Description

Title of Invention: Memory cell and non-volatile

semiconductor storage device

Technical Field
[0001] The present invention relates to a memory ce

a non-volatile semiconductor memory device.

Background Art

[0002] Japanese Patent Laid-Open Publication No. 2011-
129816 (Patent Document 1) discloses a memory cell
which a memory gate structure is disposed between t
select gate structures (see FIG. 16 in the Patent
document 1). The memory cell includes a drain regi
which a bit line is connected, and a source region,
which a source line is connected. Over a memory we
the first select gate structure, the memory gate
structure, and the second select gate structure are
arranged in this order in a direction towards the s
region from the drain region. In the memory cell,
memory gate structure includes a charge storage lay
Data is programmed by injecting charge into the cha
storage layer or erased by removing charge from the

charge storage layer.
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[0003] To inject charge into the charge storage lay
the above-described memory cell, a low bit voltage
the bit line is applied to a channel layer below th
memory gate structure through the first select gate
structure while the second select gate structure, w

is connected to the source line, blocks the voltage
this time, a high memory gate voltage is applied to
memory gate electrode of the memory gate structure.
Charge is injected into the charge storage layer by
quantum tunneling effect caused by a voltage differ
between the bit voltage and the memory gate voltage
[0004] In a non-volatile semiconductor memory devic
which the above-configured memory cells are arrange
matrix of rows and columns, the memory cells share
memory gate line to which a high memory gate voltag
applied. In a case where a high memory gate voltag
applied to the memory gate line to inject charge in
charge storage layer of one of the memory cells, th
memory gate voltage is applied also to the memory g
electrodes of the remaining memory cells that share
memory gate line although the charge is not suppose
be injected into the charge storage layers of the
remaining memory cells.

[0005] In the memory cell in which the charge is no
supposed to be injected into the charge storage lay
high bit voltage is applied from the bit line to th

channel layer of the memory gate structure through
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first select gate structure while the second select
structure, which is connected to the source line, b

a voltage to be applied to the channel layer. Thus
the case where a high memory gate voltage is applie
the memory gate electrode of the memory gate struct
high bit voltage is applied to the channel layer, m

a voltage difference between the memory gate electr
and the channel layer small. As a result, the quan
tunneling effect does not occur and the charge is n

injected into the charge storage layer.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Patent Laid-Op
Publication No. 2011-129816

Summary of Invention

Technical Problem

[0007] In order not to inject charge into a charge
storage layer of a conventional memory cell, it has
required to apply a high bit voltage through a bit

to a channel layer in accordance with a high memory
voltage, to prevent charge injection into the charg
storage layer. In such a memory cell, a select gat
insulating film of the first select gate structure

connected to the bit line needs to be thick enough
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withstand the high bit voltage. Correspondingly, i
been difficult to achieve high-speed operation.
[0008] To prevent the charge injection into the cha
storage layer of the conventional memory cell, a hi
voltage may be applied to the bit line. Hence, a g
insulating film of a field effect transistor in a
peripheral circuit that controls the memory cell ne
be thick enough to withstand the high bit voltage.
Accordingly, a problem arises that the area of the
peripheral circuit needs to be increased with the
thickness of the gate insulating film.

[0009] In view of the foregoing, an object of the p
invention is to provide a memory cell enabling oper
with higher speed and including a peripheral circui
having the smaller area, as compared with those of
conventional memory cell, and a non-volatile

semiconductor memory device.

Solution to Problem

[0010] In order to solve the above problems, a memo
cell of the present invention includes a drain regi
source region, a memory gate structure, a first sel
gate structure, and a second select gate structure.
drain region is disposed on a surface of a memory w
A bit line is connected to the drain region. The s
region is disposed on the surface of the memory wel

source line is connected to the source region. The
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memory gate structure is disposed between the drain
region and the source region. The memory gate stru
includes a lower memory gate insulating film, a cha
storage layer, an upper memory gate insulating film
a memory gate electrode stacked in this order over
memory well. The first select gate structure inclu

first select gate electrode and a first select gate
insulating film. The first select gate electrode i
disposed through the first select gate insulating f
over the memory well between the drain region and t
memory gate structure. The first select gate struc

is adjacent to a first sidewall of the memory gate
structure through a first sidewall spacer. The sec
select gate structure includes a second select gate
electrode and a second select gate insulating film.
second select gate electrode is disposed through th
second select gate insulating film over the memory
between the source region and the memory gate struc
The second select gate structure is adjacentto a s
sidewall of the memory gate structure through a sec
sidewall spacer. In a case where a charge storage
voltage needed to inject charge into the charge sto
layer by quantum tunneling effect is applied to the
memory gate electrode and a channel layer is formed
surface region of the memory well facing the memory
electrode, the first select gate structure blocks

electrical connection between the drain region and
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channel layer and the second select gate structure
electrical connection between the source region and
channel layer, and a depletion layer is formed to
surround the channel layer having a channel potenti
raised in accordance with the charge storage gate v
The depletion layer prevents the channel potential
being applied to the first and second select gate
insulating films from the channel layer while charg
injection into the charge storage layer is prevente
reducing a voltage difference between the memory ga
electrode and the channel layer.

[0011] A memory cell of the present invention inclu
drain region, a source region, a memory gate struct
first select gate structure, and a second select ga
structure. The drain region is disposed on a surfa

a memory well. A bit line is connected to the drai
region. The source region is disposed on the surfa
the memory well. A source line is connected to the
source region. The memory gate structure is dispos
between the drain region and the source region. Th
memory gate structure includes a lower memory gate
insulating film, a charge storage layer, an upper m
gate insulating film, and a memory gate electrode s
in this order over the memory well. The first sele
gate structure includes a first select gate electro

a first select gate insulating film. The first sel

gate electrode is disposed through the first select
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insulating film over the memory well between the dr
region and the memory gate structure. The first se
gate structure is adjacent to a first sidewall of t
memory gate structure through a first sidewall spac
The second select gate structure includes a second
gate electrode and a second select gate insulating
The second select gate electrode is disposed throug
second select gate insulating film over the memory
between the source region and the memory gate struc
The second select gate structure is adjacentto a s
sidewall of the memory gate structure through a sec
sidewall spacer. The charge storage layer of the m
gate structure is disposed only in a region through

the memory gate electrode faces the memory well, an
charge storage layer is in neither of the first sid
spacer nor the second sidewall spacer. The first
sidewall spacer is disposed between the memory gate
structure and the first select gate structure. The
second sidewall spacer is disposed between the memo
gate structure and the second select gate structure
Each of the first select gate electrode and the sec
select gate electrode has a sidewall shape with res

to the memory gate electrode. The first select gat
electrode is disposed along the first sidewall of t
memory gate electrode through the first sidewall sp
and the second select gate electrode is disposed al

the second sidewall of the memory gate electrode th
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the second sidewall spacer. The first and second s
gate electrodes face each other.

[0012] In the above-described memory cell, the depl
layer is formed to surround the channel layer, in w
the channel potential is raised in accordance with
charge storage gate voltage, by allowing the first
gate structure to block the electrical connection b
the drain region and the channel layer and by allow

the second select gate structure to block the elect

connection between the source region and the channe

layer, even when the charge storage gate voltage ne
to inject the charge into the charge storage layer
guantum tunneling effect is applied to the memory g
electrode and the channel layer is formed in the su
region of the memory well facing the memory gate
electrode. Thereby, the depletion layer prevents t
channel potential (from the channel layer) from bei
applied to the first select gate insulating film an
second select gate insulating film while the charge

injection into the charge storage layer is prevente

making the voltage difference between the memory ga

electrode and the channel layer small.

[0013] A non-volatile semiconductor memory device
according to the present invention includes the mem
cells according to any one or more of aspects descr

above. The memory cells are disposed in a matrix o
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and columns. At least one bit line and at least on

source line are connected to the memory cells.

