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Description 

 

Title of Invention: NONVOLATILE SEMICONDUCTOR STORAGE 

DEVICE 

 

Technical Field 

[0001] The present invention relates to a non-volatile 

semiconductor memory device. 

 

Background Art 

[0002] A non-volatile semiconductor memory device having 

a single-layer polysilicon gate structure is known as a 

memory device that can be easily manufactured through a 

typical complementary metal-oxide-semiconductor (CMOS) 

process.  Patent Literature 1 discloses a memory device 

as a non-volatile semiconductor memory device, which 

includes a memory cell, a programming bit line, and a 

reading bit line.  The memory cell includes a memory 

transistor, a coupling capacitor, and a capacitor in a 

charge injection region that share a floating gate.  The 

programming bit line is connected with the capacitor in 

the charge injection region, and the reading bit line is 

connected with the memory transistor. 

 

Citation List 

Patent Literature 

[0003] Patent Literature 1: Japanese Patent Laid-Open No. 

2005-175411 

 

Summary of Invention 

Technical Problem 

[0004] However, in the non-volatile semiconductor memory 

device disclosed in Patent Literature 1, the programming 

bit line and the reading bit line are provided for each 

memory cell column, and thus an increased number of bit 
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lines need to be controlled.  This configuration leads to 

complication of peripheral circuits such as a bit line 

control circuit and a sense amplifier circuit, area 

increase, and difficulty in downsizing. 

[0005] The present invention is intended to solve the 

above-described problem and provide a non-volatile 

semiconductor memory device that achieves downsizing as 

compared to conventional cases. 

 

Solution to Problem 

[0006] To solve the above-described problem, a non-

volatile semiconductor memory device according to the 

present invention includes: a plurality of programming 

bit lines extending in a column direction; a plurality of 

reading bit lines extending in the column 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 memory 

cells disposed between the programming bit lines and the 

reading bit lines and connected with the programming bit 

lines and the reading bit lines.  Each memory cell 

includes: a program transistor; 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 with the read transistor.  The program transistor, 

the control capacitor, and the read transistor share a 

floating gate.  The programming bit line is connected 

with one of source and drain of the program transistor, 

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 one of the memory cells and another 

of the memory cells, which are adjacent to each other in 

the row direction.  The first switch gate line is 

connected with a gate of the switch transistor of the one 
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memory cell, and the second switch gate line is connected 

with a gate of the switch transistor of the other memory 

cell. 

 

Advantageous Effects of Invention 

[0007] According to the present invention, the 

configuration of a non-volatile semiconductor memory 

device in which a reading bit line is shared by memory 

cells adjacent to each other leads to reduction of the 

number of reading bit lines as compared to that in a 

conventional configuration, and further leads to 

reduction of the area of a control circuit and a sense 

amplifier circuit connected with the reading bit line, 

thereby achieving downsizing as compared to conventional 

cases accordingly. 

 

Brief Description of Drawings 

[0008] FIG. 1 is a circuit diagram illustrating a circuit 

configuration of a non-volatile semiconductor memory 

device according to the present invention. 

 FIG. 2 is a table listing an exemplary voltage 

applied to each wire at a data programming operation, a 

data reading operation, and a data erasing operation. 

 FIG. 3 is a circuit diagram illustrating a circuit 

configuration of a non-volatile semiconductor memory 

device provided with three kinds of charge pumps. 

 FIG. 4 is a circuit diagram illustrating a circuit 

configuration of a non-volatile semiconductor memory 

device provided with a differential sense circuit and a 

current sense circuit. 

 

Description of Embodiments 

[0009] Hereinafter, embodiments of the present invention 

will be described in the following order. 
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<1. Configuration of non-volatile semiconductor memory 

device> 

<2. Three kinds of charge pumps> 

<3. Operations and effects> 

<4. Non-volatile semiconductor memory device provided 

with differential sense circuit and current sense 

circuit> 

<5. Other embodiments> 

[0010] (1) Configuration of non-volatile semiconductor 

memory device 

 FIG. 1 illustrates a circuit configuration of a non-

volatile semiconductor memory device 1 according to the 

present invention.  The non-volatile semiconductor memory 

device 1 is provided with a memory cell array 2 including 

a plurality of memory cells 3a, 3b, 3c, 3d, ... disposed 

in a matrix of rows and columns in a row direction C and 

a column direction L.  FIG. 1 illustrates only the four 

memory cells 3a, 3b, 3c, and 3d arranged in the row 

direction C, and omits illustration of other memory cells 

disposed on the other rows. 

