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NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE AND METHOD FOR 

CONTROLLING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from the prior Japanese Patent Application No. 
2010-291948, filed on Dec. 28, 2010, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate to a nonvola 
tile semiconductor memory device and a method for control 
ling the same. 

BACKGROUND 

Description of the Related Art 

0003. The sizes of nonvolatile semiconductor memory 
devices such as NAND flash memories are decreasing. 
Among them, progress is made in planar Scaling in a word line 
pitch, a bit line pitch, cell interval, and the like. On the other 
hand, Scaling in the height direction is difficult in order to 
ensure the reliability of cell characteristics. As a result, vari 
ous cell-to-cell interferences are becoming prominent. For 
example, a case where a charge storage layer is a floating gate 
will be explained. In this case, as described above, the scaling 
in the height direction is difficult. Therefore, the ratio of a 
channel capacitance occupied with respect to the total capaci 
tance of the floating gate decreases, and an object cell is more 
greatly affected by the control gate (WL) voltage of an adja 
cent cell and the potential of the floating gate of the adjacent 
cell. 
0004 For example, more specifically, cell-to-cell interfer 
ences include the following two issues. 
0005. The first issue is cell-to-cell interference in which 
the potential of the floating gate of the adjacent cell affects the 
floating gate potential of the object cell. In this phenomenon, 
when the adjacent cell is written, a threshold voltage (Vth) of 
the adjacent cell increases, and as a result, the threshold 
Voltage of the object cell also increases. 
0006. The second issue is cell-to-cell interference in 
which the word line voltage of the adjacent cell affects the 
floating gate potential of the object cell. In this phenomenon, 
when the adjacent cell is read, and in particular, when data at 
a lower threshold value level are read, the control gate voltage 
of the adjacent cell is lower. Therefore, it is difficult for the 
potential of the floating gate of the object cell to increase, and 
when the threshold value of the object cell is written at a high 
level, it is difficult for the object cell to attain ON state. 
0007 Although progress is made in scaling of the word 
line pitch, the Scaling in the height direction is difficult. 
Therefore, in the case of the NAND flash memory, a write 
Voltage (Vpgm) during programming and a read pass Voltage 
(Vread) during read process do not decrease greatly along 
with downsizing. On the other hand, space between word 
lines becomes narrower, and electric field strength between 
word lines and electric field strength between the floating gate 
of an adjacent cell and a word line become higher. 

Jun. 28, 2012 

0008. Therefore, along with the downsizing, it is becom 
ing essential to avoid increase in the word line potential 
difference between adjacent cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram illustrating a NAND-type 
nonvolatile semiconductor memory device; 
0010 FIG. 2 is an equivalent circuit diagram illustrating a 
structure of a memory cell array of the nonvolatile semicon 
ductor memory device; 
0011 FIG. 3 is a schematic cross sectional view illustrat 
ing a NAND cell unit of the nonvolatile semiconductor 
memory device; 
0012 FIG. 4 is a figure illustrating a threshold value dis 
tribution of a memory cell in the nonvolatile semiconductor 
memory device; 
0013 FIG. 5 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a first 
embodiment; 
0014 FIG. 6 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
second embodiment; 
0015 FIG. 7 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
third embodiment; 
0016 FIG. 8 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
fourth embodiment; 
(0017 FIG. 9 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a fifth 
embodiment; 
0018 FIG. 10 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
sixth embodiment; 
0019 FIG. 11 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
seventh embodiment; 
0020 FIG. 12 is a figure illustrating an applied voltage 
during read process of a memory cell array according to an 
eighth embodiment; 
0021 FIG. 13 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
ninth embodiment; 
0022 FIG. 14 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
tenth embodiment; 
0023 FIG. 15 is a figure illustrating an applied voltage 
during read process of a memory cell array according to an 
eleventh embodiment; 
0024 FIG. 16 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
twelfth embodiment; 
0025 FIG. 17 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
thirteenth embodiment; 
0026 FIG. 18 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
fourteenth embodiment; 
0027 FIG. 19 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
fifteenth embodiment; 
0028 FIG. 20 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
sixteenth embodiment; 
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0029 FIG. 21 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
seventeenth embodiment; 
0030 FIG. 22 is a figure illustrating an applied voltage 
during read process of a memory cell array according to an 
eighteenth embodiment; 
0031 FIG. 23 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
nineteenth embodiment; 
0032 FIG. 24 is a figure illustrating writing order of data 
of two bits/cell of the memory cell array according to a 
twentieth embodiment; 
0033 FIG. 25 is a figure illustrating writing state of the 
object cell according to the embodiment at each time point; 
0034 FIG. 26 is a figure illustrating an applied voltage 
during read process of the memory cell array according to the 
embodiment; 
0035 FIG. 27 is a figure illustrating applied voltage wave 
forms of a selected word line and an adjacent unselected word 
line during write and Verification read process of the memory 
cell array according to a twenty-first embodiment; 
0036 FIG. 28 is a figure illustrating applied voltage wave 
forms of a selected word line and an adjacent unselected word 
line during read process of the memory cell array according to 
a twenty-second embodiment; 
0037 FIG. 29 is a figure illustrating applied voltage wave 
forms of a selected word line and an adjacent unselected word 
line during read process of the memory cell array according to 
the embodiment; 
0038 FIG.30 is a figure illustrating applied voltage wave 
forms of a selected word line and an adjacent unselected word 
line during read process of the memory cell array according to 
the embodiment; 
0039 FIG. 31 is a figure illustrating an applied voltage 
during read process of a memory cell array according to a 
conventional reading method; and 
0040 FIG. 32 is a figure illustrating an applied voltage 
during read process of a memory cell array according to 
another conventional reading method. 

DETAILED DESCRIPTION 

0041. A nonvolatile semiconductor memory device 
according to an embodiment includes a memory cell array 
having a NAND cell unit including a plurality of memory 
cells connected in series each having a control gate and a 
charge storage layer, one end of the NAND cell unit being 
connected to a bit line via a first selection gate transistor, the 
other end of the NAND cell unit being connected to a source 
line via a second selection gate transistor, control gates of the 
plurality of memory cells being respectively connected to 
word lines, gates of the first and second selection gate tran 
sistors being respectively connected to the first and second 
selection gate lines, and a control circuit, wherein during data 
read process, the control circuit gives a read voltage to a 
selected word line connected to a selected memory cell of the 
plurality of memory cells from which data is read, and gives 
read pass Voltages for turning on the memory cells regardless 
of cell data to unselected word lines connected to unselected 
memory cells of the plurality of memory cells, wherein the 
control circuit respectively gives a first read pass Voltage, a 
second read pass Voltage, and a third read pass Voltage to a 
first unselected word line adjacent to the selected word line at 
a side of at least one of a bit line and a source line, a second 
unselected word line adjacent to the first unselected word line 
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at a side opposite to the selected word line, and a third unse 
lected word line adjacent to the second unselected word line 
at a side opposite to the selected word line, and wherein the 
second read pass Voltage is higher than the third read pass 
Voltage. 
0042. Hereinafter, embodiments will be explained with 
reference to the attached drawings. 
0043. Entire Configuration of Nonvolatile Semiconduc 
tor Memory Device 
0044 First, the entire configuration of the nonvolatile 
semiconductor memory device will be explained with refer 
ence to FIGS. 1 to 5. FIG. 1 is a block diagram illustrating a 
configuration of a NAND-type flash memory, i.e., an example 
of the nonvolatile semiconductor memory device. As shown 
in FIG. 1, the NAND-type flash memory 20 includes a 
memory cell array 1 including a plurality of memory cells 
arranged in a matrix form having floating gates as charge 
storage layers. A row decoder circuit 2 is provided at a side 
portion in a word line direction of the memory cell array 1 so 
as to selectively drive word lines and selection gate lines. A 
sense amplifier circuit 3 is provided at a side portion in a bit 
line direction thereof to be used for reading and writing of cell 
data viabit lines. The row decoder circuit 2 includes a pre-row 
decoder 2a and a main row decoder 2b. The sense amplifier 
circuit 3 includes a sense amplifier 3a and a data register 3b. 
0045 Commands, addresses, and data are input via an 
input/output control circuit 13. A chip enable signal /CE, a 
write enable signal /WE, a read enable signal /RE, and other 
external control signals are input to a logic circuit 14 and used 
for timing-control. The commands are decoded by a com 
mand register 8. 
0046. A control circuit 6 performs data transfer control 
and sequence control of writing/erasing/read processes. The 
control circuit 6 outputs the Ready/Busy state of the NAND 
type flash memory 20 to the Ready/Busy terminal 11. Further, 
a status register 12 is prepared to transmit the State (such as 
Pass/Fail, Ready/Busy) of the NAND-type flash memory 20 
to a host via the input/output control circuit 13. 
0047. The addresses are transferred to the row decoder 
circuit 2 and the column decoder 4 via an address register 5. 
The row decoder circuit 2 selects a word line based on a row 
address. The column decoder 4 selects a bit line based on a 
column address. Write data are loaded to the sense amplifier 
circuit 3 via the input/output control circuit 13, the control 
circuit 6, and a data bus BUS. Read data are output to the 
outside via the control circuit 6. 
0048. A high voltage generation circuit 10 is provided to 
generate a high Voltage needed according to each operation 
mode. The high Voltage generation circuit 10 generates a 
predetermined high Voltage Such as a write pulse Voltage 
based on a control signal given by the control circuit 6. 
0049 Configuration of Memory Cell Array 1 
0050 FIG. 2 is a circuit diagram illustrating a configura 
tion of the memory cell array 1. As shown in FIG. 2, the 
memory cell array 1 is constituted by NAND cell units NU 
each including selection gate transistors S1, S2 respectively 
connected to both ends of a NAND string having electrically 
rewritable M nonvolatile memory cells MC 0 to MC M-1 
connected in series. In this case, Mis, for example, 8, 16, 32. 
33, 34, 64, 66, 68 or 88. 
0051. One end of the NAND cellunit NU (at the side of the 
selection gate transistor S1) is connected to a bit line BL. The 
other end thereof (at the side of the selection gate transistor 
S2) is connected to a common source line CELSRC. The gate 
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electrodes of the selection gate transistors S1, S2 are con 
nected to selection gate lines SGD, SGS. The control gate 
electrodes of the memory cells MC 0 to MC M-1 are 
respectively connected to word lines WL 0 to WL M-1. The 
bit line BL is connected to the sense amplifier 3a, and the 
word lines WL 0 to WL M-1 and the selection gate lines 
SGD, SGS are connected to the row decoder circuit 2. 
0052. When a memory cell MC is one bit/cell in which one 
bit of data is stored, the memory cells MC formed along one 
word line WL crossing the NAND cell unitNU store one page 
of data. When a memory cell MC is two bits/cell in which two 
bits of data are stored, the memory cells MC formed along one 
word line WL store two pages of data (upper page UPPER, 
lower page LOWER). 
0053) One block BLK is formed with a plurality of NAND 
cell unit NU each sharing a word line WL. One block BLK 
forms one unit for data erase operation. In one memory cell 
array 1, the number of word lines WL in one block BLK is M. 
and the number of pages in one block is Mx2=128 pages 
when the memory cell MC is two bits/cell. 
0054 Configurations of Memory Cell MC and Selection 
Gate Transistors S1, S2 
0055 FIG. 3 illustrates a cross sectional structure of the 
memory cells MC 0 to MC M-1 and the selection gate tran 
sistors S1, S2. As shown in FIG.3, a p-type well 41 formed in 
a substrate is formed with n-type diffusion layers 42 that 
function as sources and drains of MOSFETs constituting the 
memory cells MC. A floating gate (FG) 44 is formed on the 
well 41 with a tunnel insulating film 43 interposed therebe 
tween. A control gate (CG) 46 is formed on the floating gate 
44 with an inter-gate insulating film 45 interposed therebe 
tween. The control gate 46 constitutes a word line WL. In 
each of the selection gate transistors S1, S2, a selection gate 
47 is provided on the well 41 with the gate insulating film 43 
interposed therebetween. The gates 47 constitute the selec 
tion gate lines SGS, SGD. The memory cell MC and the 
selection gate transistors S1, S2 are NAND-connected in such 
a manner that the drain and the source are shared by those 
adjacent to each other. 
0056 Data Storage State 
0057 Subsequently, a threshold value distribution, i.e., 
data storage state in a memory cell, will be explained with 
reference to FIG. 4. FIG. 4 is a figure illustrating a threshold 
voltage distribution in a case of two bits/cell. In this case, two 
bits/cell is used as an example. However, each embodiment 
described below is not limited thereto. 

