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(57) Abstract: When write is performed simultaneously into a
plurality of nonvolatile memory cells in a memory cell array
(100), the bit lines of the nonvolatile memory cells are connected
to M (M is an integer not smaller than 2) data lines (DIOI to
DIOm) by a column address signal. N (N is an integer not small-
er than 1) switches (SW1 to SWn) and a switch control circuit
(103) for controlling the N switches are arranged for cach of the
data lines. M switch control circuits control M x N switches so
as to change the voltage level of the drain voltage applied to the
memory cell bit lines or the period of the drain voltage applica-
tion for each of the memory cells.

(57) Summary: When simultaneously writing to a plurality of
nonvolatile memory cells in the memory cell array (100), the
bit lines of the plurality of nonvolatile memory cells are
connected to M data lines (DIO1 to DIOm) (where M is an
integer of 2 or more) by a column address signal. Then, for
each of the data lines, N switches (SW1 to SWn) (where N is
an integer of 1 or more) and a switch control circuit (103) for
controlling the N switches are provided; the M switch control
circuit controls a total of MxN switches, and thereby vary, for
each memory cell, in terms of either the voltage level of the
drain voltage applied to the bit lines of the plurality of
memory cells or the duration for which drain voltage is
applied.
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[0001]

[0002]

[0003]

[0004]

Specification
Title of invention: Nonvolatile Semiconductor Memory
Technical field

The present invention relates to nonvolatile semiconductor memory and, in
particular, to a technique that suppresses variations in write speed when
simultaneously writing a plurality of nonvolatile memory cells at the same threshold
level.

Background art

In general, nonvolatile semiconductor memory, such as flash memory, has memory
cells each consisting of a gate electrode connected to a word line, a drain connected
to a bit line, a source connected to a source line, and a floating gate or charge trap
layer; a memory cell array is provided in which a plurality of these memory cells are
arranged in a matrix.

For example, in nonvolatile semiconductor memory having a trap layer, a charge
(electrons or holes) is trapped by injection into a discretized trap layer (a SiN film or
a transition region at the SiN film/top SiO2 film interface) present within an insulating
film (SiO2) between the channel region of the memory cell and the gate electrode; data
"0" or "1" is determined based on the threshold level of such memory cell, and
information is stored accordingly. Below, electron injection is referred to as writing,
and an explanation is given on the principle of writing.

In FIG. 9, 600 is a semiconductor substrate made of P-type silicon, 601 is a P-type
channel region formed on the semiconductor substrate 600, 602 is a first impurity
region (e.g., a drain) formed from N-type semiconductor on one side of the channel
region 601 on the semiconductor substrate 600, 603 is a second impurity region (e.g.,
a source) formed of N-type semiconductor on the other side of the channel region 601
on the semiconductor substrate 600, 604 is a bottom insulating film made of silicon
oxide formed on the semiconductor substrate 600, 605 is a trap layer made of silicon
oxynitride formed on the bottom insulating film 604, 606 is a top insulating film made
of silicon oxide formed on the trap layer 605, and 607 is a gate electrode made of N-

type polysilicon formed on the top insulating film 606.
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[0005]

[0006]

[0007]

[0008]

[0009]

When writing, approximately 9 V is applied to the gate electrode 607,
approximately 5 V is applied to the first impurity region (drain) 602, 0 V is applied to
the second impurity region (source) 603, and 0 V is applied to the semiconductor
substrate 600, respectively. This causes a portion of the electrons heading from the
second impurity region 603 to the first impurity region 602 to become heated due to
the high electric field in the vicinity of the first impurity region 602, and to be injected
locally into the trap layer 605 in the vicinity of the first impurity region 602, causing
the threshold level of the memory cell to increase.

In the write operation for nonvolatile semiconductor memory, it is common practice
to shorten the write time by simultaneously applying the aforementioned write voltage
to such plurality of memory cells, such as on a byte or word basis, and treating them
as a single unit for writing.

In addition, in nonvolatile semiconductor memory having a trap layer, by reversing
the voltages applied to the first impurity region 602 and the second impurity region
603, applying OV to the first impurity region 602 and approximately 5 V to the second
impurity region 603, electrons can be locally injected into the trap layer 605 near the
second impurity region 603, making it possible to store two bits of data in a single
memory cell.

