Descri ption

Title of Invention: NON-VOLATI LE SEM CONDUCTOR STORAGE
DEVI CE

Technical Field

[ 0001] The present invention relates to a non-volatile
sem conduct or nenory device, and is appropriately applied
to a non-vol atil e sem conductor nenory devi ce capabl e of
witing, anong a plurality of nenory cell transistors
(hereinafter nerely referred to as nenory cells) arranged
ina mtrix, for exanple, data into a predetermn ned

nmenory cell

Background Art

[ 0002] Conventionally, as a non-volatile sem conductor
menory device, a non-volatile sem conductor nenory device
that wites data by storing a charge in a charge storage
| ayer in a nenory cell by a quantum tunnel effect, for
exanpl e, has been known (see, e.g., Patent Literature 1
and Non Patent Literature 1). FIG 13 illustrates a
conventional non-volatile sem conductor nenory device 501,
whi ch includes a plurality of P-type nenory wells WO03a,
W503b, Wh03c, and Wh03d arranged in a row direction
(horizontal direction), for exanple, and has a
configuration in which a plurality of nenory cells C are

formed in a matrix in each of the P-type nenory wells



Wb03a to Wb03d. In this non-volatile sem conduct or
menory device 501, a plurality of common word |ines 502a,
502b, 502c, 502d, 502e, and 502f extending in the row
direction are arranged with equal spacing in a columm
direction (vertical direction), and the common word |ines
502a to 502f and the P-type nenory wells Ws03a to Ws03d
are arranged to respectively intersect each other.

[ 0003] The plurality of nenory cells C arranged in the
same row over the plurality of P-type nenory wells W03a
to Wb03d are connected to each of the common word |ines
502a to 502f. A predeterm ned gate voltage can be
uniformy applied to control gates of all the nenory
cells C arranged in the sane row. Each of the P-type
menory wells We03a to W03d is provided with a plurality
of first bit lines L1 extending in the colum direction
and a plurality of second bit lines L2 simlarly
extending in the colum direction.

[ 0004] Each of the P-type nenory wells Ws03a to Ws03d has
a configuration in which the one first bit line L1 and
the second bit line L2 adjacent to the first bit line L1
are paired wwth each other and the plurality of nmenory
cells C are arranged in parallel between the first bit
line L1 and the second bit line L2 that run parallel to
each other. 1In practice, each of the nenory cells C has
its one end connected to the first bit Iine L1 and has
the other end connected to the second bit line L2. A

witing voltage or a witing inhibition voltage, for



exanpl e, can be applied to the one end and the other end,
respectively, fromthe first bit line L1 and the second
bit Iine L2.

[0005] Al the nmenory cells C have the sane configuration,
and are N-channel type nenory cells respectively having
the P-type nenory wells Ws03a to Wh03d as sem conduct or
substrates. Each of the nenory cells C has a channe
regi on between the one end and the other end forned with
predet erm ned spacing in the sem conductor substrate (the
p-type nenory well Wh03a), for exanple, and has a
configuration in which a charge storage |ayer, an
interlayer insulating |ayer, and a control gate are
sequentially stacked via a tunnel insulating |ayer on the
channel region. Due to a voltage difference between a

vol tage applied to the one end and the other end and a
vol tage applied to the control gate, in the nenory cells
C having such a configuration, a charge is injected into
the charge storage | ayer so that data can be witten or
the charge stored in the charge storage |layer is
extracted so that data can be erased.

[ 0006] Thus, the non-volatile sem conductor nenory device
501 having the nmenory cells C can wite and read out data
into and out of a predeterm ned nenory cell C, or erase
the data witten into the nenory cell C by adjusting

val ues of voltages respectively applied to the first bit
line L1, the second bit Iine L2, the common word |ines

502a to 502f, and the P-type nenory well Ws03a to Ws03d.



[0007] FIG 13 illustrates respective values of voltages
applied to portions when data is witten into only the
nmenory cell C arranged in the first row and the first
colum in the P-type nenory well We03a in the first
colum anong the plurality of nenory cells C and data is
not witten into all the other nenory cells C. For
conveni ence of illustration, the nmenory cell Cinto which
data is witten is referred to as a selected nenory cel
Cl, and the nenory cell Cinto which no data is witten
is referred to as a non-selected nenory cell C2. The
common word |ine 502a to which the sel ected nenory cel
Cl is connected is referred to as a sel ected common word
l'ine 515, and the first bit line L1 and the second bit
line L2 to which the selected nenory cell Cl is simlarly
connected are referred to as a selected first bit line
Lla and a selected second bit line L2a. On the other
hand, the common word |ines 502b, 502c, 502d, 502e, and
502f to which only the non-selected nenory cells C2 are
connected are referred to as a non-sel ected conmon word
line 516, and the first bit line L1 and the second bit
line L2 to which only the non-sel ected nenory cells C2
are simlarly connected are referred to as non-sel ected
first bit lines L1b and Llc and non-sel ected second bit
lines L2b and L2c.

[0008] In this case, O[V] is applied to each of the P-
type nmenory wells Wh03a to Wh03d. Description is first

made by paying attention to the P-type well W503a



(hereinafter nerely referred to as a selected byte) in
whi ch the selected nenory cell Cl is arranged, and
description is then made by paying attention to the P-
type nmenory wells Wh03b to Wh03d (hereinafter nerely
referred to as non-sel ected bytes) in which only the non-
selected nenory cells C2 are arranged. In practice, in a
selected row in which the selected conmmon word |ine 515
Is arranged, a witing gate voltage of 12[V] is applied
to the selected common word |ine 515, and a witing
voltage of O[V] is applied to each of the selected first
bit Iine Lla and the selected second bit |ine L2a. Thus,
the selected nenory cell Cl has its control gate to which
the witing gate voltage of 12[V] is applied fromthe

sel ected common word |ine 515 while having its one end
and the other end to which the witing voltage of 0[V]
can be applied fromthe selected first bit line Lla and
the selected second bit [ine L2a. Thus, the sel ected
nmenory cell Cl can enter a state where data is witten
thereinto because a voltage difference occurring between
the control gate and a channel regi on becones |arge, and
as a result a quantumtunnel effect is produced so that a
charge is injected into a charge storage |ayer.

[0009] In this case, in the selected byte, a witing
inhibition voltage of 6[V] is applied as an internedi ate
voltage to the non-selected first bit line L1b and the
non-sel ected second bit line L2b. Thus, the non-sel ected

nmenory cell C2 connected to the non-selected first bit



line L1b and the non-sel ected second bit line L2b in the
sel ected byte has its control gate to which the witing
gate voltage of 12[V] is applied fromthe sel ected conmon
word line 515 while having its one end and the other end
to which the witing inhibition voltage of 6[V] is
applied fromthe non-selected first bit line L1b and the
non-sel ected second bit Iine L2b. Thus, the non-sel ected
nmenory cell C2 can enter a state where data i s not
witten thereinto because a voltage difference occurring
bet ween the control gate and a channel regi on becones
small and as a result, a quantumtunnel effect is not
produced so that no charge is injected into a charge
storage layer. Thus, in a first area AR501 where the

sel ected byte and the selected row i ntersect each ot her,
data is witten into only the selected nenory cell Cl1 and
is not witten into the other non-selected nenory cells
C2.

[0010] On the other hand, in a non-selected row, a
witing inhibition gate voltage of O[V] is applied to the
non-sel ected common word |ine 516. Thus, in a second
area AR502 where the selected byte and the non-sel ected
row i ntersect each other, the non-selected nenory cell C2
connected to the selected first bit line Lla and the

sel ected second bit line L2a has its one end and the
other end to which the witing voltage of O[V] is applied
fromthe selected first bit line Lla and the sel ected

second bit line L2a while having its control gate to



which the witing inhibition gate voltage of O[V] is
applied fromthe non-sel ected conmon word |ine 516. Thus,
the non-selected nenory cell C2 can enter a state where
data is not witten thereinto because the control gate
and a channel region have the sane voltage and as a
result, a quantumtunnel effect is not produced so that

no charge is injected into a charge storage | ayer.

[0011] In the second area AR502, the non-sel ected nenory
cell C2 connected to the non-selected first bit line L1lb
and the non-sel ected second bit line L2b has its one end
and the other end to which the witing inhibition voltage
of 6[V] is applied fromthe non-selected first bit line
L1b and the non-sel ected second bit [ine L2b and has its
control gate to which the witing inhibition gate voltage
of O[V] is applied fromthe non-sel ected common word |ine
516. Thus, the non-selected nenory cell C2 can enter a
state where data is not witten thereinto because a

vol tage difference occurring between the control gate and
a channel region becones small and as a result, a guantum
tunnel effect is not produced so that no charge is
injected into a charge storage | ayer.

[0012] A non-selected byte will then be paid attention to.
In this case, in the non-selected byte, a witing
inhibition voltage of 12[V] is applied to a non-sel ected
first bit Iine Llc and a non-sel ected second bit |ine L2c.
Thus, each of the non-selected nmenory cells C in a third

area AR503 where the non-sel ected byte and the sel ected



row i ntersect each other has its control gate to which
the witing gate voltage of 12[V] is applied fromthe

sel ected common word |ine 515 while having its one end
and the other end to which the witing inhibition voltage
of 12[V] is applied fromthe non-selected first bit |ine
L1lc and the non-sel ected second bit Iine L2c. Thus, the
non-sel ected nenory cell C2 can enter a state where data
Is not witten thereinto because the control gate and a
channel region have the sane voltage and as a result, a
quantum tunnel effect is not produced so that no charge
is injected into a charge storage | ayer.

[0013] Each of the non-selected nmenory cells C2 in a
fourth area AR504 where the non-selected row and the non-
sel ected byte intersect each other has its control gate
to which the witing inhibition gate voltage of O[V] is
applied fromthe non-sel ected comon word |ine 516 while
having its one end and the other end to which the witing
i nhibition voltage of 12[V] is applied fromthe non-
selected first bit line Llc and the non-sel ected second
bit line L2c. Thus, the non-selected nenory cell C2 can
enter a state where data is not witten thereinto because
a voltage value on the side of the control gate becones
smal l er than a voltage value on the side of a channe
region and as a result, a quantumtunnel effect is not
produced so that no charge is injected into a charge

storage | ayer.



[0014] Thus, in the non-volatile sem conductor nenory

devi ce 501, data can be witten, anong the plurality of
nmenory cells C arranged in a matrix, into only the
predeterm ned selected nenory cell Cl1 by adjusting each
of values of the voltages applied to the conmon word

i nes 502a to 502f, the first bit line L1, and the second
bit Iine L2.
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Summary of Invention

Techni cal Probl em

[0017] In the non-vol atil e sem conductor nmenory device
501 having such a configuration, the comon word |ines
502a to 502f, which are commobn between the sel ected byte
and the non-sel ected byte, are used. Thus, the witing
gate voltage of 12[V] applied to the sel ected common word
line 515 is also applied to each of the non-sel ected
menory cells C2 in the sanme row arranged in the third
area AR503 in the non-sel ected byte. Thus, in the non-

vol atil e sem conductor nmenory device 501, a rewiting
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i nhibition voltage of 12[V] is also applied to the non-
selected first bit line Llc and the non-sel ected second
bit line L2c in the third area AR503 so that no charge is
injected into the charge storage layer in the non-
selected nenory cell C2 in the third area AR503, as
descri bed above.

[ 0018] However, in the third area AR503 in the non-

sel ected byte, even if the rewiting inhibition voltage
of 12[V] is applied to the non-selected first bit line
Llc and the non-sel ected second bit line L2c to match a
vol tage applied to the selected common word |ine 515,

O[V] is applied to each of the P-type nmenory wells W503b
to W03d. Thus, the voltage values applied to the P-type
menory wells Wb03b to Ws03d becone | ower than the voltage
val ues applied to the selected comopn word |ine 515, the
non-sel ected first bit Iine Llc, and the non-sel ected
second bit line L2c. Therefore, in the third area AR503,
when an operation for witing data into the sel ected
menory cell Cl is repeated in the first area AR501, an
uni ntended charge is eventually injected into the charge
storage | ayer in the non-selected nenory cell C2 due to a
vol tage di fference occurring between the non-sel ected
first bit line Llc and the non-sel ected second bit line
L2c and the P-type nenory wells Ws03b to Wh03d. Thus, a
phenonmenon where a charge storage state of the charge
storage | ayer varies (hereinafter referred to as

di stur bance) may occur.



[0019] In the non-volatile sem conductor nenory device
501, the witing inhibition voltage of 12[V] is applied
to the non-selected first bit line Llc and the non-

sel ected second bit line L2c arranged in the non-sel ected
byte. Thus, a voltage difference increases in the fourth
area AR504 where the non-sel ected common word |ine 516 to
which the witing inhibition gate voltage of O[V] is
applied in the non-selected row and the non-sel ected
first bit line Llc and the non-selected first bit |ine
L2c to which the witing inhibition voltage of 12[V] is
applied intersect each other. As a result, disturbance
may al so occur in each of the non-selected nenory cells
C2 in the fourth area AR504.

[0020] In the non-vol atil e sem conduct or nmenory device
501, disturbance al so occurs in each of the non-sel ected
menory cells C2 not only in the third area AR503 but al so
in the fourth area AR504. As the nunber of comon word
lines 502a to 502f increases and the nunber of nenory
cells Cinto which data can be witten in the sel ected
byte increases, the nunber of tinmes of data witing into
the selected nenory cell Cl in the selected byte

I ncreases. Accordingly, disturbance further frequently
occurs in the non-selected nenory cell in which data is
not rewitten in the non-sel ected byte.

[0021] In the non-volatile sem conductor nenory device
501, when such disturbance repeatedly occurs in the non-

sel ected byte, a weak witing operation and a weak



erasure operation occur. As a result, a threshold

vol tage of each of the non-selected nenory cells in the
non-sel ected byte varies so that data may finally

di sappear. Thus, particularly in the non-volatile

sem conductor nenory device 501 that is operated as an
EEPROM (El ectrically Erasable and Programmabl e Read Only
Menory) in which a rewiting unit is as small as one byte,
It is desired that occurrence of disturbance in the non-
sel ected nmenory cell C2 during data witing can be
suppressed.

[0022] As a non-vol atile sem conductor nmenory device for
sol ving such a probl em of disturbance, it may be

consi dered that a rowdirection address decoder, which
applies a gate voltage to a word line, for exanple, is

i ndi vidually provided for each of the selected byte and
the non-sel ected byte, is independently operated, to
apply an optinum gate voltage for each of the bytes, and
conpl etely separates the selected byte and the non-

sel ected byte from each ot her

[0023] In this non-vol atil e sem conduct or nenory devi ce,
alowwiting inhibition gate voltage can be applied to
each of the non-selected word [ines in the non-sel ected
byt e wi thout being constrained by a rowdirection address
decoder, which applies a witing gate voltage of 12[V] to
the selected word line in the selected byte, by another
rowdi recti on address decoder. |In the non-volatile

sem conductor nenory device, a value of the witing
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I nhibition voltage applied to the non-selected first bit
i ne and the non-selected second bit |line and a val ue of
the voltage applied to the P-type nenory well can al so be
sel ected as the sanme voltage value as that of the | ow
witing inhibition gate voltage. Thus, disturbance in
the non-sel ected nenory cell in the non-selected byte can
be suppressed.

[ 0024] However, this non-vol atile sem conduct or nenory
devi ce cannot be easily mniaturized because the

I ndependent row-direction address decoders need to be
respectively provided for the selected byte and the non-
sel ected byte, and accordingly a circuit configuration is
further conplicated.

[ 0025] The present invention has been made in view of the
foregoing points, and is directed to proposing a non-

vol ati |l e sem conductor nmenory device that can suppress
occurrence of disturbance nore greatly than in the

conventional technique while being mniaturized.

Solution to Probl em

[ 0026] To sol ve such an issue, a first aspect of the
present invention is directed to a non-volatile

sem conductor nenory device including a plurality of word
lines forned in a matrix to which either one of a charge
storage gate voltage and a charge storage inhibition gate
voltage is applied, a plurality of nenory cells connected

to the respective word lines, and a bit line that applies



a selective voltage to the plurality of nenory cells, a
charge being stored in selected one of the plurality of
menory cells due to a voltage difference between the
charge storage gate voltage applied to the word |ine and
the voltage applied to the bit line, further including
power supply units respectively provided for word |line
colums, and comon wirings respectively provided for
word |line rows, each of the conmon wirings applying a
predet erm ned comon voltage to the power supply units on
a word-line-row basis, each of the power supply units

i ncludi ng switching nechanisns that are respectively
provided for the word |ines and respectively connect the
word lines to the common wirings, and a unit wring that
uniformy applies different unit voltages to the
swi t chi ng nechani sns in the power supply unit depending
on whether or not the selected nenory cell exists in the
word line colum, wherein the switching nmechanisns in
each of the power supply units are turned on or off based
on a voltage difference between the unit voltage applied
to each of the power supply units and the conmon voltage,
to individually apply the charge storage gate voltage or
the charge storage inhibition gate voltage to each of the
word lines via the power supply unit.

[0027] In a first enbodinent (FIG 1), a second
enbodinent (FIG 2), a third enbodinent (FIG 4), a
fourth enbodinent (FIG 6), a fifth enbodinment (FIG 7),

a sixth enbodinent (FIG 8), and a seventh enbodi nent



- 15 -

(FIG 9) according to the present invention, in the

sel ected power supply unit to which the sel ected word
line having the selected nenory cell thereon is connected
anong the power supply units, the NMOS switch is turned
of f and the PMOS switch having its source to which the
charge storage gate voltage is applied is turned on so
that the charge storage gate voltage is applied to the
selected word line froma drain of the PMOS sw tch.

[0028] In the first enbodinent (FIG 1), the second

enbodi nrent (FIG 2), the third enbodinent (FIG 4), the
fourth enbodinent (FIG 6), the fifth enbodinent (FIG 7),
and the sixth enmbodinent (FIG 8), the charge storage
gate voltage is applied to the source of the PMOS switch
fromthe unit wiring. On the other hand, in the seventh
enbodi nrent (FIG 9), the charge storage gate voltage is
applied to the source of the PMOS switch fromthe common
W ring.

[0029] In the first enbodinent (FIG 1), the second

enbodi nrent (FIG 2), the third enbodinent (FIG 4), the
fourth enbodinent (FIG 6), the fifth enbodinment (FIG 7),
the sixth enbodiment (FIG 8), and the seventh enbodi nent
(FIG 9) according to the present invention, in the

sel ected power supply unit to which the sel ected word

| ine having the selected nenory cell thereon is connected
anong the power supply units, when the charge storage
inhibition gate voltage is applied to the non-sel ected

word |ine on which only the non-sel ected nenory cel
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exi sts, the PMOS switch is turned off and the NMOS switch
having its source to which the charge storage inhibition
gate voltage is applied is turned on so that the charge
storage inhibition gate voltage is applied to the non-
selected word line froma drain of the NMOS sw tch.

[0030] In the first enbodinent (FIG 1), the second
enbodi nrent (FIG 2), the third enbodinent (FIG 4), the
fourth enbodinent (FIG 6), the fifth enbodinment (FIG 7),
and the sixth enmbodinent (FIG 8), the charge storage

i nhibition gate voltage is applied to the source of the
NMOS switch fromthe unit wiring. On the other hand, in
t he seventh enbodi nent (FIG 9), the charge storage
inhibition gate voltage is applied to the NMOS switch
fromthe comon w ring.

[0031] Furthernore, in the third enbodinment (FIG 4), the
fourth enbodinent (FIG 6), the fifth enbodinent (FIG 7),
the sixth enbodinment (FIG 8), and the seventh enbodi nent
(FIG 9) according to the present invention, in the non-
sel ected power supply unit having only the non-sel ected
word line on which only the non-sel ected nenory cells are
arranged anong the power supply units, an auxiliary
switch having its source to which the charge storage
inhibition gate voltage is applied is turned on so that
the charge storage inhibition gate voltage is applied to
the non-selected word line froma drain of the auxiliary

swi t ch.



[0032] In the third enbodinent (FIG 4), the fifth

enbodi nrent (FIG 7), the sixth enbodinent (FIG 8), and
the seventh enbodinent (FIG 9), the auxiliary switch is
an auxiliary NMOS switch. On the other hand, in the
fourth enbodinent (FIG 6), the auxiliary switch is an
auxiliary PMOS switch. 1In the present enbodi nent, the
charge storage inhibition gate voltage is applied to the

auxiliary swtch fromthe unit wring.

Advant ageous Effects of Invention

[ 0033] According to the present invention, the different
unit voltages are applied for each of the power supply
units dependi ng on whether or not the selected nenory
cell exists in the word Iine colum, and the sw tching
nmechani snms in each of the power supply units are turned
on or off by the word |ine based on the voltage

di fference between the unit voltage and the conmon

vol tage so that the charge storage gate voltage or the
charge storage inhibition gate voltage can be

i ndividually applied for each of the word |lines via the
power supply unit. Thus, a value of the charge storage
i nhibition gate voltage and a value of the voltage
applied to the bit line can be respectively freely set,
wi t hout being constrained by the voltage applied to the
one word line colum, to voltage val ues at which
occurrence of disturbance can be suppressed, for exanple,

in the other word |ine columm.
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[ 0034] According to the present invention, the commobn

Wi ring connects the plurality of power supply units to
one anot her. The common vol tage applied to the comon
wiring is adjusted to turn on or off the sw tching
mechani snms in each of the power supply units so that

sel ected one of all the word Iines can be selectively
determ ned. Thus, independent rowdirection address
decoders need not be respectively provided for the word
l'ine colums so that mniaturization can be achieved |ike
in the conventional technique. In the present invention,
the non-volatil e sem conductor nenory devi ce capabl e of
suppressi ng occurrence of disturbance nore greatly than
in the conventional technique while being mniaturized is

realized.

Brief Description of Draw ngs

[0035] FIG 1 is acircuit diagramillustrating a circuit
configuration of a non-volatile sem conductor nenory

devi ce according to a first enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 2 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory

devi ce according to a second enbodi ment and respective
val ues of voltages applied to portions during data

writing;
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FIG 3 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory
devi ce according to the second enbodi nent and respective
val ues of voltages applied to portions during a data
erasure operation;

FIG 4 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory
devi ce according to a third enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 5 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory
devi ce according to the third enbodi nent and respective
val ues of voltages applied to portions during a data
erasure operation;

FIG 6 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory
devi ce according to a fourth enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 7 is acircuit diagramillustrating a circuit
configuration of a non-vol atile sem conductor nenory
devi ce according to a fifth enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 8 is acircuit diagramillustrating a circuit

configuration of a non-volatile sem conductor nenory
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devi ce according to a sixth enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 9 is acircuit diagramillustrating a circuit
configuration of a non-volatile sem conductor nenory
devi ce according to a seventh enbodi nent and respective
val ues of voltages applied to portions during data
writing;

FIG 10 is a side sectional viewillustrating a

peri pheral NMOS transistor and respective breakdown

vol tage structures of various types of NMOS swi tches;
FIG 11 is a side sectional view illustrating respective
ot her breakdown vol tage structures of NMOS sw tches;
FIG 12 is a schematic view illustrating respective
configurations of a conventional m xed chip and a m xed
chip using the non-vol atil e sem conductor nenory device
according to the present invention; and

FIG 13 is a circuit diagramillustrating a circuit
configuration of a conventional non-volatile

sem conductor nmenory device and respective val ues of

vol tages applied to portions during data witing.

Description of Enbodi nents
[ 0036] Enmbodi nents of the present invention will be
described in detail with reference to the draw ngs.

[0037] (1) First Enbodi nent



(1-1) Overall Configuration of Non-volatile
Sem conduct or Menory Devi ce

In FIG 1 illustrating portions corresponding to
those illustrated in FIG 13 with the same synbol s
respectively assigned thereto, reference nuneral 1
denotes a non-vol atil e sem conductor nenory device
according to the present invention, which has a
configuration in which a plurality of unit colums 2
havi ng the sane configuration are arranged in a row
direction (horizontal direction). Al the plurality of
unit columms 2 have the same configuration. Thus,
description is made bel ow by paying attention to the
first unit colum 2. In this case, in the unit colum 2,
an N-type well NW, a p-type well PW, and a P-type
menory well PW2 are arranged in this order, a power
supply unit 4 is formed in the N-type well NW and the P-
type well PW, and a plurality of nmenory cells C are
formed in a matrix in the P-type nenory well PW serving
as a nenory well.
[0038] In the power supply unit 4, a first power supply
line 5a extending in a colum direction (vertica
direction) is fornmed in the NNtype well NW, and a
plurality of PMOS switches 8a, 8c, ... are provided al ong
the first power supply line 5a with predeterm ned spaci ng
in the colum direction. The PMOS switches 8a, 8c,
have their respective sources connected to the first

power supply line 5a and have their respective drains



connected to word |ines 15, described bel ow, and are
turned on so that a witing gate voltage, a witing
I nhibition gate voltage, or the like applied to the
sources fromthe first power supply line 5a can be
applied to the word lines 15 fromthe drains.
[0039] In the power supply unit 4, a second power supply
line 6a simlarly extending in the colum direction is
formed in the P-type well PW, and NMOS switches 9a, 9c,
. respectively paired with the PMOS switches 8a, 8c,
are provided al ong the second power supply line 6a with
predeterm ned spacing in the colum direction. The NMOS
switches 9a, 9c, ... have their respective sources
connected to the second power supply line 6a and have
their respective drains connected to the word |ines 15,
descri bed bel ow, and are turned on so that a witing
inhibition gate voltage or the |ike applied to the
sources fromthe second power supply line 6a can be
applied to the word lines 15 fromthe drains.
[0040] In the P-type nmenory wells PW in the unit colum
2, the plurality of word lines 15 are provided to
correspond to pairs of the PMOS switches 8a, 8c, ... and
the NMOS switches 9a, 9c, ..., and a plurality of (two in
this case) nenory cells C are forned al ong each of the
word lines 15. In practice, in the P-type nenory wells
PW2, the plurality of word lines 15 extending in the row
direction (horizontal direction) are arranged with

predeterm ned spacing in the columm direction. The



drains of the PMOS switch 8a (8c, ...) and the NMOS switch
9a (9c, ...) in the sane row arranged in the power supply
unit 4 and control gates of the nenory cells Cin the
same row arranged in the P-type nenory well are connected
to the word line 15. Thus, each of the word lines 15 is
adapted so that the predeterm ned gate voltage (witing
gate voltage or witing inhibition gate voltage) applied
fromeither one of the PMOS switches 8a, 8c, ... and the

NMOS switches 9a, 9c, ... can be uniformy applied to al

the plurality of nenory cells C arranged in the sane row
within the unit colum 2.

[0041] In the P-type nmenory well PW2, a plurality of

first bit lines L1 extending in the columm direction and
a plurality of second bit lines L2 simlarly extending in
the columm direction are provided. In practice, the P-
type nmenory well PW2 has a configuration in which the one
first bit line L1 and the second bit line L2 adjacent to
the first bit line L1 are paired with each other and the
plurality of nmenory cells C are arranged in paralle
between the first bit line L1 and the second bit |ine L2
running parallel to each other. The first bit line L1 is
connected to one end of each of the nenory cells C, and
the second bit line L2 is connected to the other end
thereof so that a witing voltage or a witing inhibition
vol tage can be applied, for exanple, to the one end and
the other end fromthe first bit line L1 and the second

bit |ine L2.



[0042] The nmenory cells C have the sane configuration,

and each of the nenory cells Cis of an N-channel type in
whi ch a sem conductor substrate is the P-type nenory wel |
PW2 and has a configuration in which a charge storage

| ayer, an interlayer insulating |layer, and a control gate
are sequentially stacked on a channel region between the
one end and the other end forned with predetermn ned
spacing with a tunnel insulating |ayer interposed

t herebetween in the P-type nenory well PW2 (sem conduct or
substrate). Thus, in the nmenory cells C, a charge is
injected into the charge storage | ayer due to a voltage
di fference between a vol tage applied between the one end
and the other end and a voltage applied to the contro
gate so that data can be witten, or the charge stored in
the charge storage |ayer is extracted so that data can be
er ased.

