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DESCRIPTION

Title of Invention: SEMICONDUCTOR MEMORY DEVICE AND
STORED DATA READ METHOD

Technical Field
[0001]

An embodiment of the present invention relates to a
semiconductor memory device and a stored data read method.
Background Art
[0002]

As large capacity recording media, non-volatile
semiconductor memory devices including a NAND-type flash
memory are used in various electronic apparatuses. This type of
non-volatile semiconductor memory device converts data read
from a selected memory cell into a desired voltage level by
through a sense amplifier. A read operation of the sense
amplifier is called a sense.

[0003]

As one of sense methods, an all bit line (ABL) method is
known. In the ABL method, after a bit line is precharged, the
read operation is executed on all bit lines. Then, read data from
the memory cell is detected on the basis of an amount of current
flowing from the bit line.

[0004]

In the ABL method, the bit line is first precharged. Then,
a transistor connected to a sense node is turned on and a current
from the corresponding bit line is transferred to the sense node.
However, predetermined setup time is necessary until a gate
voltage of the transistor reaches a voltage level to turn on the
transistor. The setup time changes for each bitline. As a result,
time when the transistor is turned on may also change for each bit
line. For this reason, a read characteristic of the sense amplifier
is deteriorated.
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Citation List
Patent Literature
[0005] :
Patent Literature 1: US 7,974,133
Patent Literature 2: US 7,881,120
Summary of Invention

Technical Problem

[0006]
An object of the present invention is to provide a

semiconductor memory device capable of improving a read
characteristic of a sense amplifier and a stored data read method.
Solution to Problem

[0007]

According to this embodiment, there is provided a
semiconductor memory device. The semiconductor memory
device includes a plurality of memory cells that are connected to a bit
line; a sense amplifier that reads data stored in a memory cell
selected from the plurality of memory cells via the bit line; and a
controller that controls an operation of the sense amplifier. The
sense amplifier has a first transistor that clamps a voltage of the bit
line connected to the selected memory cell, a second transistor that
is inserted between a voltage node clamped by the first transistor
and a reference voltage node, a third transistor that is inserted
between a charge/discharge node performing charge/discharge in
accordance with the data stored in the selected memory cell and the
voltage node clamped by the first transistor, and a fourth transistor
that is inserted between the reference voltage node and the
charge/discharge node. The controller has a first operation mode, a
second operation mode, and a third operation mode that are
executed sequentially when the data stored in the selected memory
cell is read. In the first operation mode, the first transistor and the
second transistor are turned on, the bit line connected to the selected
memory cell is precharged, the charge/discharge node is precharged,
and the third transistor is turned off. In the second operation mode,
the third transistor is operated in an ON direction while the bit line is
continuously precharged and resistance between a source and a
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drain of the third transistor is set to be higher than resistance
between a source and a drain of the first transistor. In the third
operation mode, the first transistor is turned on, the second
transistor is turned off, the third transistor is turned on, and the
fourth transistor is turned on and a discharge current from the
charge/discharge node is allowed to flow to the bit line via the third
transistor and the first transistor.

Brief Description of Drawings
[0008]

Fig. 1 is a block diagram illustrating a schematic
configuration of a semiconductor memory device according to an
embodiment of the present invention.

Fig. 2 is a block diagram illustrating a detailed
configuration of a peripheral portion of a cell array 2.

Fig. 3 is a circuit diagram illustrating an example of an
internal configuration of a sense amplifier 6.

Fig. 4 is a diagram illustrating operation states of first to
third transistors Q1 to Q3 in a first operation mode.

Fig. 5 is a diagram illustrating operation states of the first
to third transistors Q1 to Q3 in a second operation mode.

Fig. 6 is a diagram illustrating operation states of the first
to third transistors Q1 to Q3 in a third operation mode.

Fig. 7 is a diagram illustrating operation states of the first
to third transistors Q1 to Q3 in a fourth operation mode.

Fig. 8 is an internal voltage/current waveform diagram of
the sense amplifier 6 in the first to fourth operation modes.

Fig. 9 is a diagram illustrating operation states of the first
to third transistors Q3 in a sense operation mode according to a
comparative example.

Fig. 10 is an internal voltage/current waveform diagram of
the sense amplifier 6 in the comparative example.

Description of Embodiments

[0009]
Fig. 1 is a block diagram illustrating a schematic
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configuration of a semiconductor memory device according to an
embodiment of the present invention. The semiconductor
memory device of Fig. 1 illustrates an example of a NAND-type
flash memory.

