Descri ption

Title of Invention: NONVOLATILE SEM CONDUCTOR STORAGE
DEVI CE

Technical Field
[ 0001] The present invention relates to a non-volatile
sem conduct or nmenory devi ce.

Background Art

[ 0002] A non-vol atile sem conductor nenory devi ce having
a single-layer polysilicon gate structure is known as a
menory device that can be easily nmanufactured through a
typi cal conpl enentary netal - oxi de-sem conduct or ( CMOS)
process. Patent Literature 1 discloses a nenory device
as a non-volatile sem conductor nenory devi ce, which

i ncludes a nenory cell, a programmng bit line, and a
reading bit line. The nenory cell includes a nenory
transi stor, a coupling capacitor, and a capacitor in a
charge injection region that share a floating gate. The
programnmng bit line is connected with the capacitor in
the charge injection region, and the reading bit line is
connected with the nenory transistor.

Ctation List

Patent Literature

[ 0003] Patent Literature 1: Japanese Patent Lai d- Open No.
2005- 175411

Summary of Invention

Techni cal Probl em

[ 0004] However, in the non-volatile sem conductor nenory
device disclosed in Patent Literature 1, the progranmm ng
bit Iine and the reading bit |line are provided for each

menory cell colum, and thus an increased nunber of bit



lines need to be controlled. This configuration leads to
conplication of peripheral circuits such as a bit line
control circuit and a sense anplifier circuit, area

I ncrease, and difficulty in downsi zing.

[ 0005] The present invention is intended to solve the
above-descri bed problem and provide a non-volatile

sem conduct or nenory devi ce that achi eves downsi zi ng as
conpared to conventional cases.

Sol ution to Probl em

[ 0006] To sol ve the above-descri bed problem a non-

vol ati |l e sem conduct or nmenory device according to the
present invention includes: a plurality of progranmm ng
bit lines extending in a colum direction; a plurality of
reading bit lines extending in the colum direction; a
plurality of first swwtch gate lines extending in a row
direction; a plurality of second switch gate |ines
extending in the row direction; and a plurality of nenory
cell s disposed between the programm ng bit lines and the
reading bit lines and connected with the programrng bit
lines and the reading bit Iines. Each nenory cel

i ncludes: a programtransistor; a control capacitor; a
read transistor; and a switch transistor, one of source
and drain of which is connected with one of source and
drain of the read transistor, and that is connected in
series wwth the read transistor. The programtransistor,
the control capacitor, and the read transistor share a
floating gate. The programmng bit |line is connected
with one of source and drain of the programtransistor,
and the reading bit Iine is connected with the other of
source and drain of the switch transistor. The reading
bit line is shared by one of the nenory cells and anot her
of the nmenory cells, which are adjacent to each other in
the row direction. The first switch gate line is
connected with a gate of the swtch transistor of the one



menory cell, and the second switch gate |ine is connected
with a gate of the switch transistor of the other nenory
cell.

Advant ageous Effects of Invention

[ 0007] According to the present invention, the
configuration of a non-volatile sem conductor nenory
device in which a reading bit line is shared by nenory
cell s adjacent to each other |eads to reduction of the
nunber of reading bit |lines as conpared to that in a
conventional configuration, and further |eads to
reduction of the area of a control circuit and a sense
anplifier circuit connected with the reading bit |ine,
t her eby achi evi ng downsi zi ng as conpared to conventiona
cases accordi ngly.

Brief Description of Draw ngs

[0008] FIG 1 is acircuit diagramillustrating a circuit
configuration of a non-volatile sem conductor nenory

devi ce according to the present invention.

FIG 2 is atable listing an exenplary voltage
applied to each wire at a data programm ng operation, a
data readi ng operation, and a data erasing operation.

FIG 3 is acircuit diagramillustrating a circuit
configuration of a non-volatile sem conductor nenory
devi ce provided with three kinds of charge punps.

FIG 4 is acircuit diagramillustrating a circuit
configuration of a non-volatile sem conductor nenory
device provided with a differential sense circuit and a
current sense circuit.

Descri ption of Enbodi nents
[ 0009] Hereinafter, enbodi nents of the present invention
will be described in the follow ng order.