[0043] In addition to this, in the non-volatile

sem conductor nenory device 1, a first MOS power supply
line VL1 and a second MOS power supply line VL2 are
provided to run parallel to each other in the colum
direction, and a first control voltage of 12[V] is
applied to the first MOS power supply line VL1 while a
second control voltage of O[V] is applied to the second
MOS power supply line VL2. A plurality of inverter
circuits 11 are provided with predeterm ned spacing in
the columm direction on the first MOS power supply line

VL1 and the second MOS power supply line VL2. A common
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PMOS control line PG (PGh, PGc, PG&) extending in the
row direction and a conmon NMOS control |ine NGa (NG,
NGc, NGd) paired with the common PMOS control |ine PG
(PGy, PGc, P&) and simlarly extending in the row
direction are connected to an output portion of each of
the inverter circuits 11.

[ 0044] The conmon PMOS control |ine PGa (PG, PCGc, P&)
extends to intersect all the unit colums 2, and is
connected to each of the gates of the PMOS switches 8a
and 8b (8c and 8d, ...) arranged in the same rowin the
unit columms 2 so that an output fromthe inverter
circuit 11 can be uniformy applied to the gates of al
the PMOS switches 8a and 8b (8c and 8d, ...) arranged in
the same row. Thus, the PMOS switches 8a and 8b
connected to the common PMOS control |ine PGa, for
exanpl e, are turned on or off, respectively, due to

vol tage di fferences between the common PMOS control |ine
PG and the first power supply lines 5a and 5b so that
the first power supply lines 5a and 5b and the word Iine
15 can be electrically connected to each other during an
ON operati on.

[ 0045] On the other hand, the commobn NMOS control |ine
NGa (NGb, NGc, NG) al so extends to intersect all the
unit columms 2, and is connected to respective gates of
the NMOS switches 9a and 9b (9c and 9d, ...) arranged in
the sane rowin the unit colums 2 so that the output

fromthe inverter circuit 11 can be uniformy applied to
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the gates of all the NMOS switches 9a and 9b (9c and 9d,
...) arranged in the same row. Thus, the NMOS swi tches 9a
and 9b connected to the common NMOS control |ine NGa, for
exanpl e, are turned on or off, respectively, due to

vol tage differences between the common NMOS control |ine
NGa and the second power supply lines 6a and 6b so that
the second power supply lines 6a and 6b and the word |ine
15 can be electrically connected to each other during an
ON operati on.

[0046] That is, in the non-volatile sem conductor nenory
device 1, the PMOS switches 8a, 8b, 8c, and 8d and the
NMOS switches 9a, 9b, 9c, and 9d are turned on or off so
that val ues of the voltages applied to the nenory cells C
can be adjusted by applying outputs of the first power
supply lines 5a and 5b and the second power supply lines
6a and 6b to the predeterm ned word |ine 15. By such
adjustnent, in the non-vol atile sem conductor nenory
device 1, data can be witten by storing, anong the
plurality of nmenory cells C arranged in a nmatrix in each
of the P-type nenory wells PW2, a charge only in the
charge storage layer in the selected nmenory cell Cl in
the P-type nenory well PW2 in the first colum, for
exanpl e.

[0047] In the enbodi nent of the present invention, a
state where the charge is stored in the charge storage

| ayer in the selected nenory cell Cl is a state where

data is witten, and a state where the charge is not



stored in the charge storage layer is a state where data
is erased. However, the present invention is not limted
to this. A state where the charge is not stored in the
charge storage layer in the selected nenory cell Cl may
be a state where data is witten, and a state where the
charge is stored in the charge storage | ayer may be a
state where data is erased.
[0048] (1-2) Data Witing Operation

FIG 1 illustrates respective values of the voltages
applied to portions in the non-volatile sem conductor
menory device 1 when the nenory cell C arranged in the
first rowand the first colum in the first unit colum 2
anong the plurality of unit colums 2 is taken as the
selected nmenory cell Cl into which data is witten and
the nmenory cells Cin all the other unit colums 2 are
taken as the non-selected nenory cells C2. For
conveni ence of illustration, the unit colum 2 in which
the selected nenory cell Cl is arranged is referred to as
a selected unit colum 2a, and the unit colum 2 in which
only the non-selected nenory cells C2 are arranged is
referred to as a non-selected unit colum 2b. The power
supply unit 4 in the selected unit colum 2a is referred
to as a selected power supply unit 4a, and the power
supply unit 4 in the non-selected unit colum 2b is
referred to as a non-sel ected power supply unit 4b.
[ 0049] Furthernore, for the rowin which a pair of the
comon PMOS control line PG (PGy, PG, PGJ) and the
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comon NMOS control line NG (NGa, NG, NGJ) is arranged
as a conmon wiring, the rowin which the selected nenory
cell Cl is arranged is referred to as a selected row 3a,
while the row in which only the non-sel ected nenory cells
C2 are arranged is referred to as a non-sel ected row 3b.
After description is made by paying attention to a first
area ARL where the selected unit columm 2a and the
sel ected row 3a intersect each other, description is made
by paying attention to a second area AR2 where the
sel ected unit columm 2a and the non-sel ected rows 3b
i ntersect each other and a third area AR3 where the non-
sel ected unit columm 2b and the selected row 3a and the
non-sel ected rows 3b intersect each other in this order.
[0050] (1-2-1) As to First Area

In this case, in the selected row 3a, the inverter
circuit 11 applies the second control voltage of O[V] on
the second MOS power supply line VL2 as a conmmon vol t age
to the coomon PMOS control |ine PGa and the common NMOS
control line NGa. In the selected power supply unit 4a,
a witing gate voltage (charge storage gate vol tage) of
12[V] is applied as a unit voltage to the first power
supply line 5a, while a witing inhibition gate voltage
(charge storage inhibition gate voltage) of O[V] is
applied as a unit voltage to the second power supply line
6a. In the selected unit colum 2a, 12[V], which is the
same as a value of the voltage applied to the first power

supply line 5a, is applied to the N-type well NM in
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which the first power supply line 5a is fornmed, while
O[V], which is the sane as a val ue of the voltage applied
to the second power supply line 6a, is applied to the P-
type well PWL in which the second power supply line 6a is
f or med.

[ 0051] Thus, the PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 2a is turned on when
the second control voltage of O[V] is applied to the gate
fromthe comon PMOS control line PGa and the witing
gate voltage of 12[V] is applied to the source fromthe
first power supply line 5a so that the witing gate

vol tage of 12[V] can be applied fromthe drain to the
selected word line (the word line 15a to which the

sel ected nmenory cell Cl is connected).

[ 0052] On the other hand, in the selected row 3a in the
selected unit colum 2a, the NMOS switch 9a paired with
the PMOS switch 8a is turned off when the second contro
voltage of O[V] is applied to the gate fromthe conmon
NMOS control line NGa and the witing inhibition gate
voltage of O[V] is applied to the source fromthe second
power supply line 6a so that the witing inhibition gate
voltage of O[V] can be interrupted. Thus, the witing
gate voltage of 12[V] can be applied to the sel ected word
line 15a in the first area ARL via the PMOS swi tch 8a.
[0053] In the selected unit colum 2a, O[V] is applied to
the P-type nenory well PW2 and a witing voltage of 0O[V]

is applied to the selected first bit line Lla and the
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sel ected second bit line L2a. Thus, to the selected
menory cell Cl connected to the selected first bit |ine
Lla and the selected second bit Iine L2a, the witing
gate voltage of 12[V] can be applied to the control gate
fromthe PMOS switch 8a via the selected word |Iine 15a,
and the witing voltage of O[V] can be applied to the one
end and the other end fromthe selected first bit line
Lla and the selected second bit line L2a. Thus, in the
sel ected nmenory cell Cl, a value of the voltage applied
to the control gate becones significantly larger than a
val ue of the voltage applied to the channel region. As a
result, a quantumtunnel effect is produced so that a
charge can be injected into the charge storage | ayer from
t he channel region.

[ 0054] On the other hand, in the non-sel ected nenory cel
C2 in the first area ARl, the witing gate voltage of
12[V] is applied to the control gate fromthe PMOS swtch
8a via the selected word line 15a while a witing
inhibition voltage of 6[V] is applied to the one end and
the other end fromthe non-selected first bit line L1b
and the non-sel ected second bit |ine L2b. Thus, a

vol tage difference occurring between the control gate and
t he channel region becones snmall. As a result, a quantum
tunnel effect is not produced so that no charge can be
injected into the charge storage |ayer fromthe channe
region. Thus, in the first area ARlL, the PMOS switch 8a

Is turned on, to apply a high witing gate voltage to the
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selected word Iine 15a so that a charge can be injected
into the charge storage layer in the selected nenory cel
Cl connected to the selected word |ine 15a.
[0055] (1-2-2) As to Second Area

Description is made bel ow by paying attention to the
second area AR2 where the selected unit colum 2a and the
non-sel ected rows 3b intersect each other. In the non-
selected row 3b in which only the non-sel ected nenory
cells C2 are arranged, the inverter circuit 11 applies
the first control voltage of 12[V] on the first MOS power
supply line VL1 as a conmopn voltage to the common PMOS
control line PG (PG, PG) and the conmon NMOS contro
line NG (NGc, NGJ). Thus, the PMOS switch 8c arranged
in the non-selected row 3b in the selected unit colum 2a,
for exanple, is turned off when the first control voltage
of 12[V] is applied to the gate fromthe comon PMOS
control line PGb and the witing gate voltage of 12[V] is
applied to the source fromthe first power supply line 5a
so that the witing gate voltage of 12[V] can be
I nterrupted.
[ 0056] On the other hand, the NMOS switch 9c paired with
the PMOS switch 8c in the non-selected row 3b in the
selected unit columm 2a is turned on when the first
control voltage of 12[V] is applied to the gate fromthe
common NMOS control [ine NG and the witing inhibition
gate voltage of O[V] is applied to the source fromthe

second power supply line 6a so that the witing
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i nhibition gate voltage of O[V] can be applied to the
non-sel ected word line (the word Iine 15 to which only
the non-sel ected nenory cells C2 are connected) 15c in
the second area AR2. Thus, the witing inhibition gate
vol tage of O[V] can be applied to the non-sel ected word
line 15c in the second area AR2 via the NMOS swtch 9c.

[ 0057] Thus, in the second area AR2, in the non-sel ected
nmenory cell C2 connected to the selected first bit |ine
Lla and the selected second bit line L2a, a witing
voltage of O[V] is applied to the one end and the ot her
end fromthe selected first bit Iine Lla and the sel ected
second bit line L2a while a witing inhibition gate
voltage of O[V] is applied to the control gate fromthe
non-sel ected word line 15c via the NMOS switch 9c. Thus,
the control gate and the channel region have the sane
voltage. As a result, a quantumtunnel effect is not
produced so that no charge can be injected into the
charge storage | ayer fromthe channel region.

[0058] In the second area AR2, even in the non-sel ected
nmenory cell C2 connected to the non-selected first bit
l'ine L1b and the non-sel ected second bit |ine L2b, the
witing inhibition gate voltage of O[V] is applied to the
control gate fromthe non-selected word |ine 15c via the
NMOS switch 9¢c, and the witing inhibition voltage of

6[V] is applied to the one end and the other end fromthe
non-sel ected first bit Iine L1lb and the non-sel ected

second bit line L2b. Thus, a voltage difference
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occurring between the control gate and a channel region
beconmes snmall. As a result, a quantumtunnel effect is
not produced so that no charge can be injected into a
charge storage |layer fromthe channel region. Thus, in
the second area AR2, the NMOS switch 9c is turned on, to
apply a low witing inhibition gate voltage to the non-
selected word Iine 15c so that no charge is injected into
the charge storage |ayer in the non-sel ected nenory cel
C2 connected to the non-selected word Iine 15c.
[0059] (1-2-3) As to Third Area

Next, description is nmade bel ow by paying attention
to the third area AR3 in the non-selected unit colum 2b.
In this case, in the non-sel ected power supply unit 4b, a
witing inhibition gate voltage (charge storage
I nhibition gate voltage) of 6[V] is applied to the first
power supply line 5b and the second power supply |ine 6b.
In this non-selected unit colum 2b, 12[V] is applied to
an N-type well NWM in which the first power supply line
5b is fornmed, while O[V] is applied to a P-type well|l PW
in which the second power supply line 6b is fornmed. 1In
the selected row 3a in the non-selected unit colum 2b,
the inverter circuit 11 applies the second contro
vol tage of O[V] on the second MOS power supply line VL2
to the common PMOS control |ine PGa and the conmon NMOS
control |ine NGa.
[ 0060] Thus, the PMOS switch 8b in the selected row 3a in

the non-selected unit colum 2b is turned on when the
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second control voltage of O[V] is applied to the gate
fromthe comon PMOS control line PGa and the witing
inhibition gate voltage of 6[V] is applied to the source
fromthe first power supply line 5b so that the witing

i nhibition gate voltage of 6[V] can be applied fromthe
drain to the non-selected word |ine 15b.

[0061] On the other hand, in the selected row 3a in the
non-sel ected unit colum 2b, the NMOS switch 9b paired
with the PMOS switch 8b is turned off when the second
control voltage of O[V] is applied to the gate |line from
the conmmon NMOS control |line NGa and the witing
inhibition gate voltage of 6[V] is applied to the source
fromthe second power supply line 6b so that the witing
inhibition gate voltage of 6[V] can be interrupted. Thus,
the witing inhibition gate voltage of 6[V] can be
applied to the non-selected word Iine 15b arranged in the
selected row 3a in the third area AR3 via the PMOS switch
8b.

[0062] In the non-selected unit colum 2b, a witing

i nhibition voltage of 6[V] is applied to a non-sel ected
first bit line Llc and a non-sel ected second bit |ine L2c.
Thus, the non-selected nenory cell C2 arranged in the
selected row 3a in the third area AR3 has its control
gate to which the witing inhibition gate voltage of 6[V]
is applied froma non-selected word |line 15b via the PMOS
switch 8b, and has its one end and the other end to which

the witing inhibition voltage of 6[V] is also applied
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fromthe non-selected first bit line Llc and the non-

sel ected second bit line L2c. Thus, the control gate and
a channel region have the sane voltage. As a result, a
quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[ 0063] The non-selected row 3b in the third area AR3 wil |
then be paid attention to. In this case, in the non-
selected row 3b, the inverter circuit 11 applies the
first control voltage of 12[V] on the first MOS power
supply line VL1 to the common PMOS control |ine PG and

t he common NMOS control |ine NG. Thus, the PMOS switch
8d in the non-selected row 3b in the non-sel ected unit
colum 2b is turned off when the first control voltage of
12[V] is applied to the gate fromthe comon PMOS contr ol
line PG and the witing inhibition gate voltage of 6[V]
is applied to the source fromthe first power supply |ine
5b so that the witing inhibition gate voltage of 6[V]
can be interrupted.

[0064] On the other hand, in the non-selected row 3b in

t he non-selected unit colum 2b, the NMOS switch 9d
paired with the PMOS switch 8d is turned on when the
first control voltage of 12[V] is applied to the gate
l'ine fromthe common NMOS control |ine NG and the
witing inhibition gate voltage of 6[V] is applied to the
source fromthe second power supply line 6b so that the

witing inhibition gate voltage of 6[V] can be applied
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fromthe drain to a non-selected word |ine 15d. Thus,
the witing inhibition gate voltage of 6[V] can be
applied to the non-selected word Iine 15d arranged in the
non-sel ected row 3b in the third area AR3 via the NMOS
swi tch 9d.

[ 0065] Thus, in the non-selected nenory cell C2 arranged
in the non-selected row 3b in the third area AR3, the
wiring inhibition gate voltage of 6[V] is applied to the
control gate fromthe NMOS switch 9d via the non-sel ected
word line 15d, and a wiring inhibition voltage of 6[V] is
applied to the one end and the other end fromthe non-
selected first bit line Llc and the non-sel ected second
bit line L2c. Thus, the control gate and the channe
regi on have the sane voltage. As a result, a quantum
tunnel effect is not produced so that no charge can be
injected into the charge storage | ayer fromthe channe
regi on.

[ 0066] Thus, in the non-sel ected power supply unit 4b,

the first power supply line 5b and the second power
supply line 6b, which are i ndependent of the first power
supply line 5a and the second power supply line 6a
provided in the sel ected power supply unit 4a, are

provi ded, and the witing inhibition gate voltage of 6[V]
can be applied to the non-selected word |ines 15b and 15d
in the selected row 3a and the non-selected row 3b in the
third area AR3 separately fromthe witing gate voltage

of 12[V] applied to the adjacent first area ARL. Thus,
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in the third area AR3, w thout being constrained by the
selected unit colum 2a, all the witing inhibition gate
vol tage applied to the non-selected word [ines 15b and
15d, the writing inhibition voltage applied to the non-
selected first bit Iine Llc and the non-sel ected second
bit Iine L2c, and a voltage applied to the P-type nenory
wel |l PW2 can be set to the sanme voltage of 6[V]
[0067] (1-3) Operation and Effect

In the above-nentioned configuration, the non-
vol atil e sem conductor nenory device 1 includes the
plurality of word lines 15 formed in a matrix, the
plurality of nmenory cells C connected to the respective
word lines 15, the first bit lines L1 and the second bit
lines L2 each capabl e of applying a selective voltage to
the plurality of nenory cells C, and the plurality of
power supply units 4 provided to respectively correspond
to word line colums. The pair of the PMOS switch 8a (8b
8c, 8d, ...) and the NMOS switch 9a (9b, 9c, 9d, ... is
provi ded for each of the word lines 15 in each of the
power supply units 4.
[0068] In the non-vol atile sem conductor nenory device 1,
t he common PMOS control lines PGa to PGd and the common
NMOS control lines NGa to NG are provided in units of
word line rows, the first PMOS control voltage or the
second PMOS control voltage is applied to the PMOS
switches 8a and 8b (8c and 8d) in the same row via the

common PMOS control line PG (P&), and the first NMOS
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control voltage or the second NMOS control voltage is
applied to the NMOS switches 9a and 9b (9c and 9d) in the
same row via the common NMOS control |ine NGa (NGD).

[ 0069] Furthernore, in the non-vol atile sem conduct or
nmenory device 1, the first power supply lines 5a and 5b
to which the witing gate voltage or the witing
inhibition gate voltage is applied and the second power
supply lines 6a and 6b to which the witing inhibition
gate voltage is applied are respectively provided for the
power supply units 4, the first power supply lines 5a and
5b are connected to the word lines 15, respectively, via
the PMOS switches 8a, 8c, ... (8b, 8d, ...), and the second
power supply lines 6a and 6b are connected to the word
lines 15, respectively, via the NMOS swi tches 9a, 9c,

(9b, 9d, ..).

[0070] In the non-vol atil e sem conductor nenory device 1,
the PMOS switches 8a, 8c, ... (8b, 8d, ... are
respectively turned on or off due to voltage differences
bet ween the common PMOS control lines PGa to PGd and the
first power supply line 5a (5b) for each of the power
supply units 4 during data witing while the NMOS
swtches 9a, 9c, ... (9b, 9d, ...) are respectively turned
on or off due to voltage differences between the conmon
NMOS control lines NGa to NG and the second power supply
line 6a (6b), to individually apply a witing gate
voltage or a witing inhibition gate voltage for each of

the P-type nenory wells PW2. Thus, in the non-volatile
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sem conductor nmenory device 1, w thout being constrained
by a voltage applied to the one word Iine columm, a val ue
of the wiring inhibition gate voltage, a value of the

vol tage applied to the P-type nenory well PW2 at that
tinme, and values of the voltages applied to the non-
selected first bit Iine Llc and the non-sel ected second
bit Iine L2c can be respectively freely set to voltage
val ues at which occurrence of disturbance can be
suppressed in the non-selected nmenory cell C2, for
exanple, in the other word |Iine colum.

[0071] To summarize an operation of a sw tching nechani sm
bel ow, in the sel ected power supply unit 4a to which the
selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 4,
the NMOS switch 9a having the source to which a witing

i nhibition gate voltage (charge storage inhibition gate
voltage) is applied fromthe second power supply |line 6a
is turned off and the PMOS switch 8a having the source to
which a witing gate voltage (charge storage gate
voltage) is applied fromthe first power supply line 5a
is turned on, to apply a witing gate voltage (charge
storage gate voltage) to the selected word line 15a from
the drain of the PMOS switch 8a.

[0072] In the selected power supply unit 4a to which the
selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 4,

when a witing inhibition gate voltage (charge storage
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inhibition gate voltage) is applied to the non-sel ected
word |ine 15c¢ on which only the non-sel ected nenory cells
C2 are arranged, the PMOS switch 8c having the source to
which a witing gate voltage (charge v gate voltage) is
applied fromthe first power supply line 5a is turned off
and the NMOS switch 9c having the source to which a
witing inhibition gate voltage (charge storage
inhibition gate voltage) is applied fromthe second power
supply line 6a is turned on, to apply a witing

I nhibition gate voltage (charge storage inhibition gate
voltage) to the non-selected word line 15c fromthe drain
of the NMOS switch 9c.

[0073] In the non-sel ected power supply unit 4b having
only the non-selected word |ine on which only the non-
selected nenory cells C2 are arranged anong the power
supply units 4, when the PMOS switch 8b, sharing the
conmon PMOS control line PGa with the PMOS switch 8a,
which applies a witing gate voltage (charge storage gate
voltage) to the selected word |ine 15a in the power
supply unit 4 in the other columm, exists, the PMOS
switch 8b is turned on, and the NMOS switch 9b paired
with the PMOS switch 8b is turned off, to apply a witing
i nhibition gate voltage (charge storage inhibition gate
vol tage), which has been applied to the source of the
PMOS switch 8b fromthe first power supply line 5b, to

t he non-selected word line 15b fromthe drain of the PMOS

switch 8b.



[0074] In the non-sel ected power supply unit 4b having
only the non-selected word |ine on which only the non-
selected nenory cells C2 are arranged anong the power
supply units 4, when the NMOS switch 9d, sharing the
conmon NMOS control line NG with the NMOS switch 9c,
which applies a witing inhibition gate voltage (charge
storage inhibition gate voltage) to the non-sel ected word
line 15c in the power supply unit 4 in the other columm,
exi sts, the NMOS switch 9d is turned on, and the PMOS
switch 8d paired with the NMOS switch 9d is turned off,
to apply a witing inhibition gate voltage (charge
storage inhibition gate voltage), which has been applied
to the source of the NMOS switch 9d fromthe second power
supply line 6b, to the non-selected word |line 15d from
the drain of the NMOS swtch 9d. Thus, in the non-

vol atil e sem conductor nmenory device 1, a charge can be
stored in only the nenory cell C at a predeterm ned

posi tion.

[0075] In the present enbodi ment, in the non-sel ected
power supply unit 4b, the witing inhibition gate voltage
applied to each of the non-selected word |ines 15b and
15d in the non-selected unit colum 2b can be set to a

| ow vol tage of 6[V] w thout being constrained by the
witing gate voltage of 12[V] applied to the sel ected
word line 15a in the selected unit colum 2a, for exanple,
and all the value of the voltage applied to the P-type

menory well PW2 and the values of the voltages applied to



the non-selected first bit Iine Llc and the non-sel ected
second bit [ine L2c can further be set to the sane
voltage of 6[V] in the non-selected unit colum 2b. Even
if an operation for witing data into the sel ected nenory
cell Cl in the selected unit colum 2a is repeated,
therefore, occurrence of disturbance can be suppressed

wi t hout affecting each of the non-sel ected nenory cells
C2 in the non-selected unit colum 2b.

[0076] In the non-vol atil e sem conductor nenory device 1,
the first power supply lines 5a and 5b and the second
power supply lines 6a and 6b are individually provided as
a unit wiring, respectively, for the power supply units 4.
However, the power supply units 4 are connected to each
ot her via the conmon PMOS control lines PGa to PGd and
the comon NMOS control lines NG to NGd. The vol tage

val ues applied to the comon PMOS control lines PG to
PGd and the common NMOS control lines NGa to NGd are
adjusted to turn on or off the PMOS switches 8a, 8c,

(8b, 8d, ...) and the NMOS switches 9a, 9c¢, ... (9b, 9d, ..)
so that the selected word |ine 15a can be sel ectively
determined fromanong all the word lines 15. Thus, the
non-vol atil e sem conductor nenory device 1 can be
mniaturized, like in the conventional technique, because
i ndependent row-direction address decoders need not be
respectively provided for the word Iine colums (for the
P-type nenory wells PW2).

[0077] (2) Second Enbodi nent
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(2-1) Data Witing Operation

In FIG 2 illustrating portions corresponding to
those illustrated in FIG 1 with the sane synbol s
respectively assigned thereto, reference nuneral 21
denotes a non-vol atil e sem conductor nenory device
according to a second enbodi nent, which differs fromthe
above-nenti oned non-vol atil e sem conductor nenory device
1 according to the first enbodinent in that a first PMOS
power supply line VL3 and a second PMOS power supply |ine
VL4 and a first NMOS power supply line VL5 and a second
NMOS power supply line VL6 are provided instead of the
first MOS power supply line VL1 and the second MOS power
supply line VL2 illustrated in FIG 1. |In practice, the
non-vol atil e sem conductor nenory device 21 has a
configuration in which the first PMOS power supply line
VL3 and the second PMOS power supply line VL4 extend in a
colum direction and the first NMOS power supply |ine VL5
and the second NMOS power supply line VL6 al so extend in
the columm direction to run parallel to the first PMOS
power supply line VL3 and the second PMOS power supply
l'i ne VL4.
[0078] A plurality of first inverter circuits 24 are
connected to the first PMOS power supply line VL3 and the
second PMOS power supply line VL4, and only comon PMOS
control lines PG, PGh, PGc, and PGd are respectively
connected to output portions of the first inverter

circuits 24. The first inverter circuits 24 can each



sel ect either one of a first PMOS control vol tage applied
to the first PMOS power supply line VL3 and a second PMOS
control voltage applied to the second PMOS power supply
line VL4 for each row and respectively apply the sel ected
control voltage to the common PMOS control |ines PG, PQo,
PGc, and PGd.

[0079] A plurality of second inverter circuits 25 are

al so connected to the first NMOS power supply line VL5
and the second NMOS power supply line VL6, and only
common NMOS control |ines NGa, NGb, NGc, and NG are
respectively connected to output portions of the second
inverter circuits 25. The second inverter circuits 25
can each select either one of a first NMOS contro

vol tage applied to the first NMOS power supply line VL5
and a second NMOS control voltage applied to the second
NMOS power supply line VL6 for each row and respectively
apply the selected control voltage to the comon NMOS
control lines NGa, NGb, NGc, and N&.

[0080] FIG 2 illustrates respective val ues of voltages
applied to portions when a nenory cell Cin the first row
and the first colum in a first unit colum 2 anong a
plurality of menory cells Cis taken as a sel ected nenory
cell Cl into which data is witten and the nmenory cells C
in all other unit colums 2 are taken as non-sel ected
nmenory cells C2, like in the above-nentioned first
enbodinent. In this case, a first PMOS control voltage

of 12[V] is applied to the first PMOS power supply line
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VL3 while a second PMOS control voltage of 4[V] is
applied to the second PMOS power supply line VL4, A
first NMOS control voltage of 8[V] is applied to the
first NMOS power supply line VL5 while a second NMOS
control voltage of O[V] is applied to the second NMOS
power supply line VL6.
[0081] (2-1-1) As to First Area

After description is first nade by paying attention
to a first area ARL, a second area AR2 and a third area
AR3 will be described in this order. In this case, in a
sel ected power supply unit 4a in a selected unit colum
2a, a witing gate voltage of 12[V] is applied as a unit
voltage to a first power supply line 5a, and a witing
inhibition gate voltage of O[V] is applied as a unit
voltage to the other second power supply line 6a. In
this case, in a selected row 3a on which the sel ected
menory cell Cl is arranged, the first inverter circuit 24
connected to the first PMOS power supply line VL3 and the
second PMOS power supply line VL4 applies a second PMOS
control voltage of 4[V] on the second PMOS power supply
line VL4 as a comon voltage to the common PMOS contro
l'i ne PGa.
[ 0082] Thus, a PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 2a is turned on when
the second PMOS control voltage of 4[V] is applied to its
gate fromthe conmon PMOS control |ine PGa and the

witing gate voltage of 12[V] is applied to its source
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fromthe first power supply line 5a so that the witing
gate voltage of 12[V] can be applied fromits drain to a
sel ected word |ine 15a.