[0010]

A semiconductor memory device 1 of Fig. 1 includes a cell
array 2, a row decoder 3, a word line driver 4, a column decoder
5, sense amplifiers (S/A) 6, data latch circuits 7, a controller 8, a
high voltage generator 9, an address register 10, a command
decoder 11, and an I/O buffer 12.

[0011]

The cell array 2 includes NAND strings obtained by
connecting a plurality of memory cells in series.
[0012]

Fig. 2 is a block diagram illustrating a detailed
configuration of a peripheral portion of the cell array 2. As
illustrated in Fig. 2, the cell array 2 is divided into a plurality of
blocks BLKO to BLKn. In each block, a plurality of NAND strings
20 are arranged in a column direction. Each NAND string 20 has
a plurality of memory cells 21 that are connected in series, a
selection gate transistor S1 that is connected to one end side of
the memory cell 21, and a selection gate transistor S2 that is
connected to the other end side.

[0013]

Gates of the individual memory cells 21 in the NAND string
20 are connected to corresponding word lines WLO to WLn+1. A
gate of the selection gate transistor S1 is connected to a selection
gate line SGD. A gate of the selection gate transistor S2 is
connected to a selection gate line SGS. The individual NAND
strings 20 are connected to a common cell source line via the
corresponding selection gate transistors S1. In addition, the
individual NAND strings 20 are connected to corresponding bit
lines BLO to BLn via the corresponding selection gate transistors
S2.

[0014]
The individual word lines WLO to WLn+1 connected to the
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gates of the individual memory cells 21 in the NAND string 20 are
connected to the row decoder 3. The row decoder 3 decodes a
row address transferred from the address register 10. The word
line driver 4 is disposed in the vicinity of the row decoder 3. The
word line driver 4 generates a voltage to drive each word line, on
the basis of decoded data.

[0015]

The bit lines BLO to BLn connected to the individual NAND
strings 20 are connected to the sense amplifiers 6 via bit line
selection transistors QO. The sense amplifier 6 in this
embodiment detects read data from the memory cell 21 in
accordance with an amount of current flowing from the bit line,
using an all bit line (ABL) method. The read data detected by the
sense amplifier 6 is latched as binary data in the data latch circuit
7.

[0016]

The column decoder 5 illustrated in Fig. 1 decodes a column
address from the address register 10. In addition, the column
decoder 5 determines whether the data latched in the data latch
circuit 7 is transferred to a data bus, on the basis of a decoding
result.

[0017]

The I/0 buffer 12 buffers an address, data, and a command
input from an I/O terminal. In addition, the I/O buffer 12
transfers the address to the address register 10, transfers the
command to a command register, and transfers the data to the
data bus.

[0018]

The controller 8 identifies the address and the command
and controls an operation of the sense amplifier 6.

[0019]

Fig. 3 is a circuit diagram illustrating an example of an
internal configuration of the sense amplifier 6. Fig. 3 illustrates a
circuit portion to sense a bit line BLI connected to one NAND string
20 including one selected memory cell 21. When the number of
bit lines BL is n (n is an integer of 2 or more), n/m (m is an integer
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of 1 or more, for example, n or n/2) circuits equal to a circuit of Fig.
3 are provided. Hereinafter, a signal line passing the bit line
selection transistor QO inserted between the bit line BL connected
to the NAND string 20 and the sense amplifier 6, that is, a signal
line between the sense amplifier 6 and the bit line selection
transistor QO is called a bit line BLI for convenience.

[0020]

As illustrated in Fig. 3, the sense amplifier 6 has a first
transistor Q1 having a gate BLC, a second transistor Q2 having a
gate BLX, a third transistor Q3 having a gate XXL, and a fourth
transistor Q4 having a gate HLL. Each of the first to fourth
transistors Q1 to Q4 is an NMOS transistor.

[0021]

One of a source and a drain of each of the first transistor Q1,
the second transistor Q2, and the third transistor Q3 is commonly
connected. In the present specification, a common connection
node is called an SCOM node.

[0022]

The first transistor Q1 is provided between the bit line BLI
connected to the NAND string 20 and the SCOM node. The
second transistor Q2 is provided between a reference voltage
node Vdd and the SCOM node. The third transistor Q3 and the
fourth transistor Q4 are connected in series between the reference
voltage node Vdd and the SCOM node. A reference voltage of the
reference voltage node Vdd is a voltage generated in a NAND-type
flash memory, on the basis of a power supply voltage provided
from the outside.