<1l. Configuration of non-vol atile sem conductor nenory
devi ce>
<2. Three ki nds of charge punps>
<3. Operations and effects>
<4. Non-vol atile sem conductor nenory device provided
with differential sense circuit and current sense
circuit>
<5. Ot her enbodi nents>
[0010] (1) Configuration of non-volatile sem conductor
menory devi ce

FIG 1 illustrates a circuit configuration of a non-
vol atil e sem conductor nmenory device 1 according to the
present invention. The non-volatile sem conductor nenory
device 1 is provided with a nenory cell array 2 including
a plurality of nmenory cells 3a, 3b, 3c, 3d, ... disposed
ina mtrix of rows and colums in a row direction C and
a colum direction L. FIG 1 illustrates only the four
menory cells 3a, 3b, 3c, and 3d arranged in the row
direction C, and omts illustration of other nenory cells
di sposed on the other rows.
[0011] The foll owi ng description focuses on the
configuration of the nenory cell 3a. The nenory cell 3a
i ncludes a control capacitor 5, a programtransistor 6, a
read transistor 7, a switch transistor 8, and an erase
capacitor 9. One floating gate FGis shared by the
control capacitor 5, the programtransistor 6, the read
transistor 7, and the erase capacitor 9.
[0012] The control capacitor 5 is disposed in a P-type
well WL. The P-type well WL is connected with a contro
gate line CG through a high concentration Ntype
di ffusion layer (not illustrated). The potential of the
control gate line CGis applied to the P-type well WL and
further applied to the floating gate FG t hrough
capacitive coupling. A capacitive coupling ratio a is
preferably set to exceed 0.9, when the capacitive



coupling ratio a is the ratio of the capacitance between
the floating gate FG and the well WL at the contro
capacitor 5 relative to the sum of the capacitance
between the floating gate FG and the well WL at the
control capacitor 5, the capacitance between the floating
gate FG and a well W2 at the programtransistor 6 to be
descri bed |l ater, the capacitance between the floating
gate FG and a well WB at the erase capacitor 9 to be
descri bed later, and the capacitance between the floating
gate FG and the well WB at the read transistor 7 to be
described later. The potential applied to the floating
gate FGis expressed by a x Vcg, where Vcg represents the

potential Vcg of the control gate line CG Wen a is set
to exceed 0.9, nost of the potential Vcg of the contro

gate line CGis applied to the floating gate FG To
sinplify the follow ng description, a is taken to be
substantially 1, and the potential Vcg of the contro
gate line is applied to the floating gate FG through
capacitive coupling so that the potential of the floating
gate FGis equal to Vcg.

[0013] The programtransistor 6 is a P-type MOS di sposed
in the NNtype well W2. A programming bit line PGP0 is
connected with a high concentration P-type diffusion

| ayer serving as the source and drain of the program
transistor 6. A predetermned voltage is applied froma
substrate voltage line NWto the N-type well W2 in which
the programtransistor 6 is disposed.

[ 0014] The erase capacitor 9 is disposed in the P-type
well WB, which is different fromthe P-type well W in
whi ch the control capacitor 5 is disposed. The P-type
well WB is connected with an erase gate |ine EG through
the high concentration N-type diffusion |ayer (not
illustrated). The potential of the erase gate line EGis
applied to the P-type well WB. When the capacitive
coupling ratio a is set to exceed 0.9, the ratio of the



capaci tance between the floating gate FG and the well W3
at the erase capacitor 9 relative to the sum of the
capaci tance between the floating gate FG and the well W
at the control capacitor 5, the capacitance between the
floating gate FG and the well W2 at the program

transi stor 6, the capacitance between the floating gate
FG and the well WB at the erase capacitor 9, and the
capaci tance between the floating gate FG and the well W3
at the read transistor 7 to be described later is equa

to or lower than 0.1. Accordingly, the potential applied
fromthe erase gate line EGto the floating gate is
negligibly small.

[ 0015] The read transistor 7 is an N-type MOS di sposed in
the P-type well WB, in which the erase capacitor 9 is

di sposed. One of the source and drain of the read
transistor 7 is connected with one of the source and
drain of the switch transistor 8, and the read transistor
7 is connected in series with the swtch transistor 8. A
source line SL is connected with the high concentration
N-type diffusion |ayer serving as the other of the source
and drain of the read transistor 7. The switch
transistor 8 is an N-type MOS disposed in the P-type well
W8, in which the erase capacitor 9 is disposed. A
reading bit line BLP is connected with the high
concentration N-type diffusion |ayer serving as the other
of the source and drain of the switch transistor 8, and a
first switch gate line R& is connected with the gate of
the swtch transistor 8. The switch transistor 8 is
turned on or off to allow electrical connection or

di sconnection between the reading bit |ine BLP and the
read transistor 7, respectively.

[0016] In the non-volatile sem conductor nenory device 1,
the programm ng bit |line PGP0 extends in the colum
direction L and is connected with the nenory cell 3a,
(FIG 1 only illustrates the nenory cells 3a, 3b, 3c, and



3d on the first row) arranged in the colum direction L
The progranmng bit line PGP0 is connected with the high
concentration P-type diffusion |ayer serving as the
source and drain of the programtransistor 6 at each of
the nenory cell 3a, ... arranged in the colum direction
L. The programm ng bit |ine PGP0 and ot her progranmm ng
bit lines PGP1l, PGN1, and PGNO are provided at the
respective nenory cell col umms.

