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Description

Title of Invention: NONVOLATILE SEMICONDUCTOR STORA
DEVICE

Technical Field
[0001] The present invention relates to a non-volat
semiconductor memory device.

Background Art

[0002] A conventionally known non-volatile semicond
memory device includes memory cells arranged in a m
of rows and columns and each including a charge sto
layer in a memory gate structure. In such a non-vo
semiconductor memory device, data is programmed by
injecting charge into the charge storage layer of e
memory cell, or data is erased by removing charge f
the charge storage layer.

[0003] The charge injection into the charge storage

of the memory cell is achieved by applying a low bi
voltage to a channel layer of the memory gate struc
and applying a high charge storage gate voltage to
memory gate electrode to cause a quantum tunneling
due to a voltage difference between the bit voltage

the memory gate voltage.

[0004]A known configuration of such a non-volatile
semiconductor memory device includes a charge pump
circuit configured to generate the high charge stor

gate voltage to be applied to the memory cell. A k
basic charge pump circuit is a Dixon charge pump ci
FIG. 10 is a circuit diagram of a Dixon charge pump
circuit 100 including, for example, four stages.

[0005] The Dixon charge pump circuit 100 has a
configuration in which a plurality of PN junction d

D101, D102, D103, D104, and D105 are connected in s
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between an input electrode and an output electrode. One
end of each of capacitive elements C101, C102, C103 , and
C104 is connected with the corresponding one of cat hodes
of the PN junction diodes D101, D102, D103, and D10 4.
Voltage of a first clock @l is applied to the other end

of each of the capacitive elements C101 and C103 at odd-
numbered stages. Voltage of a second clock @2 having a
phase opposite to that of the first clock @l is applied

to the other end of each of the capacitive elements C102
and C104 at even-numbered stages. As illustrated i n FIG.
11, voltages at high and low levels of the first cl ock ¢l
and the second clock @2 having phases opposite to each

other are alternately applied to the capacitive ele ments
C101 and C103 and the capacitive elements C102 and C104,
respectively. In FIG. 11, V1 denotes a constant in put
voltage input from the input electrode, and V2 deno tes an
output voltage output from the output electrode.

[0006]In the charge pump circuit 100, the capaciti ve
elements C101, C102, C103, and C104 repeat charging and
discharging at the timings of voltage change betwee n high
and low levels of the first clock @l and the second clock

@2. The charge pump circuit 100 outputs, as the out put
voltage V2 from the output electrode, a voltage obt ained
by multiplying a voltage having the amplitude of th e

first clock @l or the second clock @2 by the number of

stages of the capacitive elements C101, C102, C103, and

C104. In this manner, the charge pump circuit 100

generates the increased output voltage V2.

[0007]In the charge pump circuit 100 thus configur ed,
the capacitive elements C101, C102, C103, and C104 each
need to have an excellent breakdown voltage

characteristic and a stable capacitor characteristi C.
For example, Patent Literature 1 discloses a

manufacturing method of forming a capacitive elemen t
simultaneously with a memory cell through a process of
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manufacturing the memory cell. Specifically, Paten
Literature 1 discloses a technology of forming, thr
process of manufacturing a charge-storage-type memo
cell including a control gate electrode and a memor
electrode, a capacitive element used for a drive ci

of the memory cell.

[0008]In the technology disclosed in Patent Literat
after the control gate electrode is formed, an ONO

as a stack of an oxide silicon film, a silicon nitr

film to be a charge storage layer, and another oxid
silicon film is formed in a memory cell formation r

and a capacitive element formation region, and then
memory gate electrode is formed at a certain positi
the ONO film in the memory cell formation region.
technology disclosed in Patent Literature 1, part o
ONO film for achieving charge storage at the memory
is allowed to remain in the capacitive element form
region and used as a capacitive insulating film of
capacitive element.

Citation List

Patent Literature

[0009]Patent Literature 1: Japanese Patent Laid-Op
2014-229844

Summary of Invention

Technical Problem

[0010]However, the ONO film to be used as a capaci
insulating film has a film quality and a thickness

are optimized mainly for programming operation, rea
operation, and erasing operation of the memory cell
thus has an insufficient breakdown voltage characte
when used as a capacitive insulating film and recei
continuous application of a high voltage. In parti
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the high charge storage gate voltage is generated a
example, a capacitive element at the last stage, an
continuously applied to the capacitive insulating f
the capacitive element. Thus, when the ONO film is
as a capacitive insulating film in the conventional
charge pump circuit 100, the breakdown voltage of t
capacitive insulating film is insufficient.
[0011]Moreover, when the ONO film is used as a
capacitive insulating film, the high voltage applic
causes carrier injection from a capacitor electrode
the silicon nitride film inside the capacitive insu

film, which leads to an unstable capacitor characte
[0012]To avoid the above-described problem, for ex
a plurality of capacitive elements provided in a ch
pump circuit are divided into a pre-stage side and
post-stage side, and separate power supplies are pr
to a plurality of capacitive elements on the pre-st
side and a plurality of capacitive elements on the
stage side. However, the configuration of a non-vo
semiconductor memory device including such a charge
circuit is complicated and cannot be downsized due
plurality of power supplies provided to apply diffe
voltages to the plurality of capacitive elements on
pre-stage side and the plurality of capacitive elem
on the post-stage side, respectively.