0058 Four kinds of threshold voltage distributions (erase 
state. A level, B level, Clevel, which are ascending order of 
the threshold voltage) are provided as data threshold voltage 
distributions. For example, four types of data “11”. “01’, 
“00”, “10” listed below are allocated to these threshold volt 
age distributions. In this case, the data are represented by 
upper page data and lower page data, and data write process is 
performed in the following order: writing of the lower page 
data and then writing of the upper data. The threshold voltage 
distribution of the erase state is a negative threshold voltage 
state obtained by a collective block erase process. 
0059. The data erase operation in the NAND-type flash 
memory is executed in units of blocks BLK. The data erase 
operation is executed by causing all the word lines WL of the 
selected block BLK to attain 0 V and applying a positive 
boosted erase voltage (for example, 18 V to 20 V) to the 
P-type well 41 in which the memory cell array 1 is formed. As 
a result, negative threshold Voltage state (erase state) is 
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obtained in which electrons of the floating gates 44 are dis 
charged in all the memory cells MC of the selected block 
BLK. 
0060 Write Operation 
0061. In order to write data of two bits/cell, first, all the 
memory cells MC of the selected block BLK are set at the 
negative threshold voltage distribution as a result of the above 
erase operation. Subsequently, as shown in FIG.4, lower page 
write operation is executed to write a portion of the memory 
cell MC in the threshold voltage distribution in the erase state 
to an intermediate level LM of threshold voltage distributions 
A, B. 
0062. Thereafter, as shown in FIG.4, the threshold voltage 
of the memory cell MC to which data are written is increased 
to A level from the threshold voltage distribution in the erase 
state. Further, the threshold voltages of the memory cells MC 
to which other data are written are increased from the inter 
mediate level LM to threshold voltage distributions B, C, 
respectively. As a result, upper page write process is done. 
0063. During the data write operation, a voltage VSS is 
applied to a bit line BL corresponding to the selected memory 
cell MC whose threshold voltage distribution is increased, 
and this is transferred to the channel of the selected memory 
cell MC via the drain-side selection gate transistor S1 in 
conductive state. A write pulse Voltage Vpgm (for example, 
15 V to 20V) is applied to the selected word line WL con 
nected to the selected memory cell MC. At this occasion, high 
electric field strength is applied between the floating gate 44 
and the channel in the selected memory cell MC, and elec 
trons are injected from the channel to the floating gate 44 by 
FN tunneling. As a result, the threshold voltage distribution of 
the selected memory cell MC increases. 
0064. A voltage VDD is applied to a bit line BL for the 
memory cells MC whose threshold voltage distributions are 
not increased, and this is transferred to the channel of the 
memory cells MC via the drain-side selection gate transistor 
S1 in conductive state. After the channel is charged to the 
voltage VDD, the drain-side selection gate transistor S1 is in 
non-conductive state. When the channel of the selected 
memory cell MC is brought into a floating state, and the 
program Voltage Vpgm is applied to the selected word line 
WL, the potential of the channel increases with the capacity 
coupling with the selected word line WL, and hardly any 
electron is injected into the floating gate electrode. 
0065. Write Verification Operation 
0066. As shown in FIG.4, during lower page write process 
(writing of intermediate level LM), writing state is confirmed 
with a verification voltage LMV corresponding to the lower 
most value of the write threshold voltage. In other words, 
when the selected memory cell MC is conductive in the veri 
fication read operation in which the verification voltage LMV 
is applied to the selected word line WL, the writing state is 
determined to be “fail”. When the selected memory cell MC 
is non-conductive, the writing state is determined to be 
“pass'. Likewise, during upper page write process, writings 
of the threshold voltage distributions A, B, C are respectively 
confirmed with verification voltages AV. BV, CV. 
0067. Read Operation 
0068 Subsequently, conventional read operation will be 
explained before explaining read operation performed by the 
memory cell array 1 according to the embodiment. 
0069. Two ways of voltage application methods are shown 
in a conventional read operation. One is a Voltage application 
method as shown in FIG.31. A voltage VSG (for example, 3.5 
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V) is applied to the selection gate lines SGD, SGS. A read 
voltage Vcg (for example, 0V to 4V) is applied to the selected 
word line WL. N. A read pass voltage Vread (for example, 7 
V) for allowing conduction regardless of stored data in unse 
lected memory cells is applied to unselected word lines WL 0 
to WL N-1 and WL N+1 to WL M-1. 
0070 However, in particular, when the half pitch of the 
word line WL becomes shorter than about 50 nm, the cell-to 
cell interference becomes significant as described above. 
Therefore, with the read voltage Vcg applied to the selected 
word line WL N, the floating gate of the unselected word 
lines WL N-1 and WL N+1 adjacent thereto are decreased 
to a level less than the original applied Voltage, and this may 
cause read failure in which the unselected memory cells 
MC N-1, MC N+1 are not in conductive state. 
0071. In this case, a second voltage application method as 
shown in FIG.32 is also used. Where the selected word line is 
WL, N, the voltage VSG is applied to the selection gate lines 
SGS, SGD, the read voltage Vcg is applied to the selected 
word line WL N, and a read pass voltage Vread2 (where 
Vread2>Vread, e.g., 8 V) is applied to the unselected word 
lines WL N-1 and WL N+1 adjacent to the selected word 
line WL. N. The read pass voltage Vread is applied to the 
unselected word lines WL 0 to WL N-2 and WLN+2 to 
WL M-1 other than the unselected word lines WL N-1 and 
WL N+1. 
0072 According to the voltage application method, the 
cell-to-cell interference is reduced. That is, where a floating 
gate potential variation when the word line Voltage of a cer 
tain object cell changes A is C.A., and a floating gate potential 
variation of a cell of an adjacent word line when a word 
voltage of the object cell changes A is f: A, CC-B holds. In this 
case, where Y-B/C.(<1) holds, the cell is more greatly affected 
by the interference caused by the adjacent cell as the size of 
the cell decreases. As a result, y increases. 
0073. Now, the floating gate of the memory cell connected 
to the word line WL N+4 is considered. In this case, the 
potential variation of the floating gate is almost proportional 
to the following expression. 

Vread+2Y-Vread Numerical expression 1 

0074. Subsequently, the floating gate of the memory cell 
connected to the word line WL N+1 is considered. In this 
case, the potential variation of the floating gate is almost 
proportional to the following expression. 

0075. When a low threshold value level is read out in read 
operation, the read voltage Vcg is less than Vread. Accord 
ingly, the floating gate potential of the cell in the word line 
WL N+1 is less than that of the cell in the word line WLN+4 
by the amount proportional to the following expression, i.e., 
difference between Numerical expression 1 and Numerical 
expression 2. 

Y (Vread-Vcg)+(Vread-Vread2) 

Numerical expression 2 

Numerical expression 3 

However, by increasing the read pass Voltage Vread2 to a 
level more than Vread, the amount equivalent to Y (Vread 
Vcg) can be cancelled. 
0076. As the size decreases as described above, the space 
between the word lines WL becomes narrower, and the elec 
tric filed strength between the word lines WL and electric 
filed strength between the floating gate of an adjacent cell and 
the word line WL become lower. 
0.077 On the other hand, as indicated in the Numerical 
expression 3, Y increases, and it is necessary to further 
increase the read pass Voltage Vread2. As a result, in a read 
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operation of a particularly lower threshold value level, the 
potential difference between the voltage Vcg of the selected 
word line WL N and the read pass voltageVread2 of the word 
lines WL N-1 and WL N+1 adjacent thereto increases, and 
the electric filed strength between the floating gate of an 
adjacent cell and the word line WL is required to meet stricter 
condition. 