[0023]

An intermediate connection node of the third transistor Q3
and the fourth transistor Q4 is an output node of the sense
amplifier 6. One end of a capacitor C and the data latch circuit 7
are connected to the output node. The intermediate connection
node is called a SEN node in the present specification.

[0024]

When the data of the selected memory cell 21 is read, the

sense amplifier 6 according to this embodiment operates while
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sequentially switching a first operation mode, a second operation
mode, and a third operation mode. The switching of the first to
third operation modes is controlled by the controller 8. More
specifically, the controller 8 switches operation states of the first
to fourth transistors Q1 to Q4 in each of the first to third operation
modes.

[0025]

FIGS. 4 to 6 are diagrams illustrating the operation states
of the first to third transistors Q1 to Q3 in the first to third
operation modes, respectively. Fig. 7 is a diagram illustrating the
operation states of the first to third transistors Q1 to Q3 in a fourth
operation mode executed after the third operation mode. Fig. 8
is an internal voltage/current waveform diagram of the sense
amplifier 6 in the first to fourth operation modes. In FIGS.4to7,
the transistors operating in an ON direction are marked with
circles and the transistors to be turned off are marked with X.
When the latch operation is executed, the data latch circuit 7 is
marked with a circle and when the latch operation is not executed,
the data latch circuit 7 is marked with X.

[0026]

The first operation mode is a mode in which the bit line BLI
connected to the NAND string 20 including the selected memory
cell 21 is precharged and the corresponding SEN node is
precharged. In a period of the first operation mode, as
illustrated in Fig. 4, the transistors Q1, Q2 and Q4 are set to ON
and the third transistor Q3 is set to OFF. The first and second
transistors Q1 and Q2 are turned on, so that a current from the
reference voltage node flows to the corresponding bit line BL via
the second transistor Q2 and the first transistor Q1, and the bit
line BL is precharged. In addition, in the period of the first
operation mode, the fourth transistor Q4 is set to ON and the third
transistor Q3 is set to OFF, so that the current from the reference
voltage node flows to the SEN node via the fourth transistor Q4,
and the capacitor C is charged.

[0027]
As a result, as illustrated in Fig. 8, in the first operation mode,
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the gate BLC of the first transistor Q1 is boosted to a voltage VBLC,
the gate BLX of the second transistor Q2 is boosted to a voltage
VXXL, and the gate HLL of the fourth transistor Q4 is boosted to a
voltage VHLL. In addition, the gate XXL of the third transistor Q3
is set to a low level.

[0028]

The gate voltage VBLC of the gate BLC of the first transistor
Q1 in the first operation mode and the voltage VXXL of the gate
BLX of the second transistor Q2 are set to satisfy a relation of the
following formula (1).

VBLC < VXXL (1)

[0029]

The reason why the voltages are set as described above is to
allow the first transistor Q1 to clamp a voltage level of the bit line
BLI surely by the gate voltage VBLC. If VBLC > VXXL is satisfied,
a voltage level of the SCOM node becomes lower than a voltage
level of the gate voltage VBLC, the first transistor Q1 is turned on,
and the bit line BLI may not be set to a voltage lower than the gate
voltage VBLC by a threshold voltage.

[0030]

The precharge of the SEN node does not need to be
performed using the fourth transistor Q4 to be turned on and the
precharge of the SEN node may be performed using other circuit.
When the precharge of the SEN node is performed using other
circuit, the voltage of the gate HLL of the fourth transistor Q4 is
set to a low level, for example.

[0031]

The second operation mode executed subsequent to the first
operation mode is a mode to make preparations for suppressing a
variation of the voltage level of the SEN node maximally in the
following third operation mode. In a period of the second
operation mode, as illustrated in Fig. 5, ON states of the first and
second transistors Q1 and Q2 are maintained and the third
transistor Q3 is switched from an OFF direction to an ON direction.
In addition, the fourth transistor Q4 is turned on.
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[0032]
More specifically, in the second operation mode, a voltage of

the gate XXL of the third transistor Q3 is set to a voltage lower
than a voltage of the gate BLX of the second transistor Q2. As a
result, resistance between a source and a drain of the third
transistor Q3 becomes larger than resistance between a source
and a drain of the second transistor Q2. Likewise, a voltage of
the gate HLL of the fourth transistor Q4 is set to a voltage lower
than a voltage of the gate HLL of the second transistor Q2. As a
result, the resistance between the source and the drain of the
fourth transistor Q4 becomes larger than the resistance between
the source and the drain of the second transistor Q2.

