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57 ABSTRACT

Amethod for driving a nonvolatile memory device including
a semiconductor substrate, an island semiconductor layer on
the substrate, a memory cell having a control gate and a
charge storage layer surrounding a peripheral surface of the
island semiconductor layer, a first selection transistor pro-
vided between the memory cell and the substrate and having
a first selection gate, a source diffusion layer between the
substrate and the island semiconductor layer, a drain diffu-
sion layer provided in an opposing end of the island semi-
conductor layer from the source diffusion layer, and a second
selection transistor provided between the memory cell and
the drain diffusion layer and having a second selection gate,
the method comprising the steps of: applying a negative first
voltage to the drain and the first selection gate, applying a
positive second voltage to the second selection gate, and
applying OV or a positive third voltage to the source; and
applying a positive fourth voltage higher than the second
voltage to the control gate of the memory cell for injecting
electric charges into the charge storage layer.
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NONVOLATILE MEMORY DEVICE DRIVING
METHOD, SEMICONDUCTOR STORAGE DEVICE,
AND LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING THE SEMICONDUCTOR STORAGE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is related to Japanese application
No0.2003-197409 filed on Jul. 15, 2003 whose priority is
claimed under 35 USC §119, the disclosure of which is
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a nonvolatile
memory device driving method, a semiconductor storage
device, and a liquid crystal display device including the
semiconductor storage device.

[0004] 2. Description of the Related Art

[0005] There is known a flash memory whose memory
cells each include a control gate and a charge storage layer
and have a MOS transistor structure in which electric
charges are injected into and released from the charge
storage layer by utilizing an FN tunnel current. Data “0” and
“1” are stored according to a difference in threshold voltage
attributable to a difference in the charge storage state of the
charge storage layer. In the case of an N-channel memory
cell having a floating gate as the charge storage layer, for
example, a high voltage is applied to the control gate, and a
drain diffusion layer, a source diffusion layer and a semi-
conductor substrate are grounded for the injection of electric
charges into the floating gate. At this time, the electric
charges are injected into the floating gate from the substrate
by the FN tunnel current.

[0006] Thus, the threshold voltage of the memory cell is
positively shifted by the injection of the electric charges. For
the release of the electric charges from the floating gate, on
the other hand, a negative voltage is applied to the control
gate, and the drain diffusion layer, the source diffusion layer
and the substrate are grounded. At this time, the electric
charges are released from the floating gate to the substrate by
the FN tunnel current. Thus, the threshold voltage of the
memory cell is negatively shifted by the release of the
electric charges.

[0007] In the aforesaid operation, the ratio (coupling ratio)
between a floating gate/control gate coupling capacitance
and a floating gate/substrate coupling capacitance is impor-
tant for efficiently achieving the charge injection and the
charge release, i.c., for the writing and the erasing. As the
capacitance between the floating gate and the control gate is
increased, the potential of the control gate can more effec-
tively be transferred to the floating gate, thereby facilitating
the writing and the erasing.

[0008] With the recent progress of the semiconductor
technology, particularly the micro-processing technology,
the size reduction and capacity increase of memory cells of
nonvolatile memory devices are rapidly promoted. There-
fore, how to reduce the area of the memory cells and how to
increase the capacitance between the floating gate and the

1. Field of the Invention

Jan. 20, 2005

control gate are critical issues. In order to increase the
capacitance between the floating gate and the control gate,
it is necessary to reduce the thickness of a gate insulation
film provided between the floating gate and the control gate,
to increase the dielectric constant of the gate insulation film,
or to increase the area of opposed surfaces of the floating
gate and the control gate. However, the thickness reduction
of the gate insulation film has limitation in consideration of
the reliability. A conceivable approach to the increase of the
dielectric constant of the gate insulation film is to employ a
silicon nitride film or the like instead of a silicon oxide film.
However, this approach poses a problem associated with the
reliability and, hence, is not practical. Therefore, it is nec-
essary to increase an overlap between the floating gate and
the control gate to not smaller than a predetermined area in
order to provide a sufficient capacitance. However, this is
contradictory to the reduction of the area of the memory
cells for the increase of the storage capacity of the nonvola-
tile memory device.

[0009] On the other hand, a nonvolatile memory device as
shown in FIG. 7 is known (see, for example, Japanese
Unexamined Patent Publication No. Hei 4-79369 (1992)). In
the nonvolatile memory device shown in FIG. 7, memory
cells are constructed by utilizing peripheral walls of a
plurality of island semiconductor layers 12 arranged in a
sea-island configuration or a plurality of island semiconduc-
tor layers 12 arranged in a matrix configuration and isolated
from each other by a lattice trench formed in a semicon-
ductor substrate 13. The island semiconductor layers 12 are
each formed with two memory cells, and selection transis-
tors are provided above and below the memory cells. The
memory cells are constituted by a drain diffusion layer 7
provided as a drain in an upper surface of the island
semiconductor layer, a common source diffusion layer 11
provided as a source in a bottom of the trench, and charge
storage layers 1, 3 and control gates 2, 4 entirely surrounding
the peripheral surface of the island semiconductor layer 12.
A control gate line is provided along each row of island
semiconductor layers 12 serially arranged and connected to
the control gates 2, 4. A bit line is provided as intersecting
the control gate line and connected to the drain diffusion
layers 7 of a plurality of such nonvolatile memory devices.

[0010] In the memory cell structure shown in FIG. 7, the
selection transistors each include a selection gate electrode
5, 6 which at least partly surrounds the peripheral surface of
the island semiconductor layer 12 and is connected in series
to the memory cells so as to prevent an electric current from
flowing into unselected cells even if the memory cells are
over-erased (with a read voltage of OV and a negative
threshold). Thus, the aforesaid problem can assuredly be
eliminated.

[0011] Itis herein assumed that memory cells connected in
series on each of the island semiconductor layers as shown
in FIG. 7 have the same threshold voltage in the non-volatile
memory device. Here, a reading operation is performed by
applying a read potential sequentially to control gate lines
(CG) of the memory cells for determination of “0” or “1”
depending on the presence or absence of the electric current.
If the electric current flowing through the semiconductor
layer causes a potential difference between the memory cells
connected in series on the single island semiconductor layer
due to a resistant component of the semiconductor layer at
this time, the potential difference makes the threshold volt-
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ages of the respective memory cells non-uniform (back bias
effect). The back bias effect limits the number of memory
cells to be connected in series, thereby hampering the
attempt at the increase of the capacitance. Further, the back
bias effect may occur not only where a plurality of devices
are connected in series on the single island semiconductor
layer, but also where a single memory cell is provided in the
single island semiconductor layer. That is, where the back
bias effect varies depending on the position on the semicon-
ductor substrate, the threshold voltages of the respective
memory cells are liable to be non-uniform. If the threshold
voltages are non-uniform depending on the positions of the
memory cells, the write/erase/read voltages for the writing,
erasing and reading operations with respect to the memory
cells are liable to be non-uniform, resulting in adverse
effects such as variations in the characteristics of the
memory devices.

[0012] To solve the problem associated with the back bias
effect of the substrate, an improved arrangement is proposed
in which island semiconductor layers are electrically iso-
lated from a semiconductor substrate (see, for example,
Japanese Unexamined Patent Publication No. 2002-57231).
By thus electrically isolating the island semiconductor layers
from the semiconductor substrate, the back bias effect can be
suppressed. Thus, a nonvolatile memory device having an
improved integration density is provided, in which the
coupling ratio of the floating gate/control gate coupling
capacitance is further increased without increasing the area
of the memory cells, and the variations in cell characteristics
attributable to the production process are suppressed.

[0013] From another viewpoint, it is desirable to reduce
voltages to be applied to the drain, the source and the control
gate of the flash memory cell for the injection of the electric
charges into the charge storage layer of the memory cell (for
the writing operation) as much as possible. If a low-voltage
operation is possible, there is no need to increase the gate
width and length of a transistor in a decoder circuit involved
in the operation of the memory cell to ensure a proper
breakdown voltage and a proper driving current. Further, the
reduction of the voltages to be applied for the writing
operation makes it possible to reduce the size of a booster
circuit provided in the chip. Thus, the size reduction of the
decoder transistor and the booster circuit can be achieved, so
that the area of the chip can be reduced.

[0014] One exemplary method for reducing the gate width
and length of the decoder transistor is to reduce the magni-
tude of the voltage to be applied to the control gate while
ensuring a proper potential difference between the control
gate and the channel by applying a negative voltage to the
drain. In the flash memory cell having the prior art structure,
however, the application of the negative voltage to the drain
forwardly biases a junction of the P-type semiconductor
substrate (ground), resulting in an overcurrent. Therefore,
the simple application of the negative voltage is impractical.
A known approach to this is to provide the memory cell in
a triple well structure, i., to form an N-well layer in the
P-type semiconductor substrate and provide the memory cell
in the N-well layer, for electrical isolation from the semi-
conductor substrate. However, this approach is disadvanta-
geous in that the production process is complicated.

[0015] As described above, it is desirable that the voltages
to be applied to the drain diffusion layer, the source diffusion
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layer and the control gates of the memory cells are reduced
as much as possible in the nonvolatile memory device
provided in association with the island semiconductor layer
for the size reduction and the capacitance increase of the
memory cells. Therefore, it is preferred to reduce the mag-
nitude of the voltage to be applied to the control gates while
ensuring a proper potential difference between the control
gates and the channels by applying a negative voltage to the
drain diffusion layer. In the prior art device structure shown
in FIG. 7, however, the application of the negative voltage
to the drain diffusion layer 7 forwardly biases a junction of
the P-type semiconductor layer 12 (ground). Therefore, the
simple application of the negative voltage is impractical.
The provision of the triple well structure for the memory
cells is a conceivable approach. In practice, however, the
provision of the triple well structure in a lower portion of the
P-type semiconductor layer 12 requires a more complicated
production process than the prior art flash memory.

SUMMARY OF THE INVENTION

[0016] In view of the foregoing, the present invention is
directed to a method for driving a nonvolatile memory
device provided in association with an island semiconductor
layer and less susceptible to the back bias effect. More
specifically, the invention is directed to a nonvolatile
memory device driving method in which the magnitude of a
write voltage is reduced by controlling a selection transistor
of the memory device without complicating the structure of
the nonvolatile memory device.

[0017] According to the present invention, there is pro-
vided a method for driving a nonvolatile memory device
which comprises a semiconductor substrate, at least one
island semiconductor layer provided on the semiconductor
substrate, at least one memory cell having a control gate and
a charge storage layer partly or entirely surrounding a
peripheral surface of the island semiconductor layer, a first
selection transistor provided between the memory cell and
the semiconductor substrate and having a first insulation
layer and a first sclection gate, a source diffusion layer
provided as a source between the semiconductor substrate
and the island semiconductor layer provided with the
memory cell and the first selection transistor for electrically
isolating the island semiconductor layer from the semicon-
ductor substrate, a drain diffusion layer provided as a drain
in an end surface of the island semiconductor layer opposite
from the source diffusion layer with respect to the memory
cell, and a second selection transistor provided between the
memory cell and the drain diffusion layer and having a
second insulation layer and a second selection gate, the
method comprising the steps of: applying a negative first
voltage to the drain and the first selection gate, applying a
positive second voltage to the second selection gate, and
applying OV or a positive third voltage to the source; and
applying a positive fourth voltage higher than the second
voltage to the control gate of the memory cell for injecting
electric charges into the charge storage layer.