[0017] In the non-vol atil e sem conductor nenory device 1,
the reading bit line BLP extends in the colum direction
L and is connected with the nenory cell 3a, ... arranged
in the columm direction L. The reading bit line BLP is
connected with the high concentration N-type diffusion

| ayer serving as the other of the source and drain of the
swtch transistor 8 at each of the nenory cell 3a,
arranged in the colum direction L. Each reading bit
line BLP is provided for two nmenory cell colunmns adj acent
to each other (a nenory cell colum on which the nenory
cell 3a is disposed, and a nenory cell colum on which
the nenory cell 3b adjacent to the nenory cell 3a is

di sposed) .

[0018] The nmenory cells 3a and 3b adj acent to each other
are disposed at |line symetric positions with the
symmetrical axis at the colum direction L. The nenory
cells 3a and 3b have a common source or drain, which is
shared by the other of source and drain of the switch
transistor 8 of the nenory cell 3a and the other of
source and drain of the switch transistor 8 of the nenory
cell 3b. In the non-volatile sem conductor nenory device
1, the reading bit line BLP is connected with this conmon
source or drain (also referred to as a conmon
source/drain) and shared by nenory cell colums adjacent
to each other. Accordingly, in the non-volatile

sem conductor nenory device 1, the single reading bit



line BLP (BLN) is provided for the two programmng bit
lines PGP0 and PGP1 (PGNL and PGNO).

[0019] In the non-vol atil e sem conductor nenory device 1,
the configuration in which the single reading bit |ine
BLP is di sposed between the two programmng bit |ines
PGP0 and PGPl is disposed at line symetric positions
with the colum direction L at the symmetrical axis.
Accordingly, the programnm ng bit |ine PGP0, the reading
bit Iine BLP, the programm ng bit |line PGPl, the
programm ng bit line PGNlL, the reading bit |line BLN, and
the programm ng bit line PG\XO are di sposed side by side
in this order in the non-vol atile sem conductor nenory
devi ce 1.

[0020] In the non-volatile sem conductor nenory device 1,
the nenory cells 3a, 3b, 3c, and 3d arranged in the row
direction C are connected with the erase gate |line EG
Wth this configuration, the nenory cells 3a, 3b, 3c, and
3d share the sanme erase gate line EG The erase gate
line EGis connected with the high concentration N-type
di ffusion |l ayer of the erase capacitor 9 of each of the
menory cells 3a, 3b, 3c, and 3d arranged in the row
direction C. The nenory cells 3a, 3b, 3c, and 3d
arranged in the row direction C are connected with the
source line SL. Wth this configuration, the nenory
cells 3a, 3b, 3c, and 3d share the sane source |line SL.
The source line SL is connected with the high
concentration N-type diffusion |ayer serving as the other
of the source and drain of the read transistor 7 of each
of the nenory cells 3a, 3b, 3c, and 3d arranged in the
row direction C

[0021] In the non-volatile sem conductor nenory device 1,
the nenory cells 3a, 3b, 3c, and 3d arranged in the row
direction C are connected with the control gate line CG
Wth this configuration, the nenory cells 3a, 3b, 3c, and
3d share the sanme control gate line CG The control gate



line CGis connected with the high concentration N-type
di ffusion layer of the control capacitor 5 of each of the
menory cells 3a, 3b, 3c, and 3d arranged in the row
direction C

[0022] In the non-vol atil e sem conductor nenory device 1,
the first switch gate line RG and a second switch gate
line RGL are provided in the row direction C. The first
switch gate line R is connected with the nenory cell 3a
(3d) as one of the nmenory cells 3a and 3b (3c and 3d)
sharing the reading bit line BLP (BLN). The second
switch gate line RGL is connected with the other nenory
cell 3b (3c) sharing the reading bit line BLP (BLN) with
the nenory cell 3a (3d) connected with the first switch
gate |line RQD.

[0023] In the present enbodi nent, the first switch gate
line R is connected with the gate of the switch
transistor 8 of the nenory cell 3a as one of the nenory
cells 3a and 3b sharing the reading bit |ine BLP so that
the switch transistor 8 is turned on and off based on

vol tage applied fromthe first switch gate Iine R&. The
second switch gate line RGL is connected with the gate of
the switch transistor 8 of the other nmenory cell 3b
sharing the reading bit line BLP with the one nenory cel
3a so that the switch transistor 8 is turned on and off
based on voltage applied fromthe second switch gate |line
RGL.

