Description

Title of Invention: NON-VOLATILE SEMICONDUCTOR STORAGE
DEVICE

Technical Field

[0001] The present invention relates to a non-volatile
semiconductor memory device, and is appropriately applied
to a non-volatile semiconductor memory device
manufactured using a single-layer polycrystalline silicon

(polysilicon), for example.

Background Art

[0002] Generally, a non-volatile semiconductor memory
device using a single-layer polysilicon may include a
large-area capacitor using a well as a control gate, a
MOS (Metal-Oxide-Semiconductor) transistor for data
reading (hereinafter merely referred to as a read
transistor) as constituent elements. Conventionally, the
non-volatile semiconductor memory device has had another
capacitor added thereto to further add an erasure
function thereto.

[0003] National Publication of International Patent
Application No. 2009-538519 (hereinafter referred to as
Patent Literature 1) 1is an example of the non-volatile
semiconductor memory device, in which a PMOS (P-channel
MOS) access transistor is provided as a read transistor,
and a current flowing through the read transistor is
detected during a data reading operation so that it can
be determined whether data is programmed to or erased
from a corresponding floating gate. In Patent Literature
1, during data erasure operation, a high voltage drop is
generated between both ends of a gate insulating film of

the read transistor, and charge is ejected from the



floating gate via the gate insulating film of the read
transistor so that data can be erased from a memory cell.
[0004] Furthermore, Patent Literature 1 also discloses a
configuration in which an NMOS (N-channel MOS) access
transistor is provided as a read transistor, charge is
tunneled into the floating gate from a channel of the
read transistor when data is programmed to the floating
gate, and the data is programmed to the floating gate as
another example.

[0005] However, generally in an area of the gate
insulating film through which the charge has passed, a
charge passage region is damaged by an applied electric
field to or hot-carrier stress on the gate insulating
film. Therefore, in a conventional read transistor in
which charge passes through a gate insulating film during
data programming and erasure operations, the gate
insulating film is damaged. A reading current obtained
from the read transistor decreases due to interface state
generation, for example, so that a malfunction of the
read transistor may occur.

[0006] When the read transistor is used for data
programming, like in Patent Literature 1, a part of the
charge may be injected into a sidewall region of the read
transistor, for example. The charge in the sidewall
region is difficult to remove. In the read transistor, a
threshold voltage (a voltage at the time when the read
transistor is switched from off to on, which is referred
to as Vth) is shifted by repetition of data programming
so that a malfunction of the read transistor may occur.
[0007] As a configuration for solving such a problem, a
configuration in which a read transistor is not used as a
charge transfer path during data programming and erasure
is considered. In this case, a configuration in which a
programming bit line and a reading bit line for

determining selection/non-selection of programming are



independently provided, and the bit lines prevent a read
transistor region from serving as a charge transfer path
during data programming and erasure can be implemented,
like in a non-volatile semiconductor memory device
discussed in Japanese Patent Laid-Open No. 2005-175411

(hereinafter referred to as Patent Literature 2).

Citation List

Patent Literature

[0008] Patent Literature 1: National Publication of
International Patent Application No. 2009-538519

Patent Literature 2: Japanese Patent Laid-Open No. 2005-
175411

Summary of Invention

Technical Problem

[0009] However, in a non-volatile semiconductor memory
device thus configured, a reading bit line is
independently required in addition to or separately from
a programming bit line for determining selection/non-
selection of programming. Thus, the number of bit lines
to be controlled doubles, complicating a control circuit
around a memory mat and also leading to an increase in
the area of the control circuit in addition to leading to
an increase in a cell region.

[0010] Therefore, the present invention has been made in
consideration of the foregoing points, and is directed to
providing a non-volatile semiconductor memory device
capable of reliably preventing a malfunction of a read

transistor without increasing the number of bit lines.

Solution to Problem
[0011] To solve such an issue, the present invention as
set forth in claim 1 is directed to a non-volatile

semiconductor memory device including a plurality of



floating gates which are electrically insulated and a
first bit line and a second bit line, a cell being
configured for each of the floating gates, in which each
of cells includes a read transistor for reading out a
voltage depending on the presence or absence of charge in
the floating gate, a program transistor that injects
charge into the floating gate, an erase transistor that
ejects charge from the floating gate, and a control
capacitor that adjusts a potential at the floating gate,
the floating gate extending on respective active regions
of the read transistor, the program transistor, the erase
transistor, and the control capacitor, one cell of the
cells has a configuration in which the first bit line is
connected to the read transistor via a switch transistor,
and the second bit line is directly connected to the
program transistor, and the other cell paired with the
one cell has a configuration in which the second bit line
is connected to the read transistor via a switch
transistor, and the first bit line is directly connected
to the program transistor.
[0012] To solve such an issue, the present invention is
directed to a non-volatile semiconductor memory device
including a plurality of floating gates electrically
insulated and a first bit line and a second bit line, a
cell being configured for each of the floating gates, in
which

each of cells

includes a read transistor for reading out a voltage
depending on the presence or absence of charge in the
floating gate, a program transistor that injects charge
into the floating gate, an erase transistor that ejects
charge from the floating gate, and a control capacitor
that adjusts a potential at the floating gate, the

floating gate extending on respective active regions of



the read transistor, the program transistor, the erase
transistor, and the control capacitor,

one cell of the cells

includes one switch transistor that has its one end
connected to the first bit line to which a programming
voltage for injecting charge to the floating gate by the
program transistor or a programming inhibition voltage
for injecting no charge into the floating gate by the
program transistor is applied during a data programming
operation and the other end connected to one end of the
read transistor, is turned off during the data
programming operation, and shuts off the supply of the
programming voltage and the programming inhibition
voltage from the first bit line to the read transistor,

and has a configuration in which the second bit line
is directly connected to the program transistor,

the other cell paired with the one cell

includes the other switch transistor that has its
one end connected to the second bit line, to which the
programming voltage or the programming inhibition voltage
is applied during the data programming operation and
which is connected to the one cell, and the other end
connected to the one end of the read transistor, is
turned off during the data programming operation, and
shuts off the supply of the programming voltage and the
programming inhibition voltage from the second bit line
to the read transistor, and

has a configuration in which the first bit line is
directly connected to the program transistor, and

during a data reading operation, a reading voltage
is applied to the first bit line and the second bit line
to which the programming voltage or the programming
inhibition voltage is applied during the data programming
operation, and the switch transistor in a cell that reads

out a voltage depending on the presence or absence of the



charge at the floating gate is turned on, to electrically
connect the first bit line or the second bit line
connected to the switch transistor with the read
transistor to each other.