[0011] The following description focuses on the 

configuration of the memory cell 3a.  The memory cell 3a 

includes a control capacitor 5, a program transistor 6, a 

read transistor 7, a switch transistor 8, and an erase 

capacitor 9.  One floating gate FG is shared by the 

control capacitor 5, the program transistor 6, the read 

transistor 7, and the erase capacitor 9. 

[0012] The control capacitor 5 is disposed in a P-type 

well W1.  The P-type well W1 is connected with a control 

gate line CG through a high concentration N-type 

diffusion layer (not illustrated).  The potential of the 

control gate line CG is applied to the P-type well W1 and 

further applied to the floating gate FG through 

capacitive coupling.  A capacitive coupling ratio α is 
preferably set to exceed 0.9, when the capacitive 
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coupling ratio α is the ratio of the capacitance between 
the floating gate FG and the well W1 at the control 

capacitor 5 relative to the sum of the capacitance 

between the floating gate FG and the well W1 at the 

control capacitor 5, the capacitance between the floating 

gate FG and a well W2 at the program transistor 6 to be 

described later, the capacitance between the floating 

gate FG and a well W3 at the erase capacitor 9 to be 

described later, and the capacitance between the floating 

gate FG and the well W3 at the read transistor 7 to be 

described later.  The potential applied to the floating 

gate FG is expressed by α × Vcg, where Vcg represents the 
potential Vcg of the control gate line CG.  When α is set 
to exceed 0.9, most of the potential Vcg of the control 

gate line CG is applied to the floating gate FG.  To 

simplify the following description, α is taken to be 
substantially 1, and the potential Vcg of the control 

gate line is applied to the floating gate FG through 

capacitive coupling so that the potential of the floating 

gate FG is equal to Vcg. 

[0013] The program transistor 6 is a P-type MOS disposed 

in the N-type well W2.  A programming bit line PGP0 is 

connected with a high concentration P-type diffusion 

layer serving as the source and drain of the program 

transistor 6.  A predetermined voltage is applied from a 

substrate voltage line NW to the N-type well W2 in which 

the program transistor 6 is disposed. 

[0014] The erase capacitor 9 is disposed in the P-type 

well W3, which is different from the P-type well W1 in 

which the control capacitor 5 is disposed.  The P-type 

well W3 is connected with an erase gate line EG through 

the high concentration N-type diffusion layer (not 

illustrated).  The potential of the erase gate line EG is 

applied to the P-type well W3.  When the capacitive 

coupling ratio α is set to exceed 0.9, the ratio of the 
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capacitance between the floating gate FG and the well W3 

at the erase capacitor 9 relative to the sum of the 

capacitance between the floating gate FG and the well W1 

at the control capacitor 5, the capacitance between the 

floating gate FG and the well W2 at the program 

transistor 6, the capacitance between the floating gate 

FG and the well W3 at the erase capacitor 9, and the 

capacitance between the floating gate FG and the well W3 

at the read transistor 7 to be described later is equal 

to or lower than 0.1.  Accordingly, the potential applied 

from the erase gate line EG to the floating gate is 

negligibly small. 

[0015] The read transistor 7 is an N-type MOS disposed in 

the P-type well W3, in which the erase capacitor 9 is 

disposed.  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 switch transistor 8.  A 

source line SL is connected with the high concentration 

N-type diffusion layer 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 

W3, in which the erase capacitor 9 is disposed.  A 

reading bit line BLP is connected with the high 

concentration N-type diffusion layer serving as the other 

of the source and drain of the switch transistor 8, and a 

first switch gate line RG0 is connected with the gate of 

the switch transistor 8.  The switch transistor 8 is 

turned on or off to allow electrical connection or 

disconnection between the reading bit line BLP and the 

read transistor 7, respectively.  

