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NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2011-208725, filed on Sep. 26, 2011, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND 

0002 1. Field 
0003 Embodiments described herein relate generally to a 
nonvolatile semiconductor memory device. 
0004 2. Description of the Related Art 
0005. There is a rapidly increasing demand for a NAND 
flash memory with an increase in a use of large-capacity data 
Such as images or moving pictures in mobile apparatuses or 
the like. In particular, the use of a multi-value storage tech 
nique capable of storing information of two bits or more in 
one memory cell enables a large amount of information to be 
stored in a small chip area. 
0006. In highly integrated flash memories where memory 
cells are further miniaturized, when reading memory cells in 
which a data write operation is finished, a read pass Voltage 
applied to non-selected memory cells affects a threshold volt 
age representing the data of a non-selected memory cell. This 
influence appears as change in a threshold voltage distribu 
tion. In particular, when a multi-value storage scheme is 
employed, the width of the threshold voltage distribution and 
interval between the threshold voltage distributions are set to 
be narrower than those in a 2-value storage scheme. Thus, the 
change in the threshold Voltage distribution has a significant 
influence on the reliability of data. Therefore, it is necessary 
to execute a read operation capable of Suppressing the change 
in the threshold Voltage of a non-selected memory cell caused 
by a read pass Voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram illustrating a schematic 
configuration of a nonvolatile semiconductor memory device 
according to an embodiment; 
0008 FIG. 2 is a circuit diagram illustrating the configu 
ration of a memory cell array 1 illustrated in FIG. 1; 
0009 FIG. 3 is a diagram illustrating an example of write 
data in a 4-value storage flash memory; 
0010 FIG. 4 is a diagram illustrating a voltage during a 
read operation according to a comparative example: 
0011 FIG. 5 is a diagram illustrating an erroneous write 
during a data read operation; 
0012 FIG. 6 is a diagram illustrating a voltage during a 
read operation according to a first embodiment; 
0013 FIG. 7 is a diagram illustrating a voltage during a 
read operation according to the first embodiment; 
0014 FIG. 8 is a conceptual diagram illustrating a write 
operation in a 4-value storage flash memory; 
0015 FIG. 9 is a diagram illustrating a write operation in 
a 4-value storage flash memory; 
0016 FIG. 10 is a flowchart illustrating a write operation 
in a 4-value storage flash memory; 
0017 FIG. 11 is a diagram illustrating a voltage during a 
write verify operation according to a second embodiment; 
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0018 FIG. 12 is a conceptual diagram illustrating a write 
operation in a 4-value storage flash memory; 
0019 FIG. 13 is a conceptual diagram illustrating a write 
operation in a 4-value storage flash memory; 
0020 FIG. 14 is a diagram illustrating a write operation in 
a 4-value storage flash memory; 
0021 FIG. 15 is a flowchart illustrating a write operation 
in a 4-value storage flash memory; 
0022 FIG. 16 is a diagram illustrating a voltage during a 
write verify operation according to a third embodiment; 
0023 FIG. 17 is a diagram illustrating a write operation in 
a 4-value storage flash memory; 
0024 FIG. 18 is a flowchart illustrating a write operation 
in a 4-value storage flash memory; 
0025 FIG. 19 is a diagram illustrating a voltage during a 
write verify operation according to a fourth embodiment; 
0026 FIG. 20 is a diagram illustrating a voltage during a 
read operation and a write verify operation according to a fifth 
embodiment; 
0027 FIG. 21 is a diagram illustrating an operation 
according to alternative example of the fifth embodiment; 
0028 FIG. 22 is a diagram illustrating an operation 
according to alternative example of the fifth embodiment; 
0029 FIG. 23 is a conceptual diagram illustrating a write 
operation in a 4-value storage flash memory; and 
0030 FIG. 24 is a conceptual diagram illustrating a write 
operation in a 4-value storage flash memory. 

DETAILED DESCRIPTION 

0031. A nonvolatile semiconductor memory device 
according to one embodiment includes: a plurality of memory 
cells configured to hold a threshold Voltage included in any 
one of a plurality of threshold voltage distributions; a memory 
cell array having NAND cell units arranged therein, each of 
the NAND cell units including a memory string in which the 
memory cells are connected in series and select transistors 
connected to both ends of the memory String, respectively; 
word lines connected to the memory cells; bit lines connected 
to a first end of each of the NAND cell units; a source line 
connected to second ends of the NAND cell units; and a 
control circuit configured to control a data read operation. 
When controlling the data read operation, the control circuit 
applies one of read voltages to a selected word line connected 
to a selected memory cell, applies a first read pass Voltage to 
a first non-selected word line connected to one of data-written 
memory cells, and applies a second read pass Voltage to a 
second non-selected word line connected to a non-written 
memory cell. Each of the read voltages is set to a Voltage 
between two adjacent threshold voltage distributions. The 
first read pass Voltage is set so that the data-written memory 
cells become conductive regardless of the kind of the plurality 
of threshold voltage distributions formed by the data-written 
memory cells. The second read pass Voltage is set so as to be 
lower than a highest read voltage, the highest read voltage 
being the highest Voltage among the read voltages. 
0032. A nonvolatile semiconductor memory device 
according to embodiments of the present invention will be 
described with reference to the drawings. 
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First Embodiment 

Configuration 
0033 FIG. 1 illustrates a schematic configuration of a 
nonvolatile semiconductor memory device according to a 
first embodiment. The nonvolatile semiconductor memory 
device is a NAND flash memory employing a 4-value Storage 
scheme. The nonvolatile semiconductor memory device 
includes a memory cell array1 in which memory cells MC for 
storing data are disposed in a matrix form. The memory cell 
array1 includes a plurality of bit lines BL, a plurality of word 
lines WL, a source line SRC, and a plurality of memory cells 
MC. The memory cell MC has a stacked gate structure includ 
ing a floating gate electrode as a charge accumulation layer 
for storing charges and a control gate electrode connected to 
the word line WL. The memory cell MC is configured to 
electrically rewrite data by injecting or discharging charges to 
or from the floating gate electrode. The memory cells MC are 
disposed in a matrix format respective intersections of the bit 
lines BL and the word lines WL. 
0034. A bit line control circuit 2 configured to control the 
voltage of the bit line BL and a word line control circuit 6 
configured to control the voltage of the word line WL are 
connected to the memory cell array 1. The bit line control 
circuit 2 reads the data of a memory cell MC in the memory 
cell array 1 through the bit line BL. Moreover, the bit line 
control circuit 2 applies a control Voltage to the memory cell 
MC in the memory cell array 1 through the bit line BL to 
thereby write data to the memory cell MC. 
0035. A column decoder 3 and a data input/output buffer 4 
are connected to the bit line control circuit 2. The data of the 
memory cell MC read from the memory cell array1 are output 
to the outside from a data input/output terminal 5 through the 
data input/output buffer 4. Moreover, the write data input 
from the outside to the data input/output terminal 5 are input 
to the bit line control circuit 2 through the data input/output 
buffer 4 and are written to a designated memory cell MC. 
0036 Moreover, the memory cell array 1, the bit line con 

trol circuit 2, the column decoder 3, the data input/output 
buffer 4, and the word line control circuit 6 are connected to 
a control circuit 7. The control circuit 7 generates a control 
signal for controlling the memory cell array 1, the bit line 
control circuit 2, the column decoder 3, the data input/output 
buffer 4, and the word line control circuit 6 in accordance with 
a control signal input to a control signal input terminal 8. 
0037 FIG. 2 illustrates the configuration of the memory 
cell array 1 illustrated in FIG.1. As illustrated in FIG. 2, the 
memory cell array 1 is configured by a plurality of blocks B. 
In the memory cell array 1, data are erased in a block B basis 
(a block erase process). As illustrated in FIG. 2, the block B is 
configured to include a plurality of memory units MU. One 
memory unit MU is configured by a memory string MS of 
series-connected, for example, 16 memory cells MC and first 
and second select gate transistors S1 and S2 connected to both 
ends of the memory string MS. One end of the first select gate 
transistor S1 is connected to the bit line BL, and one end of the 
second select gate transistor S2 is connected to the source line 
SRC. The control gates of the memory cells MC disposed in 
a line in the Y direction are commonly connected to any one 
of the word lines WL1 to WL16. Moreover, the control gates 
of the first select gate transistors S1 disposed in a line in the Y 
direction are commonly connected to a select gate line SG1. 
and the control gates of the second select gate transistors S2 
disposed in a line in the Y direction are commonly connected 
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to a select gate line SG2. Furthermore, a set P of the plurality 
of memory cells MC connected to one word line WL consti 
tutes one page or a plurality of pages. Data are written and 
read in a set P basis. 

0038 
0039. The outline of a data storage scheme of a nonvolatile 
semiconductor memory device will be described. A nonvola 
tile semiconductor memory device is configured such that the 
threshold voltage of a memory cell MC can have four kinds of 
distributions. FIG. 3 illustrates the relation between 2-bit, 
4-value data (data “11”. “01,” “10, and “00') stored in a 
memory cell MC of a nonvolatile semiconductor memory 
device and a threshold voltage distribution of the memory cell 
MC. 