[0013] In the non-volatile semiconductor memory device as
set forth in claim 1, in each of the cells, the erase
transistor is formed in an N-type well or a P-type well,
and the control capacitor is formed in an N-type well or
a P-type well having the same conductivity type as that
of the erase transistor and different from the N-type
well or the P-type well of the erase transistor, and the
read transistor, the switch transistor, and the program
transistor are formed in a P-type well or an N-type well
having a different conductivity type from those of the
erase transistor and the control capacitor.

[0014] Furthermore, in each of the cells, the erase
transistor is formed in an N-type well, the control
capacitor is formed in an N-type well different from the
N-type well in which the erase transistor is formed, and
the read transistor, the switch transistor, and the

program transistor are formed in a P-type well.

Advantageous Effects of Invention

[0015] According to the present invention, the non-
volatile semiconductor memory device includes a second
bit line connected to the program transistor in one of
cells for performing data programming and also serving as
a reading bit line in the other cell by switching of
switch transistors and program transistors and erase
transistors serving as charge transfer paths during data
programming and erasure so that malfunctions of read
transistors that occur because the read transistor is
used for data programming and erasure can be reliably

prevented without the number of bit lines being increased.



Brief Description of Drawings
[0016] FIG. 1 is a circuit diagram illustrating a circuit
configuration of a memory unit;

FIG. 2 is a schematic view illustrating a layout of
the circuit configuration of the memory unit illustrated
in FIG. 1;

FIG. 3 is a circuit diagram illustrating respective
voltage values in sites during data programming;

FIG. 4 is a circuit diagram illustrating respective
voltage values in the sites during data erasure;

FIG. 5 is a circuit diagram illustrating respective
voltage values in the sites during data reading;

FIG. 6 is a circuit diagram provided to describe
monitoring of Vths in first and second cells of a
complementary type;

FIG. 7 is a circuit diagram illustrating a circuit
configuration of a memory unit including an SRAM cell;
and

FIG. 8 is a table illustrating respective voltage
values in sites during data programming, data erasure,
data loading, data writing, and data reading in the

memory unit illustrated in FIG. 7.

Description of Embodiments
[0017] An embodiment of the present invention will be
described in detail below with reference to the drawings.
[0018] (1) Circuit Configuration of Non-volatile
Semiconductor Memory Device

In FIG. 1, UN1l denotes a memory unit constituting a
non-volatile semiconductor memory device according to the
present invention. While a plurality of memory units are
arranged in a matrix, as described below in FIG. 3, in
the non-volatile semiconductor memory device, the one
memory unit UN1 is first paid attention to, to describe

this configuration below. As illustrated in FIG. 1, the



memory unit UN1 includes a first cell 2a and a second
cell 2b, a first bit line BLP1l and a second bit line BLN1
are connected to the first cell 2a and to the second cell
2b as well.

[0019] An erase gate line EG, a source line SL, a read
gate line RG1l, and a control gate line PGl are connected
to the first cell 2a and the second cell 2b, and a
predetermined voltage can be applied, as needed, from
each of the erase gate line EG, the source line SL, the
read gate line RG1l, and the control gate line PGIl.

[0020] In the memory unit UN1, when only the one first
cell 2a is paid attention to, the first bit line BLP1 and
the second bit line BLN1 are connected to the first cell
2a, and the number of bit lines is two per cell. However,
in this memory unit UN1, the second bit line BLN1l used
for programming in the one first cell 2a, for example,
also serves as a bit line for reading in the other second
cell 2b. Thus, the number of bit lines and the number of
cells are the same as a whole, and the effective number
of bit lines becomes one per cell.

[0021] In the present embodiment, the first cell 2a and
the second cell 2b have the same configuration, and
constitute a complementary cell storing one bit by using
two cells, for example. While a case where the first
cell 2a and the second cell 2b constitute a complementary
cell storing one bit by using the two cells will be
described in the present embodiment, the present
invention is not limited to this. A memory unit storing
one bit for each cell (i.e., a memory unit storing
respective one bits in the first cell 2a and the second
cell 2b and storing a total of two bits) may be used.
[0022] When the configuration of the first cell 2a is
paid attention to, the first cell 2a includes an erase
MOS transistor (hereinafter referred to as an erase

transistor) 3a, a read (reading) MOS transistor



(hereinafter referred to as a read transistor) 4a, a
program (programming) MOS transistor (hereinafter
referred to as a program transistor) 5a, a control
capacitor 6a, and a switch MOS transistor (hereinafter
referred to as a switch transistor) SWa, and the erase
transistor 3a, the read transistor 4a, the program
transistor 5a, and the control capacitor 6a share one
floating gate FGa.

[0023] The floating gate FGa extends on respective active
regions of the erase transistor 3a, the read transistor
4a, the program transistor 5a, and the control capacitor
ba, and can function as a control gate of the erase
transistor 3a, the read transistor 4a, and the program
transistor 5a and function as an electrode of the control
capacitor 6a. In this case, the floating gate FGa is
connected to a gate insulating film GI1 of the erase
transistor 3a, a gate insulating film GI2 of the read
transistor 4a, a gate insulating film GI3 of the program
transistor 5a, and an insulating film GI4 of the control
capacitor 6a.

[0024] The control capacitor 6a has at its one end a
diffusion layer connected to the control gate line PGI1,
and can transmit a potential on the control gate line PGl
to the floating gate FGa. The erase transistor 3a is a
P-type MOS, has at its one end a diffusion layer
connected to the erase gate line EG, and can transmit a
potential on the erase gate line EG to the floating gate
FGa via the gate insulating film GI1. A diffusion layer
at the other end of the erase transistor 3a is short-
circuited to a first N-type well N1, described below.
[0025] The read transistor 4a is an N-type MOS, and has
at its one end a diffusion layer connected to the source
line SL and has at its other end a diffusion layer
connected to a diffusion layer at one end of the switch

transistor SWa. The switch transistor SWa is an N-type



MOS, and has at its other end a diffusion layer connected
to the first bit line BLP1, and can electrically connect
or disconnect the first bit line BLP1l and the read
transistor 4a to or from each other by being turned on or
off, as needed.

[0026] In the present embodiment, the read gate line RG1
connected to the switch transistors SWa and SWb includes
a first read gate line RGPl connected to a gate of the
switch transistor SWa in the first cell 2a and a second
read gate line RGN1 connected to a gate of the switch
transistor SWb in the second cell 2b so that the switch
transistors SWa and SWb can be turned on or off, as
needed, by respectively applying predetermined voltages
to the switch transistors SWa and SWb.