[0016] In the non-volatile semiconductor memory device 1, 

the programming bit line PGP0 extends in the column 

direction L and is connected with the memory cell 3a, ... 

(FIG. 1 only illustrates the memory cells 3a, 3b, 3c, and 
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3d on the first row) arranged in the column direction L.  

The programming bit line PGP0 is connected with the high 

concentration P-type diffusion layer serving as the 

source and drain of the program transistor 6 at each of 

the memory cell 3a, ... arranged in the column direction 

L.  The programming bit line PGP0 and other programming 

bit lines PGP1, PGN1, and PGN0 are provided at the 

respective memory cell columns. 

[0017] In the non-volatile semiconductor memory device 1, 

the reading bit line BLP extends in the column direction 

L and is connected with the memory cell 3a, ... arranged 

in the column direction L.  The reading bit line BLP is 

connected with the high concentration N-type diffusion 

layer serving as the other of the source and drain of the 

switch transistor 8 at each of the memory cell 3a, ... 

arranged in the column direction L.  Each reading bit 

line BLP is provided for two memory cell columns adjacent 

to each other (a memory cell column on which the memory 

cell 3a is disposed, and a memory cell column on which 

the memory cell 3b adjacent to the memory cell 3a is 

disposed). 

[0018] The memory cells 3a and 3b adjacent to each other 

are disposed at line symmetric positions with the 

symmetrical axis at the column direction L.  The memory 

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 memory cell 3a and the other of 

source and drain of the switch transistor 8 of the memory 

cell 3b.  In the non-volatile semiconductor memory device 

1, the reading bit line BLP is connected with this common 

source or drain (also referred to as a common 

source/drain) and shared by memory cell columns adjacent 

to each other.  Accordingly, in the non-volatile 

semiconductor memory device 1, the single reading bit 
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line BLP (BLN) is provided for the two programming bit 

lines PGP0 and PGP1 (PGN1 and PGN0). 

[0019] In the non-volatile semiconductor memory device 1, 

the configuration in which the single reading bit line 

BLP is disposed between the two programming bit lines 

PGP0 and PGP1 is disposed at line symmetric positions 

with the column direction L at the symmetrical axis.  

Accordingly, the programming bit line PGP0, the reading 

bit line BLP, the programming bit line PGP1, the 

programming bit line PGN1, the reading bit line BLN, and 

the programming bit line PGN0 are disposed side by side 

in this order in the non-volatile semiconductor memory 

device 1. 

[0020] In the non-volatile semiconductor memory device 1, 

the memory cells 3a, 3b, 3c, and 3d arranged in the row 

direction C are connected with the erase gate line EG.  

With this configuration, the memory cells 3a, 3b, 3c, and 

3d share the same erase gate line EG.  The erase gate 

line EG is connected with the high concentration N-type 

diffusion layer of the erase capacitor 9 of each of the 

memory cells 3a, 3b, 3c, and 3d arranged in the row 

direction C.  The memory cells 3a, 3b, 3c, and 3d 

arranged in the row direction C are connected with the 

source line SL.  With this configuration, the memory 

cells 3a, 3b, 3c, and 3d share the same source line SL.  

The source line SL is connected with the high 

concentration N-type diffusion layer serving as the other 

of the source and drain of the read transistor 7 of each 

of the memory cells 3a, 3b, 3c, and 3d arranged in the 

row direction C. 

[0021] In the non-volatile semiconductor memory device 1, 

the memory cells 3a, 3b, 3c, and 3d arranged in the row 

direction C are connected with the control gate line CG.  

With this configuration, the memory cells 3a, 3b, 3c, and 

3d share the same control gate line CG.  The control gate 
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line CG is connected with the high concentration N-type 

diffusion layer of the control capacitor 5 of each of the 

memory cells 3a, 3b, 3c, and 3d arranged in the row 

direction C. 