[0033]

Thereby, the current from the reference voltage node Vdd
flows to the bit line BLI via the second transistor Q2 and the
precharge of the bit line BL is continuously performed. In
addition, the current can be prevented from flowing from the SEN
node to the reference voltage node Vdd via the fourth transistor
Q4 or from the reference voltage node Vdd to the SEN node via the
fourth transistor Q4. In addition, the current from the SEN node
can be prevented from flowing to the SCOM node via the third
transistor Q3.

[0034]

The third operation mode executed subsequent to the second
operation mode is a mode in which the SEN node is discharged.
In a period of the third operation mode, as illustrated in Fig. 6, the
first transistor Q1 is set to ON, the second transistor Q2 is set to
OFF, the fourth transistor Q4 is set to ON, and the third transistor
Q3 is set to ON. More specifically, as illustrated in Fig. 8, the
voltage of the gate BLC of the first transistor Q1 is held at the
same voltage VBLC as the first and second operation modes, the
voltage of the gate BLX of the second transistor Q2 is set to a low
level, and both the voltages of the gate XXL of the third transistor
Q3 and the gate HLL of the fourth transistor Q4 are set to a voltage
VBLX.
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[0035]
A magnitude relation of the voltage VBLX and the voltages

VBLC and VBLX in the formula (1) is represented by the following
formula (2).

VBLC < VBLX < VXXL e (2)
[0036]

The reason why the voltage VBLX is set to the voltage VBLC
or more is to cause the voltage of the SCOM node not to become
lower than the voltage VBLC of the gate BLC of the first transistor
Q1, as described above. In addition, the voltage VXXL is set high,
so that the current from the SEN node is easy to flow to the bit line
BLI.

[0037]
In the third operation mode, when zero is stored in the

selected memory cell 21, charges accumulated in the capacitor C
are discharged via the SEN node, the third transistor Q3, the first
transistor Q1, and the bit line BLI.

[0038]

At timing becoming a trigger starting the third operation
mode, the voltage of the gate BLX of the second transistor Q2
decreases to a low level. As a result, the second transistor Q2 is
turned off quickly and a current iBLX flowing between the source
and the drain of the second transistor Q2 is switched steeply.
[0039]

In addition, when the third operation mode starts, the
voltage of the gate XXL of the third transistor Q3 becomes already
the high voltage VBLX and the current iXXL from the SEN node
flows quickly in a direction of the bit line BLI via the third
transistor Q3.

[0040]
As such, in this embodiment, when the operation mode

changes from the second operation mode to the third operation
mode, the current iBLX and the current iXXL change steeply.
This means that timing when a potential of the SEN node changes
can be suppressed from varying.
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[0041]

In the third operation mode, the voltage of the gate XXL of
the transistor Q3 is preferably set to be equal to or higher than the
voltage of the gate HLL of the transistor Q4. The reason is to flow
a current to the bit line BL corresponding to the SEN node where
the discharge has ended early, along a path of Vdd — transistor Q4
— transistor Q3 — SCOM node — transistor Q1 — bit line BL,
clamp a potential of the bit line BL at the voltage of the gate HLL
of the transistor Q4, and reduce the variation in the potential of
the bit line BL. Another reason is to prevent the current from
leaking from the SEN node to the reference voltage node Vdd, by
setting ON resistance of the transistor Q3 to be equal to or lower
than ON resistance of the transistor Q4, because a discharge
current preferably flows from the SEN node to the SCOM node
basically.

[0042]

If the potential of the SEN node is stabilized in the third
operation mode, the operation mode changes to the fourth
operation mode. The fourth operation mode is a mode in which
binary data in accordance with the potential of the SEN node is
latched by the data latch circuit 7. In a period of the fourth
operation mode, as illustrated in Fig. 7, the data latch circuit 7
enters an enable state and the first transistor Q1 is set to ON, the
second transistor Q2 is set to ON, and the third transistor Q3 and
the fourth transistor Q4 are set to OFF. Both the third transistor
Q3 and the fourth transistor Q4 are turned off, so that the
potential of the SEN node is fixed, and in this state, the data latch
circuit 7 executes the latch operation.