First Embodiment 

0078. Subsequently, the read operation according to a first 
embodiment will be explained with reference to FIG. 5. The 
present embodiment is different from the conventional read 
operation as shown in FIG. 32 in that read pass Voltages 
Vread21 and Vread22 are respectively applied to unselected 
word lines WL N+1 and WL N+2 arranged in order from a 
selected word line WL N at a drain-side (bit line side) of a 
memory cell array. In this case, the read pass Voltages 
Vread21 and Vread22 are voltages higher than that of Vread 
but lower than that of Vread2. 
0079 According to this voltage application method, the 
potential variation of the floating gate of the memory cell 
connected to the word line WLN+4 is the same as Numerical 
expression 1, but the potential variation of the floating gate of 
the memory cell connected to the word line WL N+1 is 
almost proportional to the following expression. 

0080. Therefore, the floating gate potential of the cell in 
the word line WL N+1 is less than that of the cell in the word 
line WL N+4 by the amount proportional to the following 
expression, i.e., difference between Numerical expression 1 
and Numerical expression 4. 

Numerical expression 4 

Y{(Vread-Vcg)+(Vread-Vread22)+(Vread 
Vread21) Numerical expression 5 

Therefore, when the Vread21 and Vread22 are set higher, the 
amount equivalent to Y(Vread-Vcg) can be cancelled. When 
Numerical expression 3 and Numerical expression 5 are com 
pared, it is understood as follows. In Numerical expression 3, 
the potential of the floating gate of the adjacent cell is com 
pensated by adjusting only the read pass Voltage Vread2 of the 
unselected word line WL N+1. In Numerical expression 5, 
the potential of the floating gate of the adjacent cell can be 
compensated not only by increasing the read pass Voltage 
Vread21 of the unselected word lines WL N+1 to a level 
higher than the read pass Voltage Vread but also by increasing 
the read pass voltage Vread22 of the unselected word line 
WL N+2 to a level higher than the read pass voltage Vread. 
For this reason, the read pass voltage Vread21 at least can be 
maintained at a level lower than Vread2. Therefore, the poten 
tial difference between the adjacent word lines and the poten 
tial difference between the floating gate of the adjacent cell 
and the word line can be reduced, and the breakdown voltage 
can be alleviated. 
I0081. When increments of the read pass voltages Vread2. 
Vread21 and Vread22 from Vread are denoted respectively as 
A2, A21 and A22, they can be expressed as follows. 

Vread2=Vread-i-A2 

Vread21=Vread-i-A21 

Vread22=Vread-i-A22 

I0082. The following expression, i.e., condition in which 
the present embodiment and the conventional example as 
shown in FIG. 32 have almost the same potential variation of 
the floating gate of the selected word line WL N+1, can be 

Numerical expression 6 
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derived from Numerical expression 3, Numerical expression 
5, and Numerical expression 6. 

Therefore, A2DA22, A2 >A21 hold, and Vread2>Vread21, 
Vread2>Vread22 hold. In addition, Vread21, Vread22 can be 
maintained at a Voltage lower than Vread2. 
0083. In particular, the following expression is obtained 
from Numerical expression 7. 

Numerical expression 7 

In this case, Vread21=Vread22<Vread2 substantially holds. 
In other words, the read pass voltage Vread21 applied to the 
unselected word line WL N+1 adjacent to the selected word 
line WLN can beat least maintained at a levellower than the 
read pass voltage Vread2, and moreover, Vread21=Vread22 
holds. Therefore, without increasing the types of power Sup 
plies, the potential difference between the adjacent word lines 
can be reduced, and the problem of the breakdown voltage 
associated with downsizing can be avoided, so that the size of 
area of the circuit can be reduced, and the circuit can be 
simplified. 

Numerical expression 8 

Second Embodiment 

0084 Subsequently, a nonvolatile semiconductor memory 
device according to a second embodiment will be explained 
with reference to FIG. 6. 
0085. In the first embodiment, during data read process, 
the read pass voltages Vread21 and Vread22 lower than the 
read pass voltage Vread2 are given to the unselected word 
lines WL N+1 and WL N+2 at the drain-side (bit line side) 
of the memory cell array. In the second embodiment, the read 
pass voltages Vread31 and Vread32 are respectively applied 
to the unselected word line WL N-1 and WLN-2 at the side 
of the source line CSLSRC of the memory cell array. 
0.086 Like the first embodiment, the second embodiment 

is also configured such that at least the Voltage value of 
Vread31 itself can be maintained at a levellower than the read 
pass voltage Vread2. Therefore, the second embodiment 
achieves the same effects as those of the first embodiment. 

Third Embodiment 

0087 Subsequently, a nonvolatile semiconductor memory 
device according to a third embodiment will be explained 
with reference to FIG. 7. 
0088. The present embodiment is a combination of the 

first embodiment and the second embodiment. That is, in the 
present embodiment, during data read process, the read pass 
voltages Vread21 and Vread22 lower than the read pass volt 
age Vread2 are given to the unselected word lines WL N+1 
and/or WL N+2 at the drain-side (bit line side) of the 
memory cell array, and the read pass Voltages Vread31 and 
Vread32 are respectively applied to the unselected word lines 
WL N-1 and WLN-2 at the side of the source line 
CSLSRC of the memory cell array. 
0089. In the present embodiment, the potential difference 
between the adjacent word lines can be reduced more greatly 
than the first and second embodiments as compared with the 
conventional reading method. In addition, the current con 
Sumption can be reduced due to the lower applied Voltage. 

Fourth Embodiment 

0090 Subsequently, a nonvolatile semiconductor memory 
device according to a fourth embodiment will be explained 
with reference to FIG. 8. 
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0091. In the fourth embodiment, during data read process, 
the read pass Voltage Vread is respectively applied to the 
unselected word lines WL N-1 and WL N+1 adjacent to the 
selected word line WL N, the read pass voltage Vread2 
higher than Vread is applied to the unselected word lines 
WL N-2 and/or WL N+2 further adjacent thereto, and the 
read pass Voltage Vread is applied to the other unselected 
word lines WL 0 to WL N-3 and WL N+3 to WL M-1. 
0092. In this embodiment, the voltage of the adjacent 
unselected word lines WL N-1 and/or WL N+1 reduced due 
to the read voltage Vcg of the selected word line WL N is 
raised by applying the higher Voltage Vread2 to the unse 
lected word lines WL N-2 and/or WL N+2 adjacent thereto. 
0093. In this embodiment, the potential difference 
between the adjacent word lines can be reduced more greatly 
than the conventional reading method. Therefore, this 
embodiment achieves the same effects as those of the above 
described embodiments. In the present embodiment, without 
increasing the types of power Supplies as compared with the 
conventional reading method, the potential difference 
between the adjacent word lines can be reduced more greatly 
than the conventional reading method. 
0094. It should be noted that the voltages of the unselected 
word lines WL N-1 and/or WL N+1 may be set higher than 
Vread. In other words, even with the voltage Vread2 applied 
to the unselected word lines WL N-2 and/or WL N+2, the 
increase of the potential in the unselected word lines 
WL N-1 and/or WL N+1 may not be compensated. In this 
case, when the unselected word lines WL N-1 and/or 
WL N+1 are set at a level higher than Vread but equal to or 
less than Vread2, the potential difference between the adja 
cent word lines can be reduced more accurately than the 
conventional reading method. 

Fifth Embodiment 

0.095 Subsequently, a nonvolatile semiconductor memory 
device according to a fifth embodiment will be explained with 
reference to FIG. 9. 
0096. In this embodiment, in addition to the voltage appli 
cation method during data read process in the fourth embodi 
ment, a read pass Voltage Vread1 lower than Vread is applied 
to the third unselected word lines WL N-3 and/or WL N+3 
at the drain-side and the cell source-side with respect to the 
selected word line WL. N. In this configuration, excessive 
rises in the potentials of the floating gates of the memory cells 
connected to the unselected word lines WL N-2 and/or 
WL N+2 can be reduced with the unselected word lines 
WL N-3 and/or WL N+3 adjacent thereto. 
(0097. When the voltages of the unselected word lines 
WL N-2 and/or WL N+2 rise more than necessary, electric 
field strength becomes as follows. When the threshold values 
of the memory cells connected to the unselected word lines 
WL N-2 and WL N+2 are lower, the electric field strength 
in the tunnel insulating film 43 increases. When the threshold 
values thereof are higher, the electric field strength in the 
inter-gate insulating film 45 increases. In this case, as read or 
write verification read process is repeated, the tunnel insulat 
ing film 43 or the inter-gate insulating film 45 of the memory 
cells connected to the unselected word lines WL N-2 and 
WL N+2 are likely to deteriorate. 
0098. Accordingly, the electric field strength in the tunnel 
insulating film 43 or the inter-gate insulating film 45 of the 
memory cells connected to the unselected word lines 
WL N-2 and WL N+2 is reduced by decreasing the poten 
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tial of the unselected word lines WL N-3 and WLN+3 
adjacent to the unselected word lines WL N-2 and WL N+2, 
thus preventing deterioration of the tunnel insulating film 43 
or the inter-gate insulating film 45. 
0099. Alternatively, the voltages of the unselected word 
lines WL N-1 and WL N+1 may be increased to a level 
higher than Vread. In other words, even with the voltage 
Vread2 applied to the unselected word lines of WL N-2 and 
WL N+2, the increase of the potential in the unselected word 
lines WL N-1 and WL N+1 may not be compensated. In this 
case, when the unselected word lines WL N-1 and WL N+1 
are set at a level higher than Vread but equal to or less than 
Vread2, the potential difference between the adjacent word 
lines can be reduced more accurately than the conventional 
reading method. 

