line selects 
a memory cell in the column direction. The write control unit 
performs writing on a selected cell by making to apply a 
program Voltage to a word line of a selected row while making 
to apply an intermediate Voltage, which forms a channel 
transmitting a bit line Voltage of a selected column to the 
selected cell, to a word line of an unselected row. The isola 
tion control unit makes to apply an isolation Voltage to any 
word line of unselected rows to separate the channels between 
a written memory cell and an unwritten memory cell at a time 
of applying the program Voltage and makes to apply an elec 
tric field relaxing Voltage to a wordline adjacent to a word line 
to which the isolation voltage is applied, and makes the iso 
lation Voltage and the electric field relaxing Voltage equal to 
the intermediate Voltage so that the channels are connected 
between the written memory cell and the unwritten memory 
cell before the intermediate voltage is removed. 
0015. A nonvolatile semiconductor memory device 
according to the embodiments will be explained below with 
reference to the drawings. The present invention is not limited 
to these embodiments. 

First Embodiment 

0016 FIG. 1 is a block diagram illustrating a schematic 
configuration of a nonvolatile semiconductor memory device 
according to the first embodiment. An example in FIG. 1 
illustrates a main portion of a 16-value NAND cell-type flash 
memory as an example. 
0017. In FIG. 1, a memory chip 20 includes a memory cell 
array 1, a data circuit 2, a word line control circuit 3, a column 
decoder 4, an address buffer 5, an I/O sense amplifier 6, a data 
input/output buffer 7, a well/source line potential control 
circuit 8, a potential generating circuit 9, a Switching circuit 
11, a collective detecting circuit 10, a command interface 
circuit 12, and a state machine 13. 
0018. The memory cell array 1 includes n (n is a positive 
integer) number of blocks B1 to Bn and NAND strings are 
arranged in each of the blocks B1 to Bn. A NAND string can, 
for example, be composed of a plurality of memory cells 
connected in series with each other and two select gates 
connected to both ends of the series-connected memories, 
respectively. 
0019. The data circuit 2 includes a plurality of latches 
(memory circuits). The data circuit 2 temporarily stores write 
data of 4 bits (16 values) at the time of writing and stores read 
data of 4 bits (16 values) at the time of reading. Therefore, at 
least six latches are provided for one bit line BL connected to 
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a memory cell selected as a target for a write/read operation. 
One of the six latches stores logical lower page data and 
another one of them stores logical upper page data. 
0020. The word line control circuit 3 includes a row 
address decoder and a word line driver. The word line control 
circuit 3 controls a potential of a plurality of word lines in the 
memory cell array 1 based on an operation mode (write, erase, 
read, and the like) and an address specified by a row address 
signal. 
0021. The column decoder 4 selects a column of the 
memory cell array 1 based on a column address signal. At the 
time of programming, write data is input into a memory 
circuit in the data circuit 2 belonging to a selected column via 
the data input/output buffer 7 and the I/O sense amplifier 6. 
Moreover, at the time of reading, read data is temporarily 
stored in a memory circuit in the data circuit 2 belonging to a 
selected column and is thereafter output to the outside of the 
memory chip 20 via the I/O sense amplifier 6 and the data 
input/output buffer 7. 
0022. A row address signal in an address signal is input to 
the word line control circuit 3 via the address buffer 5. A 
column address signalis input to the column decoder 4 via the 
address buffer 5. 