However, in recent years, in conjunction with the storage capacity of nonvolatile
semiconductor memory having increased, the area of memory cell arrays has also
grown, resulting in longer bit lines being formed within the memory cell array.
Therefore, when writing, there is a problem in that due to a voltage drop caused by the
resistance of the bit lines, the drain voltage varies depending on the location of the
memory cells within the memory cell array, resulting in variations in write speed.

In addition, in nonvolatile semiconductor memory that has a trap layer and which
is capable of storing two bits of data in a single memory cell, it is known that the
storage state of the first bit affects the write speed of the second bit, which is a factor

the contributes to the variation in write speed.

SK hynix Ex. 1004, Page 4 of 27



WO 2010/089815 3 PCT/JIP2009/004737

[0010]

[0011]

[0012]

[0013]

[0014]

In order to address these problems, according to one prior art, the level of bit line
voltage supplied to the bit line in the memory cell array at the time of writing is varied
according to the write address, thereby suppressing the variations in write speed (see

Patent Reference 1).

Prior art documents

Patent documents

Patent document 1: Japanese Unexamined Patent Application Publication 2003-
109389

Summary of the invention

Problem to be Solved by the Invention

However, in the above-described prior art, when a plurality of memory cells are
written simultaneously, the write conditions (drain voltage, duration of drain voltage
supply) are set commonly. Therefore, variations in write speed between the plurality
of memory cells that are being written simultaneously cannot be suppressed, leading
to a deterioration in memory cell reliability. In addition, as the write time depends on
the memory cell with the slowest write speed, variations in the write speed result in
an increase in the overall write time.
Means for Solving the Problem

According to the present invention, when writing a plurality of nonvolatile memory
cells simultaneously, the bit lines of the plurality of nonvolatile memory cells are
connected to M data lines (where M is an integer of 2 or more) by a column address
signal. In addition, for each of the data lines, N switches (where N is an integer of 1
or more) and a switch control circuit for controlling the N switches are provided; the
M switch control circuits control a total of MxN switches, and thereby vary, for each
memory cell, either the voltage level of the drain voltage applied to the bit lines of the

plurality of memory cells or the duration for which the drain voltage is applied.
Effect of the Invention

In the nonvolatile semiconductor memory of the present invention, variations in
write speed between memory cells when writing a plurality of nonvolatile memory

cells simultaneously can be suppressed, variations in post-write threshold levels can
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[0015]

[0016]

[0017]

be reduced so as to improve memory cell reliability, and in addition, an increase in
write time due to variations in write speed can be suppressed.
Brief Description of the Drawings
[FIG. 1] A block diagram illustrating a first configuration example of the nonvolatile
semiconductor memory according to the present invention.
[FIG. 2] A diagram illustrating a first configuration example of a switch circuit and a
switch control circuit according to the present invention.
[FIG. 3] A diagram illustrating a switch control method in a first configuration
example of a switch circuit and switch control circuit according to the present
invention.
[FIG. 4] A diagram illustrating a second configuration example of a switch circuit and
a switch control circuit according to the present invention.
[FIG. 5] A diagram illustrating a switch control method in a second configuration
example of a switch circuit and switch control circuit according to the present
invention.
[FIG. 6] A diagram illustrating a third configuration example of a switch circuit and a
switch control circuit according to the present invention.
[FIG. 7] A diagram illustrating a switch control method in a third configuration
example of a switch circuit and switch control circuit according to the present
invention.
[FIG. 8] A block diagram illustrating a second configuration example of the
nonvolatile semiconductor memory according to the present invention.
[FIG. 9] A cross-sectional view showing the memory cell structure of a conventional
nonvolatile semiconductor memory.
Modes for carrying out the invention

Hereinafter, embodiments of the present invention configured to write a plurality of
nonvolatile memory cells simultaneously will be described with reference to the
drawings.

FIG. 1 illustrates an example configuration of a nonvolatile semiconductor memory
according to the present invention. 100 is a memory cell array consisting of a plurality
of memory cells, 101 is a column decoder that connects a plurality of bit lines to M

data lines DIO1 to DIOm, where M is smaller than the number of bit lines, based on
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[0018]

[0019]

[0020]

[0021]

a column address signal, and 102 is a drain voltage generation circuit that supplies a
drain voltage to the bit lines.
For each data line, the first terminal of each of the N switches SW1 to SWn are

commonly connected, and a drain voltage supply line VD, which is the output of the
drain voltage generation circuit 102, is commonly connected to the second terminal of
each of the N switches SW1 to SWhn. In addition, a switch control circuit 103 is
provided for each data line to control the N switches SW1 to SWn.