Sixth Embodiment 

0100 Subsequently, a nonvolatile semiconductor memory 
device according to a sixth embodiment will be explained 
with reference to FIG. 10. 
0101. In this embodiment, in addition to the voltage appli 
cation method during data read process in the fourth embodi 
ment, a read pass Voltage Vread1 lower than Vread and a read 
voltage Vread2 higher than Vread are alternately, respectively 
applied to third and Subsequent unselected word lines 
WL N-3 to WL 0 and WL N+3 to WL M-1 at the drain 
side and the cell source-side with respect to the selected word 
line WL. N. In this configuration, the voltage of the floating 
gate excessively raised by the read pass Voltage Vread2 is 
reduced with the adjacent word line, and the voltage of the 
floating gate excessively reduced by the read pass Voltage 
Vread1 is raised with the adjacent word line, so that the 
changes of the potentials of the floating gates of the memory 
cells in the NAND strings are suppressed in whole. 
0102. In other words, with respect to the selected word 
line, the higher Voltage is applied to the unselected word lines 
WL N-even and WL N+even, and the lower voltage is 
applied to the unselected word lines WL N-odd and WL N+ 
odd. 
0103) As a result, this can prevent erroneous write process 
to the memory cells connected to the unselected word lines 
WL N-even and WL N+even. Further, the lower voltage is 
applied to the unselected word lines WL N-odd and WL N+ 
odd, but the higher voltage (Vread2) is applied to the unse 
lected word lines WL N-even and WL N+even. Accord 
ingly, the memory cell transistors whose gate electrodes are 
connected to the unselected word lines WL N-odd and 
WL N+odd are not turned off. 
0104 That is, the reliability of all the memory cells of the 
NAND strings can be improved. 
0105. Alternatively, the voltages of the unselected word 
lines WL N-1 and WL N+1 may be increased to a level 
higher than Vread. In other words, even with the voltage 
Vread2 applied to the unselected word lines WL N-2 and 
WL N+2, the increase of the potential in the unselected word 
lines WL N-1 and WL N+1 may not be compensated. In this 
case, when the unselected word lines WL N-1 and WL N+1 
is set at a level higher than Vread but equal to or less than 
Vread2, the potential difference between the adjacent word 
lines can be reduced more accurately than the conventional 
reading method. 

Seventh Embodiment 

0106 Subsequently, a nonvolatile semiconductor memory 
device according to a seventh embodiment will be explained 
with reference to FIG. 11. 
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0107. In the above embodiment, the selected word line 
WL N is at the central portion of the NAND cell unit NU, 
However, in the present embodiment, the selected word line is 
at the end of the drain-side of the NAND cell unit NU. 
0108. This embodiment is different from the third embodi 
ment as shown in FIG. 7 in that the selected word line is the 
word line WLM-1 at the end of the drain-side, i.e., there is no 
word line at the drain-side with respect to the selected word 
line. The applied voltages applied to the unselected word lines 
WL M-2, WL M-3, ..., WL 0, and the source-side selec 
tion gate line SGS are the same as those of the third embodi 
ment. 

0109 The voltage applied to the drain-side selection gate 
SGD is preferably VSG2 (2VSG). That is, in view of the 
electric filed strength, the voltage of the drain-side selection 
gate line SGD is preferably such that the potential difference 
between the selected word line WL M-1 and the selection 
gate line SGD is Small, and the selection gate line Voltage 
VSG2 is preferably lower. When the reliability of the drain 
side selection gate transistor S1 is considered, the Voltage of 
the selection gate line voltage VSG2 is preferably lower. On 
the other hand, the interference with an adjacent cell is as 
follows. When data are written to the cells of the selected 
word line WL M-1 (not in the erase state), the potential of 
the floating gate of the cell of the selected word line WL M-1 
is lower than the erase state, and therefore, the potential at the 
junction shared with the cell of the selected word line 
WL M-1 decreases along with the downsizing. As a result, 
the ON current of the drain-side selection gate transistor is 
less likely to flow. In order to ensure the ON current of the 
drain-side selection gate transistor, the voltage VSG2 is pref 
erably higher. 
0110. Therefore, the voltage VSG2 needs to be equal to or 
more than the voltage VSG. According to the applied struc 
ture of the NAND cell, when the reliability and the electric 
filed strength of the drain-side selection gate SGD can be 
ensured, the voltage VSG2 is desirably more than the voltage 
VSG, and when the reliability and electric filed strength of the 
drain-side selection gate SGD cannot be ensured, the Voltage 
VSG2 is desirably the same as the voltage VSG. 

Eighth Embodiment 
0111 Subsequently, a nonvolatile semiconductor memory 
device according to an eighth embodiment will be explained 
with reference to FIG. 12. 
0112. In this embodiment, a voltage application method 
for selecting and reading the second word line WL M-2 from 
the end of the drain-side will be shown. This embodiment is 
different from the third embodiment as shown in FIG. 7 in that 
there is only one word line at the drain-side with respect to the 
selected word line. The applied Voltages applied to the unse 
lected word lines WL M-3, WL M-4, WL 0, and the 
Source-side selection gate line SGS are the same as those of 
the third embodiment. 
0113. A voltage Vread4 is applied to the unselected word 
line WL M-1 at the drain-side with respect to the selected 
word line WL M-2. In this case, there is only one word line 
at the drain-side with respect to the selected word line, and 
therefore, the unselected word line WLM-1 cannot attain a 
Voltage application state Such as that of the source-side. 
Therefore, the same Voltage as the read pass Voltage Vread2 is 
desirably applied as the read pass Voltage Vread4. 
0114. However, since the voltage of the selection gate line 
SGD adjacent to the unselected word line WL M-1 is less 
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than the read pass Voltage Vread, the potential of the floating 
gate of the cell of the unselected word line WL M-1 is less 
likely to increase along with the downsizing. Therefore, the 
Voltage Vread4 is desirably equal to or more than the Voltage 
Vread2. 

0115 Further, the voltage applied to the drain-side selec 
tion gate line SGD is desirably VSG3 (2VSG). That is, in 
view of the electric field strength, the voltage of the selection 
gate line SGD is preferably such that the potential difference 
between the adjacent word line WL M-1 and the selection 
gate line SGD is smaller, and the voltage VSG3 is preferably 
high. As described above, even in view of the interference 
with the adjacent cell, the voltage VSG3 is preferably higher. 
On the other hand, in view of the reliability of the drain-side 
selection gate transistor S1, the voltage VSG3 is preferably 
lower. 

0116. Therefore, the voltage VSG3 needs to be equal to or 
more than the voltage VSG. According to the applied struc 
ture of the NAND cell, when the reliability can be ensured, the 
voltage VSG3 is desirably more than the voltage VSG, and 
when the reliability is severe, the voltage VSG3 is desirably 
the same as the voltage VSG. 

Ninth Embodiment 

0117 Subsequently, a nonvolatile semiconductor memory 
device according to a ninth embodiment will be explained 
with reference to FIG. 13. 

0118. In this embodiment, a voltage application method 
for selecting and reading the third word line WL M-3 from 
the drain-side will be shown. This embodiment is different 
from the third embodiment as shown in FIG. 7 in that there are 
only two word lines at the drain-side with respect to the 
selected word line. The applied Voltages applied to the unse 
lected word lines WL M-4, WL M-5, ..., WL 0, and the 
Source-side selection gate line SGS are the same as those of 
the third embodiment. 

0119 Voltages Vread51, Vread52 are applied to the unse 
lected word lines WL M-2 and WL M-1 at the drain-side 
with respect to the selected word line WL M-3. In this case, 
Vread-Vread51<Vread2 and Vread52>Vread hold. In this 
case, there are only two word lines at the drain-side with 
respect to the selected word line, and the Voltage of the selec 
tion gate line SGD adjacent to the word line WL M-1 is less 
than the voltage Vread as described above. Therefore, the 
potential of the floating gate of the cell of the unselected word 
line WL M-1 is less likely to increase along with the down 
sizing. 
0120. Therefore, as shown in the third embodiment, the 
voltage Vread52 is higher than the voltage Vread, but is 
desirably the same as the voltage Vread22 or higher than 
Vread 22. 

0121 Further, the voltage applied to the drain-side selec 
tion gate line SGD is desirably VSG4 (2VSG). Like the 
above embodiment, the voltage VSG4 needs to be equal to or 
more than the voltage VSG. According to the applied struc 
ture of the NAND cell, when the reliability can be ensured, the 
voltage VSG4 is desirably more than the voltage VSG, and 
when the reliability is severe, the voltage VSG4 is desirably 
the same as the voltage VSG. 
0122) When the word line WL M-4 at the fourth or higher 
line from the drain-side is selected, the Voltage application 
method to the unselected word lines WL M-3 to WL M-1 
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and the selection gate line SGD at the drain-side with respect 
to the selected word line WL M-4 is the same as that of the 
third embodiment. 

Tenth Embodiment 

I0123 Subsequently, a nonvolatile semiconductor memory 
device according to a tenth embodiment will be explained 
with reference to FIG. 14. 

0.124. In this embodiment, the selected word line is at the 
end of the cell source-side of the NAND cell unit NU. 

0.125. This embodiment is different from the third embodi 
ment as shown in FIG. 7 in that the selected word line is the 
word line WL 0 at the end of the cell source-side, i.e., there is 
no word line at the source-side with respect to the selected 
word line. The applied voltages applied to the unselected 
word lines WL 1, WL 2, ..., WL M-1, and the drain-side 
selection gate line SGD are the same as those of the third 
embodiment. 

0.126 Further, like the seventh to ninth embodiments, the 
voltage VSG5 applied to the source-side selection gate SGS 
needs to be equal to or more than the Voltage VSG. According 
to the applied structure of the NAND cell, when the reliability 
and the electric filed strength of gate insulator in the source 
side selection gate SGS can be ensured, the voltage VSG5 is 
desirably more than the voltage VSG, and when the reliability 
and the electric filed strength of gate insulator in the source 
side selection gate SGS cannot be ensured, the voltage VSG5 
is desirably the same as the voltage VSG. 