[0043]

In addition, the reason why the both the first transistor Q1
and the second transistor Q2 are set to ON in the fourth operation
mode is to precharge the bit line BLI as preparations executing a
next read operation through the bit line BLI. The above
operation has no connection with an operation for transferring the
data read in the first to third operation modes to the data latch
circuit 7. That is, when only the operation for latching the data
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read from the selected memory cell by the data latch needs to be
executed, only the fourth transistor Q4 and the third transistor Q3
may be turned off and the first transistor Q1 and the second
transistor Q2 do not need to be turned on.

[0044]

A variation AV of the voltage by the discharge of the SEN
node in the fourth operation mode is represented by AV =1 x t/C.
I expresses a discharge current flowing through the SEN node, t
expresses a period (sense period) in which the discharge current
flows, and C expresses a capacity of the SEN node including the
capacitor C. As known from the above formula, if the capacity
and the sense period are fixed, the variation AV of the voltage is
determined by the discharge current I. In actuality, AV may be
varied by electric characteristics of the first transistor Q2 and the
third transistor Q3. However, according to this embodiment, in
the third operation mode, the second transistors Q2 is turned off
quickly and the third transistor Q3 is turned on quickly, so that the
variation of AV can be suppressed.

[0045]

FIGS. 9 and 10 are diagrams illustrating a comparative
example. Fig. 9 is a diagram illustrating operation states of the
first to third transistors Q1 to Q3 in a sense operation mode
executed instead of the second operation mode and the third
operation mode and Fig. 10 is an internal voltage/current
waveform diagram of the sense amplifier 6 in the comparative
example.

[0046]

In the comparative example, the sense operation mode of
Fig. 9 is executed after the same first operation mode as Fig. 4 is
executed. Then, the same fourth operation mode as Fig. 7 is
executed.

[0047]

In the sense operation mode of Fig. 9, the first transistor
Q1 is set to ON, the second transistor Q2 is set to ON, the fourth
transistor Q4 is set to OFF, and the third transistor Q3 is set to ON.
A voltage of a gate HIL of the fourth transistor Q4 is set to be
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higher than the voltage of the gate BLX of the second transistor
Q2, such the current from the reference voltage node does not
flow to the second transistor Q2 instead of the fourth transistor Q4.
As a result, when zero is stored in the selected memory cell 21,
charges accumulated in the capacitor C are discharged via the
SEN node, the third transistor Q3, the first transistor Q1, and the
bit line BLI.

[0048]

In the case of Fig. 9, when the operation mode is switched to
the sense operation mode, the discharge of the SEN node is ideally
determined by the current of the memory cell 21. In actuality,
because the gate XXL of the third transistor Q3 has a wiring
capacity and a gate load, it takes predetermined setup time to set
the voltage of the gate XXL to a desired voltage. In addition, the
current flowing between the source and the drain of the third
transistor Q3 is affected by variations of the second transistor Q2
and the third transistor Q3. As a result, as illustrated in Fig. 10,
it takes time to stabilize the current iBLX flowing between the
source and the drain of the second transistor Q2. Likewise, it
takes time to stabilize the current iXXL flowing from the SEN node
to the bit line BLI via the third transistor Q3. Therefore, in the
sense operation mode of Fig. 9, a variation of timing until the
potential of the SEN node is stabilized for each sense amplifier 6
increases.

[0049]

Meanwhile, according to the second and third operation
modes in this embodiment illustrated in FIGS. 5 and 6, when the
operation mode is switched to the third operation mode, the
current iBLX and the current iXXL can be stabilized quickly and the
variation of the potential of the SEN node can be suppressed.
[0050]

As such, in this embodiment, the second operation mode is
provided between the first operation mode in which the bit line BLI
and the SEN node are precharged and the third operation mode in
which the SEN node is discharged. Inthe second operation mode,
because the third transistor Q3 is driven in an ON direction, the



10

15

20

25

30

35

14

second transistor Q2 is turned off when the operation mode is
switched from the second operation mode to the third operation
mode. For this reason, the current iXXL flowing from the SEN
node to the bit line BLI via the third transistor Q3 and the current
iBLX flowing between the source and the drain of the second
transistor Q2 can be changed steeply. As a result, the variation
until the potential of the SEN node is stabilized can be suppressed.
Therefore, a read characteristic of the sense amplifier is
improved.