[0018] According to the present invention, the electric
charges are injected into the charge storage layer of the
nonvolatile memory device for a writing operation by apply-
ing the negative first voltage to the drain while applying 0V
or the positive third voltage to the source and applying the
negative first voltage to the first selection gate. Thus, the
flow of an excessive clectric current into the drain can be
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prevented without the need for the provision of the triple
well structure which requires a complicated production
process. In addition, the electric charges can be injected into
the charge storage layer without applying a higher voltage to
the control gate. Therefore, the gate width and length of the
transistor in the decoder or the booster circuit in the chip can
be reduced, thereby reducing the area of the chip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a timing chart for the application of the
voltages to the respective terminals of a nonvolatile memory
device according to the present invention,

[0020] FIG. 2 is a flow chart for the process of the writing
operation for a nonvolatile memory device according to the
present invention;

[0021] FIG. 3 is a sectional view of one embodiment of a
nonvolatile memory device according to the present inven-
tion;

[0022] FIG. 4 is an equivalent circuit diagram of the
nonvolatile memory device shown in FIG. 3;

[0023] FIG. 5 is a sectional view of another embodiment
of the nonvolatile memory device according to the present
invention;

[0024] FIG. 6 is an equivalent circuit diagram of the
nonvolatile memory device shown in FIG. 5;

[0025] FIG. 7 is a sectional view of a nonvolatile memory
device of the prior art;

[0026] FIG. 8 is a plan view of memory cell arrays each
including a plurality of such nonvolatile memory devices
according to the present invention;

[0027] FIGS. 9 to 28 are sectional views taken along a line
A-A'in FIG. 8 for explaining the production process for the
memory cell arrays shown in FIG. 8;

[0028] FIG. 29 is a block diagram of the semiconductor
storage device according to the present invention;

[0029] FIG. 30 is a block diagram of the memory cell
array each of which is indicated as block B0 to Bn in FIG.
29;

[0030] FIG. 31 is a timing chart for the application of the
respective voltages in the first exemplary process of the
erasing operation according to the present invention.

[0031] FIG. 32 is a flow chart for the first exemplary
process of the erasing operation shown in FIG. 31,

[0032] FIG. 33 is a timing chart for the application of the
respective voltages in the second exemplary process of the
erasing operation according to the present invention.

[0033] FIG. 34 is a flow chart for the second exemplary
process of the erasing operation shown in FIG. 33;

[0034] FIG. 35 is a timing chart for the application of the
respective voltages in the third exemplary process of the
erasing operation according to the present invention.

[0035] FIG. 36 is a flow chart for the third exemplary
process of the erasing operation shown in FIG. 35;
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[0036] FIG. 37 is a diagram illustrating a memory cell
array including a plurality of nonvolatile memory devices
according to the present invention;

[0037] FIG. 38 is a timing chart for the application of the
respective voltages in the exemplary process of the writing
operation according to the present invention;

[0038] FIG. 39 is a flow chart for the exemplary process
of the writing operation shown in FIG. 38,

[0039] FIG. 40 is a timing chart for the application of the
respective voltages in the fourth exemplary process of the
erasing operation according to the present invention.

[0040] FIG. 41 is a flow chart for the fourth exemplary
process of the erasing operation shown in FIG. 40;

[0041] FIG. 42 is a timing chart for the application of the
respective voltages in the fifth exemplary process of the
erasing operation according to the present invention.

[0042] FIG. 43 is a flow chart for the fifth exemplary
process of the erasing operation shown in FIG. 42;

[0043] FIG. 44 is a schematic configuration diagram
showing a liquid crystal display device (seventh embodi-
ment) incorporating therein the semiconductor memory
device according to the present invention,

DETAILED DESCRIPTION OF THE
INVENTION

[0044] A nonvolatile memory device according to the
present invention principally comprises: a semiconductor
substrate; at least one island semiconductor layer provided
on the semiconductor substrate; at least one memory cell
having a control gate and a charge storage layer partly or
entirely surrounding a peripheral surface of the island semi-
conductor layer; a first selection transistor provided between
the memory cell and the semiconductor substrate and having
a first insulation layer and a first sclection gate; a source
diffusion layer provided as a source between the semicon-
ductor substrate and the island semiconductor layer provided
with the memory cell and the first selection transistor for
electrically isolating the island semiconductor layer from the
semiconductor substrate; a drain diffusion layer provided as
a drain in an end surface of the island semiconductor layer
opposite from the source diffusion layer with respect to the
memory cell; and a second selection transistor provided
between the memory cell and the drain diffusion layer and
having a second insulation layer and a second selection gate.

[0045] According to one inventive aspect, there is pro-
vided a method for driving the nonvolatile memory device,
which comprises the steps of: applying a negative first
voltage to the drain and the first selection gate, applying a
positive second voltage to the second selection gate, and
applying OV or a positive third voltage to the source; and
applying a positive fourth voltage higher than the second
voltage to the control gate of the memory cell for injecting
electric charges into the charge storage layer.

[0046] The nonvolatile memory device driving method
may further comprise the steps of: applying a positive fifth
voltage to the drain, applying a positive sixth voltage higher
than the fifth voltage to the second selection gate and the
control gate of the memory cell, and applying OV or a
positive seventh voltage to the source and the first selection
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gate for precharging; and applying a negative eighth voltage
to the control gate for releasing the electric charges from the
charge storage layer after the prechargeing step. In this case,
the release of the electric charges from the charge storage
layer can be achieved without applying a higher voltage to
the control gate.

[0047] Alternatively, the nonvolatile memory device driv-
ing method may further comprise the steps of: applying a
positive fifth voltage to the source, applying a positive sixth
voltage higher than the fifth voltage to the first selection gate
and the control gate of the memory cell, and applying OV or
a positive seventh voltage to the drain and the second
selection gate for precharging; and applying a negative
eighth voltage to the control gate for releasing the electric
charges from the charge storage layer after the precharging
step. In this case, the release of the electric charges from the
charge storage layer can be achieved without applying a
higher voltage to the control gate.

[0048] Alternatively, the nonvolatile memory device driv-
ing method may further comprise the steps of: applying a
positive fifth voltage to the drain and the source, and
applying a positive sixth voltage higher than the fifth voltage
to the first selection gate, the second selection gate and the
control gate of the memory cell for precharging; and apply-
ing a negative seventh voltage to the control gate for
releasing the electric charges from the charge storage layer
after the precharging step. In this case, the release of the
electric charges from the charge storage layer can be
achieved in a shorter period of time without applying a
higher voltage to the control gate.

[0049] According to another inventive aspect, there is
provided a method for driving a nonvolatile memory device
which comprises a semiconductor substrate, at least one
island semiconductor layer provided on the semiconductor
substrate, at least one memory cell having a control gate and
a charge storage layer partly or entirely surrounding a
peripheral surface of the island semiconductor layer, a
selection transistor provided between the memory cell and
the semiconductor substrate and having an insulation layer
and a selection gate, a source diffusion layer provided as a
source between the semiconductor substrate and the island
semiconductor layer provided with the memory cell and the
selection transistor for electrically isolating the island semi-
conductor layer from the semiconductor substrate, and a
drain diffusion layer provided as a drain in an end surface of
the island semiconductor layer opposite from the source
diffusion layer with respect to the memory cell, the method
comprising the steps of: applying a negative first voltage to
the drain and the selection gate, and applying OV or a
positive second voltage to the source; and applying a posi-
tive third voltage to the control gate of the memory cell for
injecting electric charges into the charge storage layer.

[0050] According to this inventive aspect, the electric
charges are injected into the charge storage layer of the
nonvolatile memory device for a writing operation by apply-
ing the negative first voltage to the drain while applying 0V
or the positive second voltage to the source and applying the
negative first voltage to the selection gate. Thus, the flow of
an excessive electric current into the drain can be prevented
without the need for the provision of the triple well structure
which requires a complicated production process. In addi-
tion, the injection of the electric charges into the charge
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storage layer can be achieved without applying a higher
voltage to the control gate. Therefore, the size of the decoder
transistor and the booster circuit in the chip can be reduced,
thereby reducing the area of the chip.

[0051] The nonvolatile memory device driving method
may further comprise the steps of: applying a positive fourth
voltage to the drain, applying a positive fifth voltage higher
than the fourth voltage to the control gate of the memory
cell, and applying OV or a positive sixth voltage to the source
and the selection gate for precharging; and applying a
negative seventh voltage to the control gate for releasing the
electric charges from the charge storage layer after the
prechargeing step. In this case, the release of the electric
charges from the charge storage layer can be achieved
without applying a higher voltage to the control gate.

[0052] Alternatively, the nonvolatile memory device driv-
ing method may further comprise the steps of: applying a
positive fourth voltage to the drain and the source, and
applying a positive fifth voltage higher than the fourth
voltage to the selection gate and the control gate of the
memory cell for precharging; and applying a negative sixth
voltage to the control gate for releasing the electric charges
from the charge storage layer after the precharging step. In
this case, the release of the electric charges from the charge
storage layer can be achieved in a shorter period of time
without applying a higher voltage to the control gate.

[0053] According to further another inventive aspect,
there is provided a semiconductor storage device, which
comprises: a nonvolatile memory device comprising a semi-
conductor substrate, at least one island semiconductor layer
provided on the semiconductor substrate, at least one
memory cell having a control gate and a charge storage layer
partly or entirely surrounding a peripheral surface of the
island semiconductor layer, a first selection transistor pro-
vided between the memory cell and the semiconductor
substrate and having a first insulation layer and a first
selection gate, a source diffusion layer provided as a source
between the semiconductor substrate and the island semi-
conductor layer provided with the memory cell and the first
selection transistor for electrically isolating the island semi-
conductor layer from the semiconductor substrate, a drain
diffusion layer provided as a drain in an end surface of the
island semiconductor layer opposite from the source diffu-
sion layer with respect to the memory cell, and a second
selection transistor provided between the memory cell and
the drain diffusion layer and having a second insulation layer
and a second selection gate; a first voltage generating section
which generates a voltage to be applied to the control gate;
a second voltage generating section which generates a
voltage to be applied to the first selection gate; a third
voltage generating section which generates a voltage to be
applied to the drain; a fourth voltage generating section
which generates a voltage to be applied to the source; a fifth
voltage generating section which generates a voltage to be
applied to the second selection gate; and a state controlling
section which controls the voltages generated by the first to
fifth voltage generating sections and timing for the applica-
tion of the voltages; wherein the state controlling section
controls the first to fifth voltage generating sections to cause
the second voltage generating section and the third voltage
generating section to generate a negative first voltage to
apply the first voltage to the first selection gate and the drain,
to cause the fifth voltage generating section to generate a
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positive second voltage to apply the second voltage to the
second selection gate, to cause the fourth voltage generating
section to generate OV or a positive third voltage to apply 0V
or the third voltage to the source, and to cause the first
voltage generating section to generate a positive fourth
voltage higher than the second voltage to apply the fourth
voltage to the control gate of the memory cell for injecting
electric charges into the charge storage layer. The negative
first voltage is applied to the drain, while OV or the positive
third voltage is applied to the source and the negative first
voltage is applied to the first selection gate. Therefore, the
flow of an excessive electric current into the drain can be
prevented without the need for the provision of the triple
well structure which requires a complicated production
process. In addition, the injection of the electric charges into
the charge storage layer can be achieved without applying a
higher voltage to the control gate. Therefore, the gate width
and length of the transistor in the decoder or the booster
circuit in the chip can be reduced, thereby reducing the area
of the chip.