[0083] In the selected unit colum 2a, a witing voltage
of O[V] is applied to a selected first bit line Lla and a
sel ected second bit line L2a connected to the sel ected
menory cell Cl, and a witing inhibition voltage of 6[V]
is applied to the non-selected first bit line L1b and the
non-sel ected second bit line L2b to which the non-

sel ected nenory cell C2 is connected. Thus, in the first
area ARLl, the selected nenory cell Cl connected to the
selected first bit line Lla and the sel ected second bit
line L2a has its one end and the other end to which the
witing voltage of O[V] is applied fromthe sel ected
first bit line Lla and the selected second bit |ine L2a
and has its control gate to which a witing gate voltage
of 12[V] is applied fromthe selected word |line 15a via
the PMOS switch 8a. Thus, a voltage difference occurring
bet ween the control gate and a channel regi on becones
large. As a result, a quantumtunnel effect is produced
so that a charge can be injected into a charge storage

| ayer fromthe channel region.

[0084] On the other hand, in the first area ARL, the non-
sel ected nmenory cell C2 connected to the non-sel ected
first bit line L1b and the non-sel ected second bit |ine
L2b has its control gate to which the witing gate

vol tage of 12[V] is applied fromthe selected word |ine



15a via the PMOS switch 8a while having its one end and
the other end to which the witing inhibition voltage of
6[V] is applied fromthe non-selected first bit line L1lb
and the non-sel ected second bit line L2b. Thus, a

vol tage difference occurring between the control gate and
a channel region becones small. As a result, a guantum
tunnel effect is not produced so that no charge can be
injected into a charge storage |ayer fromthe channe

regi on.

[0085] In this case, in the selected row 3a, the second
inverter circuit 25 connected to the first NMOS power
supply line VL5 and the second NMOS power supply line VL6
applies the second NMOS control voltage of O[V] on the
second NMOS power supply line VL6 as a conmon voltage to
the common NMOS control |ine NGa. Thus, an NMOS swi tch
9a arranged in the selected row 3a in the selected unit
colum 2a is turned off when the second NMOS contro
voltage of O[V] is applied to its gate fromthe conmon
NMOS control line NGa and a witing inhibition gate
voltage of O[V] is applied to its one end fromthe second
power supply line 6a so that the witing inhibition gate
vol tage can be interrupted. Thus, the witing gate

vol tage of 12[V] can be applied to the selected word |ine
15a in the first area ARl via the PMOS switch 8a, as
descri bed above.

[ 0086] Thus, the non-volatile sem conductor nenory device

21 according to the second enbodi nent can set a voltage
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di fference between the second PMOS control voltage (4[V])
applied to the gate and the witing gate voltage (12[V])
applied to the source in the PMOS switch 8a to 8[V] or
| ess, which is lower than that in the first enbodi nent,
when the PMOS switch 8a is turned on in the selected row
3a in the selected unit colum 2a.
[0087] (2-1-2) As to Second Area

The second area AR2 incl udi ng non-sel ected rows 3b
in the selected unit colum 2a is then paid attention to.
In this case, in the non-selected row 3b on which only
the non-sel ected nenory cells C2 are arranged, the first
inverter circuit 24 applies a first PMOS control voltage
of 12[V] on the first PMOS power supply line VL3 as a
common voltage to the common PMOS control |ines PGh, PCec,
and PGd. Thus, a PMOS switch 8c arranged in the non-
selected row 3b in the selected unit colum 2a is turned
of f when the first PMOS control voltage of 12[V] is
applied to its gate fromthe common PMOS control |ine P&
and a witing gate voltage of 12[V] is applied to its
source fromthe first power supply line 5a so that the
witing gate voltage can be interrupted.
[0088] In this case, in the non-selected row 3b, the
second inverter circuit 25 applies a first NMOS contro
voltage of 8[V] on the first NMOS power supply line VL5
as a conmon voltage to the comobn NMOS control |ines NG,
NGc, and NGJ. Thus, an NMOS switch 9c arranged in the

non-selected row 3b in the selected unit colum 2a is
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turned on when the first NMOS control voltage of 8[V] is
applied to its gate fromthe common NMOS control |ine NG
and a witing inhibition gate voltage of O[V] is applied
to its source fromthe second power supply line 6a so
that the witing inhibition gate voltage of 0O[V] can be
applied fromits drain to a non-selected word |ine 15c.

[ 0089] Thus, the non-volatile sem conductor nenory device
21 according to the second enbodi nent can set a voltage
di fference between the first NMOS control voltage (8[V])
applied to the gate and the witing inhibition gate
voltage (O[V]) applied to the source in the NMOS switch
9c to 8[V] or less, which is lower than that in the first
enbodi nent, when the NMOS switch 9c is turned on in the
non-sel ected row 3b in the selected unit columm 2a.

[0090] In the second area AR2, the non-sel ected nenory
cell C2 connected to the selected first bit line Lla and
the selected second bit [ine L2a has its one end and the
other end to which the witing voltage of O[V] is applied
fromthe selected first bit Iine Lla and the sel ected
second bit line L2a while having its control gate to
which the witing inhibition gate voltage of O[V] is also
applied fromthe non-selected word |line 15c via the NMOS
switch 9¢c. Thus, the control gate and a channel region
have the sane voltage. As a result, a quantum tunne
effect is not produced so that no charge can be injected

into a charge storage |ayer fromthe channel region.
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[0091] In the second area AR2, the non-sel ected nenory
cell C2 connected to the non-selected first bit Iine L1lb
and the non-sel ected second bit Iine L2b has its one end
and the other end to which the witing inhibition voltage
of 6[V] is also applied fromthe non-selected first bit
line L1b and the non-sel ected second bit |ine L2b and has
its control gate to which the witing inhibition gate
voltage of O[V] is applied fromthe non-sel ected word
line 15¢c via the NMOS switch 9c. Thus, a voltage
di fference occurring between the control gate and a
channel region becones snmall. As a result, a quantum
tunnel effect is not produced so that no charge can be
injected into a charge storage |ayer fromthe channe
regi on.
[0092] (2-1-3) As to Third Area

The third area AR3 in a non-selected unit colum 2b
Is then paid attention to. In this case, in a non-
sel ected power supply unit 4b in the non-sel ected unit
colum 2b, a witing inhibition gate voltage of 6[V] is
applied to a first power supply line 5b and a second
power supply line 6b. In the selected row 3a, the first
inverter circuit 24 applies the second PMOS contro
vol tage of 4[V] on the second PMOS power supply line VL4
to the common PMOS control |ine PGa. Thus, a PMOS switch
8b arranged in the selected row 3a in the non-sel ected
unit colum 2b is turned on when the second PMOS contro

voltage of 4[V] is applied to its gate fromthe conmon
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PMOS control line PGa and the witing inhibition gate
voltage of 6[V] is applied to its source fromthe first
power supply line 5b so that the witing inhibition gate
vol tage can be applied fromits drain to a non-sel ected
word |ine 15b

[0093] In the non-selected unit colum 2b, a witing
inhibition voltage of 6[V] is applied to a non-sel ected
first bit line Llc and a non-sel ected second bit |ine L2c.
Thus, a non-selected nenory cell C2 arranged in the
selected row 3a in the third area AR3 has its one end and
the other end to which the witing voltage of 6[V] is
applied fromthe non-selected first bit line Llc and the
non-sel ected second bit line L2c and has its control gate
to which a witing inhibition gate voltage of 6[V] is
applied fromthe non-selected word |ine 15b via the PMOS
switch 8b. Thus, the control gate and a channel region
have the sane voltage. As a result, a quantum tunne
effect is not produced so that no charge can be injected
into a charge storage |ayer fromthe channel region.
[0094] An NMOS switch 9b arranged in the selected row 3a
in the non-selected unit columm 2b is turned off when the
second NMOS control voltage of O[V] is applied to its
gate fromthe conmon NMOS control |line NGa and the
witing inhibition gate voltage of 6[V] is applied to its
source fromthe second power supply line 6b so that the
witing inhibition gate voltage can be interrupted. Thus,

the witing inhibition gate voltage of 6[V] can be
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applied to the non-selected word |ine 15b arranged in the
selected row 3a in the third area AR3 via the PMOS switch
8b.

[ 0095] On the other hand, in the non-selected rows 3b,

the first inverter circuits 24 respectively apply the
first PMOS control voltage of 12[V] on the first PMOS
power supply line VL3 to the conmon PMOS control |ines
PG, PGc, and PGd. Thus, a PMOS switch 8d arranged in

t he non-selected row 3b in the non-selected unit colum
2b is turned off when the first PMOS control voltage of
12[V] is applied to its gate fromthe conmon PMOS contro
line PG (PGc, PGd) and the witing inhibition gate
voltage of 6[V] is applied to its source fromthe first
power supply line 5b so that the witing inhibition gate
vol tage can be interrupted.

[0096] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first
NMOS control voltage of 8[V] on the first NMOS power
supply line VL5 to the comon NMOS control |ines NG, NC,
and NGd. Thus, an NMOS switch 9d arranged in the non-
selected row 3b in the non-selected unit colum 2b is
turned on when the first NMOS control voltage of 8[V] is
applied to its gate fromthe common NMOS control |ine NG
(NGc, NGd) and the witing inhibition gate voltage of

6[V] is applied to its source fromthe second power
supply line 6b so that the witing inhibition gate

vol tage can be applied to a non-selected word |ine 15d.
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Thus, the witing inhibition gate voltage of 6[V] can be
applied to the non-selected word Iine 15d arranged in the
non-sel ected row 3b in the third area AR3 via the NMOS
switch 9d.

[ 0097] Thus, the non-selected nenory cell C2 arranged in
the non-selected row 3b in the third area AR3 has its one
end and the other end to which a witing inhibition
voltage of 6[V] is applied fromthe non-selected first

bit Iine Llc and the non-sel ected second bit |ine L2c and
has its control gate to which a witing inhibition gate
voltage of 6[V] is applied fromthe non-sel ected word
line 15d via the NMOS switch 9d. Thus, the control gate
and a channel region have the sane voltage. As a result,
a quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[ 0098] Thus, the non-volatile sem conductor nenory device
21 according to the second enbodi nrent can be brought into
a state where data is witten into only the sel ected
menory cell Cl in the first selected unit colum 2a anong
the plurality of nenory cells C and data is not witten
into all the non-selected nenory cells C2 in the other
non-sel ected unit colums 2b

[ 0099] An operation of a switching nechanismin the
present enbodinent is the same as that in the above-
mentioned "(1) First Enbodi nent”, and hence description

thereof is not repeated.
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[0100] (2-2) Data Erasure Qperation

In this non-vol atile sem conductor nenory device 21,
vol tage application perforned when data in the nenory
cell Cis erased wll be described below FIG 3
illTustrating portions corresponding to those illustrated
in FIG 2 with the sane synbols respectively assigned
thereto illustrates a non-vol atil e sem conduct or menory
devi ce 27 according to the second enbodi nent, which
perforns a data erasure operation, and illustrates
respective values of the voltages applied to the portions
when data in all nenory cells Cin a first area ARL anong
a plurality of nmenory cells C are erased and data are not
erased for all the other nenory cells C. In this case, a
first PMOS control voltage of 10[V], which differs from
that during data witing, is applied to a first PMOS
power supply line VL3 while the sanme second PMOS contro
voltage of 4[V] as that during data witing is applied to
a second PMOS power supply line VL4. The sanme first NMOS
control voltage of 8[V] as that during data witing is
applied to a first NMOS power supply line VL5 while the
same second NMOS control voltage of O[V] as that during
data witing is also applied to a second NMOS power
supply line VL6.
[0101] (2-2-1) As to First Area

After description is first nmade by paying attention
to the first area ARL, a second area AR2 and a third area

AR3 will be described in this order. In this case, in a
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sel ected power supply unit 4a in a selected unit columm
2a in which nenory cells for which data is erased
(hereinafter referred to as erasure nenory cells) C3 are
arranged, a non-erasure gate voltage of 10[V] is applied
to a first power supply line 5a, and an erasure gate
voltage of O[V] is applied to the other second power
supply line 6a. In this case, in a selected row 3a, a
first inverter circuit 24 connected to the first PMOS
power supply line VL3 and the second PMOS power supply
line VL4 applies the first PMOS control voltage of 10[V]
on the first PMOS power supply line VL3 to the conmon
PMOS control |ine PGa. Thus, a PMOS switch 8a arranged
in the selected row 3a in the selected unit colum 2a is
turned off when the first PMOS control voltage of 10[V]
is applied to its gate fromthe comon PMOS control |ine
PGa and the non-erasure gate voltage of 10[V] is applied
toits source fromthe first power supply line 5a so that
the non-erasure gate voltage can be interrupted.

[0102] In the selected row 3a, a second inverter circuit
25 connected to the first NMOS power supply line VL5 and
the second NMOS power supply line VL6 applies the first
NMOS control voltage of 8[V] on the first NMOS power
supply line VL5 to a conmon NMOS control |ine NGa. Thus,
an NMOS switch 9a arranged in the selected row 3a in the
selected unit colum 2a is turned on when the first NMOS
control voltage of 8[V] is applied to its gate fromthe

comon NMOS control line NGa and the erasure gate vol tage
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of O[V] is applied to its source fromthe second power
supply line 6a so that the erasure gate voltage can be
applied fromits drain to a selected word line 15a. Thus,
the erasure gate voltage of O[V] can be applied to the
selected word line 15a in the first area ARL via the NMOS
switch 9a during data erasure.
[0103] In the selected unit colum 2a, 10[V] is applied
to a P-type nmenory well PW2 in which the plurality of
menory cells C are forned while an erasure voltage of
10[V] is applied to a selected first bit line L1d and a
sel ected second bit line L2d. Thus, each of the erasure
menory cells C3 in the first area ARL has its contro
gate to which the erasure gate voltage of O[V] can be
applied fromthe selected word Iine 15a and has its one
end and the other end to which the erasure vol tage of
10[V] can be applied fromthe selected first bit line L1d
and the selected second bit |line L2d. Thus, each of the
erasure nenory cells C3 can erase data when a val ue of
the voltage applied to the side of a channel region is
significantly larger than a value of the voltage applied
to the side of its control gate and a charge stored in a
charge storage layer is drawn into the channel region
having a high voltage and is extracted fromthe charge
storage | ayer.
[0104] (2-2-2) As to Second Area

The second area AR2 including non-sel ected rows 3b

in the selected unit colum 2a is then paid attention to.
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In this case, in the non-selected rows 3b in which nenory
cells for which data is not erased (hereinafter referred
to as non-erasure nenory cells) C4 are arranged, the
first inverter circuits 24 respectively apply the second
PMOS control voltage of 4[V] on the second PMOS power
supply line VL4 to comon PMOS control |ines PG, PCc,
and PGd. Thus, a PMOS switch 8c arranged in the non-

sel ected row 3b in the selected unit colum 2a is turned
on when the second PMOS control voltage of 4[V] is
applied to its gate fromthe common PMOS control |ine P&
and the non-erasure gate voltage of 10[V] is applied to
its source fromthe first power supply line 5a so that
the non-erasure gate voltage can be applied fromits
drain to the non-selected word |ine 15c.

[0105] Thus, the non-erasure nenory cell C4 arranged in
the second area AR2, to which the erasure voltage of 10
[V] is applied fromthe selected first bit line L1d and
the sel ected second bit line L2d, has its control gate to
whi ch the non-erasure gate voltage of 10[V] is applied
fromthe non-selected word line 15c via the PMOS switch
8c. Thus, the control gate and a channel region have the
sanme voltage. As a result, no charge is extracted froma
charge storage |layer, and a charge state within the
charge storage |ayer can be maintained.

[0106] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the second

NMOS control voltage of O[V] on the second NMOS power
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supply line VL6 to the common NMOS control |ines NGy, NCc,
and NGJ. Thus, each of NMOS switches 9c arranged in the
non-sel ected rows 3b in the selected unit colum 2a is
turned of f when the second NMOS control voltage of 0O[V]
is applied to its gate fromthe comobn NMOS control |ine
NGb and the erasure gate voltage of O[V] is applied to
its source fromthe second power supply line 6a so that
the erasure gate voltage of O[V] can be interrupted.
Thus, the non-erasure gate voltage of 10[V] can be
applied to the non-selected word Iine 15¢c in the second
area AR2 via the PMOS switch 8c during data erasure.
[0107] (2-2-3) As to Third Area

The third area AR3 in a non-selected unit colum 2b
is then paid attention to. In this case, in a non-
sel ected power supply unit 4b in the non-sel ected unit
colum 2b, a non-erasure gate voltage of 6[V] is applied
to each of the first power supply line 5b and the second
power supply line 6b. In the selected row 3a, the first
inverter circuit 24 applies the first PMOS contro
vol tage of 10[V] on the first PMOS power supply line VL3
to the common PMOS control |ine PGa. Thus, a PMOS switch
8b arranged in the selected row 3a in the non-sel ected
unit colum 2b is turned off when the first PMOS contro
voltage of 10[V] is applied to its gate fromthe comon
PMOS control |ine PGa and the non-erasure gate voltage of

6[V] is applied to its source fromthe first power supply
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line 5a so that the non-erasure gate voltage can be

i nterrupted.

[0108] At this time, in the selected row 3a, the second
inverter circuit 25 applies the first PMOS contro

vol tage of 8[V] on the first NMOS power supply line VL5
to the comon NMOS control line NG. Thus, an NMOS
switch 9b arranged in the selected row 3a in the non-

sel ected unit colum 2b is turned on when the first NMOS
control voltage of 8[V] is applied to its gate fromthe
common NMOS control [ine NGa and the non-erasure gate
voltage of 6[V] is applied to its source fromthe second
power supply line 6b so that the non-erasure gate voltage
can be applied fromits drain to a non-selected word |ine
15b. Thus, the non-erasure gate voltage of 6[V] can be
applied to the non-selected word Iine 15b arranged in the
selected row 3a in the third area AR3 via the NMOS switch
9b during data erasure.

[0109] In the non-selected unit colum 2b, a non-erasure
voltage of 6[V] is applied to each of a non-sel ected
first bit Iine Lle and a non-sel ected second bit |ine L2e.
Thus, a non-erasure nmenory cell C4 arranged in the
selected row 3a in the third area AR3 has its one end and
the other end to which the non-erasure voltage of 6[V]
can be applied fromthe non-selected first bit line Lle
and the non-selected second bit line L2e and has its
control gate to which a non-erasure gate voltage of 6[V]

can be applied fromthe non-selected word line 15b via
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the NMOS switch 9b. Thus, in the non-erasure nenory cel
C4 arranged in the selected row 3a in the third area ARS,
the control gate and a channel region have the sane
voltage. As a result, no charge is extracted froma
charge storage |l ayer, and a charge state within the
charge storage | ayer can be nai ntai ned.

[0110] In this case, in the non-selected rows 3b, the
first inverter circuits 24 respectively apply the second
PMOS control voltage of 4[V] on the second PMOS power
supply line VL4 to the common PMOS control |ines PG, PG,
and PGd. Thus, a PMOS switch 8d arranged in the non-

sel ected row 3b in the non-selected unit colum 2b is
turned on when the second PMOS control voltage of 4[V] is
applied to its gate fromthe common PMOS control |ine PG
and the non-erasure gate voltage of 6[V] is applied to
its source fromthe first power supply line 5b so that
the non-erasure gate voltage can be applied fromits
drain to a non-selected word |ine 15d.

[0111] Thus, the non-erasure nenory cell C4 arranged in

t he non-selected row 3b in the third area AR3 has its one
end and the other end to which the non-erasure vol tage of
6[ V] can be applied fromthe non-selected first bit line
Lle and the non-sel ected second bit Iine L2e and has its
control gate to which the non-erasure gate vol tage of

6[ V] can be applied fromthe non-selected word |line 15d
via the PMOS switch 8d. Thus, in the non-erasure nenory

cell C4 in the non-selected row 3b in the third area AR3,



- 61 -

the control gate and a channel region have the sane
voltage. As a result, no charge is extracted froma
charge storage | ayer, and a charge state within the
charge storage |ayer can be maintained.
[0112] In this case, in the non-selected row 3b, the
second inverter circuits 25 respectively apply the second
NMOS control voltage of O[V] on the second NMOS power
supply line VL6 to the common NMOS control |ines NGy, NCc,
and NGJ. Thus, each of NMOS switches 9d arranged in the
non-sel ected rows 3b in the non-selected unit colum 2b
is turned off when the second NMOS control voltage of
O[V] is applied to its gate fromthe comon NMOS contr ol
line NG and the erasure gate voltage of 6[V] is applied
to its source fromthe second power supply line 6b so
that the erasure gate voltage can be interrupted. Thus,
a non-erasure gate voltage of 6[V] can be applied to the
non-sel ected word |ine 15d arranged in the non-sel ected
row 3b in the third area AR3 via the PMOS switch 8d
during data erasure. Thus, the non-volatile
sem conductor nenory device 27 can collectively erase
only data in the erasure nenory cells C3 arranged in the
selected row 3a in the selected unit columm 2a by
adj usting respective values of the voltages applied to
t he portions.
[0113] (2-3) Operation and Effect

In the above-nentioned configuration, in the non-

vol atil e sem conductor nenory device 21, a simlar effect
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to that in the above-nentioned first enbodi nent can al so
be obtained. That is, in the non-volatile sem conductor
menory device 21, the witing inhibition gate voltage
applied to the non-selected word Iines 15b and 15d in the
non-sel ected unit colum 2b can al so be set to 6[V]

wi t hout being constrained by the witing gate voltage of
12[V] applied to the selected word Iine 15a in the
selected unit colum 2a, for exanple. Further, all a

val ue of the voltage applied to the p-type nenory wel

PW2 and val ues of the voltages applied to the non-
selected first bit line L1lc and the non-sel ected second
bit Iine L2c can be set to the sane voltage. Hence, even
if an operation for witing data into the sel ected nenory
cell C1 in the selected unit colum 2a is repeated,
occurrence of disturbance in each of the non-sel ected
menory cells C2 in the non-selected unit colum 2b can be
suppressed.

[0114]In the non-volatile sem conductor nenory device 21,
the first power supply lines 5a and 5b and the second
power supply lines 6a and 6b are respectively

i ndividually provided for the power supply units 4.
However, the common PMOS control |ines PGa to PGd and the
common NMOS control lines NGa to NG connect the power
supply units 4 to each other, and values of the voltages
applied to the common PMOS control lines PG to PGd and
the conmon NMOS control lines NGa to NG are adjusted, to

turn on or off the PMOS switches 8a, 8c, ... and 8b, 8d,



. and the NMOS switches 9a, 9c, ... and 9b, 9d, ... in the

power supply units 4 so that the selected word line 15a
can be selectively determned fromanong the plurality of
word lines 15. Thus, the non-volatile sem conductor
nmenory device 21 can also be mniaturized, like in the
conventional technique, because independent rowdirection
address decoders need not respectively be provided for
the word line colums (P-type nenory wells PW2).

[0115] In addition thereto, in the non-volatile

sem conductor nmenory device 21 according to the second
enbodi nent, the control voltage (first PMOS contro

vol tage or second PMOS control voltage) applied to either
one of the first PMOS control |ine VL3 and the second
PMOS power supply line VL4 is applied to the PMOS
switches 8a and 8b, 8c and 8d, ..., respectively, via the
common PMOS control lines PGa to PGd. Aside fromthis,
the control voltage (first NMOS control voltage or second
NMOS control voltage) applied to either one of the first
NMOS power supply line VL5 and the second NMOS power
supply line VL6 is applied to the NMOS switches 9a and 9b,
9c and 9d, ..., respectively, via the commbon NMOS contro
lines NGa to NG&d.

[0116] Thus, in the non-volatile sem conductor nenory
device 21, a control voltage required to turn or off the
NMOS switches 9a, 9b, 9c, 9d, ... can be freely set

wi t hout being constrained by a control voltage required

to turn on or off the PMOS switches 8a, 8b, 8c, 8d,



- 64 -

during data witing by separating power supply systens
applied to the PMOS switches 8a, 8b, 8c, 8d, ... and the
NMOS sw tches 9a, 9b, 9c, 9d, ... Thus, a maximum

vol tage di fference between the control voltages
respectively required to turn on or off the PMOS sw tches
8a, 8b, 8c, 8d, ... and the NMOS switches 9a, 9b, 9c, 9d
can be set to 8[V] or less that is smaller than that in
the first enbodi nent.

[0117] In the non-vol atil e sem conductor nenory device 1
according to the first enbodinent illustrated in FIG 1,
there is a voltage difference of 12[V] (12[V]/0O[V]) wth
a full anplitude between the common PMOS control |ines
PGa to PGd and the common NMOS control [ines NGa to NG
during data witing and during data erasure, for exanple.
Thus, in the PMOS switches 8a, 8b, 8c, 8d, ... and the
NMOS switches 9a, 9b, 9c, 9d, ..., a breakdown vol tage
structure for the voltage difference of 12[V] is also
required. Mre specifically, the PMOS switches 8a, 8b,
8c, 8d, ... and the NMOS switches 9a, 9b, 9c, 9d, ... each
having a gate insulating filmthe filmthickness of which
is set to 18[nm or nore need to al so be used when an

all owabl e electric field of the gate insulating filmis
set to 7[M/cm, for exanple.

[0118] On the other hand, in the non-volatile

sem conduct or nenory device 21 illustrated in FIG 2, a
maxi mum vol tage di fference occurring when the PMOS

swi tches 8a, 8b, 8c, 8d, ... and the NM3S sw tches 9a, 9b,



9c, 9d, ... are respectively turned on or off during data
witing and data erasure can be set to 8[V] or |ess.
Thus, the PMOS switches 8a, 8b, 8c, 8d, ... and the NMOS

switches 9a, 9b, 9c, 9d, ... each having a gate insulating

filmthe thickness of which is decreased to 12[nn] can be
used.