0040. In FIG. 3, voltages VA, VB, and VC are read volt 
ages applied to a selected word line WL when reading four 
data. The Voltage VA is a Voltage Substantially intermediate 
between the upper limit of a threshold voltage distribution E 
and the lower limit of a threshold voltage distribution A and is 
the lowest voltage among the voltages VA, VB, and VC. The 
voltage VB is higher than the voltage VA and is a voltage 
substantially intermediate between the upper limit of the 
threshold voltage distribution A and the lower limit of the 
threshold voltage distribution B. The voltage VC is higher 
than the Voltage VB and is a voltage substantially intermedi 
ate between the upper limit of the threshold voltage distribu 
tion B and the lower limit of a threshold voltage distribution 
C. Moreover, voltages VAV, VBV, and VCV are verify volt 
ages applied to verify whether a write operation is completed 
when writing data to the respective threshold voltage distri 
butions A, B, and C, respectively. The voltages VAV. VBV. 
and VCV are set to the lower limits of the threshold voltage 
distributions A, B, and C, respectively. Moreover, a voltage 
Vread represents a read pass Voltage. The Voltage Vread is 
applied to a non-selected memory cell MC in the memory 
string MS when reading data and makes the non-selected 
memory cell MC conductive regardless of data held therein. 
Furthermore, a Voltage Vev is an erase verify Voltage applied 
to a memory cell MC in order to verify whether an erase 
operation is completed when erasing the data of the memory 
cell MC. The above respective voltages have a magnitude 
relation of Vev-VA-VAV<VB-VBV<VC<VCV<Vread. 

0041 After a block erase operation is performed, even the 
upper limit of the threshold voltage distribution E of a 
memory cell MC has a negative value, and data “11” is 
assigned thereto. Moreover, memory cells MC exhibiting 
written-state data “01.”“10, and “00 respectively have posi 
tive threshold voltage distributions A, B, and C (that is, even 
the lower limits of the distributions A, B, and Chave positive 
values). The threshold voltage distribution Ahaving the data 
"01" has the lowest voltage, the threshold voltage distribution 
Chaving the data “00” has the highest voltage, and the thresh 
old voltage distribution B having the data “10” has a voltage 
intermediate between those of the threshold voltage distribu 
tions A and C. As illustrated in FIG. 3, the 2-bit data of one 
memory cell MC includes lower page data and upper page 
data. When data is expressed by “*(a).” “*” represents upper 
page data, and “(a) represents lower page data. 
0042. Read Operation 
0043 First, a data read operation in a comparative 
example and the problem thereof will be described. FIG. 4 
illustrates a state of voltages applied to word lines WL during 
a read operation of the comparative example. FIG. 4 illus 
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trates a case where a data write operation is executed up to the 
midway of a memory String MS. 

0044) A data write operation has been already executed in 
memory cells MCn-3 to MCn (and memory cells MC1 to 
MCn-4 (not illustrated)) illustrated in FIG. 4. In this case, the 
memory cells MCn-3 to MCn have such threshold voltages 
as to belong to any one of the threshold voltage distributions 
E, A, B, and C illustrated in FIG.3, respectively. Moreover, a 
data write operation has not been executed yet in memory 
cells MCn+1 to MCn+3 (and memory cells MCn+4 to MC16 
(not illustrated)) illustrated in FIG. 4. In this case, all of the 
memory cells MCn+1 to MCn+3 have such threshold volt 
ages as to belong to the threshold voltage distribution E 
illustrated in FIG. 3. 

0045. In the data read operation of the comparative 
example, any one of the voltages VA, VB, and VC between the 
plurality of threshold voltage distributions E, A, B, and C is 
applied to the control gate electrode (the word line WLn) of a 
selected memory cell MCn in the memory string MS. More 
over, the read pass voltage Vread (for example, about 6V to 7 
V) is applied to the word lines WL to which the non-selected 
memory cells MC are connected. In addition, the read pass 
Voltage Vread is a voltage at which the non-selected memory 
cells MC become conductive regardless of the data held in the 
non-selected memory cells MC. 
0046. As described above, the read voltage VA, VB, or VC 
is applied to the selected word line WLn, and the read pass 
voltage Vread is applied to the non-selected word lines WL. 
In this state, a sense amplifier in the bit line control circuit 2 
determines whether an electric current flows through the 
memory string MS. By determining whether an electric cur 
rent flows through the memory string MS when the read 
voltage applied to the selected word line WLn is any one of 
the voltages VA, VB, and VC, the data of the selected memory 
cell MCn are read. 

0047. Hereinabove, the read operation in a NAND flash 
memory of the comparative example is described. However, 
in such a read operation of the NAND flash memory of the 
comparative example, an erroneous write may occur. As illus 
trated in FIG. 5, when the read pass voltage Vread is applied 
to a non-selected memory cell MC, electrons may be injected 
into the floating gate electrode FG of the non-selected 
memory cell MC due to the influence of the read pass voltage 
Vread. When electrons are injected into the floating gate 
electrode FG, the electrons affect the threshold voltage rep 
resenting the data of the non-selected memory cell MC. 
0048. This influence appears as change in a threshold volt 
age distribution. In particular, when a multi-value Storage 
scheme is employed, the width of the threshold voltage dis 
tribution and interval between the threshold voltage distribu 
tions are set to be narrower than those in a 2-value storage 
scheme. Thus, the change in the threshold voltage distribution 
has a significant influence on the reliability of data. In par 
ticular, when the read pass Voltage Vread is applied to a 
memory cell MC to which no data is written and which 
belongs to the threshold voltage distribution E, the threshold 
Voltage thereof is changed. After that, when a write operation 
is executed to the memory cell MC, the threshold voltage 
thereofchanges greatly. Thus, it is necessary to execute a read 
operation capable of Suppressing the change in the threshold 
voltage of the non-selected memory cell MC to which data is 
not written. 

Mar. 28, 2013 

0049. In order to suppress the change in the threshold 
Voltage distribution, the nonvolatile semiconductor memory 
device of the present embodiment executes a read operation 
as described below. 
0050. Operation of Nonvolatile Semiconductor Memory 
Device According to First Embodiment 
0051 FIGS. 6 and 7 illustrate a state of voltages applied to 
word lines WL during a read operation of the first embodi 
ment. In the present embodiment, it is assumed that 4-value 
data as illustrated in FIG.3 are stored in the memory cell MC. 
Moreover, FIGS. 6 and 7 illustrate also a case where a data 
write operation is executed up to the midway of the memory 
string MS. 
0.052 A data write operation has been already executed in 
memory cells MCn-3 to MCn (and memory cells MC1 to 
MCn-4 (not illustrated)) illustrated in FIGS. 6 and 7. In this 
case, the memory cells MCn-3 to MCn have such threshold 
Voltages as to belong to any one of the threshold Voltage 
distributions E, A, B, and C illustrated in FIG.3, respectively. 
Moreover, a data write operation has not been executed yet in 
memory cells MCn+1 to MCn+3 (and memory cells MCn+4 
to MC16 (not illustrated)) illustrated in FIGS. 6 and 7. That is, 
all of the memory cells MCn+1 to MCn+3 have such thresh 
old voltages as to belong to the threshold voltage distribution 
E of a data erased state illustrated in FIG. 3. 
0053 FIG. 6 illustrates a case of reading data from a 
memory cell MC at the end of memory cells MC in which a 
data write operation has been already executed. FIG. 7 illus 
trates a case of reading data from a memory cell MC other 
than the memory cell MC at the end of the memory cells MC 
in which a data write operation has been already executed. 
First, an example of the data read operation illustrated in FIG. 
6 and the effects thereof will be described. After that, an 
example of the data read operation illustrated in FIG. 7 and 
the effects thereof will be described. 
0054 Case where Selected Memory Cell is at the End of 
Data-Written Memory Cells MCI 
0055. In the example of the read operation illustrated in 
FIG. 6, a case of reading data from a selected memory cell 
MCn at the very end of data-written memory cells MC will be 
described. In this case, a read voltage Vth (Vth=VA, VB, or 
VC) is applied to a selected word line WLn connected to the 
selected memory cell MCn. 
0056 Moreover, the following voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn and the data written 
state, rather than applying the read pass Voltage Vread to all of 
them. A read pass voltage Vread1 is applied to the word lines 
WLn-1 to WLn-3 (and word lines WL1 to WLn-4 (not 
illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn. The read pass voltage 
Vread1 is a voltage at which a non-selected memory cell MC 
becomes conductive regardless of the data held in the non 
selected memory cell MC. The read pass voltage Vread1 is set 
to a voltage (for example, about 6V to 7V) substantially equal 
to the read pass voltage Vread illustrated in FIG. 3. 
0057. A read pass voltage Vread2 is applied to word lines 
WLn+2 to WLn+3 (and word lines WLn+4 to WL16 (not 
illustrated)) connected to non-written memory cells MC, 
excluding the word line WLn+1 adjacent to the selected word 
line WLn. The read pass voltage Vread2 is set to a voltage 
equal to or higher than the lowest voltage Vth (min)=VA 
among the read voltages Vth (Vth=VA, VB, or VC) applied to 
the selected memory cell MCn. Moreover, the read pass volt 
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age Vread2 is set to a Voltage lower than the highest Voltage 
Vth (max)=VC among the read voltages Vith. The read voltage 
Vth (min) is set to about 0 V, for example. The read voltage 
Vth (max) is set to about 3 V, for example. Although the read 
pass Voltage Vread2 is set to about 0 V as an example, when 
the read voltage Vth (min) has a negative value, the read pass 
Voltage Vread2 may be set to a negative value. The read pass 
voltage Vread2 may be set to Vread2 Vth (min) as long as the 
read pass Voltage Vread2 has a value Such that non-written 
memory cells MC reliably become conductive. 
0058. A read pass voltage Vread3 is applied to the word 
line WLn+1 adjacent to the selected word line WLn among 
the word lines WL connected to the non-written memory cells 
MC. The reason for applying the read pass voltage Vread3 to 
the word line WLn+1 will be described in the following 
“Effects' section. The read pass voltage Vread3 is set to a 
Voltage equal to or higher than the highest Voltage Vth (max) 
=VC among the read voltages Vth (Vth=VA, VB, or VC) 
applied to the selected memory cell MCn. Moreover, the read 
pass Voltage Vread3 is set to a Voltage equal to or lower than 
the read pass Voltage Vread1 applied to the non-selected 
memory cells MC. The read pass voltage Vread3 is set to 
about 5.5 V to 6V, for example. 
0059. The above specific voltage values are one example 
in the read operation, and the Voltage values of the respective 
Voltages applied to the word lines WL may satisfy a magni 
tude relation of Vth (min).svread2<Vth (max) 
sVread3s Vread1. In the NAND flash memory of the 
present embodiment, Voltages described above are applied to 
the word lines WL, and the bit line control circuit 2 deter 
mines whether an electric current flows through the memory 
string MS. Although not illustrated in FIG. 6, a voltage Vsgat 
which the select gate transistors S1 and S2 become conduc 
tive is applied to the select gate lines SG1 and SG2. 
0060. Effects 
0061. In the present embodiment, voltages corresponding 
to the positions relative to the selected memory cell MCn and 
the data written state are applied to the non-selected word 
lines WL, rather than applying the same read pass Voltage 
Vread to all of them. Since the non-written memory cells MC 
have such a threshold voltage as to belong to the threshold 
Voltage distribution E, when a Voltage equal to or higher than 
the read voltage VA is applied to the word lines WL, the 
memory cells MC become conductive, and a read operation 
can be executed properly. Moreover, when a high Voltage is 
applied to the non-written memory cells MC, the threshold 
Voltage may be changed. However, in the read operation of 
the present embodiment, since the read pass Voltage Vread2 is 
set to be lower than the read voltage VC, the change of the 
threshold voltage of the non-written memory cells MC can be 
Suppressed. According to the read operation of the present 
embodiment, the change of the threshold voltage of the non 
selected memory cells MC caused by the read pass voltage 
can be suppressed. 
0062 Moreover, the read pass voltage Vread3 is applied to 
the memory cell MCn+1 among the non-written memory 
cells MC, adjacent to the selected memory cell MCn. In 
miniaturized semiconductor memory devices, the Voltage of 
the floating gate electrode FG of the selected memory cell 
MCn is raised due to the influence of both the read voltage Vith 
applied to the word line WLn and the voltages applied to the 
adjacent word lines WLn-1 and WLn+1. In this case, the read 
voltage Vth is set by taking the influence of the adjacent word 
lines WLn-1 and WLn+1 into consideration. During the read 
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operation, if an excessively low Voltage is applied to a non 
selected memory cell MCn+1 adjacent to the selected 
memory cell MCn, the contribution of the non-selected word 
line WLn+1 may decrease. As a result, it may become difficult 
to perform an accurate read operation. In contrast, in the 
present embodiment, the read pass Voltage Vread3 applied to 
the non-selected word line WLn+1 is set so that Vth (max) 
sVread3sVread1. The influence of the read pass voltage 
Vread3 on the floating gate electrode FG of the selected 
memory cell MCn is substantially equal to the influence when 
the voltage Vread1 is applied. Thus, the read conditions of the 
present embodiment can be made Substantially the same as 
those when the voltage Vread1 is applied to both adjacent 
word lines WL. As a result, an accurate read operation can be 
performed. 
0063 Case where Selected Memory Cell is not at the End 
of Data-Written Memory Cells MCI 
0064. In the example of the read operation illustrated in 
FIG. 7, a case ofreading data from a memory cell MCn-2 that 
is not at the end of data-written memory cells MC will be 
described. In this case, a read voltage Vth (Vth=VA, VB, or 
VC) is applied to a selected word line WLn-2 connected to 
the selected memory cell MCn-2. 
0065. Moreover, the following voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn-2 and the data written 
state. The read pass voltage Vread1 is applied to word lines 
WLn, WLn-1, and WLn-3 (and word lines WL1 to WLn-4 
(not illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn-2. The read pass 
Voltage Vread1 is set in a manner similar to the above descrip 
tion. 