[0013]The present invention is intended to solve t
above-described problem by providing a non-volatile
semiconductor memory device that includes a capacit
element having an improved breakdown voltage
characteristic and a stabilized capacitor character
and achieves downsizing.

Solution to Problem
[0014]To solve the above-described problem, a non-
volatile semiconductor memory device according to t
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present invention includes a memory cell provided o
semiconductor substrate, and a charge pump circuit
disposed on an insulating layer provided on the
semiconductor substrate. The memory cell includes:
memory gate structure in which a lower memory gate
insulating film, a charge storage layer, an upper m
gate insulating film, and a memory gate electrode a
stacked; a first sidewall spacer made of an insulat
material and provided along one side surface of the
memory gate structure; a second sidewall spacer mad
the insulating material and provided along the othe
surface of the memory gate structure; a first selec
structure that is disposed along the first sidewall
spacer and in which a first select gate electrode i
provided on a first select gate insulating film; a
select gate structure that is disposed along the se
sidewall spacer and in which a second select gate
electrode is provided on a second select gate insul
film; a drain region provided on a surface of the
semiconductor substrate, which is adjacent to the f
select gate structure, insulated from the first sel
gate electrode, and electrically connected with a b
line; and a source region provided on a surface of
semiconductor substrate, which is adjacent to the s
select gate structure, insulated from the second se
gate electrode, and electrically connected with a s
line. The charge pump circuit includes a plurality
capacitive elements. Each capacitive element inclu
between a capacitor electrode and a capacitor sidew
electrode, a capacitive sidewall insulating film ma

a layer same as a layer of the first sidewall space
the second sidewall spacer.

Advantageous Effects of Invention
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[0015]In the present invention, a film of which a
sidewall spacer of a memory cell is made is used as
capacitive sidewall insulating film of a capacitive
element in a charge pump circuit provided on a
semiconductor substrate on which the memory cell is
provided. The film quality and thickness of the si
spacer of the memory cell can be adjusted mainly fo
breakdown voltage. Thus, an improved breakdown vol
characteristic and a stabilized capacitor character
can be obtained for the capacitive element when the
sidewall spacer is used as the capacitive sidewall
insulating film of the capacitive element of the ch
pump circuit. The above-described configuration do
need a power supply for achieving low voltage appli
to the capacitive element, thereby achieving a simp
and downsized configuration accordingly.

Brief Description of Drawings

[0016]FIG. 1 is a cross-sectional view illustratin
configuration of a non-volatile semiconductor memor
device according to the present invention.

FIG. 2 is a circuit diagram illustrating a circuit
configuration of a charge pump circuit including tw
capacitive elements.

FIG. 3 is a schematic view illustrating a planar la

of the charge pump circuit including two capacitive
elements.

FIG. 4 is a schematic view illustrating a sectional
configuration taken along line B-B' in FIG. 3.

FIG. 5 is a schematic view illustrating a planar la

of a charge pump circuit including four capacitive
elements.

FIG. 6 is a cross-sectional view illustrating the
configuration of a non-volatile semiconductor memor
device according to another embodiment.
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FIG. 7 is a schematic view illustrating a planar la

of a non-volatile semiconductor memory device inclu
fin.

FIG. 8A is a schematic view illustrating a sectiona
configuration taken along line D-D' in FIG. 7; FIG.

a schematic view illustrating a sectional configura
taken along line E-E' in FIG. 7.

FIG. 9 is a schematic view illustrating a sectional
configuration taken along line F-F' in FIG. 7.

FIG. 10 is a circuit diagram illustrating a circuit
configuration of a conventional charge pump circuit
FIG. 11 is a timing chart illustrating a relation a

an input voltage V1 applied to a charge pump circui
voltages of a first clock @1 and a second clock
an output voltage V2.

Description of Embodiments

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

1. Configuration of non-volatile semiconductor memo
device according to the present invention

1-1. Memory cell

1-1-1. Operation of selected program memory cell
1-1-2. Operation of nonselected program memory cell
1-1-3. Operation of read memory cell

1-1-4. Operation of erase memory cell

1-2. Charge pump circuit

2. Operations and effects

3. Charge pump circuit including four capacitive el

4. Non-volatile semiconductor memory device accordi
another embodiment

5. Non-volatile semiconductor memory device includi
6. Others

[0018](1) Configuration of non-volatile semiconduc
memory device according to the present invention
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As illustrated in FIG. 1, in a non-volatile
semiconductor memory device 1, a memory cell 2 and
charge pump circuit 4 are disposed on an identical
semiconductor substrate S1. For example, a voltage
obtained by increasing an input voltage at the char
pump circuit 4 is applied to a memory gate electrod
of the memory cell 2. Although FIG. 1 illustrates
one memory cell 2, but a plurality of memory cells
disposed in row and column directions in reality, a
memory cell array is composed of the memory cells 2
disposed in a matrix of rows and columns.
[0019](1-1) Memory cell