Advantageous Effects of Invention

[0014] According to the present invention, the volt
applied to the bit line or the voltage applied to t
source line is reduced to a value which allows the
select gate structure or the second select gate str
to block electrical connection between the bit line
the channel layer or between the source line and th
channel layer, irrespective of the charge storage g
voltage needed to inject charge into the charge sto
layer by the quantum tunneling effect. In accordan
with the reduction in voltages on the bit line and
source line, the thickness of the first select gate
insulating film of the first select gate structure

the thickness of the second select gate insulating
of the second select gate structure are respectivel
reduced. High-speed operation is achieved
correspondingly.

[0015] According to the present invention, the volt
to be applied to the bit line and the source line a
reduced. Therefore the thickness of a gate insulat
film of a field effect transistor of a peripheral ¢

that controls the memory cell is reduced. The area

the peripheral circuit is reduced correspondingly.
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Brief Description of Drawings

[0016] FIG. 1 is a circuit diagram illustrating a ¢
configuration of a non-volatile semiconductor memor
device including memory cells of the present invent
FIG. 2 is a cross-sectional view illustrating a cro
section of the memory cell of the present invention
FIG. 3 is a schematic view illustrating a gate-insu
capacitor and a depletion-layer capacitor in a memo
gate structure.

FIG. 4 is a table showing voltage values at respect
sites during each of data programming operation, da
reading operation, and data erasing operation, by w
example.

FIG. 5A is a schematic view illustrating a state
immediately after charge injection into a charge st
layer in a memory cell of a comparative example 1,
which the charge storage layer is disposed in a sid
spacer between a memory gate electrode and a first
gate electrode; FIG. 5B is a schematic view illustr
diffusion of the charge in the charge storage layer
time after the injection of charge into the charge
storage layer of FIG. 5A.

FIG. 6 is a schematic view illustrating a state in
charge is injected into the charge storage layer in
memory cell of the present invention.

FIG. 7A is a memory cell of a comparative example 2

which an impurity diffusion region is disposed on e

ircuit
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ion.
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a surface of a memory well between the memory gate
structure and a first select gate structure and the

surface of a memory well between the memory gate

structure and a second select gate structure; FIG. 7B is
a schematic view illustrating the width of a deplet ion
layer in the memory cell of the present invention; FIG.
7C is a schematic view illustrating the width of th e
depletion layer in a case where impurity concentrat ion in

the memory well is changed.

Description of Embodiments

[0017] Hereinafter, embodiments of the present inve ntion
will be described in the following order.

1. Overall configuration of non-volatile semiconduc tor
memory device

2. Specific configuration of memory cell

3. Principles of operation to inject charge into ch arge

storage layer in selected memory cell

4. Principles of operation not to inject charge int 0
charge storage layer in non-selected memory cell, i n
which high charge storage gate voltage is applied t 0

memory gate electrode

5. Voltages during various operations in non-volati le
semiconductor memory device

6. Configuration of charge storage layer in memory cell
of the present invention

7. Operations and Effects
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8. Other embodiments
[0018](1) Overall configuration of non-volatile
semiconductor memory device

In FIG. 1, a numeral 1 denotes a non-volatile

semiconductor memory device. The non-volatile

semiconductor memory device includes memory cells 2

2c, and 2d of the present invention. The memory ce
2b, 2c, and 2d are arranged in a matrix of rows and
columns. Of the memory cells 2a, 2b, 2c, and 2d, t
memory cells 2a and 2c¢ (or 2b and 2d), which are ar
in a first direction (in this case, in a column

direction), share one bit line BL1 (or BL2) in the
volatile semiconductor memory device 1. A bit volt
application circuit 10 applies a bit voltage to eac

the bit lines BL1 and BL2. In the non-volatile
semiconductor memory device 1, the memory cells 2a
(or 2c and 2d), which are arranged in a second dire
(in this case, a row direction) orthogonal to the f
direction, share one first select gate line DGL1 (o
DGL2). A first select gate voltage application cir

11 applies a first select gate voltage to each of t

first select gate lines DGL1 and DGL2.

[0019] In the non-volatile semiconductor memory dev

according to this embodiment, the memory cells 2a,

and 2d share one memory gate line MGL, one second s

gate line SGL, and one source line SL. A memory ga

voltage application circuit 13 applies a memory gat
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voltage to the memory gate line MGL. A second sele
gate voltage application circuit 14 applies a secon
select gate voltage to the second select gate line

A source voltage application circuit 15 applies a s
voltage to the source line SL.

[0020] In this embodiment, an example is described
which the memory cells 2a,2b, 2c, and 2d share one
gate line MGL, one second select gate line SGL, and
source line SL. The present invention is not limit

this example. Each pair of the memory cells 2a and
(or 2c and 2d), which are arranged in the second
direction (the row direction) may share the memory
line, the second select gate line, and the source |
[0021] In the non-volatile semiconductor memory dev

the memory cells 2a, 2b, 2c, and 2d are disposed in

P-type memory well MPW, by way of example. A subst

voltage application circuit 17 applies a substrate
voltage to the memory well MPW. In this embodiment
memory cells 2a, 2b, 2c¢, and 2d have the same
configuration. Hereinafter, the memory cell 2a dis

at an intersection of a first row and a first colum

be described.

[0022] In the memory cell 2a, the bit line BL1 is
connected to a drain region (not shown), which is
disposed on a surface of the memory well MPW, and t
source line SL is connected to a source region (not

shown), which is disposed on the surface of the mem
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well MPW. A memory gate structure 4, a first selec
structure 5, and a second select gate structure 6 a
disposed over the memory well MPW between the drain
region and the source region.

[0023] In the memory cell 2a, the first select gate
structure 5 is disposed on a first sidewall of the

gate structure 4 through a sidewall spacer (not sho
The memory gate structure 4 is disposed over the me
well MPW between the drain region and the source re
The second select gate structure 6 is disposed on a
second sidewall of the memory gate structure 4 thro
sidewall spacer. Over the memory well MPW, the fir
select gate structure 5, the memory gate structure

the second select gate structure 6 are disposed in
order in a direction towards the source line SL fro

bit line BL1.

[0024] In this embodiment, a first select gate elec

DG of the first select gate structure 5 is disposed
through a first select gate insulating film over th
memory well MPW between the sidewall spacer and the
region. The first select gate line DGL1 is connect

the first select gate electrode DG. A channel laye
formed in a surface region of the memory well MPW f
the first select gate electrode DG of the first sel

gate structure 5, by a voltage difference between t
voltage and the first select gate voltage. The bit

voltage is applied through the bit line BL1 to the

t gate
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region disposed on the surface of one end of the me
well MPW, and the first select gate voltage is appl
through the first select gate line DGL1 to the firs
select gate electrode DG.

[0025] When the channel layer is formed in the surf
region of the memory well MPW facing the first sele
gate electrode DG of the first select gate structur
the bit line BL1 is electrically connected to a cha
layer formed in the surface region of the memory we
over which the memory gate structure 4 is disposed.
Thereby the bit voltage from the bit line BL1 is ap

to the channel layer below the memory gate structur
On the other hand, when the channel layer is not fo
in the surface region of the memory well MPW facing
first select gate electrode DG, the first select ga
structure 5 blocks the electrical connection betwee

bit line BL1 and the channel layer formed in the su

region of the memory well MPW facing the memory gat

structure 4. Thus, the first select gate structure
prevents the bit voltage (from the bit line BL1) fr
being applied to the channel layer of the memory ga
structure 4.

[0026] A second select gate electrode SG of the sec
select gate structure 6 is disposed, through a seco
select gate insulating film, over the memory well M
between the sidewall spacer and the source region.

second select gate line SGL is connected to the sec
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select gate electrode SG. A channel layer is forme
the surface region of the memory well MPW facing th
second select gate electrode SG of the second selec
structure 6, by a voltage difference between the so
voltage and the second select gate voltage. The so
voltage is applied through the source line SL to th
source region disposed on the surface of one end of
memory well MPW. The second select gate voltage is
applied through the second select gate line SGL to
second select gate electrode SG.