0066. The read pass voltage Vread2 is applied to word 
lines WLn+1 to WLn+3 (and word lines WLn+4 to WL16 
(not illustrated)) connected to non-written memory cells MC. 
This case is different from the example illustrated in FIG. 6 in 
that the read pass voltage Vread2 is also applied to the word 
line WLn+1 adjacent to the data-written memory cells MC. 
The reason for applying the read pass Voltage Vread2 to the 
word line WLn+1 will be described in the following “Effects” 
section. The read pass Voltage Vread2 is set in a manner 
similar to the above description. 
0067. In this example, the voltage values of the respective 
Voltages applied to the word lines WL Satisfy a magnitude 
relation of Vth (min).svread2<Vth (max)sVread1. In the 
NAND flash memory of this example, voltages described 
above are applied to the word lines WL, and the bit line 
control circuit 2 determines whether an electric current flows 
through the memory string MS. Although not illustrated in 
FIG. 7, a voltage Vsgat which the select gate transistors S1 
and S2 become conductive is applied to the select gate lines 
SG1 and SG2. 

0068. Effects 
0069. In this example, since the non-written memory cells 
MC have such a threshold voltage as to belong to the thresh 
old Voltage distribution E, when a Voltage equal to or higher 
than the read voltage VA is applied to the word lines WL, the 
memory cells MC become conductive, and a read operation 
can be executed properly. Moreover, since the read pass Volt 
age Vread2 is lower than the read voltage VC, the variation of 
the threshold voltage of the non-written memory cells MC 
can be Suppressed. According to the read operation of the 
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present embodiment, the variation of the threshold voltage of 
the non-selected memory cells MC caused by the read pass 
Voltage can be suppressed. 
0070 Moreover, the selected memory cell MCn-2 is dis 
posed between two adjacent data-written memory cells MC, 
and the read pass voltage Vread1 is applied to the word lines 
WLn-3 and WLn-1. With the read voltage Vth applied to the 
selected word line WLn-2 and the read pass voltage Vread1 
applied to the adjacent word lines WLn-3 and WLn-1, the 
threshold voltage from the selected memory cell MCn-2 
under certain conditions can be read. Moreover, since the 
memory cell MCn+1 to which the word line WLn+1 is con 
nected is not adjacent to the selected memory cell MCn-2, it 
is not necessary to take the influence on the read operation, of 
the voltage applied to the word line WLn+1 into consider 
ation. Therefore, it is only necessary to apply the read pass 
voltage Vread2, at which the memory cell MCn+1 just 
become conductive, to the word line WLn+1. 

Second Embodiment 

0071 Next, a nonvolatile semiconductor memory device 
according to a second embodiment will be described with 
reference to FIGS. 8 to 11. The entire configuration of the 
nonvolatile semiconductor memory device of the present 
embodiment is the same as that of the first embodiment, and 
the detailed description thereof will be omitted. Moreover, 
the portions having the same configurations as the first 
embodiment will be denoted by the same reference numerals, 
and redundant description thereof will be omitted. 
0072. In the first embodiment, an example in which the 
Voltages of word lines are adjusted when performing the read 
operation of reading data written to the selected memory cell 
MC is described. In contrast, in the second embodiment, the 
voltages of the word lines when performing a write verify 
operation will be described. The write verify operation is 
performed after the write operation is executed to the selected 
memory cell MC in order to verify whether data is accurately 
written to the selected memory cell MC. Hereinafter, a write 
operation and the procedure thereof will be described. After 
that, a write verify operation associated with the write opera 
tion will be described. 
0073 Write Operation 
0074 First, a write operation will be described briefly. 
Prior to the write operation, a bit line BL is pre-charged to a 
Voltage corresponding to write data. Specifically, when data 
of the threshold voltage distribution A, B, or C is to be written 
to a selected memory cell MCn, 0V is applied to the bit line 
BL from the bit line control circuit 2. On the other hand, when 
no data is to be written to the selected memory cell MCn, a 
voltage Vdd is applied to the bit line BL from the bit line 
control circuit 2. The voltage of the bit line is transferred up to 
the channel of the selected memory cell MCn connected to the 
selected word line WLn through the select gate transistor S1 
and the non-selected memory cells MC. 
0075. During the write operation, a write voltage Vpgm 
(about 10V to 25 V) is applied to the selected word line WLn 
several times. Moreover, a write pass voltage Vpass (about 5 
V to 15 V) is applied to the non-selected word lines WL. 
When the channel of the selected memory cell MCn is at 0V. 
charges are injected from the channel of the selected memory 
cell MCn into the floating gate electrode by the write voltage 
Vpgm, and the threshold voltage of the selected memory cell 
MCn is shifted toward the positive side. On the other hand, 
when the channel of the selected memory cell MCn is raised 
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by the voltage Vdd, even when the write voltage Vpgm is 
applied to the word line WLn, the channel voltage increases 
due to capacitance coupling, and no charges are injected into 
the floating gate electrode. Thus, the threshold voltage distri 
bution of the selected memory cell MCn is not shifted, and no 
data is written. 
0076. In the present embodiment, an example of writing 
upper page data and lower page data accurately by one writ 
ing process will be described. A write operation by one writ 
ing process in a 4-value storage scheme will be described with 
reference to FIG.8. FIG. 8 is a conceptual diagram illustrat 
ing a write operation in a 4-value storage flash memory. As 
illustrated in FIG. 8, from a state (the threshold voltage dis 
tribution E) in which all memory cells MC are erased, the 
threshold voltage distributions are moved toward the positive 
direction by using verify voltages VAV.VBV, and VCV equal 
to the lower limits of a plurality of threshold voltage distri 
butions A, B, and C which is to be obtained finally. In this way, 
the threshold voltage distributions E, A, B, and C are 
obtained. 
(0077. Procedure of Write Operation 
0078. A write procedure in which data is written by one 
writing process will be described with reference to FIGS. 9 
and 10. FIG. 9 is a diagram illustrating a write operation in a 
4-value storage flash memory. FIG. 10 is a flowchart illustrat 
ing a write operation in a 4-value storage flash memory. As 
illustrated in FIG. 9, the write operation is sequentially 
executed with respect to the memory cells MC in the memory 
string MS. First, a write Voltage Vpgm is applied to a memory 
cell MCn-1, and a write operation is executed (step S11 in 
FIG. 10). After that, a write verify operation is performed so 
as to determine whether data is accurately written to the 
memory cell MCn-1 (step S12). When it is determined that 
data is written to the memory cell MCn-1, the write voltage 
Vpgm is applied to a memory cell MCn and a write operation 
is executed (step S13). Although not illustrated in the flow 
chart of FIG. 10, if certain data is not written to the memory 
cell MCn-1, the write Voltage Vpgm is applied again to the 
selected memory cell MCn-1. 
(0079. After that, the write operation and the write verify 
operation are sequentially executed to the memory cells MCn 
and MCn+1. Here, when the write verify operation is 
executed to a certain memory cell (for example, the memory 
cell MCn), the data write operation has been already executed 
in the memory cell MCn-1 (and memory cells MC1 to 
MCn-2 (not illustrated)). In this case, the memory cell 
MCn-1 has such a threshold Voltage as to belong to any one 
of the threshold voltage distributions E, A, B, and C. On the 
other hand, the data write operation has not been executed yet 
in the memory cell MCn+1 (and memory cells MCn+2 to 
MC16 (not illustrated)). That is, the memory cell MCn+1 has 
Such a threshold Voltage as to belong to the threshold Voltage 
distribution E of a data erased state. In the present embodi 
ment, the following write verify operation is executed in Such 
a situation. 
0080 Write Verify Operation 
I0081. After the write operation is executed, a write verify 
operation is executed in order to verify whether the threshold 
voltage of the selected memory cell MC becomes a voltage 
equal to or higher than the lower limit of a threshold voltage 
distribution corresponding to the write data. FIG. 11 illus 
trates a state of Voltages applied to word lines WL during a 
write verify operation of the second embodiment. As 
described above, in the present embodiment, a write verify 