[0054] The respective voltage generating sections gener-
ate the positive or negative voltages from a power supply
voltage applied to the semiconductor storage device by
means of a known charge pump circuit. The semiconductor
storage device further comprises switching means which
applies the generated voltages to the respective terminals at
required time points. The state controlling section controls
signals to be generated within the semiconductor storage
device, the respective voltages, and the timing for the
application of the voltages according to control information
applied from the outside of the semiconductor storage
device. The state controlling section may comprise a micro-
controller having a predetermined program, or may com-
prise a logic circuit. The state controlling section also
controls the charge pump circuit and the switching means to
apply the voltages at the predetermined time points.

[0055] In the inventive semiconductor storage device, the
state controlling section controls the first to fifth voltage
generating sections to cause the third voltage generating
section to generate a positive fifth voltage to apply the fifth
voltage to the drain, to cause the fifth voltage generating
section and the first voltage generating section to generate a
positive sixth voltage higher than the fifth voltage to apply
the sixth voltage to the second selection gate and the control
gate of the memory cell, to cause the fourth voltage gener-
ating section and the second voltage generating section to
generate OV or a positive seventh voltage to apply OV or the
seventh voltage to the source and the first selection gate, and
then to cause the first voltage generating section to generate
a negative eighth voltage to apply the eighth voltage to the
control gate for releasing the electric charges from the
charge storage layer. Thus, the release of the electric charges
from the charge storage layer can be achieved without
applying a higher voltage to the control gate.

[0056] In the inventive semiconductor storage device,
alternatively, the state controlling section may control the
first to fifth voltage generating sections to cause the fourth
voltage generating section to generate a positive fifth voltage
to apply the fifth voltage to the source, to cause the second
voltage generating section and the first voltage generating
section to generate a positive sixth voltage higher than the
fifth voltage to apply the sixth voltage to the first selection
gate and the control gate of the memory cell, to cause the
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third voltage generating section and the fifth voltage gener-
ating section to generate OV or a positive seventh voltage to
apply OV or the seventh voltage to the drain and the second
selection gate, and then to cause the first voltage generating
section to generate a negative eighth voltage to apply the
eighth voltage to the control gate for releasing the electric
charges from the charge storage layer. Thus, the release of
the electric charges from the charge storage layer can be
achieved without applying a higher voltage to the control
gate.

[0057] In the inventive semiconductor storage device,
alternatively, the state controlling section may control the
first to fifth voltage generating sections to cause the third
voltage generating section and the fourth voltage generating
section to generate a positive fifth voltage to apply the fifth
voltage to the drain and the source, to cause the second
voltage generating section, the fifth voltage generating sec-
tion and the first voltage generating section to generate a
positive sixth voltage higher than the fifth voltage to apply
the sixth voltage to the first selection gate, the second
selection gate and the control gate of the memory cell, and
then to cause the first voltage generating section to generate
a negative seventh voltage to apply the seventh voltage to
the control gate for releasing the electric charges from the
charge storage layer. Thus, the release of the electric charges
from the charge storage layer can be achieved in a shorter
period of time without applying a higher voltage to the
control gate.

[0058] According to still another inventive aspect, there is
provided a liquid crystal display device which comprises the
semiconductor storage device described above.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] With reference to the attached drawings, the
present invention will hereinafter be described in detail by
way of embodiments thereof. It should be understood that
the invention be not limited to these embodiments.

[0060] First Embodiment

[0061] With reference to FIGS. 9 to 28, an explanation
will be given to an exemplary production process for pro-
ducing a nonvolatile memory device of a semiconductor
storage device according to the present invention. The
nonvolatile memory device to be produced in this embodi-
ment includes an island semiconductor layer formed, for
example, by processing a semiconductor substrate into a
sea-island configuration and having a peripheral surface
serving as an active region, selection transistors provided in
association with upper and lower portions of the island
semiconductor layer, and a plurality of memory cells (e.g.,
two memory cells) each including a floating gate including
a tunnel oxide film and a charge storage layer provided on
the active region of the island semiconductor layer and
arranged in series along the island semiconductor layer
between the selection transistors. In the nonvolatile memory
device, the island semiconductor layer is electrically floated
from the semiconductor substrate, and active regions of the
memory cells are electrically floated from each other. FIG.
8 is a plan view of memory cell arrays each including a
plurality of such nonvolatile memory devices according to
the present invention. FIGS. 9 to 28 are sectional views
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taken along a line A-A' in FIG. 8 for explaining the
production process for the memory cell arrays shown in
FIG. 8.

[0062] A silicon nitride film (first insulation film) 310
having a thickness of 200 to 2,000 nm is first formed on a
surface of a p-type silicon substrate (semiconductor sub-
strate) 100. Then, a resist film is formed on the silicon nitride
film 310 and patterned by a known photolithography tech-
nique for formation of a resist mask R1 (FIG. 9).

[0063] With the use of the resist mask R1, the silicon
nitride film (first insulation film) 310 is etched by reactive
ion etching. Then, the p-type silicon substrate (semiconduc-
tor substrate) 100 is etched to a depth of 2,000 to 20,000 nm
by reactive ion etching by employing the resulting silicon
nitride films (first insulation films) 310 as a mask, whereby
a first lattice trench 210 is formed. Thus, a portion of the
p-type silicon substrate 100 is divided into a plurality of
island semiconductor layers 110 arranged in a sea-island
configuration. Thereafter, an upper surface of the p-type
silicon substrate 100 and peripheral surfaces of the respec-
tive island semiconductor layers 110 are thermally oxidized,
whereby a thermal oxide film (second insulation film) 410 is
formed (FIG. 10).

[0064] After portions of the thermal oxide film (second
insulation film) 410 present in the peripheral surfaces of the
island semiconductor layers 110 are selectively etched away,
for example, by isotropic etching, channel ions are intro-
duced into the peripheral surfaces of the respective island
semiconductor layers 110 as required by oblique ion implan-
tation. Alternatively, the introduction of the channel ions
may be achieved by forming a boron-containing oxide film
on the peripheral surfaces of the island semiconductor layers
by CVD and diffusing boron into the peripheral surfaces
from the oxide film rather than by the channel ion implan-
tation. In turn, silicon oxide films (third insulation films) 420
each having a thickness of about 10 m are formed as tunnel
oxide films in the peripheral surfaces of the respective island
semiconductor layers 110, for example, by thermal oxidiza-
tion (FIG. 11). The tunnel oxide films are not limited to the
thermal oxide films, but may be CVD oxide films or nitrogen
oxide films. It is merely necessary to form the third insula-
tion films at least on the active regions of the island
semiconductor layers 110, but the third insulation films may
be formed as entirely covering the peripheral surfaces and
upper surfaces of the island semiconductor layers 110 and
the surface of the semiconductor substrate 100.

[0065] Subsequently, a polycrystalline silicon film (first
electrically conductive film) 510 is formed as entirely cov-
ering the peripheral surfaces and upper surfaces of the island
semiconductor layers 110 and the surface of the semicon-
ductor substrate 100 (FIG. 12). However, it is merely
necessary to form the first electrically conductive film at
least on the peripheral surfaces of the island semiconductor
layers 110. Thereafter, a silicon nitride film (fourth insula-
tion film) 321 is formed by CVD, and then selectively etched
away, for example, by reactive ion etching, so that portions
of the silicon nitride film (fourth insulation film) 321 are left
as side wall spacers on the peripheral surface portions of the
polycrystalline silicon film (first electrically conductive
film) 510 (FIG. 13).

[0066] A silicon oxide film (fifth insulation film) 431 is
formed in the first lattice trench 210 by CVD (FIG. 14). The
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silicon oxide film (fifth insulation film) 431 is partly
removed so as to fill the first lattice trench 210 to a desired
depth (FIG. 15). The silicon nitride films (fourth insulation
films) 321 are partly etched away by isotropic etching by
employing the silicon oxide film (fifth insulation film) 431
as a mask, so that portions of the silicon nitride films (fourth
insulation films) 321 present between the silicon oxide film
(fifth insulation film) 431 and the polycrystalline silicon film
(first electrically conductive film) 510 are left (FIG. 16). At
this time, the silicon nitride films (fourth insulation films)
321 are recessed from an upper surface of the silicon oxide
film (fifth insulation film) 431. Then, silicon oxide films
(sixth insulation films) 441 are formed in the recesses. At
this time, the silicon oxide films (sixth insulation films) 441
each have a thickness not smaller than about one half the
thickness of the silicon nitride films (fourth insulation films)
321 to fill the recesses. Further, portions of the oxide films
441 present on the polycrystalline silicon films (first elec-
trically conductive films) 510 outside the recesses are
removed, for example, by isotropic etching. The silicon
oxide films (sixth insulation films) 441 are present in the
recesses, so that the silicon nitride films (fourth insulation
films) 321 are confined by the silicon oxide films (fifth
insulation films) 431 and the silicon oxide films (sixth
insulation films) 441.

[0067] In turn, a silicon nitride film (fourth insulation film)
322 is formed in the same manner as described above by
CVD, and selectively etched away by reactive ion etching,
so that portions of the silicon nitride film (fourth insulation
film) 322 are left as side wall spacers on the peripheral
surface portions of the polycrystalline silicon film (first
electrically conductive film) 510 (FIG. 17). After a silicon
oxide film (fifth insulation film) 432 is formed in the first
lattice trench 210 in substantially the same manner as
described above, silicon oxide films (sixth insulation films)
442 are formed in recesses on the silicon nitride films (fourth
insulation films) 322 provided as the side wall spacers in the
same manner as described above. Then, silicon nitride films
(fourth insulation films) 323 are formed as side wall spacers
on the peripheral surface portions of the polycrystalline
silicon film (first electrically conductive film) 510 in the
same manner as described above (FIG. 18).

[0068] By repeating these steps, the plural silicon nitride
films (fourth insulation films) 321 to 324 are formed as the
side wall spacers on each of the peripheral surface portions
of the polycrystalline silicon film (first electrically conduc-
tive film) 510 (FIG. 19). Then, the peripheral surface
portions of the polyerystalline silicon film (first clectrically
conductive film) 510 are each divided into a plurality of
polycrystalline silicon films (first electrically conductive
films) 511 to 514 by isotropic etching (FIG. 20). Alterna-
tively, the division of the polycrystalline silicon film (first
electrically conductive film) 510 may be achieved by ther-
mal oxidation by employing the silicon nitride films (fourth
insulation films) 321 to 324 as a mask. Further, the etching
and the thermal oxidation may be employed in combination
for the division of the polycrystalline silicon film 510. An
impurity is introduced into portions of the island semicon-
ductor layers 110 and portions of the semiconductor sub-
strate 100 in self-alignment with the polycrystalline silicon
films (first electrically conductive films) 511 to 514 and the
silicon nitride films (first insulation films) 310 for formation
of N-type semiconductor layers 721 to 724 and impurity
diffusion layers 710. At this time, the impurity concentration
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of the impurity diffusion layers 710 which thereafter serve as
a first interconnection layer (source) may be adjusted by an
ion implantation method (FIG. 20).