[ 0024] Thus, although the nenory cells 3a and 3b share
the single reading bit Iine BLP, the switch transistors 8
thereof can be individually turned on and off so that
only the read transistor 7 of any one of the nenory cells
3a and 3b is electrically connected with the reading bit
i ne BLP

[0025] In the non-vol atil e sem conductor nenory device 1,
a programmng bit line control circuit 15 is connected
with the progranm ng bit Iines PGP0, PGP1, PGN1, and PG\O
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so that a predeterm ned voltage is individually applied
fromthe progranmng bit line control circuit 15 to each
of the programming bit |ines PGP0, PGPl, PGN1, and PGN\O
at data programm ng and erasing operations. In the non-
vol ati|l e sem conductor nmenory device 1, a reading bit
line control circuit 16 is connected with the reading bit
lines BLP and BPN so that, for exanple, a reading voltage
is individually applied fromthe reading bit line contro
circuit 16 to each of the reading bit |ines BLP and BPN
at a data readi ng operati on.

[0026] FIG 2 lists an exenplary voltage applied to each
wire at the data programm ng operation in which data is
programed by injecting charge into the floating gate FG
of a selected nenory cell, at the data readi ng operation
i n which whether charge is injected in the floating gate
FG of a selected nenory cell is determ ned, and at the
data erasing operation in which charge is renoved from
the floating gate FG

[0027] The followi ng describes an exanple in which data
is progranmed to the nenory cell 3a. A negative voltage
Vn (for exanple, -8 V) is applied to the control gate
line CG (hereinafter also referred to as a sel ected
program control gate line) connected with the nenory cel
3a (hereinafter also referred to as a sel ected program
menory cell) to which data is to be progranmred.
Accordingly, the potential of the P-type well W at a
menory cell row including the sel ected program nenory
cell becones equal to the voltage Vn, and the potentia
of the floating gate FG becones equal to the voltage Vn
t hrough capacitive coupling.

[0028] A positive high voltage Vp (for exanple, 12 V) is
applied fromthe programmng bit line control circuit 15
to the programming bit Iine PGP0 (hereinafter also
referred to as a selected programmng bit |ine) connected
with the sel ected programnenory cell. Accordingly, the
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potential of a channel of each programtransistor 6 at a
menory cell colum including the sel ected program nmenory
cell becones equal to the voltage Vp. In the program
transistor 6 of the selected programnenory cell, charge
is injected into the floating gate FG by the tunneling
effect due to the potential difference between the
floating gate FG at a potential equal to the voltage Vn
and the channel at the voltage Vp.

[ 0029] The followi ng describes an exanple in which data
is read fromthe nmenory cell 3a. A power supply voltage
Vdd (for exanple, 1.5 V) is applied to the reading bit
line BLP (hereinafter also referred to as a sel ected
reading bit line) connected with the nenory cell 3a
(hereinafter also referred to as a selected read nenory
cell) fromwhich data is to be read. The power supply
vol tage Vvdd (for exanple, 1.5 V) is applied to the first
switch gate |ine R& connected with the sel ected read
nmenory cell 3a anong the nenory cells 3a and 3b sharing
the reading bit line BLP

[ 0030] Accordingly, the switch transistor 8 of the

sel ected read nenory cell 3a is turned on to all ow

el ectrical connection between the read transistor 7 and
the selected reading bit Iine BLP. A voltage of O Vis
applied fromthe second switch gate line RGL to the gate
of the switch transistor 8 of the other nenory cell 3b
(hereinafter also referred to as a nonsel ected read
menory cell) sharing the selected reading bit Iine BLP
with the selected read nenory cell 3a. Accordingly, the
switch transistor 8 of the nonsel ected read nenory cel
3b is turned off to allow electrical disconnection
between the read transistor 7 and the sel ected reading
bit Iine BLP

[0031] At the data erasing operation, the voltage Vp (for
exanple, 12 V) is applied to the control gate line CG
Accordingly, the potential of the P-type well W becones
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equal to the voltage Vp, and the potential of the
floating gate FG becones equal to the voltage Vp through
capacitive coupling. The voltage Vn (for exanple, -8 V)
is applied to the erase gate line EG and the potentia
of the P-type well WB becones equal to the voltage Vn.
Accordingly, charge is renoved fromthe floating gate FG
by the tunneling effect due to the potential difference
between the floating gate FG and the wel | WB.

[ 0032] The progranmmi ng bit line control circuit 15 needs
to apply, to the selected progranmng bit line, the
voltage Vp that is high enough to cause the tunneling
effect. Thus, the programring bit [ine control circuit
15 is achieved by a high breakdown voltage transi stor
capabl e of applying the high voltage Vp.