[0119] At the sane time, the non-volatile sem conduct or
nmenory device 21 can have a transistor structure in which
a voltage difference between voltages respectively
applied to a circuit for driving the first PMOS power
supply line VL3 and the second PMOS power supply line VL4
and a circuit for driving the first NMOS power supply
line VL5 and the second NMOS power supply line VL6
beconmes 8[V] or less and the filmthickness of a gate
insulating filmis also decreased for a periphera
circuit, like for the PMOS switches 8a, 8b, 8c, 8d,

and the NMOS sw tches 9a, 9b, 9c, 9d,

[0120] On the other hand, in each of the NMOS sw tches 9a,
9b, 9c, 9d, ..., the drain connected to the word line 15
havi ng a maxi mum vol tage anplitude of 12[V] (witing gate
voltage 12[V] - mnimumwiting inhibition gate voltage
O[V] = maxi mum vol tage anplitude 12[V]) requires a
breakdown voltage structure of 12[V], although an
electric field between the control gate and the channe
region is suppressed. Thus, in each of the NMOS switches

9a, 9b, 9c, 9d, ..., atransistor, having its drain to

which the word line 15 is connected, provided with a high
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breakdown voltage structure, is used, although a thin
filmtransistor can be adopted (this will be described
later in "(11]) As to Breakdown Vol tage Structure of NMOS
switch").
[0121] In the non-sel ected power supply unit 4b, 12[V] is
applied to an N-type well NM in which the PMOS switches
8b, 8d, ... are forned during data witing. However, a
vol tage difference occurring between the drains of the
PMOS switches 8b, 8d, ... and the N-type well NW is set
to a relatively small value of 6[V] by applying a
slightly higher witing inhibition gate voltage of 6[V]
to each of the non-selected word |ines 15b, 15d,
connected to the drains of the PMOS switches 8b, 8d,
Accordi ngly, voltage | oads on the PMOS switches 8b, 8d,

. are further reduced so that reliabilities of the PMOS
switches 8b, 8d, ... can be inproved.
[0122] (3) Third Enbodi nent

(3-1) Data Witing Operation
In FIG 4 illustrating portions corresponding to

those illustrated in FIG 2 with the sane synbol s
respectively assigned thereto, reference nuneral 31
denotes a non-vol atil e sem conductor nenory device
according to a third enbodi nent, which differs fromthe
non-vol atil e sem conductor nenory device 21 according to
t he above-nenti oned second enbodi nent in that auxiliary

NMOS switches 36a, 36c¢, ... (36b, 36d, ...) are provided

for each row in each of power supply units 34 in addition



to PMOS switches 8a, 8c, ... (8b, 8d, ...) and NMOS
switches 9a, 9c, ... (9b, 9d, ...), and the auxiliary NMOS
switches 36b, 36d, ... respectively apply a witing

inhibition gate voltage of O[V] to non-sel ected word

i nes 15b, 15d, ... in a non-selected unit colum 32b
during data witing.

[0123] The non-vol atil e sem conductor nenory device 31
according to the third enbodi nent has such a
configuration so that a maxi mum vol tage difference

bet ween control voltages respectively required to turn on
or off the PMOS switches 8a, 8c, ... (8b, 8d, ...) and the
NMOS switches 9a, 9c, ... (9b, 9d, ...) can be set to 6[V]
or less that is nuch lower than that in the second

enbodi nent .

[0124] FIG 4 illustrates respective val ues of voltages
applied to portions when a nenory cell Cin the first row
and the first colum in a first unit colum 32 anong a
plurality of menory cells Cis taken as a sel ected nenory
cell Cl into which data is witten and nenory cells Cin
all other unit colums 32 are taken as non-sel ected
menory cells C2 like in the above-nenti oned non-vol atile
sem conductor nenory device 21 according to the second
enbodinent. In this case, a first PMOS control voltage
of 12[V] is applied, like in the above-nentioned second
enbodi nent, to a first PMOS power supply line VL3 while a
second PMOS control voltage of 6[V], which is higher than

that in the above-nentioned second enbodinent, is applied
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to a second PMOS power supply line VL4. A voltage

di fference between the first PMOS control voltage and the
second NMOS control voltage is 6[V] that is smaller than
that in the above-nenti oned second enbodi nent.

[0125] Thus, to common PMOS control lines PGa to PGd each
connected to the first PMOS power supply line VL3 and the
second PMOS power supply line VL4 via a first inverter
circuit 24, the first PMOS control voltage of 12[V] is
applied by the first inverter circuit 24 in non-sel ected
rows 3b while the second PMOS control voltage of 6[V] is
applied by the first inverter circuit 24 in a selected
row 3a. Thus, a voltage anplitude between the voltage
applied to the common PMOS control line PGa in the
selected row 3a and the voltages applied to the common
PMOS control lines PG to PGd in the non-selected rows 3b
is set to 6[V] (i.e., 12[V] - 6[V]) so that the voltage
anplitude can be reduced. Thus, the voltage anplitude
bet ween the voltages at gates of the PMOS switches 8a, 8c,
... (8b, 8d, ..) respectively connected to the common PMOS
control lines PGa to PGd in the selected row 3a and the
non-sel ected rows 3b can be reduced. Accordingly, a gate
insulating filmcan further be thinned.

[0126] On the other hand, a second NMOS control voltage
of O[V] is applied, Iike in the above-nentioned second
enbodi nent, to a second NMOS power supply line VL6 while
a first NMOS control voltage of 6[V], which is |ower than

that in the above-nenti oned second enbodi nent, is applied



- 69 -

to a first NMOS power supply line VL5. A voltage

di fference between the first NMOS control voltage and the
second NMOS control voltage is 6[V] that is smaller than
that in the above-nenti oned second enbodi nent.

[0127] Thus, to common NMOS control lines NGa to NGJ each
connected to the first NMOS power supply line VL5 and the
second NMOS power supply line VL6 via a second inverter
circuit 25, the first NMOS control voltage of 6[V] is
applied by the second inverter circuits 25 in the non-
selected rows 3b while the second NMOS control voltage of
O[V] is applied by the second inverter circuit 25 in the
selected row 3a. Thus, a voltage anplitude between the
vol tage applied to the common NMOS control line N& in
the selected row 3a and the voltages applied to the
common NMOS control lines NG to NG in the non-sel ected
rows 3b can be set to 6[V] (i.e., 6[V]- O[V]) so that the
vol t age anplitude can be reduced. Thus, the voltage
anpl i tude between the voltages at gates of the NMOS
switches 9a, 9c, ... (9b, 9d, ...) respectively connected
to the common NMOS control [ines NGa to NGJ in the

sel ected row 3a and the non-sel ected rows 3b can be
reduced. Accordingly, a gate insulating filmcan further
be thinned.

[0128] In addition to such a configuration, in a P-type
well PWL in which the NMOS switches 9a, 9c, ... (9b, 9d,
...) are forned, the auxiliary NMOS swi tches 36a, 36c,

(36b, 36d, ...) having a transistor configuration are



formed to correspond to the NMOS switches 9a, 9c, ... (9b,
9d, ...). In the P-type well PW, in addition to a second
power supply line 6a (6b) extending in a columm direction,
an auxiliary MOS power supply line 7a (7b) simlarly
extending in the colum direction is provided to run
parallel to the second power supply line 6a (6b). The
auxiliary MOS power supply line 7a (7b) is connected to
control gates of the auxiliary NMOS swi tches 36a, 36¢c,
(36b, 36d, ...) arranged within the power supply unit 34
so that a predeterm ned auxiliary control voltage can be
uniformy applied to the auxiliary NMOS swi tches 36a, 36c,
... (36b, 36d, ...) within the power supply unit 34.

[0129] In practice, each of the auxiliary NMOS sw tches
36a, 36c¢c, ... arranged in the selected unit colum 32a has
its gate to which an auxiliary control voltage of 0O[V]
can be applied fromthe auxiliary MOS power supply line
7a. On the other hand, each of the auxiliary NMOS

swi tches 36b, 36d, ... arranged in the non-selected unit
colum 32b has its gate to which an auxiliary contro

vol tage of 6[V] can be applied fromthe auxiliary MOS
power supply line 7b. Each of the auxiliary NMOS

swi tches 36a, 36c¢, ... (36b, 36d, ...) has its source
connected to a second power supply line 6a (6b) while
having its drain connected to the word line 15. A
witing voltage or a witing inhibition voltage is
applied to the source fromthe second power supply line

6a (6b).



[0130] (3-1-1) As to First Area

Wien a first area ARL is first paid attention to, in
a sel ected power supply unit 34a in the selected unit
colum 32a, a witing gate voltage of 12[V] is applied to
a first power supply line 5a, and a witing inhibition
gate voltage of O[V] is applied to the other second power
supply line 6a. In this case, in the selected row 3a,
the first inverter circuit 24 applies the second PMOS
control voltage of 6[V] on the second PMOS power supply
line VL4 as a common voltage to the comon PMOS contro
l'i ne PGa.
[0131] Thus, the PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 32a is turned on when
the second PMOS control voltage of 6[V] is applied to its
gate fromthe conmmon PMOS control |line PGa and the
witing gate voltage of 12[V] is applied to its source
fromthe first power supply line 5a so that the witing
gate voltage of 12[V] can be applied fromits drain to a
sel ected word line 15a. Thus, in the first area ARL, the
sel ected nenory cell Cl connected to a selected first bit
line Lla and a sel ected second bit line L2a has its one
end and the other end to which a witing voltage of 0O[V]
is applied fromthe selected first bit line Lla and the
sel ected second bit line L2a and has its control gate to
which the witing gate voltage of 12[V] is applied from
the selected word line 15a. Thus, a voltage difference

occurring between the control gate and a channel region



beconmes large. As a result, a quantumtunnel effect is
produced so that a charge can be injected into a charge
storage | ayer fromthe channel region.

[0132] Thus, the non-volatile sem conductor nenory device
31 according to the third enbodi nent can set, when the
PMOS switch 8a is turned on in the selected row 3a in the
selected unit colum 32a, a voltage difference between
the second PMOS control voltage (6[V]) applied to the
gate of the PMOS switch 8a and the witing gate voltage
(12[V]) applied to the source thereof to 6[V] or |ess
that is nuch Iower than that in the second enbodi nent.
[0133] The other non-selected nmenory cell C2 in the first
area ARL has its one end and the other end to which a
witing inhibition voltage of 6[V] is applied froma non-
selected bit line L1b and a non-sel ected second bit |ine
L2b, like in the above-nentioned first enbodi nent. Even
if the witing gate voltage of 12[V] is applied to a
control gate of the other non-selected nenory cell C2
fromthe selected word Iine 15a, therefore, a voltage

di fference occurring between the control gate and a
channel region is small. As a result, a quantum tunne
effect is not produced so that no charge can be injected
into a charge storage |ayer fromthe channel region.
[0134] In this case, in the selected row 3a, the second
inverter circuit 25 applies the second NMOS contro

vol tage of O[V] on the second NMOS power supply |ine VL6
to the common NMOS control line NG. Thus, the NMOS
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switch 9a arranged in the selected row 3a in the sel ected
unit colum 32a is turned off when the second NMOS
control voltage of O[V] is applied to its gate fromthe
common NMOS control Iine NG and the witing inhibition
gate voltage of O[V] is applied to its source fromthe
second power supply line 6a so that the witing
inhibition gate voltage can be interrupted.
[0135] In this case, in the selected unit columm 32a, the
auxiliary control voltage of O[V] is applied to the
auxiliary MOS power supply line 7a. Thus, the auxiliary
NMOS switch 36a arranged in the selected row 3a in the
selected unit colum 32a is turned off when the auxiliary
control voltage of O[V] is applied to the gate fromthe
auxiliary MOS power supply line 7a and the witing
i nhibition gate voltage of O[V] is applied to the source
fromthe second power supply line 6a so that the witing
I nhibition gate voltage can be interrupted. Thus, the
witing gate voltage of 12[V] can be applied to the
selected word line 15a in the first area ARl via the PMOS
switch 8a.
[0136] (3-1-2) As to Second Area

A second area AR2 including non-selected rows 3b in
the selected unit colum 32a is then paid attention to.
In this case, in the non-selected rows 3b, the first
Inverter circuits 24 select the first PMOS contro
vol tage of 12[V] applied to the first PMOS power supply

line VL3, and respectively apply the first PMOS contro



voltage to the common PMOS control |ines PGb, PCGc, and
PGd. Thus, the PMOS switch 8c arranged in the non-
selected row 3b in the selected unit colum 32a is turned
of f when the first PMOS control voltage of 12[V] is
applied to its gate fromthe common PMOS control |ine P&
and the witing gate voltage of 12[V] is applied to its
source fromthe first power supply line 5a so that the
witing gate voltage can be interrupted.

[0137] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first
NMOS control voltage of 6[V] on the first NMOS power
supply line VL5 to the comon NMOS control |ines NG, NCc,
and NGJ. Thus, the NMOS switch 9c arranged in the non-
selected row 3b in the selected unit colum 32a is turned
on when the first NMOS control voltage of 6[V] is applied
toits gate fromthe common PMOS control |ine NG and the
witing inhibition gate voltage of O[V] is applied to its
source fromthe second power supply line 6a so that the
witing inhibition gate voltage of O[V] can be applied
fromits drain to a non-selected word |ine 15c.

[0138] Thus, in the second area AR2, the non-sel ected
nmenory cell C2 connected to the selected first bit |ine
Lla and the selected second bit line L2a has its one end
and the other end to which the witing voltage of O[V] is
applied fromthe selected first bit line Lla and the

sel ected second bit line L2a while having its contro

gate to which the witing inhibition gate voltage of O[V]
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iIs simlarly applied fromthe non-selected word |Iine 15c.
Thus, the control gate and a channel regi on have the sane
voltage. As a result, a quantumtunnel effect is not
produced so that no charge can be injected into a charge
storage | ayer fromthe channel region.

[0139] The non-sel ected nenory cell C2 connected to the
non-sel ected first bit line L1b and the non-sel ected
second bit line L2b has its one end and the other end to
which the witing inhibition voltage of 6[V] is applied
fromthe non-selected first bit line L1b and the non-

sel ected second bit line L2b and has its control gate to
which the witing inhibition gate voltage of O[V] is
simlarly applied fromthe non-selected word |ine 15c.
Thus, the non-selected nenory cell C2 can enter a state
where data cannot be witten thereto because a voltage

di fference occurring between the control gate and a
channel region becones snmall and as a result, a quantum
tunnel effect is not produced so that no charge is
injected into a charge storage |ayer fromthe channe

regi on.

[ 0140] The non-vol atil e sem conductor nenory device 31
according to the third enbodi nent can set, when the NMOS
switch 9¢c is turned on in the non-selected row 3b in the
selected unit colum 32a, a voltage difference between
the first NMOS control voltage (6[V]) applied to the gate

of the NMOS switch 9¢c and the witing inhibition gate
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voltage (O[V]) applied to the source thereof to 6[V] that
is nuch smaller than that in the second enbodi nent.
[0141] The auxiliary NMOS switch 36¢c arranged in the non-
selected row 3b in the selected unit colum 32a is turned
of f when the auxiliary control voltage of O[V] is applied
toits gate fromthe auxiliary MOS power supply line 7a
and the witing inhibition gate voltage of O[V] is
applied to its source fromthe second power supply line
6a so that the witing inhibition gate voltage can be
interrupted. Thus, the witing inhibition gate voltage
of O[V] can be applied to the non-selected word |ine 15c
in the second area AR2 via the NMOS switch 9c.
[0142] (3-1-3) As to Third Area

A third area AR3 in the non-selected unit colum 32b
Is then paid attention to. In this case, in a non-
sel ected power supply unit 34b in the non-sel ected unit
colum 32b, an off voltage of 6[V] is applied to a first
power supply line 5b and a witing inhibition gate
voltage of O[V] is applied to the other second power
supply line 6b. In this case, in the selected row 3a,
the first inverter circuit 24 applies the second PMOS
control voltage of 6[V] on the second PMOS power supply
line VL4 to the common PMOS control |ine PGa. Thus, the
PMOS switch 8b arranged in the selected row 3a in the
non-sel ected unit colum 32b is turned off when the
second PMOS control voltage of 6[V] is applied to its

gate fromthe common PMOS control |ine PGa and the off



voltage of 6[V] is applied to its source fromthe first
power supply line 5b so that the off voltage can be

I nterrupted.

[0143] In this case, in the selected row 3a, the second
inverter circuit 25 applies the second NMOS contro

vol tage of O[V] on the second NMOS power supply line VL6
to the common NMOS control |ine NGa. Thus, the NMOS
switch 9b arranged in the selected row 3a in the non-

sel ected unit columm 32b is turned off when the second
NMOS control voltage of O[V] is applied to its gate from
the conmmon NMOS control |line NGa and the witing
inhibition gate voltage of O[V] is applied to its source
fromthe second power supply line 6b so that the witing
i nhibition gate voltage can be interrupted.

[0144] In the non-selected unit columm 32b, the auxiliary
control voltage of 6[V] is applied to the auxiliary MOXS
power supply line 7b. Thus, the auxiliary NMOS swi tch
36b arranged in the selected row 3a in the non-sel ected
unit columm 32b is turned on when the auxiliary contro
voltage of 6[V] is applied to its gate fromthe auxiliary
MOS power supply line 7b and the witing inhibition gate
voltage of O[V] is applied to its source fromthe second
power supply line 6b so that the witing inhibition gate
vol tage can be applied fromthe drain to the non-sel ected
word line 15b. Thus, to the non-selected word |ine 15b

in the selected row 3a in the third area AR3, the witing
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i nhibition gate voltage of O[V] can be applied via the
auxiliary NMOS switch 36b.

[0145] In this case, in the present enbodi nent, in the
non-sel ected unit columm 32b, a witing inhibition
voltage of O[V] is applied to a non-selected first bit
l'ine L1c and a non-sel ected second bit Iine L2c, and O
[V] is also applied to a P-type nenory well PW2 to match
this. Thus, the non-selected nenory cell C2 arranged in
the selected row 3a in the third area AR3 has its one end
and the other end to which the witing inhibition voltage
of O[V] is applied fromthe non-selected first bit line
L1lc and the non-sel ected second bit line L2c and has its
control gate to which the witing inhibition gate voltage
of O[V] is applied fromthe non-selected word |ine 15b.
Thus, the control gate and a channel regi on have the sane
voltage. As a result, a quantumtunnel effect is not
produced so that no charge can be injected into a charge
storage | ayer fromthe channel region.

[0146] On the other hand, in the non-sel ected rows 3b,

the first inverter circuits 24 respectively apply the
first PMOS control voltage of 12[V] on the first PMOS
power supply line VL3 to the common PMOS control |ines
PGb, PGc, and PGd. Thus, the PMOS switch 8d arranged in
t he non-selected row 3b in the non-selected unit columm
32b is turned off when the first PMOS control voltage of
12[V] is applied to its gate fromthe conmon PMOS contro

line PG and the off voltage of 6[V] is applied to its
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source fromthe first power supply line 5b so that the
of f voltage can be interrupted.

[0147] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first
NMOS control voltage of 6[V] on the first NMOS power
supply line VL5 to the common NMOS control |ines NG, NCc,
and NGJ. Thus, the NMOS switch 9d arranged in the non-
selected row 3b in the non-selected unit colum 32b is
turned on when the first NMOS control voltage of 6[V] is
applied to its gate fromthe conmmon NMOS control |ine NG
and the witing inhibition gate voltage of O[V] is
applied to its source fromthe second power supply line
6b so that the witing inhibition gate voltage can be
applied fromits drain to the non-selected word |ine 15d.
[0148] Furthernore, the auxiliary NMOS switch 36d
arranged in the non-selected row 3b in the non-sel ected
unit colum 32b is turned on when the auxiliary contro
voltage of 6[V] is applied to its gate fromthe auxiliary
MOS power supply line 7b and the witing inhibition gate
voltage of O[V] is applied to its source fromthe second
power supply line 6b so that the witing inhibition gate
vol tage can be applied fromits drain to the non-sel ected
word line 15d. Thus, the witing inhibition gate voltage
of O[V] can be applied to the non-sel ected word |ine 15d
In the non-selected row 3b in the third area AR3 via the

NMOS switch 9d and the auxiliary NMOS switch 36d.
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[0149] Thus, the non-selected nenory cell C2 arranged in
t he non-selected row 3b in the third area AR3 has its one
end and the other end to which the witing inhibition
voltage of O[V] is applied fromthe non-selected first

bit Iine Llc and the non-sel ected second bit |ine L2c and
has its control gate to which the witing inhibition gate
voltage of O[V] is applied fromthe non-sel ected word
line 15d via the NMOS switch 9d and the auxiliary NMOS
switch 36d. Thus, the control gate and a channel region
have the sane voltage. As a result, a quantum tunne
effect is not produced so that no charge can be injected
into a charge storage |ayer fromthe channel region.

[ 0150] Thus, the non-volatile sem conductor nenory device
31 according to the third enbodi nent can set, when the
NMOS swi tches 9d, ... are turned on in the non-sel ected
rows 3b in the non-selected unit columm 32b, a voltage

di fference between the first NMOS control voltage (6[V])
applied to the gates of the NMOS switch 9d, ... and the
witing inhibition gate voltage (O[V]) applied to the
sources thereof to 6[V] that is nuch Iower than that in

t he second enbodi nent. Further, the non-volatile

sem conduct or nenory device 31 can set, when the
auxiliary NMOS switches 36b, 36d, ... are turned on in the
non-sel ected unit columm 32b, a voltage difference
between the auxiliary control voltage (6[V]) applied to

the gates of the auxiliary NMOS swi tches 36b, 36d, ... and
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the witing inhibition gate voltage (0O[V]) applied to the
sources thereof to 6[V].

[0151] To sunmarize an operation of a swtching nechani sm
bel ow, in the selected power supply unit 34a, to which
the selected word |ine 15a on which the sel ected nenory
cell Cl exists is connected, anong the power supply units
34, the NMOS switch 9a and the auxiliary NMOS switch 36a
respectively having the sources to which a witing

i nhibition gate voltage (charge storage inhibition gate
voltage) is applied fromthe second power supply |line 6a
are turned off and the PMOS switch 8a having the source
to which a witing gate voltage (charge storage gate
voltage) is applied fromthe first power supply line 5a
is turned on, to apply a witing gate voltage (charge
storage gate voltage) to the selected word line 15a from
the drain of the PMOS switch 8a.

[0152] In the selected power supply unit 34a, to which
the selected word |line 15a on which the sel ected nenory
cell Cl exists is connected, anong the power supply units
34, when a witing inhibition gate voltage (charge
storage inhibition gate voltage) is applied to the non-
selected word |ine 15c on which only the non-sel ected
menory cells C2 are arranged, the PMOS switch 8c having
the source to which a witing gate voltage (charge
storage gate voltage) is applied fromthe first power
supply line 5a and the auxiliary NMOS switch 36¢c having

the source to which a witing inhibition gate voltage
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(charge storage inhibition gate voltage) is applied from
t he second power supply line 6a are turned off and the
NMOS switch 9c having the source to which a witing

i nhibition gate voltage (charge storage inhibition gate
voltage) is applied fromthe second power supply |line 6a
Is turned on, to apply a witing inhibition gate voltage
(charge storage inhibition gate voltage) to the non-
selected word line 15c fromthe drain of the NMOS swtch
9c.

[0153] In the non-sel ected power supply unit 34b havi ng
only the non-selected word |ine on which only the non-
selected nmenory cells C2 are arranged anong the power
supply units 34, when the PMOS switch 8b, sharing the
common PMOS control line PGa with the PMOS switch 8a,
which applies a witing gate voltage (charge storage gate
voltage) to the selected word |ine 15a in the power
supply unit 34 in the other colum, exists, the PMOS
swtch 8b and the NMOS switch 9b are turned off, and the
auxiliary NMOS switch 36b paired therewith is turned on,
to apply a witing inhibition gate voltage (charge
storage inhibition gate voltage), which has been applied
to the source of the auxiliary NMOS switch 36b fromthe
second power supply line 6b, to the non-sel ected word
line 15b fromthe drain of the auxiliary NMOS switch 36b.
[0154] In the non-sel ected power supply unit 34b having
only the non-selected word |ine on which only the non-

selected nenory cells C2 are arranged anong the power
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supply units 34, when the NMOS switch 9d, sharing the
common NMOS control line NG with the NMOS switch 9c,
which applies a witing inhibition gate voltage (charge
storage inhibition gate voltage) to the non-sel ected word
line 15c in the power supply unit 34 in the other col um,
exi sts, the NMOS switch 9d and the auxiliary NMOS switch
36d are turned on, and the PMOS switch 8d paired
therewith is turned off, to apply a witing inhibition
gate voltage (charge storage inhibition gate voltage),
whi ch has been applied to the sources of the NMOS switch
9d and the auxiliary NMOS switch 36d fromthe second
power supply line 6b, to the non-selected word |ine 15d
fromthe drains of the NMOS switch 9d and the auxiliary
NMOS switch 36d. Thus, in the non-volatile sem conduct or
menory device 31, a charge can be stored in only the
menory cell C at a predeterm ned position.
[0155] (3-2) Data Erasure Qperation

Then, in this non-vol atile sem conduct or nenory
device 31, a case where data in the nenory cell Cis
erased wll be described below FIG 5 illustrating
portions corresponding to those illustrated in FIG 4
Wi th the sane synbols respectively assigned thereto
illustrates a non-vol atile sem conductor nmenory device 38
according to the third enbodi nent when perform ng a data
erasure operation, and illustrates respective val ues of
vol tages applied to portions when data in all nenory

cells Cin a first area ARL anong a plurality of nenory
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cells C are erased and data in all the other nenory cells
C are not erased. In this case, a first PMOS contro
voltage of 10[V] is applied to a first PMOS power supply
line VL3, and a second PMOS control voltage of 8[V] is
applied to a second PMOS power supply line VL4. A first
NMOS control voltage of 4[V] is applied to a first NMOS
power supply line VL5, and a second NMOS control voltage
of O[V] is applied to a second NMOS power supply |ine VLG6.
[0156] (3-2-1) As to First Area

After description is first nmade by paying attention
to the first area ARL, a second area AR2 and a third area
AR3 will be described in this order. In this case, in a
sel ected power supply unit 34a in a selected unit colum
32a in which erasure nenory cells C3 are arranged, a non-
erasure gate voltage of 10[V] is applied to a first power
supply line 5a, and an erasure gate voltage of O[V] is
applied to the other second power supply line 6a. In
this case, in a selected row 3a, a first inverter circuit
24 connected to the first PMOS power supply line VL3 and
the second PMOS power supply line VL4 applies the first
PMOS control voltage of 10[V] on the first PMOS power
supply line VL3 to a conmon PMOS control |ine PGa.
[ 0157] Thus, a PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 32a is turned off when
the first PMOS control voltage of 10[V] is applied to its
gate fromthe conmon PMOS control |ine PGa and the non-

erasure gate voltage of 10[V] is applied to its source
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fromthe first power supply line 5a so that the non-
erasure gate voltage can be interrupted.

[0158] In this case, in the selected row 3a, the second
inverter circuit 25 applies the first NMOS contro

vol tage of 4[V] on the first NMOS power supply line VL5
to a cotmon NMOS control |ine NGa. Thus, an NMOS swtch
9a arranged in the selected row 3a in the selected unit
colum 32a is turned on when the first NMOS contro
voltage of 4[V] is applied to its gate fromthe conmon
NMOS control line NG and the erasure gate vol tage of
O[V] is applied to its source fromthe second power
supply line 6a so that the erasure gate voltage of 0[V]
can be applied fromits drain to the selected word |ine
15a.

[0159] In the selected unit colum 32a, 10[V] is applied
to a P-type nenory well PW2 in which the plurality of
menory cells C are fornmed while 10[V] is applied as an
erasure voltage to a selected first bit line L1d and a
sel ected second bit line L2d. Thus, each of the erasure
menory cells C3 in the first area ARL has its contro
gate to which an erasure gate voltage of O[V] can be
applied froma selected word |line 15a and has its one end
and the other end to which an erasure voltage of 10[V]
can be applied froma selected first bit line L1d and a
sel ected second bit line L2d. Thus, each of the erasure
menory cells C3 can erase data when a vol tage val ue on

the side of a channel region becones higher than a
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vol tage on the side of the control gate and a charge
stored in a charge storage layer is drawn into the
channel region having a high voltage and is extracted
fromthe charge storage | ayer.
[0160] In this case, in the selected unit colum 32a, an
auxiliary control voltage of O[V] is applied to an
auxiliary MOS power supply line 7a. Thus, an auxiliary
NMOS switch 36a arranged in the selected row 3a in the
selected unit colum 32a is turned off when the auxiliary
control voltage of O[V] is applied to its gate fromthe
auxiliary MOS power supply line 7a and the erasure gate
voltage of O[V] is applied to its source fromthe second
power supply line 6a so that the erasure gate voltage can
be interrupted. Thus, the erasure gate voltage of 0O[V]
can be applied to the selected word line 15a in the first
area ARl via the NMOS switch 9a.
[0161] (3-2-2) As to Second Area

The second area AR2 incl udi ng non-sel ected rows 3b
in the selected unit colum 32a is then paid attention to.
In this case, in the non-selected rows 3b, the first
inverter circuits 24 respectively apply the second PMOS
control voltage of 8[V] on the second PMOS power supply
line VL4 to the common PMOS control |ines PG, PCGc, and
PGd. Thus, a PMOS switch 8c arranged in the non-sel ected
row 3b in the selected unit colum 32a is turned off when
the second PMOS control voltage of 8[V] is applied to its

gate fromthe conmmon PMOS control |ine PG and the non-
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erasure gate voltage of O[V] is applied to its source
fromthe first power supply line 5a so that the non-
erasure gate voltage can be applied fromits drain to a
non-sel ected word |ine 15c.