[0051]

In the embodiment described above, the example of the case
in which the present invention is applied to the NAND-type flash
memory has been described. However, the present invention can
be applied to various non-volatile semiconductor memory devices
such as a NOR-type flash memory, an MRAM, and a ReRAM.
[0052]

An aspect of the present invention is not limited to each
embodiment described above and includes various modifications
devised by those skilled in the art and the effect of the present
invention is also not limited to the content described above. That
is, various additions, changes, and partial deletions can be made
without departing from the spirit and the scope of the present
invention derived from content defined by claims and equivalents
thereof.

Reference Signs List
[0053]

semiconductor memory device
cell array

row decoder

word line driver
column decoder

sense amplifier

data latch circuit
controller

high voltage generator
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address decoder
command decoder
I/0 buffer

NAND string
memory cell
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CLAIMS

1. A semiconductor memory device comprising:
a memory cell;
a sense amplifier that reads data stored in the memory cell;
and
a controller that controls an operation of the sense amplifier,
wherein the sense amplifier comprises;
a first transistor that clamps a voltage of a bit line
connected to the memory cell,
a second transistor that is provided between a voltage
node clamped by the first transistor and a reference voltage node,
a third transistor that is provided between a
charge/discharge node performing charge/discharge in accordance
with the data stored in the memory cell and the voltage node
clamped by the first transistor, and
a fourth transistor that is provided between the
reference voltage node and the charge/discharge node,
the controller executes a first operation mode, a second
operation mode after the first operation mode, and a third operation
mode after the second operation mode when the data stored in the
selected memory cell is read,
in the first operation mode, the first transistor and the second
transistor are turned on and the third transistor is turned off,
in the second operation mode, the third transistor is turned on,
and
in the third operation mode, the first transistor is turned on,
the second transistor is turned off, the third transistor is turned on,
and the fourth transistor is turned on.

2. The semiconductor memory device according to claim 1,
wherein each of the first to third transistors is an NMOS
transistor, and
in the second operation mode, the controller sets a gate
voltage of the second transistor higher than gate voltages of the third
transistor and the fourth transistor.
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3. The semiconductor memory device according to claim 2,

wherein, in the second operation mode, the controller sets the
gate voltages of the fourth transistor and the third transistor equal to
or higher than a gate voltage of the first transistor.

4. The semiconductor memory device according to claim 1,
wherein, in the first operation mode, the controller turns on

the fourth transistor.

5. The semiconductor memory device according to claim 1,

wherein, in the third operation mode, the controller sets a
gate voltage of the third transistor equal to or higher than a gate
voltage of the fourth transistor.

6. The semiconductor memory device according to claim 1,

wherein, in the first operation mode, the controller sets a gate
voltage of the second transistor equal to or higher than a gate voltage
of the first transistor.

7. The semiconductor memory device according to claim 1,
further comprising:

a latch that latches data in accordance with a potential of the
charge/discharge node,

wherein, in a fourth operation mode executed after the third
operation mode, the controller turns off the third transistor and the
fourth transistor and transfers charges accumulated in the capacitor
to the latch.

8. The semiconductor memory device according to claim 1,
wherein the bit line is connected to a plurality of memory cells,
the sense amplifier reads data stored in the memory cell

selected from the plurality of memory cells via the bit line,
in the first operation mode, the bit line connected to the

selected memory cell and the charge/discharge node are precharged,

and
in the third operation mode, a discharge current from the
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charge/discharge node is allowed to flow to the bit line via the third
transistor and the first transistor.

9. A stored data read method for reading data stored in a
memory cell selected from a plurality of memory cells connected to a
bit line via the bit line, comprising: ;

executing a first operation mode in which both a first
transistor clamping a voltage of the bit line connected to the selected
memory cell and a second transistor inserted between a voltage node
clamped by the first transistor and a reference voltage node are
turned on, the bit line connected to the selected memory cell is
precharged, the charge/discharge node is precharged, and a third
transistor inserted between a charge/discharge node performing
charge/discharge in accordance with the data stored in the selected
memory cell and the voltage node clamped by the first transistor is
turned off;

executing a second operation mode in which the third
transistor is operated in an ON direction while the bit line is
continuously precharged and resistance between a source and a
drain of the third transistor is set to be higher than resistance
between a source and a drain of the first transistor; and

executing a third operation mode in which the first transistor
is turned on, the second transistor is turned off, the third transistor is
turned on, and a fourth transistor inserted between the reference
voltage node and the charge/discharge node is turned on, and a
discharge current from the charge/discharge node is allowed to flow
to the bit line via the third transistor and the first transistor.