Micron Ex. 1022, p. 17 
Micron v. YMTC 
IPR2024-00792



US 2013/0077404 A1 

operation in which a data write operation is executed up to the 
midway of a memory string MS will be described. 
0082. The data write operation has been already executed 
in the memory cells MCn-3 to MCn (and memory cells MC1 
to MCn-4 (not illustrated)) illustrated in FIG. 11. In this case, 
the memory cells MCn-3 to MCn have such threshold volt 
ages as to belong to any one of the threshold Voltage distri 
butions E, A, B, and C, respectively. On the other hand, the 
data write operation has not been executed yet in the memory 
cells MCn+1 to MCn+3 (and memory cells MCn+4 to MC16 
(not illustrated)) illustrated in FIG. 11. That is, all of the 
memory cells MCn+1 to MCn+3 have such threshold volt 
ages as to belong to the threshold voltage distribution E of a 
data erased State. 
0083. In the write verify operation, a write verify voltage 
Vvfy (a voltage VAV, VBV, or VCV illustrated in FIG. 8) is 
applied to the word line WLn to which the selected memory 
cell MCn is connected. In this case, the bit line control circuit 
2 determines whether the selected memory cell MCn is con 
ductive in order to verify data. If certain data is written to the 
selected memory cell MCn, no electric current will flow 
through the memory string MS even when the write verify 
operation described above is executed. On the other hand, 
when the threshold voltage of the selected memory cell MCn 
is not reached a certain threshold voltage distribution, electric 
current will flow through the memory string MS. As illus 
trated in FIG. 8, the write verify voltage VAV, VBV, or VCV 
is set to the lower limit of a threshold voltage distribution 
corresponding to data written to the selected memory cell 
MCn 
0084 Moreover, the following voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn and the data written 
state. A read pass Voltage Vread1 is applied to the word lines 
WLn-1 to WLn-3 (and word lines WL1 to WLn-4 (not 
illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn. The read pass voltage 
Vread1 is voltage at which a non-selected memory cell MC 
becomes conductive regardless of the data held in the non 
selected memory cell MC. The read pass voltage Vread1 is set 
to the same voltage (for example, about 6V to 7V) as that of 
the first embodiment. 
0085. A read pass voltage Vread2 is applied to word lines 
WLn+1 to WLn+3 (and word lines WLn+4 to WL16 (not 
illustrated)) connected to non-written memory cells MC. The 
read pass Voltage Vread2 is set to a Voltage equal to or lower 
than the lowest voltage Vvfy(min)=VAV among the write 
verify voltages Vvfy (Vvfy=VAV, VBV, or VCV) applied to 
the selected memory cell MCn. The read pass voltage Vread2 
is set to about 0 V, for example. 
I0086. The above specific voltage values are one example 
in the read operation, and the Voltage values of the respective 
Voltages applied to the word lines WL may satisfy a magni 
tude relation of Vread2sVvfy(min)<Vvfy(max)sVread1. 
In the NAND flash memory of the present embodiment, volt 
ages described above are applied to the word lines WL, and 
the bit line control circuit 2 determines whether an electric 
current flows through the memory string MS. Although not 
illustrated in FIG. 11, a voltage Vsgat which the select gate 
transistors S1 and S2 become conductive is applied to the 
select gate lines SG1 and SG2. 
0087 Effects 
0088. The read pass voltage Vread2 is applied to the non 
selected word lines WL of the present embodiment. Since the 
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non-written memory cells MC have such a threshold voltage 
as to belong to the threshold voltage distribution E, the 
memory cells MC become conductive even with a voltage 
equal to or lower than the write verify voltage VAV, and the 
write verify operation can be executed properly. Moreover, 
since the read pass VoltageVread2 is equal to or lower than the 
write verify voltage VAV, the variation of the threshold volt 
age of the non-written memory cells MC can be suppressed. 
According to the read operation of the present embodiment, 
the variation of the threshold voltage of the non-selected 
memory cells MC caused by the read pass Voltage can be 
Suppressed. 

Third Embodiment 

I0089 Next, a nonvolatile semiconductor memory device 
according to a third embodiment will be described with ref 
erence to FIGS. 12 to 16. The entire configuration of the 
nonvolatile semiconductor memory device of the present 
embodiment is the same as that of the first embodiment, and 
the detailed description thereof will be omitted. Moreover, 
the portions having the same configurations as the first 
embodiment will be denoted by the same reference numerals, 
and redundant description thereof will be omitted. 
0090. In the second embodiment, the write operation by 
one writing process and the Voltages during the write verify 
operation associated with the write operation are described. 
In contrast, in the third embodiment below, the write opera 
tion is executed by a two-stage writing process of a lower 
page Write operation and an upper page Write operation. The 
present embodiment is different from the second embodiment 
in that the Voltages during the write verify operation per 
formed after the two-stage write operation are adjusted. Here 
inafter, a write operation and the procedure thereof will be 
described. After that, a write verify operation associated with 
the write operation will be described. 
(0091 Write Operation 
0092 First, a write operation will be described briefly. In 
the present embodiment, lower page data and upper page data 
are written to a memory cell MC by different data writing 
processes, namely two data writing processes. 
0093 First, writing of lower page data will be described 
with reference to FIG. 12. In FIG. 12, it is assumed that all 
memory cells MC are included in the threshold voltage dis 
tribution E of an erased state, and data “11” is stored. As 
illustrated in FIG. 12, when performing writing of lower page 
data, the threshold voltage distribution E of the memory cell 
MC is divided into two threshold voltage distributions (E and 
B') depending on the value (“1” or “0”) of the lower page data. 
That is, when the value of the lower page data is “1”, the 
threshold voltage distribution E of the erased state is main 
tained. On the other hand, when the value of the lower page 
data is “0”, electrons are injected into the floating gate elec 
trode of the memory cell MC so that the threshold voltage of 
the memory cell MC is increased by a certain amount. As a 
result, the memory cell MC is changed to a written state (data 
“10). 
0094. Next, writing of upper page data will be described 
with reference to FIG. 13. As illustrated in FIG. 13, when the 
value of the upper page data is “1”, an increase of the thresh 
old voltage of the memory cell MC is prevented. As a result, 
the memory cell MC having the data “11” (the threshold 
voltage distribution E of the erased state) maintains the data 
“11” as it was, and the memory cell MC having the data “10 
(the threshold voltage distribution B') maintains the data “10 
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as it was. In addition, the lower limit of the threshold voltage 
distribution B' may be adjusted by using the normal verify 
voltage VBV higher than the verify voltage VBV". In this way, 
the width of the threshold voltage distribution B' may be 
narrowed to form the threshold voltage distribution B. 
0095. On the other hand, when the value of the upper page 
data is “0”, electrons are injected into the floating gate elec 
trode of the memory cell MC so that the threshold voltage of 
the memory cell MC is increased by a certain amount. As a 
result, the memory cell MC having the data “11” (the thresh 
old voltage distribution E of the erased sate) is changed to the 
data “01 of the threshold voltage distribution A, and the 
memory cell MC having the data “10' is changed to the data 
“00 of the threshold voltage distribution C. This is the data 
write operation of the present embodiment. 
0096 Procedure of Write Operation 
0097. A write procedure in which data is written by two 
writing processes of a lower page write operation and an 
upper page write operation will be described with reference to 
FIGS. 14 and 15. FIG. 14 is a diagram illustrating a write 
operation in a 4-value storage flash memory. FIG. 15 is a 
flowchart illustrating a write operation in a 4-value Storage 
flash memory. As illustrated in FIG. 14, an upper page write 
operation on a memory cell MC is executed after a lower page 
write operation on an adjacent memory cell MC is finished. 
This is to prevent the threshold voltage of a data-written 
memory cell MC from being affected during the lower page 
write operation on the adjacent memory cell MC. 
0098. In the write operation, a lower page write operation 