0023 The well/source line potential control circuit 8 con 
trols a potential of a plurality of well regions (for example, 
double well region including an in well and a p well) corre 
sponding to the blocks B1 to Bn and a potential of a source 
line according to an operation mode (write, erase, read, and 
the like). 
0024. The potential generating circuit 9, for example, gen 
erates a program voltage VPGM (for example, about 20 V), 
intermediate voltages VPA and VPB (for example, about 10 
V), and the like at the time of writing. The intermediate 
voltages VPA and VPB can form a channel that transmits a bit 
line voltage of a selected column to a selected cell in a NAND 
string. Specifically, the word line control circuit 3 applies an 
intermediate potential and the like to a gate electrode of a 
memory cell to form a channel region in a channel portion of 
the memory cell (a region Substantially immediately under 
the gate electrode of the memory cell or a region between 
impurity diffusion layers (source and drain) of the memory 
cell). Consequently, the impurity diffusion layers of the 
memory cell are electrically connected, so that a bit line 
Voltage of a selected column can be transmitted to a selected 
cell. Moreover, the potential generating circuit 9 generates an 
isolation voltage VISO and an electric field relaxing voltage 
VGP at the time of writing. The isolation voltage VISO is 
Voltage that is applied before applying the program Voltage 
VPGM (preferably, before or substantially simultaneously 
with application of the intermediate voltages VPA and VPB) 
and can separate channels between the bit line BL and a 
Source line. Specifically, a channel region is not formed in a 
channel portion of a memory cell by applying the isolation 
voltage to the gate electrode of the memory cell by the word 
line control circuit 3. Consequently, the impurity diffusion 
layers of the memory cell are electrically isolated from each 
other. That is, channels of a NAND string are separated into 
channels on a bit line side and channels on a source line side 
by the isolation voltage VISO. The electric field relaxing 
voltage VGP can relax an electric field around a channel of a 
memory cell to which the isolation voltage VISO is applied. 
The program voltage VPGM, the intermediate voltages VPA 
and VPB, the isolation voltage VISO, and the electric field 
relaxing voltage VGP are applied to one or more word lines in 
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one or more selected blocks selected from the blocks B1 to Bn 
by the switching circuit 11. The intermediate voltage VPA can 
be used for forming channels on one side isolated by the 
isolation voltage VISO and the intermediate voltage VPB can 
be used for forming channels on the other side isolated by the 
isolation voltage VISO. The intermediate voltages VPA and 
VPB may be equal to each other or may be different from each 
other. 
0025. The potential generating circuit 9, for example, gen 
erates an erase potential VE (for example, about 20V) at the 
time of erasing. Then, the erase potential VE is applied to one 
or more well regions (both of an in well and a p well) corre 
sponding to one or more selected blocks selected from the 
blocks B1 to Bn. 
0026. The collective detecting circuit 10 verifies whether 
predetermined data is correctly written in a memory cell at the 
time of programming and Verifies whether data in a memory 
cell is completely erased at the time of erasing. 
0027. The command interface circuit 12 determines 
whether data input to the data input/output buffer 7 is com 
mand data provided from a host microcomputer based on a 
control signal generated by a chip (for example, a host micro 
computer or a memory controller HM) different from the 
memory chip 20. When data input to the data input/output 
buffer 7 is command data, the command interface circuit 12 
transfers the command data to the state machine 13. 
0028. The state machine 13 determines an operation mode 
(write, read, erase, or the like) of a NAND flash memory 
based on command data and controls an operation of the 
whole NAND flash memory, specifically, each of the opera 
tions of the data circuit 2, the word line control circuit 3, the 
column decoder 4, the address buffer 5, the I/O sense ampli 
fier 6, the data input/output buffer 7, the well/source line 
potential control circuit 8, the potential generating circuit 9. 
the switching circuit 11, and the collective detecting circuit 10 
according to the operation mode. 
0029. The state machine 13 includes an isolation control 
unit 13A and a write control unit 13B as a configuration 
relating to write control. The write control unit 13B can 
perform writing on a selected cell by applying the program 
voltage VPGM to a word line (hereinafter, referred to as 
“selected word line' in some cases) of a selected row while 
applying the intermediate voltages VPA and VPB, which 
form a channel transmitting a bit line Voltage of a selected 
column to a selected cell, to a word line (hereinafter, referred 
to as “unselected word line' in some cases) of an unselected 
cell. The isolation control unit 13A and the write control unit 
13B can be integrally arranged in the state machine 13 as a 
control unit. 

0030 The isolation control unit 13A applies the isolation 
Voltage to any word line of unselected rows to separate chan 
nels of a NAND string into channels on a bit line side and 
channels on a source line side before applying the program 
voltage VPGM. A channel portion of a memory cell con 
nected to a selected word line can be controlled to belong to 
a channel on a source line side. Furthermore, the isolation 
control unit 13A can control the isolation voltage VISO so 
that channels between the bit line BL and a memory cell 
belonging to a selected row are connected to channels of 
memory cells belonging to unselected rows before the inter 
mediate voltages VPA and VPB are removed after applying 
the program voltage VPGM (or, positive voltage, which is 
Sufficient to connect channels separated into a bit line side and 
a source line side to an unselected word line to which the 