[0069] The formation of the impurity diffusion layers 710
for the first interconnection layer is not necessarily required
to be carried out simultancously with the formation of the
N-type semiconductor layers 721 to 724. For example, the
formation of the impurity diffusion layers 710 for the first
interconnection layer may be achieved by ion implantation
after the formation of the thermal oxide layer (second
insulation film) 410 or after the formation of the silicon
oxide films (third insulation films) 420. Further, the ion
introduction may be repeated a plurality of times at the
aforesaid time points. Thereafter, silicon oxide films (sev-
enth insulation films) 450 are formed in exposed surfaces of
the polycrystalline silicon films (first electrically conductive
films) 511 to 514, for example, by thermal oxidation. At this
time, the thermal treatment diffuses the impurity diffusion
layers 710 and 721 to 724 into the island semiconductor
layers 110, whereby the resulting p-type regions in the island
semiconductor layers 110 are electrically floated (FIG. 21).
The introduction of the impurity in the polycrystalline
silicon films (first electrically conductive layers) 511 to 514
may be carried out when the polycrystalline silicon film
(first electrically conductive layer) 510 is formed, or when
the impurity is introduced into the island semiconductor
layers 110. The timing of the impurity introduction is not
particularly limited, as long as it is possible to impart the
polycrystalline silicon films 511 to 514 with electrical con-
ductivity.

[0070] After the silicon nitride side wall spacers (fourth
insulation films) 321 to 324 are removed, for example, by
isotropic etching, a silicon oxide film (eighth insulation film)
461 is formed by CVD and partly etched by anisotropic
etching and isotropic etching, whereby the peripheral sur-
faces of the polycrystalline silicon films (first electrically
conductive films) 511 are covered with the resulting silicon
oxide film (eighth insulation film) 461. In turn, silicon
nitride films (ninth insulation films) 331 are formed as side
wall spacers on the polycrystalline silicon films (first elec-
trically conductive films) 512 to 514 and the silicon oxide
films (seventh insulation films) 450 (FIG. 22).

[0071] Subsequently, the silicon oxide film (eighth insu-
lation film) 461 is etched back so as to expose the peripheral
surfaces of the polycrystalline silicon films (first electrically
conductive films) 511, and then polyerystalline silicon films
(second electrically conductive films) 521 are formed on the
peripheral surfaces of the polycrystalline silicon films (first
electrically conductive films) 511 (FIG. 23). Thereafter,
second trenches 220 are formed in the p-type silicon sub-
strate (semiconductor substrate) 100 in self-alignment with
the polycrystalline silicon films (second electrically conduc-
tive films) 521. That is, isolation portions for the first
interconnection layer are formed in self-alignment with
separated portions of the second electrically conductive
films. In turn, the polycrystalline silicon films (second
electrically conductive films) 521 are etched back to such an
extent as to respectively contact the polycrystalline silicon
films (first electrically conductive films) 511. The resulting
polycrystalline silicon films (second electrically conductive
films) 521 each serve as a sclection gate. At this time, a
selection gate line (second interconnection layer) is formed
as continuously extending along the line A-A' in FIG. 8
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without the need for a masking step, where a distance
between the island semiconductor layers 110 as measured
along the line A-A'is set at not greater than a predetermined
distance. Thereafter, a silicon oxide film (eighth insulation
film) 462 is formed and partly etched by anisotropic etching
and isotropic etching, whereby side surfaces and upper
surfaces of the polycrystalline silicon films (second electri-
cally conductive films) 521 are covered with the resulting
silicon oxide films (eighth insulation films) 462. Then, the
silicon nitride side wall spacers (ninth insulation films) 331
are removed by isotropic etching, and inter-layer insulation
films 612 are formed on exposed peripheral surfaces of the
polycrystalline silicon films (first electrically conductive
films) 512 to 514 (FIG. 24). The inter-layer insulation films
612 may be, for example, ONO films.

[0072] In turn, a polycrystalline silicon film (second elec-
trically conductive film) 522 is formed and etched back in
the same manner as described above, whereby the peripheral
surfaces of the polycrystalline silicon films (first electrically
conductive films) 512 are covered with the resulting poly-
crystalline silicon films (second electrically conductive
films) 522 with the intervention of the inter-layer insulation
films 612 (FIG. 25). At this time, a control gate line (third
interconnection layer) is formed as continuously extending
along the line A-A' in FIG. 8 without the need for a masking
step, where the distance between the island semiconductor
layers 110 as measured along the line A-A'is set at not
greater than the predetermined distance. Thereafter, a silicon
oxide film (eighth insulation film) 463 is formed and partly
etched by anisotropic etching and isotropic etching, whereby
side surfaces and upper surfaces of the polycrystalline
silicon films (second electrically conductive films) 522 are
covered with the resulting silicon oxide films (eighth insu-
lation films) 463. By repeating these steps, polycrystalline
silicon films (second electrically conductive films) 523 are
formed on the peripheral surfaces of the polycrystalline
silicon films (first electrically conductive films) 513 with the
intervention of inter-layer insulation films 613 (FIG. 26).

[0073] Then, oxide films (eighth insulation films) 464 are
formed as covering side surfaces and upper surfaces of the
polycrystalline silicon films (second electrically conductive
films) 523. Polycrystalline silicon films (second electrically
conductive films) 524 are formed on the peripheral surfaces
of the uppermost polycrystalline silicon films (first electri-
cally conductive films) 514, and etched back to such an
extent as to respectively contact the uppermost polycrystal-
line silicon films (first electrically conductive films) 514 like
the lowermost polycrystalline silicon films (first electrically
conductive films) 511. A silicon oxide film (tenth insulation
film) 465 is formed on the upper surfaces of the polycrys-
talline silicon films (second electrically conductive films)
524, and etched back or partly polished away by CMP,
whereby the upper surfaces of the respective island semi-
conductor layers 110 respectively formed with the impurity
diftusion layers 724 are exposed. Then, bit lines (fourth
interconnection layers) 840 are formed as intersecting the
second and third interconnection layers and connected to the
upper portions of the island semiconductor layers 110 (FIG.
27). In FIG. 27, the fourth interconnection lines 840 are
illustrated as disposed on the impurity diffusion layers 724
without misalignment. Even if the misalignment occurs, the
fourth interconnection layers 8§40 can assuredly be con-
nected to the impurity diffusion layers 724 as shown in FIG.
28.
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[0074] Thereafter, an inter-level insulation film is formed,
and then contact holes and metal interconnections are
formed by known techniques. Thus, nonvolatile memory
devices are produced, which each include charge storage
layers each including a floating gate constituted by the first
electrically conductive film (polycrystalline silicon film) and
have a memory function based on the charge injection state
of the charge storage layers.

[0075]

[0076] An exemplary circuit configuration of a semicon-
ductor storage device according to the present invention will
be described with reference to FIG. 29. FIG. 29 is a block
diagram of the semiconductor storage device 30 according
to the invention. The semiconductor storage device 30
includes a plurality of memory cell arrays 31 which each
include a plurality of nonvolatile memory devices each
including a plurality of memory cells for storing data.

[0077] The memory cell arrays 31 are respectively dis-
posed in blocks B0 to Bn. The blocks B0 to Bn respectively
include local row decoders 32B0 to 32Bn. For example, the
block B0 includes the local row decoder 32B0. The blocks
B0 to Bn each include a plurality of bit lines 5150 to 51S0;,
5181 to 51814, . . ., 51S1i to 51Sni extending therein, and
a plurality of local word lines (not shown) extending therein.
The memory cells are respectively disposed at intersections
of the local word lines and the bit lines. The bit lines for the
respective memory cell arrays 31 are connected to a column
decoder 36 via a column gate circuit 37.

[0078] The local word lines of each of the blocks B0 to Bn
are connected to the corresponding local row decoder 32B0
to 32Bn associated with the block B0 to Bn. Further, the
memory cell arrays 31 include global word lines 39S0 to
39Sn connected to a global row decoder 35. The global word
lines 39S0 to 39Sn are connected to each of the local row
decoders 32B0 to 32Bn and extend through the respective
blocks B0 to Bn. The global word lines 3950 to 39Sn are not
physically connected to the local word lines of the respective
blocks B0 to Bn, but are adapted to be electrically connected
to the local word lines of the respective blocks B0 to Bn via
the local row decoders 32B0 to 32Bn associated with the
blocks B0 to Bn. FIG. 30 illustrates each of the memory cell
arrays in the blocks B0 to Bn to be described later.

[0079] The global row decoder 35 is a row decoder for the
memory cell arrays 31, and is adapted to select one of the
global word lines 3950 to 39Sn on the basis of a row address
applied through an address bus 49. The local row decoders
32B0 to 32Bn each include a plurality of switching transis-
tors (not shown) which respectively connect the local word
lines to the corresponding global word lines 39S0 to 39Sn.
The local row decoders 32B0 to 32Bn are each adapted to
receive a block selection signal from a block decoder 34. For
example, the local row decoder 32B0 receives a block
selection signal SO0. When the block selection signals are
outputted to the local row decoders 32B0 to 32Bn, the
switching transistors (not shown) of the respective local row
decoders 32B0 to 32Bn are all turned on. When the block
selection signals are not outputted to the local row decoders
32B0 to 32Bn, the switching transistors of the respective
local row decoders 32B0 to 32Bn are all in an off state.
During a memory processing period, the local word lines of
each of the blocks B0 to Bn are isolated from the global
word lines 39S0 to 39Sn, and isolated from the local word
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lines of the other blocks. The local row decoders 32B0 to
32Bn are each adapted to receive an erase control signal, i.e.,
an erase signal. The block decoder 34 is adapted to output
one of the block selection signals SO to Sn to select the
corresponding block. Further, the block decoder 34 is con-
nected to the bus 49 for receiving a block address.

[0080] The blocks B0 to Bn each include first and second
local selection lines (not shown) extending therein. The first
and second local selection lines of the respective blocks B0
to Bn are connected to the corresponding local row decoders
32B0 to 32Bn. The memory cell arrays 31 further include a
plurality of first global selection lines 41S0 to 41Sn and a
plurality of second global selection lines 4250 to 42Sn
connected to the global row decoder 35. The first global
selection lines 41S0 to 41Sn and the second global selection
lines 4250 to 42Sn are connected to each of the local row
decoders 32B0 to 32Bn and extend through the respective
blocks B0 to Bn. The first global selection lines 41S0 to
41Sn and the second global selection lines 42S0 to 42Sn are
not physically connected to the first and second selection
lines of the respective blocks B0 to Bn of the memory cell
arrays 31, but are adapted to be electrically connected to the
first and second local selection lines of the respective blocks
B0 to Bn via the local row decoders 32B0 to 32Bn associ-
ated with the blocks B0 to Bn.