[0027] The read transistors 4a and 4b having their
respective one ends connected to the switch transistors
SWa and SWb have their respective other ends connected to
the common source line SL so that a predetermined voltage
can be applied to both the read transistors 4a and 4b via
the source line SL.

[0028] In addition to such a configuration, each of the
program transistors 5a and 5b is an N-type MOS. The
program transistor b5a arranged in the one first cell 2a
has at its one end diffusion layer connected to the
second bit line BLN1l, and the program transistor 5b
arranged in the other second cell 2b has at its one end a
diffusion layer connected to the first bit line BLPI.
[0029] Thus, in the present invention, the first bit line
BLP1 is connected to the read transistor 4a in the first
cell 2a via the switch transistor SWa while being
directly connected to the program transistor 5b in the
second cell 2b. The second bit line BLN1 is also
connected to the read transistor 4b in the second cell 2b
via the switch transistor SWb while being directly

connected to the program transistor 5a in the first cell



2a, similarly to the first bit line BLPl. The respective
other ends of the program transistors 5a and 5b are
electrically separated from a diffusion layer of another
program transistor adjacent thereto. The control
capacitors 6a and 6b have at their respective one ends
diffusion layers connected to the control gate line PGl
and have at their respective other ends diffusion layers
short-circuited to a second N-type well N2, described
below, so that the potential on the control gate line PGl
can be transmitted to the floating gates FGa and FGb via
the insulating film GIA4.

[0030] In FIG. 1, the area of the insulating film GI4 of
the control capacitor 6a is made larger than the area of
the gate insulating film GI1 of the erase transistor 3a.
Thus, in the present embodiment, the potential from the
control gate line PGl is easily transmitted to the
floating gate FGa by an increased area of the insulating
film GI4 of the control capacitor 6a. When data is
programmed, a large-capacity tunnel current is generated
in the insulating film G13 of the program transistor 5a
so that many charges can be injected into the floating
gate FGa from a substrate.

[0031] FIG. 2 1is a schematic view illustrating an example
of a layout for implementing a circuit configuration of
the memory unit UN1 illustrated in FIG. 1. 1In this case,
in the memory unit UN1, the first N-type well N1, a first
P-type well P1l, the second N-type well N2, and a second
P-type well P2 are sequentially arranged on the substrate
(not illustrated), and the first cell 2a and the second
cell 2b are formed in parallel over the first N-type well
N1, the first P-type well P1l, the second N-type well N2,
and the second P-type well P2. 1In practice, in the first
N-type well N1, a first active region is formed over the

first cell 2a and the second cell 2b, and the erase



transistors 3a and 3b in the first cell 2a and the second
cell 2b are formed in the first active region.

[0032] In the first P-type well Pl adjacent to the first
N-type well N1, a second active region is formed over the
first cell 2a and the second cell 2b, and the switch
transistor SWa and the read transistor 4a in the first
cell 2a and the program transistor 5b in the other second
cell 2b are formed in the second active region. Further,
a fourth active region is formed over the first cell 2a
and the second cell 2b in the second N-type well N2
electrically insulated from the first N-type well N1, and
the control capacitors 6a and 6b in the first cell 2a and
the second cell 2b are formed in the fourth active region.
[0033] In the second P-type well P2 adjacent to the
second N-type well N2, a third active region is formed
over the first cell 2a and the second cell 2b, and the
program transistor 5a in the first cell 2a and the switch
transistor SWb and the read transistor 4b in the second
cell 2b are formed in the third active region. 1In the
memory unit UN1, the floating gates FGa and FGb are
arranged to run side by side over the first active region,
the second active region, the fourth active region, and
the third active region, and the floating gates FGa and
FGb are respectively formed over the erase transistors 3a
and 3b, the read transistors 4a and 4b, the program
transistors 5a and 5b, and the control capacitors 6a and
6b.

[0034] The memory unit UN1l is made to have an
arrangement/configuration as illustrated in FIG. 2 so
that the erase transistors 3a and 3b, the read
transistors 4a and 4b, the program transistors 5a and 5b,
the control capacitors 6a and 6b, and the switch
transistors SWa and SWb can be efficiently mounted. As a
whole, the memory unit UN1l can be miniaturized. 1In this

case, the program transistor 5b, for example, is adjacent



to a program transistor in the other memory unit but the
diffusion layer at the other end thereof is electrically
insulated from the diffusion layer of the other program
transistor, as described above. As such an insulating
method between the program transistors, the diffusion
layers of the adjacent program transistors may be
electrically insulated from each other by a device
isolation layer, or the other end of the program
transistor may be short-circuited to a P-type well having
a different conductivity type from that of the program
transistor, for example.
[0035] In the present invention, if the circuit
configuration of the memory unit UN1 illustrated in FIG.
1 can be implemented, not only a layout illustrated in
FIG. 2 but also various other layouts may be used. As
the other layouts, the above-mentioned third active
region may be formed in the first P-type well Pl, and the
second active region and the third active region may be
formed in the first P-type well P1l, for example.
[0036] (2) Data Programming Operation

FIG. 3 illustrates a non-volatile semiconductor
memory device 1 in which the memory unit UN1 illustrated
in FIG. 1 is arranged in two rows and two columns as
memory units UN1, UN2, UN3, and UN4, and illustrates
respective voltage values in sites when data is
programmed to only a first cell 2a (i.e., an area ER1) in
the memory unit UN1 in the first row and the first column
among the plurality of memory units UN1, UN2, UN3, and
UN4. The memory unit UN1l in which data is programmed to
either one of the first cell 2a or the second cell 2b is
referred to as a selected memory unit 10, and the memory
units UN2, UN3, and UN4 in which data is programmed to
neither one of the first cell 2a and the second cell 2b

are referred to as non-selected memory units 11.



[0037] In this case, in the non-volatile semiconductor
memory device 1, in the first column (hereinafter
referred to as a selected column) in which the selected
memory unit 10 is arranged, a second bit line BLN1
connected to the program transistor 5a in the first cell
(hereinafter referred to as a selected cell) 2a to which
data 1s programmed is a selected bit line BL1l, and a
programming voltage of 0 [V] can be applied to the
selected bit line BL1. 1In this case, a programming gate
voltage of 12 [V] can be applied to a control gate line
PGl connected to the selected memory unit 10. Thus, a
control capacitor 6a connected to the control gate line
PGl can raise a voltage at a floating gate FGa by a
capacitive coupling of an insulating film GI4 (FIG. 1)
and the floating gate FGa.