The memory cell 2 includes, for example, on the P-

type semiconductor substrate S1, a memory gate stru
5 included in an N-type memory transistor MT, a fir
select gate structure 6 included in a first select
transistor T1 made of an N-type metal-oxide-semicon
(MOS), and a second select gate structure 7 include
second select transistor T2 made of an N-type MOS.
[0020]A drain region 8a and a source region 8b are
disposed on a surface of the semiconductor substrat
with a certain distance provided therebetween. The
select gate structure 6, the memory gate structure
the second select gate structure 7 are disposed bet
the drain region 8a and the source region 8b. The
region 8a is disposed on part of the surface of the
semiconductor substrate S1, which is adjacent to th
first select gate structure 6. The drain region 8a
connected with a bit line BL so that a bit voltage
applied to the bit line BL is applied to the drain

8a. The source region 8b is disposed on part of th
surface of the semiconductor substrate S1, which is
adjacent to the second select gate structure 7. Th
source region 8b is connected with a source line SL
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that a source voltage applied to the source line SL 5
applied to the source region 8b.

[0021] The memory gate structure 5 includes, throug ha
lower memory gate insulating film 10 made of an

insulating material such as oxide silicon (SiO or S i0 ),
a charge storage layer EC made of, for example, sil icon
nitride (Si 3Ny), silicon oxynitride (SiON), alumina

(Al 20s), or hafnium oxide (HfO 2) on the semiconductor

substrate S1 between the drain region 8a and the so urce
region 8b. The memory gate structure 5 further inc ludes,
on the charge storage layer EC, the memory gate ele ctrode
MG through an upper memory gate insulating film 11 made

of an insulating material same as that of the lower

memory gate insulating film 10. In the memory gate

structure 5 thus configured, the charge storage lay er EC
is insulated from the semiconductor substrate S1 an d the
memory gate electrode MG by the lower memory gate

insulating film 10 and the upper memory gate insula ting
film 11.

[0022] The memory gate electrode MG is made of a

conductive material such as polysilicon, and receiv es
application of a charge storage gate voltage increa sed at,
for example, the charge pump circuit 4 to be descri bed
later through a memory gate line ML. A wall-shaped

sidewall spacer 13a made of an insulating material such
as oxide silicon (SiO or SiO 2) Is disposed along a first

sidewall of the memory gate structure 5, and thus t he
memory gate structure 5 is adjacent to the first se lect
gate structure 6 through the sidewall spacer 13a. The
sidewall spacer 13a disposed between the memory gat e
structure 5 and the first select gate structure 6 h as a

thickness large enough to insulate the memory gate

electrode MG of the memory gate structure 5 from a first
select gate electrode DG of the first select gate

structure 6.
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[0023]When the distance between the memory gate
electrode MG and the first select gate electrode DG
less than 5 nm, voltage application to the memory g
electrode MG and the first select gate electrode DG
potentially causes breakdown voltage failure to the
sidewall spacer 13a. When the distance between the
memory gate electrode MG and the first select gate
electrode DG exceeds 40 nm, the resistance of the
semiconductor substrate S1 (for example, a region
(surface region) up to a depth of 50 nm from the su

increases between the memory gate electrode MG and

first select gate electrode DG and hinders flow of
readout current between the memory gate structure 5
the first select gate structure 6 at data reading.
[0024]Thus, in the present embodiment, the distanc
between the memory gate electrode MG and the first
gate electrode DG is preferably 5 nm to 40 nm inclu
and the thickness of the sidewall spacer 13a is
preferably 5 nm to 40 nm inclusive.

[0025]In the first select gate structure 6, a firs

select gate insulating film 12a made of an insulati
material such as oxide silicon (SiO or SiO

thickness of 9 nm or smaller, preferably 3 nm or sm
is provided on the semiconductor substrate S1 betwe
sidewall spacer 13a and the drain region 8a. In th
case, the first select gate insulating film 12a is
through a manufacturing process different from that
the sidewall spacer 13a and a sidewall spacer 13b,
has a thickness smaller than the thicknesses of the
sidewall spacers 13a and 13b.

[0026]Additionally, in the first select gate struct

the first select gate electrode DG made of a conduc
material such as polysilicon is disposed on the fir
select gate insulating film 12a to receive predeter
voltage application from a first select gate line D
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[0027]The wall-shaped sidewall spacer 13b made of
insulating material such as oxide silicon (SiO or S

is disposed on a second sidewall of the memory gate
structure 5, and thus the memory gate structure 5 i
adjacent to the second select gate structure 7 thro
the sidewall spacer 13b. The second sidewall space
disposed between the memory gate structure 5 and th
second select gate structure 7 has a thickness larg
enough to insulate the memory gate electrode MG of
memory gate structure 5 from a second select gate
electrode SG of the second select gate structure 7.
[0028] Similarly to the distance between the memory
electrode MG and the first select gate electrode DG
described above, the distance between the memory ga
electrode MG and the second select gate electrode S
preferably 5 nm to 40 nm inclusive to avoid any
occurrence of breakdown voltage failure to the side
spacer 13b and decrease of readout current between
memory gate structure 5 and the second select gate
structure 7. Thus, in the present embodiment, the
thickness of the sidewall spacer 13b provided betwe
memory gate electrode MG and the second select gate
electrode SG is preferably 5 nm to 40 nm inclusive.
[0029]In the second select gate structure 7, a sec
select gate insulating film 12b made of an insulati
material such as oxide silicon (SiO or SiO

thickness of 9 nm or smaller, preferably 3 nm or sm
is provided on the semiconductor substrate S1 betwe
sidewall spacer 13b and the source region 8b. Int
case, the second select gate insulating film 12b is
formed through a manufacturing process different fr
that for the sidewall spacers 13a and 13b, and has
thickness smaller than the thicknesses of the sidew
spacers 13a and 13b.
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[0030]Additionally, in the second select gate stru

7, the second select gate electrode SG made of a
conductive material such as polysilicon is disposed
the second select gate insulating film 12b to recei
predetermined voltage application from a second gat
SGL.