US 2013/0242660 A1 

isolation voltage VISO is applied, is applied). “removing the 
intermediate voltages VPA and VPB' includes, for example, 
a case of intentionally reducing Voltage of an unselected word 
line from the intermediate voltages VPA and VPB by any 
arbitrary method. 
0031. Moreover, the isolation control unit 13A can make 
to apply the electric field relaxing voltage VGP to a word line 
adjacent to a word line to which the isolation voltage VISO is 
applied at the time of applying the program voltage VPGM 
and control the electric field relaxing voltage VGP so that 
channels between the bit line BL and a memory cell belong 
ing to a selected row are connected to channels of memory 
cells belonging to unselected rows before the intermediate 
voltages VPA and VPB are removed. 
0032. At this time, the isolation control unit 13A can select 
a gate electrode of a memory cell to which the isolation 
voltage VISO is applied so that channels are separated 
between memory cells belonging to a written region and 
memory cells belonging to an unwritten region. 
0033 FIG. 2 is a circuit diagram illustrating a schematic 
configuration of a block of the nonvolatile semiconductor 
memory device in FIG. 1. 
0034. In FIG. 2, in the block Bi (i is an integer satisfying 
1sisn), h(his a positive integer) number of word lines WL1 
to WLh, select gate lines SGD and SGS, and a source line 
SCE are provided. Moreover, in the blocks B1 to Bn, m (m is 
a positive integer) number of bit lines BL1 to BLm are pro 
vided in common. 

0035. Then, in the block Bi, m number of NAND strings 
NS1 to NSm are provided in a row direction and the NAND 
strings NS1 to NSm are connected to the bit lines BL1 to 
BLm, respectively. 
0036. In each of the NAND strings NS1 to NSm, cell 
transistors MT1 to MTh and select transistors DT and ST are 
provided. One memory cell of the memory cell array 1 can be 
composed of one cell transistor MTk (k is an integer satisfy 
ing 1skish). Moreover, in each of the cell transistors MT1 to 
MTh, a charge storage region storing charges and a control 
gate electrode controlling storing of charges can be provided. 
The cell transistors MT1 to MTh are connected in series. The 
select transistor DT is connected in series with the cell tran 
sistor MT1 of the first stage and the select transistor ST is 
connected in series with the cell transistor MTh of the last 
stage to form the NAND string NS ( is an integer satisfying 
lsism). 
0037. In the NAND strings NS1 to NSm, the word lines 
WL1 to WLh are connected to the control gate electrodes of 
the cell transistors MT1 to MTh, respectively. Moreover, one 
end of the NAND string NS is connected to the bit line BL 
via the select transistor DT and the other end of the NAND 
string NSi is connected to the source line SCE via the select 
transistor ST. 

0038 Moreover, in the NAND strings NS1 to NSm, when 
storing 1 bit in one cell transistor, one page PGE can be 
composed of m number of memory cells formed of the cell 
transistors MTk connected to the word line WLk. Moreover, 
when storingp bits (p is an integer or two or more) in one cell 
transistor, p number of pages PGE can be composed of m 
number of memory cells formed of the cell transistors MTk 
connected to the word line WLk. 

0039. Writing in the nonvolatile semiconductor memory 
device in the present embodiment is performed for each page. 
In one block, a page to which data is to be written is called a 
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selected row and a page to which data is not written is called 
an unselected row in some cases. 