[0162] Thus, a non-erasure nenory cell C4 arranged in the
non-sel ected row 3b in the selected unit colum 32a, to
whi ch the erasure voltage of 10[V] is applied fromthe
selected first bit line L1d and the selected second bit
line L2d, has its control gate to which the non-erasure
gate voltage of 10[V] is applied froma non-sel ected word
line 15d via the PMOS switch 8c. Thus, the control gate
and a channel region have the sane voltage. As a result,
no charge is extracted froma charge storage |ayer, and a
charge state within the charge storage |ayer can be

mai nt ai ned.

[0163] In this case, in the non-sel ected rows 3b, second
inverter circuits 25 respectively apply the second NMOS
control voltage of O[V] on the second NMOS power supply
line VL6 to conmon NMOS control |ines NGbh, NGc, and NG.
Thus, an NMOS switch 9c arranged in the non-sel ected row
3b in the selected unit colum 32a is turned off when the
second NMOS control voltage of O[V] is applied to its
gate fromthe conmon NMOS control |ine NG and the
erasure gate voltage of O[V] is applied to its source
fromthe second power supply line 6a so that the erasure

gate voltage can be interrupted.
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[0164] An auxiliary NMOS switch 36¢ arranged in the non-
selected row 3b in the selected unit colum 32a is turned
of f when, as described above, the auxiliary contro
voltage of O[V] is applied to its gate fromthe auxiliary
MOS power supply line 7a and the erasure gate vol tage of
O[V] is applied to its source fromthe second power
supply line 6a so that the erasure gate voltage can be
interrupted. Thus, the non-erasure gate voltage of 10[V]
can be applied to the non-selected word Iine 15c in the
second area AR2 via the PMOS switch 8c.
[0165] (3-2-3) As to Third Area

The third area AR3 in a non-selected unit colum 32b
Is then paid attention to. In this case, in a non-
sel ected power supply unit 34b in the non-sel ected unit
colum 32b, an off voltage of 8[V] is applied to a first
power supply line 5b and a non-erasure gate voltage of
4[V] is applied to a second power supply line 6b. 1In the
selected row 3a, the first inverter circuit 24 applies
the first PMOS control voltage of 10[V] on the first PMOS
power supply line VL3 to the common PMOS control |ine PG.
Thus, a PMOS switch 8b arranged in the selected row 3a in
the non-selected unit colum 32b is turned off when the
first PMOS control voltage of 10[V] is applied to its
gate fromthe conmon PMOS control |line PGa and the off
voltage of 8[V] is applied to its source fromthe first
power supply line 5b so that the off voltage can be

I nterrupted.
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[0166] In this case, in the selected row 3a, the second
inverter circuit 25 applies the first NMOS contro

vol tage of 4[V] on the first NMOS power supply line VL5
to the common NMOS control Iine NGa. Thus, an NMOS
switch 9b arranged in the selected row 3a in the non-
selected unit colum 32b is turned off when the first
NMOS control voltage of 4[V] is applied to its gate from
the comon NMOS control |line NGa and the non-erasure gate
voltage of 4[V] is applied to its source fromthe second
power supply line 6b so that the non-erasure gate voltage
can be interrupted.

[0167] In addition thereto, in this case, in the non-
selected unit colum 32b, an auxiliary control voltage of
6[V] is applied to the auxiliary MOS power supply line 7b
Thus, an auxiliary NMOS switch 36b arranged in the
selected row 3a in the non-selected unit colum 32b is
turned on when the auxiliary control voltage of 6[V] is
applied to its gate fromthe auxiliary MOS power supply
line 7b and the non-erasure gate voltage of 4[V] is
applied to its source fromthe second power supply line
6b so that the non-erasure gate voltage can be applied
fromits drain to a non-selected word |ine 15b. Thus,

t he non-erasure gate voltage of 4[V] can be applied to

t he non-sel ected word line 15b arranged in the sel ected
row 3a in the third area AR3 via the auxiliary NMOS
switch 36b.
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[0168] In the non-selected unit colum 32b, 4[V] is
applied to the P-type nmenory well PW2 while a non-erasure
voltage of 6[V] is applied to a non-selected first bit
l'ine L1le and a non-sel ected second bit Iine L2e. Thus,
the non-erasure nenory cell C4 arranged in the sel ected
row 3a in the third area AR3 has its one end and the
other end to which a non-erasure voltage of 6[V] can be
applied froma non-selected first bit line Lle and a non-
sel ected second bit line L2e and has its control gate to
whi ch the non-erasure gate voltage of 4[V] can be applied
fromthe non-selected word line 15b via the auxiliary
NMOS switch 36b. Thus, in the non-erasure nenory cell C4
arranged in the selected row 3a in the third area AR3, a
vol tage di fference occurring between the control gate and
a channel region is small. Thus, no charge is extracted
froma charge storage |ayer, and a charge state within
the charge storage |ayer can be mai ntai ned.

[0169] On the other hand, in the non-selected rows 3b,
the first inverter circuits 24 respectively apply the
second PMOS control voltage of 8[V] on the second PMOS
power supply line VL4 to the conmon PMOS control |ines
PG, PGc, and PGd. Thus, a PMOS switch 8d arranged in

t he non-selected row 3b in the non-selected unit columm
32b is turned off when the second PMOS control voltage of
8[V] is applied to its gate fromthe common PMOS contro

line PG and the off voltage of 8[V] is applied to its
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source fromthe first power supply line 5b so that the
of f voltage can be interrupted.

[0170] In this case, in the non-selected rows 3b in the
non-sel ected unit colum 32b, the second inverter
circuits 25 respectively apply the second NMOS contro

vol tage of O[V] on the second NMOS power supply line VL6
to the common NMOS control |ines NGb, NG, and NGJ. Thus,
an NMOS switch 9d arranged in the non-selected row 3b in
t he non-selected unit colum 32b is turned off when the
second NMOS control voltage of O[V] is applied to its
gate fromthe conmon NMOS control |ine NG and the non-
erasure gate voltage of 4[V] is applied to its source
fromthe second power supply line 6b so that the non-
erasure gate voltage can be interrupted.

[0171] On the other hand, an auxiliary NMOS switch 36d
arranged in the non-selected row 3b in the non-sel ected
unit colum 32b is turned on when the auxiliary contro
voltage of 6[V] is applied to its gate fromthe auxiliary
MOS power supply line 7b and the non-erasure gate voltage
of 4[V] is applied to its source fromthe second power
supply line 6b so that the non-erasure gate voltage can
be applied fromits drain to the non-selected word |ine
15d. Thus, the non-erasure gate voltage of 4[V] can be
applied to the non-selected word Iine 15d arranged in the
non-sel ected row 3b in the third area AR3 via the

auxiliary NMOS switch 36d.
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[0172] Thus, a non-erasure nenory cell C4 arranged in the
non-sel ected row 3b in the third area AR3 has its one end
and the other end to which the non-erasure voltage of 6
[V] can be applied fromthe non-selected first bit |ine
Lle and the non-sel ected second bit [ine L2e and has its
control gate to which the non-erasure gate voltage of 4
[V] can be applied fromthe non-selected word Iine 15d
via the auxiliary NMOS switch 36d. Thus, in the non-
erasure nenory cell C4 arranged in the non-sel ected row
3b in the third area AR3, a voltage difference occurring
bet ween the control gate and a channel region is small.
Thus, no charge is extracted froma charge storage |ayer,
and a charge state in the charge storage |ayer can be
mai nt ai ned.
[0173] Thus, the non-volatile sem conductor nenory device
38 can erase data for only the erasure nenory cell C3
arranged in the selected row 3a in the selected unit
columm 32a, for exanple, by adjusting respective val ues
of the voltages applied to the portions such as the first
PMOS power supply line VL3, the second PMOS power supply
line VL4, the first NMOS power supply line VL5, the
second NMOS power supply line VL6, the first power supply
| ines 5a and 5b, the second power supply lines 6a and 6b,
the auxiliary MOS power supply lines 7a and 7b, the first
bit line L1, and the second bit line L2.
[0174] (4) Fourth Enbodi nent

(4-1) Data Witing Operation
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In FIG 6 illustrating portions corresponding to
those illustrated in FIG 4 with the sane synbols
respectively assigned thereto, reference nuneral 41
denotes a non-vol atil e sem conduct or nmenory device
according to a fourth enbodi nent, which differs fromthe
above-nenti oned non-vol atil e sem conductor nenory device
31 according to the third enbodinment in that auxiliary
PMOS switches 46a, 46c¢, ... (46b, 46d, ...) are provided
i nstead of the above-nentioned auxiliary NMOS switches
36a, 36¢, ... (36b, 36d, ...) (FIG 4), and a witing
i nhibition gate voltage of 12[V] is applied to non-

selected word lines 15b, 15d, ..., respectively, via the
auxiliary PMOS switches 46b, 46d, ... in a non-selected
unit columm 42b during data witing. FIG 6 illustrates

respective values of voltages applied to portions when a
menory cell Cin the first row and the first colum in a
first unit colum 42 anong a plurality of nenory cells C
is taken as a selected nenory cell Cl into which data is
witten and all the other nenory cells C are taken as
non-sel ected nenory cells C2.

[0175] In this case, in an Ntype well NWM in a power
supply unit 44, the auxiliary PMOS switches 46a, 46c,
(46b, 46d, ...) having a transistor configuration are
formed to correspond to PMOS switches 8a, 8c, ... (8b, 8d,

..). Inthe Ntype well NA, in addition to a first

power supply line 5a (5b) extending in a colum direction,

an auxiliary MOS power supply line 45a (45b) simlarly
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extending in the colum direction is provided to run
parallel to the first power supply line 5a (5b). The
plurality of auxiliary PMOS swi tches 46a, 46c, ... (46b,
46d, ...) within the power supply unit 44 have their
respecti ve gates connected to the auxiliary MOS power
supply line 45a (45b), and an auxiliary control voltage
of 12[V] can be applied thereto in the selected unit
columm 42a while an auxiliary control voltage of 6[V] can
be applied in the non-selected unit colum 42b.
[0176] Each of the auxiliary PMOS switches 46a, 46c,
(46b, 46d, ...) has its source connected to the first
power supply line 5a (5b) and has its drain connected to
a word line 15, and can be turned on or off due to a
vol tage di fference between an auxiliary control voltage
applied to the gate fromthe auxiliary MOS power supply
line 45a (45b) and a witing voltage or a witing
I nhibition voltage applied to the source fromthe first
power supply line 5a (5b).
[0177] (4-1-1) As to First Area

Wen a first area ARL is first paid attention to, in
a selected power supply unit 44a in the selected unit
colum 42a, a witing gate voltage of 12[V] is applied to
the first power supply line 5a, and a witing inhibition
gate voltage of O[V] is applied to the other second power
supply line 6a. In this case, in a selected row 3a in
whi ch the selected nenory cell Cl is arranged, a first

inverter circuit 24 applies a second PMOS control voltage



- 95 -

of 6[V] on a second PMOS power supply line VL4 to a
conmon PMOS control |ine PGa.

[0178] Thus, the PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 42a is turned on when
the second PMOS control voltage of 6[V] is applied to its
gate fromthe conmmon PMOS control |line PGa and the
witing gate voltage of 12[V] is applied to its source
fromthe first power supply line 5a so that the witing
gate voltage of 12[V] can be applied fromits drain to a
sel ected word line 15a. Thus, in the first area ARL, the
sel ected nmenory cell Cl connected to a selected first bit
line Lla and a sel ected second bit line L2a has its one
end and the other end to which a witing voltage of 0O[V]
is applied fromthe selected first bit line Lla and the
sel ected second bit line L2a and has its control gate to
which the witing gate voltage of 12[V] is applied from
the selected word line 15a via the PMOS switch 8a. Thus,
a voltage difference occurring between the control gate
and a channel region becones large. As a result, a
guantum tunnel effect is produced so that a charge can be
injected into a charge storage |ayer fromthe channe

regi on.

[0179] The non-vol atil e sem conductor nenory device 41
according to the fourth enbodi nent can al so set, when the
PMOS switch 8a is turned on in the selected row 3a in the
selected unit colum 42a, a voltage difference between

the second PMOS control voltage (6[V]) applied to the
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gate of the PMOS switch 8a and the witing gate voltage
(12[V]) applied to the source thereof to 6[V] or |ess
that is nmuch smaller than that in the second enbodi nent.
[0180] In the first area ARl, the non-sel ected nenory
cell C2 connected to a non-selected first bit line L1lb
and a non-sel ected second bit line L2b has its contro
gate to which the witing gate voltage of 12[V] is
applied fromthe selected word |ine 15a while having its
one end and the other end to which a witing inhibition
voltage of 6[V] is applied fromthe non-selected first
bit Iine L1b and the non-sel ected second bit Iine L2b.
Thus, a voltage difference occurring between the contro
gate and a channel region becones small. As a result, a
quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[0181] In this case, in the selected row 3a, a second
inverter circuit 25 applies a second NMOS control voltage
of O[V] on a second NMOS power supply line VL6 to a
common NMOS control |ine NGa. Thus, an NMOS switch 9a
arranged in the selected row 3a in the selected unit
colum 42a is turned off when the second NMOS contro
voltage of O[V] is applied to its gate fromthe conmon
NMOS control line NGa and the witing inhibition gate
voltage of O[V] is applied to its source fromthe second
power supply line 6a so that the witing inhibition gate

vol tage can be interrupted.
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[0182] Furthernore, in this case, in the selected unit
colum 42a, the auxiliary control voltage of 12[V] is
applied to the auxiliary MOS power supply line 45a. Thus,
the auxiliary PMOS switch 46a arranged in the sel ected
row 3a in the selected unit colum 42a is turned off when
the auxiliary control voltage of 12[V] is applied to its
gate fromthe auxiliary MOS power supply line 45a and the
witing gate voltage of 12[V] is applied to its source
fromthe first power supply line 5a so that the witing
gate voltage can be interrupted. Thus, the witing gate
vol tage of 12[V] can be applied to the selected word |ine
15a in the first area ARl via the PMOS switch 8a.
[0183] (4-1-2) As to Second Area

A second area AR2 including non-selected rows 3b in
the selected unit colum 42a is then paid attention to.
In this case, in the non-selected rows 3b in which only
the non-selected nenory cells C2 are arranged, first
inverter circuits 24 respectively apply a first PMOS
control voltage of 12[V] on a first PMOS power supply
l'ine VL3 to conmon PMOS control |ines PG, PCGc, and P&.
Thus, the PMOS switch 8c arranged in the non-sel ected row
3b in the selected unit colum 42a is turned off when the
first PMOS control voltage of 12[V] is applied to its
gate fromthe conmon PMOS control |line PGb and the
witing gate voltage of 12[V] is applied to its source
fromthe first power supply line 5a so that the witing

gate vol tage can be interrupted.
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[0184] In this case, in the non-sel ected rows 3b, second
inverter circuits 25 respectively apply a first NMOS
control voltage of 6[V] on a first NMOS power supply line
VL5 to common NMOS control |ines NGb, NG, and NGJ. Thus,
an NMOS switch 9¢c arranged in the non-selected row 3b in
the selected unit colum 42a is turned on when the first
NMOS control voltage of 6[V] is applied to its gate from
the common NMOS control line NG and the witing
inhibition gate voltage of O[V] is applied to its source
fromthe second power supply line 6a so that the witing
inhibition gate voltage of O[V] can be applied fromits
drain to a non-selected word |ine 15c.

[0185] In this case, the non-vol atile sem conduct or
menory device 41 according to the fourth enbodi nent can
al so set, when the NMOS switch 9¢c is turned on in the
non-sel ected row 3b in the selected unit columm 42a, a
vol tage difference between the first NMOS control voltage
(6[V]) applied to the gate of the NMOS switch 9c and the
witing inhibition gate voltage (O[V]) applied to the
source thereof to 6[V] that is nmuch smaller than that in
t he second enbodi nent.

[0186] Thus, in the second area AR2, the non-sel ected
menory cell C2 connected to the selected first bit |ine
Lla and the selected second bit line L2a has its one end
and the other end to which the witing voltage of O[V] is
applied fromthe selected first bit line Lla and the

sel ected second bit line L2a while having its contro
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gate to which the witing inhibition gate voltage of O[V]
is simlarly applied fromthe non-selected word |ine 15c
via the NMOS switch 9¢c. Thus, the control gate and a
channel region have the sanme voltage. As a result, a
quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[0187] In the second area AR2, the non-sel ected nenory
cell C2 connected to the non-selected first bit Iine L1lb
and the non-sel ected second bit line L2b has its one end
and the other end to which the witing inhibition voltage
of 6[V] is also applied fromthe non-selected first bit
line L1b and the non-sel ected second bit |ine L2b and has
its control gate to which the witing inhibition gate
voltage of O[V] is applied fromthe non-sel ected word
line 15¢c via the NMOS switch 9c. As a result, a quantum
tunnel effect is not produced so that no charge can be
injected into a charge storage |ayer fromthe channe

regi on.

[0188] The auxiliary NMOS switch 46¢c arranged in the non-
selected row 3b in the selected unit colum 42a is turned
of f when the auxiliary control voltage of 12[V] is
applied to its gate fromthe auxiliary MOS power supply
line 45a and the witing gate voltage of 12[V] is applied
toits source fromthe first power supply line 5a so that
the witing gate voltage can be interrupted. Thus, the

witing inhibition gate voltage of O[V] can be applied to
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t he non-selected word line 15c in the second area AR2 via
the NMOS switch 9c.
[0189] (4-1-3) As to Third Area

A third area AR3 in the non-selected unit colum 42b
Is then paid attention to. In this case, in a non-
sel ected power supply unit 44b in the non-sel ected unit
colum 42b, a wiring inhibition gate voltage of 12[V] is
applied to the first power supply line 5b and an off
voltage of 6[V] is applied to the other second power
supply line 6b. In this case, in the selected row 3a,
the first inverter circuit 24 applies the second PMOS
control voltage of 6[V] on the second PMOS power supply
line VL4 to the common PMOS control |ine PGa. Thus, the
PMOS switch 8b arranged in the selected row 3a in the
non-sel ected unit colum 42b is turned on when the second
PMOS control voltage of 6[V] is applied to its gate from
the common PMOS control |line PGa and the witing
inhibition gate voltage of 12[V] is applied to its source
fromthe first power supply line 5b so that the witing
i nhibition gate voltage of 12[V] can be applied fromits
drain to the non-selected word |ine 15b.
[0190] In this case, in the non-selected unit colum 42b,
the auxiliary control voltage of 6[V] is applied to the
auxiliary MOS power supply line 45b. Thus, the auxiliary
PMOS switch 46b arranged in the selected row 3a in the
non-sel ected unit colum 42b is turned on when the

auxiliary control voltage of 6[V] is applied to its gate
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fromthe auxiliary MOS power supply line 45b and the
witing inhibition gate voltage of 12[V] is applied to
its source fromthe first power supply line 5b so that
the witing inhibition gate voltage of 12[V] can be
applied fromits drain to the non-selected word |ine 15b.
[0191] In this case, in the selected row 3a, the second
inverter circuit 25 applies the second NMOS contro

vol tage of O[V] on the second NMOS power supply line VL6
to the common NMOS control [ine NGa. Thus, the NMOS
switch 9b arranged in the selected row 3a in the non-
selected unit columm 42b is turned off when the second
NMOS control voltage of O[V] is applied to its gate from
the common NMOS control |line NGa and the off voltage of
6[V] is applied to its source fromthe second power
supply line 6b so that the off voltage can be interrupted.
Thus, a witing inhibition gate voltage of 12[V] can be
applied to the non-selected word Iine 15b in the sel ected
row 3a in the third area AR3 via the auxiliary PMOS
switch 46b and the PMOS switch 8b.

[0192] In the present enbodinment, in the non-sel ected

unit columm 42b, a witing inhibition voltage of 12[V] is
applied to a non-selected first bit line L1c and a non-
sel ected second bit line L2c, and 12[V] is applied to a
P-type nmenory well PW2. Thus, the non-sel ected nenory
cell C2 arranged in the selected row 3a in the third area
AR3 has its one end and the other end to which the

witing inhibition voltage of 12[V] is applied fromthe
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non-sel ected first bit Iine Llc and the non-sel ected
second bit line L2c and has its control gate to which the
witing inhibition gate voltage of 12[V] is applied from
the non-selected word |line 15b. Further, the P-type
nmenory well PW2 is set to a high voltage of 12[V]. Thus,
the control gate and a channel region have the sane
voltage. As a result, a quantumtunnel effect is not
produced so that no charge can be injected into a charge
storage | ayer fromthe channel region.

[0193] On the other hand, in the non-selected row 3b, the
first inverter circuits 24 respectively apply the first
PMOS control voltage of 12[V] on the first PMOS power
supply line VL3 to the comon PMOS control |ines PG, PCc,
and PGd. Thus, the PMOS switch 8d arranged in the non-
selected row 3b in the non-selected unit colum 42b is
turned off when the first PMOS control voltage of 12[V]
is applied to its gate fromthe comon PMOS control |ine
PG and the witing inhibition gate voltage of 12[V] is
applied to its source fromthe first power supply line 5b
so that the witing inhibition gate voltage can be

i nterrupted.

[0194] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first
NMOS control voltage of 6[V] on the first NMOS power
supply line VL5 to the common NMOS control |ines NGy, NCc,
and NGJ. Thus, an NMOS switch 9d arranged in the non-

selected row 3b in the non-selected unit columm 42b is
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turned off when the first NMOS control voltage of 6[V] is
applied to its gate fromthe common NMOS control |ine NG
and the off voltage of 6[V] is applied to its source from
t he second power supply line 6b so that the off voltage
can be interrupted.

[0195] On the other hand, the auxiliary PMOS switch 46d
arranged in the non-selected row 3b in the non-sel ected
unit columm 42b is turned on because the auxiliary
control voltage of 6[V] is applied to its gate fromthe
auxi liary MOS power supply line 45b and the witing
inhibition gate voltage of 12[V] is applied to its source
fromthe first power supply line 5b so that the witing

i nhibition gate voltage can be applied fromits drain to
the non-selected word line 15d. Thus, the witing

i nhibition gate voltage of 12[V] can be applied to the
non-sel ected word |ine 15d arranged in the non-sel ected
row 3b in the third area AR3 via the auxiliary PMOS

swi tch 46d.

[0196] Thus, the non-sel ected nenory cell C2 arranged in
t he non-selected row 3b in the third area AR3 has its one
end and the other end to which a witing inhibition

vol tage of 12[V] is also applied froma non-sel ected
first bit line Llc and a non-sel ected second bit line L2c
and has its control gate to which the witing inhibition
gate voltage of 12[V] is applied fromthe non-sel ected
word line 15d via the auxiliary PMOS switch 46d. Further,

the P-type nenory well PW2 is set to a high voltage of
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12[V]. Thus, the control gate and a channel region have
the sane voltage. As a result, a quantumtunnel effect
i's not produced so that no charge can be injected into a
charge storage |ayer fromthe channel region.
[0197] (4-2) Operation and Effect

In the above-nentioned configuration, in the non-
vol atil e sem conductor nenory device 41, a simlar effect
to that in the above-nenti oned second enbodi nent can al so
be obtai ned. The non-vol atile sem conduct or nenory
device 41 according to the fourth enbodi nent is provided
with the auxiliary PMOS switches 46a, 46c¢, ... (46b, 46d,
...), Which are turned on or off depending on an auxiliary
control voltage fromthe auxiliary MOS power supply line
45a (45b) provided for each of power supply units 44
wi t hout being constrained by a control voltage required
to turn on or off the PMOS switches 8a, 8c, ... (8b, 8d,
...) and the NMOS switches 9a, 9c, ... (9b, 9d, ..).
[0198] Thus, in the non-volatile sem conductor nenory
device 41, the necessity of turning on the PMOS switches
8b, 8d, ...and NMOS switches 9b, 9d, ...in the non-sel ected
power supply unit 44b can be elimnated by turning on the
auxiliary PMOS switches 46b, 46d, ... in the non-sel ected
power supply unit 44b, for exanple, during data witing
to apply a witing inhibition gate voltage to non-
selected word |lines 15b, 15d, .... In the non-volatile
sem conductor nenory device 41, a naxi num vol tage

di fference between control voltages respectively required
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to turn on or off the PMOS switches 8a, 8c, ... (8b, 8d,

...) and NMOS switches 9a, 9c, ... (9b, 9d, ...) can be
freely set in ranges in which the PMOS sw tches 8a, 8c,
...and NMOS swi tches 9a, 9c, ... can be turned on, as
needed.

[0199] Thus, in this non-vol atile sem conduct or nenory
device 41, the maxi mum vol tage di fference between the
control voltages respectively required to turn on or off
the PMOS switches 8a, 8c, ... and the NMOS swi tches 9a, 9c,

. can be set to 6[V] or less that is nmuch | ower than

that in the second enbodi nent, for exanple, and a naxi num
vol tage value of the control voltage required to turn on
or off the auxiliary PMOS switches 46a, 46c, ... (46b, 46d,
...) can also be set to 6[V] or Iess.

[0200] Thus, in this non-vol atile sem conduct or nenory
device 41, the maxi mum vol tage di fference anong the

control voltages respectively required to turn on or off

the PMOS switches 8a, 8c, ... (8b, 8d, ...), the NMOS
switches 9a, 9c, ... (9b, 9d, ...), and the auxiliary PMOS
swi tches 46a, 46c¢c, ... (46b, 46d, ...) can be set to 6 [V]
or less. Accordingly, the PMOS switches 8a, 8c, ... (8b,
8d, ...), the NMOS switches 9a, 9c, ... (9b, 9d, ...), and
the auxiliary NMOS switches 46a, 46c¢, ... (46b, 46d, ..),

each having a gate insulating filmthe filmthickness of
whi ch is made nuch smaller, can be used.
[0201] To summarize an operation of a sw tching nechani sm

below, in the selected power supply unit 44a to which the
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selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 44,
the NMOS switch 9a having the source to which a witing

i nhibition gate voltage (charge storage inhibition gate
voltage) is applied fromthe second power supply |line 6a
and the auxiliary PMOS switch 46a having the source to
which a witing gate voltage (charge storage gate
voltage) is applied fromthe first power supply line 5a
are turned off, to apply a witing gate voltage (charge
storage gate voltage) to the selected word line 15a from
the drain of the PMOS switch 8a when the PMOS switch 8a
havi ng the source to which a witing gate voltage (charge
storage gate voltage) is applied fromthe first power
supply line 5a is turned on.

[0202] In the selected power supply unit 44a to which the
selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 44,
when a witing inhibition gate voltage (charge storage
inhibition gate voltage) is applied to the non-sel ected
word |ine 15c on which only the non-selected nenory cells
C2 are arranged, the PMOS switch 8c and the auxiliary
NMOS switch 46¢c respectively having the sources to which
a witing gate voltage (charge storage gate voltage) is
applied fromthe first power supply line 5a are turned
of f and the NMOS switch 9c having the source to which a
witing inhibition gate voltage (charge storage

i nhibition gate voltage) is applied fromthe second power
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supply line 6a is turned on, to apply a witing

i nhibition gate voltage (charge storage inhibition gate
voltage) to the non-selected word Iine 15¢c fromthe drain
of the NMOS switch 9c.