is executed to a memory cell MCn-1 (step S21 in FIG. 15). 
Subsequently, the lower page write operation is executed to a 
memory cell MCn (step S22). Moreover, an upper page write 
operation is executed to the memory cell MCn-1, and a write 
verify operation is executed so as to determine whether data is 
accurately written to the memory cell MCn-1 (step S23). 
When it is determined that data is written to the memory cell 
MCn-1, the lower page write operation is executed to a 
memory cell MCn+1 (step S24). Although not illustrated in 
the flowchart of FIG. 15, if certain data is not written to the 
memory cell MCn-1, the upper page write operation is 
executed again to the selected memory cell MCn-1. 
0099. After that, the upper page write operation and the 
write verify operation are executed to the memory cell MC 
whose adjacent memory cell MC has finished the lower page 
write operation. Here, when the write verify operation is 
executed to a certain memory cell (for example, the memory 
cell MCn), the data write operation has been already executed 
in the memory cell MCn-1 (and memory cells MC1 to 
MCn-2 (not illustrated)). In this case, the memory cell 
MCn-1 has such a threshold Voltage as to belong to any one 
of the threshold voltage distributions E, A, B, and C. More 
over, the lower page data is written to the memory cell MCn+ 
1. In this case, the memory cell MCn+1 has such a threshold 
Voltage as to belong to any one of the threshold Voltage 
distributions E and B'. The data write operation has not been 
executed yet in the memory cell MCn+2 (and memory cells 
MCn+3 to MC16 (not illustrated)). That is, the memory cell 
MCn+2 has such a threshold voltage as to belong to the 
threshold voltage distribution E of the data erased state. In the 
present embodiment, the following write verify operation is 
executed in Such a situation. 
0100 Write Verify Operation 
0101 FIG.16 illustrates a state of voltages applied to word 
lines WL during a write verify operation of the third embodi 
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ment. As described above, in the present embodiment, a write 
Verify operation in which a data write operation is executed up 
to the midway of a memory string MS will be described. 
0102 The upper page write operation has been already 
executed in the memory cells MCn-3 to MCn (and memory 
cells MC1 to MCn-4 (not illustrated)) illustrated in FIG. 16. 
In this case, the memory cells MCn-3 to MCn have such 
threshold voltages as to belong to any one of the threshold 
voltage distributions E, A, B, and C, respectively. The lower 
page write operation has been already executed in the 
memory cell MCn+1 illustrated in FIG. 16. In this case, the 
memory cell MCn+1 has such a threshold voltage as to belong 
to any one of the threshold voltage distributions E and B'. 
Moreover, the data write operation has not been executed yet 
in the memory cells MCn+2 to MCn+3 (and memory cells 
MCn+4 to MC16 (not illustrated)) illustrated in FIG. 16. That 
is, all of the memory cells MCn+2 to MCn+3 have such 
threshold voltages as to belong to the threshold voltage dis 
tribution E of the data erased state. 
0103) In the write verify operation, a write verify voltage 
Vvfy (a voltage VAV. VBV, or VCV illustrated in FIG. 13) is 
applied to the word line WLn to which the selected memory 
cell MCn is connected. As illustrated in FIG. 13, the write 
verify voltage VAV.VBV, or VCV is set to the lower limit of 
a threshold Voltage distribution corresponding to the data 
written to the selected memory cell MCn. 
0104 Moreover, the following voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn and the data written 
state. A read pass Voltage Vread1 is applied to the word lines 
WLn-1 to WLn-3 (and word lines WL1 to WLn-4 (not 
illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn. The read pass voltage 
Vread1 is voltage at which a non-selected memory cell MC 
becomes conductive regardless of the data held in the non 
selected memory cell MC. The read pass voltage Vread1 is set 
to the same voltage (for example, about 6V to 7V) as that of 
the second embodiment. 
0105. A read pass voltage Vread2 is applied to word lines 
WLn+2 to WLn+3 (and word lines WLn+4 to WL16 (not 
illustrated)) connected to non-written memory cells MC, 
excluding the word line WLn+1 adjacent to the selected word 
line WLn. The read pass voltage Vread2 is set to a voltage 
equal to or lower than the lowest voltage Vvfy(min)=VAV 
among the write verify voltages VVfy (VVfy=VAV. VBV, or 
VCV) applied to the selected memory cell MCn. The read 
pass voltage Vread2 is set to about 0 V, for example. 
0106. A read pass voltage Vread3 is applied to the word 
line WLn+1 adjacent to the selected word line WLn among 
the word lines WL. The read pass voltage Vread3 is set to a 
Voltage equal to or higher than the highest Voltage VVfy(max) 
=VCV among the write verify voltages Vvfy (Vvfy=VAV. 
VBV, or VCV) applied to the selected memory cell MCn. 
Moreover, the read pass voltage Vread3 is set to a voltage 
equal to or lower than the read pass Voltage Vread1 applied to 
the non-selected memory cells MC. The read pass voltage 
Vread3 is set to about 5.5 V to 6V, for example. 
0107 The above specific voltage values are one example 
in the write verify operation, and the voltage values of the 
respective voltages applied to the word lines WL may satisfy 
a magnitude relation of Vread2sV vfy(min)<VVfy(max) 
sVread3sVread1. In the NAND flash memory of the 
present embodiment, Voltages described above are applied to 
the word lines WL, and the bit line control circuit 2 deter 
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mines whether an electric current flows through the memory 
string MS. Although not illustrated in FIG. 16, a voltage Vsg 
at which the select gate transistors S1 and S2 become con 
ductive is applied to the select gate lines SG1 and SG2. 
01.08 Effects 
0109. In the present embodiment, the read pass voltage 
Vread2 is applied to the non-selected word lines WL to which 
the non-written memory cells MC are connected. Since the 
non-written memory cells MC have such a threshold voltage 
as to belong to the threshold voltage distribution E, the 
memory cells MC become conductive even with a voltage 
equal to or lower than the write verify voltage VAV, and the 
write verify operation can be executed properly. Moreover, 
since the read pass Voltage Vread2 is equal to or lower than the 
write verify voltage VAV, the variation of the threshold volt 
age of the non-written memory cells MC may be suppressed. 
According to the write verify operation of the present 
embodiment, the variation of the threshold voltage of the 
non-selected memory cells MC caused by the read pass volt 
age may be Suppressed. 
0110. In the present embodiment, during the write verify 
operation, the read pass Voltage Vread3 is applied to the 
non-selected memory cell MCn+1 adjacent to the selected 
memory cell MCn. The memory cell MCn+1 has such a 
threshold voltage as to belong to any one of the threshold 
voltage distributions E and B'. However, by applying a volt 
age equal to or higher than the write verify voltage VVfy 
(max), the memory cell MCn+1 becomes conductive, and the 
write verify operation can be executed properly. 

Fourth Embodiment 

0111. Next, a nonvolatile semiconductor memory device 
according to a fourth embodiment will be described with 
reference to FIGS. 17 to 19. The entire configuration of the 
nonvolatile semiconductor memory device of the present 
embodiment is the same as that of the first embodiment, and 
the detailed description thereof will be omitted. Moreover, 
the portions having the same configurations as the first 
embodiment will be denoted by the same reference numerals, 
and redundant description thereof will be omitted. 
0112. In the third embodiment, the write operation by the 
two-stage writing process of the lower page write operation 
and the upper page write operation, and the Voltages during 
the write verify operation associated with the write operation 
are described. The fourth embodiment below is the same as 
the third embodiment in that the write operation is executed 
by the two-stage writing process of the lower page write 
operation and the upper page write operation. However, the 
present embodiment is different from the third embodiment 
in that the upper page write operation in a memory cell MCi 
is executed after the lower page write operation is finished in 
a memory cell MCi-2 that is farther from the memory cell 
MCi by two. Hereinafter, a write operation and the procedure 
thereof will be described. After that, a write verify operation 
associated with the write operation will be described. 
0113 Procedure of Write Operation 
0114. A write procedure in which data is written by two 
writing processes of a lower page write operation and an 
upper page write operation will be described with reference to 
FIGS. 17 and 18. FIG. 17 is a diagram for describing a write 
operation in a 4-value storage flash memory. FIG. 18 is a 
flowchart illustrating a write operation in a 4-value Storage 
flash memory. As illustrated in FIG. 17, the upper page write 
operation in a memory cell MCi is executed after the lower 
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page write operation the memory cell MCi--2 is finished. This 
is to further suppress the influence on the threshold voltage of 
a data-written memory cell MC during the lower page write 
operation on a memory cell MC than the third embodiment. 
0.115. In the write operation, a lower page write operation 
is executed to a memory cell MCn-1 (step S31 in FIG. 18). 
Subsequently, the lower page write operation is executed to a 
memory cell MCn (step S32), and the lower page write opera 
tion is executed to a memory cell MCn+1 (step S33). More 
over, an upperpage write operation is executed with respect to 
the memory cell MCn-1, and a write verify operation is 
executed so as to determine whether data is accurately written 
to the memory cell MCn-1 (step S34). When it is determined 
that data is written to the memory cell MCn-1, the lower page 
write operation is executed to a memory cell MCn+2 (step 
S35). Although not illustrated in the flowchart of FIG. 18, if 
certain data is not written to the memory cell MCn-1, the 
upper page write operation is executed again to the selected 
memory cell MCn-1. 
0116. After that, the upper page write operation and the 
write verify operation are executed to memory cells MCi 
when the lower page write operation is finished up to the 
memory cell MCi-2. Here, when the write verify operation is 
executed to a certain memory cell (for example, the memory 
cell MCn), the data write operation has been already executed 
in the memory cell MCn-1 (and memory cells MC1 to 
MCn-2 (not illustrated)). In this case, the memory cell 
MCn-1 has such a threshold Voltage as to belong to any one 
of the threshold voltage distributions E, A, B, and C. More 
over, the lower page data is written to the memory cells 
MCn+1 and MCn+2. In this case, the memory cells MCn+1 
and MCn+2 have such threshold Voltages as to belong to any 
one of the threshold voltage distributions E and B. Moreover, 
the data write operation has not been executed yet in the 
memory cell MCn+2 (and memory cells MCn+4 to MC16 
(not illustrated)). That is, the memory cell MCn+3 has such a 
threshold voltage as to belong to the threshold voltage distri 
bution E of the data erased state. In the present embodiment, 
the following write verify operation is executed in such a 
situation. 
0117. Write Verify Operation 
0118 FIG. 19 illustrates a state of voltages applied to word 
lines WL during a write verify operation of the fourth embodi 
ment. As described above, in the present embodiment, a write 
Verify operation in which a data write operation is executed up 
to the midway of a memory string MS will be described. 
0119 The upper page write operation has been already 
executed in the memory cells MCn-3 to MCn (and memory 
cells MC1 to MCn-4 (not illustrated)) illustrated in FIG. 19. 
In this case, the memory cells MCn-3 to MCn have such 
threshold voltages as to belong to any one of the threshold 
voltage distributions E, A, B, and C, respectively. The lower 
page write operation has been already executed in the 
memory cells MCn+1 and MCn+2 illustrated in FIG. 16. In 
this case, the memory cells MCn+1 and MCn+2 has such 
threshold voltages as to belong to any one of the threshold 
voltage distributions E and B'. Moreover, the data write 
operation has not been executed yet in the memory cell 
MCn+3 (and memory cells MCn+4 to MC16 (not illustrated)) 
illustrated in FIG. 19. That is, the memory cell MCn+3 have 
Such a threshold Voltage as to belong to the threshold Voltage 
distribution E of the data erased state. 
I0120 In the write verify operation, a write verify voltage 
Vvfy (a voltage VAV. VBV, or VCV illustrated in FIG. 13) is 
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applied to the word line WLn to which the selected memory 
cell MCn is connected. As illustrated in FIG. 13, the write 
verify voltage VAV.VBV, or VCV is set to the lower limit of 
a threshold Voltage distribution corresponding to the data 
written to the selected memory cell MCn. 
0121 Moreover, the following voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn and the data written 
state. A read pass Voltage Vread1 is applied to the word lines 
WLn-1 to WLn-3 (and word lines WL1 to WLn-4 (not 
illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn. The read pass voltage 
Vread1 is voltage at which a non-selected memory cell MC 
becomes conductive regardless of the data held in the non 
selected memory cell MC. The read pass voltage Vread1 is set 
to the same voltage (for example, about 6V to 7V) as that of 
the second and third embodiments. 