0040 FIG. 3A to FIG. 3D are cross-sectional views illus 
trating a setting method of word line voltages for one NAND 
string of the nonvolatile semiconductor memory device in 
FIG. 1 and FIG. 4 is a diagram illustrating waveforms of word 
line Voltages at the time of writing in the nonvolatile semi 
conductor memory device in FIG. 1. 
0041. In FIG.3A, charge storage layers 115 and select gate 
electrodes 119 and 120 are arranged on a well 111 and control 
gate electrodes 116 are arranged on the charge storage layers 
115. The well 111 and the charge storage layer 115 can be 
insulated from each other via a not-shown tunnel dielectric 
film. The charge storage layer 115 and the control gate elec 
trode 116 can be insulated from each other via a not-shown 
interelectrode dielectric film. One charge storage layer 115 
and the control gate electrode 116 thereon can form one 
memory cell. A word line can be formed by sharing the 
control gate electrodes 116 between memory cells adjacent in 
the row direction. 
0042. In the well 111, an impurity diffusion layer 112, 
which is arranged between the charge storage layers 115 or 
between the charge storage layer 115 and the select gate 
electrode 119 connected to the select gate line SGD and the 
select gate electrode 120 connected to the select gate line 
SGS, are formed. Moreover, an impurity diffusion layer 113, 
which is adjacent to the select gate electrode 119 and is 
connected to a bit line, and an impurity diffusion layer 114, 
which is adjacent to the select gate electrode 120 and is 
connected to the source line SCE, are formed. For example, 
the well 111 can be formed into a P type and the impurity 
diffusion layers 112, 113, and 114 can be formed into an N 
type. 
0043. The impurity diffusion layer 113 is connected to the 
bit line BLand the impurity diffusion layer 114 is connected 
to the source line SCE. The control gate electrodes 116 of 
memory cells are connected to the word lines WL1 to WLh, 
respectively, and the select gate electrodes 119 and 120 are 
connected to the select gate lines SGD and SGS, respectively. 
0044. In FIG. 2, FIG.3, and FIG. 4A, in a write operation, 
the program voltage VPGM (for example, 20V) is applied to 
the selected word line WLk of the block Bi(time t1 in FIG. 4). 
Moreover, in memory cells of the NAND string NS, when 
there are a region RA and a region RB, the isolation Voltage 
VISO (for example, 0 V or more and 1 V or less), which 
separates channels CHA formed in the region RA and chan 
nels CHB formed in the region RB, is applied to the unse 
lected word line WLp (p is an integer satisfying k-psh) 
between the region RA and the region RB. The region RA is 
a memory cell group present on the impurity diffusion layer 
114 side of a word line to which the isolation voltage VISO is 
applied and the region RB is a memory cell group present on 
the impurity diffusion layer 113 side of a word line to which 
the isolation voltage VISO is applied. Because writing is 
performed from the impurity diffusion layer 114 side, writing 
has been performed on memory cells in the region RA. On the 
other hand, an unwritten memory cell is present among 
memory cells in the region RB (writing has not been per 
formed on a memory cell on the impurity diffusion layer 114 
side of a selected word line in Some cases). For convenience 
sake, the region RA is referred to as a written region RA and 
the region RB is referred to as an unwritten region RB in some 
cases. Moreover, the intermediate voltage VPB sufficient to 
form the channels CHB in the cell transistors MT1 to MTk-1 
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and MTk+1 to MTp-1 is applied to the unselected word lines 
WL1 to WLk-1 and WLk+1 to WLp-1. Moreover, the inter 
mediate voltage VPA sufficient to form the channels CHA in 
the cell transistors MTp+1 to MTh is applied to the unselected 
word lines WLp+1 to WLh. 
0045 Moreover, a write voltage (for example, O V) or a 
write inhibit voltage (for example, 2.5 V) is applied to the 
selected bit line BL of the block Bi according to data to be 
written. For example, when data “0” is written to memory 
cell, the selected bit line BL is set to 0 V, and when data “1” 
is written to memory cell, the selected bit line BL is set to 2.5 
V. The write inhibit voltage (for example, 2.5 V) is applied to 
the unselected bit lines BL1 to BLj-1 and BLj+1 to BLm. 
0046 Moreover, in relation to a bit line voltage, a voltage 
VSG, for example, 2.5 V is applied to the select gate line 
SGD, with which the select transistor DT is turned on when 
the threshold of the cell transistor MTk needs to be increased 
and the select transistor DT is turned off when the threshold of 
the cell transistor MTk is not increased. Moreover, low volt 
age (for example, OV) sufficient to turn off the select transis 