[0033] At the data programm ng and erasi ng operations,
the switch transistor 8 of each of the nenory cells 3a,
3b, 3c, and 3d is turned off by application of voltage
(for exanple, 0 V) fromthe first switch gate |ine RX
and the second switch gate |ine RGL, thereby electrica
di sconnecti on between the read transistor 7 and each of
the reading bit lines BLP and BLN. Accordingly, in the
non-vol atil e sem conductor nenory device 1, due to this
di sconnection in data programm ng and data erasing, the
hi gh voltage applied to the nenory cells 3a, 3b, 3c, and
3d is shut off just before the reading bit line contro
circuit 16 connected with the reading bit Iines BLP and
BLN

[ 0034] Accordingly, as illustrated in FIG 2, the reading
bit Iine control circuit 16 applies a reading bit voltage
equal to or |lower than the power supply voltage Vvdd to
the reading bit lines BLP and BPN at the data reading
operation, and thus can be configured even if a core MOS
transi stor having a | ow breakdown voltage. Wth this
configuration, a gate insulating filmof the transistor
included in the reading bit Iine control circuit 16 can
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have a thickness thinner than that of a gate insulating
filmof the transistor included in the progranm ng bit
line control circuit 15, thereby achieving reduction of
the area of the reading bit line control circuit 16 and
hi gh- speed processing at the data readi ng operation
accordi ngly.
[0035] (2) Three kinds of charge punps

As illustrated in FIG 3, in which any correspondi ng
part to that in FIG 1 is denoted by an identica
reference sign, the non-volatile sem conductor nenory
device 1 is provided with a first charge punp circuit 22,
a second charge punp circuit 23, and a third charge punp
circuit 24 configured to generate voltage needed to
execute the above-descri bed data programm ng, erasing,
and readi ng operations.
[ 0036] The control gate line CGis connected with a
control gate line control circuit 18 (referred to as "CG
control circuit” in FIG 3) to receive voltage
application fromthe control gate |ine control circuit 18.
The substrate voltage line NWis connected with a
substrate voltage line control circuit 19 (referred to as
"NwWcontrol circuit" in FIG 3) to receive voltage
application fromthe substrate voltage line contro
circuit 19. The erase gate line EGis connected with an
erase gate line control circuit 20 (referred to as "EG
control circuit” in FIG 3) to receive voltage
application fromthe erase gate line control circuit 20.
[0037] The first charge punp circuit 22, the second
charge punp circuit 23, and the third charge punp circuit
24 generate voltage at voltage values different from each
other. The first charge punp circuit 22, which is
connected with the progranmng bit line control circuit
15, the control gate line control circuit 18, and the
substrate voltage line control circuit 19, generates the
high voltage Vp (FIG 2) and applies the voltage Vp to



- 14 -

the programm ng bit |ines PGP0, PGP1, PGNl, and PGNO, the
control gate line CG and the substrate voltage |ine NW
[ 0038] The second charge punp circuit 23, which is
connected with the progranmng bit line control circuit
15, generates a voltage Vi and applies the voltage Vi
(FIG 2) to the progranming bit lines PGP0, PGP1, PGNL
and PGNO. The third charge punp circuit 24, which is
connected with the control gate line control circuit 18
and the erase gate line control circuit 20, generates the
negative voltage Vn (FIG 2) and applies the voltage Vn
to the control gate line CG and the erase gate |line EG

[ 0039] For exanple, at the data erasing operation in the
non-vol atil e sem conductor nenory device 1, as described
above, the voltage Vp (for exanple, 12 V) is applied to
the control gate line CG so that the potential of the P-
type well WL becones equal to the voltage Vp and the
potential of the floating gate FG becones equal to the
vol tage Vp through capacitive coupling. At the data
erasi ng operation, the voltage Vn (for exanple, -8 V) is
applied to the erase gate line EG so that the potentia

of the P-type well WB becones equal to the voltage Vn.
Accordingly, in the non-vol atile sem conductor nenory
device 1, the potential difference between the floating
gate FG and the well WB becones equal to 20 V, and as a
result, charge is renoved fromthe floating gate FG by
the tunneling effect.

[ 0040] Sinultaneously, a voltage of O Vis applied to the
reading bit lines BLP and BLN and the source |ine SL.

The voltage of O Vis applied to the high concentration
N-type diffusion |ayer serving as the source and drain of
the swtch transistor 8 connected with the reading bit

I ines BLP and BLN, and the high concentration Ntype

di ffusion |l ayer serving as the source and drain of the
read transistor 7 connected with the source line SL, and
the voltage Vn (for exanple, -8 V) is applied to the P-
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type well WB. Thus, a junction breakdown voltage of 8 V
or hi gher between the high concentration N-type diffusion
| ayer and the P-type well WB is sufficient.