[0022] In the non-volatile semiconductor memory device 1, 

the first switch gate line RG0 and a second switch gate 

line RG1 are provided in the row direction C.  The first 

switch gate line RG0 is connected with the memory cell 3a 

(3d) as one of the memory cells 3a and 3b (3c and 3d) 

sharing the reading bit line BLP (BLN).  The second 

switch gate line RG1 is connected with the other memory 

cell 3b (3c) sharing the reading bit line BLP (BLN) with 

the memory cell 3a (3d) connected with the first switch 

gate line RG0. 

[0023] In the present embodiment, the first switch gate 

line RG0 is connected with the gate of the switch 

transistor 8 of the memory cell 3a as one of the memory 

cells 3a and 3b sharing the reading bit line BLP so that 

the switch transistor 8 is turned on and off based on 

voltage applied from the first switch gate line RG0.  The 

second switch gate line RG1 is connected with the gate of 

the switch transistor 8 of the other memory cell 3b 

sharing the reading bit line BLP with the one memory cell 

3a so that the switch transistor 8 is turned on and off 

based on voltage applied from the second switch gate line 

RG1. 

[0024] Thus, although the memory cells 3a and 3b share 

the single reading bit line 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 memory cells 

3a and 3b is electrically connected with the reading bit 

line BLP. 

[0025] In the non-volatile semiconductor memory device 1, 

a programming bit line control circuit 15 is connected 

with the programming bit lines PGP0, PGP1, PGN1, and PGN0 
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so that a predetermined voltage is individually applied 

from the programming bit line control circuit 15 to each 

of the programming bit lines PGP0, PGP1, PGN1, and PGN0 

at data programming and erasing operations.  In the non-

volatile semiconductor memory device 1, a reading bit 

line control circuit 16 is connected with the reading bit 

lines BLP and BPN so that, for example, a reading voltage 

is individually applied from the reading bit line control 

circuit 16 to each of the reading bit lines BLP and BPN 

at a data reading operation. 

[0026] FIG. 2 lists an exemplary voltage applied to each 

wire at the data programming operation in which data is 

programmed by injecting charge into the floating gate FG 

of a selected memory cell, at the data reading operation 

in which whether charge is injected in the floating gate 

FG of a selected memory cell is determined, and at the 

data erasing operation in which charge is removed from 

the floating gate FG. 

[0027] The following describes an example in which data 

is programmed to the memory cell 3a.  A negative voltage 

Vn (for example, -8 V) is applied to the control gate 

line CG (hereinafter also referred to as a selected 

program control gate line) connected with the memory cell 

3a (hereinafter also referred to as a selected program 

memory cell) to which data is to be programmed.  

Accordingly, the potential of the P-type well W1 at a 

memory cell row including the selected program memory 

cell becomes equal to the voltage Vn, and the potential 

of the floating gate FG becomes equal to the voltage Vn 

through capacitive coupling. 

[0028] A positive high voltage Vp (for example, 12 V) is 

applied from the programming bit line control circuit 15 

to the programming bit line PGP0 (hereinafter also 

referred to as a selected programming bit line) connected 

with the selected program memory cell.  Accordingly, the 
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potential of a channel of each program transistor 6 at a 

memory cell column including the selected program memory 

cell becomes equal to the voltage Vp.  In the program 

transistor 6 of the selected program memory 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 following describes an example in which data 

is read from the memory cell 3a.  A power supply voltage 

Vdd (for example, 1.5 V) is applied to the reading bit 

line BLP (hereinafter also referred to as a selected 

reading bit line) connected with the memory cell 3a 

(hereinafter also referred to as a selected read memory 

cell) from which data is to be read.  The power supply 

voltage Vdd (for example, 1.5 V) is applied to the first 

switch gate line RG0 connected with the selected read 

memory cell 3a among the memory cells 3a and 3b sharing 

the reading bit line BLP. 

[0030] Accordingly, the switch transistor 8 of the 

selected read memory cell 3a is turned on to allow 

electrical connection between the read transistor 7 and 

the selected reading bit line BLP.  A voltage of 0 V is 

applied from the second switch gate line RG1 to the gate 

of the switch transistor 8 of the other memory cell 3b 

(hereinafter also referred to as a nonselected read 

memory cell) sharing the selected reading bit line BLP 

with the selected read memory cell 3a.  Accordingly, the 

switch transistor 8 of the nonselected read memory cell 

3b is turned off to allow electrical disconnection 

between the read transistor 7 and the selected reading 

bit line BLP.  