[0031] The sidewall spacers 13a and 13b provided in
memory cell 2 are formed by chemical vapor depositi
(CVD) have excellent film qualities and high breakd
voltages as compared to an oxide film formed by the
oxidizing polysilicon, and can be highly freely des

to have thicknesses without restriction due to
consumption of polysilicon through thermal oxidatio
[0032] The thicknesses and film qualities of the lo
memory gate insulating film 10, the charge storage
EC, the upper memory gate insulating film 11, the f
select gate insulating film 12a, and the second sel
gate insulating film 12b are restricted to achieve
optimization of programming operation, reading oper
and erasing operation of the memory cell 2. Howeve
sidewall spacers 13a and 13b are formed as layers
independent and different from the lower memory gat
insulating film 10 and the like described above, an
free from the above-described restriction. Accordi
the thicknesses and film qualities of the sidewall
spacers 13a and 13b can be set mainly for breakdown
voltage between the memory gate structure 5 and the
select gate structure 6 and breakdown voltage betwe
memory gate structure 5 and the second select gate
structure 7.

[0033](1-1-1) Operation of selected program memory

The following describes operation of the memory ce

(selected program memory cell) 2, into the charge s
layer EC of which charge is injected. A charge sto
gate voltage Vprog (for example, a voltage of 12 V)
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applied from the memory gate line ML to the memory
electrode MG, and a reference voltage Vss (for exam
voltage of 0 V) is applied as a substrate voltage t
semiconductor substrate S1. The reference voltage
(for example, a voltage of 0 V) is applied as a gat
voltage to the second select gate electrode SG from
second select gate line SGL, and the reference volt
Vss (for example, a voltage of 0 V) is applied as a
source off voltage to the source region 8b from the
source line SL.

[0034]Accordingly, the second select transistor T2
turned off so that a source side non-conductive reg
formed on the semiconductor substrate S1 directly b
the second select gate structure 7. The source sid
conductive region blocks electrical connection betw
the source region 8b and a channel layer formation
carrier region (region in which carriers are induce
form a channel layer) of the semiconductor substrat
directly below the memory gate structure 5, thereby
preventing voltage application from the source line
the channel layer formation carrier region.

[0035]A power supply voltage Vdd (for example, a v
larger than 0 V and equal to or smaller than 1.5 V)
applied as a first select gate line select voltage

first select gate electrode DG from the first selec
line DL, and the reference voltage Vss (for example
voltage of 0 V) is applied as a program voltage to
drain region 8a from the bit line BL. Accordingly,
first select transistor T1 is turned on so thata d

side conduction region is formed on the semiconduct
substrate S1 directly below the first select gate
structure 6, thereby electrically connecting the dr
region 8a with the channel layer formation carrier
directly below the memory gate structure 5.
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[0036]As a result, carriers are induced in the cha
layer formation carrier region to form a channel la

a potential same as the program voltage (reference
voltage Vss (for example, a voltage of 0 V)) on the
surface of the semiconductor substrate S1. Accordi
in the selected program memory cell 2, a large volt
difference of, for example, 12 V is generated betwe
memory gate electrode MG and the channel layer in t
memory gate structure 5 to cause charge injection i
the charge storage layer EC by the quantum tunnelin
effect, thereby achieving a data programmed state.

[0037](1-1-2) Operation of nonselected program mem

cell

The following describes operation of the memory ce

(nonselected program memory cell) 2 that shares the
select gate line DL with a selected program memory
and charge injection to the charge storage layer EC
which is prevented. Similarly to the case of a sel
program memory cell, the charge storage gate voltag
Vprog is applied from the memory gate line ML to th

memory gate electrode MG of the nonselected program

memory cell 2, and the reference voltage Vss is app
as a substrate voltage to the semiconductor substra
[0038]Similarly to the case of a selected program
cell, the reference voltage Vss (for example, a vol

of 0 V) is applied as a gate off voltage to the sec
select gate electrode SG from the second select gat
SGL, and the reference voltage Vss is applied as a
off voltage to the source region 8b from the source
SL. Accordingly, the second select transistor T2 i
turned off so that a source side non-conductive reg
formed on the semiconductor substrate S1 directly b
the second select gate structure 7. The source sid
conductive region blocks electrical connection betw
the source region 8b and the channel layer formatio
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carrier region of the semiconductor substrate S1 di
below the memory gate structure 5, thereby preventi
voltage application from the source line SL to the
channel layer formation carrier region.