The M switch control circuit 103 controls M x N switches, and vary, for each data
line DIO1 to DIOm, either the drain voltage level supplied or the duration for which
the drain voltage is supplied. As a result of this, the write speed of the memory cells
connected to M data lines DIO1 to DIOm can be varied for each memory cell, and
allows for the write speed variation when writing a plurality of memory cells
simultaneously to be suppressed.

FIG. 2 illustrates a first example configuration of a switch circuit and switch control
circuit that varies the voltage level of the drain voltage supplied to the data line. In the
switch circuit 200, the first terminals of the two P-type transistors P1 and P2 are
commonly connected to the data line DIO, and the second terminals of the P-type
transistors P1 and P2 are commonly connected to the drain voltage supply line VD.
The switch control circuit 201 receives a data input signal DIN as well as switch
control input signals SWIN1 and SWINZ2, and outputs switch control output signals
SWOUT1 and SWOUT2. The switch control output signals SWOUT1 and SWOUT?2
are connected to the gate terminals of the P-type transistors P1 and P2 in the switch
circuit 200, respectively.

FIG. 3 shows the relationship between the data input signal DIN, the switch control
input signals SWIN1, SWIN2, and the switch control output signals SWOUT]1,
SWOUT? in the switch control circuit 201. The “L” in FIG. 3 represents 0 V and the
“H” represents the same level as the drain voltage supply line VD. When SWOUT1 is
“L”, the P-type transistor P1 in the switch circuit 200 is turned on, and when SWOUT2
is “L”, the P-type transistor P2 in the switch circuit 200 is turned on. The transistor

resistance between the data line DIO and the drain voltage supply line VD varies
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[0022]

[0023]

[0024]

depending on the combination in which the P-type transistors P1 and P2 in the switch
circuit 200 are turned on, and the amount of voltage drop caused by the transistor
resistance changes accordingly. In this way, the voltage level supplied to the data line
DIO can be varied depending on the combination by which the P-type transistors P1
and P2 in the switch circuit 200 are turned on.

FIG. 4 illustrates a second example configuration of a switch circuit and switch
control circuit that varies the voltage level of the drain voltage supplied to the data
line. In the switch circuit 300, the first terminals of the P-type transistor P1 and the N-
type transistor N1 are commonly connected to the data line DIO, and the second
terminals of the P-type transistor P1 and the N-type transistor N1 are commonly
connected to the drain voltage supply line VD. The switch control circuit 301 receives
a data input signal DIN as well as switch control input signal SWIN, and outputs
switch control output signals SWOUT1 and SWOUT?2. The switch control output
signals SWOUT1 and SWOUT?2 are connected to the gate terminals of the P-type
transistor P1 and the N-type transistor N1 in the switch circuit 300, respectively.

FIG. 5 shows the relationship between the data input signal DIN, the switch control
input signal SWIN, and the switch control output signals SWOUT1, SWOUT?2 in the
switch control circuit 301. The “L” in FIG. 5 represents 0 V and the “H” represents
the same level as the drain voltage supply line VD. When SWOUT1 is “L”, the P-type
transistor P1 is turned on, and when SWOUT? is “L”, the N-type transistor N1 in the
N-type transistor is turned on. When the P-type transistor P1 is turned on, the level of
the drain voltage supply line VD is supplied to the data line DIO as is, whereas when
the N-type transistor N1 is turned on, a voltage level that is lower by exactly the
threshold voltage Vtn of the N-type transistor N1 than the gate voltage (the level of
the drain voltage supply line VD here) is supplied. In this way, the voltage level
supplied to the data line DIO can be varied by selectively turning on either the P-type
transistor P1 or the N-type transistor N1.

FIG. 4 illustrates a second example configuration of a switch circuit and switch
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[0025]

[0026]

[0027]

control circuit that varies the duration period of the drain voltage supplied to the data
line. In the switch circuit 400, the first terminal of the P-type transistor P1 is connected
to the data line DIO, and the second terminal of the P-type transistor P1 is connected
to the drain voltage supply line VD. The switch control circuit 401 receives a data
input signal DIN as well as switch control input signal SWIN, and outputs switch
control output signal SWOUT. The switch control output signal SWOUT is connected
to the gate terminal of the P-type transistor P1 in the switch circuit 400. The switch
control circuit 401 comprises a delay circuit 402 consisting of a resistive element R
and a capacitor element C with the ground potential as GND, and can switch the “L”
period of the switch control output signal SWOUT in accordance with the switch
control input signal SWIN.