[0081] An erase switch 33 includes a plurality of switches
(not shown in FIG. 29), which are respectively connected to
common source lines 3850 to 38Sn of the blocks B0 to Bn.
On the basis of a block selection signal applied through one
of the block selection lines 40S0 to 40Sn, the switches of the
erase switch 33 connect a voltage (ground voltage) Vg or an
erase voltage selectively to the corresponding one of the
common source lines 3850 to 38Sn in the blocks B0 to Bn
in the memory processing operations (i.e., reading, writing
and erasing operations). Where the semiconductor storage
device 30 is subjected to the reading or writing operation,
the switches of the erase switch 33 apply the voltage Vg to
all the common source lines 3850 to 38Sn irrespective of the
block selection signals SO to Sn. Where the semiconductor
storage device 30 is subjected to the erasing operation on the
basis of the erase signal, the block decoder 34 outputs a
block selection signal indicative of a selected block and
applies the erase voltage to the selected block through the
corresponding one of the switches of the erase switch 33. On
the other hand, the other switches of the erase switch apply
the voltage Vg to the other blocks.

[0082] FIG. 30 illustrates a block 60 and a local row
decoder 61 associated with the block 60. The block 60 is one
of the blocks B0 to Bn in FIG. 29. The local row decoder
61 is one of the local row decoders 32B0 to 32Bn associated
with the block 60. In FIG. 30, only global word lines 62 and
63 are shown which extend through the block 60. The global
word lines 62, 63 are two of the global word lines 39S0 to
39Sn in FIG. 29.

[0083] The block 60 includes bit lines 66 to 66i. The block
60 further includes a first local word line 68 associated with
the global word line 63 and a second local word line 67
associated with the global word line 62. The first local word
line 68 is connected to the first global word line 63 via a
switching transistor 75 of the local row decoder 61, while
the second local word line 67 is connected to the second
global word line 62 via a switching transistor 74 of the local
row decoder 61.
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[0084] The block 60 further includes a first local selection
line 72 connected to first selection gates 81 to 817 of first
selection transistors 83 to 83i of the respective nonvolatile
memory devices, and a second local selection line 71
connected to second selection gates 80 to 80i of second
selection transistors 82 to 82i of the respective nonvolatile
memory devices. For example, the first local selection line
72 is connected to a first global selection line 70 via a
switching transistor 77 of the local row decoder 61, while
the second local section line 71 is connected to a second
global selection line 69 via a switching transistor 76 of the
local row decoder 61.

[0085] The block 60 has a common source line 73, which
is connected one of the switches of the erase switch 33 (FIG.
29). The block 60 further includes memory cells 64 to 64:
and 65 to 65i. The memory cells 65 to 65 respectively have
first control gates 79 to 79i, while the memory cells 64 to 64i
respectively have second control gates 78 to 78i. The
nonvolatile memory devices each have a drain connected to
the bit line 66 to 667, and a source connected to the common
source line 73.

[0086] The column decoder 36 shown in FIG. 29 includes
a drain voltage generating section 43 which generates volt-
ages to be applied to the drains of the nonvolatile memory
devices, and is adapted to drive the bit lines 51S0 to 51S0i,
51S1 to 51S1i, 51Sn to 51Sni (66 to 66/ in FIG. 30)
connected to the drains of the nonvolatile memory devices
via the column gate circuit 37. The global row decoder 35
includes a first control gate voltage generating section 44
which generates voltages to be applied to the first control
gates (79 to 79 in FIG. 30), and a second control gate
voltage generating section 45 which generates voltages to be
applied to the second control gates (78 to 78i in FIG. 30),
and is adapted to drive the local word lines (67, 68 in FIG.
30) respectively connected to the first and second control
gates (79 to 79: and 78 to 78i in FIG. 30) of memory cells
selected via the local row decoders 32B0 to 32Bn (61 in
FIG. 30). The global row decoder 35 further includes a first
selection gate voltage generating section 46 which generates
voltages to be applied to the first selection gates (81 to 81
in FIG. 30), and a second selection gate voltage generating
section 47 which generates voltages to be applied to the
second selection gates (80 to 80 in FIG. 30), and is adapted
to drive the first and second local selection lines 72,71
respectively connected to the first and second selection gates
(81 to 81i and 80 to 80 in FIG. 30) via the local row
decoders 32B0 to 32Bn (61 in FIG. 30). The erase switch 33
includes a source voltage generating section 48 which
generates voltages to be applied to the sources of the
memory devices, and is adapted to drive the common source
line 73 connected to the sources of the memory devices.

[0087] The semiconductor storage device 30 further
includes a state controlling section 50 which controls signals
and voltages to be generated in the semiconductor storage
device 30 and the timing for application of the signals and
the voltages according to control information applied from
the outside of the semiconductor storage device 30.

[0088] Third Embodiment

[0089] An explanation will be given to a writing operation
in which electric charges are injected into a charge storage
layer of a nonvolatile memory device according to the
present invention.
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[0090] FIG. 3 is a sectional view of a nonvolatile memory
device provided in association with a single island semicon-
ductor layer. FIG. 4 is an equivalent circuit diagram of the
nonvolatile memory device, which is equivalent to each of
the nonvolatile memory devices constituting the memory
cell array shown in FIG. 30. The nonvolatile memory device
of FIG. 3 includes two memory cells M1, M2 each having
a charge storage layer 1, 3 and a control gate 2, 4 provided
around the P-type island semiconductor layer 12 electrically
isolated from the P-type semiconductor substrate 13, and
two selection transistors N1, N2. An explanation will be
given to voltages to be applied to the respective terminals
when the electric charges are injected into either of the
charge storage layers 1, 3 of the memory cells M1, M2 in the
nonvolatile memory device in the memory cell array for the
writing operation.

[0091] Tt is herein assumed that the first and second local
selection lines 72, 71, the first and second local word lines
68, 67 and the bit line 66i are selected in the memory cell
array shown in FIG. 30. That is, the first and second local
selection lines 72, 71, the first and second local word lines
68, 67 and the bit line 667 are respectively connected to the
first and second selection gate voltage generating sections
46, 47, the first and second control gate voltage generating
sections 44, 45 and the drain voltage generating section 43.
Thus, a voltage generated by the first control gate voltage
generating section 44 is applied to the first control gate 4 of
the nonvolatile memory device via the first local word line
68. Similarly, a voltage generated by the second control gate
voltage generating section 45 is applied to the second
control gate 2 of the nonvolatile memory device via the
second local word line 67. Further, voltages generated by the
first and second selection gate voltage generating sections
46, 47 and the drain voltage generating section 43 are
respectively applied to the first and second selection gates 6,
5 and the drain 7 via the first and second local selection lines
72, 71 and the bit line 66i. Further, a voltage generated by
the source voltage generating section 48 is applied to the
source 11 via the common source line 73.

[0092] Electric charges are injected into the charge storage
layer 3 of the memory cell M1 the nonvolatile memory
device shown in FIG. 4 by an FN tunnel current in the
following manner for the writing operation. First, a high
voltage VH1 is applied to the first control gate 4, and a
voltage VH2 (VH1>VH2) such as to prevent the writing is
applied to the second control gate 2. A positive voltage VH3
is applied to the second selection gate §, and a negative
voltage VN1 such as to prevent electrical connection to the
source 11 is applied to the first selection gate 6. The source
11 is grounded, and a negative voltage VN1 is applied to the
drain 7.

[0093] For the other memory devices not subjected to the
charge injection in the selected block, a positive voltage is
applied to the drain 7 (bit line) of each of the memory
devices, or the drain 7 is grounded for prevention of the
writing. By the application of the negative voltage VN1 to
the drain 7, the N-type diffusion layers 8, 9, 10 are kept at
the negative voltage VN1. Then, a first floating channel 15
(FIG. 3) formed in a region of the island semiconductor
layer 12 opposed to the charge storage layer 3 with the
intervention of an insulation film is charged at the negative
voltage VN1, whereby a potential difference of VH1-VN1
occurs between the first control gate 4 and the first floating



US 2005/0012134 Al

channel 15. At this time, electric charges are injected into the
charge storage layer 3 from the first floating channel 15 by
an FN tunnel current. Thus, the threshold voltage of the
memory cell M1 is positively shifted by the injection of the
electric charges. However, the application of the negative
voltage VN1 to the first selection gate 6 prevents the
electrical connection between the N-type diffusion layer 10
and the source 11, thereby preventing the flow of an exces-
sive electric current from the source 11 to the drain 7 to
which the negative voltage is applied. Since the electric
charges are not injected into the charge storage layer 1 of the
memory cell M2, the threshold voltage of the memory cell
M2 is not changed. In this manner, the electric charges are
injected into the charge storage layer 3 of the lower memory
cell M1 in the selected block by the FN tunnel current for the
writing operation.

[0094] On the other hand, the injection of electric charges
into the charge storage layer 1 of the upper memory cell M2
in the block is carried out in the following manner for the
writing operation. A high voltage VHI is applied to the
second control gate 2, and a voltage VH2 (VH1>VH2) such
as to prevent the writing is applied to the first control gate
4. A positive voltage VH3 is applied to the second selection
gate 5, and a negative voltage VN1 such as to prevent
electrical connection to the source 11 is applied to the first
selection gate 6. The source 11 is grounded, and a negative
voltage VN1 is applied to the drain 7 into which electric
charges are injected.

[0095] For the other memory devices not subjected to the
charge injection in the sclected block, a positive voltage is
applied to the drain 7 (bit line) of each of the memory
devices, or the drain 7 is grounded for prevention of the
writing. By the application of the negative voltage VN1 to
the drain 7, the N-type diffusion layers 8, 9, 10 are kept at
the negative voltage VNI1. A second floating channel 14
(FIG. 3) formed in a region of the island semiconductor
layer 12 opposed to the charge storage layer 1 with the
intervention of an insulation film is charged at the negative
voltage VN1, whereby a potential difference of VH1-VN1
occurs between the second control gate 2 and the second
floating channel 14. At this time, electric charges are injected
into the charge storage layer 1 from the second floating
channel 14 by an FN tunnel current. Thus, the threshold
voltage of the memory cell M2 is positively shifted by the
injection of the electric charges. However, the application of
the negative voltage VN1 to the first selection gate 6
prevents the electrical connection between the N-type dif-
fusion layer 10 and the source 11, thereby preventing the
flow of an excessive electric current from the source 11 to
the drain 7 to which the negative voltage is applied. Since
the electric charges are not injected into the charge storage
layer 3 of the memory cell M1, the threshold voltage of the
memory cell M1 is not changed. In this manner, the voltages
are applied to the respective terminals in the writing opera-
tion.

[0096] Next, a preferred process for the writing operation
will be described. FIG. 1 is a timing chart for the application
of the voltages to the respective terminals according to this
embodiment. FIG. 2 is a flow chart for the process for the
writing operation according to this embodiment. With ref-
erence to the flow chart of FIG. 2, an explanation will be
given to the process for the writing operation.
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[0097] First, OV is applied to the first and second control
gates 4, 2, the first and second selection gates 6, 5, the source
11 and the drain 7 (Step S01). Then, 10V, 3V and -10V are
applied to the drain 7, the second selection gate § and the
first selection gate 6, respectively, with the second control
gate 2 being kept at OV (Step S02). Thereafter, 10V is
applied to the first control gate 4 (Step S03). At this time,
electric charges are injected into the charge storage layer 3
from the first floating channel 15 by the FN tunnel current.
For the other memory devices not subjected to the writing
operation in the selected block, 0V is applied to the drain 7
(bit line) of each of the memory devices for prevention of the
writing.