[0027] When the channel layer is formed in the surf
region of the memory well MPW facing the second sel
gate electrode SG of the second select gate structu
the source line SL is electrically connected to the
channel layer formed in the surface region of the m
well MPW over which the memory gate structure 4 is
disposed. On the other hand, when the channel laye
not formed in the surface region of the memory well
facing the second select gate electrode SG, the sec
select gate structure 6 blocks the electrical conne
between the source line SL and the channel layer be
the memory gate structure 4. Thus, the second sele
gate structure 6 prevents the source voltage (from
source line SL) from being applied to the channel |

of the memory gate structure 4.

[0028] The memory gate structure 4 disposed over th

memory well MPW between the first select gate struc

din

t gate
urce

urce

the

the

ace
ect

re 6,

emory

ris
MPW

ond

ction

low

ct

the

ayer

ture 5



-17 -

and the second select gate structure 6 includes a |
gate insulating film, a charge storage layer EC, an
gate insulating film, and a memory gate electrode M
stacked in this order (from bottom to top) over the
memory well MPW. The memory gate line MGL is conne
to the memory gate electrode MG. In the above-conf
memory gate structure 4, a voltage difference betwe
memory gate MG and the memory well MPW causes a qua
tunneling effect. Thereby charge is injected into
removed (pulled out) from the charge storage layer
[0029] (2) Specific configuration of memory cell

FIG. 2 shows a cross-sectional view illustrating a
cross-section of the memory cell 2a (or 2b) of this
embodiment. As illustrated in FIG. 2, in the memor
2a, a P-type memory well MPW is disposed over a sub
20 containing SiO 2 or the like, through an N-type deep
well layer DNW, by way of example. The memory gate
structure 4, the first select gate structure 5, and
second select gate structure 6 are disposed over th
memory well MPW. The memory gate structure 4 is in
in an N-type transistor structure. The first selec
structure 5 is included in an N-type MOS (Metal-Oxi
Semiconductor) transistor structure. The second se
gate structure 6 is included in an N-type MOS trans
structure.
[0030] The drain region 31 and the source region 34

spaced at a predetermined distance from each other
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surface of the memory well MPW. The drain region 3 lis
disposed at one end of the first select gate struct ure 5.
The source region 34 is disposed at one end of the second
select gate structure 6. The bit line BL1 is conne cted
to the drain region 31, and the source line SL is

connected to the source region 34. In this embodim ent,
impurity concentration in each of the drain region 31 and
the source region 34 is 1.0E21/cm % or more. The impurity
concentration of the surface region (for example, a

region from the surface to the depth of 50 nm), in which
a channel layer CH is to be formed, of the memory w ell
MPW is 1.0E19/cm 3 or less, preferably 3.0E18/cm 3 or less.
[0031] The memory gate structure 4 is disposed over the
memory well MPW between the drain region 31 and the

source region 34. The memory gate structure 4 incl udes a
lower gate insulating film 24a, the charge storage layer
EC, an upper gate insulating film 24b, and the memo ry
gate electrode MG stacked in this order. The lower gate
insulating film 24a includes an insulating member

containing SiO 2 or the like. The charge storage layer EC

contains silicon nitride (Si 3Ny), silicon oxynitride

(SiON), or alumina (Al o), for example. The upper gate

insulating film 24b includes an insulating member

containing SiO 2 or the like. The lower gate insulating

film 24a and the upper gate insulating film 24b of the
memory gate structure 4 isolate the charge storage layer
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EC from the memory well MPW and the memory gate ele
MG.

[0032] The sidewall spacer 28a, which is made of an
insulating member, is disposed along the first side

of the memory gate structure 4. The memory gate
structure 4 is adjacent to the first select gate
structure 5 through the sidewall spacer 28a. The
sidewall spacer 28a, which is disposed between the
gate structure 4 and the first select gate structur

has the thickness enough to insulate the memory gat
structure 4 from the first select gate structure 5.
[0033] The first select gate structure 5 includes a
select gate insulating film 30 disposed on the memo
well MPW between the sidewall spacer 28a and the dr
region 31. The first select gate insulating film 3
includes an insulating member and has the thickness
less than or equal to 9 nm, preferably less than or

to 3 nm. The first select gate electrode DG, to wh
the first select gate line DGL1 is connected, is di

on the first select gate insulating film 30.

[0034] In this embodiment, in a case where spacing
between the memory gate structure 4 and the first s
gate structure 5 is less than 5 nm, breakdown volta
failure may occur at the sidewall spacer 28a when a
predetermined voltage is applied to the memory gate
electrode MG or the first select gate electrode DG.
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memory gate structure 4 and the first select gate
structure 5 exceeds 40 nm, the resistance of the me
well MPW between the memory gate electrode MG and t
first select gate electrode DG increases, so that a
current is not likely to be generated between the m
gate structure 4 and the first select gate structur
during data reading operation, which will be descri
below. Hence, in this embodiment, it is preferred

the thickness of the sidewall spacer 28a between th
memory gate structure 4 and the first select gate
structure 5 is greater than or equal to 5 nm and le
than or equal to 40 nm.

[0035] The sidewall spacer 28b, which is made of an
insulating member, is disposed along the second sid
of the memory gate structure 4. The memory gate
structure 4 is adjacent to the second select gate
structure 6 through the sidewall spacer 28b. The
thickness of the sidewall spacer 28b, which is disp
between the memory gate structure 4 and the second
gate structure 6, is the same as that of the sidewa
spacer 28a, and the sidewall spacer 28b insulates t
memory gate structure 4 from the second select gate
structure 6.

[0036] The second select gate structure 6 includes
second select gate insulating film 33 disposed on t
memory well MPW between the sidewall spacer 28b and

source region 34. The second select gate insulatin
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33 is made of an insulating member and has the thic
of less than or equal to 9 nm, preferably less than
equal to 3 nm. The second select gate electrode SG
which the second select gate line SGL is connected,
disposed on the second select gate insulating film
[0037] In this embodiment, in a case where spacing
between the memory gate structure 4 and the second
gate structure 6 is less than 5 nm, breakdown volta
failure may occur at the sidewall spacer 28b when a
predetermined voltage is applied to the memory gate
electrode MG or the second select gate electrode SG
the other hand, in a case where the spacing between
memory gate structure 4 and the second select gate

structure 6 exceeds 40 nm, the resistance of the me

well MPW between the memory gate electrode MG and t

second select gate electrode SG increases, so that
current is not likely to be generated between the m
gate structure 4 and the second select gate structu
during data reading operation, which will be descri
below. Hence, in this embodiment, it is preferred
the thickness of the sidewall spacer 28a between th
memory gate structure 4 and the second select gate
structure 6 is greater than or equal to 5 nm and le
than or equal to 40 nm.

[0038] In this embodiment, the first select gate
electrode DG and the second select gate electrode S

disposed along the sidewalls of the memory gate ele

kness
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MG through the sidewall spacers 28a and 28b, and ea
the first select gate electrode DG and the second s
gate electrode SG has a sidewall shape. The sidewa
shape is a shape in which the height of the first s

gate electrode DG (or the second select gate electr
SG) decreases with the distance from the memory gat
electrode MG such that the top portion of the first
select gate electrode DG (or the second select gate
electrode SG) is sloped (angled) toward the memory
MPW.

[0039] The memory cells 2a, 2b, 2c, and 2d having t
above-described configuration are fabricated by a ¢
semiconductor production process using a film forma
technique, such as a photolithography technique,
oxidization, or CVD, an etching technique, an ion
implantation technique, or the like. In this embod
descriptions of the semiconductor production proces
omitted.