FIG. 7 shows the relationship between the data input signal DIN, the switch control
input signal SWIN, and the switch control output signal SWOUT in the switch control
circuit 401. The “L” in FIG. 7 represents 0 V and the “H” represents the same level as
the drain voltage supply line VD. During the period that the switch control output
signal SWOUT is “L”, the P-type transistor P1 is turned on, and the drain voltage is
supplied to the data line DIO. In this way, the duration for which voltage is supplied
to the data line DIO can be varied by the switch control input signal SWIN.

FIG. 8 illustrates another example configuration of a nonvolatile semiconductor
memory according to the present invention. 500 is a memory cell array consisting of
a plurality of memory cells, 501 is a column decoder that connects a plurality of bit
lines to M data lines DIO1 to DIOm, with M being smaller than the number of bit
lines, based on a column address signal, and 505 is a read circuit for reading data from
the memory cell array 500, which receives the M data lines DIO1 to DIOm as inputs
and is composed of components such as sense amplifiers, which are not shown in the
FIG. 502 is a drain voltage generation circuit that supplies a drain voltage to the bit
lines. The memory cell array 500 is composed of a memory cell having a trap layer as
shown in FIG. 9, and allows for the storage of two bits of data in a single memory cell.

For each data line, the first terminal of each of the N switches SW1 to SWhn are
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[0028]

[0029]

[0030]

commonly connected, and a drain voltage supply line VD, which is the output of the
drain voltage generation circuit 502, is commonly connected to the second terminal of
each of the N switches SW1 to SWhn. In addition, a switch control circuit 503 is
provided for each data line to control the N switches SW1 to SWn.

In addition, a state storage circuit 504 is provided in order to store the storage state
(“0” or “1”) of the memory cell as read by the read circuit 505. The state storage circuit
504 outputs state output signals CB1 to CBm in accordance with the stored state of
the stored memory cells, and the state output signals CB1 to CBm are connected to M
switch control circuits 503.

Prior to writing the first bit of the memory cell connected to the M data lines DIO1
to DIOm, the storage state of the second bit of the memory cells is read in advance by
the read circuit 505 and the read result is stored in the state storage circuit 504. When
the first bit of the memory cells is written, the state storage circuit 504 outputs state
output signals CB1 to CBm in accordance with the stored storage states, and based on
these state output signals CB1 to CBm, either the voltage level supplied to each of the
M data lines DIO1 to DIOm or the duration for which the voltage is supplied is varied
for each data line. In this way, the write speed of the first bit of the memory cells
connected to the M data lines DIO1 to DIOm can be varied for each memory cell in
accordance with the storage state of the second bit of the memory cell, allowing for
the write speed variation when writing a plurality of memory cells simultaneously to
be suppressed.

In addition, as a modification to the configuration example shown in FIG. 8, the
threshold level state of the memory cells to be written is read in advance by the read
circuit 505, prior to writing to the memory cell connected to the M data lines DIO1 to
DIOm, and the read result is stored in the state storage circuit 504. When the memory
cells are written, the state storage circuit 504 outputs state output signals CB1 to CBm
in accordance with the stored threshold level states, and based on these state output
signals CB1 to CBm, either the voltage level supplied to each of the M data lines DIO1
to DIOm or the duration for which the voltage is supplied is varied for each data line.

In this way, the write speed of the memory cells connected to the M data lines DIO1
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[0031]

[0032]

[0033]

to DIOm can be varied for each memory cell in accordance with the threshold level
state of the memory cell to be written, allowing for the write speed variation when
writing a plurality of memory cells simultaneously to be suppressed.