0122) A read pass voltage Vread2 is applied to the word 
line WLn+3 (and word lines WLn+4 to WL16 (not illus 
trated)) connected to non-written memory cells MC, exclud 
ing the word lines WLn+1 and WLn+2. The read pass voltage 
Vread2 is set to a voltage equal to or lower than the lowest 
voltage V vfy(min)=VAV among the write verify voltages 
Vvfy (Vvfy=VAV, VBV, or VCV) applied to the selected 
memory cell MCn. The read pass voltage Vread2 is set to 
about 0 V, for example. 
0123. A read pass voltage Vread3 is applied to the word 
line WLn+1, and a read pass Voltage Vread3' is applied to the 
word line WLn+2. The read pass voltages Vread3 and Vread3' 
are set to Voltages equal to or higher than the highest Voltage 
Vvfy(max)=VCV among the write verify voltages VVfy 
(Vvfy=VAV, VBV, or VCV) applied to the selected memory 
cell MCn. Moreover, the read pass voltages Vread3 and 
Vread3' are setto voltages equal to or lower than the read pass 
voltage Vread1 applied to the non-selected memory cells MC. 
Furthermore, the read pass voltage Vread3 is set to be equal to 
or higher than the read pass voltage Vread3'. 
0.124. The above specific voltage values are one example 
in the read operation, and the Voltage values of the respective 
Voltages applied to the word lines WL may satisfy a magni 
tude relation of Vread2sV Vfy(min)<VVfy(max) 
sVread3's Vread3s Vread1. In the NAND flash memory of 
the present embodiment, voltages described above are 
applied to the word lines WL, and the bit line control circuit 
2 determines whether an electric current flows through the 
memory string MS. Although not illustrated in FIG. 19, a 
voltage Vsg at which the select gate transistors S1 and S2 
become conductive is applied to the select gate lines SG1 and 
SG2. 

0125 Effects 
0126. In the present embodiment, the read pass voltage 
Vread2 is applied to the non-selected word lines WL to which 
the non-written memory cells MC are connected. Since the 
non-written memory cells MC have such a threshold voltage 
as to belong to the threshold voltage distribution E, the 
memory cells MC become conductive even with a voltage 
equal to or lower than the write verify voltage VAV, and the 
write verify operation can be executed properly. Moreover, 
since the read pass Voltage Vread2 is equal to or lower than the 
write verify voltage VAV, the change of the threshold voltage 
of the non-written memory cells MC may be suppressed. 
According to the read operation of the present embodiment, 
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the change of the threshold voltage of the non-selected 
memory cells MC caused by the read pass Voltage may be 
Suppressed. 
I0127. In the present embodiment, during the write verify 
operation, the read pass voltages Vread3 and Vread3' are 
applied to the non-selected memory cells MCn+1 and MCn+ 
2, respectively. The memory cells MCn+1 and MCn+2 have 
Such threshold Voltages as to belong to any one of the thresh 
old voltage distributions E and B'. However, by applying a 
voltage equal to or higher than the write verify voltage VVfy 
(max), the memory cells MCn+1 and MCn+2 become con 
ductive, and the write verify operation can be executed prop 
erly. 

Fifth Embodiment 

I0128. Next, a nonvolatile semiconductor memory device 
according to a fifth embodiment will be described with ref 
erence to FIGS. 20 to 22. The entire configuration of the 
nonvolatile semiconductor memory device of the present 
embodiment is the same as that of the first embodiment, and 
the detailed description thereof will be omitted. Moreover, 
the portions having the same configurations as the first 
embodiment will be denoted by the same reference numerals, 
and redundant description thereof will be omitted. 
I0129. In the first to fourth embodiments, the voltages 
applied to the word lines WL during the read operation and 
the voltages applied to the word lines WL during the write 
verify operation are described. In the fifth embodiment below, 
the relation between the voltage applied during the read 
operation and the Voltage applied during the write verify 
operation will be described. 
I0130 Read Operation and Write Verify Operation 
I0131 FIG. 20 illustrates the state of voltages applied to 
word lines WL during a read operation and a write verify 
operation of the fifth embodiment. In the present embodi 
ment, a write verify operation in which a data write operation 
is executed up to the midway of a memory string MS will be 
described. 
0.132. A data write operation has been already executed in 
memory cells MCn-3 to MCn (and memory cells MC1 to 
MCn-4 (not illustrated)) illustrated in FIG. 20. In this case, 
the memory cells MCn-3 to MCn have such threshold volt 
ages as to belong to any one of the threshold Voltage distri 
butions E, A, B, and C, respectively. On the other hand, a data 
write operation has not been executed yet in memory cells 
MCn+1 to MCn+3 (and memory cells MCn+4 to MC16 (not 
illustrated)) illustrated in FIG. 20. That is, all of the memory 
cells MCn+1 to MCn+3 have such threshold voltages as to 
belong to the threshold voltage distribution E of a data erased 
State. 