tor ST is applied to the select gate line SGS. 
0047. When charges is injected into the charge storage 
layer 115 of the cell transistor MTk, voltage of 0 V applied to 
the bit line BLj is transferred to the NAND cell unit NS 
because the select transistor DT is on. The voltage of 0 V 
applied to the bit line BLj is transferred to the drain of the cell 
transistor MTk via the cell transistors MT1 to MTk-1 of the 
NAND cell unit NS and high voltage is applied to the control 
gate electrode 116 of a selected cell, so that the potential of the 
charge storage layer 115 of the selected cell increases. There 
fore, charges are injected into the charge storage layer 115 
from the drain of the selected cell by tunneling and thus the 
threshold of the cell transistor MTk increases, thereby per 
forming a write operation of the data “0” to the selected cell. 
0048. On the other hand, when charges is not injected into 
the charge storage layer 115 of the cell transistor MTk, the 
select transistor DT is turned off by voltage of 2.5V applied 
to the bit line BL. Consequently, the potential of a channel of 
a selected cell connected to the selected word line WLk 
increases by So-called self boosting. Therefore, charges are 
not injected into the charge storage layer 115 from the drain of 
the selected cell. Thus, the threshold voltage of the cell tran 
sistor MTk does not increase, thereby performing a write 
operation of the data “1” to the selected cell. 
0049. The boost level of the channel CHA in the written 
region RA becomes lower than the boost level of the channel 
CHB in the unwritten region RB. Therefore, the effect of the 
boost level of the channel CHA with respect to the boost level 
of the channel CHB can be reduced by separating the chan 
nels CHA and CHB at the time of a write operation to a 
selected cell, so that the boost level of the channel CHB can be 
stabilized, enabling to reduce erroneous writing to the 
selected cell. 
0050. Next, in FIG. 2, FIG. 3B, and FIG.4, application of 
the program voltage VPGM to the selected word line WLk is 
canceled and the intermediate voltage VPB is applied to the 
selected word line WLk (time t2 in FIG. 4). 
0051. Next, in FIG. 2, FIG. 3C, and FIG.4, the interme 
diate voltage VPB is applied to the unselected word line WLp 
by increasing the isolation voltage VISO (time t3 in FIG. 4). 
At this time, a channel CHC connecting between the channels 
CHA and CHB is formed in the cell transistor MTp connected 
to the unselected word line WLp. The isolation voltage VISO 
can be increased up to the intermediate voltage VPB. More 
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over, the isolation voltage VISO can be increased also up to 
the intermediate voltage VPA. Consequently, the number of 
Voltages to be generated can be reduced, enabling to easily 
perform a write operation. 
0052 Next, in FIG. 2, FIG. 3D, and FIG.4, the interme 
diate voltage VPB applied to the selected word line WLk and 
the unselected word lines WL1 to WLk-1 and WLk+1 to 
WLp is canceled and at substantially the same time, the 
intermediate voltage VPA applied to the unselected word 
lines WLp+1 to WLh is removed (time ta in FIG. 4). 
0053. It is possible to make a transient voltage VDA of the 
unselected word lines WLp+1 to WLh, a transient voltage 
VDB of the selected word line WLk and the unselected word 
lines WL1 to WLk-1 and WLk+1 to WLp-1, and a transient 
voltage VDC of the unselected word line WLp approximately 
equal after removing the intermediate voltages VPB and VPA 
by connecting between the channels CHA and CHB via the 
channel CHC before removing the intermediate voltages 
VPB and VPA. 
0054) Therefore, after the intermediate voltages VPB and 
VPA are canceled, a large potential difference can be sup 
pressed from occurring between the unselected word lines 
WLp-1, WLp, and WLp+1. Thus, it is possible to prevent that 
hot electrons are generated near a channel portion of the 
unselected word line WLp to make erroneous writing to a 
memory cell connected to the unselected word line WLp. 
Consequently, erroneous writing to an unselected cell by 
channel isolation can be reduced. 
0055 As a method of applying the intermediate voltage 
VPB to the unselected word line WLp, the unselected word 
lines WL1 to WLk-1 and WLk+1 to WLp-1, and the unse 
lected word line WLp may be driven separately or the unse 
lected word lines WL1 to WLk-1 and WLk+1 to WLp-1 and 
the unselected word line WLp may be short-circuited. As a 
method of applying the intermediate voltage VPA to the unse 
lected word line WLp, in the similar manner, the unselected 
word lines WLp+1 to WLh and the unselected word line WLp 
may be driven separately or the unselected word lines WLp+1 
to WLh and the unselected word line WLp may be short 
circuited. 