[0040] The above-described sidewall-shaped first an
second select gate electrodes DG and SG are formed
follows: the memory gate electrode MG including the
sidewall spacers 28a and 28b is formed over the mem
well MPW; then a conductive layer is formed over th
memory well MPW, to cover the respective sidewall s
28a and 28b, which are disposed along the sides of
memory gate electrode MG; and thereafter the conduc

layers are etched back. Thus the sidewall-shaped f
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and second select gate electrodes DG and SG are for
along the sidewall spacers 28a and 28b disposed alo
sidewalls of the memory gate electrode MG.
[0041] As described above, the memory gate electrod
is formed prior to the first select gate electrode
the second select gate electrode SG. In a process
a semiconductor production process for forming the
gate electrode MG, the first select gate electrode
the second select gate electrode SG are formed from
conductive layer(s) different from that of the memo
gate electrode MG.
[0042] (3) Principles of operation to inject charge
charge storage layer in selected memory cell

The following describes an example in which data
programmed into the memory cell 2a by injecting cha
into the charge storage layer EC of the memory cell
As illustrated in FIG. 2, in the memory cell (which
be referred to as selected memory cell) 2a in which
charge is to be injected into the charge storage la
a charge storage gate voltage of 12 V is applied th
the memory gate line MGL to the memory gate electro
of the memory gate structure 4. Thereby the channe
layer CH is formed along the surface of the memory
MPW facing the memory gate electrode MG. At this t
gate OFF voltage of 0 V is applied through the seco
select gate line SGL to the second select gate elec

SG of the second select gate structure 6, and a sou
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OFF voltage of 0 V is applied through the source li

to the source region 34. Hence a channel layer is
formed in the surface region of the memory well MPW
facing the second select gate electrode SG of the s
select gate structure 6. Thus, the second select g
structure 6 blocks the electrical connection betwee
source region 34, to which the source line SL is
connected, and the channel layer CH below the memor
structure 4, and prevents the application of voltag

the source line SL to the channel layer CH of the m
gate structure 4.

[0043] The first select gate voltage of 1.5 V is ap
through the first select gate line DGL1 to the firs
select gate electrode DG of the first select gate
structure 5, and a charge storage bit voltage of O
applied through the bit line BL1 to the drain regio
Hence the memory well MPW facing the first select g
electrode DG of the first select gate structure 5 b

a conductive state. The drain region 31, to which

bit line BL1 is connected, is electrically connecte

the channel layer CH below the memory gate structur
As a result, the voltage applied to the channel lay

of the memory gate structure 4 becomes 0 V, which i
charge storage bit voltage. In this case, a substr
voltage of 0 V, which is the same as the charge sto

bit voltage, is applied to the memory well MPW.

ne SL

not

econd
ate

n the

y gate
e from

emory

plied

Vis

n 31.
ate
ecomes
the

dto

e 4.

er CH

s the
ate

rage



.25 -

[0044] The voltage applied to the memory gate elect
MG of the memory gate structure 4 becomes 12 V and
voltage applied to the channel layer CH becomes 0 V
Hence a large voltage difference (12 V) between the
memory gate electrode MG and the channel layer CH i
caused. Due to the quantum tunneling effect result
from the large voltage difference, charge is inject

into the charge storage layer EC and thus data is
programmed.

[0045] (4) Principles of operation not to inject ch

into charge storage layer in non-selected memory ce
which high charge storage gate voltage is applied t

memory gate electrode

In the non-volatile semiconductor memory device 1

shown in FIG. 1, the memory cells 2a, 2b, 2c, and 2
share the memory gate line MGL. For example, in a
where a high charge storage gate voltage is applied
the memory gate line MGL to inject charge only into
charge storage layer EC of the memory cell 2a dispo
the intersection of the first row and the first col

the high charge storage gate voltage is also applie
through the memory gate line MGL to the memory gate
electrode MG of each of the memory cells (which may
referred to as non-selected memory cells) 2b, 2c, a

in which the charge is not supposed to be injected

the charge storage layer EC.
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[0046] Even when the high charge storage gate volta

applied through the memory gate line MGL to the mem

gate electrode MG of the memory cells 2b, 2c, and 2
each of which the charge is not supposed to be inje
into the charge storage layer EC, there is no need
apply a high bit voltage to the bit lines BL1 and B
accordance with the high charge storage gate voltag
unlike a conventional case. The charge injection i
the charge storage layer EC of the memory gate stru
4 is prevented only by allowing the first select ga
structure 5 to block the electrical connection betw
the bit line BL1 and the channel layer CH below the
memory gate structure 4 and by allowing the second
gate structure 6 to block the electrical connection
between the source line SL and the channel layer CH
the memory gate structure 4.

[0047] Of the memory cells 2b, 2c, and 2d, the memo
cell 2b disposed at an intersection of the first ro

the second column will be described below. As
illustrated in FIG. 2, a charge storage gate voltag

12 V is applied through the memory gate line MGL to

memory gate electrode MG of the memory gate structu

of the memory cell 2b. The charge storage gate vol

is transmitted to the memory well MPW, and the chan

layer CH is formed along the surface of the memory

MPW facing the memory gate electrode MG.
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[0048] A gate OFF voltage of 0 V is applied through
second select gate line SGL to the second select ga
electrode SG of the second select gate structure 6
memory cell 2b. A source OFF voltage of 0 V is app
through the source line SL to the source region 34.
Hence the memory well MPW facing the second select
electrode SG is in a non-conductive state, and thus
second select gate structure 6 of the memory cell 2
blocks the electrical connection between the source
region 34, to which the source line SL is connected
the channel layer CH of the memory gate structure 4
[0049] The first select gate voltage of 1.5 V is ap
through the first select gate line DGL1 to the firs
select gate electrode of the first select gate stru

5 of the memory cell 2b. An off-voltage of 1.5V i
applied through the bit line BL2 to the drain regio
Hence the memory well MPW facing the first select g
electrode DG is in the non-conductive state, and th
first select gate structure 5 blocks the electrical
connection between the drain region 31, to which th
line BL2 is connected, and the channel layer CH of
memory gate structure 4.

[0050] As described above, the region of the memory
MPW situated below the first select gate structure
the region of the memory well MPW situated below th
second select gate structure 6 become non-conductiv

state. The memory gate structure 4 of the memory c
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is disposed between the first select gate structure
the second gate structure 6. Hence, the electrical
connection between the channel layer CH, which face
memory gate electrode MG and is formed in the surfa
region of the memory well MPW, and the drain region
and the electrical connection between the channel |
CH and the source region 34 are blocked. Thereby,
depletion layer D is formed around the channel laye
[0051] Here, C2 refers to a capacitor (hereinafter
referred to as gate-insulator capacitor) having a t
layer configuration composed of the upper gate insu
film 24b, the charge storage layer EC, and the lowe
insulating film 24a. C1 refers to a capacitor
(hereinafter referred to as depletion-layer capacit

the depletion layer D, which is formed in the memor
MPW and surrounds the channel layer CH. As illustr
in FIG. 3, the gate-insulator capacitor C2 is conne

in series to the depletion-layer capacitor C1. For
example, given that the gate-insulator capacitor C2
the capacity (gate-insulator capacitance C2) three

as much as the capacity (depletion-layer capacitanc
of the depletion-layer capacitor C1, the channel
potential Vch of the channel layer CH is calculated
formula below.

[0052]

[Formula 1]
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Vech =
GATE-INSULATOR CAPACITANCE G2
SUBSTRATE
( MEMORYGATE My - S oV) x
VOLTAGE VOLTAGE DEPLETION-LAYER C1 + GATE-INSULATOR C2
CAPACITANCE CAPACITANCE

[0053] In this embodiment, the substrate voltage CV
the memory well MPW is 0 V, and the memory gate vol
MV of the memory gate electrode MG is 12 V. Hence,

channel potential Vch is 9 V as shown by a formula

[0054]
[Formula 2]
3-C1
Veh = (12V - 0V) X = 9V
C1+(3-C1)

[0055] Thus, the channel potential Vch of the chann
layer CH, which is surrounded by the depletion laye
the memory well MPW, is 9 V even when the charge st
gate voltage of 12 V is applied to the memory gate
electrode MG of the memory gate structure 4. Hence
voltage difference between the memory gate electrod
and the channel layer CH is 3 V, which is small. A
result, the quantum tunneling effect does not occur
Thus, the injection of charge into the charge stora
layer EC is prevented.