I0133. In the read operation, a read voltage Vth (Vth=VA, 
VB, or VC) is applied to the word line WLn to which the 
selected memory cell MCn is connected. Moreover, the fol 
lowing Voltages are applied to the non-selected word lines 
WL depending on the positions relative to the selected 
memory cell MCn and the data written state. A read pass 
voltage Vread1(R) is applied to the word lines WLn-1 to 
WLn-3 (and word lines WL1 to WLn-4 (not illustrated)) 
connected to data-written memory cells MC, other than the 
selected word line WLn. A read pass voltage Vread2(R) is 
applied to the word line WLn+2 (and word lines WLn+3 to 
WL16 (not illustrated)) connected to non-written memory 
cells MC, excluding the word line WLn+1 adjacent to the 
selected word line WLn. A read pass voltage Vread3(R) is 
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applied to the word line WLn+1 adjacent to the selected word 
line WLn among the word lines WL connected to the non 
written memory cells MC. 
0134. The voltage values of the respective voltages 
applied to the word lines WL satisfy a magnitude relation of 
Vth (min)s Vread2(R)-Vth (max)sVread3(R)s Vread1(R). 
In the NAND flash memory of the present embodiment, volt 
ages described above are applied to the word lines WL, and 
the bit line control circuit 2 determines whether an electric 
current flows through the memory string MS. 
0135 Moreover, in the write verify operation, a write 
verify voltage Vvfy (Vvfy=VAV. VBV, or VCV) is applied to 
the word line WLn to which the selected memory cell MCn is 
connected. Moreover, the following Voltages are applied to 
non-selected word lines WL depending on the positions rela 
tive to the selected memory cell MCn and the data written 
state. A read pass voltage Vread1(V) is applied to the word 
lines WLn-1 to WLn-3 (and word lines WL1 to WLn-4 (not 
illustrated)) connected to data-written memory cells MC, 
other than the selected word line WLn. A read pass voltage 
Vread2(V) is applied to the word lines WLn+2 (and word 
lines WLn+3 to WL16 (not illustrated)) connected to non 
written memory cells MC, excluding the word line WLn+1 
adjacent to the selected word line WLn. A read pass voltage 
Vread3(V) is applied to the word line WLn+1 adjacent to the 
selected word line WLn among the word lines WL connected 
to the non-written memory cells MC. 
0136. The voltage values of the respective voltages 
applied to the word lines WL satisfy a magnitude relation of 
Vread2(V)sVvfy(min)<Vvfy(max)sVread3(V)sVread1 
(V). In the NAND flash memory of the present embodiment, 
voltages described above are applied to the word lines WL, 
and the bit line control circuit 2 determines whether an elec 
tric current flows through the memory string MS. 
0137 In the NAND flash memory of the present embodi 
ment, the magnitude relations between the read pass Voltages 
during the read operation and the read pass Voltages during 
the write verify operation are determined as described above. 
In addition to this, the relations between the read pass volt 
ages during the read operation and the read pass Voltages 
during the write verify operation are set so that Vread3(R)+ 
Vread1(R)=Vread3(V)+Vread1(V). 
0138 Effects 
0.139. In the present embodiment, the read pass voltages 
Vread2(R) and Vread2(V) are applied to the non-selected 
word lines WL connected to the non-written memory cells 
MC. The non-written memory cells MC have such a threshold 
voltage as to belong to the threshold voltage distribution E. 
Thus, the memory cells MC become conductive even with the 
read pass voltages Vread2(R) and Vread2(V), and the read 
operation and the write verify operation can be executed 
properly. Moreover, since the read pass voltages Vread2(R) 
and Vread2(V) are lower than the read voltage VC and the 
write verify voltage VCV, respectively, the change of the 
threshold voltage of the non-written memory cells MC may 
be suppressed. According to the read operation of the present 
embodiment, the change of the threshold voltage of the non 
selected memory cells MC caused by the read pass voltage 
may be suppressed. 
0140 Moreover, in miniaturized semiconductor memory 
devices, the voltage of the floating gate electrode FG of the 
selected memory cell MCn increases due to the influence of 
both the read voltage Vth applied to the word line WLn and 
the voltages applied to the adjacent word lines WLn-1 and 
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WLn+1. Therefore, when the voltages applied to the adjacent 
word lines WLn-1 and WLn+1 during the write verify opera 
tion are greatly different from that during the read operation, 
the read conditions may change. As a result, it may become 
difficult to perform an accurate read operation. In contrast, in 
the present embodiment, the relation between the read pass 
Voltages during the read operation and the read pass Voltages 
during the write verify operation is set so that Vread3(R)+ 
Vread1(R)=Vread3(V)+Vread1(V). As a result, the influence 
of the read pass Voltage during the read operation on the 
floating gate electrode FG of the selected memory cell MCn 
is Substantially equal to the influence of the read pass Voltage 
during the write verify operation. Thus, in the nonvolatile 
semiconductor memory device of the present embodiment, 
the read conditions during the write verify operation can be 
made Substantially the same as those during the read opera 
tion. 

Alternative Example 1 
0141 FIG. 21 is a diagram for describing the operation 
according to an alternative example of the fifth embodiment. 
In this alternative example, the applied Voltages during the 
read operation and the applied Voltages during the write 
verify operation are in the state illustrated in FIG. 20. In this 
alternative example, the relation between the read pass volt 
ages Vread3(R) and Vread1(R) during the read operation and 
the read pass voltages Vread3(V) and Vread1(V) during the 
write verify operation is different from that of the example 
illustrated in FIG. 20. 
0.142 FIG. 21 illustrates an example where a threshold 
voltage distribution is moved toward the positive direction 
due to a certain cause after the write operation. Examples of 
the causes of the movement of the threshold voltage distribu 
tion toward the positive direction include an inter-cell inter 
ference. The inter-cell interference occurs when a write 
operation is executed to a memory cell MC adjacent to a 
certain selected memory cell MC to which a write operation 
has been already performed. The inter-cell interference varies 
the threshold voltage distribution of the selected memory cell 
MC. In this alternative example, when the threshold voltage 
distribution is moved toward the positive direction, the rela 
tion between the read pass Voltages during the read operation 
and the read pass Voltages during the write verify operation is 
set so that Vread3(R)+Vread1(R)>Vread3(V)+Vread1(V). 
0143. By setting the sum of the read pass voltages Vread3 
(R) and Vread1(R) during the read operation to be greater 
than the sum of the read pass voltages Vread3(V) and Vread1 
(V) during the write verify operation, the influence on the 
selected word line WLn of the adjacent word lines WLn-1 
and WLn+1 increases. Due to this influence, the voltage value 
of the selected word line WLn during the read operation 
becomes higher than a certain value. As a result, even when 
the threshold voltage distribution is moved toward the posi 
tive direction, data can be read accurately. 

Alternative Example 2 
014.4 FIG. 22 is a diagram for describing the operation 
according to an alternative example of the fifth embodiment. 
In this alternative embodiment, the applied Voltages during 
the read operation and the applied Voltages during the write 
verify operation are in the state illustrated in FIG. 20. In this 
alternative embodiment, the relation between the read pass 
voltages Vread3(R) and Vread1(R) during the read operation 
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and the read pass voltages Vread3(V) and Vread1(V) during 
the write verify operation is different from that of the example 
illustrated in FIG. 20. 
0145 FIG. 22 illustrates an example where a threshold 
Voltage distribution is moved toward the negative direction 
due to a certain cause after the write operation. Examples of 
the causes of the movement of the threshold voltage distribu 
tion toward the negative direction include a leakage of 
charges from a floating gate electrode. The leakage of charges 
occurs after a write operation is performed to a certain 
selected memory cell MC, and thus decreases the threshold 
voltage distribution of the selected memory cell MC. In this 
alternative example, when the threshold voltage distribution 
is moved toward the negative direction, the relation between 
the read pass Voltages during the read operation and the read 
pass Voltages during the write verify operation is set so that 
Vread3(R)+Vread1(R)-Vread3(V)+Vread1(V). 
0146 By setting the sum of the read pass voltages Vread3 
(R) and Vread1(R) during the read operation to be smaller 
than the sum of the read pass voltages Vread3(V) and Vread1 
(V) during the write verify operation, the influence on the 
selected word line WLn of the adjacent word lines WLn-1 
and WLn+1 decreases. Due to this influence, the voltage 
value of the selected word line WLn during the read operation 
becomes lower than a certain value. As a result, even when the 
threshold voltage distribution is moved toward the negative 
direction, data can be read accurately. 
0.147. Others 
0148 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. For example, in the above embodiments, 
although a 4-value storage scheme (2-bit/cell) nonvolatile 
semiconductor device is described, the present invention is 
not limited to this. The present invention can be naturally 
applied to a storage scheme using a larger number of bits such 
as an 8-value storage scheme. 
0149 Moreover, in the above embodiments, an example of 
performing the two-stage writing process of the lower page 
write operation and the upper page write operation is 
described. However, as for the write operation, a write 
scheme of a two-stage writing process by a foggy writing 
process and a fine writing process may be employed. The 
foggy writing process is a rough writing of upper page data 
and lower page data. The fine writing process is an accurate 
writing of the upper page data and the lower page data. 
0150. A write operation in a 4-value storage scheme 
including a foggy writing process and a fine writing process 
will be described with reference to FIGS. 23 and 24. First, as 
illustrated in FIG. 23, from a state (the threshold voltage 
distribution E) in which all memory cells MC are erased, a 
foggy writing process is executed to a certain memory cell 
MC. The foggy writing process is a writing process of obtain 
ing threshold voltage distributions Af, Bf, and Cfby using 
verify voltages VAVfVBVf, and VCV flower than the lower 
limits of the respective threshold voltage distributions E. A. 
B, and C which are to be obtained finally. After the foggy 
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writing process is executed, the threshold Voltage distribu 
tions become threshold voltage distributions Af, Bf, and Cf 
which overlap each other. 
0151. After that, as illustrated in FIG. 24, a fine writing 
process is executed to the memory cell MC. In the fine writing 
process, the threshold voltage distributions Af, Bf, and Cfare 
moved toward the positive direction by using the verify volt 
ages VAV. VBV, and VCV equal to the lower limits of a 
plurality of threshold voltage distributions A, B, and C which 
is to be obtained finally. In this way, the threshold voltage 
distributions E, A, B, and C are obtained. The same verify 
operation as the above embodiments can be employed during 
the verify operation after the fine writing process is per 
formed. 
What is claimed is: 
1. A nonvolatile semiconductor memory device compris 

1ng: 
a plurality of memory cells configured to hold a threshold 

voltage included in any one of a plurality of threshold 
Voltage distributions; 

a memory cell array having NAND cell units arranged 
therein, each of the NAND cell units including a 
memory string in which the memory cells are connected 
in series and select transistors connected to both ends of 
the memory string, respectively; 

word lines connected to the memory cells; 
bit lines connected to a first end of each of the NAND cell 

units: 
a source line connected to second ends of the NAND cell 

units; and 
a control circuit configured to controla data read operation, 
when controlling the data read operation, 
the control circuit applying one of read voltages to a 

Selected word line connected to a selected memory cell, 
each of the read voltages being set to a Voltage between 
two adjacent threshold Voltage distributions, 

the control circuit applying a first read pass Voltage to a first 
non-selected word line connected to one of data-written 
memory cells, the first read pass Voltage being set so that 
the data-written memory cells become conductive 
regardless of the kind of the plurality of threshold volt 
age distributions formed by the data-written memory 
cells, and 

the control circuit applying a second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell, the second read pass Voltage being set 
So as to be lower than a highest read voltage, the highest 
read voltage being the highest Voltage among the read 
Voltages. 

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

wherein the second read pass Voltage is set so as to be equal 
to or higher than a lowest read voltage, the lowest read 
Voltage being the lowest Voltage among the read volt 
ageS. 