[0031] At the data erasing operation, the voltage Vp (for 

example, 12 V) is applied to the control gate line CG.  

Accordingly, the potential of the P-type well W1 becomes 
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equal to the voltage Vp, and the potential of the 

floating gate FG becomes equal to the voltage Vp through 

capacitive coupling.  The voltage Vn (for example, -8 V) 

is applied to the erase gate line EG, and the potential 

of the P-type well W3 becomes equal to the voltage Vn.  

Accordingly, charge is removed from the floating gate FG 

by the tunneling effect due to the potential difference 

between the floating gate FG and the well W3. 

[0032] The programming bit line control circuit 15 needs 

to apply, to the selected programming bit line, the 

voltage Vp that is high enough to cause the tunneling 

effect.  Thus, the programming bit line control circuit 

15 is achieved by a high breakdown voltage transistor 

capable of applying the high voltage Vp. 

[0033] At the data programming and erasing operations, 

the switch transistor 8 of each of the memory cells 3a, 

3b, 3c, and 3d is turned off by application of voltage 

(for example, 0 V) from the first switch gate line RG0 

and the second switch gate line RG1, thereby electrical 

disconnection between the read transistor 7 and each of 

the reading bit lines BLP and BLN.  Accordingly, in the 

non-volatile semiconductor memory device 1, due to this 

disconnection in data programming and data erasing, the 

high voltage applied to the memory cells 3a, 3b, 3c, and 

3d is shut off just before the reading bit line control 

circuit 16 connected with the reading bit lines BLP and 

BLN. 

[0034] Accordingly, as illustrated in FIG. 2, the reading 

bit line control circuit 16 applies a reading bit voltage 

equal to or lower than the power supply voltage Vdd to 

the reading bit lines BLP and BPN at the data reading 

operation, and thus can be configured even if a core MOS 

transistor having a low breakdown voltage.  With this 

configuration, a gate insulating film of the transistor 

included in the reading bit line control circuit 16 can 
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have a thickness thinner than that of a gate insulating 

film of the transistor included in the programming bit 

line control circuit 15, thereby achieving reduction of 

the area of the reading bit line control circuit 16 and 

high-speed processing at the data reading operation 

accordingly. 

[0035] (2) Three kinds of charge pumps 

 As illustrated in FIG. 3, in which any corresponding 

part to that in FIG. 1 is denoted by an identical 

reference sign, the non-volatile semiconductor memory 

device 1 is provided with a first charge pump circuit 22, 

a second charge pump circuit 23, and a third charge pump 

circuit 24 configured to generate voltage needed to 

execute the above-described data programming, erasing, 

and reading operations. 

[0036] The control gate line CG is connected with a 

control gate line control circuit 18 (referred to as "CG 

control circuit" in FIG. 3) to receive voltage 

application from the control gate line control circuit 18.  

The substrate voltage line NW is connected with a 

substrate voltage line control circuit 19 (referred to as 

"NW control circuit" in FIG. 3) to receive voltage 

application from the substrate voltage line control 

circuit 19.  The erase gate line EG is connected with an 

erase gate line control circuit 20 (referred to as "EG 

control circuit" in FIG. 3) to receive voltage 

application from the erase gate line control circuit 20. 

[0037] The first charge pump circuit 22, the second 

charge pump circuit 23, and the third charge pump circuit 

24 generate voltage at voltage values different from each 

other.  The first charge pump circuit 22, which is 

connected with the programming 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 
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the programming bit lines PGP0, PGP1, PGN1, and PGN0, the 

control gate line CG, and the substrate voltage line NW. 