[0038] In the non-volatile semiconductor memory device 1,
the programming voltage of 0 [V] is applied to the
selected bit line BL1 so that a channel potential of the
program transistor 5a in the selected cell 2a becomes 0
[V] that is the same as that on the selected bit line BLI,
and the programming gate voltage (12 [V]) on the control
gate line PGl causes a large voltage drop between the
floating gate FGa and a channel of the program transistor
S5a.

[0039] Thus, in the selected memory unit 10, charge can
be injected into the floating gate FGa from a substrate
in the channel of the program transistor 5a due to a
quantum tunnel effect produced by a potential difference
between the floating gate FGa and the program transistor
S5a. As a result, the selected memory unit 10 can enter a
state where the charge is stored in the floating gate FGa
so that data is programmed.

[0040] At this time, a programming inhibition voltage of
6 [V] is applied to a first bit line BLP1l serving as a

non-selected bit line BL2. Thus, in the selected memory



unit 10, the programming inhibition voltage of 6 [V] can
be applied from the first bit line BLP1l to one end of a
program transistor 5b in the other second cell
(hereinafter referred to as a non-selected cell) 2b to
which data is not programmed. Thus, in the second cell
2b serving as the non-selected cell in the selected
memory unit 10, a channel potential of the program
transistor 5b becomes 6 [V] that is the same as the
programming inhibition voltage on the first bit line BLPI1.
Thus, a potential difference from the programming gate
voltage (12 [V]) on the control gate line PGl becomes
small. As a result, a gquantum tunnel effect is not
produced so that no charge can be injected into the
floating gate FGa.

[0041] At this time, a programming inhibition voltage of
6 [V] is also applied to an erase gate line EG and a
source line SL. In the first cell 2a and the second cell
2b in the selected memory unit 10, respective potential
differences between gate insulating films GI1 (FIG. 1) of
erase transistors 3a and 3b connected to the erase gate
line EG and the floating gates FGa and FGb, and between
gate insulating films GI2 (FIG. 1) of read transistors 4a
and 4b connected to the source line SL and the floating
gates FGa and FGb become small. A quantum tunnel effect
is not produced in the region of each of the erase
transistors and the read transistors so that no charge
can be injected into the floating gates FGa and FGb.
[0042] In addition thereto, an off voltage of 0 [V] is
applied to a first read gate line RGPl and a second read
gate line RGN1 arranged in the selected memory unit 10 at
this time. Thus, in the selected memory unit 10, a
switch transistor SWa in the first selected cell 2a is
turned off by applying the off voltage of 0 [V] to its
gate from the first read gate line RGPl so that the
voltage on the first bit line BLP1l is interrupted. Thus,



the voltage on the first bit line BLP1 cannot be applied
to the read transistor 4a. Similarly, in the selected
memory unit 10, a switch transistor SWb in the second
cell 2b is also turned off by applying the off voltage of
0 [V] to its gate from the second read gate line RGNl so
that the voltage on the second bit line BLN1 is
interrupted. Thus, the voltage on the second bit line
BLN1 cannot be applied to the read transistor 4b.

[0043] In this case, the erase gate line EG is shared
among the plurality of memory units UN1, UNZ, UN3, and
UN4 so that a predetermined voltage can be collectively
applied to the erase transistors 3a and 3b in the memory
units UN1, UN2, UN3, and UN4. The source line SL is also
shared among the plurality of memory units UN1, UN2, UN3,
and UN4 so that a predetermined voltage can be
collectively applied to the read transistors 4a and 4b in
the memory units UN1, UNZ2, UN3, and UN4.

[0044] In the memory unit UN2 serving as the non-selected
memory unit 11, the programming gate voltage of 12 [V] is
applied to the control gate line PGl shared with the
selected memory unit 10 while a programming inhibition
voltage of 6 [V] is applied to a first bit line BLP2 and
a second bit line BLNZ2 serving as non-selected bit lines
BL2. Thus, respective potential differences between
floating gates FGa and FGb and program transistors 5a and
5b are small. A quantum tunnel effect is not produced in
the region of each of the program transistors so that no
charge can be injected into the floating gates FGa and
FGb.

[0045] In the memory unit UN3 serving as the non-selected
memory unit 11, a programming voltage is also applied to
the second bit line BLN1 shared with the selected memory
unit 10 while a programming inhibition gate voltage of 0
[V] is applied to a control gate line PG2. Thus, there

are no respective potential differences between floating



gates FGa and FGb and program transistors 5a and 5b. A
qgquantum tunnel effect is not produced in the region of
each of the program transistors so that no charge can be
injected into the floating gates FGa and FGb.
[0046] Thus, in the non-volatile semiconductor memory
device 1, the read transistor 4a is not used as a charge
transfer path but only the program transistor 5a can
inject charge into only the floating gate FGa provided in
the first cell 2a in the selected memory unit 10, and
does not inject charge into the second cell 2b in the
selected memory unit 10 and the floating gates FGa and
FGb provided in the first cell 2a and the second cell 2b
in the other non-selected memory unit 11. Thus, data can
be programmed to only the first cell 2a in the selected
memory unit 10.
[0047] (3) Data Erasing Operation

Then, in the non-volatile semiconductor memory
device 1, application of a voltage when data in the
memory units UN1, UNZ2, UN3, and UN4 are erased will be
described below. FIG. 4, in which portions corresponding
to those illustrated in FIG. 3 are assigned the same
reference numerals, illustrates respective voltage values
in sites when the data in the memory units UN1, UNZ2, UN3,
and UN4 are erased.
[0048] In this case, in the non-volatile semiconductor
memory device 1, an erase voltage of 12 [V] can be
applied to the erase gate line EG, and 0 [V] can be
applied to the source line SL and the control gate lines
PGl and PG2. In this case, in the non-volatile
semiconductor memory device 1, 0 [V] 1is applied to the
first read gate lines RGPl and RGP2 and the second read
gate lines RGN1 and RGN2 so that the switch transistors
SWa and SWb are turned off. Thus, electrical connection

between the first bit line BLP1l and the read transistor



4a and between the second bit line BLN1l and the read
transistor 4b can be shut off.
[0049] In the non-volatile semiconductor memory device 1,
the first bit line BLP1 and the second bit line BLN1 are
opened so that a strong electric field is applied to only
the gate insulating films GI1 of the erase transistors 3a
and 3b connected to the erase gate line EG. Thus, the
erase transistors 3a and 3b can draw charge in the
floating gates FGa and FGb into their channels, and can
erase data in the memory units UN1l, UN2, UN3, and UN4 by
mat collective processing.
[0050] Therefor, in the non-volatile semiconductor memory
device 1, the charge can be ejected from the floating
gates FGa and FGb without using regions of the read
transistors 4a and 4b in each of the memory units UNI1,
UN2, UN3, and UN4 as charge transfer paths but using only
regions of the erase transistors 3a and 3b so that mat
collective erasure of data can be performed.
[0051] (4) Data reading operation