[ 0041] The voltage Vp (for exanple, 12 V) is applied from
the substrate voltage line NWto the N-type well W2. For
exanpl e, when a voltage of O Vis applied to the
programm ng bit |ines PGP0, PGPl, PGNl, and PGNO, the
voltage of O Vis applied to the high concentration P-
type diffusion | ayer serving as the source and drain of
the programtransistor 6, and thus a junction breakdown
vol tage of 12 V or higher is needed between the high
concentration P-type diffusion [ayer and the N-type wel
W2. However, according to the present invention, the
positive voltage Vi |ower than the voltage Vp is applied
to the programmng bit Iines PGP0, PGP1l, PGN1, and PGN\O,
and thus, for exanple, the high junction breakdown

vol tage of 12 V or higher is not needed. Specifically,
the potential difference between the high concentration
P-type diffusion |ayer and the N-type well W2 is 8 V when
the voltage Vi (for exanmple, 4 V) is enployed, and thus a
junction breakdown voltage of 8 V or higher is sufficient.
[0042] For exanple, when the progranmng bit line contro
circuit 15, which controls the voltage Vi, is achieved by
a typical CMOS inverter, the voltage Vi is allowed to be,
at maxi mum the junction breakdown vol tage between a high
concentration N-type diffusion [ayer and a P-type well at
an NMOS transistor of the CMOS inverter. The voltage Vp
is allowed to be, at maxi num the sum of the voltage Vi
and the junction breakdown vol tage between the high
concentration P-type diffusion |ayer connected with the
programm ng bit |ines PGP0, PGPl, PGN1, and PGNO and the
N-type well W2. In other words, the voltage Vp is

all owed to be the sumof the junction breakdown voltage
bet ween the high concentration N-type diffusion |ayer and
the P-type well at the NMOS transistor of the above-
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descri bed CMOS inverter and the junction breakdown
vol t age between the high concentration P-type diffusion

| ayer connected with the programm ng bit |ines PGP0, PGPl
PGN1, and PGNO and the N-type well W2. For exanple, when
the control gate line control circuit 18 and the erase
gate line control circuit 20, which control the voltage
Vn, are each achieved by a typical CMOS inverter, the
negative voltage Vn is allowed to be, at maxi nrum the
junction breakdown voltage between a hi gh concentration
P-type diffusion |ayer and an N-type well at a PMOS
transi stor of the CMOS inverter.

[ 0043] For exanple, the junction breakdown voltage

bet ween the high concentration N-type diffusion |ayer and
the P-type well is 8 V, and the junction breakdown
vol t age between the high concentration P-type diffusion

| ayer and the N-type well is -8 V. When the voltage Vi

is not enployed, voltage applicable to the nenory cells
3a, 3b, 3c, and 3d is the sumof the positive junction
breakdown voltage and the negative junction breakdown
voltage and is 16 V at maxi num which is substantially
tw ce as high as the absolute value of each junction
breakdown voltage. According to the present invention,
when the voltage Vi is enployed, a voltage applicable to
the nenory cells 3a, 3b, 3c, and 3d is the sumof a

vol tage twi ce the positive junction breakdown vol tage and
t he negative junction breakdown voltage, which is 24 V at
maxi mum Thus, a voltage substantially three tines as
hi gh as the absol ute value of each junction breakdown

vol tage can be appli ed.

[0044] A voltage up to three tines as high as the
junction breakdown voltage can be applied to the nenory
cells 3a, 3b, 3c, and 3d as descri bed above by
simul t aneously operating the first charge punp circuit 22,
the second charge punp circuit 23, and the third charge
punp circuit 24 to generate the voltage Vp, the voltage
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Vi, and the voltage Vn at the first charge punp circuit
22, the second charge punp circuit 23, and the third
charge punp circuit 24, respectively.
[0045] (3) Operations and effects