[0203] In the non-sel ected power supply unit 44b havi ng
only the non-selected word |ine on which only the non-
selected nmenory cells C2 are arranged anong the power
supply units 44, when the PMOS switch 8b, sharing the
common PMOS control line PGa with the PMOS switch 8a,
which applies a witing gate voltage (charge storage gate
voltage) to the selected word |ine 15a in the power
supply unit 44 in the other colum, exists, the PMOS
switch 8b and the auxiliary PMOS swtch 46b are turned on,
and the NMOS switch 9b paired therewith is turned off, to
apply a witing inhibition gate voltage (charge storage
inhibition gate voltage), which is applied to the sources
of the PMOS switch 8b and the auxiliary PMOS switch 46b
fromthe first power supply line 5b, to the non-sel ected
word line 15b fromthe drains of the PMOS switch 8b and
the auxiliary PMOS switch 46b.

[0204] In the non-sel ected power supply unit 44b havi ng
only the non-selected word |ine on which only the non-

sel ected nmenory cells C2 are arranged anong the power
supply units 44, when the NMOS switch 9d, sharing the
conmmon NMOS control line NG with the NMOS switch 9c,

whi ch applies a witing inhibition gate voltage (charge

storage inhibition gate voltage) to the non-sel ected word
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line 15c in the power supply unit 44 in the other col um,
exi sts, the NMOS switch 9d and the PMOS switch 8d are
turned off, and the auxiliary PMOS switch 46d paired
therewith is turned on, to apply a witing inhibition
gate voltage (charge storage inhibition gate voltage),
which is applied to the source of the auxiliary PMOS
switch 46d fromthe first power supply line 5b, to the
non-sel ected word |line 15d fromthe drain of the
auxiliary PMOS switch 46d. Thus, in the non-volatile
sem conductor nmenory device 41, a charge can be stored in
only the nmenory cell C at a predeterm ned position.
[0205] (5) Fifth Enmbodi nent

(5-1) Data Witing Operation

In FIG 7 illustrating portions corresponding to
those illustrated in FIG 4 with the sane synbol s
respectively assigned thereto, reference nuneral 51
denotes a non-vol atil e sem conductor nenory device
according to a fifth enbodi nent, which is the sane as the
non-vol atil e sem conductor nenory devi ce according to the
above-nentioned third enbodinent in that auxiliary NMOS
switches 36a, 36c¢, ... (36b, 36d, ...) are provided but
differs fromthe non-volatile sem conductor nenory device
according to the above-nentioned third enbodi nent in that
4[V] is applied to a P-type nenory well PW and a witing
inhibition gate voltage of 4[V] is applied to non-

selected word lines 15b and 15d, respectively, via the
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auxiliary NMOS switches 36b, 36d, ... in a non-selected
unit columm 32b during data witing.

[0206] FIG 7 illustrates respective val ues of voltages
applied to portions when a nenory cell Cin the first row
and the first colum in a first unit colum 32 anong a
plurality of menory cells Cis taken as a sel ected nenory
cell C1 into which data is witten and all the other
menory cells C are taken as non-sel ected nenory cells C2
like in the above-nentioned third enbodi nent. The non-
vol atil e sem conductor nmenory device 51 according to the
fifth enbodinent is the sane as the non-volatile

sem conductor nenory device 31 according to the third
enbodi nent in terns of the voltage val ues, on/off
operations of PMOS switches 8a, 8c, ..., NMOS switches 9a,
9c, ..., and the auxiliary NMOS swi tches 36a, 36c¢, ..., and
the like in a selected unit colum 32a, and hence
description thereof is not repeated, and description is
made bel ow by paying attention to only the non-sel ected
unit colum 32b

[0207] In this case, a PMOS switch 8b in a selected row
3a in the non-selected unit colum 32b is turned off when
a second PMOS control voltage of 6[V] is applied to its
gate froma common PMOS control |ine PGa and an off
voltage of 6[V] is applied to its source froma first
power supply line 5b so that the off voltage can be
interrupted, like in the above-nentioned third enbodi nent.

On the other hand, in the non-selected unit colum 32b in
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the fifth enbodinent, a witing inhibition gate voltage
of 4[V] is applied as a cormmobn voltage to a second power
supply line 6b. Thus, an NMOS switch 9b arranged in the
selected row 3a in the non-selected unit colum 32b is
turned of f when a second NMOS control voltage of O[V] is
applied to its gate froma comon NMOS control |ine NG
and the witing inhibition gate voltage of 4[V] is
applied to its source fromthe second power supply line
6b so that the witing inhibition gate voltage can be

I nterrupted.

[0208] On the other hand, the auxiliary NMOS switch 36b
arranged in the selected row 3a in the non-sel ected unit
colum 32b is turned on because an auxiliary contro
voltage of 6[V] is applied to its gate froman auxiliary
MOS power supply line 7b and the witing inhibition gate
voltage of 4[V] is applied to its source fromthe second
power supply line 6b so that the witing inhibition gate
vol tage can be applied fromits drain to the non-sel ected
word line 15b. Thus, the witing inhibition gate voltage
of 4[V] can be applied to the non-selected word |line 15b
in the selected row 3a in a third area AR3 via the
auxiliary NMOS switch 36Db.

[0209] In the fifth enbodi nent, in the non-sel ected unit
colum 32b, a witing inhibition voltage of 6[V] is
applied to a non-selected first bit line L1c and a non-
sel ected second bit line L2c, and 4[V] is applied to the

P-type nenory well PW2. Thus, the non-sel ected nenory
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cell C2 arranged in the selected row 3a in the third area
AR3 has its one end and the other end to which the
witing inhibition voltage of 6[V] is applied fromthe
non-sel ected first bit Iine Llc and the non-sel ected
second bit line L2c and has its control gate to which the
witing inhibition gate voltage of 4[V] is applied from
the non-selected word line 15b via the auxiliary NMOS
switch 36b. Thus, a voltage difference occurring between
the control gate and a channel region becones small. As
a result, a quantumtunnel effect is not produced so that
no charge can be injected into a charge storage | ayer
fromthe channel region.

[0210] On the other hand, a PMOS switch 8d arranged in a
non-sel ected row 3b in a | ower stage of the non-sel ected
unit colum 32b is turned off because a first PMOS
control voltage of 12[V] is applied to its gate froma
comon PMOS control line PG and the off voltage of 6[V]
is applied to its source fromthe first power supply |ine
5b so that the off voltage can be interrupted, like in

t he above-nmentioned third enbodinent. On the other hand,
an NMOS switch 9d arranged in the non-selected row 3b in
the non-selected unit colum 32b is turned on when a
first NMOS control voltage of 6[V] is applied to its gate
froma comon NMOS control line NGb and the witing

i nhibition gate voltage of 4[V] is applied to its source

fromthe second power supply line 6b so that the witing
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i nhibition gate voltage can be applied fromits drain to
t he non-selected word |ine 15d.

[0211] In this case, the auxiliary NMOS switch 36d
arranged in the non-selected row 3b in the non-sel ected
unit colum 32b is turned on when the auxiliary contro
voltage of 6[V] is applied to its gate fromthe auxiliary
MOS power supply line 7b and the witing inhibition gate
voltage of 4[V] is applied to its source fromthe second
power supply line 6b so that the witing inhibition gate
vol tage can be applied fromits drain to the non-sel ected
word line 15d. Thus, the witing inhibition gate voltage
of 4[V] can be applied to the non-sel ected word |ine 15d
arranged in the non-selected row 3b in the third area AR3
via the NMOS switch 9d and the auxiliary NMOS switch 36d.
[0212] Thus, the non-selected nenory cell C2 arranged in
t he non-selected row 3b in the third area AR3 has its one
end and the other end to which the witing inhibition
voltage of 6[V] is also applied fromthe non-sel ected
first bit line Llc and the non-sel ected second bit line
L2c and has its control gate to which the witing

i nhibition gate voltage of 4[V] is applied fromthe non-
selected word line 15d via the NMOS switch 9d and the
auxiliary NMOS switch 36d. Thus, a voltage difference
occurring between the control gate and a channel region
beconmes small. As a result, a quantumtunnel effect is
not produced so that no charge can be injected into a

charge storage | ayer fromthe channel region.
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[0213] (5-2) Operation and Effect
In the above-nentioned configuration, in the non-

vol atil e sem conductor nenory device 51, a simlar effect
to that in the above-nentioned third enbodi nent can al so
be obtained. In the non-volatile sem conductor nenory
device 51, O[V] is applied to a P-type well PW in the
non-sel ected unit columm 32b, and a witing inhibition
gate voltage of 4[V] is applied to each of the non-
sel ected word lines 15b, 15d, ... in the non-selected unit
columm 32b by respectively turning on the auxiliary NMOS
switches 36b, 36d, ... during data witing.
[0214] In the non-selected unit colum 32b, 12[V] is
applied to an N-type well NW in which the PMOS switches
8b, 8d, ... are forned during data witing. However, a
vol tage difference occurring between the drains of the
PMOS switches 8b, 8d, ... and the N-type well NWM is set
to arelatively small value of 8[V] by applying a
slightly higher witing inhibition gate voltage of 4[V]
to each of the non-selected word |ines 15b, 15d,
connected to the drains of the PMOS switches 8b, 8d,
Accordi ngly, voltage | oads on the PMOS switches 8b, 8d,

. are further reduced so that reliabilities of the PMOS
switches 8b, 8d, ... can be inproved.
[ 0215] An operation of a switching nechanismin the
present enbodinent is the same as that in the above-
menti oned "(3) Third Enbodi nent”, and hence description

thereof is not repeated.
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[0216] (6) Sixth Enmbodi ment

(6-1) Data Witing Operation

In FIG 8 illustrating portions corresponding to
those illustrated in FIG 7 with the sane synbols
respectively assigned thereto, reference nuneral 55
denotes a non-vol atil e sem conductor nenory device
according to a sixth enbodi nent, which has the sane
circuit configuration as that in the above-nentioned
fifth enbodi ment but differs fromthe non-volatile
sem conductor nenory device 51 according to the above-
mentioned fifth enbodinent in ternms of a value of a
vol tage applied to each of gates of PMOS switches 8a, 8c,
... (8b, 8d, ...) and NMOS switches 9a, 9c, ... (9b, 9d, ..)
and each of values of voltages in a non-selected unit
col um 32b during data witing.
[0217] FIG 8 illustrates respective val ues of voltages
applied to portions when a nenory cell Cin the first row
and the first colum in a first unit colum 32 anong a
plurality of nmenory cells Cis taken as a sel ected nenory
cell C1 into which data is witten and all the other
menory cells C are taken as non-sel ected nenory cells C2
like in the above-nentioned fifth enbodinment. In this
case, a first PMOS control voltage of 12[V] is applied to
a first PMOS power supply line VL3, |like in the above-
mentioned fifth enbodi nent, while a second PMOS contro
vol tage of 8[V], which is higher than that in the above-

nmentioned fifth enbodinent, is applied to a second PMOS
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power supply line VL4. A voltage difference between the
first PMOS control voltage and the second NMOS contro
voltage is set to 4[V] that is snmaller than that in the
above-nentioned fifth enbodi nent.

[0218] Thus, to common PMOS control lines PGa to PGd each
connected to the first PMOS power supply line VL3 and the
second PMOS power supply line VL4 via a first inverter
circuit 24, the first PMOS control voltage of 12 [V] is
applied by the first inverter circuits 24 in non-sel ected
rows 3b and the second PMOS control voltage of 8 [V] is
applied by the first inverter circuit 24 in a selected
row 3a. Thus, a voltage anplitude between the voltage
applied to the common PMOS control line PGa in the
selected row 3a and the voltage applied to the conmon
PMOS control line PG to PGd in the non-sel ected rows 3b
is set to 4 [V] (i.e., 12 [V] - 8 [V]) so that the

vol tage anplitude can be reduced. Thus, the voltage
anpl i tude between the voltages at the gates of the PMOS
switches 8a, 8c, ... (8b, 8d, ...) respectively connected
to the common PMOS control lines PGa to PGd in the

sel ected row 3a and the non-sel ected rows 3b can be
reduced. Accordingly, a gate insulating filmcan further
be thinned.

[0219] On the other hand, a second NMOS control voltage
of O[V] is applied, like in the above-nentioned fifth
enbodi nent, to a second NMOS power supply line VL6 while

a first NMOS control voltage of 4 [V], which is | ower
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than that in the above-nentioned fifth enbodi nent, is
applied to a first NMOS power supply line VL5. A voltage
di fference between the first NMOS control voltage and the
second NMOS control voltage is set to 4 [V] that is
smal l er than that in the above-nentioned fifth enbodi nent.
[ 0220] Thus, to common NMOS control lines NGa to NGJ each
connected to the first NMOS power supply line VL5 and the
second NMOS power supply line VL6 via a second inverter
circuit 25, the first NMOS control voltage of 4 [V] is
applied by the second inverter circuits 25 in the non-
selected rows 3b while the second NMOS control voltage of
O[V] is applied by the second inverter circuit 25 in the
selected row 3a. Thus, a voltage anplitude between the
vol tage applied to the common NMOS control line NG in
the selected row 3a and the voltage applied to the common
NMOS control lines NGb to NG in the non-selected rows 3b
can be set to 4 [V] (i.e., 4[V]- 0[V]) so that the
vol tage anplitude can be reduced. Thus, the voltage
anplitude at the gates of the NMOS switches 9a, 9c (9b,
9d) respectively connected to the common NMOS contro
lines NGa to NGd in the selected row 3a and the non-
selected rows 3b can be reduced. Accordingly, a gate
insulating filmcan further be thinned.
[0221] (6-1-1) As to First Area

Wen a first area ARL is first paid attention to, in
a selected power supply unit 34a in a selected unit

colum 32a, a witing gate voltage of 12[V] is applied to
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a first power supply line 5a, and a witing inhibition
gate voltage of O[V] is applied to the other second power
supply line 6a, like in the above-nentioned fifth

enbodi nent. In this case, in the selected row 3a in

whi ch the selected nenory cell Cl is arranged, the first
inverter circuit 24 applies the second PMOS contro

vol tage of 8[V] on the second PMOS power supply line VL4
to the common PMOS control |ine PGa.

[ 0222] Thus, the PMOS switch 8a arranged in the sel ected
row 3a in the selected unit colum 32a is turned on when
the second PMOS control voltage of 8[V] is applied to its
gate fromthe conmon PMOS control |ine PGa and the
witing gate voltage of 12[V] is applied to its source
fromthe first power supply line 5a so that the witing
gate voltage of 12[V] can be applied fromits drain to a
selected word line 15a. Thus, in the first area ARL, the
sel ected nmenory cell Cl connected to a selected first bit
line Lla and a sel ected second bit |ine L2a has its one
end and the other end to which a witing voltage of 0[V]
Is applied fromthe selected first bit line Lla and the
sel ected second bit line L2a and has its control gate to
which the witing gate voltage of 12[V] is applied from
the selected word Iine 15a via the PMOS switch 8a. Thus,
a voltage difference occurring between the control gate
and a channel region becones large. As a result, a

quantum tunnel effect is produced so that a charge can be



- 118 -

injected into a charge storage |ayer fromthe channe

regi on.

[0223] Thus, the non-volatile sem conductor nenory device
55 according to the sixth enbodi nent can set, when the
PMOS swtch 8a is turned on in the selected row 3a in the
selected unit colum 32a, a voltage difference between
the second PMOS control voltage (8[V]) applied to the
gate of the PMOS switch 8a and the witing gate voltage
(12[V]) applied to the source thereof to 4[V] that is
much snmaller than that in the fifth enbodi nent.

[ 0224] The non-sel ected nenory cell C2 connected to a
non-sel ected first bit Iine L1b and a non-sel ected second
bit line L2b in the first area ARl has its one end and
the other end to which a witing inhibition voltage of
6[V] is applied fromthe non-selected first bit line L1lb
and the non-sel ected second bit line L2b, like in the
above-nentioned fifth enbodinment. Even if the witing
gate voltage of 12[V] is applied to a control gate of the
non-sel ected nenory cell C2 fromthe selected word |ine
15a, therefore, a voltage difference occurring between
the control gate and a channel region becones small. As
a result, a quantumtunnel effect is not produced so that
no charge can be injected into a charge storage | ayer
fromthe channel region.

[0225] In this case, in the selected row 3a, the second
inverter circuit 25 applies the second NMOS contro

vol tage of O[V] on the second NMOS power supply line VL6
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to the coomon NMOS control ine NG. Thus, the NMOS
switch 9a arranged in the selected row 3a in the sel ected
unit colum 32a is turned off when the second NMOS
control voltage of O[V] is applied to its gate fromthe
common NMOS control [ine NG and the witing inhibition
gate voltage of O[V] is applied to its source fromthe
second power supply line 6a so that the witing
i nhibition gate voltage can be interrupted.
[0226] An auxiliary NMOS switch 36a arranged in the
selected row 3a in the selected unit colum 32a is turned
of f because an auxiliary control voltage of O[V] is
applied to its gate froman auxiliary MOS power supply
line 7a and a witing inhibition gate voltage of O[V] is
applied to its source fromthe second power supply line
6a so that the witing inhibition gate voltage can be
interrupted, like in the above-nentioned fifth enbodi nent.
Thus, the witing gate voltage of 12[V] can be applied to
the selected word Iine 15a in the first area ARl via the
PMOS switch 8a.
[0227] (6-1-2) As to Second Area

A second area AR2 including non-selected rows 3b in
the selected unit colum 32a is then paid attention to.
In this case, in the non-selected rows 3b in which only
the non-sel ected nenory cells C2 are arranged, the first
inverter circuits 24 respectively apply the first PMOS
control voltage of 12[V] on the first PMOS power supply
line VL3 to the common PMOS control |ines PG, PCGc, and
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PGd. Thus, the PMOS switch 8c arranged in the non-
selected row 3b in the selected unit colum 32a is turned
of f when the first PMOS control voltage of 12[V] is
applied to its gate fromthe common PMOS control |ine PG
and the witing gate voltage of 12[V] is applied to its
source fromthe first power supply line 5a so that the
witing gate voltage can be interrupted.

[0228] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first
NMOS control voltage of 4[V] on the first NMOS power
supply line VL5 to the common NMOS control |ines NG, NCc,
and NGJ. Thus, the NMOS switch 9c arranged in the non-
selected row 3b in the selected unit colum 32a is turned
on when the first NMOS control voltage of 4[V] is applied
to its gate fromthe common NMOS control |ine NG and the
witing inhibition gate voltage of O[V] is applied to its
source fromthe second power supply line 6a so that the
witing inhibition gate voltage of O[V] can be applied
fromits drain to a non-selected word |ine 15c.

[ 0229] Thus, the non-volatile sem conductor nenory device
55 according to the sixth enbodi nent can set, when the
NMOS switch 9¢c is turned on in the non-selected row 3b in
the selected unit colum 32a, a voltage difference
between the first NMOS control voltage (4[V]) applied to
the gate of the NMOS switch 9¢c and the witing inhibition
gate voltage (O[V]) applied to the source thereof to 4[V]

that is nmuch smaller than that in the fifth enbodi nent.



- 121 -

[0230] Thus, in the second area AR2, the non-sel ected
menory cell C2 connected to the selected first bit |ine
Lla and the selected second bit |line L2a has its one end
and the other end to which the witing voltage of O[V] is
applied fromthe selected first bit line Lla and the

sel ected second bit line L2a while having its contro

gate to which the witing inhibition gate voltage of 0[V]
is simlarly applied fromthe non-selected word [ine 15c
via the NMOS switch 9c. Thus, the control gate and a
channel region have the sane voltage. As a result, a
quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[0231] In the second area AR2, the non-sel ected nenory
cell C2 connected to the non-selected first bit Iline L1lb
and the non-sel ected second bit Iine L2b has its one end
and the other end to which the witing inhibition voltage
of 6[V] is also applied fromthe non-selected first bit
line L1b and the non-sel ected second bit |ine L2b and has
its control gate to which the witing inhibition gate
voltage of O[V] is applied fromthe non-sel ected word
line 15c. As a result, a quantumtunnel effect is not
produced so that no charge is injected into a charge
storage | ayer fromthe channel region.

[0232] The auxiliary NMOS switch 36¢c arranged in the non-
selected row 3b in the selected unit colum 32a is turned

of f because the auxiliary control voltage of O[V] is
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applied to its gate fromthe auxiliary MOS power supply
line 7a and the witing gate voltage of O[V] is applied
to its source fromthe second power supply line 6a so
that the witing voltage can be interrupted. Thus, the
witing inhibition gate voltage of O[V] can be applied to
t he non-selected word line 15c in the second area AR2 via
the NMOS switch 9c.
[0233] (6-1-3) As to Third Area

A third area AR3 in the non-selected unit colum 32b
Is then paid attention to. In this case, in a non-
sel ected power supply unit 34b in the non-sel ected unit
colum 32b, an off voltage of 8[V] is applied to a first
power supply line 5b and a wiring inhibition gate voltage
of 4[V] is applied to the other second power supply line
6b. In this case, in the selected row 3a, the first
inverter circuit 24 applies the second PMOS contro
vol tage of 8[V] on the second PMOS power supply line VL4
to the coomon PMOS control Iine PGa. Thus, the PMOS
switch 8b arranged in the selected row 3a in the non-
selected unit colum 32b is turned off when the second
PMOS control voltage of 8[V] is applied to its gate from
the common PMOS control |line PGa and the off voltage of
8[V] is applied to its source fromthe first power supply
line 5b so that the off voltage can be interrupted.
[0234] In this case, in the selected row 3a, the second
inverter circuit 25 applies the second NMOS contro

vol tage of O[V] on the second NMOS power supply line VL6
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to the coomon NMOS control ine NG. Thus, the NMOS
switch 9b arranged in the selected row 3a in the non-
selected unit colum 32b is turned off when the second
NMOS control voltage of O[V] is applied to the gate from
the conmmon NMOS control |line NGa and the witing

i nhibition gate voltage of 4[V] is applied to its source
fromthe second power supply line 6b so that the witing
i nhibition gate voltage can be interrupted.

[0235] In this non-selected unit columm 32b, 4[V] is
applied to a P-type well PW, and an auxiliary contro
voltage of 6[V] is applied to an auxiliary MOS power
supply line 7b. Thus, an auxiliary NMOS switch 36b
arranged in the selected row 3a in the non-sel ected unit
colum 32b is turned on when the auxiliary contro
voltage of 6[V] is applied to its gate fromthe auxiliary
MOS power supply line 7b and the witing inhibition gate
voltage of 4[V] is applied to its source fromthe second
power supply line 6b so that the witing inhibition gate
vol tage can be applied fromits drain to a non-sel ected
word |ine 15b. Thus, the witing inhibition gate voltage
of 4[V] can be applied to the non-selected word |ine 15b
arranged in the selected row 3a in the third area AR3 via
the auxiliary NMOS switch 36b.

[0236] In the present enbodi nment, in the non-sel ected
unit columm 32b, a witing inhibition voltage of 6[V] is
applied to a non-selected first bit line Llc and a non-

sel ected second bit line L2c, and 4[V] is applied to a P-
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type nmenory well PW2. Thus, the non-sel ected nenory cel
C2 arranged in the selected row 3a in the third area AR3
has its one end and the other end to which the witing

i nhibition voltage of 6[V] is applied fromthe non-
selected first bit Iine Llc and the non-sel ected second
bit line L2c and has its control gate to which the
witing inhibition gate voltage of 4[V] is applied from
the auxiliary NMOS switch 36b via the non-sel ected word
line 15b. Thus, a voltage difference occurring between
the control gate and a channel region becones small. As
a result, a quantumtunnel effect is not produced so that
no charge can be injected into a charge storage | ayer
fromthe channel region.

[0237] On the other hand, in the non-sel ected rows 3b,
the first inverter circuits 24 respectively apply the
first PMOS control voltage of 12[V] on the first PMOS
power supply line VL3 to the common PMOS control |ines
PGb, PGc, and PGd. Thus, the PMOS switch 8d arranged in
t he non-selected row 3b in the non-selected unit columm
32b is turned off when the first PMOS control voltage of
12[V] is applied to its gate fromthe conmon PMOS contro
line PG and the off voltage of 8[V] is applied to its
source fromthe first power supply line 5b so that the
of f voltage can be interrupted.

[0238] In this case, in the non-selected rows 3b, the
second inverter circuits 25 respectively apply the first

NMOS control voltage of 4[V] on the first NMOS power
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supply line VL5 to the common NMOS control |ines NGy, NCc,
and NGJ. Thus, the NMOS switch 9d arranged in the non-
selected row 3b in the non-selected unit colum 32b is
turned off when the first NMOS control voltage of 4[V] is
applied to its gate fromthe conmmon NMOS control |ine NG
and the witing inhibition gate voltage of 4[V] is
applied to its source fromthe second power supply line
6b so that the witing inhibition gate voltage can be

i nterrupted.

[0239] On the other hand, an auxiliary NMOS switch 36d
arranged in the non-selected row 3b in the non-sel ected
unit columm 32b is turned on because the auxiliary
control voltage of 6[V] is applied to its gate fromthe
auxiliary MOS power supply line 7b and the witing

i nhibition gate voltage of 4[V] is applied to its source
fromthe second power supply line 6b so that the witing
i nhibition gate voltage can be applied fromits drain to
a non-selected word Iine 15d. Thus, the witing
inhibition gate voltage of 4[V] can be applied to the
non-sel ected word |ine 15d arranged in the non-sel ected
row 3b in the third area AR3 via the auxiliary NMOS
switch 36d.

[ 0240] Thus, in the non-selected row 3b in the third area
AR3, the non-selected nenory cell C2 connected to the
non-sel ected first bit Iine Llc and the non-sel ected
second bit line L2c has its one end and the other end to

which the witing inhibition voltage of 6[V] is applied
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fromthe non-selected first bit line Llc and the non-
sel ected second bit line L2c and has its control gate to
which the witing inhibition gate voltage of 4[V] is
applied fromthe auxiliary NMOS switch 36d via the non-
selected word line 15d. Thus, a voltage difference
occurring between the control gate and a channel region
beconmes snmall. As a result, a quantumtunnel effect is
not produced so that no charge can be injected into a
charge storage |ayer fromthe channel region.
[ 0241] Thus, the non-volatile sem conductor nenory device
55 according to the sixth enbodi nent can set, when the
auxi liary NMOS switches 36b and 36d are respectively
turned on in the selected row 3a and the non-sel ected row
3b in the non-selected unit colum 32b, a voltage
di fference between the auxiliary control voltage (6[V])
applied to the gates of the auxiliary NMOS sw tches 36b
and 36d and the witing inhibition gate voltage (4[V])
applied to the sources thereof to 4[V] or less that is
much smaller than that in the fifth enbodi nent.
[0242] (6-2) Operation and Effect

In the above-nentioned configuration, in the non-
vol atil e sem conductor nenory device 55, a simlar effect
to that of the above-nentioned third enbodi nent can al so
be obtained. In the non-volatile sem conductor nenory
devi ce 55 according to the sixth enbodi nent, the PMOS
switches 8b, 8d, ... and the NMOS swi tches 9b, 9d, ... need

not necessarily be turned on in the non-sel ected unit
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colum 32b. Thus, in the selected unit colum 32a,
control voltage val ues respectively required to turn on
or off the PMOS swtches 8a, 8c, ... and the NMOS switches
9a and 9c ... can be freely set. Therefore, a nmaxi num

vol tage di fference between the control voltages
respectively required to turn on or off the PMOS sw tches
8a, 8c, ..., the NMOS switches 9a, 9c, ..., and the
auxiliary NMOS switches 36a, 36c¢, ... (36b, 36d, ...) can
be set to 4[V] or less that is nuch |lower than that in
the third enbodi nent, for exanple.