Then, in the non-volatile semiconductor memory
device 1, application of a voltage when data is read out
will be described below. FIG. 5, in which portions
corresponding to those illustrated in FIG. 3 are assigned
the same reference numerals, illustrates respective
voltage values in sites when the data in the memory unit
UN1l among the memory units UN1, UN2, UN3, and UN4 is read
out. Here, the data is programmed only to the first cell
2a in the memory unit UN1 among the memory units UN1, UNZ2,
UN3, and UN4, and is not programmed to the second cell 2b
in the memory unit UN1l. A state where charge is stored
in the floating gate FGa is "0", for example, and a state
where no charge is stored in the floating gate FGb is "1".
[0052] In this case, in the non-volatile semiconductor
memory device 1, an on voltage of 3 [V] is applied to the

first read gate line RGPl and the second read gate line



RGN1, to turn on both the switch transistors SWa and SWb.
At this time, 0 [V] can be applied to the source line SL,
and VCC can be applied as a reading voltage to the first
bit lines BLP1 and BLP2 and the second bit lines BLN1 and
BLNZ2.

[0053] In the first cell 2a in which charge is stored in
the floating gate FGa, the read transistor 4a is turned
off when 0 [V] is applied to its source, and electrical
connection between the read transistor 4a and the first
bit line BLP1l is shut off so that a voltage on the first
bit line BLPl remains VCC. On the other hand, in the
other second cell 2b in which no charge is stored in the
floating gate FGb (it is assumed that respective
threshold voltages Vth of the read transistors 4a and 4b
are in a deplete state), the read transistor 4b is turned
on when 0 [V] 1is applied to its source, and the read
transistor 4b and the second bit line BLN1 are
electrically connected to each other so that a voltage on
the second bit line BLN1 changes to be lower than VCC.
[0054] In the non-volatile semiconductor memory device 1,
the second bit line BLN1l becomes lower in potential than
the first bit line BLP1l. A potential difference between
the first bit line BLP1 and the second bit line BLN1 is
latched by a latch circuit (not illustrated) so that the
first bit line BLP1l is fixed to VCC while the second bit
line BILN1 is fixed to 0 V. Thus, reading information can
be finalized.

[0055] In the present embodiment, in the non-volatile
semiconductor memory device 1, 0 [V] is applied to the
erase gate line EG and the control gate lines PGl and PG2
so that transfer of charge in the floating gates FGa and
FGb during data reading by the erase transistors 3a and
3b and the control capacitors 6a and 6b can be prevented.
[0056] While a case where 0 [V] is applied to the erase
gate line EG and the control gate lines PGl and PG2 has
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been described in the present embodiment, the present
invention is not limited to this. A predetermined
voltage of VCC, for example, may be applied to the erase
gate line EG or the control gate lines PGl and PG2. 1In
this case, a potential at the floating gate FGb rises due
to capacitive coupling between the control capacitor 6b
and the floating gate FGb, for example, by applying VCC
to the control gate lines PGl and PG2. As a result, an
on current output from the read transistor 4b increases,
and a period of time elapsed until data is latched can be
shortened.
[0057] In the present embodiment, in the memory units UN3
and UN4 from which data is not read out, an off voltage
of 0 [V] is applied to the first read gate line RGP2 and
the second read gate line RGN2, the switch transistors
SWa and SWb are turned off, and data in the floating gate
is not read out. Thus, only data in the memory unit UNI1
can be read out.
[0058] (5) Operation and Effect

In the above-mentioned configuration, the non-
volatile semiconductor memory device 1 includes the read
transistors 4a and 4b for reading out a voltage depending
on the presence or absence of charge in the floating
gates FGa and FGb, the program transistors 5a and 5b that
inject charge into the floating gates FGa and FGb, the
erase transistors 3a and 3b that eject charge from the
floating gates FGa and FGb, and the control capacitors 6a
and 6b that adjust potentials at the floating gates FGa
and FGb. The floating gate FGa (FGb) extends on the
respective active regions of the read transistor 4a (4b),
the program transistor 5a (5b), the erase transistor 3a
(3b), and the control capacitor 6a (6b).
[0059] In the first cell 2a, the first bit line BLP1 is
connected to the read transistor 4a via the switch

transistor SWa, the second bit line BLN1 is directly



connected to the program transistor 5a. On the other
hand, in the second cell 2b paired with the first cell 2a,
the second bit line BLN1l is connected to the read
transistor 4b via the switch transistor SWb, and the
first bit line BLP1 is directly connected to the program
transistor b5b.

[0060] Thus, in the non-volatile semiconductor memory
device 1, the read transistors 4a and 4b for reading out
data in the floating gates FGa and FGb do not serve as
charge transfer paths during data programming and erasure.
Therefore, damage from an applied electric field to and
hot-carrier stress on the gate oxide films of the read
transistors 4a and 4b can be prevented. Thus,
malfunctions of the read transistors can be prevented
because a reading current is prevented from deteriorating
by programming and erasure of data.

[0061] In the non-volatile semiconductor memory device 1,
the read transistors 4a and 4b do not serve as charge
transfer paths during data programming and erasure. Thus,
malfunctions of the read transistors can be prevented
because a part of charge is not injected into sidewall
regions of the read transistors 4a and 4b and Vths of the
read transistors 4a and 4b are not shifted even if data
programming and erasure are repeated.

[0062] Furthermore, in the non-volatile semiconductor
memory device 1, although the first bit line BLP1 and the
second bit line BLN1l are provided, i.e., the number of
bit lines is two, the second bit line BLN1l used for
programming in the one first cell 2a also serves as a
reading bit line in the other second cell 2b. Thus, the
number of bit lines and the number of cells are the same
as a whole. The effective number of bit lines is one per
cell. Therefore, the device can be miniaturized as a

whole.
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[0063] According to the above-mentioned configuration, in

the non-volatile semiconductor memory device 1, the
second bit line BLN1l connected to the program transistor
5a in the first cell 2a for performing data programming
also serving as a reading bit line in the other second
cell 2b by switching of the switch transistors SWa and
SWb and the program transistors 5a and 5b and the erase
transistors 3a and 3b serving as charge transfer paths
during data programming and erasure are provided so that
malfunctions of the read transistors 4a and 4b that occu
because the read transistors are used for data writing
and erasure can be reliably prevented without increasing
the number of bit lines.