In the non-vol atil e sem conductor menory device 1
with the above-described configuration, the nenory cel
3a (3b) is disposed between the programm ng bit |ine PGP0
(PGP1) and the reading bit line BLP so that the reading
bit Iine BLP provided between the nenory cells 3a and 3b
adj acent to each other is shared by the adjacent nenory
cells 3a and 3b. This configuration of the non-volatile
sem conductor nenory device 1, in which the reading bit
line BLP is shared by the nenory cells 3a and 3b adj acent
to each other, leads to reduction of the nunber of
reading bit lines as conpared to that in a conventiona
configuration, and further |eads to reduction of the area
of a control circuit and a sense anplifier circuit
connected with the reading bit Iine, thereby achieving
downsi zi ng as conpared to conventional cases accordingly.
[0046] In the non-vol atil e sem conductor nenory device 1,
the second switch gate line RGL is provided separately
fromthe first swtch gate line R& so that the different
first and second switch gate lines R and RGL are
connected with the respective switch transistors 8 of the
menory cells 3a and 3b sharing the reading bit |line BLP
Accordi ngly, although the nenory cells 3a and 3b adj acent
to each other share the reading bit Iine BLP in the non-
vol atil e sem conductor nenory device 1, only the switch
transi stor 8 of one of the nenory cells 3a and 3b can be
turned on to connect only the one nenory cell 3a (3b)
with the reading bit Iine BLP. Thus, data can be
individually read fromthe nenory cells 3a and 3b.
[0047] (4) Non-volatile sem conductor nenory device
provided with differential sense circuit and current
sense circuit
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The foll ow ng describes a non-volatile sem conduct or
menory device in which a differential sense circuit is
provided to the reading bit line control circuit 16, and
a current sense circuit is provided to the reading bit
| ines BLP and BLN separately fromthe differential sense
circuit. As illustrated in FIG 4, in which any
corresponding part to that in FIG 1 is denoted by an
identical reference sign, a differential sense circuit 32
and current sense circuits 33a and 33b are provided to
the reading bit lines BLP and BLN in a non-volatile
sem conductor nenory device 31 according to the present
enbodi nent .

[0048] The differential sense circuit 32 is connected
with the one reading bit Iine BLP and the other reading
bit line BLN to detect the current difference between the
one reading bit line BLP and the other reading bit Iine
BLN at the data reading operation. At the data reading
operation, a reading bit line control circuit (not
illustrated) determ nes whether charge is injected in the
floating gates FG of the nmenory cells 3a, 3b, 3c, and 3d
based on the current difference between the one reading
bit line BLP and the other reading bit |ine BLN detected
by the differential sense circuit 32.

[ 0049] For exanple, when the one nenory cell 3a as one of
the nenory cells 3a and 3b sharing the reading bit |ine
BLP are electrically connected with the one reading bit
line BLP, the nenory cell 3d sharing the first switch
gate line R with the one nenory cell 3a is electrically
connected with the other reading bit Iine BLN, the
potential difference of which fromthe one reading bit
line BLP is conpared by the differential sense circuit 32.
In this case, since the differential sense circuit 32
uses the current difference between the reading bit lines
BLP and BLN to determ ne whether charge is injected in
the floating gates FG of the nenory cells 3a and 3d, only
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the relative difference between the two nenory cells 3a
and 3d can be determned, and thus it is inpossible to
per f orm absol ut e- anbunt determ nati on of whether the
amount of charge sufficient to maintain charge in the
future is stored.

[ 0050] The current sense circuits 33a and 33b are
connected with the respective reading bit Iines BLP and
BLN to i ndependently detect whether charge is injected in
the floating gates FG of the nenory cells 3a and 3d (3b
and 3c) by causing current to flow through the reading
bit lines BLP and BLN at the data readi ng operation.

[ 0051] The differential sense circuit 32 and the current
sense circuits 33a and 33b are connected with a switching
control circuit 34. The differential sense circuit 32
and the current sense circuits 33a and 33b are

el ectrically connected or disconnected with the reading
bit Iines BLP and BLN based on a control signal fromthe
switching control circuit 34. The current sense circuits
33a and 33b can quantitatively evaluate threshold

vol tages of the nmenory cells 3a, 3b, 3c, and 3d. Thus,
for exanple, a test operation to check whether the nenory
cells 3a, 3b, 3c, and 3d nornally operate can be executed
by using the current sense circuits 33a and 33b at

shi pmrent exami nation in the non-volatile sem conduct or
nmenory device 31. In the operation, data is read by
using the differential sense circuit 32 at nornal use (at
the data progranm ng, readi ng, and erasi ng operations by
a general user).

[ 0052] For exanple, at nornal use, the switching contro
circuit 34 turns off switches inside the current sense
circuits 33a and 33b for electrical disconnection between
the current sense circuits 33a and 33b and the reading
bit lines BLP and BPN so that the current sense circuits
33a and 33b are not connected with the reading bit |ines
BLP and BPN.
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[ 0053] At test use, the switching control circuit 34
sends connection signals to the current sense circuits
33a and 33b and sends a di sconnection signal to the
differential sense circuit 32. Accordingly, the swtches
inside the current sense circuits 33a and 33b are
switched to allow el ectrical connection of the current
sense circuits 33a and 33b with the reading bit |ines BLP
and BPN. Sinultaneously, the switch inside the
differential sense circuit 32 is switched to the
el ectrical disconnection of the differential sense
circuit 32 wwth the reading bit |lines BLP and BPN
[0054] In this manner, in the non-volatile sem conduct or
menory device 31, the current sense circuits 33a and 33b
are not opened in use by the general user at normal use,
but are used only at test use to check normal operation
of the nmenory cells 3a, 3b, 3c, and 3d. In the non-
vol atil e sem conductor nenory device 31, too, the reading
bit Iine BLP is shared by the nenory cells 3a and 3b
adj acent to each other, thereby achieving an effect sane
as that of the above-descri bed non-volatile sem conductor
nmenory device 1.
[ 0055] (5) O her enbodi nents