[0056] In the memory cell 2b, an impurity diffusion
region, in which impurity concentration is high, is
formed in a region of the memory well MPW between t

memory gate structure 4 and the first select gate
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structure 5. Hence the depletion layer D is reliab
formed around the channel layer CH formed close to
surface of the memory well MPW. The depletion laye
prevents the channel potential Vch (from the channe
layer CH) from being applied to the first select ga
insulating film 30.

[0057] The depletion layer D blocks the channel pot
Vch of the channel layer CH even in a case where th
thickness of the first select gate insulating film

the first select gate structure 5 is reduced in
accordance with the low bit voltage to be applied t
the bit line BL2 to the drain region 31. Thus, the
breakdown of the first select gate insulating film

to the channel potential Vch is avoided.

[0058] Since an impurity diffusion region, in which
impurity concentration is high, is not formed in a

of the memory well MPW between the memory gate stru
4 and the second select gate structure 6, the deple
layer D is reliably formed around the channel layer
formed close to the surface of the memory well MPW.
the depletion layer D prevents the channel potentia
(from the channel layer CH) from being applied to t
second select gate insulating film 33.

[0059] The depletion layer D blocks the channel pot
Vch of the channel layer CH even in a case where th
thickness of the second select gate insulating film

the second select gate structure 6 is reduced in
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accordance with the low source voltage to be applie
through the source line SL to the source region 34.
the breakdown of the second select gate insulating
33 due to the channel potential Vch is avoided.
[0060] At the time the above-described operation is
performed in the selected memory cell 2a or the non
selected memory cell 2b, the channel potential at t
start of the operation may vary depending on a stat
charge storage in the memory cell 2a or 2b. For ex
given that the potential of the bit line BL1, the b

line BL2, or the source line SL is 0 V, the voltage
applied to the first select gate electrode DG or th
second select gate electrode SGis 1.5V, and the v
applied to the memory gate electrode MG is 1.5V, i
preferred to perform an operation to make each of t
channel potentials of the memory cells 2a, 2b, 2c,
equal to the potential of the bit line BL1, the bit
BL2, or the source line SL, before the data program
operation. After the channel potentials of the mem
cells 2a, 2b, 2c¢, and 2d are made equal to the pote
of the bit line BL1, the bit line BL2, or the sourc

SL, the first select gate electrode DG or the secon
select gate electrode SG is set to the gate OFF vol
(0 V), and then the data programming operation is
performed.

[0061] (5) Voltages during various operations in no

volatile semiconductor memory device
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FIG. 4 is a table showing voltage values of
respective sites in the non-volatile semiconductor
device 1 of the present invention at the times of t
data programming operation (“Prog” in the table), i
which charge is injected into the charge storage la
of the memory cell 2a, the data reading operation (
in the table), in which whether charge is stored in
charge storage layer EC of the memory cell 2a is
determined, and the data erasing operation (“Erase”
the table), in which charge is removed from the cha
storage layer EC of the memory cell 2a or 2C for ex
[0062] The column “Read” in FIG. 4 shows the voltag
values at the time of the data reading operation.
example, in a selected row having the memory cell 2
which the data is to be read, the second select gat
voltage of 1.5 V is applied to the second select ga
line SGL, and the source voltage of 0 V is applied
source line SL. Hence the region of the memory wel
over which the second select gate structure 6 of th
memory cell 2a is disposed becomes a conductive sta
and thus the source line SL is electrically connect
the channel layer CH below the memory gate structur
The first select gate voltage of 1.5 V is applied t
first select gate line DGL1 connected to the first
gate structure 5 of the memory cell 2a from which d

to be read, and the readout voltage of 1.5 V is app
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to the bit line BL1 connected to the drain region 3
adjacent to the first select gate structure 5.

[0063] A voltage of 0 V is applied through the memo
gate line MGL to the memory gate electrode MG of th
memory gate structure 4 of the memory cell 2a from
data is to be read. In a case where charge has bee
stored (in a case where data has been programmed) i
charge storage layer EC of the memory gate structur
the memory cell 2a from which data is to be read, t
region of the memory well MPW below the memory gate
structure 4 is in the non-conductive state. Thus t
memory gate structure 4 blocks the electrical conne
between the first select gate structure 5 and the s
select gate structure 6. Hence, the readout voltag
1.5V applied to the bit line BL1 connected to the
region adjacent to the first select gate structure

the memory cell 2a, from which data is to be read,
maintained.

[0064] In a case where charge has not been stored (
case where data has not been programmed) in the cha
storage layer EC of the memory gate structure 4 of
memory cell 2a from which data is to be read, the r

of the memory well MPW below the memory gate struct
is in the conductive state. The first select gate
structure 5 is electrically connected to the second
select gate structure 6 through the memory gate str

4. Hence, the source line SL, to which 0 V is appl
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is electrically connected to the bit line BL1, tow

1.5 Vis applied, through the memory cell 2a. The
readout voltage applied to the bit line BL1 is appl
the source line SL of 0V, so that the readout volta
applied to the bit line BL1 drops from 1.5 V. Thus
whether the charge has been stored in the charge st

layer EC of the memory cell 2a of the non-volatile

semiconductor memory device 1 is determined by dete

a change in the readout voltage applied to the bit
BL1.

[0065] As shown in the column “Non-selected row” in
4, 0V is applied to the first select gate line DGL

the memory cell 2c (FIG. 1). The memory cell 2c is
connected to the bit line BL1, to which the readout
voltage of 1.5 V is applied, and data is not read f

the memory cell 2c. Hence, the region of the memor
MPW below the first select gate structure 5 becomes
non-conductive state. Thus, a state of charge stor
the charge storage layer EC is prevented from affec
the readout voltage applied to the bit line BL1.

[0066] The column “Erase” in FIG. 4 shows the volta

values during the erasing operation, in which charg

removed from the charge storage layer EC of the mem

cell 2a or 2c in the non-volatile semiconductor mem
device 1. In this case, the memory gate voltage of
is applied through the memory gate line MGL to the

gate electrode MG of the memory gate structure 4 of
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memory cell 2a or 2c. Hence, the charge in the cha
storage layer EC is transferred to the memory well
to which 0 V is applied, and thus the data is erase
[0067] The column “Prog” in FIG. 4 shows a voltage
(at an intersection between “selected column” and
“selected row”) in a case where charge is injected
the charge storage layer EC of the memory cell 2a a
voltage values (in “non-selected column” or “non-se
row”) in a case where charge is not injected into t
charge storage layer EC of the memory cell 2a. The
descriptions similar to those in “(3) Principles of
operation to inject charge into charge storage laye
selected memory cell” and “(4) Principles of operat
not to inject charge into charge storage layer in n
selected memory cell in which high charge storage g
voltage is applied to memory gate electrode” are om
[0068] (6) Configuration of charge storage layer in

memory cell of the present invention

FIG. 5A, in which parts corresponding to those in

FIG.2 are denoted by the same reference numerals,
illustrates a memory cell 100 of a comparative exam
The memory cell 100 differs from the memory cell 2a
the present invention illustrated in FIG. 2 in that
charge storage layer EC1 is disposed in a sidewall
102. The sidewall spacer 102 is disposed between t
memory gate electrode MG and the first select gate

electrode DG. Although FIG. 5A shows only the char
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storage layer EC1 disposed between the memory gate
electrode MG and the first select gate electrode DG
charge storage layer is disposed also in a sidewall
spacer between the memory gate electrode MG and the
second select gate electrode SG (not shown in FIG.
[0069] The charge storage layer EC1 of the comparat
example extends from an end of the charge storage |
EC disposed in a region ER1 below the memory gate
electrode MG to a region between the memory gate
electrode MG and the first select gate electrode DG

is bent at a right angle. The charge storage layer
further extends inside the sidewall spacer 102, whi
disposed between the memory gate electrode MG and t
first select gate electrode DG, and along a sidewal

the memory gate electrode MG.