[ 0243] Thus, in the non-volatile sem conductor nenory
device 55, a voltage difference occurring when the PMOS
swtches 8a, 8c, ... (8b, 8d, ..), the NMOS switches 9, 9c,
... (9b, 9d, ...), and the auxiliary NMOS sw tches 36a, 36c,
... (36b, 36d, ...) are respectively turned on or off can
be set to 4 [V] or less. Accordingly, the PMOS switches
8a, 8c, ... (8b, 8d, ...), the NMOS switches 9, 9c, ... (9b,
9d, ...), and the auxiliary NMOS switches 36a, 36c,

(36b, 36d, ...) each having a gate insulating filmthe
filmthickness of which is further decreased to 8 nn] can
be used.

[0244] In the non-selected unit colum 32b, 12[V] is also
applied to an NNtype well NM in which the PMOS switches
8b, 8d, ... are forned during data witing. However, a

vol tage difference occurring between the drains of the
PMOS switches 8b, 8d, ... and the N-type well NWM is set

to arelatively small value of 8[V] by applying a
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slightly higher witing inhibition gate voltage of 4[V]
to each of the non-selected word |ines 15b, 15d,
connected to the drains of the PMOS switches 8b, 8d,
Accordi ngly, voltage | oads on the PMOS switches 8b, 8d,

. are further reduced so that reliabilities of the PMOS

switches 8b, 8d, ... can be inproved.

[ 0245] An operation of a switching nechanismin the
present enbodinent is substantially the sane as that in

t he above-nentioned "(3) Third Enbodi nent”. However, in
t he non-sel ected power supply unit 34b having only the
non-sel ected word |ines on which only the non-sel ected
menory cells C2 are arranged anong the power supply units
34, when the NMOS switch 9d, sharing the comon NMOS
control line NGb with the NMOS switch 9c, which applies a
writing inhibition gate voltage (charge storage
inhibition gate voltage) to the non-selected word |ine
15c in the power supply unit 34 in the other colum,
exists, the NMOS switch 9d and the PMOS switch 8d are
turned off, and the auxiliary NMOS switch 36d paired with
the NMOS switch 9d is turned on, to apply a witing

i nhibition gate voltage (charge storage inhibition gate
vol tage), which has been applied to the source of the
auxiliary NMOS switch 36d fromthe second power supply
line 6b, to the non-selected word line 15d fromthe drain
of the auxiliary NMOS switch 36d. Thus, in the non-

vol ati |l e sem conduct or nmenory device 55, a charge can be
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stored in only the nenory cell C at a predeterm ned
position.
[0246] (7) Seventh Enbodi nent

(7-1) Data Witing Operation

In FIG 9 illustrating portions corresponding to
those illustrated in FIG 4 with the sane synbol s
respectively assigned thereto, reference nuneral 61
denotes a non-vol atil e sem conductor nenory device
according to a seventh enbodi nent. Besides being
characterized in that auxiliary NMOS switches 7l1a, 71c,
... (71b, 71d, ...) are provided in addition to PMOS
switches 69a, 69c, ... (69b, 69d, ...) and NMOS swi tches
70a, 70c, ... (70b, 70d, ...), the non-volatile
sem conductor nenory device 61 is characterized in that a
PMOS power supply line VPa (VPb) and an NMOS power supply
line VNa (VNb) extending in a colum direction are
provided as a unit wiring for each unit colum 62, and in
that a plurality of common power supply lines 67a, 67b
67c, and 67d extending in a row direction are provided as
a common wiring and the common power supply lines 67a to
67d connect power supply units 64 to each other. FIG 9
illustrates respective values of voltages applied to
portions when a nenory cell Cin the first row and the
first colum in the first unit colum 62 anong a
plurality of menory cells Cis taken as a sel ected nenory
cell Cl into which data is witten and all the other

menory cells C are taken as non-sel ected nenory cells C2.
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[0247] This non-vol atile sem conductor nenory device 61
is configured so that a first power supply line 65 and a
second power supply line 66 are arranged to run paralle
to each other and the first power supply Iine 65 and the
second power supply line 66 are conmon anong the
plurality of power supply units 64. |In practice, a
plurality of inverter circuits 63 are conmon between and
connected to the first power supply line 65 and the
second power supply line 66, and the common power supply
lines 67a to 67d are respectively connected to out put
portions of the inverter circuits 63. The inverter
circuits 63 can each select either one of a witing gate
vol tage of 12[V] applied to the first power supply line
65 and a witing inhibition gate voltage of O[V] applied
to the second power supply line 66 for each row and
respectively apply the selected gate voltage to the
common power supply lines 67a to 67d.

[0248] In an N-type well NWM in the power supply unit 64,
the PMOS power supply line VPa (VPb) extending in the
colum direction is forned, and the plurality of PMOS
switches 69a, 69c, ... (69b, 69d, ...) are forned along the
PMOS power supply line VPa (VPb). In practice, the PMOS
switch 69a has its gate connected to the PMOS power
supply line VPa and its source connected to the common
power supply line 67a. The PMOS switch 69a, for exanple,
has its drain connected to a word line 15, and is turned

on so that a witing gate voltage applied to the comon
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power supply line 67a can be applied fromthe drain to
the word |ine 15.

[0249] On the other hand, in a P-type well PW in the
power supply unit 64, the NMOS power supply |ine VNa
(VNb) extending in the colum direction is formed, and
the plurality of NMOS switches 70a, 70c, ... (70b, 70d,

...) are fornmed along the NMOS power supply |line VNa (VNb).
In practice, the NMOS switch 70a has its gate connected
to the NMOS power supply line VNa and its source
connected to the common power supply line 67a. The NMOS
switch 70c, for exanple, has its drain connected to a
word line 15, and is turned on so that a witing

i nhibition gate voltage applied to the common power
supply line 67b can be applied fromthe drain to a non-
selected word line 15c. During data witing, 12[V] can
be applied to the NNtype wells NWL in both the sel ected
unit colum 62a and the non-sel ected unit colum 62b.
[0250] In the P-type well PW in the power supply unit 64,
a third power supply line 68a (68b) and an auxiliary MOS
power supply line 7a (7b) are fornmed to run parallel to
the NMOS power supply line VNa (VNb), and the plurality
of auxiliary NMOS switches 71a, 71lc, ... (71b, 71d, ..)
are fornmed along the third power supply |ine 68a (68b)
and the auxiliary MOS power supply line 7a (7b). The
auxiliary NMOS switches 7l1a, 71c, ... (71b, 71d, ...) have
their respective gates connected to the auxiliary MOS

power supply line 7a (7b) and have their respective
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sources connected to the third power supply |ine 68a
(68b). Each of the auxiliary NMOS switches 71a, 7l1c,
(71b, 71d, ...) has its drain connected to the word |ine
15. The auxiliary NMOS switches 71b and 71d, for exanple,
are turned on so that a witing inhibition gate voltage
applied to the third power supply |ine 68b can be applied
fromthe drains, respectively, to the non-sel ected word

| ines 15b and 15d. During data witing, O[V] can be
applied to the P-type wells PWM in both the selected unit
colum 62a and the non-selected unit colum 62b.

[0251] In a p-type nenory wells PW, a plurality of word
lines 15 extending in the row direction are arranged with
predeterm ned spacing in the columm direction as

descri bed above. The nenory cells Cin the sane row have
their respective control gates connected to the
respective word lines 15. The P-type nenory well PW2
includes first bit Iines L1 and second bit lines L2
extending in the colum direction, and has a
configuration in which the one first bit line L1 and the
second bit line L2 adjacent to the first bit line L1 are
paired with each other and the plurality of nenory cells
C are arranged in parallel between the first bit line L1
and the second bit line L2 that run parallel to each
other. The first bit line L1 is connected to one end of
each of the nenory cells C while the second bit line L2
is connected to the other end thereof. A witing voltage

or a witing inhibition voltage, for exanple, can be
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applied to the one end and the other end, respectively,
fromthe first bit line L1 and the second bit |ine L2.
[0252] (7-1-1) As to First Area

After description is first nmade by paying attention
to a first area ARL, a second area AR2 and a third area
AR3 will be described in this order. In this case, in a
selected row 3a in which the selected nenory cell Cl is
arranged, the inverter circuit 63 connected to the first
power supply line 65 and the second power supply |line 66
applies the witing gate voltage of 12[V] on the first
power supply line 65 as a common voltage to the comon
power supply line 67a. In this case, in the selected
unit columm 62a, a first PMOS control voltage of 6[V] is
applied as a unit voltage to the PMOS power supply line
VPa so that the first PMOS control voltage can be applied
to each of the gates of the PMOS switches 69a, 69c,
[ 0253] Thus, the PMOS switch 69a arranged in the sel ected
row 3a in the selected unit colum 62a is turned on when
the first PMOS control voltage of 6[V] is applied to the
gate fromthe PMOS power supply line VPa and the witing
gate voltage of 12[V] is applied to the source fromthe
common power supply line 67a so that the witing gate
vol tage of 12[V] can be applied fromthe drain to a
sel ected word |ine 15a.
[0254] In the selected unit colum 62a, a witing voltage
of O[V] is applied to a selected first bit line Lla and a

sel ected second bit line L2a. Thus, in the first area
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ARL, the selected nenory cell Cl connected to the
selected first bit line Lla and the selected second bit
line L2a has its one end and the other end to which the
witing voltage of O[V] is applied fromthe sel ected
first bit line Lla and the selected second bit |line L2a
and has its control gate to which the witing gate
voltage of 12[V] is applied fromthe PMOS switch 69a via
the selected word |line 15a. Thus, a voltage difference
occurring between the control gate and a channel region
beconmes large. As a result, a quantumtunnel effect is
produced so that a charge can be injected into a charge
storage | ayer fromthe channel region.

[0255] In the first area ARlL, to the non-sel ected nenory
cell C2 connected to the non-selected first bit line Llb
and the non-sel ected second bit line L2b, a witing

i nhibition voltage of 6[V] is applied fromthe non-
selected first bit line L1b and the non-sel ected second
bit line L2b. Even if the witing gate voltage of 12[V]
is applied to a control gate of the non-sel ected nenory
cell C fromthe selected word line 15a, therefore, a
vol tage di fference occurring between the control gate and
a channel region becones small. As a result, a quantum
tunnel effect is not produced so that no charge can be
injected into a charge storage |ayer fromthe channe
regi on.

[0256] In this case, in the selected unit colunmm 62a, a

first NMOS control voltage of 6[V] is applied as a unit
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voltage to the NMOS power supply line VNa. Thus, the
NMOS switch 70a arranged in the selected row 3a in the
selected unit columm 62a is turned off when the first
NMOS control voltage of 6[V] is applied to the gate from
the NMOS power supply line VNa and the witing gate
voltage of 12[V] is applied to the source fromthe common
power supply line 67a so that the witing gate voltage
can be interrupted.
[0257] In this case, in the selected unit colum 62a, an
auxiliary control voltage of O[V] is applied to the
auxiliary MOS power supply line 7a. Thus, the auxiliary
NMOS switch 71a arranged in the selected row 3a in the
selected unit colum 62a is turned off when the auxiliary
control voltage of O[V] is applied to the gate fromthe
auxiliary MOS power supply line 7a and the witing
inhibition gate voltage of O[V] is applied to the source
fromthe third power supply line 68a so that the witing
i nhibition gate voltage can be interrupted. Thus, the
witing gate voltage of 12[V] can be applied to the
selected word line 15a in the first area ARL via the PMOS
switch 69a.
[0258] (7-1-2) As to Second Area

The second area AR2 including non-sel ected rows 3b
in the selected unit colum 62a is then paid attention to.
In this case, in the non-selected rows 3b in which only
the non-selected nenory cells C2 are arranged, the

inverter circuits 63 respectively apply the witing
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i nhibition gate voltage of O[V] on the second power
supply line 66 as a common voltage to the commopn power
supply lines 67b, 67c, and 67d. Thus, the PMOS switch
69c arranged in the non-selected row 3b in the sel ected
unit colum 62a is turned off when the first PMOS contro
voltage of 6[V] is applied to its gate fromthe PMOS
power supply line VPa and the witing inhibition gate
voltage of O[V] is applied to its source fromthe conmon
power supply line 67b so that the witing inhibition gate
vol tage can be interrupted.

[0259] On the other hand, the NMOS switch 70c arranged in
t he non-selected row 3b in the selected unit colum 62a
Is turned on when the first NMOS control voltage of 6[V]
is applied to its gate fromthe NMOS control |ine VNa and
the witing inhibition gate voltage of O[V] is applied to
its source fromthe conmon power supply line 67b so that
the witing inhibition gate voltage of O[V] can be
applied fromits drain to the non-selected word |ine 15c.
[ 0260] Thus, in the second area AR2, the non-sel ected
menory cell C2 connected to the selected first bit |ine
Lla and the selected second bit line L2a has its one end
and the other end to which the witing voltage of O[V] is
applied fromthe selected first bit line Lla and the

sel ected second bit line L2a while having its contro

gate to which the witing inhibition gate voltage of O[V]
is simlarly applied fromthe NMOS switch 70c via the

non-sel ected word line 15c. Thus, the control gate and a
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channel region have the sane voltage. As a result, a
quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[0261] Simlarly, in the second area AR2, the non-

sel ected nenory cell C2 connected to the non-sel ected
first bit line L1b and the non-sel ected second bit line
L2b has its one end and the other end to which the
witing inhibition voltage of 6[V] fromthe non-sel ected
first bit line L1b and the non-sel ected second bit |ine
L2b and has its control gate to which the witing
inhibition gate voltage of O[V] is applied fromthe NMOS
swtch 70c via the non-selected word line 15c. As a
result, a quantumtunnel effect is not produced so that
no charge is injected into a charge storage |ayer froma
channel region.

[0262] The auxiliary NMOS switch 71c arranged in the non-
selected row 3b in the selected unit colum 62a is turned
of f when the auxiliary control voltage of O[V] is applied
to the gate fromthe auxiliary MOS power supply line 7a
and the off voltage of O[V] is applied to the source from
the third power supply line 68a so that the off voltage
can be interrupted. Thus, the witing inhibition gate

vol tage of O[V] can be applied to the non-sel ected word
line 15c in the second area AR2 via the NMOS switch 70c.

[0263] (7-1-3) As to Third Area
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The third area AR3 in the non-selected unit colum
62b is then paid attention to. In this case, in a non-
sel ected power supply unit 64b in the non-sel ected unit
colum 62b, a second PMOS control voltage of 12[V] is
applied to the PMOS power supply line VPb. In this case,
in the selected row 3a, the inverter circuit 63 applies
the witing gate voltage of 12[V] on the first power
supply line 65 to the comon power supply line 67a. Thus,
the PMOS switch 69b arranged in the selected row 3a in
the non-selected unit colum 62b is turned off when the
witing gate voltage of 12[V] is applied to its source
fromthe comon power supply line 67a while the second
PMOS control voltage of 12[V] is applied to its gate from
the PMOS power supply line VPb so that the witing gate
vol tage can be interrupted.

[0264] In this case, in the non-selected unit columm 62b,
a second NMOS control voltage of O[V] is applied to the
NMOS power supply line VNb. Thus, the NMOS switch 70b
arranged in the selected row 3a in the non-selected unit
colum 62b is turned off when the witing gate voltage of
12[V] is applied to its one end fromthe common power
supply line 67a while the second PMOS control voltage of
O[V] is applied to its gate fromthe NMOS power supply
line VNb so that the witing gate voltage can be

i nterrupted.

[0265] In the non-selected unit colum 62b, an auxiliary

control voltage of 8[V] is applied to the auxiliary MOXS
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power supply line 7b, and a witing inhibition gate
voltage of 6[V] is applied to the third power supply line
68b. Thus, the auxiliary NMOS swtch 71b arranged in the
selected row 3a in the non-selected unit colum 62b is
turned on when the auxiliary control voltage of 8[V] is
applied to the gate fromthe auxiliary MOS power supply
line 7b and the witing inhibition gate voltage of 6[V]
is applied to the source fromthe third power supply |ine
68b so that the witing inhibition gate voltage can be
applied fromthe drain to the non-selected word |ine 15b.
Thus, the witing inhibition gate voltage of 6[V] can be
applied to the non-selected word Iine 15b arranged in the
selected row 3a in the third area AR3 via the auxiliary
NMOS switch 71b

[0266] In the present enbodi nment, in the non-sel ected

unit columm 62b, a witing inhibition voltage of 6[V] is
applied to the non-selected first bit line Llc and the
non-sel ected second bit line L2c, and 6[V] is also
applied to the P-type nenory well PW2 to match this.

Thus, the non-selected nenory cell C2 arranged in the
selected row 3a in the third area AR3 has its one end and
the other end to which the witing inhibition voltage of
6[V] is applied fromthe non-selected first bit line Llc
and the non-sel ected second bit line L2c and has its
control gate to which the witing inhibition gate voltage
of 6[V] is applied fromthe auxiliary NMOS switch 71b via

the non-selected word |ine 15b. Thus, the control gate
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and a channel region have the sane voltage. As a result,
a quantum tunnel effect is not produced so that no charge
can be injected into a charge storage |ayer fromthe
channel region.

[0267] On the other hand, the PMOS switch 69d arranged in
the non-selected row 3b in a |l ower stage of the non-
selected unit columm 62b is turned off because the second
PMOS control voltage of 12[V] is applied to its gate from
the PMOS power supply line VPb and the witing inhibition
gate voltage of O[V] is applied to its source fromthe
common power supply line 67b so that the witing

i nhibition gate voltage of O[V] can be interrupted.

[0268] In this case, the NMOS switch 70d arranged in the
non-sel ected row 3b in the non-selected unit colum 62b
Is turned off when the second NMOS control voltage of

O[V] is applied to its gate fromthe NMOS power supply
line VNb and the witing inhibition gate voltage of 0[V]
is applied to its source fromthe comon power supply
line 67b so that the witing inhibition gate voltage of
O[V] can be interrupted.

[0269] On the other hand, the auxiliary NMOS switch 71d
arranged in the non-selected row 3b in the non-sel ected
unit columm 62b is turned on because the auxiliary
control voltage of 8[V] is applied to the gate fromthe
auxiliary MOS power supply line 7b and the witing
inhibition gate voltage of 6[V] is applied to the source

fromthe third power supply line 68b so that the witing
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i nhibition gate voltage of 6[V] can be applied fromthe
drain to the non-selected word |ine 15d. Thus, the
witing inhibition gate voltage of 6[V] can al so be
applied to the non-selected word Iine 15d arranged in the
non-sel ected row 3b in the third area AR3 via the
auxiliary NMOS switch 71d.
[ 0270] Thus, the non-sel ected nenory cell C2 arranged in
t he non-selected row 3b in the third area AR3 has its one
end and the other end to which the witing inhibition
voltage of 6[V] is applied fromthe non-selected first
bit Iine Llc and the non-sel ected second bit |ine L2c and
has its control gate to which the witing inhibition gate
voltage of 6[V] is applied fromthe auxiliary NMOS switch
71d via the non-selected word line 15d. Thus, the
control gate and a channel region have the sane voltage.
As a result, a quantumtunnel effect is not produced so
that no charge can be injected into a charge storage
| ayer fromthe channel region.
[0271] (7-2) Operation and Effect

In the above-nentioned configuration, the non-
vol ati |l e sem conductor nmenory device 61 includes the
plurality of word lines 15 forned in a matrix, the
plurality of nmenory cells C connected to the respective
word lines 15, the first bit lines L1 and the second bit
lines L2 each capable of applying a selective voltage to
the plurality of nenory cells C, and the plurality of

power supply units 64 provided to respectively correspond
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to word line colums. The PMOS switches 69a, 69c,

(69b, 69d, ...), the NMOS switches 70a, 70c, ... (70b, 70d,
...), and the auxiliary NMOS switches 71a, 71c, ... (71b,
71d, ...) are provided in each of the power supply units

64 to respectively correspond to the word |lines 15, and
the comon power supply lines 67a to 67d respectively
connect the sources of the PMOS switches 69a and 69b, 69c
and 69d, ... and the NMOS swi tches 70a and 70b, 70c and
70d, ... in the same row in the power supply unit 64.
[0272] The power supply unit 64 includes the PMOS power
supply line VPa (VPb) connected to the gates of the PMOS
switches 69a, 69c, ... (69b, 69d, ...) in the same col umm
and the NMOS power supply line VNa (VNb) connected to the
gates of the NMOS switches 70a, 70c, ... (70b, 70d, ...) in
the sane colum, so as to respectively connect the drains
of the PMOS switches 69a, 69c, ... (69b, 69d, ...) and the
NMOS switch 70a, 70c, ... (70b, 70d, ...) to the word lines
15. Further, each of the power supply units 64 incl udes
the auxiliary MOS power supply line 7a (7b) and the third
power supply line 68a (68b) extending in the colum
direction, and the third power supply line 68a (68b) is
connected to the word lines 15, respectively, via the
auxiliary NMOS switches 71a, 71c, ... (71b, 71d, ..)).
[0273] During data witing, in the sel ected power supply
unit 64a, the PMOS switch 69a is turned on due to a

vol tage di fference occurring between the PMOS power

supply line VPa and the common power supply line 67a in
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the selected row 3a, to apply a witing gate voltage to
the selected word Iine 15a while the NMOS switch 70c is
turned on due to a voltage difference occurring between
the NMOS power supply line VNa and the conmon power
supply line 67a, to apply a witing inhibition gate
voltage to the non-selected word line 15¢c. On the other
hand, during data witing, in the non-sel ected power
supply unit 64b, in the selected row 3a and the non-
selected row 3b, the auxiliary NMOS switches 71b, 71d,
are turned on due to a voltage difference occurring

bet ween the auxiliary MOS power supply line 7b and the
third power supply line 68b, to apply a witing
inhibition gate voltage to all the non-sel ected word

l'i nes 15b, 15d,

[0274] Thus, in the non-sel ected power supply unit 64b,
the auxiliary NMOS switches 71b, 71d, ... are

I ndependently turned on wi thout being constrained by the
sel ected power supply unit 64a so that a witing
inhibition gate voltage applied to the third power supply
line 68b can be applied to all the non-sel ected word
l'ines 15b, 15d, ... separately fromthe sel ected power
supply unit 64a. Thus, in the non-vol atile sem conduct or
menory device 61, a value of a witing inhibition gate
vol tage, a value of a voltage applied to the P-type
menory well PW2 at that time, and val ues of voltages
applied to the non-selected first bit line Llc and the

non-sel ected second bit line L2c can be respectively
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freely set, w thout being constrained by the sel ected
power supply unit 64a in the one word |line colum, to
vol t age val ues at which occurrence of disturbance can be
suppressed in the non-selected nmenory cells C2, for
exanpl e, in the non-sel ected power supply unit 64b in the
ot her word |ine col um.
[0275] In the present enbodi ment, in the non-sel ected
power supply unit 64b, a witing inhibition gate voltage
applied to the non-selected word Iines 15b, 15d, ... can
be set to a | ow voltage of 6[V], and all a value of a
vol tage applied to the p-type nenory well PW2 and val ues
of voltages applied to the non-selected first bit line
Llc and the non-sel ected second bit [ine L2c can be set
to the sanme voltage of 6[V]. Even if an operation for
witing data into the selected nenory cell Cl1 in the
selected unit colum 62a is repeated, occurrence of
di sturbance can be suppressed w thout affecting each of
the non-selected nenory cells C2 in the non-selected unit
col um 62b
[0276] I n the non-vol atile sem conductor nenory device 61,
control voltages to be respectively applied to the PMOS
power supply line VPa (VPb) and the NMOS power supply
line VNa (VNb) can be freely set in a range in which the
PMOS swi tches 69a, 69c, ... and the NMOS switches 70a, 70c,
. can be turned on, as needed in the selected power
supply unit 64a. Thus, in this non-volatile

sem conductor nenory device 31, a voltage difference
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bet ween the control voltages respectively applied to the
PMOS power supply line VPa (VPb) and the NMOS power
supply Iine VNa (VNb) in the sel ected power supply unit
64a and the non-sel ected power supply unit 64b can be set
to arelatively low voltage of 6[V]. Thus, a voltage
| oad on each of the gates of the PMOS switches 69a, 69c,
. and the NMOS switches 70b, 70c, ... can be reduced.
Accordingly, a gate oxide filmcan further be thinned.
[0277] 1 n the non-vol atile sem conductor nenory device 61,
the PMOS power supply line VPa (VPb) and the NMOS power
supply line VNa (VNb) are individually provided,
respectively, for each of the power supply units 64.
However, the plurality of common power supply |ines 67a
to 67d connect the power supply units 64 to each other.
Hence, val ues of voltages applied to the comobn power

supply lines 67a to 67d are adjusted for the rows to turn

on or off the PMOS switches 69a, 69c, ... (69b, 69d, ..),
the NMOS switches 70a, 70c, ... (70b, 70d, ...), and the
auxiliary NMOS switches 71a, 71c, ... (71b, 71d, ..., as

needed, so that the selected word |line 15a can be
selectively determ ned anong all the word lines 15. Thus,
the non-vol atil e sem conductor nmenory device 61 can al so
be mniaturized, like in the conventional technique,
because i ndependent rowdirection address decoders need
not be respectively provided for the word |ine colums

(P-type nmenory wells PW2).
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[0278] To sunmari ze an operation of a switching nechani sm
bel ow, in the selected power supply unit 64a to which the
selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 64,
when the NMOS switch 70a having the source to which a
witing gate voltage (charge storage gate voltage) is
applied fromthe comon power supply line 67a and the
auxiliary NMOS switch 71a connected to the third power
supply line 68a are turned off, and the PMOS switch 69a
havi ng the source to which a witing gate voltage (charge
storage gate voltage) is applied fromthe common power
supply line 67a is turned on, to apply a witing gate

vol tage (charge storage gate voltage) to the sel ected
word line 15a fromthe drain of the PMOS switch 69a.
[0279] In the selected power supply unit 64a to which the
selected word Iine 15a on which the sel ected nenory cel
Cl exists is connected anong the power supply units 64,
when a witing inhibition gate voltage (charge storage
inhibition gate voltage) is applied to the non-sel ected
word |ine 15c on which only the non-selected nenory cells
C2 are arranged, the PMOS switch 69c having the source to
which a witing inhibition gate voltage (charge storage
inhibition gate voltage) is applied fromthe comobn power
supply line 67b and the auxiliary NMOS switch 71c
connected to the third power supply line 68a are turned
of f, and the NMOS switch 70c having the source to which a

writing inhibition gate voltage (charge storage
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i nhibition gate voltage) is applied fromthe comon power
supply line 67b is turned on, to apply a witing

I nhibition gate voltage (charge storage inhibition gate
voltage) to the non-selected word line 15c fromthe drain
of the NMOS switch 70c.