Eleventh Embodiment 

I0127 Subsequently, a nonvolatile semiconductor memory 
device according to an eleventh embodiment will be 
explained with reference to FIG. 15. 
I0128. In this embodiment, a voltage application method 
for selecting and reading the second word line WL 1 from the 
end of the cell source-side will be shown. This embodiment is 
different from the third embodiment as shown in FIG. 7 in that 
there is only one word line at the source-side with respect to 
the selected word line. The applied voltages applied to the 
unselected word lines WL 2, WL 3, ..., WL M-1, and the 
drain-side selection gate line SGD are the same as those of the 
third embodiment. 

I0129. A voltage Vread6 is applied to the unselected word 
line WL 0 at the source-side with respect to the selected word 
line WL 1. In this case, there is only one word line at the 
source-side with respect to the selected word line, and there 
fore, the unselected word line WL 0 cannot attain a voltage 
application state such as that of the drain-side. Therefore, the 
same Voltage as the read pass Voltage Vread2 is desirably 
applied as the read pass Voltage Vread6. 
0.130 However, since the voltage of the selection gate line 
SGS adjacent to the unselected word line WL 0 is less than 
the read pass Voltage Vread, the potential of the floating gate 
of the cell of the unselected word line WL 0 is less likely to 
increase along with the downsizing. Therefore, the Voltage 
Vread6 is desirably equal to or more than the voltage Vread2. 
0131 Further, like the seventh to ninth embodiments, the 
voltage VSG6 applied to the cell source-side selection gate 
line SGS needs to be equal to or more than the voltage VSG. 
According to the applied structure of the NAND cell, when 
the reliability can be ensured, the voltage VSG6 is desirably 
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more than the voltage VSG, and when the reliability is severe, 
the voltage VSG6 is desirably the same as the voltage VSG. 

Twelfth Embodiment 

0132) Subsequently, a nonvolatile semiconductor memory 
device according to a twelfth embodiment will be explained 
with reference to FIG. 16. 
0133. In this embodiment, a voltage application method 
for selecting and reading the third word line WL 2 from the 
source-side will be shown. This embodiment is different from 
the third embodiment as shown in FIG. 7 in that there are only 
two word lines at the source-side with respect to the selected 
word line. The applied voltages applied to the unselected 
word lines WL 3, WL 4, ..., WL M-1, and the drain-side 
selection gate line SGD are the same as those of the third 
embodiment. 
0134 Voltages Vread71, Vread72 are applied to the unse 
lected word lines WL 1 and WL 0 at the source-side with 
respect to the selected word line WL 2. In this case, 
Vread-Vread71<Vread2, Vread72>Vread hold. In this case, 
there are only two word lines at the source-side with respect 
to the selected word line, and the Voltage of the selection gate 
line SGS adjacent to the word line WL 0 is less than the 
voltage Vread as described above. Therefore, the potential of 
the floating gate of the cell of the unselected word line WL 0 
is less likely to increase along with the downsizing. 
0135 Therefore, as shown in the third embodiment, the 
voltage Vread72 is higher than the voltage Vread, but is 
desirably the same as the voltage Vread32 or higher than 
Vread32. 

0136 Further, like the seventh to ninth embodiment, the 
voltage VSG7 applied to the source-side selection gate line 
SGS needs to be equal to or more than the voltage VSG. 
According to the applied structure of the NAND cell, when 
the reliability can be ensured, the voltage VSG7 is desirably 
more than the voltage VSG, and when the reliability is severe, 
the voltage VSG7 is desirably the same as the voltage VSG. 
0.137 Further, it is to be understood that the voltages 
VSG2 to VSG7 desirably have as few types of Voltages as 
possible, so that the circuit can be simplified, and the size of 
area of the circuit can be reduced. Likewise, the Voltages 
Vread21, Vread22, Vread51, Vread52, Vread71, Vread72 
desirably have as few types of voltages as possible. Likewise, 
Vread2. Vread4, Vread7 desirably have as few types of volt 
ages as possible. 

Thirteenth Embodiment 

0.138. Subsequently, a nonvolatile semiconductor memory 
device according to a thirteenth embodiment will be 
explained with reference to FIG. 17. 
0.139. In the above embodiments, all the memory cells in 
the memory cell array are used for data storage. On the other 
hand, in recent years, as the sizes of devices are reduced, the 
characteristics of memory cells connected to a word line 
adjacent to a selection gate are different more greatly than 
other memory cells. Accordingly, in Some cases, the word line 
adjacent to the selection gate is used as a dummy word line, 
and the memory cells connected to the dummy word line 
operate as dummy cells which are not used for data storage 
(K. Kanda et al., “A 120 mm2 16 Gb 4 Multi Level NAND 
Flash Memory with 43 nm CMOS Technology”, ISSCC Dig. 
Tech. Papers, pp. 430-431, February 2008.). 
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0140. In the present embodiment, for example, the word 
lines WL 0 and WL M-1 adjacent to the selection gate lines 
SGS, SGD at both of the source-side and the drain-side are 
adopted as dummy word lines. However, the same effects can 
be obtained even when only a word line adjacent to at least 
one of the selection gate lines SGS, SGD at the source-side 
and the drain-side is adopted as a dummy word line. Even 
when there are a plurality of dummy word lines adjacent to at 
least one of the Source-side and the drain-side, the same 
effects can be obtained. 
0141 FIG. 17 illustrates a voltage application method dur 
ing read operation according to the present embodiment. 
0.142 Memory cells connected to the dummy word line 
(dummy cells) do not store any data, and therefore, the 
dummy cells may be in erase state. When the dummy cells are 
in erase state, the dummy cells can be in conductive state even 
if the voltage of the dummy word line is low. 
0143. This means that the potential difference between the 
selection gate lines SGD, SGS and the dummy word lines 
WL M-1 and WL 0 adjacent thereto can be easily Sup 
pressed. Therefore, voltages are desirably applied to the 
dummy word lines WL 0 and WL M-1 so that the voltages 
become the read pass voltages Vread S1, Vread D1, respec 
tively (where Vread S1>VSG, Vread D1<Vread). 
0144. In this case, the present embodiment is a modifica 
tion of the third embodiment. However, the same effects can 
also be obtained even when the present embodiment is made 
as a modification of the first or second embodiment. 

Fourteenth Embodiment 

0145 Subsequently, a nonvolatile semiconductor memory 
device according to a fourteenth embodiment will be 
explained with reference to FIG. 18. 
0146 Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
wherein a selected word line is a word line at the end portion 
at the drain-side. 

0.147. In the present embodiment, the word lines WL 0 
and WL M-1 adjacent to the selection gate lines SGS, SGD 
at both of the source-side and the drain-side are adopted as 
dummy word lines. However, the same effects can be 
obtained even when only a word line adjacent to at least one 
of the selection gate lines at the Source-side and the drain-side 
is adopted as a dummy word line. 
0.148. As shown in FIG. 18, the selected word line is the 
second word line WL M-2 from the drain-side. The present 
embodiment is different from FIG. 17 in that there is only the 
dummy word line WL M-1 at the drain-side with respect to 
the selected word line. 

014.9 The applied voltages of the other word lines 
WL M-3, WL M-4, ..., WL 0 and the selection gate line 
SGS are the same as those of the thirteenth embodiment. 

0150. A voltage Vread D2 (2Vread D1) is applied to the 
dummy word line WL M-1. In this case, since there is only 
one word line (dummy word line WL M-1) at the drain-side 
with respect to the selected word line, it is desirable to follow 
the Voltage application method in the conventional example 
as shown in FIG. 32. 

0151. However, the dummy cell may be in erase state. 
When the dummy cell is in erase state, the threshold value 
(Vth) is low, and it is not necessary to increase the Voltage to 
a level as high as Vread4 of FIG. 12. The voltage of Vread D2 
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may be determined within a range equal to or more than 
Vread D1 according to the applied structure of the NAND 
cell. 

0152 The voltage VSG8 applied to the drain-side selec 
tion gate SGD needs to be equal to or more than the Voltage 
VSG, but according to the voltage Vread D2 and the applied 
structure of the NAND cell, when the reliability and the 
electric filed strength of gate insulator in the drain-side selec 
tion gate SGD can be ensured, the voltage VSG8 is desirably 
more than the voltage VSG, and when the reliability and the 
electric filed strength of gate insulator in the drain-side selec 
tion gate SGD cannot be ensured, the voltage VSG8 is desir 
ably the same as the voltage VSG. 

Fifteenth Embodiment 

0153. Subsequently, a nonvolatile semiconductor memory 
device according to a fifteenth embodiment will be explained 
with reference to FIG. 19. 

0154) Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
wherein a selected word line is the third word line WLM-3 
from the end portion at the drain-side. The present embodi 
ment is different from FIG. 17 in that there are only the 
dummy word line WL M-1 and the unselected word line 
WL M-2 at the drain-side with respect to the selected word 
line. 

0155 The applied voltages of the other word lines 
WL M-4, WL M-5, ..., WL 0 and the selection gate line 
SGS are the same as those of the thirteenth embodiment. 

0156 A voltage Vread D3 (sVread D1) is applied to the 
dummy word line WL M-1. A voltage Vread3 
(Vread-Vread8 <Vread2) is applied to the unselected word 
line WL M-2 at the drain-side. Since the read voltage Vcg is 
low, the read pass voltage Vreads needs to be set somewhat 
higher, but in order to reduce the potential difference between 
the cells, the voltage Vread D3 is desirably set at a value 
higher than Vread D1 so that the read pass voltage Vread3 is 
set at a Voltage as low as possible. 
(O157. On the other hand, the voltage VSG9 applied to the 
drain-side selection gate line SGD needs to be equal to or 
more than the voltage VSG, but according to the voltage 
Vread D3 and the applied structure of the NAND cell, when 
the reliability and the electric filed strength of gate insulator in 
the drain-side selection gate SGD can be ensured, the voltage 
VSG9 is desirably more than the voltage VSG, and when the 
reliability and the electric filed strength of gate insulator in the 
drain-side selection gate SGD Voltage cannot be ensured, the 
voltage VSG9 is desirably the same as the voltage VSG. 

Sixteenth Embodiment 

0158. Subsequently, a nonvolatile semiconductor memory 
device according to a sixteenth embodiment will be explained 
with reference to FIG. 20. 