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

wherein when the selected memory cell is not at the end of 
a series of the data-written memory cells, the control 
circuit applies the second read pass Voltage to the second 
non-selected word lines, and 

wherein when the selected memory cell is at the end of the 
series of the data-written memory cells, the control cir 
cuit applies the second read pass Voltage to the second 
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non-selected wordline that is not adjacent to the selected 
word line and applies a third read pass Voltage to the 
second non-selected word line that is adjacent to the 
Selected word line, the third read pass Voltage being set 
So as to be equal to or higher than the highest read 
Voltage and be equal to or lower than the first read pass 
Voltage. 

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

wherein the second read pass Voltage is set so as to be equal 
to or higher than a lowest read voltage, the lowest read 
Voltage being the lowest Voltage among the read volt 
ageS. 

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

wherein the control circuit controls a write operation fol 
lowed by a verify operation, and 

wherein when controlling the verify operation, 
the control circuit applies one of Verify Voltages to a 

selected word line connected to the selected memory 
cell, each of the verify voltages corresponding to the 
threshold voltage distributions, respectively, 

the control circuit applies the first read pass Voltage to a 
first non-selected word line connected to one of data 
written memory cells, and 

the control circuit applies the second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell. 

6. The nonvolatile semiconductor memory device accord 
ing to claim 5. 

wherein the second read pass Voltage is set so as to be equal 
to or lower than a lowest verify voltage, the lowest verify 
Voltage being the lowest Voltage among the verify Volt 
ageS. 

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

wherein the control circuit controls a write operation fol 
lowed by a verify operation, and 

wherein when controlling the verify operation, 
the control circuit applies one of Verify Voltages to a 

selected word line connected to the selected memory 
cell, each of the verify voltages corresponding to the 
threshold voltage distributions, respectively, 

the control circuit applies the first read pass Voltage to a 
first non-selected word line connected to one of data 
written memory cells, 

the control circuit applies the second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell, and 

the control circuit applies a third read pass Voltage to a third 
non-selected word line connected to a memory cell 
which is adjacent to the selected memory cell and in 
which data is partially written, the third read pass volt 
age being set so as to be equal to or higher than the 
highest read voltage and be equal to or lower than the 
first read pass Voltage. 

8. The nonvolatile semiconductor memory device accord 
ing to claim 7. 

wherein the second read pass Voltage is set so as to be equal 
to or lower than a lowest verify voltage, the lowest verify 
Voltage being the lowest Voltage among the verify Volt 
ageS. 

9. The nonvolatile semiconductor memory device accord 
ing to claim 7. 
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wherein the third read pass Voltage is set So as to be equal 
to or higher than a highest verify Voltage, the highest 
Verify Voltage being the highest Voltage among the 
Verify Voltages. 

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

wherein the control circuit controls a write operation fol 
lowed by a verify operation, and 

wherein when controlling the verify operation, 
the control circuit applies one of Verify Voltages to a 

selected word line connected to the selected memory 
cell, each of the verify voltages corresponding to the 
threshold voltage distributions, respectively, 

the control circuit applies the first read pass Voltage to a 
first non-selected word line connected to one of data 
written memory cells, 

the control circuit applies the second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell, 

the control circuit applies a third read pass Voltage to a third 
non-selected word line connected to a memory cell 
which is adjacent to the selected memory cell and in 
which data is partially written, the third read pass volt 
age being set so as to be equal to or higher than the 
highest read voltage and be equal to or lower than the 
first read pass Voltage, and 

the control circuit applies a fourth read pass Voltage to a 
fourth non-selected word line connected to a memory 
cell which is not adjacent to the selected memory cell 
and in which data is partially written, the fourth read 
pass Voltage being set So as to be equal to or higher than 
the highest read voltage and be equal to or lower than the 
third read pass Voltage. 

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

wherein the second read pass Voltage is set so as to be equal 
to or lower than a lowest verify voltage, the lowest verify 
Voltage being the lowest Voltage among the verify Volt 
ageS. 

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

wherein the third read pass Voltage and the fourth read pass 
Voltage are set so as to be equal to or higher than a 
highest verify Voltage, the highest verify Voltage being 
the highest Voltage among the verify Voltages. 

13. A nonvolatile semiconductor memory device compris 
ing: 

a plurality of memory cells configured to hold a threshold 
voltage included in any one of a plurality of threshold 
Voltage distributions; 

a memory cell array having NAND cell units arranged 
therein, each of the NAND cell units including a 
memory string in which the memory cells are connected 
in series and select transistors connected to both ends of 
the memory string, respectively; 

word lines connected to the memory cells; 
bit lines connected to a first end of each of the NAND cell 

units: 
a source line connected to second ends of the NAND cell 

units; and 
a control circuit configured to control a write operation 

followed by a verify operation, 
when controlling the verify operation, 
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the control circuit applying one of Verify Voltages to a 
selected word line connected to the selected memory 
cell, each of the verify voltages corresponding to the 
threshold voltage distributions, respectively, 

the control circuit applying a first read pass Voltage to a first 
non-selected word line connected to one of data-written 
memory cells, the first read pass Voltage being set so that 
the data-written memory cells become conductive 
regardless of the kind of the plurality of threshold volt 
age distributions formed by the data-written memory 
cells, and 

the control circuit applying a second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell, the second read pass Voltage being set 
So as to be equal to or lower thana lowest verify Voltage, 
the lowest Verify Voltage being the lowest Voltage among 
the verify voltages. 

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

wherein the control circuit applies a third read pass Voltage 
to a third non-selected word line connected to a memory 
cell which is adjacent to the selected memory cell and in 
which data is partially written, the third read pass volt 
age being set So as to be equal to or higher than a highest 
verify voltage and be equal to or lower than the first read 
pass Voltage, the highest verify Voltage being the highest 
Voltage among the verify Voltages. 

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

wherein the control circuit applies a third read pass Voltage 
to a third non-selected word line connected to a memory 
cell which is adjacent to the selected memory cell and in 
which data is partially written, the third read pass volt 
age being set So as to be equal to or higher than a highest 
verify voltage and be equal to or lower than the first read 
pass Voltage, the highest verify Voltage being the highest 
Voltage among the verify Voltages, and 

the control circuit applies a fourth read pass Voltage to a 
fourth non-selected word line connected to a memory 
cell which is not adjacent to the selected memory cell 
and in which data is partially written, the fourth read 
pass Voltage being set so as to be equal to or higher than 
the highest verify Voltage and be equal to or lower than 
the third read pass Voltage. 

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

wherein the number of threshold voltage distributions are 
four, and 

wherein the control circuit executes the write operation by 
a two-stage writing process, and executes the Verify 
operation to the memory cells in which the two-stage 
writing process is finished. 

17. A nonvolatile semiconductor memory device compris 
ing: 

a plurality of memory cells configured to hold a threshold 
voltage included in any one of a plurality of threshold 
Voltage distributions; 

a memory cell array having NAND cell units arranged 
therein, each of the NAND cell units including a 
memory string in which the memory cells are connected 
in series and select transistors connected to both ends of 
the memory string, respectively; 

word lines connected to the memory cells; 
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bit lines connected to a first end of each of the NAND cell 
units: 

a source line connected to second ends of the NAND cell 
units; and 

a control circuit configured to controla data read operation, 
a write operation and a verify operation, 

when controlling the data read operation, 
the control circuit applying one of read voltages to a 

Selected word line connected to a selected memory cell, 
each of the read voltages being set to a Voltage between 
two adjacent threshold Voltage distributions, 

the control circuit applying a first read pass Voltage to a first 
non-selected word line connected to one of data-written 
memory cells, the first read pass Voltage being set so that 
the data-written memory cells become conductive 
regardless of the kind of the plurality of threshold volt 
age distributions formed by the data-written memory 
cells, 

the control circuit applying a second read pass Voltage to a 
second non-selected word line connected to a non-writ 
ten memory cell that is not adjacent to the selected 
memory cell, the second read pass Voltage being set So as 
to be lower than a highest read voltage, the highest read 
Voltage being the highest Voltage among the read volt 
ageS, 

the control circuit applying a third read pass Voltage to a 
third non-selected word line connected to a non-written 
memory cell that is adjacent to the selected memory cell, 
the third read pass Voltage being set so as to be equal to 
or higher than the highest read voltage and be equal to or 
lower than the first read pass Voltage, 

when controlling the verify operation, 
the control circuit applying one of Verify Voltages to the 

selected word line, each of the verify voltages corre 
sponding to threshold Voltage distributions, respec 
tively, 

the control circuit applying a first verify read pass Voltage 
to the first non-selected word line, the first verify read 
pass Voltage being set so that the data-written memory 
cells become conductive regardless of the kind of the 
plurality of threshold voltage distributions formed by 
the data-written memory cells, 

the control circuit applying a second verify read pass Volt 
age to the second non-selected word line, the second 
Verify read pass Voltage being set So as to be lower than 
a highest verify Voltage, the highest Verify voltage being 
the highest Voltage among the verify Voltages, 

the control circuit applying a third verify read pass Voltage 
to the third non-selected word line, the third verify read 
pass Voltage being set So as to be equal to or higher than 
the highest verify Voltage and be equal to or lower than 
the first verify read pass Voltage, and 

the control circuit being configured to be capable of chang 
ing a magnitude relation between the Sum of the first and 
third read pass voltages and the sum of the first and third 
Verify read pass Voltages. 

18. The nonvolatile semiconductor memory device accord 
ing to claim 17. 

wherein the sum of the first and third read pass voltages is 
the same as the sum of the first and third verify read pass 
Voltages. 

19. The nonvolatile semiconductor memory device accord 
ing to claim 17. 
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wherein the sum of the first and third read pass voltages is wherein the sum of the first and third read pass voltages is 
greater than the sum of the first and third verify read pass smaller than the sum of the first and third verify read pass 
Voltages. Voltages. 

20. The nonvolatile semiconductor memory device accord 
ing to claim 17. k . . . . 
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