[0070] In the memory cell 100 of the comparative ex

1, which includes the charge storage layers EC and
charge is injected from the memory well MPW to the
storage layer EC due to the quantum tunneling effec
caused by the voltage difference between the memory
electrode MG and the channel layer (not shown) form
the surface region of the memory well MPW. However
illustrated in FIG. 5B, in which parts correspondin
those in FIG. 5A are denoted by the same reference
numerals, in the memory cell 100 of the comparative
example 1, the charge stored in the charge storage

EC may diffuse gradually into the charge storage la
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EC1, which is disposed between the memory gate elec

MG and the first select gate electrode DG, with tim
The charge may be stored not only in the charge sto
layer EC but also in the charge storage layer EC1,

is directly above a region ER2 of the memory well M
between the memory gate electrode MG and the first
gate electrode DG.

[0071] As described above, in a case where the char
stored also in the charge storage layer EC1, which
directly above the region ER2 of the memory well MP
between the memory gate electrode MG and the first
gate electrode DG, in the memory cell 100 of the
comparative example 1, the resistance of the region
increases. Hence a memory current drops in a readi
operation, and it becomes difficult to enhance read
performance and the speed of the operation.

[0072] In the memory cell 2a of the present inventi
illustrated in FIG. 6, on the other hand, the charg

storage layer EC is disposed only in the region ER1

through which the memory gate electrode MG faces th

memory well MPW. The charge storage layer is in ne
of the sidewall spacer 28a, which is disposed betwe
memory gate electrode MG and the first select gate

electrode DG, nor the sidewall spacer 28b, which is

disposed between the memory gate electrode MG and t

second select gate electrode SG (not shown in FIG.
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[0073] In the case where the charge is injected int
charge storage layer EC in the memory cell 2a, the
sidewall spacers 28a and 28b prevent the charge in
charge storage layer EC from reaching near the firs
select gate electrode DG and the second select gate
electrode SG. The charge is maintained within the
ER1 below the memory gate electrode MG. Thus, the
is prevented from being stored in a region directly
the region ER2 of the memory well MPW between the m
gate electrode MG and the first select gate electro
As a result, in the memory cell 2a, the resistance
of the region ER2 of the memory well MPW between th
memory gate electrode MG and the first select gate
electrode DG is kept low, to enhance the reading
performance and the speed of the operation.
[0074] (7) Operation and Effect

The above-configured memory cell 2a includes the
memory gate structure 4 disposed over the memory we
between the drain region 31 and the source region 3
The memory gate structure 4 includes the lower gate
insulating film 24a, the charge storage layer EC, t
upper gate insulating film 24b, and the memory gate
electrode MG stacked in this order. The first sele
gate structure 5 is disposed adjacent to and along
first sidewall of the memory gate structure 4 throu
sidewall spacer 28a. The second select gate struct

is disposed adjacent to and along the second sidewa
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the memory gate structure 4 through the sidewall sp acer
28b.

[0075] The first select gate electrode DG of the fi rst
select gate structure 5 is disposed, through the fi rst
select gate insulating film 30, over the memory wel | MPW
between the drain region 31, to which the bit line BL1is
connected, and the sidewall spacer 28a provided on the
sidewall of the memory gate structure 4. The secon d

select gate electrode SG of the second select gate

structure 6 is disposed, through the second select gate
insulating film 33, over the memory well MPW betwee n the
source region 34, to which the source line SL is

connected, and the sidewall spacer 28b provided on the

sidewall of the memory gate structure 4.

[0076] In the case where charge is not to be inject ed
into the charge storage layer EC of the memory cell 2a,
the first select gate structure 5 blocks the electr ical
connection between the drain region 31 and the chan nel
layer CH and the second select gate structure 6 blo cks
the electrical connection between the source region 34
and the channel layer CH even when the charge stora ge
gate voltage, which is necessary for charge injecti on

into the charge storage layer EC, is applied to the
memory gate electrode MG and the channel layer CH i S
formed in the surface region of the memory well MPW

facing the memory gate electrode MG.
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[0077] Thereby, in the memory cell 2a, the depletio
layer D is formed around the channel layer CH, and
channel potential VVch of the channel layer CH is ra
in accordance with the charge storage gate voltage,
the voltage difference between the memory gate elec
MG and the channel layer CH decreases. Thus, the
depletion layer D blocks the voltage to be applied
the channel layer CH to the first and second select
insulating films 30 and 33 while preventing the inj

of charge into the charge storage layer EC.

[0078] Hence, in the memory cell 2a, the voltages a
to the bit line BL1 and the source line SL are redu
allow the first select gate structure 5 and the sec
select gate structure 6 to block the electrical
connection between the bit line BL1 and the channel
CH and the electrical connection between the source
SL and the channel layer CH, without being constrai
the high charge storage gate voltage needed to inje
charge into the charge storage layer EC by the quan
tunneling effect. The reduction in voltages applie
the bit line BL1 and the source line SL allows redu
in the thickness of the first select gate insulatin

30 of the first select gate structure 5 and the thi

of the second select gate insulating film 33 of the
second select gate structure 6 in the memory cell 2

The high-speed operation is achieved correspondingl
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[0079] In the memory cell 2a of the present inventi
the voltages to be applied to the bit line BL1 and
source line SL are reduced. Hence, the thickness o
gate insulating film of a field effect transistor i
peripheral circuit that controls the memory cell 2a
reduced. The area of the peripheral circuit is red
correspondingly.

[0080] As illustrated in FIG. 1, the non-volatile
semiconductor memory device 1, which is provided wi
memory cells 2a, 2b, 2c¢, and 2d arranged in the mat
rows and columns, includes the bit voltage applicat
circuit 10, the first select gate voltage applicati

circuit 11, the memory gate voltage application cir
13, the second select gate voltage application circ
the source voltage application circuit 15, and the
substrate voltage application circuit 17. In any o
operations such as injecting charge into the charge
storage layer EC of the memory cell 2a or removing
from the charge storage layer EC of each of the mem
cells 2a, 2b, 2c¢, and 2d, each of the voltages to b
applied to the bit lines BL1 and BL2, the first sel

gate lines DGL1 and DGL2, the source line SL, and t
second select gate line SGL is less than or equal t

V, for example.

[0081] Hence, in the non-volatile semiconductor mem
device 1 of the present invention, peripheral circu
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gate voltage application circuit 11, the second sel
gate voltage application circuit 14, the memory gat
voltage application circuit 13, the source voltage
application circuit 15, and the substrate voltage
application circuit 17, and other various periphera
circuits such as CPU (central processing unit), ASI
(application-specific integrated circuit), a logic
circuit, and an input and output circuit, in each o
which the maximum operating voltage is setto 1.5V
example, are embedded with the memory cells 2a, 2b,
and 2d and the bit voltage application circuit 10 a
like, over one semiconductor substrate.

[0082] In this case, in the non-volatile semiconduc
memory device 1 of the present invention, it is pre
that the thickness of each of the first select gate
insulating film 30 and the second select gate insul
film 33 disposed in, for example, each of the memor
cells 2a, 2b, 2c, and 2d is less than or equal to t
thickness of the thinnest one of the gate insulatin
films of the field effect transistors in the periph
circuits. It is preferred that the thickness of ea

the first select gate insulating film 30 and the se
select gate insulating film 33 is the same as the
thickness of the gate insulating film of the field
transistor in the bit voltage application circuit 1
connected to the bit lines BL1 and BL2 and the thic

of the gate insulating film of the field effect
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transistor in the source voltage application circui
connected to the source line SL.