[0064] (6) As to Monitoring of Vths of First and Second
Cells of Complementary Type

r

In a test of the memory unit UN1l, in the case of not

the complementary cell, like in the above-mentioned
embodiment, but one cell per bit, for example, Vths

(threshold voltages) of the read transistors 4a and 4b

can be monitored by merely controlling a voltage applied

to the control gate line PGIl.

[0065] If the first cell 2a and the second cell 2b
constitute a complementary cell storing one bit data by
using two cells, like in the above-mentioned embodiment,
however, when both the switch transistors SWa and SWb
each connected to the read gate line RG1l are turned on,
potential on the bit line on the complementary side
changes due to a state of the cell on the complementary
side. Thus, the first bit line BLP1l that has decreased
in voltage more early is "1", and the other second bit
line BLN1 is correspondingly forced to be "0", for
example, by the latch circuit (not illustrated) so that
normal monitoring cannot be performed.

[0066] Therefore, in the present invention, in a memory

unit UN1 constituting a complementary cell, a read gate

a



line RGl within the memory unit UN1l includes a first read
gate line RGPl and a second read gate line RGN1, and the
first read gate line RGPl and the second read gate line
RGN1 are independently controlled, to individually turn
on or off the switch transistors SWa and SWb so that Vths
of a first cell 2a and a second cell 2b can be
individually monitored, as illustrated in FIG. 6.

[0067] FIG. 6 illustrates respective voltage values in
sites when Vth of the first cell is monitored in the
memory unit UN1 illustrated in FIG. 1. In this case, in
the memory unit UN1, 0 [V] can be applied to an erase
gate line EG and a source line SL, a predetermined
voltage of VCC can be applied to the first read gate line
RGP1 connected to the first cell 2a that monitors Vth,
and 0 [V] can be applied to the second read gate line
RGN1 connected to the second cell 2b that does not
monitor Vth. Thus, in the memory unit UN1, 0 [V] is
applied to the second read gate line RGN1, to force the
switch transistor SWb to be turned off and shut off
electrical connection between a floating gate FGb and a
second bit line BLN1 by the switch transistor SWb so that
a voltage on the second bit line BLN1l can be kept
constant independently of a potential state of the second
cell 2Db.

[0068] In this state, in the memory unit UN1, a
predetermined voltage, e.g., VCC/2 is applied to the
second bit line BLN1l, a reference current Ipassis fOr
determining Vth is caused to flow through the first bit
line BLP1l, and a monitor voltage Vicnitor 1S applied to a
control gate line PGl while a voltage value of the
monitor voltage Vicnitor applied to the control gate line
PGl is changed. Thus, in the memory unit UN1, a voltage
at the floating gate FGa rises due to a capacitive
coupling occurring between a control capacitor 6a and a

floating gate FGa depending on the voltage value of the



monitor voltage Viyonitor @applied to the control gate line
PGl so that an on current flowing through a read
transistor 4a can be changed.

[0069] In this case, in the memory unit UN1l, if the on
current flowing from the read transistor 4a in the first
cell 2a is not less than the reference current Ip.sis, the
first bit line BLP1 becomes lower in potential than the
second bit line BLN1l and is latched to 0 [V]. Thus, it
can be determined that Vth of the first cell 2a is not
more than the monitor voltage Viecnitor- On the other hand,
if only an on current, which is not more than the
reference current Ip.sis, flows from the read transistor
4a in the first cell 2a, the first bit line BLP1l becomes
higher in potential than the second bit line BLN1l and is
latched to VCC after a predetermined period of time.
Thus, it can be determined that Vth of the first cell 2a
is not less than the monitor voltage Viecnitor-

[0070] While a case where Vth of the read transistor 4a
in the first cell 2a is monitored has been described in
the above-mentioned embodiment, Vth of a read transistor
4b in the second cell 2b can also be monitored in a
similar principle to that in the above-mentioned
embodiment. More specifically, a predetermined voltage
of VCC is applied to the second read gate line RGN1
connected to the second cell 2b that monitors Vth, and O
[V] is applied to the first read gate line RGP1 connected
to the first cell 2a that does not monitor Vth, to turn
off the switch transistor SWa and shut off electrical
connection between the floating gate FGa and the first
bit line BLP1 by the switch transistor SWa so that the
first bit line BLP1l can be maintained at a predetermined
voltage.

[0071] In this state, in the memory unit UN1, the
reference current Ipassis for determining Vth is caused to

flow through the second bit line BLN1, and the monitor



voltage Vionitor 1S applied to the control gate line PGl
while a voltage value of the monitor voltage Vpcnitor Lo be
applied to the control gate line PGl is changed, to
determine whether an on current flowing from the read
transistor 4b is not less than the reference current
Tpasis-
[0072] (7) Another Embodiment

A memory unit combined with an SRAM (Static Random
Access Memory) cell will be described below. FIG. 7, in
which portions corresponding to the portions illustrated
in FIG. 1 are assigned the same reference numerals,
illustrates one memory unit UN30 constituting a non-
volatile semiconductor memory device according to the
present invention. While the non-volatile semiconductor
memory device according to the embodiment has a
configuration in which a plurality of memory units are
arranged in a matrix, the one memory unit UN30 is paid
attention to, to describe the configuration below. As
illustrated in FIG. 7, the memory unit UN30 has a
characteristic in that an SRAM cell 30 is connected to a
non-volatile memory unit 31 including a first cell 2a and
a second cell 2b.
[0073] The SRAM cell 30 includes access transistors 21la
and 21b composed of an N-type MOS transistor, load
transistors 22a and 22b composed of a P-type MOS
transistor, and drive transistors 23a and 23b composed of
an N-type MOS transistor, i.e. a total of six MOS
transistors. The load transistors 22a and 22b have their
respective drains connected to drains of the drive
transistors 23a and 23b, have their respective sources
connected to a power supply line Vpp, and further have
their respective gates connected to gates of the drive
transistors 23a and 23b. The drive transistors 23a and
23b have their respective sources connected to a ground

line GND.