Second Embodiment 

0056 FIG. 5A to FIG.5D are cross-sectional views illus 
trating a setting method of word line Voltages at the time of 
writing for one NAND string of a nonvolatile semiconductor 
memory device according to the second embodiment and 
FIG. 6A to FIG. 6E are diagrams illustrating waveforms of 
word line voltages at the time of writing in the nonvolatile 
semiconductor memory device according to the second 
embodiment. 
0057. In FIG. 2, FIG. 5A to FIG. 5D, and FIG. 6A, in a 
write operation, the program voltage VPGM (for example, 20 
V) is applied to the selected word line WLk of the block Bi 
(time t1 in FIG. 6A). Moreover, the isolation voltage VISO, 
which separates the channels CHA and CHB, is applied to the 
unselected word line WLp. Moreover, the intermediate volt 
age VPB sufficient to form the channels CHB in the cell 
transistors MT1 to MTk-1 and MTk+1 to MTp-2 is applied 
to the unselected word lines WL1 to WLk-1 and WLk--1 to 
WLp-2. Moreover, the intermediate voltage VPA sufficient to 
form the channels CHA in the cell transistors MTp+2 to MTh 
is applied to the unselected word lines WLp+2 to WLh. Fur 
thermore, the electric field relaxing voltage VGP, which 
relaxes the electric field of the channels CHA and CHB near 
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the unselected word line WLp, is applied to the unselected 
word lines WLp-1 and WLp+1 adjacent to both sides of the 
unselected word line WLp 
(VISO-VGP<VPAs VPB-VPGM). 
0058 Moreover, the write voltage (for example, 0 V) or 
the write inhibit voltage (for example, 2.5 V) is applied to the 
selected bit line BL of the block Bi according to data to be 
written. The write inhibit voltage (for example, 2.5 V) is 
applied to the unselected bit lines BL1 to BLj-1 and BLj+1 to 
BLm. 
0059 Moreover, in relation to the bit line voltage, voltage 

is applied to the select gate line SGD, with which the select 
transistor DT is turned on when the threshold of the cell 
transistor MTk is increased and the select transistor DT is 
turned off when the threshold of the cell transistor MTk is not 
increased. Moreover, low voltage sufficient to turn off the 
select transistor ST is applied to the select gate line SGS. 
0060 Next, in FIG. 2, FIG. 5B, and FIG. 6A, application 
of the program voltage VPGM to the selected word line WLk 
is canceled and the intermediate voltage VPB is applied to the 
selected word line WLk (time t2 in FIG. 6). 
0061 Next, in FIG. 2, FIG. 5C, and FIG. 6A, the interme 
diate voltage VPB is applied to the unselected word lines 
WLp-1, WLp, and WLp+1 by increasing the isolation volt 
age VISO and the electric field relaxing voltage VGP (time t3 
in FIG. 6A). At this time, the channels CHC connecting 
between the channels CHA and CHB are formed in the cell 
transistors MTp-1, MTp, and MTp+1 connected to the unse 
lected word lines WLp-1, WLp, and WLp+1, respectively. 
The isolation voltage VISO and the electric field relaxing 
voltage VGP can be increased up to the intermediate voltage 
VPB. Moreover, the isolation voltage VISO and the electric 
field relaxing voltage VGP can be increased also up to the 
intermediate voltage VPA. Consequently, the number of volt 
ages to be generated can be reduced, enabling to easily per 
form a write operation. 
0062 Next, in FIG. 2, FIG.5D, and FIG. 6A, the interme 
diate voltage VPB applied to the selected word line WLk and 
the unselected word lines WL1 to WLk-1 and WLk--1 to 
WLp+1 is canceled and at the same time, the intermediate 
voltage VPA applied to the unselected word lines WLp+2 to 
WLh is canceled (time ta in FIG. 6A). 
0063. Therefore, after the intermediate voltages VPB and 
VPA are canceled, a potential difference can be suppressed 
from occurring between the unselected word lines WLp-2, 
WLp-1, WLp, WLp+1, and WLp+2 and therefore it becomes 
possible to prevent that hot electrons are generated near the 
channel CHC, so that erroneous writing to an unselected cell 
due to channel isolation can be reduced. 
0064 Only the isolation voltage VISO may be increased 
(FIG. 6B). Moreover, the isolation voltage VISO and the 
electric field relaxing voltage VGP applied to the unselected 
word line WLp+1 may be increased (FIG. 6C). Moreover, the 
isolation voltage VISO and the electric field relaxing voltage 
VGP applied to the unselected word line WLp-1 may be 
increased (FIG. 6D). Moreover, any one of the electric field 
relaxing voltages VGP may be increased (FIG. 6E). 