[0039] The power supply voltage Vdd (for example, a
voltage larger than 0 V and equal to or smaller tha

V) is applied as a first select gate line select vo

to the first select gate electrode DG from the firs
select gate line DL, and the power supply voltage V
applied as a program prevention voltage to the drai
region 8a from the bit line BL. Accordingly, the f
select transistor T1 is turned off so that a drain
non-conductive region is formed on the semiconducto
substrate S1 directly below the first select gate
structure 6. The drain side non-conductive region
electrical connection between the drain region 8a a
channel layer formation carrier region directly bel
memory gate structure 5, thereby preventing voltage
application from the bit line BL to the channel lay
formation carrier region.

[0040]As a result, in the nonselected program memo
cell 2, a depleted layer is formed in the channel |
formation carrier region directly below the memory
structure 5. Accordingly, the potential of the
semiconductor substrate S1 directly below the memor
structure 5 increases based on the charge storage g
voltage, so that the voltage difference between the
memory gate electrode MG and the surface of the
semiconductor substrate S1 decreases. Thus, in the
nonselected program memory cell 2, the depleted lay
prevents a voltage difference large enough to cause
quantum tunneling effect from being generated betwe

memory gate electrode MG and the semiconductor subs

S1, thereby preventing charge injection into the ch
storage layer EC.
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[0041]In the nonselected program memory cell 2 in
state, the depleted layer formed in the semiconduct
substrate S1 directly below the memory gate structu
prevents the potential at the surface of the
semiconductor substrate S1 directly below the memor
structure 5 from reaching at the first select gate
insulating film 12a of the first select gate struct
and the second select gate insulating film 12b of t
second select gate structure 7.
[0042] Accordingly, in the first select gate struct
when the thickness of the first select gate insulat
film 12a is reduced in accordance with the low prog
voltage applied from the bit line BL to the drain r
8a and the first select gate line select voltage ap
to the first select gate electrode DG, the potentia
the semiconductor substrate S1 directly below the m
gate structure 5 is blocked by the depleted layer a
thus prevented from causing dielectric breakdown to
first select gate insulating film 12a.
[0043]In the second select gate structure 7, when
thickness of the second select gate insulating film
Is reduced in accordance with the low source off vo
applied from the source line SL to the source regio
and the gate off voltage applied to the second sele
gate electrode SG, the potential of the semiconduct
substrate S1 directly below the memory gate structu
is blocked by the depleted layer and thus prevented
causing dielectric breakdown to the second select g
insulating film 12b.
[0044](1-1-3) Operation of read memory cell

In data reading operation of the memory cell 2, a
read voltage is set to be the power supply voltage
(for example, a voltage larger than 0 V and equal t
smaller than 1.5 V), the bit line BL is precharged
power supply voltage Vdd, the source voltage is set
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the reference voltage Vss (for example, a voltage o
and the source line SL is set to be the reference v
Vss. When charge is stored in the charge storage |
EC of the memory cell (read memory cell) 2 from whi
data is to be read (when data is programmed), the
semiconductor substrate S1 directly below the memor
structure 5 is in a non-conductive state, blocking
electrical connection between the drain region 8a a
source region 8b. Accordingly, in the memory cell
which data is to be read, the read voltage at the p
supply voltage Vdd is maintained intact at the bit

BL connected with the drain region 8a.

[0045]When no charge is stored in the charge stora
layer EC of the read memory cell 2 (when no data is
programmed), the semiconductor substrate S1 directl
below the memory gate structure 5 is in a conductiv
state, electrically connecting the drain region 8a

the source region 8b. As a result, the source line

the reference voltage Vss and the bit line BL at th
power supply voltage Vdd are electrically connected
each other through the memory cell 2. Accordingly,
the non-volatile semiconductor memory device 1, the
voltage at the power supply voltage Vdd decreases a
bit line BL connected with the read memory cell 2.
[0046] Thus, in the non-volatile semiconductor memo
device 1, data reading operation to determine wheth
charge is stored in the charge storage layer EC of
memory cell 2 can be executed by detecting whether
read voltage applied to the bit line BL has changed
nonselect read voltage at the reference voltage Vss
as the source voltage is applied to the bit line BL
connected only with the memory cell (nonselected re
memory cell) 2 from which no data is to be read.
[0047](1-1-4) Operation of erase memory cell
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In data erasing operation to remove charge from th
charge storage layer EC of the memory cell 2, an er
gate voltage Verase (for example, -12 V) is applied
the memory gate line ML to the memory gate electrod
so that charge inside the charge storage layer EC i
removed to the semiconductor substrate S1 at the
reference voltage Vss (for example, a voltage of 0
a substrate voltage, thereby achieving a data erase
state.

[0048](1-2) Charge pump circuit

In addition to the above-described configuration,
the non-volatile semiconductor memory device 1 is
provided with the Dixon charge pump circuit 4 inclu
plurality of capacitive elements C1, C2, ... and a
plurality of PN junction diodes D1, D2, D3, .... F
illustrates, for example, a sectional configuration
region in which the two capacitive elements C1 and
disposed. The capacitive element C1 is disposed be
the PN junction diodes D1 and D2, and the capacitiv
element C2 is disposed between the PN junction diod
and D3. The following description will be mainly m
the capacitive element C1, but not on the capacitiv
element C2 having a basic configuration same as tha
the capacitive element C1 to avoid any duplicate
description.