[0038] The second charge pump circuit 23, which is 

connected with the programming bit line control circuit 

15, generates a voltage Vi and applies the voltage Vi 

(FIG. 2) to the programming bit lines PGP0, PGP1, PGN1, 

and PGN0.  The third charge pump 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 example, at the data erasing operation in the 

non-volatile semiconductor memory device 1, as described 

above, the voltage Vp (for example, 12 V) is applied to 

the control gate line CG so that the potential of the P-

type well W1 becomes equal to the voltage Vp and the 

potential of the floating gate FG becomes equal to the 

voltage Vp through capacitive coupling.  At the data 

erasing operation, the voltage Vn (for example, -8 V) is 

applied to the erase gate line EG so that the potential 

of the P-type well W3 becomes equal to the voltage Vn.  

Accordingly, in the non-volatile semiconductor memory 

device 1, the potential difference between the floating 

gate FG and the well W3 becomes equal to 20 V, and as a 

result, charge is removed from the floating gate FG by 

the tunneling effect. 

[0040] Simultaneously, a voltage of 0 V is applied to the 

reading bit lines BLP and BLN and the source line SL.  

The voltage of 0 V is applied to the high concentration 

N-type diffusion layer serving as the source and drain of 

the switch transistor 8 connected with the reading bit 

lines BLP and BLN, and the high concentration N-type 

diffusion layer serving as the source and drain of the 

read transistor 7 connected with the source line SL, and 

the voltage Vn (for example, -8 V) is applied to the P-
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type well W3.  Thus, a junction breakdown voltage of 8 V 

or higher between the high concentration N-type diffusion 

layer and the P-type well W3 is sufficient. 

[0041] The voltage Vp (for example, 12 V) is applied from 

the substrate voltage line NW to the N-type well W2.  For 

example, when a voltage of 0 V is applied to the 

programming bit lines PGP0, PGP1, PGN1, and PGN0, the 

voltage of 0 V is applied to the high concentration P-

type diffusion layer serving as the source and drain of 

the program transistor 6, and thus a junction breakdown 

voltage of 12 V or higher is needed between the high 

concentration P-type diffusion layer and the N-type well 

W2.  However, according to the present invention, the 

positive voltage Vi lower than the voltage Vp is applied 

to the programming bit lines PGP0, PGP1, PGN1, and PGN0, 

and thus, for example, the high junction breakdown 

voltage of 12 V or higher is not needed.  Specifically, 

the potential difference between the high concentration 

P-type diffusion layer and the N-type well W2 is 8 V when 

the voltage Vi (for example, 4 V) is employed, and thus a 

junction breakdown voltage of 8 V or higher is sufficient. 

[0042] For example, when the programming bit line control 

circuit 15, which controls the voltage Vi, is achieved by 

a typical CMOS inverter, the voltage Vi is allowed to be, 

at maximum, the junction breakdown voltage between a high 

concentration N-type diffusion layer and a P-type well at 

an NMOS transistor of the CMOS inverter.  The voltage Vp 

is allowed to be, at maximum, the sum of the voltage Vi 

and the junction breakdown voltage between the high 

concentration P-type diffusion layer connected with the 

programming bit lines PGP0, PGP1, PGN1, and PGN0 and the 

N-type well W2.  In other words, the voltage Vp is 

allowed to be the sum of the junction breakdown voltage 

between the high concentration N-type diffusion layer and 

the P-type well at the NMOS transistor of the above-
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described CMOS inverter and the junction breakdown 

voltage between the high concentration P-type diffusion 

layer connected with the programming bit lines PGP0, PGP1, 

PGN1, and PGN0 and the N-type well W2.  For example, 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 maximum, the 

junction breakdown voltage between a high concentration 

P-type diffusion layer and an N-type well at a PMOS 

transistor of the CMOS inverter. 

[0043] For example, the junction breakdown voltage 

between the high concentration N-type diffusion layer and 

the P-type well is 8 V, and the junction breakdown 

voltage between the high concentration P-type diffusion 

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

is not employed, voltage applicable to the memory cells 

3a, 3b, 3c, and 3d is the sum of the positive junction 

breakdown voltage and the negative junction breakdown 

voltage and is 16 V at maximum, which is substantially 

twice as high as the absolute value of each junction 

breakdown voltage.  According to the present invention, 

when the voltage Vi is employed, a voltage applicable to 

the memory cells 3a, 3b, 3c, and 3d is the sum of a 

voltage twice the positive junction breakdown voltage and 

the negative junction breakdown voltage, which is 24 V at 

maximum.  Thus, a voltage substantially three times as 

high as the absolute value of each junction breakdown 

voltage can be applied. 