0159. Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
whereina selected word line is the fourth word line WL M-4 
from the end portion at the drain-side. The present embodi 
ment is different from FIG. 17 in that there are only the 
dummy word line WL M-1 and the two unselected word 
lines WL M-2 and WL M-3 at the drain-side with respect to 
the selected word line. 
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0160 The applied voltages of the other word lines 
WL M-5, WL M-6, ..., WL 0 and the selection gate line 
SGS are the same as those of the thirteenth embodiment. 
0.161 A voltage Vread D4 (2Vread D1) is applied to the 
dummy word line WL M-1. A voltage Vread91 
(VreadkVread91<Vread2) and a voltage Vread92 (>Vread) 
are respectively applied to the unselected word lines 
WL M-3 and WL M-2 at the drain-side. The read pass 
voltage Vread92 is higher than the read pass voltage Vread. 
Therefore, a voltage as high as the voltage Vread D1 is suf 
ficient as the voltage Vread D4 in essence. On the other hand, 
from the perspective of the electric filed strength, the potential 
difference between the word lines WL M-1 and WLM-2 is 
desirably small, and the voltage Vread D4 is desirably set at 
a value higher than the voltage Vread D1. Therefore, accord 
ing to the applied structure of the NAND cell, when the cell 
characteristics and its electric filed strength can be ensured, 
the voltage Vread D4 is desirably set at the same level as the 
voltage Vread D1, and when the reliability and the electric 
filed strength cannot be ensured, the voltage Vread D4 is 
desirably set at a value higher than the voltage Vread D1. 
0162 The voltage VSG10 applied to the drain-side selec 
tion gate line SGD needs to be equal to or more than the 
voltage VSG, but according to the voltage Vread D4 and the 
applied structure of the NAND cell, when the reliability and 
the electric filed strength voltage can be ensured, e.g., when 
the voltage Vread D4 is higher than Vread D1, the voltage 
VSG10 is desirably more than the voltage VSG, and when the 
reliability and the electric filed strength voltage cannot be 
ensured, the voltage VSG10 is desirably the same as the 
voltage VSG. 

Seventeenth Embodiment 

0163 Subsequently, a nonvolatile semiconductor memory 
device according to a seventeenth embodiment will be 
explained with reference to FIG. 21. 
(0164. Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
wherein a selected word line is a word line at the end portion 
at the cell source-side. 
0.165. In the present embodiment, the word lines WL 0 
and WL M-1 adjacent to the selection gate lines SGS, SGD 
at both of the source-side and the drain-side are adopted as 
dummy word lines. However, the same effects can be 
obtained even when only a word line adjacent to at least one 
of the selection gate lines at the Source-side and the drain-side 
is adopted as a dummy word line. 
(0166 As shown in FIG. 21, the selected word line is the 
second word line WL 1 from the cell source-side. The 
present embodiment is different from FIG. 17 in that there is 
only the dummy word line WL 0 at the cell source-side with 
respect to the selected word line. 
0167. The applied voltages of the other word lines WL 1. 
WL 2, ..., WL M-1 and the selection gate line SGD are the 
same as those of the thirteenth embodiment. 
0168 A voltage Vread S2 (2Vread S1) is applied to the 
dummy word line WL 0. In this case, since there is only one 
word line (dummy word line WL 0) at the cell source-side 
with respect to the selected word line, it is desirable to follow 
the Voltage application method in the conventional example 
as shown in FIG. 32. 
0169. However, the dummy cell may be in erase state. 
When the dummy cell is in erase state, the threshold value 
(Vth) is low, and it is not necessary to increase the Voltage to 
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a level as high as Vread4 of FIG. 15. The voltage of Vread S2 
may be determined within a range equal to or more than 
Vread S1 according to the applied structure of the NAND 
cell. 

(0170 The voltage VSG11 applied to the cell source-side 
selection gate SGS needs to be equal to or more than the 
voltage VSG. According to the applied structure of the NAND 
cell and the voltage Vread S2, when the reliability and the 
electric filed strength of source-side selection gate SGS volt 
age can be ensured, the voltage VSG11 is desirably more than 
the voltage VSG, and when the reliability and the electric filed 
strength of Source-side selection gate SGS Voltage cannot be 
ensured, the voltage VSG11 is desirably the same as the 
voltage VSG. 

Eighteenth Embodiment 

0171 Subsequently, a nonvolatile semiconductor memory 
device according to an eighteenth embodiment will be 
explained with reference to FIG. 22. 
0172. Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
whereina selected word line is the third word line WL 2 from 
the end portion at the cell source-side. The present embodi 
ment is different from FIG. 17 in that there are only the 
dummy word line WL 0 and one unselected word line WL 1 
at the cell source-side with respect to the selected word line. 
(0173 The applied voltages of the other word lines WL 3, 
WL 4, ..., WL M-1 and the selection gate line SGD are the 
same as those of the thirteenth embodiment. 

0.174. A voltage Vread S3 (2Vread S1) is applied to the 
dummy word line WL 0. A voltage Vread 10 
(Vread-Vread10 <Vread2) is applied to the unselected word 
line WL 1 at the source-side. Since the read voltage Vcg is 
low, the read pass voltage Vread10 needs to be set somewhat 
higher, but in order to reduce the potential difference between 
the cells, the voltage Vread S3 is desirably set at a value 
higher than Vread S1 so that the read pass voltage Vread10 is 
set at a Voltage as low as possible. 
(0175. On the other hand, the voltage VSG12 applied to the 
cell source-side selection gate line SGS needs to be equal to or 
more than the voltage VSG, but according to the voltage 
Vread S3 and the applied structure of the NAND cell, when 
the reliability and the electric filed strength of source-side 
selection gate SGS can be ensured, the voltage VSG12 is 
desirably more than the voltage VSG, and when the reliability 
and the electric filed strength of Source-side selection gate 
SGS cannot be ensured, the voltage VSG12 is desirably the 
same as the voltage VSG. 

Nineteenth Embodiment 

0176 Subsequently, a nonvolatile semiconductor memory 
device according to a nineteenth embodiment will be 
explained with reference to FIG. 23. 
0177. Like the thirteenth embodiment, this embodiment 
shows a Voltage application method using a dummy word line 
wherein a selected word line is the fourth word line WL 3 
from the end portion at the cell source-side. The present 
embodiment is different from FIG. 17 in that there are only 
the dummy word line WL 0 and two unselected word lines 
WL 1 and WL 2 at the cell source-side with respect to the 
selected word line. 
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0.178 The applied voltages of the other word lines WL 4, 
WL 5, ..., WL M-1 and the selection gate line SGD are the 
same as those of the thirteenth embodiment. 

0179 A voltage Vread S4 (2Vread S1) is applied to the 
dummy word line WL 0. A voltage Vread 111 
(Vread-Vread111<Vread2) and a voltage Vread 112 
(>Vread) are respectively applied to the unselected word lines 
WL 2 and WL 1 at the cell source-side. The read pass volt 
age Vread 112 is higher than the read pass Voltage Vread. 
Therefore, a voltage as high as the voltage Vread S1 is suf 
ficient as the voltage Vread S4 in essence. On the other hand, 
from the perspective of the electric filed strength, the potential 
difference between the word lines WL 0 and WL 1 is desir 
ably small, and the voltage Vread S4 is desirably set at a 
value higher than the voltage Vread S1. Therefore, according 
to the applied structure of the NAND cell, when the cell 
characteristics and its electric filed strength can be ensured, 
the voltage Vread S4 is desirably set at the same level as the 
voltage Vread S1, and when the reliability and the electric 
filed strength voltage cannot be ensured, the Voltage Vread 
S4 is desirably set at a value higher than the voltage Vread 
S1. 

0180. On the other hand, the voltage VSG13 applied to the 
cell source-side selection gate line SGS needs to be equal to or 
more than the voltage VSG, but according to the voltage 
Vread S4 and the applied structure of the NAND cell, when 
the reliability and the electric filed strength of the source-side 
selection gate SGS can be ensured, e.g., when the Voltage 
Vread S4 is higher than Vread S1, the voltage VSG13 is 
desirably more than the voltage VSG, and when the reliability 
and the electric filed strength of the Source-side selection gate 
SGS cannot be ensured, the voltage VSG13 is desirably the 
same as the voltage VSG. 

Twentieth Embodiment 

0181. The read operation has been hereinabove explained. 
Hereinafter, write verification read operation will be 
explained. 
0182. In this case, the present embodiment is explained as 
a modification of the third embodiment. However, the present 
embodiment can also be applied as a modification of the first 
and second embodiments. 

0183 FIG. 24 is a figure illustrating writing order of a 
NAND-type nonvolatile semiconductor memory device of 
two bits/cell according to a twentieth embodiment. More 
specifically, first, a lower page of the memory cells connected 
to the word line WL 0 at the end portion of the cell source is 
written. Subsequently, a lower page of the memory cells 
connected to the adjacent word line WL 1 is written. Subse 
quently, an upper page of the memory cells connected to the 
word line WL 0 previously written is written. Subsequently, 
a lower page of the memory cells connected to the third word 
line WL 2 from the cell source-side is written. This order of 
writing can reduce the influence caused by change of the 
threshold value of the adjacent cell during write process to the 
upper page. According to this order of writing, the memory 
cell array can attain the following four stages. 
0.184 1) Stage immediately after lower page is written (the 
same state as the state during write verification read process 
of lower page) 
0185. 2) Stage from when lower page is written to when 
upper page is written (two stages) 
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0186 3) Stage immediately after upperpage is written (the 
same state as the state during write verification read process 
of upper page) 
0187. 4) Stage from when upper page is written to when 
data are written to all the cells in the NAND cell 

0188 FIG.25 illustrates what kind of data are stored in the 
memory cells connected to the word lines WL N-5 to 
WL N+5 in the above stages 1) to 4). It should be noted that 
encircled thick letters in the figure represent data written at 
the last. It should be noted that the erase state and the thresh 
old value distribution of each of the levels A, B, C are as 
shown in FIG. 4. 