Third Embodiment 

0065 FIG. 7 is a diagram illustrating waveforms of word 
line Voltages at the time of writing in a nonvolatile semicon 
ductor memory device according to the third embodiment. 
0066. In FIG. 2, FIG.3A, and FIG. 7, in a write operation, 
the program voltage VPGM (for example, 20V) is applied to 
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the selected word line WLk of the block Bi (time t11 in FIG. 
7). The isolation voltage VISO, which separates the channels 
CHA and CHB, is applied to the unselected word line WLp. 
Moreover, the intermediate voltage VPB sufficient to form the 
channels CHB in the cell transistors MT1 to MTk-1 and 
MTk+1 to MTp-1 is applied to the unselected word lines 
WL1 to WLk-1 and WLk+1 to WLp-1. Moreover, the inter 
mediate voltage VPA sufficient to form the channels CHA in 
the cell transistors MTp+1 to MTh is applied to the unselected 
word lines WLp+1 to WLh. 
0067 Moreover, the write voltage (for example, 0 V) or 
the write inhibit voltage (for example, 2.5 V) is applied to the 
selected bit line BL of the block Bi according to data to be 
written. The write inhibit voltage (for example, 2.5 V) is 
applied to the unselected bit lines BL1 to BLj-1 and BLj+1 to 
BLm. 
0068 Moreover, in relation to the bit line voltage, voltage 

is applied to the select gate line SGD, with which the select 
transistor DT is turned on when the threshold of the cell 
transistor MTk is increased and the select transistor DT is 
turned off when the threshold of the cell transistor MTk is not 
increased. Moreover, low voltage sufficient to turn off the 
select transistor ST is applied to the select gate line SGS. 
0069. Next, in FIG. 2 and FIG. 7, application of the pro 
gram voltage VPGM to the selected word line WLk is can 
celed, and the intermediate voltage VPB is applied to the 
selected word line WLk and the selected word line WLk and 
the unselected word line WLp are short-circuited (time t12 in 
FIG. 7). Consequently, as shown in FIG. 3C and FIG. 7, the 
intermediate voltage VPB is applied to the unselected word 
line WLp (time t13 in FIG. 7). At this time, the channel CHC 
connecting between the channels CHA and CHB is formed in 
the cell transistor MTp connected to the unselected word line 
WLp. 
0070. Next, in FIG. 2, FIG. 3D, and FIG. 7, the interme 
diate voltage VPB applied to the selected word line WLk and 
the unselected word lines WL1 to WLk-1 and WLk+1 to 
WLp is canceled and at the same time, the intermediate volt 
age VPA applied to the unselected word lines WLp+1 to WLh 
is canceled (time t14 in FIG. 7). 
(0071. Therefore, after the intermediate voltages VPB and 
VPA are canceled, it becomes possible to prevent that hot 
electrons are generated near the channel CHC, so that erro 
neous writing to an unselected cell due to channel isolation 
can be reduced and the intermediate voltage VPB can be 
applied to the unselected word line WLp immediately after 
removing application of the program Voltage VPGM, 
enabling to Suppress increase in a write cycle. 
0072 Moreover, as shown in FIG. 8A, the intermediate 
voltage VPB may be applied to the selected word line WLk 
and the selected word line WLk and the unselected word lines 
WLp and WLp+1 to h can be short-circuited. 
0073 Moreover, the isolation control unit 13A may make 
to apply the electric field relaxing voltage VGP to a word line 
adjacent to a word line to which the isolation voltage VISO is 
applied. Moreover, as shown in FIG. 8B, the intermediate 
voltage VPB may be applied to the selected word line WLk 
and the selected word line WLk and the unselected word lines 
WLp, WLp-1, and WLp+1 can be short-circuited. Moreover, 
as shown in FIG. 8C, the intermediate voltage VPB may be 
applied to the selected word line WLk and the selected word 
line WLk and the unselected word lines WLp can be short 
circuited. Moreover, as shown in FIG. 8D, the intermediate 
voltage VPB may be applied to the selected word line WLk 
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and the selected word line WLk and only the unselected word 
lines WLp-1 and WLp+1 can be short-circuited. Moreover, 
as shown in FIG. 8E, the intermediate voltage VPB may be 
applied to the selected word line WLk and the selected word 
line WLk and the unselected word line WLp and only any one 
of the unselected word line WLp-1 and the unselected word 
line WLp+1 may be short-circuited. Moreover, as shown in 
FIG. 8F, the intermediate voltage VPB can be applied to the 
selected word line WLk and the selected word line WLk and 
only any one of the unselected word line WLp-1 and the 
unselected word line WLp+1 can be short-circuited. 
0074 Moreover, as shown in FIG. 9A to FIG.9E, in addi 
tion to FIG. 8B to FIG.8F, the unselected word lines WLp+2 
to h may also be short-circuited. 
0075 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