[0044] A voltage up to three times as high as the 

junction breakdown voltage can be applied to the memory 

cells 3a, 3b, 3c, and 3d as described above by 

simultaneously operating the first charge pump circuit 22, 

the second charge pump circuit 23, and the third charge 

pump circuit 24 to generate the voltage Vp, the voltage 
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Vi, and the voltage Vn at the first charge pump circuit 

22, the second charge pump circuit 23, and the third 

charge pump circuit 24, respectively. 

[0045] (3) Operations and effects 

 In the non-volatile semiconductor memory device 1 

with the above-described configuration, the memory cell 

3a (3b) is disposed between the programming bit line PGP0 

(PGP1) and the reading bit line BLP so that the reading 

bit line BLP provided between the memory cells 3a and 3b 

adjacent to each other is shared by the adjacent memory 

cells 3a and 3b.  This configuration of the non-volatile 

semiconductor memory device 1, in which the reading bit 

line BLP is shared by the memory cells 3a and 3b adjacent 

to each other, leads to reduction of the number of 

reading bit lines as compared to that in a conventional 

configuration, and further leads to reduction of the area 

of a control circuit and a sense amplifier circuit 

connected with the reading bit line, thereby achieving 

downsizing as compared to conventional cases accordingly. 

[0046] In the non-volatile semiconductor memory device 1, 

the second switch gate line RG1 is provided separately 

from the first switch gate line RG0 so that the different 

first and second switch gate lines RG0 and RG1 are 

connected with the respective switch transistors 8 of the 

memory cells 3a and 3b sharing the reading bit line BLP.  

Accordingly, although the memory cells 3a and 3b adjacent 

to each other share the reading bit line BLP in the non-

volatile semiconductor memory device 1, only the switch 

transistor 8 of one of the memory cells 3a and 3b can be 

turned on to connect only the one memory cell 3a (3b) 

with the reading bit line BLP.  Thus, data can be 

individually read from the memory cells 3a and 3b. 

[0047] (4) Non-volatile semiconductor memory device 

provided with differential sense circuit and current 

sense circuit 
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 The following describes a non-volatile semiconductor 

memory 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 

lines BLP and BLN separately from the 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 

semiconductor memory device 31 according to the present 

embodiment. 

[0048] The differential sense circuit 32 is connected 

with the one reading bit line 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 line 

BLN at the data reading operation.  At the data reading 

operation, a reading bit line control circuit (not 

illustrated) determines whether charge is injected in the 

floating gates FG of the memory cells 3a, 3b, 3c, and 3d 

based on the current difference between the one reading 

bit line BLP and the other reading bit line BLN detected 

by the differential sense circuit 32. 

[0049] For example, when the one memory cell 3a as one of 

the memory cells 3a and 3b sharing the reading bit line 

BLP are electrically connected with the one reading bit 

line BLP, the memory cell 3d sharing the first switch 

gate line RG0 with the one memory cell 3a is electrically 

connected with the other reading bit line BLN, the 

potential difference of which from the one reading bit 

line BLP is compared 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 determine whether charge is injected in 

the floating gates FG of the memory cells 3a and 3d, only 
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the relative difference between the two memory cells 3a 

and 3d can be determined, and thus it is impossible to 

perform absolute-amount determination 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 lines BLP and 

BLN to independently detect whether charge is injected in 

the floating gates FG of the memory cells 3a and 3d (3b 

and 3c) by causing current to flow through the reading 

bit lines BLP and BLN at the data reading 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 

electrically connected or disconnected with the reading 

bit lines BLP and BLN based on a control signal from the 

switching control circuit 34.  The current sense circuits 

33a and 33b can quantitatively evaluate threshold 

voltages of the memory cells 3a, 3b, 3c, and 3d.  Thus, 

for example, a test operation to check whether the memory 

cells 3a, 3b, 3c, and 3d normally operate can be executed 

by using the current sense circuits 33a and 33b at 

shipment examination in the non-volatile semiconductor 

memory device 31.  In the operation, data is read by 

using the differential sense circuit 32 at normal use (at 

the data programming, reading, and erasing operations by 

a general user). 