0189 In FIG.25, for example, in state 1) and state 2)-1, the 
memory cells connected to the unselected word lines 
WL N+1 to WL N+5 at the drain-side with respect to the 
selected word line WLN are in erase state. It is understood 
that the memory cells in erase state may have a low Voltage as 
unselected word line Voltages. 
0190. In “L’, the threshold value distribution of the cell 
may be in two kinds of states (erase state and LM level of FIG. 
4) when data of the lower page (first bit) are written to the cell, 
and therefore, “L” represents a state in which a somewhat 
high read pass Voltage more than the LM level is required in 
order to make the cells connected to the unselected word lines 
in conductive state during verification read process. However, 
the read pass Voltage does not necessarily be a Voltage as high 
as the read pass Voltage Vread during read process. 
(0191) “L/U” represents a state in which the threshold value 
distribution of the cell may be in four kinds of states (erase 
states, A, B, C levels of FIG. 4) when data of the lower page 
(first bit) and the upper page (second bit) are written to the 
cell, and “L/U represents a state in which the threshold value 
of the cell may be high. Therefore, the read pass voltage Vread 
is required in order to make the cells connected to the unse 
lected word lines in conductive state. 

(0192. As is evident from FIG. 25, in the state of 1) and 3) 
in which write verification read operation is performed, the 
threshold value of the cells connected to the word line 
WL N+1 and the word lines arranged at the drain-side with 
respect to the word line WL N+1 is relatively low, i.e., the 
state of 1) and 3) is erase state or L state. Therefore, in the state 
of 1) and 3), the voltage applied to the word line can be 
reduced. 

0193 In addition to the above points, the Voltage as shown 
in FIG. 26 is applied in the present embodiment. 
0194 In other words, when write verification read opera 
tion of lower page is performed in state 1), the cells connected 
to the word line WL N+3 and the word lines at the drain-side 
with respect to the word line WL N+3 are in erase state. 
Accordingly, a read pass Voltage Vpvd equal to or less than 
the voltage Vread is applied to these word lines WL N+3. 
WL N+4, . . . . This can reduce difference of the cell current 
(ON resistance) of the cell between write verification read 
process and data read process. The state 3) is also the same. 
0.195. In the present embodiment, in the stage of lower 
page write verification read process of the state 1), Vread 132, 
Vread 131, Vread 121, Vread122 are applied to the unselected 
word lines WL N-2, WL N-1, WL N+1 and WL N+2. In 
the stage of upper page write verification read process of the 
state 3), Vread 152, Vread 151, Vread 141, Vread 142 are 
respectively applied to the unselected word lines WL N-2, 
WLN-1, WL N+1 and WL N+2. Regardless of the stages 
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1) to 4), in read operation, the same Voltage as that of the third 
embodiment is applied. In this case, the following expres 
sions hold. 

Vread 122a Vread 142s Vread22, 

Vread 121s Vread 141s Vread21, 

Vread 131a Vread 151 eVread31, and 

Wread132s Vread152sVread32. 

In other words, the voltages applied to the unselected word 
lines WL N-2, WL N-1, WL N+1 and WL N+2 are 
applied so that the Voltages increase in order from the stage of 
the lower page write verification read process of the state 1), 
the stage of the upper page write verification read process of 
the state 3), and then the stage of the read operation. This can 
cancel the difference of the ON resistances of the cells caused 
by change of the data states of the cells connected to the 
unselected word lines WL N-2, WL N-1, WL N+1 and 
WL N+2, and the width of the threshold voltage (Vth) dis 
tribution can be reduced effectively, so that the write speed 
can be improved, or the reliability characteristics of the cells 
can be improved. 
0196. When the present embodiment is applied, the 
threshold value distribution is as follows. When data are 
written to a certain word line, and the cells in the word line are 
read after the data are stored to the cells by performing write 
verification process, the threshold value distribution shifts to 
the left as compared with the write verification read process if 
the cells of the word line is in the states 1) to 3) described 
above. 

0.197 However, as shown in FIG.4, in each write level, the 
verification level is higher than read level (LMR-LMV. 
AR<AV, BR-BV, CR-CV). Therefore, Vread 132, Vread 131, 
Vread 121, Vread122 in the state 1) and Vread 152, Vread 151, 
Vread 141, Vread142 in the state 3) may be set lower than 
Vread21, Vread22, Vread31, Vread32 as long as the threshold 
value distribution does not shift to the left with respect to the 
read level. 

0.198. On the other hand, the threshold value distribution is 
as follows when data are written to the cells of a certain word 
line by performing write process and write verification pro 
cess, thereafter the word line is read after write process per 
formed on an adjacent word line. In this case, the threshold 
value distribution of the cells shifts to the right due to the 
interference caused by the adjacent cells if the cells of the 
word line are in the states 2) to 4). In general, the upper 
portion of the threshold value distribution shifts to the right 
more greatly than the lower portion thereof. 
0199. With regard to this point, according to the present 
embodiment, the threshold value distribution can be shifted to 
the left, and therefore, the cell-to-cell interference can be 
cancelled. 

Twenty-First Embodiment 

0200. The twentieth embodiment shows a case where 
write verification read operation is performed on a certain 
write level. 

0201 The present embodiment shows a voltage applica 
tion method where each memory cell in the NAND cell stores 
in bit/cell (ne2). In this case, for example, two bits/cell are 
stored. 
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0202 In this case, the present embodiment is shown as a 
modification of the third embodiment. However, this can also 
be modifications of the other embodiments. 
0203 When Numerical expression 3, Numerical expres 
sion 5, i.e., floating gate potential variations of the cells in the 
word lines WL N+4 and WL N+1 as shown in the conven 
tional example and the first embodiment, are looked up, it is 
understood that the higher the read voltage Vcg of the selected 
word line WL N is, the smaller these values are. More spe 
cifically, when the read voltage Vcg of the selected word line 
WL N is high, variation of the floating gate potential of the 
cells connected to the adjacent unselected word line WL N+1 
decreases. Therefore, in the threshold value distribution of the 
cell as shown in FIG.4, when a level of a high threshold value 
such as C level and B level is read, the read voltage Vcg 
increases. Therefore, the floating gate potential variation of 
the cells connected to the unselected word line WL N+1 is 
small, and is less likely to be affected by the cells of the 
adjacent word line. 
0204 Accordingly, in the present embodiment, the higher 
the threshold value level of read data is, the lower values the 
read pass voltages Vread21, Vread31 are set at. Further, in 
synchronization with this, Vread22, Vread32 are set at low 
values. 
0205 By carrying out the present embodiment, the num 
ber of times Vread21, Vread22, Vread31, Vread32, i.e., volt 
ages higher than the read pass Voltage Vread, are applied can 
be reduced, and deterioration of the reliability of the cells can 
be avoided. In particular, deterioration of read-disturb (phe 
nomenon that causes change in data stored in the memory 
cells when read operation is repeated) can be avoided. 
0206. Like what is described in the above embodiments, 
data are written to the cells in the adjacent word line WL N+1 
after the cells in the word line WLN are written. Therefore, 
the degree of the cell-to-cell interference received by the cells 
of the word line WLN can be cancelled, and the width of the 
threshold value distribution of the cells can be reduced effec 
tively. As a result, the write speed can be improved, or the 
reliability characteristics of the cells can be improved. 
0207 FIG. 27 is a figure illustrating an example of write 
operation and write verification operation waveforms of the 
selected word line (WL N) when the memory cell stores two 
bits/cell according to the present embodiment. In this figure, 
the waveform in the stage of the state 3) of the previous 
embodiment is shown. In other words, this shows the wave 
forms of write/write verification read operation when the 
upper page is written. On the other hand, FIG. 27 shows 
operation waveforms of the adjacent unselected word line 
WL N+1 corresponding to the applied voltages to the 
selected word line WLN. It should be noted that the unse 
lected word lines WL N+2, WL N-1 and WLN-2 also 
have the same tendency Such as magnitude relationship. 
0208. As shown in the figure, the voltage of the unselected 
word line WL N+1 changes according to the write level so 
that the read pass Voltages satisfy the following expression: 
Vread 1412Vread14A2Vread 141B2Vread 141C. 
0209. In the present embodiment, for example, the read 
pass Voltage VPASS is a constant and equal Voltage in each 
write loop with respect to the word lines WL N+1 and 
WL. N. Alternatively, it is to be understood that the voltage of 
VPASS may be changed between the word line WL N and 
the word line WL N+1, or the voltage may be gradually 
increased in each write loop, whereby the same effects as 
those of the present embodiment can be obtained. 
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0210. On the other hand, when the present embodiment is 
carried out, timing of the Voltage application including write 
Voltages is not particularly limited. 
0211 Like the read pass voltage Vread 141, the same 
effects can also be obtained even when different voltages are 
supplied with regard to Vread 142, Vread 151, Vread 152 
according to the write levels of A, B, C levels. 
0212. Further, the same effects can be obtained when a 
Vread 121LM (sVread 121), Vread122LM (sVread122), 
and a Vread131LM (sVread131), Vread 132LM 
(sVread132) are respectively applied to the word lines 
WL N+1, WL N+2, WL N-1 and WL N-2 in the stage of 
the state 1) of the previous embodiment. 