[0083] The thickness of each of the first select ga
insulating film 30 and the second select gate insul

film 33 embedded with the peripheral circuits over
semiconductor substrate is reduced, and the high-sp
operation of the non-volatile semiconductor memory

1 of the present invention is achieved correspondin
The areas of the peripheral circuits disposed adjac
the memory cells 2a, 2b, 2c, and 2d are also reduce
[0084] A memory cell 201 illustrated in FIG. 7A wil
described below. In FIG. 7A, parts corresponding t
those of the memory cell 2a of the present inventio
illustrated in FIG.2 are denoted by the same refere
numerals. The memory cell 201 illustrated in FIG.
represents a comparative example 2. The memory cel
differs from the memory cell 2a illustrated in FIG.

that an impurity diffusion region 207a and an impur
diffusion region 207b are disposed. The impurity
diffusion region 207a is disposed in a surface regi

the memory well MPW between a memory gate structure
and a first select gate structure 205. The impurit
diffusion region 207b is disposed in a surface regi

the memory well MPW between the memory gate structu
and a second select gate structure 206.

[0085] In a case where charge is not to be injected

the charge storage layer EC of the memory cell 201
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comparative example 2, a channel layer CH, in which
potential is raised in accordance with the charge s

gate voltage, is formed in a surface region of the

well MPW facing the memory gate electrode MG when t

charge storage gate voltage of 12 V is applied to t
memory gate electrode MG, in a manner similar to th
above-described embodiments.

[0086] In the memory cell 201 of the comparative ex
2, the impurity diffusion regions 207a and 207b are
disposed on the surface of the memory well MPW lyin
both sides of the memory gate structure 204. Impur
concentration(s) of the impurity diffusion regions

and 207b is higher than that of the memory well MPW
which the channel layer CH is formed. Hence the ch
potential of the channel layer CH is applied to the
select gate insulating film 30 and the second selec
insulating film 33 through the impurity diffusion r
207a and 207b.

[0087] For this reason, a problem arises that the
breakdown of the first select gate insulating film

the second select gate insulating film 33 may occur
to the channel potential applied from the impurity
diffusion region 207a or 207b in the case where the
thickness of the first select gate insulating film

the second select gate insulating film 33 in the me

cell 201 of the comparative example 2 is small.
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[0088] In the memory cell 2a of the present inventi
illustrated in FIG. 7B, in which parts correspondin
those in Fig. 2 are denoted by the same reference
numerals, the impurity diffusion region is not form

the surface region of the memory well MPW between t
memory gate structure 4 and the first select gate
structure 5 and in the surface region of the memory
MPW between the memory gate structure 4 and the sec
select gate structure 6. The impurity concentratio
each of the above-described surface regions of the
well MPW is the same as that in the region of the m
well MPW in which the channel layer CH is formed.
the application of the channel potential Vch from t
channel layer CH to the first and second select gat
insulating films 30 and 33 is blocked by the deplet
layer having a width DW1 and formed around the chan
layer CH. The electric field applied from the chan
layer CH having the channel potential Vch to the fi
select gate insulating film 30 and the second selec
insulating film 33 is relaxed by the depletion laye
[0089] As described above, in the memory cell 2a of
present invention, the application of the channel
potential Vch from the channel layer CH to the firs
select gate insulating film 30 and the second selec
insulating film 33 is reliably blocked. Thereby th
breakdown of the first select gate insulating film

the second select gate insulating film 33 is avoide
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when the thickness of the first select gate insulat
film 30 and the thickness of the second select gate
insulating film 33 are reduced in accordance with t
voltage(s) applied through the bit line BL1 and the
source line SL.
[0090] In a case where the width DW1 of the depleti
layer is made larger than the thickness of the firs
select gate insulating film 30 or the second select
insulating film 33, the electric field applied to t
first select gate insulating film 30 or the second
gate insulating film 33 is less than or equal to
approximately half the electric field applied to th
memory cell 201 of the comparative example 2 illust
in FIG. 7A. In this embodiment, as illustrated in
by way of example, the maximum voltage applied to e
the bit line BL1 and the source line SL in each of
operations is reduced to less than or equal to 1.5
Correspondingly, the thickness of each of the first
select gate insulating film 30 and the second selec
insulating film 33 is less than or equal to 9 nm.
[0091] (8) Other embodiments

The present invention is not limited to this
embodiment and various modifications are possible w
the scope of the present invention. For example, t
impurity concentration in the surface region, in wh

the channel layer CH is to be formed, in the memory

may be less than or equal to 3E18/cm 3. FIG. 7C, in which
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parts corresponding to those in FIG. 7B are denoted
the same reference numerals, shows a memory cell 41
the present invention. The memory cell 41 includes
memory well MPWL1. In the memory well MPW1, the imp
concentration of a surface region, in which the cha
layer CH is to be formed, is less than or equal to
3E18/cm 3,

[0092] Similar to the above embodiments, the region
the memory well MPW1 facing the first select gate
structure 5 and the second select gate structure 6

the non-conductive state even when a high charge st
gate voltage is applied to the memory gate electrod

in the memory cell 41 and the channel layer CH is f

in the surface region of the memory well MPW1 facin
memory gate electrode MG. Hence, the depletion lay
(not shown) is formed around the channel layer CH f
in the surface region of the memory well MPW1 facin
memory gate structure 4. Thus, the injection of ch

into the charge storage layer EC is prevented.

[0093] In the memory cell 41, which employs the mem

well MPW1 having the impurity concentration of less

or equal to 3E18/cm 3 the depletion layer formed around

the channel layer CH has an increased width DW2. T
electric field applied to the first select gate

insulating film 30 and the second select gate insul
film 33 is relaxed in accordance with the increase

width DW2 of the depletion layer. As a result, the
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thickness of the first select gate insulating film

the thickness of the second select gate insulating

33 are further reduced. For example, when the depl
layer is formed around the channel layer, the elect
field applied to the first and second select gate
insulating films 30 and 33 in the memory cell 41, w
employs the memory well MPW1 having the impurity
concentration of less than or equal to 3E18/cm
approximately 1/4 of the electric field applied to

first and second select gate insulating films 30 an

in the memory cell 2a (see FIG.2), which employs th
memory well MPW having the impurity concentration o
than or equal to 1.0E19/cm 3. Accordingly, each of the
thickness of the first select gate insulating film

the thickness of the second select gate insulating

33 is reduced to the thickness of less than or equa
nm.

[0094] The impurity concentration of a region from
surface to the depth of 50nm in the memory well MPW
between the first select gate electrode DG and the
select gate electrode SG may be less than or equal
3E18/cm 3. Hence, the electric field applied from the
channel layer CH to the first select gate insulatin

30 and the second select gate insulating film 33 is
relaxed by the depletion layer formed. Accordingly

of the thickness of the first select gate insulatin
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30 and the thickness of the second select gate insu
film 33 is formed to be less than or equal to 3 nm.
[0095] In the above embodiments, the p-type memory
MPW is used, and the memory gate structure 4 includ
the N-type transistor structure, the first select g
structure 5 included in the N-type MOS transistor
structure, and the first select gate structure 6 in

in the N-type MOS transistor are provided. The pre
invention is not limited to such embodiments. An N
memory well may be used, and a memory gate structur
included in a P-type transistor structure, a first

gate structure included in a P-type MOS transistor
structure, and a second select gate structure inclu

a P-type MOS transistor may be provided.

[0096] In this case, polarities (the N type and the
type) are opposite to those of the memory cell 2a.
voltages to be applied to the memory gate structure
first select gate structure, the second select gate
structure, the bit line, and the source line may ch
correspondingly. Similar to the above embodiments,
voltages(s) applied to the bit line and the source

is reduced such that the regions of the memory well
facing the first select gate structure and the seco
select gate structure become the non-conductive sta
without being constrained by the charge storage gat
voltage applied to the memory gate electrode. Sinc

voltage(s) applied to the bit line and the source |
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reduced, the thickness of the first select gate
insulating film of the first select gate structure

the thickness of the second select gate insulating

of the second select gate structure are reduced. T
high-speed operation is achieved correspondingly.
areas of the peripheral circuits are also reduced.
[0097] In the above embodiments, data is programmed
injecting charge into the charge storage layer EC o
memory cell 2a and erased by removing charge from t
charge storage layer EC. The present invention is
limited to such embodiments. Data may be programme
removing charge from the charge storage layer EC of
memory cell 2a and erased by injecting charge into
charge storage layer EC.