In the above-descri bed enbodi nent, the nenory cells
3a, 3b, 3c, and 3d each include the erase capacitor 9,
but the present invention is not |[imted thereto. The
menory cell may include no erase capacitor.
[ 0056] I n anot her enbodi nent, the conductivity types of
N-type and P-type nmay be opposite anong the contro
capacitor 5, the programtransistor 6, the read
transistor 7, the switch transistor 8, and the erase
capacitor 9 included in each nenory cell

Ref erence Si gns Li st
[0057] 1, 31 non-volatile sem conductor nenory device
3a, 3b, 3c, 3d nenory cel



5 control capacitor

6 programtransistor

7 read transistor

8 switch transistor

15 programmng bit line control circuit
16 reading bit line control circuit

32 differential sense circuit

33a, 33b current sense circuit

FG fl oating gate

BLP, BLN reading bit line

PGP0, PGPl, PGN1, PGNO programming bit |ine
R&X first switch gate |ine

RGL second switch gate line

SLO first source line

SL1 second source |ine
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Cl ai ns

1. A non-vol atil e sem conductor nenory device
conpri si ng:
a plurality of programming bit Iines extending in a
colum direction;
a plurality of reading bit lines extending in the
colum direction;
a plurality of first switch gate lines extending in
a row direction
a plurality of second switch gate |lines extending in
the row direction; and
a plurality of nmenory cells disposed between the
programm ng bit lines and the reading bit |ines and
connected with the progranmng bit lines and the reading
bit Iines, wherein
each nenory cell includes:
a programtransistor
a control capacitor;
a read transistor; and
a switch transistor, one of source and drain of
whi ch is connected with one of source and drain of the
read transistor, and that is connected in series with the
read transistor,
the programtransi stor, the control capacitor, and
the read transistor share a floating gate,
the progranming bit line is connected with one of
source and drain of the programtransistor, and the
reading bit line is connected with the other of source
and drain of the switch transistor,
the reading bit line is shared by a first nmenory
cell and a second nenory cell, which are adjacent to each
other in the row direction, and
the first switch gate line is connected with a gate
of the switch transistor of the first nenory cell, and



- 23 -

the second switch gate line is connected with a gate of
the switch transistor of the second nenory cell

2. The non-vol atil e sem conductor nenory device
according to claim1, further conprising:

a differential sense circuit connected with one of
the reading bit lines and another of the reading bit
lines; and

a current sense circuit provided to each reading bit
line and connected with the reading bit |ine.

3. The non-vol atil e sem conductor nenory device
according to claim?2, further conprising a swtching
control circuit configured not to connect the current
sense circuit with the reading bit line in normal use and
configured to connect the current sense circuit with the
reading bit line in test use.

4. The non-vol atil e sem conductor nenory device
according to any one of clainms 1 to 3, wherein the

thi ckness of a gate insulating filmof a transistor
included in a reading line control circuit connected with
the reading bit line is thinner than the thickness of a
gate insulating filmof a transistor included in a
programnm ng bit line control circuit connected with the
programm ng bit |ine.

5. The non-vol atil e sem conductor nenory device
according to any one of clainms 1 to 3, further
conpri si ng:

a first charge punp circuit that is connected with a
programmng bit line control circuit connected with the
programm ng bit line, a substrate voltage |ine contro
circuit configured to apply voltage to a well of the
programtransistor, and a control gate line contro
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circuit configured to apply voltage to a well of the
control capacitor, and is configured to generate first
voltage to be applied to the progranm ng bit line contro
circuit, the substrate voltage |line control circuit, and
the control gate line control circuit;

a second charge punp circuit connected with the
programm ng bit line control circuit and configured to
generate second voltage to be applied to the programm ng
bit line control circuit; and

a third charge punp circuit connected with the
control gate line control circuit and configured to
generate third voltage to be applied to the control gate
line control circuit,

wherein the first voltage is positive voltage, the
second voltage is positive voltage |ower than the first
vol tage, and the third voltage is negative voltage.