[0098] After the completion of the writing, OV is applied
to the first control gate 4 (Step S04). Then, 0V is applied to
the first and second selection gates 6, 5 and the drain 7 (Step
SOS). In this embodiment, the voltages applied to the first
and second selection gates 6, 5 and the drain 7 are simul-
taneously changed. However, these voltages are not neces-
sarily required to be simultaneously changed, but may be
changed in a time-staggered manner.

[0099]

[0100] An explanation will be given to voltages to be
applied to the respective terminals when electric charges are
released from the charge storage layers of the memory cells
of the nonvolatile memory device for the erasing operation
according to the present invention.

[0101] Where electric charges are to be released from the
charge storage layer of each of the memory cells in the
selected block, a preparatory operation is performed by
applying a positive voltage VH5 to the drain 7, applying a
positive voltage VH4 (VH4>VHS) such as to permit passage
of the positive voltage VH5 to the second selection gate 5,
applying a positive voltage VH4 to the first control gate 4
and the second control gate 2, and grounding the first
selection gate 6 and the source 11. Thus, the second selection
gate 5, the first control gate 4 and the second control gate 2
are turned on and the N-type diffusion layers 8, 9, 10 are kept
at VH5, whereby the first and second floating channels 15,
14 are charged at VHS. After the completion of the charging,
the voltages applied to the first and second control gates 4,
2 are changed from the positive voltage VH4 to a negative
voltage VN1 for the release of the clectric charges, whereby
a potential difference of VN1-VHS occurs between the first
control gate 4 and the first floating channel 15 and between
the second control gate 2 and the second floating channel 14.
At this time, the electric charges are released from the charge
storage layers 3, 1 to the first and second floating channels
15, 14 by an FN tunnel current. Thus, the threshold voltages
of the memory cells M1, M2 are negatively shifted by the
release of the electric charges. In this manner, a first exem-
plary process for the erasing operation is performed.

[0102] The first exemplary process for the erasing opera-
tion will be described more specifically with reference to a
flow chart shown in FIG. 32. The timing chart for the
application of the respective voltages is shown in FIG. 31.
Where the memory cells in the selected block are each
subjected to the erasing operation, OV is first applied to the
first and second control gates 4, 2, the first and second
selection gates 6, 5, the source 11 and the drain 7 (Step S11).
Then, 10V is applied to the drain 7, and 12V is applied to the
second selection gate 5 and the first and second control gates

Fourth Embodiment
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4, 2, whereby the first and second floating channels 15, 14
are charged (Step S12). After the completion of the charging,
-10V is applied to the first and second control gates 4, 2
(Step S13). After the completion of the erasing, OV is
applied to the first and second control gates 4, 2 (Step S14).
Thereafter, OV is applied to the second selection gate 5 and
the drain 7 (Step S15).

[0103] Where the memory cells in the selected block are
to be selectively subjected to the erasing operation, 0V is
applied to the drain 7 or to the first and second control gates
4, 2 of each of the memory devices not subjected to the
erasing operation for prevention of the erasing. After the
completion of the erasing, OV is applied to the first and
second control gates 4, 2 and then to the second selection
gate 3 and the drain 7. The voltages applied to the second
selection gate 5 and the drain 7 are simultaneously changed
in FIG. 31. However, these voltages are not necessarily
required to be simultaneously changed, but may be changed
in a time-staggered manner. Further, the source 11 and the
first selection gate 6 are not necessarily required to be
grounded, but a positive voltage may be applied thereto.

[0104] Next, a second exemplary process for the erasing
operation will be described. In the second process for the
erasing operation, 10V is applied from the source 11. In this
process, the memory cells can be subjected to the erasing
operation as in the first process. Where the electric charges
are to be released from the charge storage layer of each of
the memory cells in the selected block in the second process,
a preparatory operation for the release of the electric charges
is performed by applying a positive voltage VHS to the
source 11, applying a positive voltage VH4 (VH4>VHS5)
such as to permit passage of the positive voltage VH5 to the
first selection gate 6, applying a positive voltage VH4 to the
first control gate 4 and the second control gate 2, and
grounding the second selection gate § and the drain 7. Thus,
the second selection gate 5, the first control gate 4 and the
second control gate 2 are turned on and the N-type diffusion
layers 8,9, 10 are kept at VH5, whereby the first and second
floating channels 15, 14 are charged at VHS. After the
completion of the charging, the voltages applied to the first
and second control gates 4, 2 are changed from the positive
voltage VH4 to a negative voltage VN1 for the release of the
electric charges, whereby a potential difference of VN1-
VHS5 occurs between the first control gate 4 and the first
floating channel 15 and between the second control gate 2
and the second floating channel 14. At this time, the electric
charges are released from the charge storage layers 1, 3 to
the first and second floating channels 15, 14 by the FN tunnel
current. Thus, the threshold voltages of the memory cells
M1, M2 are negatively shifted by the release of the electric
charges. In this manner, the second exemplary process for
the erasing operation is performed.

[0105] The second exemplary process for the erasing
operation will be described more specifically with reference
to a flow chart shown in FIG. 34. A timing chart for the
application of the respective driving voltages is shown in
FIG. 33. Where the memory cells M1, M2 connected to the
first and second control gates 4, 2 are to be subjected to the
erasing operation, OV is first applied to the first and second
control gates 4, 2, the first and second selection gates 6, 5,
the source 11 and the drain 7 (Step S21). Then, 10V is
applied to the source 11, and 12V is applied to the first
selection gate 6 and the first and second control gates 4, 2,
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whereby the first and second floating channels 15, 14 are
charged (Step S22). After the completion of the charging,
-10V is applied to the first and second control gates 4, 2
(Step S23). After the completion of the erasing, OV is
applied to the first and second control gates 4, 2 (Step S24).
Thereafter, OV is applied to the second selection gate 5 and
the drain 7 (Step S25). In this manner, the memory cells M1,
M2 are subjected to the erasing operation. In this process,
the voltages applied to the first selection gate 6 and the
source 11 are simultaneously changed. However, these volt-
ages are not necessarily required to be simultaneously
changed, but may be changed in a time-staggered manner.
Further, the drain 7 and the second selection gate 5 are not
necessarily required to be grounded, but a positive voltage
may be applied thereto.

[0106] Next, a third exemplary process for the erasing
operation will be described. In the third process for the
erasing operation, a voltage is applied from the drain 7 and
the common source 11. Where the electric charges are to be
released from the charge storage layer of each of the
memory cells in the selected block in the third process, a
preparatory operation for the release of the electric charges
is performed by applying a positive voltage VHS to the drain
7 and the source 11, applying a positive voltage VH4
(VH4>VHS5) such as to permit passage of the positive
voltage VHS to the first and second selection gates 6, 3, and
applying a positive voltage VH4 to the first control gate 4
and the second control gate 2. Thus, the first and second
selection gates 6, 5, the first control gate 4 and the second
control gate 2 are turned on and the N-type diffusion layers
8, 9, 10 are kept at VH5, whereby the first and second
floating channels 15, 14 are charged at VHS. After the
completion of the charging, the voltages applied to the first
and second control gates 4, 2 are changed from the positive
voltage VH4 to a negative voltage VN1 for the release of the
electric charges, whereby a potential difference of VNI1-
VHS5 occurs between the first control gate 4 and the first
floating channel 15 and between the second control gate 2
and the second floating channel 14. At this time, the electric
charges are released from the charge storage layers 3, 1 to
the first and second floating channels 15, 14 by a tunnel
current. Thus, the threshold voltages of the memory cells
M1, M2 are negatively shifted by the release of the electric
charges. In this manner, the third exemplary process for the
erasing operation is performed.

[0107] The third process for the erasing operation will be
described more specifically with reference to a flow chart
shown in FIG. 36. A timing chart for the application of the
respective voltages is shown in FIG. 35.

[0108] Where the memory cells in the selected block are
to be each subjected to the erasing operation, OV is first
applied to the first and second control gates 4, 2, the first and
second selection gates 6, 5, the source 11 and the drain 7
(Step S31). Then, 10V is applied to the drain 7 and the
source 11, and 12V is applied to the first and second
selection gates 6, 5 and the first and second control gates 4,
2, whereby the first and second floating channels 15, 14 are
charged (Step S32). After the completion of the charging,
-10V is applied to the first and second control gates 4, 2
(Step S33). After the completion of the erasing, OV is
applied to the first and second control gates 4, 2 (Step S34).
Thereafter, OV is applied to the first and second selection
gates 6, 5, the source 11 and the drain 7 (Step S35). In this
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manner, the memory cells M1, M2 are subjected to the
erasing operation. In this process, the voltages applied to the
first and second selection gates 6, 5, the drain 7 and the
source 11 are simultaneously changed. However, these volt-
ages are not necessarily required to be simultancously
changed, but may be changed in a time-staggered manner.

[0109] The third process for the erasing operation provides
a higher channel charging capability to permit higher speed
erasing than the first and second processes.

[0110] Fifth Embodiment

[0111] An explanation will be given to a writing operation
in which electric charges are injected into a charge storage
layer of a nonvolatile memory device according to another
embodiment according to the present invention.

[0112] FIG. 5 is a sectional view of the nonvolatile
memory device according to this embodiment. FIG. 6 is an
equivalent circuit diagram of the nonvolatile memory
device. FIG.37is a diagram illustrating a memory cell array
including a plurality of such nonvolatile memory devices.
The nonvolatile memory device includes one or more
memory cells (two memory cells M3, M4 in this embodi-
ment) and a single selection transistor N3 (hereinafter
referred to as “first selection transistor” for easy understand-
ing of the correspondence with the first selection transistor
provided in the memory device shown in FIG. 3) which are
provided in association with a P-type column semiconductor
layer 12 electrically isolated from a P-type semiconductor
substrate 13. The memory cell array shown in FIG. 37 has
substantially the same configuration as the memory cell
array (FIG. 30) constituted by the nonvolatile memory
devices shown in FIG. 4, except that the second global
selection line 69 and the second local selection line 71 are
not provided.

[0113] An explanation will be given to voltages to be
applied to the respective terminals when the electric charges
are injected into the charge storage layers of the memory
cells in the memory cell array shown in FIG. 37 for the
wriling operation.

[0114] Itis herein assumed that the first local selection line
72, the first and second local word lines 68, 67 and the bit
line 66i are selected. That is, the first local selection line 72,
the first and second local word lines 68, 67 and the bit line
66i are respectively connected to the first selection gate
voltage generating section 46, the first and second control
gate voltage generating sections 44, 45 and the drain voltage
generating section 43. Thus, a voltage generated by the first
control gate voltage generating section 44 is applied to the
first control gate 4 of the nonvolatile memory device via the
firs local word line 68. Similarly, a voltage generated by the
second control gate voltage generating section 45 is applied
to the second control gate 2 of the nonvolatile memory
device via the second local word line 67. Further, voltages
generated by the first selection gate voltage generating
section 46 and the drain voltage generating section 43 are
respectively applied to the first selection gate 6 and the drain
7 via the first local selection line 72 and the bit line 66i.
Further, a voltage generated by the source voltage generat-
ing section 48 is applied to the source 11 via the common
source line 73.