[0074] The access transistor 2la has its drain connected
to a complementary first bit line BLT and has its source
connected to a storage node Ca between the load
transistor 22a and the drive transistor 23a and the gates
of the load transistor 22b and the drive transistor 23Db.
On the other hand, the other access transistor 21b
similarly has its drain connected to a complementary
second bit line BLB and has its source connected to a
storage node Cb between the load transistor 22b and the
drive transistor 23b and the gates of the load transistor
22a and the drive transistor 23a. Further, the access
transistors 2la and 21b have their respective gates
connected to a common word line WL. A latch-type sense
amplifier (not illustrated) is connected between the
complementary first bit line BLT and the complementary
second bit line BLB.

[0075] In addition to such a configuration, in the SRAM
cell 30, a first bit line BLP in the first cell 2a is
connected to the one storage node Ca while a second bit
line BLN in the second cell 2b is connected to the other
storage node Cb. While the non-volatile memory unit 31
has substantially the same configuration as that of the
memory unit UN1 illustrated in FIG. 1 described in the
above-mentioned embodiment, the number of read gate lines
RG is set to one so that switch transistors SWa and SWb
can be collectively controlled to be turned on or off.
[0076] The memory unit UN 30 having such a configuration
writes and reads data into and out of the outside using
the SRAM cell 30. FIG. 8 illustrates respective voltage
values in sites during data writing into the SRAM cell 30
in the memory unit UN30 (written as "writing" in FIG. 8),
during data reading from the SRAM cell 30 (written as
"reading" in FIG. 8), during programming for
incorporating data into the non-volatile memory unit 31

from the SRAM cell 30 (written as "programming" in FIG.
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8), during data erasure in the non-volatile memory unit
31 (written as "erasure" in FIG. 8), and during data
loading for incorporating data again into the SRAM cell
30 from the non-volatile memory unit 31 (written as "data
loading”" in FIG. 8). 1In FIG. 8, "Don't care" is written
in the site that can be set to any voltage value.
[0077] (7-1) Writing of Data into SRAM Cell

In this case, in writing of data into the SRAM cell
30, a predetermined voltage of Vcc is applied to the word
line WL, to turn on both the access transistors 21la and
21b connected to the word line WL. In this case, the
predetermined voltage of Vcc can also be applied to the
power supply line Vpp. In the SRAM cell 30, when Vcc is
applied as a writing voltage to the one complementary
first bit line BLT, for example, 0 [V] can be applied as
a writing inhibition voltage to the other complementary
second bit line BLB.
[0078] Thus, the complementary second bit line BLB and
the gates of the one load transistor 22a and the one
drive transistor 23a are electrically connected to each
other via the other access transistor 21b so that the
gates become Low. As a result, the load transistor 22a
is turned on while the drive transistor 23a is turned off.
Thus, the storage node Ca between the load transistor 22a
and the drive transistor 23a is electrically connected to
the power supply line Vpp via the load transistor 22a so
that a voltage at the storage node Ca becomes High.
[0079] At this time, the complementary first bit line BLT
and the gates of the other load transistor 22b and the
other drive transistor 23b are electrically connected via
the one access transistor 2la so that the gates become
High. As a result, the load transistor 22b is turned off
while the drive transistor 23b is turned on. Thus, the
storage node Cb between the load transistor 22b and the

drive transistor 23b is electrically connected to the



ground line GND via the drive transistor 23b so that a
voltage at the storage node Cb becomes Low. From the
foregoing, the SRAM cell 30 enters a state where data is
written.
[0080] (7-2) Reading of Data from SRAM Cell

When data in the SRAM cell 30 is read out, a
predetermined voltage of Vcc is applied to the word line
WL, to turn on both the access transistors 2la and 21b
connected to the word line WL. Thus, in the memory unit
UN30, a potential at the one storage node Ca is read out
via the complementary first bit line BLT while a
potential at the other storage node Cb is read out via
the complementary second bit line BLB so that a sense
amplifier can determine data "O" and "1" recorded on the
storage node.
[0081] (7-3) Programming into Non-volatile Memory Unit

In the present invention, data recorded on the
above-mentioned SRAM cell can be incorporated into the
non-volatile memory unit 31 by mat collective processing
based on a principle of " (2) Data Programming Operation",
described above. In the description, the SRAM cell 30 is
in a state where the potential at the one storage node Ca
is High and the potential at the other storage node Cb is
Low.
[0082] In this case, in the non-volatile memory unit 31,
6 [V] can be applied to an erase gate line EG, and 12 [V]
can be applied to the control gate line PG. In the non-
volatile memory unit 31, a program transistor 5b in the
second cell 2b is electrically connected to the one
storage node Ca, into which data is written, via the
first bit line BLP so that a channel potential of the
program transistor 5b becomes a high potential that is
the same as that at the storage node Ca. Thus, a
potential difference between the channel potential and a

programming gate voltage (12 [V]) on the control gate



line PG becomes small. As a result, a gquantum tunnel
effect is not produced so that no charge can be injected
into a floating gate FGb.
[0083] On the other hand, in the non-volatile memory unit
31, a program transistor 5a in the first cell 2a is
electrically connected to the other storage node Cb, into
which no data is written, via the second bit line BLN so
that a channel potential of the program transistor 5a
becomes a low potential that is the same as that at the
storage node Cb. Thus, a potential difference between
the channel potential and the programming gate voltage
(12 [V]) on the control gate line PG becomes large. As a
result, a gquantum tunnel effect is produced so that
charge can be injected into a floating gate FGa. In the
memory unit UN30, data recorded on the SRAM cell 30 can
be incorporated into the non-volatile memory unit 31 by
mat collective processing. Thus, control of a peripheral
circuit can also be simplified.
[0084] In this non-volatile memory unit 31, an erase
transistor 3a and a read transistor 4a do not serve as
charge transfer paths but only the program transistor 5a
can inject charge into the floating gate FGa, like in the
above-mentioned embodiment, during programming for
incorporating data into the non-volatile memory unit 31
from the SRAM cell 30. Thus, malfunctions of the read
transistors 4a and 4b that occur because the read
transistors 4a and 4b serve as charge transfer paths can
be reliably prevented.
[0085] (7-4) Data Loading from Non-volatile Memory Unit
In the present invention, data, which has been
incorporated once into the non-volatile memory unit 31,
as described above, can be written again into the SRAM
cell 30 by mat collective processing based on a principle
of "(4) Data Reading Operation", described above. The