[0049]As illustrated in FIG. 1 of the sectional
configuration at a certain position, the capacitive
element C1 has a configuration in which a capacitor
sidewall electrode 19a and a capacitor electrode
structure 16a are sequentially and alternately arra
and in addition, a wall-shaped capacitive sidewall
insulating film 21 is provided between the capacito
sidewall electrode 19a and the capacitor electrode
structure 16a. A plurality of the capacitor electr
structures 16a having identical configurations are
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disposed at predetermined intervals on an insulatin
layer IS. Each capacitor electrode structure 16a h
configuration in which a charge storage layer ECa a
insulating film 11a are sequentially stacked on the
insulating layer IS, and in addition, a capacitor
electrode 17a is provided on the insulating film 11
The capacitor electrode 17a is formed through a
manufacturing process of forming the memory gate
electrode MG of the memory cell 2, and thus is made

layer same as that of the memory gate electrode MG.

[0050]The charge storage layer ECa provided in the
capacitor electrode structure 16a is formed through
manufacturing process of forming the charge storage
EC of the memory cell 2, and thus is made of a laye
as that of the charge storage layer EC. The insula
film 11a provided on the capacitor electrode struct
16a is formed through a manufacturing process of fo
the upper memory gate insulating film 11 of the mem
cell 2, and thus is made of a layer same as that of
upper memory gate insulating film 11.

[0051]In addition to the above-described configura
the capacitor electrode structure 16a includes the
capacitive sidewall insulating film 21 wall-shaped

the first sidewall, and the capacitor sidewall elec

19a along the capacitive sidewall insulating film 2
The capacitor electrode structure 16a also includes
another capacitive sidewall insulating film 21 wall
shaped along a second sidewall facing to the first
sidewall, and another capacitor sidewall electrode
along the capacitive sidewall insulating film 21.
[0052]Each capacitive sidewall insulating film 21
formed through a manufacturing process of forming t
sidewall spacers 13a and 13b of the memory cell 2,
thus is made of a layer same as that of the sidewal
spacers 13a and 13b. Thus, the capacitive sidewall
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insulating film 21 includes no charge storage layer
and is made only of an insulating material such as

silicon (SiO or SIO 2) having a film quality same as those

of the sidewall spacers 13a and 13b. The thickness
the capacitive sidewall insulating film 21 is set t

nm to 40 nm inclusive in accordance with the thickn
of the sidewall spacers 13a and 13b.

[0053]In the present embodiment, the capacitive si
insulating films 21 are formed along the sidewalls
each capacitor electrode structure 16a simultaneous
with formation of the sidewall spacers 13a and 13b
memory cell 2 by CVD, and thus are made of a layer
as that of the sidewall spacers 13a and 13b. Accor
the capacitive sidewall insulating films 21 have
excellent film qualities and high breakdown voltage
compared to those of an oxide film formed by therma
oxidizing polysilicon, and can be highly freely des

to have thicknesses without restriction due to
consumption of polysilicon through the thermal oxid
[0054] The capacitive sidewall insulating films 21
formed as layers independent and different from tho
the lower memory gate insulating film 10, the charg
storage layer EC, the upper memory gate insulating
11, the first select gate insulating film 12a, and
second select gate insulating film 12b, the thickne
and film qualities of which are restricted to optim
programming operation, reading operation, and erasi
operation of the memory cell 2. Thus, the thicknes
and film qualities of the capacitive sidewall insul
films 21 are free from the restriction and thus can
set mainly for the breakdown voltage between the
capacitor electrode structure 16a (16b) and the cap
sidewall electrode 19a (19b).

[0055]Each capacitor sidewall electrode 19a dispos
along the corresponding capacitive sidewall insulat
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film 21 is formed through a manufacturing process o
forming the first select gate electrode DG and the
select gate electrode SG of the memory cell 2, and

is made of a layer same as that of the first select
electrode DG and the second select gate electrode S
[0056]In the capacitive element C1, the capacitor
sidewall electrode 19a between the capacitor electr
structures 16a adjacent to each other fillsagap b
the capacitive sidewall insulating films 21 facing
each other between the adjacent capacitor electrode
structures 16a. In the capacitive element C1, an
opposite-conductivity-type junction part 15a of the
junction diode D1 is disposed along the capacitive
sidewall insulating film 21 of the capacitor electr
structure 16a at an end not adjacent to the capacit
element C2.

[0057]An opposite-conductivity-type junction part

the PN junction diode D2 is disposed between the
capacitive elements C1 and C2 adjacent to each othe
fill a gap between the capacitive sidewall insulati

film 21 of the capacitive element C1 and the capaci
sidewall insulating film 21 of the capacitive eleme

In addition, an opposite-conductivity-type junction
15c of the PN junction diode D3 is disposed between
capacitive element C2 and another capacitive elemen
illustrated) adjacent to each other.

[0058] The opposite-conductivity-type junction part
15b, and 15c are made of an opposite-conductivity-t
semiconductor material having a conductivity type
different from that of the capacitor electrodes 17a
17b and the capacitor sidewall electrodes 19a and 1
The PN junction diodes D1, D2, and D3 to be describ
later are disposed in regions adjacent to the capac
elements C1, C2, .... In the present embodiment, t
capacitor electrodes 17a and 17b and the capacitor
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sidewall electrodes 19a and 19b are made of an N-ty
semiconductor material, and the opposite-conductivi
type junction parts 15a, 15b, and 15c are made of a
type semiconductor material.