[0115] Electric charges are injected into the charge storage
layer 3 of the memory cell M3 of the nonvolatile memory
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device shown in FIG. 6 by an FN tunnel current in the
following manner for the writing operation. First, a high
voltage VH1 is applied to the first control gate 4, and a
voltage VH2 (VH1>VH2) such as to prevent the writing is
applied to the second control gate 2. A negative voltage VN1
such as to prevent electrical connection to the source 11 is
applied to the first selection gate 6 of the first selection
transistor N3. The source 11 is grounded, and a negative
voltage VN1 is applied to the drain 7. For the other memory
devices not subjected to the charge injection in the selected
block, a positive voltage is applied to the drain 7 (bit line)
of each of the memory devices, or the drain 7 is grounded
for prevention of the writing.

[0116] By the application of the negative voltage VN1 to
the drain 7, the N-type diffusion layers 8, 9, 10 are kept at
the negative voltage VN1. Thus, the first floating channel 15
(FIG. 5) formed in a region of the island semiconductor
layer 12 opposed to the charge storage layer 3 with the
intervention of the insulation film is charged at the negative
voltage VN1, whereby a potential difference of VH1-VN1
occurs between the first control gate 4 and the first floating
channel 15 (FIG. 5). At this time, eclectric charges are
injected into the charge storage layer 3 from the first floating
channel 15 by the FN tunnel current. Thus, the threshold
voltage of the memory cell M3 is positively shifted by the
injection of the charges. However, the application of the
negative voltage VNI to the first selection gate 6 prevents
electrical connection between the N-type diffusion layer 10
and the source 11, thereby preventing the flow of an exces-
sive electric current from the source 11 to the drain 7 to
which the negative voltage is applied. Since the electric
charges are not injected into the charge storage layer 1 of the
memory cell M4, the threshold voltage of the memory cell
M4 is not changed. In this manner, the electric charges are
injected into the charge storage layer 3 of each of the lower
memory cells M3 in the selected block by the FN tunnel
current for the writing operation.

[0117] On the other hand, electric charges are injected into
the charge storage layer 1 of each of the upper memory cells
M4 in the block in the following manner for the writing
operation. A high voltage VHI1 is applied to the second
control gate 2, and a voltage VH2 (VH1>VH2) such as to
prevent the writing is applied to the first control gate 4. A
negative voltage VN1 such as to prevent electrical connec-
tion to the source 11 is applied to the first selection gate 6.
The source 11 is grounded, and a negative voltage VNI is
applied to the drain 7. By the application of the negative
voltage VN1 to the drain 7, the N-type diffusion layers 9, 10
are kept at the negative voltage VNI1. Thus, the second
floating channel 14 formed in a region of the island semi-
conductor layer 12 opposed to the charge storage layer 1
with the intervention of the insulation film is charged at the
negative voltage VN1, whereby a potential difference of
VH1-VNI1 occurs between the second control gate 2 and the
second floating channel 14. At this time, the electric charges
are injected into the charge storage layer 1 from the second
floating channel 14 by the tunnel current. Thus, the threshold
voltage of the memory cell M4 is positively shifted by the
injection of the charges. However, the application of the
negative voltage VNI to the first selection gate 6 prevents
the electrical connection between the N-type diffusion layer
10 and the source 11, thereby preventing the flow of an
excessive electric current from the source 11 to the drain 7
to which the negative voltage is applied. Since the electric
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charges are not injected into the charge storage layer 3 of the
memory cell M3, the threshold voltage of the memory cell
M3 is not changed. In this manner, the voltages are applied
to the respective terminals for the writing operation.

[0118] An exemplary process for the writing operation
will hereinafter be described. FIG. 38 is a timing chart for
the application of the voltages to the respective terminals
according to this embodiment. FIG. 39 is a flow chart for the
process for the writing operation according to this embodi-
ment. With reference to the flow chart of FIG. 39, an
explanation will be given to the process for the writing
operation on the memory cell.

[0119] First, 0V is applied to the first and second control
gates 4, 2, the first selection gate 6, the source 11 and the
drain 7 (Step S41). Then, —10V is applied to the drain 7 and
the first selection gate 6 with the second control gate 2 being
kept at OV (Step S42). Thereafter, 10V is applied to the first
control gate 4 (Step S43). For the other memory devices not
subjected to the writing operation in the selected block, 0V
is applied to the drain 7 (bit line) of each of the memory
devices for prevention of the writing.

[0120] After the completion of the writing, OV is applied
to the first control gate 4 (Step S44). Then, 0V is applied to
the first selection gate 6 and the drain 7 (Step S45). In this
embodiment, the voltages applied to the first selection gate
6 and the drain 7 are simultaneously changed. However,
these voltages are not necessarily required to be simulta-
neously changed, but may be changed in a time-staggered
manner.

[0121]

[0122] An explanation will be given to a fourth exemplary
process for the erasing operation, in which electric charges
are released in the nonvolatile memory device of the fifth
embodiment.

[0123] Where electric charges are to be released from the
charge storage layer of each of the nonvolatile memory
devices in the selected block for the erasing operation, a
preparatory operation is performed by applying a positive
voltage VHS to the drain 7, applying a positive voltage VH4
to the first control gate 4 and the second control gate 2, and
grounding the source 11 and the first selection gate 6. Thus,
the first control gate 4 and the second control gate 2 are
turned on and the N-type diffusion layers 9, 10 are kept at
VHS5, whereby the first and second floating channels 15, 14
are charged at VHS. After the completion of the charging,
the voltages applied to the first and second control gates 4,
2 are changed from the positive voltage VH4 to a negative
voltage VN1 for the release of the electric charges, whereby
a potential difference of VN1-VHS occurs between the first
control gate 4 and the first floating channel 15 and between
the second control gate 2 and the second floating channel 14.
At this time, the electric charges are released from the charge
storage layers 3, 1 to the first and second floating channels
15, 14 by an FN tunnel current. Thus, the threshold voltages
of the memory cells M3, M4 are negatively shifted by the
release of the electric charges. In this manner, the fourth
process for the erasing operation is performed.

[0124] The fourth process for the erasing operation will be
described more specifically. FIG. 40 is a timing chart for the
application of the voltages to the respective terminals
according to this embodiment. FIG. 41 is a flow chart for the

Sixth Embodiment
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fourth process. Where the memory cells in the selected block
are to be each subjected to the erasing operation, OV is first
applied to the first and second control gates 4, 2, the first
selection gate 6, the source 11 and the drain 7 (Step S51).
Then, 10V is applied to the drain 7, and 12V is applied to the
first and second control gates 4, 2, whereby the first and
second floating channels 15, 14 are charged (Step S52).
After the completion of the charging, —10V is applied to the
first and second control gates 4, 2 (Step S53). After the
completion of the erasing, OV is applied to the first and
second control gates 4, 2 (Step S54). Thereafter, OV is
applied to the drain 7 (Step S55).

[0125] Further, an explanation will be given to a fifth
exemplary process for the erasing operation in which elec-
tric charges are released from the charge storage layer of
each of the memory cells in the selected block. For the
release of the electric charges, a preparatory operation is
performed by applying a positive voltage VHS5 to the drain
7 and the source 11, applying a positive voltage VH4
(VH4>VHS) such as to permit passage of the positive
voltage VHS5 to the first selection gate 6, and applying a
positive voltage VH4 to the first control gate 4 and the
second control gate 2. Thus, the first selection gate 6, the first
control gate 4 and the second control gate 2 are turned on
and the N-type diffusion layers 9, 10 are kept at VHS,
whereby the first and second floating channels 15, 14 are
charged at VH5. After the completion of the charging, the
voltages applied to the first and second control gates 4, 2 are
changed from the positive voltage VH4 to a negative voltage
VN1 for the release of the electric charges, whereby a
potential difference of VN1-VHS5 occurs between the first
control gate 4 and the first floating channel 15 and between
the second control gate 2 and the second floating channel 14.
At this time, the electric charges are released from the charge
storage layers 3, 1 to the first and second floating channels
15, 14 by a tunnel current. Thus, the threshold voltages of
the memory cells M3, M4 are negatively shifted by the
release of the electric charges.

[0126] The fifth process for the erasing operation will be
described more specifically. FIG. 42 is a timing chart for the
application of the voltages to the respective terminals in the
fifth process. FIG. 43 is a flow chart for the fifth process.
Where the memory cells in the selected block are to be each
subjected to the erasing operation, OV is first applied to the
first and second control gates 4, 2, the first selection gate 6,
the source 11 and the drain 7 (Step S61). Then, 10V is
applied to the drain 7 and the source 11, and 12V is applied
to the first selection gate 6 and the first and second control
gates 4, 2, whereby the first and second floating channels 15,
14 are charged (Step S62). After the completion of the
charging, -10V is applied to the first and second control
gates 4, 2 (Step S63). After the completion of the erasing, 0V
is applied to the first and second control gates 4, 2 (Step
S64). Thereafter, OV is applied to the first selection gate 6,
the source 11 and the drain 7 (Step S65). In this manner, the
erasing operation is performed on the memory cells M3, M4.
In this process, the voltages applied to the first selection gate
6, the drain 7 and the source 11 are simultaneously changed.
However, these voltages are not necessarily required to be
simultaneously changed, but may be changed in a time-
staggered manner.
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[0127] Seventh Embodiment

[0128] The semiconductor storage devices described
above are applicable to a rewritable nonvolatile memory for
image adjustment in a liquid crystal panel of a liquid crystal
display device as shown in FIG. 44.

[0129] The liquid crystal panel 1001 is driven by a liquid
crystal driver 1002. The liquid crystal driver 1002 includes
a nonvolatile memory section 1003, an SRAM section 1004
and a liquid crystal driver circuit 1005 provided therein. The
nonvolatile memory section 1003 comprises any of the
inventive nonvolatile memory devices, preferably the semi-
conductor storage device according to the second embodi-
ment. The nonvolatile memory section 1003 is configured so
as to be rewritable from the outside.

[0130] Information stored in the nonvolatile memory sec-
tion 1003 is transferred to the SRAM section 1004 when the
liquid crystal panel 1001 is turned on. The liquid crystal
driver circuit 1003 is capable of reading the information out
of the SRAM section 1004 as required. The provision of the
SRAM section 1004 makes it possible to read out the
information at a very high speed.

[0131] The liquid crystal driver 1002 is provided outside
the liquid crystal panel 1001 as shown in FIG. 44, but may
be provided on the liquid crystal panel 1001.

[0132] The liquid crystal panel 1001 is adapted to change
the tones of pixels thereof by applying a multi-level voltage
to each of the pixels. However, a relationship between the
applied voltage and the tone varies from panel to panel.
Therefore, information for compensation for the panel-to-
panel variation is stored after the production of the liquid
crystal panel, and a panel-to-panel variation in image quality
is eliminated by the compensation based on the information.
Therefore, it is preferred to incorporate the rewritable non-
volatile memory for storing the information for the com-
pensation. Further, it is preferred to employ the inventive
memory device, particularly the semiconductor storage
device according to the second embodiment, as the nonvola-
tile memory.