non-volatile memory unit 31 is brought into a state where



charge is stored in the floating gate FGa in the one
first cell 2a so that data is programmed, and is brought
into a state where no charge is stored in the floating
gate FGb in the other second cell 2b so that no data is
programmed. In this case, in the non-volatile memory
unit 31, 0 [V] can be applied to the erase gate line EG,
and 0 [V] can also be applied to the control gate line PG.
[0086] In the non-volatile memory unit 31, the
predetermined voltage of VCC is applied to a read gate
line RG so that respective switch transistors SWa and SWb
in the first cell 2a and the second cell 2b are turned on
while 0 [V] is applied to sources of the read transistors
4a and 4b so that the read transistors 4a and 4b are
turned on. Thus, the non-volatile memory unit 31 can be
restored to a state where the read transistor 4a and the
first bit line BLP are electrically connected to each
other and data is written into the SRAM 30 by increasing
a potential at the one storage node Ca in the SRAM cell
30 as a potential at the floating gate FGa increases.
[0087] The non-volatile memory unit 31 can be restored to
a state where the read transistor 4b and the second bit
line BLN are electrically connected to each other and no
data is written into the SRAM 30 by decreasing a
potential at the other storage node Cb in the SRAM cell
30 as a potential at the floating gate FGb decreases.
Further, in the non-volatile memory unit 31, loading of
data into the SRAM cell 30 can be performed by mat
collective processing. Thus, control of a peripheral
circuit can also be simplified.
[0088] (7-5) Data Erasure in Non-volatile Memory Unit
Furthermore, in the present invention, data can also
be erased in the non-volatile memory unit 31 based on a
principle of " (3) Data Erasing Operation", described
above. In this case, in the non-volatile memory unit 31,

an erase voltage of 12 [V] can be applied to the erase



gate line EG, and 0 [V] can be applied to a source line
SL and the control gate line PG. In the non-volatile
memory unit 31, a strong electric field is applied to
only gate insulating films of the erase transistors 3a
and 3b connected to the erase gate line EG so that charge
in the floating gates FGa and FGb is ejected by channel
layers of the erase transistors 3a and 3b and data in the
non-volatile memory unit 31 can be erased by mat
collective processing.

[0089] The present invention is not limited to the
present embodiments. Various modifications can be
implemented without departing from the scope of the
present invention. In FIGS. 3 to 5 and FIG. 8, for
example, voltage values during data programming, data
erasure, and data reading are respectively clearly
written. However, the present invention is not limited
to this. Various voltage values may be applied.

[0090] Furthermore, in the above-mentioned embodiment, a
case where the erase transistor 3a is formed in an N-type
well, the control capacitor 6a is formed in an N-type
well different from the above-mentioned N-type well, and
the read transistor 4a, the switch transistor SWa, and
the program transistor 5a are formed in a P-type well has
been described. However, the present invention is not
limited to this. The erase transistor 3a may be formed
in a P-type well, the control capacitor 6a may be formed
in a P-type well different from the above-mentioned P-
type well, and the read transistor 4a, the switch
transistor SWa, and the program transistor 5a may be

formed in an N-type well.

Reference Signs List

[0091] 1 NON-VOLATILE SEMICONDUCTOR MEMORY DEVICE
2a  FIRST CELL (CELL)

2b SECOND CELL (CELL)



3a,
4a,
5a,
oa,
SWa,
BLP1
BLN1
FGa,

3b ERASE TRANSISTOR

4b READ TRANSISTOR

5b PROGRAM TRANSISTOR

6b CONTROL CAPACITOR

SWb SWITCH TRANSISTOR

, BLP2, BLP FIRST BIT LINE
, BLN2, BLN SECOND BIT LINE
FGb FLOATING GATE
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Cl ai ns

1. A non-volatile sem conductor nenory device including:

a plurality of floating gates electrically insul ated;

a first bit line;

a second bit line; and

a cell being configured for each of the floating
gates, wherein

each of the cells includes a read transistor for
readi ng out a voltage dependi ng on the presence or
absence of charge in the floating gate, a program
transi stor that injects charge into the floating gate, an
erase transistor that ejects charge fromthe floating
gate, and a control capacitor that adjusts a potential at
the floating gate, the floating gate extendi ng on
respective active regions of the read transistor, the
programtransi stor, the erase transistor, and the contro
capaci tor,

one cell of the cells has a configuration in which
the first bit line is connected to the read transistor in

the one cell via a switch transistor in the one cell, and
the second bit line is directly connected to the program
transistor in the one cell, and

the other cell paired with the one cell has a
configuration in which the second bit line is connected
to the read transistor in the other cell via a switch
transistor in the other cell, and the first bit line is
directly connected to the programtransi stor in the other
cell, wherein

the second bit line is used for data progranm ng in
the one cell and for reading in the other cell, and the
first bit Iine is used for data programming in the other
cell and for reading in the one cell

2. The non-vol atile sem conductor nenory device
according to claim1l, wherein in each of the cells,
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the erase transistor is formed in an NNtype well or a
P-type well, and the control capacitor is formed in
anot her N-type well or another P-type well having the
same conductivity type as that of the erase transistor,
and

the read transistor, the switch transistor, and the
programtransistor are formed in a P-type well or an N
type well having a different conductivity type fromthat
of the erase transistor and the control capacitor.

3. The non-vol atil e sem conductor nmenory device
according to claim1 or 2, further conprising

an erase gate line that uniformy applies a common
voltage to the erase transistors respectively provided
for the floating gates, and

a source line that uniformy applies a common
voltage to the read transistors respectively provided for
the floating gates.

4. The non-volatile sem conductor nenory device
according to any one of clains 1 to 3, wherein

the one cell and the other cell constitute one bit,
and

gate lines are separately connected to the switch
transi stors provided for the cells, respectively, and
I ndependently controlled to be turned on or off.

5. The non-vol atil e sem conductor nenory device
according to any one of clains 1 to 4, wherein

the first bit line is connected to one storage node
in an SRAM cell, and the second bit line is connected to
the other storage node conplenentary with the one storage
node in the SRAM cel |, and

the SRAM cell and the one cell and the other cel
constitute one bit.
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6. The non-vol atile sem conductor nenory device
according to any one of clains 1 and 3 to 5, wherein

the one cell and the other cell are forned in
parallel over a first active region, a second active
region, a third active region, and a fourth active region,
the first to fourth active regions being electrically
i nsul ated from each ot her

7. The non-volatile sem conductor nenory device
according to claim®6, wherein

the switch transistor and the read transistor in
the one cell and the programtransistor in the other cel
are fornmed in the second active region, and

the switch transistor and the read transistor in
the other cell and the programtransistor in the one cel
are fornmed in the third active region.