Twenty-Second Embodiment 
0213. The above is the embodiment about the write veri 
fication read operation. Likewise, in the read operation, 
operations as shown in FIGS. 28, 29, 30 can be shown as 
examples. 
0214 FIG. 28 illustrates upper page read operation wave 
forms in the stages from the states 3) to 4) according to the 
twentieth embodiment, which respectively show applied 
voltages of the selected word line WL N and the adjacent 
unselected word line WL N+1. It should be noted that the 
unselected word lines WL N+2, WL N-1 and WLN-2 also 
have the same tendency Such as magnitude relationship. 
0215. As shown in the figure, in the read operation at the A 
level, the read pass voltage Vread21 described in the third 
embodiment is applied to the unselected word line WL N+1, 
and Vread21B (sVread21) and Vread21C (sVread21) are 
respectively applied in the read operations at the B level and 
the Clevel. 
0216. As described in the twentieth embodiment, the fol 
lowing expressions a desirably satisfied: 
Vread 141Bs Vread 21B, Vread 141C Vread21C. 
0217. From the perspective of the gate dielectric reliability 
characteristics of the cell Such as read-disturb, the read pass 
voltages Vread21B, Vread21C are desirably low. However, in 
order to effectively reduce the width of the threshold value 
distribution, the read pass voltages Vread21B, Vread21C are 
desirably high (Vread21) as compared with the verification 
operation. The Voltage may be determined according to the 
applied structure. 
0218 FIG. 29 illustrates lower page read operation wave 
forms in the stages from the states 3) to 4) according to the 
twentieth embodiment, which respectively show applied 
voltages of the selected word line WL N and the adjacent 
unselected word line WL N+1. It should be noted that the 
unselected word lines WL N+2, WL N-1 and WLN-2 also 
have the same tendency Such as magnitude relationship. 
0219. In this case, in the lower page, border of data resides 
between the B level and the A level. Therefore, only the 
operation in the first half of FIG. 28 (read process at the B 
level) is sufficient, and the Voltage application method is the 
same as that of FIG. 28. 
0220 FIG. 30 illustrates lower page read operation wave 
forms in the stages from the states 1) to 2) according to the 
twentieth embodiment, which respectively show applied 
voltages of the selected word line WL N and the adjacent 
unselected word line WL N+1. It should be noted that the 
unselected word lines WL N+2, WL N-1 and WLN-2 also 
have the same tendency Such as magnitude relationship. 
0221. In this case, as shown in FIG. 4, the threshold value 
distribution of the cell is such that since the border of data in 
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the lower page is at the LMR level, read process is performed 
on the LMR level in the latter half of the operation. 
0222. In general, LMR <BR holds. Therefore, a voltage is 
desirably applied to the adjacent unselected word line 
WL N+1 so as to satisfy Vread21B <Vread21LM Vread21. 
0223) As explained in FIG. 28, Vread 121s Vread21LM is 
desirably satisfied. 
0224. The above embodiment is only an example, and 
even when a voltage different from Vread is applied to a word 
line to which the read pass Voltage Vread is applied, the same 
effects can be obtained by applying the present embodiment. 

Others 

0225. 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 methods and systems described herein may 
be embodied in a variety of other forms: furthermore, various 
omissions, Substitutions and changes in the form of the meth 
ods 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 fall within the scope and spirit of 
the inventions. 

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

ing: 
a memory cell array having a NAND cell unit including a 

plurality of memory cells connected in series each hav 
ing a control gate and a charge storage layer, one end of 
the NAND cell unit being connected to a bit line via a 
first selection gate transistor, the other end of the NAND 
cell unit being connected to a source line via a second 
Selection gate transistor, control gates of the plurality of 
memory cells being respectively connected to word 
lines, gates of the first and second selection gate transis 
tors being respectively connected to the first and second 
Selection gate lines; and 

a control circuit, wherein during data read process, the 
control circuit gives a read voltage to a selected word 
line connected to a selected memory cell of the plurality 
of memory cells from which data is read, and gives read 
pass Voltages for turning on the memory cells regardless 
of cell data to unselected word lines connected to unse 
lected memory cells of the plurality of memory cells, 

the control circuit respectively giving a first read pass Volt 
age, a second read pass Voltage, and a third read pass 
Voltage to a first unselected word line adjacent to the 
selected word lineata side of at least one of a bit line and 
a source line, a second unselected word line adjacent to 
the first unselected word line at a side opposite to the 
selected word line, and a third unselected word line 
adjacent to the second unselected word line at a side 
opposite to the selected word line, 

the second read pass Voltage being higher than the third 
read pass Voltage. 

2. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the first read pass Voltage is equal to or 
more than the third read pass Voltage. 

3. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the first read pass Voltage is equal to or 
less than the second read pass Voltage. 
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4. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the first read pass Voltage is equal to 
the second read pass Voltage. 

5. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the control circuit gives a fourth read 
pass Voltage higher than the third read pass Voltage to a fourth 
unselected word line adjacent to the third unselected word 
line at a side opposite to the selected word line. 

6. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein at least one of both ends of the 
plurality of memory cells connected in series is a dummy cell 
in erase state, and 

the control circuit applies a fifth read pass Voltage lower 
than the third read pass Voltage to a dummy word line 
connected to the dummy cell. 

7. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the control circuit sets the third read 
pass Voltage for write verification read process at a Voltage 
lower than the third read pass Voltage for read process. 

8. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein the higher the read voltage applied to 
the selected word line is, the lower the control circuit sets the 
first read pass Voltage. 

9. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein when any one of a first word line 
adjacent to the first selection gate line, a second word line 
adjacent to the first word line at a source line side, and a third 
word line adjacent to the second word line at a source line side 
is the selected word line, the control circuit sets the Voltage 
applied to the first selection gate line at a Voltage higher than 
the Voltage applied to the first selection gate line when a line 
other than the first to third word lines is the selected word line. 

10. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein when any one of a fourth word line 
adjacent to the second selection gate line, a fifth word line 
adjacent to the fourth word line at a bit line side, and a sixth 
word line adjacent to the fifth word line at a bit line side is the 
selected word line, the control circuit sets the voltage applied 
to the second selection gate line at a Voltage higher than the 
Voltage applied to the second selection gate line when a line 
other than the fourth to sixth word lines is the selected word 
line. 

11. A nonvolatile semiconductor memory device compris 
ing: 

a memory cell array having a NAND cell unit including a 
plurality of memory cells connected in series each hav 
ing a control gate and a charge storage layer, one end of 
the NAND cell unit being connected to a bit line via a 
first selection gate transistor, the other end of the NAND 
cell unit being connected to a source line via a second 
Selection gate transistor, control gates of the plurality of 
memory cells being respectively connected to word 
lines, gates of the first and second selection gate transis 
tors being respectively connected to the first and second 
Selection gate lines; and 

a control circuit, wherein during data read process, the 
control circuit gives a read voltage to a selected word 
line connected to a selected memory cell of the plurality 
of memory cells from which data is read, and gives read 
pass Voltages for turning on the memory cells regardless 
of cell data to unselected word lines connected to unse 
lected memory cells of the plurality of memory cells, 

the control circuit respectively giving a first read pass Volt 
age, a second read pass Voltage, and a third read pass 
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Voltage to a first unselected word line adjacent to the 
selected word lineata side of at least one of a bit line and 
a source line, a second unselected word line adjacent to 
the first unselected word line at a side opposite to the 
selected word line, and a third unselected word line 
adjacent to the second unselected word line at a side 
opposite to the selected word line, 

a read pass Voltage lower than the second read pass Voltage 
being given to at least memory cells of the plurality of 
memory cells connected in series except memory cells 
connected to the first unselected word line, the second 
unselected word line, the third unselected word line, a 
fourth unselected word line adjacent to the third unse 
lected word line at a side opposite to the selected word 
line, a fifth unselected word line adjacent to the selected 
word line at a side opposite to the first unselected word 
line, a sixth unselected word line adjacent to the fifth 
unselected word line at a side opposite to the selected 
word line, a seventh unselected word line adjacent to the 
sixth unselected word line at a side opposite to the 
selected word line, and memory cells at both ends of the 
plurality of memory cells connected in series. 

12. The nonvolatile semiconductor memory device accord 
ing to claim 11, wherein the first read pass Voltage is equal to 
or more than the third read pass Voltage. 

13. The nonvolatile semiconductor memory device accord 
ing to claim 11, wherein the first read pass Voltage is equal to 
or less than the second read pass Voltage. 

14. The nonvolatile semiconductor memory device accord 
ing to claim 11, wherein the third read pass voltage for write 
Verification read process is set at a Voltage lower than the third 
read pass Voltage for read process. 

15. The nonvolatile semiconductor memory device accord 
ing to claim 11, wherein the higher the read voltage applied to 
the selected word line is, the lower the first read pass voltage 
1S. 

16. A method for controlling a nonvolatile semiconductor 
memory device, comprising: 

a memory cell array having a NAND cell unit including a 
plurality of memory cells connected in series each hav 
ing a control gate and a charge storage layer, one end of 
the NAND cell unit being connected to a bit line via a 
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first selection gate transistor, the other end of the NAND 
cell unit being connected to a source line via a second 
Selection gate transistor, control gates of the plurality of 
memory cells being respectively connected to word 
lines, gates of the first and second selection gate transis 
tors being respectively connected to the first and second 
Selection gate lines; and 

a control circuit, wherein during data read process, the 
control circuit gives a read voltage to a selected word 
line connected to a selected memory cell of the plurality 
of memory cells from which data is read, and gives read 
pass Voltages for turning on the memory cells regardless 
of cell data to unselected word lines connected to unse 
lected memory cells of the plurality of memory cells, 

a first read pass Voltage being applied to a first unselected 
word line adjacent to the selected word line at a side of at 
least one of a bit line and a source line, 

a second read pass Voltage being applied to a second unse 
lected word line adjacent to the first unselected word line 
at a side opposite to the selected word line, 

a third read pass Voltage lower than the second read pass 
Voltage being applied to a third unselected word line 
adjacent to the second unselected word line at a side 
opposite to the selected word line. 

17. The method for controlling a nonvolatile semiconduc 
tor memory device according to claim 16, wherein the first 
read pass Voltage is equal to or more than the third read pass 
Voltage. 

18. The method for controlling a nonvolatile semiconduc 
tor memory device according to claim 16, wherein the first 
read pass Voltage is equal to or less than the second read pass 
Voltage. 

19. The method for controlling a nonvolatile semiconduc 
tor memory device according to claim 16, wherein the third 
read pass Voltage for write verification read process is set at a 
Voltage lower than the third read pass Voltage for read pro 
CCSS, 

20. The method for controlling a nonvolatile semiconduc 
tor memory device according to claim 16, wherein the higher 
the read voltage applied to the selected word line is, the lower 
the first read pass Voltage is. 

c c c c c 

Micron Ex. 1017, p. 43 
Micron v. YMTC 
IPR2025-00190