[0059] The opposite-conductivity-type junction part
15b, and 15c are made of a layer same as that of th
capacitor sidewall electrodes 19a and 19b, and form
doping, through ion implantation in a manufacturing
process, P-type impurities to the capacitor sidewal
electrodes 19a and 19b and a semiconductor material
remaining after formation of an input electrode 24a
an output electrode 24b to be described later.

[0060] The capacitive element C2 is disposed betwee
opposite-conductivity-type junction parts 15b and 1
unlike the capacitive element C1 described above, b
capacitor electrode structure 16b and a capacitor
sidewall electrode 19b have configurations same as
of the capacitor electrode structure 16a and the
capacitor sidewall electrode 19a, respectively, of
capacitive element C1 described above.

[0061] The following describes the Dixon charge pum
circuit 4 having a specific configuration in which

two capacitive elements C1 and C2 and the three PN
junction diodes D1, D2, and D3 are provided as
illustrated in FIG. 2. In this case, as illustrate

FIG. 2, in the Dixon charge pump circuit 4 in which
two capacitive elements C1 and C2 and the three PN
junction diodes D1, D2, and D3 are provided, the PN
junction diodes D1, D2, and D3 between the input
electrode and the output electrode are connected in
series, the cathode of the PN junction diode D1 is
connected with the capacitor sidewall electrode 19a
the capacitive element C1 and the anode of the PN
junction diode D2, and the cathode of the PN juncti
diode D2 is connected with the capacitor sidewall
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electrode 19b of the capacitive element C2 and the anode
of the PN junction diode D3.

[0062]In this example, an input voltage V1 is appl ied to
the anode of the PN junction diode D1, voltage of a first

clock @l is applied to the capacitor electrode 17a of the
capacitive element C1 as an odd-numbered stage, and

voltage of a second clock @2 having a phase opposite to

that of the first clock @l is applied to the capacitor

electrode 17b of the capacitive element C2 as an ev en-
numbered stage. The capacitive elements C1 and C2 repeat
charging and discharging at the timings of voltage change
between high and low levels at the first clock ¢l and the

second clock @2. The charge pump circuit 4 outputs, as
the output voltage V2 from the output electrode, a

voltage obtained by multiplying a voltage having th e
amplitude of the first clock @1 or the second clock @2 by
the number of stages of the capacitive elements C1 and C2.
[0063] The charge pump circuit 4 can be used as a

negative booster circuit. When the charge pump cir cuit 4
is used as a negative booster circuit, an input vol tage
is applied to the output electrode, voltage of the first
clock @l is applied to the capacitive element C1, and

voltage of the second clock @2 having a phase opposite to

that of the first clock @l is applied to the capacitive

element C2. Accordingly, the capacitive elements C 1and
C2 repeat charging and discharging at the timings o f
voltage change between high and low levels of the f irst
clock @l and the second clock @2. The charge pump

circuit 4 outputs, as an output voltage from the in put
electrode, a negative voltage (for example, -12 V)

obtained by multiplying a voltage having the amplit ude of
the first clock ¢l or the second clock @2 by the number

of stages of the capacitive elements C1 and C2. Th e

negative voltage generated by the charge pump circu it4
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can be used at data erasing operation to remove cha
from the charge storage layer EC of the memory cell
[0064]FIG. 3 is a schematic diagram of a planar la

of the charge pump circuit 4 illustrated in FIG. 2,
mainly illustrating the capacitor electrodes 17a an
the capacitor sidewall electrodes 19a and 19b, the
opposite-conductivity-type junction parts 15a, 15b,
15c, the capacitive sidewall insulating film 21, th
input electrode 24a, and the output electrode 24b i

1. The sectional configuration of the charge pump
circuit 4 in FIG. 1 is taken along line A-A' in FIG

As illustrated in FIG. 3, the capacitive elements C

C2 and the PN junction diodes D1, D2, and D3 are
alternately arranged in the charge pump circuit 4 s
that the PN junction diode D1 is disposed between t
input electrode 24a and the capacitive element C1,
junction diode D2 is disposed between the capacitiv
element C1 and the capacitive element C2, the PN ju
diode D3 is disposed between the capacitive element
and the output electrode 24b.

[0065] The capacitive element C1 includes the comb-
shaped capacitor electrode structure 16a, the capac
sidewall insulating film 21 wall-shaped along a sid

of the capacitor electrode structure 16a, and the
capacitor sidewall electrode 19a disposed along a
sidewall of the capacitive sidewall insulating film

In the present embodiment, a contact 25a is provide
certain position on the capacitor electrode structu

to allow voltage application of the first clock
capacitor electrode 17a through the contact 25a.
[0066] The capacitive sidewall insulating film 21 i
disposed across the entire sidewall of the capacito
electrode structure 16a, meandering along the comb-
shape of the capacitor electrode structure 16a at a
teeth shaped part of the capacitor electrode struct
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16a. The capacitor sidewall electrode 19a is comb-
shaped at a meandering part of the capacitive sidew
insulating film 21 and disposed in a void space bet
facing parts of the capacitive sidewall insulating