1. A nonvolatile semiconductor memory device compris 
1ng: 

a memory cell array in which memory cells forming 
NAND Strings are arranged in a matrix manner in a row 
direction and a column direction; and 

word lines that select a memory cell in the row direction; 
bit lines that select a memory cell in the column direction; 

and 
a write control unit that performs writing on a selected 
memory cell connected to a selected word line to apply 
an intermediate Voltage to unselected word lines and 
apply a program Voltage to the selected word line, 
wherein 

the write control unit controls to apply an isolation Voltage 
to an one of the unselected word lines at a time of 
applying the program Voltage and increase the isolation 
voltage before the intermediate voltage is canceled after 
applying the program Voltage. 

2. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit controls to apply 
an electric field relaxing Voltage to an another of unselected 
word lines adjacent to the one of the unselected word lines at 
a time of applying the program Voltage and increase the 
electric field relaxing voltage before the intermediate voltage 
is canceled after applying the program Voltage. 

3. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit selects the one of 
the unselected word lines to which the isolation voltage is 
applied so that a channel is separated between a first region 
and a second region. 

4. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit makes the 
isolation Voltage equal to the intermediate Voltage before the 
intermediate Voltage is canceled. 
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5. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit short-circuits the 
one of the unselected word lines and an another of unselected 
word lines adjacent to the one of the unselected word lines, 
before the intermediate voltage is canceled. 

6. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit short-circuits the 
one of the unselected word lines and an another of unselected 
word lines adjacent to the one of the unselected word lines, at 
a same timing as a timing at which application of the program 
Voltage is removed. 

7. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit increases the 
isolation voltage until a channel of a memory cell connected 
to the one of the unselected word lines is applied is formed, 
before the intermediate Voltage is canceled after applying the 
program Voltage. 

8. The nonvolatile semiconductor memory device accord 
ing to claim 3, wherein the write control unit controls the 
isolation Voltage to apply a positive Voltage that connects the 
first region and the second region before the intermediate 
Voltage is canceled after applying the program Voltage. 

9. The nonvolatile semiconductor memory device accord 
ing to claim 1, further comprising a NAND cell unit that 
includes 

a NAND string in which cell transistors are connected in 
series, 

a first select transistor connected to one end of the NAND 
String, and 

a second select transistor connected to another end of the 
NAND string. 

10. The nonvolatile semiconductor memory device accord 
ing to claim3, wherein the first region is a written region and 
the second region is an unwritten region. 

11. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit applies the 
isolation voltage to the one of the unselected word lines to 
separate a channel in the NAND string into a channel on a bit 
line side and a channel on a source line side, before applying 
the program Voltage. 

12. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the intermediate Voltage is lower than 
the program Voltage and is higher than the isolation Voltage. 

13. The nonvolatile semiconductor memory device accord 
ing to claim 2, wherein the intermediate Voltage is lower than 
the program Voltage and is higher than the electric field relax 
ing Voltage and the isolation Voltage. 

14. The nonvolatile semiconductor memory device accord 
ing to claim 13, wherein the electric field relaxing Voltage is 
higher than the isolation Voltage. 

15. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the write control unit applies the 
intermediate Voltage and the isolation Voltage before apply 
ing the program Voltage. 

16. The nonvolatile semiconductor memory device accord 
ing to claim 2, wherein the control unit applies the interme 
diate Voltage, the electric field relaxing Voltage, and the iso 
lation Voltage before applying the program Voltage. 
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