Although the above embodiments have described cases in which one or two
switches are connected to one data line, the present invention is also applicable to
configurations in which three or more switches are provided. In addition, although the
above description of a nonvolatile semiconductor memory having a trap layer has been
given for a case in which each memory cell stores two bits, the present invention is
also applicable to configurations with memory cells capable of writing by reversing
the voltage relationship between the first and second impurity regions, even when

storing three or more bits per memory cell.
Industrial applicability

As explained above, the nonvolatile semiconductor memory according to the
present invention can improve memory cell reliability by suppressing variations in
write speed between memory cells, and can also suppress increases in write time
caused by such variations in write speed. In particular, it is useful as a nonvolatile
semiconductor memory having a trap layer and which is capable of storing a plurality

of bits in a single memory cell.
Explanation of References

100, 500 Memory cell arrays

101,501  Column decoders

102, 502 Drain voltage generation circuits
103, 503 Switch control circuits

200, 300, 400 Switch circuits

201, 301, 401 Switch control circuits
402 Delay circuit

504  State storage circuit

505 Read circuit

600 Semiconductor substrate

601 Channel area
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602  First impurity region (drain)

603  Second impurity region (source)

604  Bottom insulation film

605 Trap layer

606 Top insulation film

607 Gate electrode

C Capacitor element

CB1-CBm State output signal

DIN Data entry signal

DIO, DIO1 - DIOm Data lines

GND Ground potential

N1 N-type transistor

P1, P2 P-type transistors

R Resistive element

SW1-SWn  Switches

SWIN, SWIN1, SWIN2 Switch control input signals
SWOUT, SWOUT1, SWOUT2 Switch control output signals
VD  Drain voltage supply line
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[Claim 1]

[Claim 2]

Scope of Patent Claims

A nonvolatile semiconductor memory capable of simultaneously writing a
plurality of nonvolatile memory cells through a plurality of bit lines, with the
memory comprising:

M data lines (where M is an integer of 2 or more), which are fewer in number
than the number of bit lines and are connected to the plurality of bit lines in
accordance with the column address signal,

a drain voltage generation circuit configured to generate a voltage that serves
as the source of drain voltage for each of the plurality of nonvolatile memory
cells;

a drain voltage supply line connected to the output of the drain voltage
generation circuit;

M switch circuits and M switch control circuits interposed between the M
data lines and the drain voltage supply line;

wherein each of the M switch circuits has N switches (where N is an integer
of 1 or more), and

each of the MxN switches has a first terminal which is commonly connected
to one corresponding data line out of the M data lines, and a second terminal
that is commonly connected to the drain voltage supply line;

the drain voltage supply line is connected to the M data lines via the MxN
switches, and the MxN switches are controlled by the M switch control circuits.

The nonvolatile semiconductor memory according to claim 1, wherein

each of the N switches included in any one of the M switch circuits are
composed of one-conductivity-type transistors connected in parallel with one
another,

and when drain voltage is to be supplied to the corresponding one data line
out of the M data lines, at least one of the N transistors is turned on through the

control of the corresponding switch control circuit.
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[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

The nonvolatile semiconductor memory according to claim 1, wherein

each of the N switches included in any one of the M switch circuits are
composed of P-type and N-type transistors connected in parallel,

and when drain voltage is to be supplied to the corresponding one data line
out of the M data lines, either the P-type transistor or the N-type transistor is
turned on through the control of the corresponding switch control circuit.

The nonvolatile semiconductor memory according to claim 1, wherein

the M switch control circuits are capable of controlling, for each of the M data
lines, a combination in which the N switches connected to the corresponding
one out of the M data lines are turned on.

The nonvolatile semiconductor memory according to claim 1, wherein

the M switch control circuits are capable of controlling, for each of the M data
lines, the period during which the N switches connected to the corresponding
one out of the M data lines are turned on.

The nonvolatile semiconductor memory according to claim 1, wherein

a read circuit that receives the M data lines as inputs,

and a state storage circuit to which M read signals output from the read circuit
are input,

wherein the M switch circuits are controlled in accordance with the M state
output signals that are output from the state storage circuit.

The nonvolatile semiconductor memory according to claim 6, wherein

each of the plurality of nonvolatile memory cells is capable of storing multi-
bit data that can be written by reversing the source drain voltage relationship,

and during writing of a first bit using source drain voltage applied in one
direction, the storage state of a second bit, which is written by applying source
drain voltage in the opposite direction, is read, the read storage state is stored in
the state storage circuit,

and the control method of the M switch control circuits is changed in

accordance with the storage state stored to the state storage circuit.
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[Claim 8] The nonvolatile semiconductor memory according to claim 6, wherein
during writing of the plurality of non-volatile memory cells, the threshold
level states of the memory cells to be written are read, the read threshold level
states are stored to the state storage circuit,
and the control method of the M switch control circuits is changed in

accordance with the threshold level state stored to the state storage circuit.
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