[0133] Inthe inventive nonvolatile memory device driving
method, the negative first voltage is applied to the drain for
injecting electric charges to the charge storage layer of the
nonvolatile memory device, while OV or the positive third
voltage is applied to the source and the negative first voltage
is applied to the first selection gate. Therefore, the flow of
the excessive electric current to the drain can be prevented
without the need for the provision of the triple well structure
which requires a complicated production process. In addi-
tion, the injection of the electric charges into the charge
storage layer can be achieved without application of a higher
voltage to the control gate. Therefore, the gate width and
length of the transistor in the decoder or the booster circuit
in the chip can be reduced, so that the area of the chip can
be reduced.

[0134] Where the nonvolatile memory device driving
method further comprises the steps of: applying the positive
fifth voltage to the drain, applying the positive sixth voltage
higher than the fifth voltage to the second selection gate and
the control gate of the memory cell from which the electric
charges are to be released, and applying OV or the positive
seventh voltage to the source and the first selection gate for
precharging; and applying the negative eighth voltage to the
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control gate for releasing the electric charges after the
prechargeing step, the release of the electric charges from
the charge storage layer of the nonvolatile memory device
for the erasing operation can be achieved by applying the
negative eighth voltage to the control gate and applying the
positive fifth voltage to the drain without applying a higher
voltage to the control gate.

[0135] Alternatively, where the nonvolatile memory
device driving method further comprises the steps of: apply-
ing the positive fifth voltage to the source, applying the
positive sixth voltage higher than the fifth voltage to the first
selection gate and the control gate of the memory cell from
which the electric charges are to be released, and applying
0V or the positive seventh voltage to the drain and the
second selection gate for precharging; and applying the
negative eighth voltage to the control gate for releasing the
electric charges after the precharging step, the release of the
electric charges from the charge storage layer of the non-
volatile memory device for the erasing operation can be
achieved by applying the negative eighth voltage to the
control gate and applying the positive fifth voltage to the
source without applying a higher voltage to the control gate.

[0136] Alternatively, where the nonvolatile memory
device driving method further comprises the steps of: apply-
ing the positive fifth voltage to the drain and the source, and
applying the positive sixth voltage higher than the positive
fifth voltage to the first selection gate, the second selection
gate and the control gate of the memory cell from which the
electric charges are to be released for precharging, and
applying the negative seventh voltage to the control gate for
releasing the electric charges after the precharging step, the
release of the electric charges from the charge storage layer
can be achieved in a shorter period of time by applying the
negative eighth voltage to the control gate and applying the
positive fifth voltage to the drain and the source without
applying a higher voltage to the control gate.

What is claimed is:

1. A method for driving a nonvolatile memory device
comprising a semiconductor substrate, at least one island
semiconductor layer provided on the semiconductor sub-
strate, at least one memory cell having a control gate and a
charge storage layer partly or entirely surrounding a periph-
eral surface of the island semiconductor layer, a first selec-
tion transistor provided between the memory cell and the
semiconductor substrate and having a first insulation layer
and a first selection gate, a source diffusion layer provided
as a source between the semiconductor substrate and the
island semiconductor layer provided with the memory cell
and the first selection transistor for electrically isolating the
island semiconductor layer from the semiconductor sub-
strate, a drain diffusion layer provided as a drain in an end
surface of the island semiconductor layer opposite from the
source diffusion layer with respect to the memory cell, and
a second selection transistor provided between the memory
cell and the drain diffusion layer and having a second
insulation layer and a second selection gate, the method
comprising the steps of:

applying a negative first voltage to the drain and the first
selection gate, applying a positive second voltage to the
second selection gate, and applying OV or a positive
third voltage to the source; and
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applying a positive fourth voltage higher than the second
voltage to the control gate of the memory cell,

whereby electric charges are injected into the charge
storage layer.
2. A nonvolatile memory device driving method as set
forth in claim 1, further comprising the steps of:

applying a positive fifth voltage to the drain, applying a
positive sixth voltage higher than the fifth voltage to the
second selection gate and the control gate of the
memory cell, and applying OV or a positive seventh
voltage to the source and the first selection gate for
precharging; and

applying a negative eighth voltage to the control gate for
charge release after the prechargeing step,

whereby the electric charges are released from the charge
storage layer.
3. A nonvolatile memory device driving method as set
forth in claim 1, further comprising the steps of:

applying a positive fifth voltage to the source, applying a
positive sixth voltage higher than the fifth voltage to the
first selection gate and the control gate of the memory
cell, and applying OV or a positive seventh voltage to
the drain and the second selection gate for precharging;
and

applying a negative eighth voltage to the control gate for
charge release after the precharging step,

whereby the electric charges are released from the charge
storage layer.
4. A nonvolatile memory device driving method as set
forth in claim 1, further comprising the steps of:

applying a positive fifth voltage to the drain and the
source, and applying a positive sixth voltage higher
than the fifth voltage to the first selection gate, the
second selection gate and the control gate of the
memory cell for precharging; and

applying a negative seventh voltage to the control gate for
charge release after the precharging step,

whereby the electric charges are released from the charge

storage layer.

5. A method for driving a nonvolatile memory device
comprising a semiconductor substrate, at least one island
semiconductor layer provided on the semiconductor sub-
strate, at least one memory cell having a control gate and a
charge storage layer partly or entirely surrounding a periph-
eral surface of the island semiconductor layer, a selection
transistor provided between the memory cell and the semi-
conductor substrate and having an insulation layer and a
selection gate, a source diffusion layer provided as a source
between the semiconductor substrate and the island semi-
conductor layer provided with the memory cell and the
selection transistor for electrically isolating the island semi-
conductor layer from the semiconductor substrate, and a
drain diffusion layer provided as a drain in an end surface of
the island semiconductor layer opposite from the source
diffusion layer with respect to the memory cell, the method
comprising the steps of:

applying a negative first voltage to the drain and the
selection gate, and applying OV or a positive second
voltage to the source; and
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applying a positive third voltage to the control gate of the
memory cell,

whereby electric charges are injected into the charge
storage layer.
6. A nonvolatile memory device driving method as set
forth in claim 5, further comprising the steps of:

applying a positive fourth voltage to the drain, applying a
positive fifth voltage higher than the fourth voltage to
the control gate of the memory cell, and applying OV or
a positive sixth voltage to the source and the selection
gate for precharging; and

applying a negative seventh voltage to the control gate for
charge release after the prechargeing step,

whereby the electric charges are released from the charge
storage layer.
7. A nonvolatile memory device driving method as set
forth in claim 5, further comprising the steps of:

applying a positive fourth voltage to the drain and the
source, and applying a positive fifth voltage higher than
the fourth voltage to the selection gate and the control
gate of the memory cell for precharging; and

applying a negative sixth voltage to the control gate for
charge release after the precharging step,

whereby the electric charges are released from the charge
storage layer.

8. A semiconductor storage device comprising:

a nonvolatile memory device comprising a semiconductor
substrate, at least one island semiconductor layer pro-
vided on the semiconductor substrate, at least one
memory cell having a control gate and a charge storage
layer partly or entirely surrounding a peripheral surface
of the island semiconductor layer, a first selection
transistor provided between the memory cell and the
semiconductor substrate and having a first insulation
layer and a first selection gate, a source diffusion layer
provided as a source between the semiconductor sub-
strate and the island semiconductor layer provided with
the memory cell and the first selection transistor for
electrically isolating the island semiconductor layer
from the semiconductor substrate, a drain diffusion
layer provided as a drain in an end surface of the island
semiconductor layer opposite from the source diffusion
layer with respect to the memory cell, and a second
selection transistor provided between the memory cell
and the drain diffusion layer and having a second
insulation layer and a second selection gate,

a first voltage generating section which generates a volt-
age to be applied to the control gate;

a second voltage generating section which generates a
voltage to be applied to the first selection gate;

a third voltage generating section which generates a
voltage to be applied to the drain;

a fourth voltage generating section which generates a
voltage to be applied to the source;

a fifth voltage generating section which generates a volt-
age to be applied to the second selection gate; and
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a state controlling section which controls the voltages
generated by the first to fifth voltage generating sec-
tions and timing for the application of the voltages;

wherein the state controlling section controls the first to
fifth voltage generating sections to cause the second
voltage generating section and the third voltage gener-
ating section to generate a negative first voltage to
apply the first voltage to the first selection gate and the
drain, to cause the fifth voltage generating section to
generate a positive second voltage to apply the second
voltage to the second selection gate, to cause the fourth
voltage generating section to generate OV or a positive
third voltage to apply OV or the third voltage to the
source, and to cause the first voltage generating section
to generate a positive fourth voltage higher than the
second voltage to apply the fourth voltage to the control
gate of the memory cell for injecting electric charges
into the charge storage layer.

9. A semiconductor storage device as set forth in claim §,
wherein the state controlling section controls the first to fifth
voltage generating sections to cause the third voltage gen-
erating section to generate a positive fifth voltage to apply
the fifth voltage to the drain, to cause the fifth voltage
generating section and the first voltage generating section to
generate a positive sixth voltage higher than the fifth voltage
to apply the sixth voltage to the second selection gate and the
control gate of the memory cell, to cause the fourth voltage
generating section and the second voltage generating section
to generate OV or a positive seventh voltage to apply OV or
the seventh voltage to the source and the first selection gate,
and then to cause the first voltage generating section to
generate a negative eighth voltage to apply the eighth
voltage to the control gate for releasing the electric charges
from the charge storage layer.
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10. A semiconductor storage device as set forth in claim
8, wherein the state controlling section controls the first to
fifth voltage generating sections to cause the fourth voltage
generating section to generate a positive fifth voltage to
apply the fifth voltage to the source, to cause the second
voltage generating section and the first voltage generating
section to generate a positive sixth voltage higher than the
fifth voltage to apply the sixth voltage to the first selection
gate and the control gate of the memory cell, to cause the
third voltage generating section and the fifth voltage gener-
ating section to generate OV or a positive seventh voltage to
apply OV or the seventh voltage to the drain and the second
selection gate, and then to cause the first voltage generating
section to generate a negative eighth voltage to apply the
eighth voltage to the control gate for releasing the electric
charges from the charge storage layer.

11. A semiconductor storage device as set forth in claim
8, wherein the state controlling section controls the first to
fifth voltage generating sections to cause the third voltage
generating section and the fourth voltage generating section
to generate a positive fifth voltage to apply the fifth voltage
to the drain and the source, to cause the second voltage
generating section, the fifth voltage generating section and
the first voltage generating section to generate a positive
sixth voltage higher than the fifth voltage to apply the sixth
voltage to the first selection gate, the second selection gate
and the control gate of the memory cell, and then to cause
the first voltage generating section to generate a negative
seventh voltage to apply the seventh voltage to the control
gate for releasing the electric charges from the charge
storage layer.

12. Aliquid crystal display device comprising a semicon-
ductor storage device as recited in claim 8.
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