[0052] For example, at normal use, the switching control 

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 lines 

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 disconnection signal to the 

differential sense circuit 32.  Accordingly, the switches 

inside the current sense circuits 33a and 33b are 

switched to allow electrical connection of the current 

sense circuits 33a and 33b with the reading bit lines BLP 

and BPN.  Simultaneously, the switch inside the 

differential sense circuit 32 is switched to the 

electrical disconnection of the differential sense 

circuit 32 with the reading bit lines BLP and BPN. 

[0054] In this manner, in the non-volatile semiconductor 

memory 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 memory cells 3a, 3b, 3c, and 3d.  In the non-

volatile semiconductor memory device 31, too, the reading 

bit line BLP is shared by the memory cells 3a and 3b 

adjacent to each other, thereby achieving an effect same 

as that of the above-described non-volatile semiconductor 

memory device 1. 

[0055] (5) Other embodiments 

 In the above-described embodiment, the memory cells 

3a, 3b, 3c, and 3d each include the erase capacitor 9, 

but the present invention is not limited thereto.  The 

memory cell may include no erase capacitor. 

[0056] In another embodiment, the conductivity types of 

N-type and P-type may be opposite among the control 

capacitor 5, the program transistor 6, the read 

transistor 7, the switch transistor 8, and the erase 

capacitor 9 included in each memory cell. 

 

Reference Signs List 

[0057] 1, 31 non-volatile semiconductor memory device 

 3a, 3b, 3c, 3d memory cell 
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 5 control capacitor 

 6 program transistor 

 7 read transistor 

 8 switch transistor 

 15 programming bit line control circuit 

 16 reading bit line control circuit 

 32 differential sense circuit 

 33a, 33b current sense circuit 

 FG floating gate 

 BLP, BLN reading bit line 

 PGP0, PGP1, PGN1, PGN0 programming bit line 

 RG0 first switch gate line 

 RG1 second switch gate line 

 SL0 first source line 

 SL1 second source line 
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Claims 

 

1. A non-volatile semiconductor memory device 

comprising: 

 a plurality of programming bit lines extending in a 

column direction; 

 a plurality of reading bit lines extending in the 

column 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 memory cells disposed between the 

programming bit lines and the reading bit lines and 

connected with the programming bit lines and the reading 

bit lines, wherein 

 each memory cell includes: 

  a program transistor; 

  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 with the 

read transistor, 

 the program transistor, the control capacitor, and 

the read transistor share a floating gate, 

 the programming bit line is connected with one of 

source and drain of the program transistor, 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 memory 

cell and a second memory 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 memory cell, and 
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the second switch gate line is connected with a gate of 

the switch transistor of the second memory cell. 

 

2. The non-volatile semiconductor memory device 

according to claim 1, further comprising: 

 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 line. 

 

3. The non-volatile semiconductor memory device 

according to claim 2, further comprising a switching 

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-volatile semiconductor memory device 

according to any one of claims 1 to 3, wherein the 

thickness of a gate insulating film of a transistor 

included in a reading line control circuit connected with 

the reading bit line is thinner than the thickness of a 

gate insulating film of a transistor included in a 

programming bit line control circuit connected with the 

programming bit line. 

 

5. The non-volatile semiconductor memory device 

according to any one of claims 1 to 3, further 

comprising: 

 a first charge pump circuit that is connected with a 

programming bit line control circuit connected with the 

programming bit line, a substrate voltage line control 

circuit configured to apply voltage to a well of the 

program transistor, and a control gate line control 
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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 programming bit line control 

circuit, the substrate voltage line control circuit, and 

the control gate line control circuit; 

 a second charge pump circuit connected with the 

programming bit line control circuit and configured to 

generate second voltage to be applied to the programming 

bit line control circuit; and 

 a third charge pump 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 lower than the first 

voltage, and the third voltage is negative voltage. 

  