[0280] In the non-sel ected power supply unit 64b havi ng
only the non-selected word |ine on which only the non-
selected nenory cells C2 are arranged anong the power
supply units 64, when the PMOS switch 69b, sharing the
common power supply line 67a with the PMOS switch 69a,
whi ch applies a witing gate voltage (charge storage gate
voltage) to the selected word |ine 15a in the power
supply unit 64 in the other colum, exists, the PMOS
switch 69b and the NMOS switch 70b are turned off, and
the auxiliary NMOS switch 71b paired therewith is turned
on, to apply a witing inhibition gate voltage (charge
storage inhibition gate voltage), which has been applied
to the source of the auxiliary NMOS switch 71b fromthe
third power supply line 68b, to the non-sel ected word
line 15b fromthe drain of the auxiliary NMOS switch 71b.
[0281] In the non-sel ected power supply unit 64b havi ng
only the non-selected word |ine on which only the non-
sel ected nmenory cells C2 are arranged anong the power
supply units 64, when the NMOS switch 70d, sharing the
common power supply line 67b with the NMOS switch 70c,
whi ch applies a witing inhibition gate voltage (charge

storage inhibition gate voltage) to the non-sel ected word
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line 15c in the power supply unit 64 in the other col um,
exi sts, the NMOS switch 70d and the PMOS switch 69d are
turned off, and the auxiliary NMOS switch 71d paired
therewith is turned on, to apply a witing inhibition
gate voltage (charge storage inhibition gate voltage),
whi ch has been applied to the source of the auxiliary
NMOS switch 71d fromthe third power supply line 68b, to
the non-selected word |line 15d fromthe drain of the
auxiliary NMOS switch 71d. Thus, in the non-volatile
sem conductor nenory device 61, a charge can be stored in
only the nmenory cell C at a predeterm ned position.
[0282] (11) As to Breakdown Voltage Structure of NMOS
Switch

The non-vol atil e sem conductor nenory device 21
according to the second enbodinent illustrated in FIG 2
anong the above-nentioned first to seventh enbodi nents is
paid attention to as one exanple, to describe a breakdown
vol tage structure of NMOS switches 9a, 9c, ... (9b, 9d,
...) in the non-volatile sem conductor nenory device 21.
In this case, the NMOS switches 9a, 9c, ... (9b, 9d, ..)
in each of the power supply units 4 have their respective
one ends connected to the second power supply |ine 6a
(6b) and the other ends connected to the word |ines 15,
and further have their respective gates connected to the
common NMOS control lines NGa to NG.
[0283] In the NMOS switches 9a, 9c, ... (9b, 9d, ..), a
control voltage of either one of O[V] and 8[V] is applied
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to the gates via the common NMOS control lines NGa to N&
and O[V] is applied to the P-type wells PW during data
witing and data erasure. Thus, a maxi mum voltage
difference at the gates fromthe P-type well PW can be
set to arelatively |low voltage of 8[V]. In the NMOS
switches 9a, 9c, ... (9b, 9d, ...), a voltage of either one
of O[V] and 6[V] is applied to their sources via the
second power supply line 6a (6b) and O[V] is applied to
the P-type well PWL during data witing and data erasure.
Thus, a maxi nrum voltage difference at the sources from
the P-type well PWL can be set to a relatively | ow

vol tage of 6[V].

[0284] As descri bed above, in the NMOS switches 9a, 9c,

... (9b, 9d, ...), the maxinmum vol tage difference at the
gates fromthe P-type well PW is 8[V], and the nmaxi num
vol tage difference at the sources thereof fromthe P-type
well PW is 6[V]. Thus, the NMOS switches 9a, 9c, ... (9b,

9d, ...) may have a breakdown voltage structure of 8[V]

that is the maxi mum voltage difference. Accordingly, a
gate insulating filmcan further be thinned. At the sane
time, a maxi mum voltage difference between voltages
respectively applied to the common NMOS control |ines NGa
to NGd and the conmon PMOS control lines PGa to P& is
8[V] in the non-volatile senm conductor nenory device 21.
Thus, a peripheral NMOS transistor used for a peripheral

circuit can also have a transistor configuration in which
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a gate insulating filmis thinned to match the maxi num
vol tage difference of 8[V].

[ 0285] However, in the NMOS switches 9a, 9c, ... (9b, 9d,
...), the maxi mum voltage difference occurring between the
gates and the P-type well PW and the maxi num vol t age

di fference occurring between the sources and the P-type
well PWL are 8[V] while a maxi num voltage difference at
their drains fromthe P-type well PWM is 12[V]. That is,
in the NMOS switch in the selected row 3a in the sel ected
unit colum 2a anong the NMOS switches 9a, 9c, ... (9b, 9d,
...), awiting gate voltage of 12[V] is applied to the

sel ected word |line 15a connected to the drain. Thus, the
NMOS switch on the drain side needs to have a high
breakdown voltage structure to nmatch a high witing gate
vol tage of 12[V]. Therefore, the non-volatile

sem conductor nenory device 21 according to the present

I nvention desirably uses NMOS switches 100, 115, 117, 120,
123, 131, and 135 each having a hi gher breakdown voltage
structure on the drain side connected to the word line 15
than that on the source side, as illustrated in FIGS. 10
and 11.

[0286] FIGS. 10 and 11 are cross-sectional views
illustrating a side sectional configuration of a

peri pheral NMOS transistor 101 constituting a peripheral
circuit and the NMOS switches 100, 115, 117, 120, 123,
131, and 135 (corresponding to the NMOS switches 9a and
9c (9b and 9d) illustrated in FIG 2) provided in the
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non-vol atil e sem conductor nenory device 21. FIGS. 10
and 11 respectively illustrate the NMOS switches 100, 115,
117, 120, and 123 each having a hi gher breakdown voltage
structure on the drain side connected to the word line 15
than that on the source side and having a breakdown

vol tage structure that is asymmetrical on the drain side
and the source side, the NMOS switch 131 having a wel
concentration that is made | ow, and the NMOS switch 135
having a gate insulating filmthe whole of which is
thickened. In this case, as illustrated in FIGS. 10 and
11, in the peripheral NMOS transistor 101, a voltage

di fference on the common NMOS control [ines NGa to NGd in
the non-vol atil e sem conductor nmenory device 21 is set to
8[V] or less. Thus, a voltage difference between

vol tages applied to match the voltage difference is 8[V].
Therefore, a voltage |load is reduced. Accordingly, the
gate insulating film105a can further be thinned.

[0287] In practice, in the peripheral NMOS transistor
101, a gate insulating film 105a is provided on a P-type
wel | 102 between a source 103a and a drain 103b, and a
channel region is forned between a source-si de extension
portion 104a at an end of the source 103a and a drai n-

si de extension portion 104b at an end of the drain 103b.
The peripheral NMOS transistor 101 has a configuration in
which a gate 106a is forned on the channel region in the
P-type well 102 serving as a sem conductor substrate with

the gate insulating film 105a interposed therebetween.
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The gate insulating film 105a between the P-type well 102
and the gate 106a can be thinned by being fornmed to have
a filmthickness of 12[nnm to match a maxi num vol t age

di fference of 8[V] or less on the conmon NMOS control
lines NGa, NCGc, and NG so that the gate insulating film
105a can be thinned.

[0288] On the other hand, as illustrated in FIG 10A, the
NMOS switch 100 has an asymmetrical breakdown vol t age
structure having a hi gher breakdown voltage structure on
the drain side connected to the word Iine 15 than that on
the source side, and differs fromthe peripheral NMOS
transistor 101 in that an inmpurity concentration of a
drai n-side extension portion 110 forned at an end of a
drain 103d is nade |lower than an inpurity concentration
of a source-side extension portion 104c. In practice, in
the NMOS switch 100, a source 103c and the drain 103d are
formed with predeterm ned spacing in a P-type well 102,
and a gate insulating film 105b is provided on the P-type
wel | 102 between the source 103c and the drain 103d. In
the P-type well 102, the source-side extension portion
104c is fornmed at an end of the source 103c while the
drai n-side extension portion 110 is fornmed at an end of
the drain 103d, a channel region is forned between the
sour ce-si de extension portion 104c and the drain-side
extension portion 110, and a gate 106b is provided on the
channel region with the gate insulating film 105b

I nt er posed t her ebet ween.
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[0289] The NMOS switch 100 corresponds to the NMOS swi tch
9a (9b, 9c, 9d, ...) illustrated in FIG 2. Thus, O[V] or
8[V] is applied to the gate 106b, O[V] or 6[V] is applied
to the source, and O[V] is further applied to the P-type
wel | 102, for exanple, during data witing. Thus, in the
NMOS switch 100, a maxi mum vol tage difference occurring
bet ween the gate and the P-type well 102 and a maxi num
vol tage di fference occurring between the source and the
P-type well 102 are suppressed to 8 [V] or |ess.
Therefore, the gate insulating film 105b between the gate
and the P-type well 102 can be thinned by being forned to
have a fil mthickness of 12[nnj.

[0290] On the other hand, in this NMOS switch 100, the
word Iine 15 is connected to the drain, as described
above, and thus a witing gate voltage of 12[V] and a
witing inhibition gate voltage of O[V] are applied
thereto during data witing. As a result, the NMOS
switch 100 needs to have a breakdown voltage structure
for a maxi num voltage difference of 12[V] on the drain
side. Therefore, in the NMOS swtch 100, the drain-side
extension portion 110 having a low i npurity concentration
is provided so that a voltage can be lowered in the

drai n-si de extension portion 110. Thus, the NMOS swi tch
100 is adapted so that the gate insulating film 105b can
be thinned by being forned to have a filmthickness of

12[nn], simlarly to the peripheral NMOS transistor 101,
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whi | e having a breakdown voltage structure for the

vol tage difference of 12[V] on the drain side.

[0291] Then, the NMOS switch 115 illustrated in FIG 10B
simlarly has an asymmetrical breakdown voltage structure
havi ng a hi gher breakdown voltage structure on the drain
side connected to the word |ine 15 than that on the
source side, and has an offset structure in which a drain
103d is formed away froma gate 106b. In practice, the
NMOS switch 115 is adapted so that spacing between a
source 103c and the drain 103d is nade w der, a drain-
side extension portion 104d is forned over an area, which
is two to three tinmes wider than a source-side extension
portion 104c, and accordingly the gate 106b is far apart
fromthe drain 103d, as conpared with the above-nenti oned
NMOS switch 100, and a gate insulating film 105b can be
thinned by being fornmed to have a filmthickness of
12[nm], simlarly to the peripheral NMOS transistor 101,
while alleviating an effect of a maxi num vol tage

di fference of 12[V] occurring on the side of the drain
103d.

[0292] Then, the NMOS switch 117 illustrated in FIG 10C
has a simlar asymetrical breakdown voltage structure to
t he above, has an offset structure in which a drain 103d
is formed away froma gate 106b while differing fromthe
above-nenti oned NMOS switch 115 in that a sidewall in a
side part of a gate insulating film105b is forned to

cover the whol e of a drain-side extension portion 104d
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extending over a wde area. The NMOS switch 117 havi ng
such a configuration is also adapted so that the gate
insulating film 105b can be thinned by being forned to
have a fil mthickness of 12[nn], simlarly to the

peri pheral NMOS transistor 101, while alleviating an
effect of a maxi num voltage difference of 12[V] occurring
on the side of the drain 103d because the drain 103d is
far apart fromthe gate 106b

[ 0293] Then, the NMOS switch 120 illustrated in FIG 11A
has a simlar asymetrical breakdown voltage structure to
t he above, includes a gate insulating film 105b having a
filmthickness of 12[nm, for exanple, while having a
configuration in which a gate insulating film
(hereinafter referred to as a thick-filmgate oxide film
105f having a larger filmthickness than that of the gate
insulating film105b. 1In practice, the NMOS switch 120
is adapted so that a step portion recessed upward is
formed at a bottom end, positioned on the side of the
drain 103d, of a gate 106c, the gate 106c and the P-type
wel | 102 separate from each ot her because the bottom of
the gate 106c is recessed to be far apart fromthe P-type
well 102 so that an effect of a nmaxi mum vol t age

di fference of 12[V] occurring on the side of a drain 103d
can be alleviated and the gate insulating film 105b on
the side of a source 103c can be thinned by being forned

to have a fil mthickness of 12[nnj.
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[0294] Then, in the NMOS switch 123 illustrated in FIG
11B, a source 103c and a drain 103e are fornmed with
predeterm ned spacing in a P-type well 124 having a | ower
wel | concentration than a well concentration of the P-
type well 102 in the peripheral NMOS transistor 101. A
source-si de extension portion 104c is forned at an end of
the source inside the P-type well 124, and anot her
extension portion 125 having a different inpurity
concentration is formed to cover the source 103c and the
sour ce-si de extension portion 104c.

[ 0295] An enbedded oxide film 105g is formed at an end of
the drain 103e in the P-type well 124, a drain-side
extension portion 126 is formed on the bottons of the
drain 103e and the enbedded oxide film 105g, and a
channel region is forned between the extension portion
125 on the source side and the enbedded oxide film 105g.
The enbedded oxide film 1059 in the P-type well 124 is
formed at a position, opposing a | ow end positioned on
the side of the drain 103e, of a gate 106d, the gate 106d
is far apart fromthe drain 103e and the drain-side
extension portion 126 because the enbedded oxide film
105g is provided so that the gate insulating film 105b
can be thinned by being forned to have a filmthickness
of 12[nn] while an effect of a maxi mum voltage difference
of 12[V] occurring on the side of the drain 103e is

al |l evi at ed.
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[0296] In addition, a breakdown voltage structure for a
maxi mum vol t age difference of 12[V] occurring on the side
of a drain 103d nmay be a configuration in which a well
concentration of a P-type well 132 is selected to be
| oner than a well concentration of the P-type well 102 in
the peripheral NMOS transistor 101, for exanple, to raise
a breakdown voltage itself between a source 103c and a
drain 103d, like in the NMOS switch 131 illustrated in
FIG 11C, or a configuration in which a gate insulating
film105h is selected to have a large filmthickness,
like in the NMOS switch 135 illustrated in FIG 11D
[0297] (12) M xed Chip Using Non-vol atile Sem conduct or
nmenory devi ce

FIG 12 illustrates a m xed chip 201 using a
conventional non-vol atile sem conductor nenory device 212
(EEPRPM or Flash, witten as "EEPRPM Fl ash”) and a m xed
chip 251 using a non-vol atil e sem conductor nenory device
255 according to the present invention (corresponding to
t he above-nenti oned non-vol atil e sem conduct or nmenory
devices 1, 21, 27, 31, 38, 41, 51, 55, 61, witten as
"EEPRPM Fl ash"™). In this case, in the conventional m xed
chip 201, a large nunber of external connection
el ectrodes 203 such as bondi ng pads are arranged at a
peri pheral edge of a substrate 202, and a logic circuit
power supply 207, a CPU (Central Processing Unit) 208, an
analog circuit 209, the non-volatile sem conductor nenory

device 212, and a RAM (Random Access Menory) 210 are
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provided in an inside region surrounded by the externa
connection el ectrodes 203.

[0298] In practice, in the conventional m xed chip 201,
the logic circuit power supply 207, the CPU 208, the RAM
210, and a peripheral circuit 211 in the non-volatile
sem conduct or nenory device 212 can constitute an area
AR10 including a thin filmtransistor having a breakdown
vol tage corresponding to a logic circuit voltage of 1.2
[V], for exanple, applied by the logic circuit power
supply 207. In the conventional m xed chip 201, the
analog circuit 209 can constitute an area ARL1l i ncl uding
a transistor having a breakdown voltage corresponding to
an interface voltage of 5.0[V] or 3.3[V], for exanple.
Further, in the conventional mxed chip 201, the non-

vol atil e sem conductor nenory device 212 can constitute
an area AR12 including a thin filmtransistor having a
br eakdown voltage corresponding to a rewitable gate

vol tage of 12[V] or 10[V], for exanple.

[ 0299] Thus, the conventional m xed chip 201 generally

i ncl udes an area AR10 including a | ow vol tage transistor
having a gate insulating filmwith a filmthickness of
3[nn], for exanple, as a breakdown voltage structure for
alogic circuit voltage of 1.2[V] and an area ARl1l
including a 5[V] transistor having a gate insulating film
with a filmthickness of 12[nn], for exanple, as a
breakdown voltage structure for an interface voltage of

5.0[V] or 3.3[V]. In this case, the conventional m xed
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chip 201 contains the non-volatile sem conductor nenory
device 212, although the filmthickness of the gate
insulating filmcan be decreased to approximately 12[ nm
using a lowvoltage transistor configuration in the area
AR1O or the area ARl1l, so that a high-voltage transistor
with a filmthickness of 18[nn] needs to be new y added,
for exanple, to match a breakdown voltage structure of
the non-vol atil e sem conductor nenory device 212, the
nunber of manufacturing nmasks correspondi ngly increases.
Accordi ngly, the process cost also further increases.
[0300] On the other hand, in the non-volatile

sem conductor nenory device 255 according to the present
invention, a witing gate voltage of 12[V] or 10[V], for
exanple, is applied to the word line 15 during data
witing. However, voltage anplitudes in the PMOS
switches 8a, 8c, ... (8b, 8d, ...) and the NMOS sw tches 9a,
9c, ... (9b, 9d, ...) can be set to 8[V] or l|less. Thus,
electric fields applied to the PMOS switches 8a, 8c,

(8b, 8d, ...), the NMOS switches 9a, 9c, ... (9b, 9d, ..),
first and second PMOS control voltage generation circuits,
and first and second NMOS control voltage generation
circuits can be reduced.

[0301] As a result, in the mxed chip 251 using the non-
vol ati |l e sem conductor nmenory device 255 according to the
present invention, a standard 5[V] transistor can be used
as a circuit, which handles a rewiting gate voltage or

the like, while using a witing gate voltage or a witing
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i nhibition gate voltage as they are, and the non-vol atile
sem conduct or nenory device 255 serving as a Flash nenory
or an EEPROM can be nounted w thout addi ng a dedi cated
hi gh-vol t age transi stor.
[0302] (13) Another Enbodi nent

While in the above-nentioned enbodi nents the voltage
val ues during data witing and data erasure are clearly
witten in FIGS. 1 to 12, the present invention is not
limted to this. Various voltage values nmay be used.
For exanple, the voltage values, for exanple, the witing
gate voltage of 10[V] may be changed, as needed. A case
where two types of MOS switches such as the PMOS switches
8a, 8c, ... (8b, 8d, ...) and the NMOS sw tches 9a, 9c,
(9b, 9d, ...) constitute a switching mechani sm has been

descri bed in the second enbodi nent and the third

enbodi nent, for exanple, the present invention is not
limted to this. Only the PMOS switches may constitute
the swi tching nmechanism or the NMOS swi tches may
constitute the sw tching nechanism

[ 0303] Furthernore, a case where an SONCS (Silicon-Oxide-
Nitride-Oxide-Silicon)-type nenory cell C capabl e of
storing a charge in a silicon nitride filmlayer is
applied as a nmenory cell capable of storing a charge in a
charge storage | ayer has been described in the above-
ment i oned enbodi nents, however, the present invention is
not limted to this. For exanple, various nmenory cells

such as a stack-type nenory cell in which polycrystalline
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silicon (polysilicon) having a conductive property is
formed on a tunnel oxide filmand a charge is stored in
its floating gate may be used.
[ 0304] Furthernore, a case where all values of the
vol tages applied to the non-selected word |ines 15b, 15d,
..., the P-type nmenory well PW2, the non-selected first
bit Iine Llc, and the non-sel ected second bit Iline L2c in
t he non-selected unit colum 2b are nade the sane has
been described in the first enbodi nent and the |ike, for
exanple. On the other hand, a case where a voltage
di fference between the voltages applied to the non-
selected word |ines 15b, 15d, ... and the P-type nenory
well PW2 and the voltages applied to the non-sel ected
first bit line Llc and the non-sel ected second bit line
L2c in the non-selected unit colum 32b is set to 2[V]
has been described in the fifth enbodi nent. However, the
present invention is not limted to these. A voltage
di fference between the voltages respectively applied to
the non-sel ected word |ines 15b, 15d, ... and the P-type
menory well PW2 in the non-selected unit colums 2b, 32b,
.is set to 1[V] or less, or a voltage difference
bet ween the voltages applied to the non-sel ected word
lines 15b, 15d, ... and the P-type nenory well PW2 and the
vol tages applied to the non-selected first bit line Llc
and the non-sel ected second bit line L2c may be set to
1[V] or less. In other words, if no charge is stored in

the non-selected nenory cell C2 in the non-selected unit
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columms 2b, 32b, ..., the voltage difference may be set to

various other val ues.

[ 0305] Furthernore, in the second enbodi nent, the voltage
anpl i tudes of the control voltages applied to the common
PMOS control lines PGa to PGd and the common NMOS contr ol
lines NGa to NG may be set to 8[V] or less. In the
third enbodi nent, the voltage anplitudes of the contro
vol tages applied to the conmon PMOS control lines PG to
PGd and the commobn NMOS control lines NGa to NGd may be
set to 6[V] or less. In the fifth enbodi nent, the

vol tage anplitudes of the control voltages applied to the
common PMOS control lines PGa to PGd and the conmon NMOS
control lines NGa to NGd may be set to 6[V] or less. In
the sixth enbodi ment, the voltage anplitudes of the
control voltages applied to the conmmon PMOS control |ines
PGa to PGd and the common NMOS control |ines NGa to NG
may be set to 4[V] or less. In addition, if the voltage
anpl i tudes of the control voltages applied to the common
PMOS control line PGa to PGd and the conmon NMOS contr ol
lines NGa to NG are sel ected between the witing gate
voltage (e.g., 12[V]) applied to the sel ected nenory cel
Cl and the mnimumwiting inhibition gate voltage (e.g.,
O[V]) applied to non-selected nenory cell C2, the voltage
anpl i tudes may be selected to various val ues.

[0306] Furthernore, in the above-nentioned first to
sevent h enbodi nents, the operation and the effect in the

present invention have been described for each of the
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enbodi nents. However, in another enbodi nent having the
sanme configuration as that in one of the enbodi nents, the
operation and the effect described in the one enbodi nent
are naturally be produced even if not described in the

ot her enbodi nent.

Ref erence Si gns Li st

[0307] 1, 21, 27, 31, 38, 41, 51, 55, 61 non-volatile
sem conduct or nenory device

2 unit colum

4, 34, 44, 64, 78 power supply unit

5a, 5b first power supply line (unit wring)

6a, 6b second power supply line (unit wring)

7a, 7b, 45a, 45b auxiliary MOS power supply line
(auxiliary switching power supply line)

8a, 8b, 8c, 8d, 69a, 69b, 69c, 69d PMOS switch

(swi tching mechani sm

9a, 9b, 9c, 9d, 70a, 70b, 70c, 70d NMOS swtch
(swi t chi ng nechani sm

15 word line

36a, 36b, 36¢, 36d, 7la, 71b, 71c, 71d auxiliary NMOS
switch (auxiliary swtch)

46a, 46b, 46c¢c, 46d auxiliary PMOS switch (auxiliary
swi t ch)

C nenory cel

Cl, C3 selected nenory cel

C2, C4 non-selected nenory cel
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L1 first bit line (bit line)

L2 second bit line (bit line)

PG, PGh, PG, PGd common PMOS control |ine (comon
Wi ring)

NGa, NG, NGc, NG common NMOS control |ine (comon
W ring)

67a, 67b, 67c, 67d comon power supply line (common
W ring)

VPa, VPb PMOS power supply line (unit wring)

VNa, VNb NMOS power supply line (unit wring)

PW P-type nenory well (nenory cell)

N2 N type nenory well (nmenory well)
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Cl ai ns

1. A non-vol atil e sem conductor nenory device
conprising a plurality of word lines forned in a matrix
to which either one of a charge storage gate vol tage and
a charge storage inhibition gate voltage is applied, a
plurality of nmenory cells connected to the respective
word lines, and a bit line that applies a selective
voltage to the plurality of nenory cells, a charge being
stored in selected one of the plurality of nenory cells
due to a voltage difference between the charge storage
gate voltage applied to the word Iine and the voltage
applied to the bit |ine,

further conprising power supply units respectively
provided for word |ine colums and common w rings
respectively provided for word |ine rows, each of the
comon W rings applying a predeterm ned common voltage to
t he power supply units on a word-1line-row basis,

each of the power supply units including

swi tchi ng nechani sns that are respectively provided
for the word lines and respectively connect the word
lines to the conmmon w rings, and

a unit wiring that uniformy applies different unit
vol tages to each of the sw tching nmechanisns in the power
supply unit depending on whether or not the sel ected

menory cell exists in the word |ine columm, wherein
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the swi tching nmechani snms in each of the power supply
units are turned on or off based on a voltage difference
between the unit voltages applied to each of the power
supply units and the conmon vol tage, to individually
apply the charge storage gate voltage or the charge
storage inhibition gate voltage to each of the word |ines

via the power supply unit.

2. The non-vol atil e sem conductor nenory device
according to claim1l, wherein

the switching mechani smincludes at | east a PMOS
switch and an NMOS swi tch, and

the PMOS switch and the NMOS switch are individually
turned on or off based on a voltage difference between
the common vol tage and the unit voltages occurring when
the conmon voltage and the unit voltage are respectively

applied thereto.

3. The non-vol atil e sem conductor nenory device
according to claim2, wherein

the comon wiring includes a cormon PMOS contro
line connected to a control gate of the PMOS switch and a
common NMOS control Iine connected to a control gate of
t he NMOS swi tch,

the unit wiring includes a first power supply line

connected to a source of the PMOS switch and a second
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power supply line connected to a source of the NMOS
swi tch, and
the word line is connected to each of drains of the

PMOS switch and the NMOS swi tch.

4, The non-vol atil e sem conductor nenory device
according to claim2 or claim3, wherein

in the selected power supply unit to which the
sel ected word |ine having the sel ected nenory cel
thereon i s connected anong the power supply units,

the NMOS switch is turned off and the PMOS switch
havi ng the source to which the charge storage gate
voltage is applied is turned on so that the charge
storage gate voltage is applied to the selected word |ine

fromthe drain of the PMOS sw tch.

5. The non-vol atil e sem conductor nenory device
according to claim3, wherein

a first PMOS power supply line and a second PMOS
power supply line are connected to the common PMOS
control line via first selection neans,

t he common PMOS control line applies a control
vol tage on either one of the first PMOS power supply line
and the second PMOS power supply line to the PMOS switch
i n each of the power supply units using the first

sel ecti on neans,
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a first NMOS power supply line and a second NMOS
power supply line are connected to the commobn NMOS
control line via second sel ection neans, and

t he common NMOS control line applies a contro
vol tage on either one of the first NMOS power supply line
and the second NMOS power supply line to the NMOS switch
in each of the power supply units using the second

sel ecti on neans.

6. The non-vol atil e sem conductor nenory device
according to claim 2, wherein

the comon wiring is a common power supply |ine
connected to each of the sources of the PMOS switch and
t he NMOS swi tch,

the unit wring includes

a PMOS power supply line connected to the contro
gate of the PMOS switch, and

an NMOS power supply line connected to the control
gate of the NMOS switch, and

the word line is connected to each of the drains of

the PMOS switch and the NMOS swi tch.

7. The non-vol atil e sem conductor nenory device
according to any one of clains 1 to 6, wherein

t he power supply unit includes
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auxiliary switches that are respectively provided
for the switching nmechani sns and are connected to the
unit wiring, and

an auxiliary switching power supply |ine that
uniformy applies different auxiliary control voltages,
respectively, to the auxiliary switches in the power
supply unit dependi ng on whether or not the sel ected
nmenory cell exists in the word |ine colum, and

the auxiliary switch is turned on based on a voltage
di fference between the unit voltages and the auxiliary
control voltages when only the non-sel ected nmenory cells
exist in the word Iine columm, to apply the unit voltages
to a non-selected word line to which only the non-
sel ected nmenory cells other than the selected nenory cel
are connected as the charge storage inhibition gate

vol t age.

8. The non-vol atil e sem conductor nenory device
according to any one of clains 1 to 7, wherein

a control voltage difference between one control
vol tage applied as the common voltage to the comon
wiring in the selected word line row to which the
sel ected nmenory cell is connected and another contro
voltage that is applied as the comon voltage to the
comon wiring in the non-selected word Iine row to which
only the non-sel ected nenory cells other than the

selected nenory cell are connected is selected as a
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vol tage difference between the charge storage gate

vol tage and the charge storage inhibition gate voltage.

9. The non-vol atil e sem conductor nenory device
according to claim8, wherein

the control voltage difference is 6[V] or |ess.

10. The non-volatile sem conductor nenory device
according to claima8, wherein

the control voltage difference is 4[V] or |ess.

11. The non-vol atile sem conductor nenory device
according to any one of clains 1 to 10, wherein

wel I s having the switching nmechani sns forned therein
are formed in the respective power supply units to

el ectrically separate from each ot her

12. The non-volatile sem conductor nenory device
according to any one of clains 1 to 11, wherein

each of the word line colums includes P-type nenory
well's, which electrically separate from one anot her, and
the nmenory cell has an N-channel type configuration, and

the switching mechani sm applies the unit voltage
havi ng a hi gher voltage value than the voltage applied to
the bit line as the charge storage gate voltage to the
selected word line to which the selected nenory cell is

connect ed.