[0098] The voltage values for the non-volatile
semiconductor memory device 1 of the present invent
are not limited to those shown in FIG. 4. Various
voltage values other than those described above may
used as long as the voltage values allow injection
charge into the charge storage layer EC of the memo
gate structure 4 through the quantum tunneling effe
as long as the voltage values allow the regions of
memory well MPW facing the first select gate struct
and the second select gate structure 6 to be in the
conductive state and thereby allowing the formation
the depletion layer D around the channel layer CH i

memory well MPW facing the memory gate structure 4,
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prevent the injection of charge into the charge sto
layer EC. In the data reading operation, the volta
values at the respective sites may take various val
long as the voltage values enable reading out of
information indicating whether charge has been stor
the charge storage layer EC of each of the memory c

2a, 2b, 2c, and 2d.

Reference Signs List
[0099]1 non-volatile semiconductor memory device
2a, 2b, 2c¢, 2d memory cell
4 memory gate structure
5 first select gate structure
6 second select gate structure
30 first select gate insulating film
31 drain region
33 second select gate insulating film
34 source region
CH channel layer
D depletion layer
BL1, BL2 bit line
SL source line
MGL memory gate line
DGL1, DGLZ2 first select gate line
SGL second select gate line
MPW, MPW1 memory well

MG memory gate electrode
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DG first select gate electrode
SG second select gate electrode

EC charge storage layer
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Claims

1. A memory cell comprising:

a drain region disposed on a surface of a memory
well, a bit line being connected to the drain regio

a source region disposed on the surface of the
memory well, a source line being connected to the s

region;

a memory gate structure disposed between the drain

region and the source region, the memory gate struc
including a lower memory gate insulating film, a ch
storage layer, an upper memory gate insulating film
a memory gate electrode stacked in this order over
memory well;

a first select gate structure including a first
select gate electrode and a first select gate insul
film, the first select gate electrode being dispose
through a first select gate insulating film over th
memory well between the drain region and the memory
structure, the first select gate structure being ad
to a first sidewall of the memory gate structure th
a first sidewall spacer; and

a second select gate structure including a seco
select gate electrode and a second select gate insu
film, the second select gate electrode being dispos
through a second select gate insulating film over t

memory well between the source region and the memor
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structure, the second select gate structure being
adjacent to a second sidewall of the memory gate

structure through a second sidewall spacer;

wherein in a case where charge storage gate voltag

needed to inject charge into the charge storage lay
guantum tunneling effect is applied to the memory g
electrode and a channel layer is formed in a surfac
region of the memory well facing the memory gate
electrode, the first select gate structure blocks
electrical connection between the drain region and
channel layer and the second select gate structure
electrical connection between the source region and
channel layer, and a depletion layer is formed to
surround the channel layer having a channel potenti
raised in accordance with the charge storage gate v
and the depletion layer prevents the channel potent
from being applied to the first and second select g
insulating films from the channel layer while charg

injection into the charge storage layer is prevente

reducing a voltage difference between the memory ga

electrode and the channel layer.

2. The memory cell according to claim 1, wherein

impurity concentration of the memory well between t
first select gate electrode and the second select g
electrode is lower than impurity concentration of t

drain region and impurity concentration of the sour
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region, and the impurity concentration of the memor
between the first select gate electrode and the sec
select gate electrode is set to enable a depletion

to prevent application of the channel potential to
first and second select gate insulating film from t
channel layer in a case where the depletion layer i

formed.

3. The memory cell according to claim 1 or 2,
wherein the first select gate structure applies a b
voltage from the bit line to the channel layer whil
second select gate structure blocks a voltage to be
applied to the channel layer from the source line,
charge is injected into the charge storage layer by
voltage difference between the charge storage gate

voltage and the bit voltage.

4. The memory cell according to any one of claims
to 3, wherein the charge storage layer is disposed
in a region through which the memory gate electrode
the memory well, and the charge storage layer is in
neither of the first sidewall spacer nor the second
sidewall spacer, the first sidewall spacer being di
between the memory gate structure and the first sel
gate structure, the second sidewall spacer being di
between the memory gate structure and the second se

gate structure.
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5. The memory cell according to any one of claims
to 4, wherein the channel potential is made to be e
to a potential of the bit line or a potential of th
source line before charge is injected into the char

storage layer by the quantum tunneling effect.

6. The memory cell according to any one of claims
to 5, wherein each of the first select gate electro
the second select gate electrode has a sidewall sha

with respect to the memory gate electrode.

7. A memory cell comprising:

a drain region disposed on a surface of a memory
well, a bit line being connected to the drain regio

a source region disposed on the surface of the
memory well, a source line being connected to the s

region;

a memory gate structure disposed between the drain

region and the source region, the memory gate struc
including a lower memory gate insulating film, a ch
storage layer, an upper memory gate insulating film
a memory gate electrode stacked in this order over
memory well;

a first select gate structure including a first
select gate electrode and a first select gate insul

film, the first select gate electrode being dispose
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through the first select gate insulating film over
memory well between the drain region and the memory
structure, the first select gate structure being ad
to a first sidewall of the memory gate structure th
a first sidewall spacer; and
a second select gate structure including a seco

select gate electrode and a second select gate insu
film, the second select gate electrode being dispos
through the second select gate insulating film over
memory well between the source region and the memor
structure, the second select gate structure being
adjacent to a second sidewall of the memory gate
structure through a second sidewall spacer;

wherein the charge storage layer is disposed only
a region through which the memory gate electrode fa
the memory well, and the charge storage layer is in
neither of the first side wall spacer nor the secon
sidewall spacer, the first sidewall spacer being di
between the memory gate structure and the first sel
gate structure, the second sidewall spacer being di
between the memory gate structure and the second se
gate structure, and

each of the first select gate electrode and the
second select gate electrode has a sidewall shape w
respect to the memory gate electrode, the first sel
gate electrode being disposed along the first sidew

the memory gate electrode through the first sidewal
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spacer, the second select gate electrode being disp
along the second sidewall of the memory gate electr
through the second sidewall spacer, the first and s

select gate electrodes facing each other.

8. The memory cell according to any one of claims
to 7, wherein impurity concentration of a region fr
surface to a depth of 50 nm in the memory well betw
the first select gate electrode and the second sele
gate electrode is less than or equal to 1E19/cm
thickness of each of the first select gate insulati
film and the second select gate insulating film is

than or equal to 9 nm.

9. The memory cell according to any one of claims
to 7, wherein impurity concentration of a region fr
surface to a depth of 50 nm in the memory well betw
the first select gate electrode and the second sele
gate electrode is less than or equal to 3E18/cm
thickness of each of the first select gate insulati
film and the second select gate insulating film is

than or equal to 3 nm.

10. A non-volatile semiconductor memory device
comprising memory cells according to any one of cla

to 9, the memory cells being disposed in a matrix o
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and columns, the at least one bit line and the at | east

one source line being connected to the memory cells

11. The non-volatile semiconductor memory device

according to claim 10, wherein peripheral circuits are
disposed adjacent to the memory cells, a thickness of
each of the first select gate insulating film and t he
second select gate insulating film in the memory ce Il'is
less than or equal to a thickness of a thinnest one of
gate insulating films of field effect transistors i n the
peripheral circuits, and the thickness of each of t he
first select gate insulating film and the second se lect
gate insulating film is the same as a thickness of a gate
insulating film of a field effect transistorina b it
voltage application circuit connected to the at lea st one
bit line and a thickness of a gate insulating film of a
field effect transistor in a source voltage applica tion

circuit connected to the at least one source line.