21. In this manner, in the capacitive element C1,
capacitive sidewall insulating film 21 meanders bet
the capacitor electrode structure 16a and the capac
sidewall electrode 19a to have an increased area so
a large capacitance can be obtained in a limited re
[0067]In the above-described embodiment, the capac
sidewall insulating film 21 is formed in a meanderi
shape in accordance with the comb-teeth shape of th
capacitor electrode structure 16a, but the present
invention is not limited thereto. The area of the
capacitive sidewall insulating film 21 disposed bet
the capacitor electrode structure 16a and the capac
sidewall electrode 19a may be increased by, for exa
forming the capacitor electrode structure 16ain a
meandering shape and the capacitive sidewall insula
film 21 in a meandering shape along the capacitor
electrode structure 16a, or forming the capacitor
electrode structure 16a in a spiral shape and the
capacitive sidewall insulating film 21 in a spiral

along the capacitor electrode structure 16a.
[0068]The PN junction diode D2, which is disposed
between the capacitive element C1 and the capacitiv
element C2, includes the opposite-conductivity-type
junction part 15b and a conduction part 28 to be
described later. The opposite-conductivity-type ju
part 15b is disposed between the facing capacitive
sidewall insulating films 21 in a region across whi
capacitive element C1 and the capacitive element C2
adjacent to each other. The opposite-conductivity-
junction part 15b is joined with the capacitor side
electrode 19a of the capacitive element C1 and the
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capacitor sidewall electrode 19b of the capacitive
element C2. The capacitor sidewall electrodes 19a
19b are each made of an N-type semiconductor materi
(for example, N-type polysilicon), and the opposite
conductivity-type junction part 15b is made of a P-
semiconductor material (for example, P-type polysil
Accordingly, the capacitor sidewall electrode 19a,
opposite-conductivity-type junction part 15b, and t
capacitor sidewall electrode 19b form an NPN juncti
structure.

[0069]As illustrated in FIG. 4 of a sectional
configuration taken along line B-B' in FIG. 3, the
capacitor sidewall electrode 19a of the capacitive
element C1 at the pre-stage and the opposite-
conductivity-type junction part 15b are electricall
connected with each other through the conduction pa
made of, for example, a metallic material. The
conduction part 28 includes a first contact 29a pro
on the capacitor sidewall electrode 19a of the capa
element C1, a second contact 29b provided on the
opposite-conductivity-type junction part 15b, and a
connection part 28a connecting the first contact 29
the second contact 29b. The capacitor sidewall ele
19a of the capacitive element C1 at the pre-stage i
electrically connected with the opposite-conductivi
type junction part 15b through the first contact 29
connection part 28a, and the second contact 29b. |
example, the PN junction diode D2 has a configurati
which the capacitor sidewall electrode 19a is
electrically connected with the opposite-conductivi
type junction part 15b (in other words, an NP junct
structure of the NPN junction structure is achieved
through electrical connection), and a PN junction p
28b obtained by joining the opposite-conductivity-t
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junction part 15b and the capacitor sidewall electr
19b.

[0070]In the present embodiment, as illustrated in
3, the opposite-conductivity-type junction part 15b
formed, between the capacitive elements C1 and C2
adjacent to each other, in a strip shape filling a
between the capacitive sidewall insulating films 21
facing to each other and extending side by side. T
capacitor sidewall electrode 19a of the capacitive
element C1 at the pre-stage and the capacitor sidew
electrode 19b of the capacitive element C2 at the p
stage, facing to each other, are joined with sidewa
the opposite-conductivity-type junction part 15b at
parts, which are not joined with the capacitive sid
insulating films 21.

[0071]The formed NPN junction structure electrical
separates the capacitor sidewall electrode 19a of t
capacitive element C1 at the pre-stage from the cap
sidewall electrode 19b of the capacitive element C2
the post-stage, where the conduction part 28 is not
provided in a junction region in which the capacito
sidewall electrode 19a of the capacitive element C1
the pre-stage, the opposite-conductivity-type junct
part 15a, and the capacitor sidewall electrode 19b
capacitive element C2 at the post-stage are joined
each other.

[0072]As illustrated in FIG. 3, similarly to the
capacitive element C1 at the pre-stage, the capacit
element C2 at the post-stage includes a comb-teeth
capacitor electrode structure 16b and the capacitiv
sidewall insulating film 21 wall-shaped along a sid
of the capacitor electrode structure 16b. In the p
embodiment, the capacitive element C2 at the post-s
is disposed between the opposite-conductivity-type
junction parts 15b and 15c of the PN junction diode
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and D3. The capacitor sidewall electrode 19b forme
accordance with the comb-teeth shape of the capacit
electrode structure 16b is provided between the opp
conductivity-type junction parts 15b and 15c.
[0073]In the present embodiment, a contact 25b is
provided at a certain position on the capacitor ele
structure 16b of the capacitive element C2 at the p
stage to allow voltage application of the second cl
having a phase opposite to that of the first clock

the capacitor electrode 17b through the contact 25b
capacitive element C2 at the post-stage is provided
the output electrode 24b through the PN junction di
The input electrode 24a and the output electrode 24
each made of, for example, an N-type semiconductor
material (for example, N-type polysilicon). The in
voltage V1 is applied to the input electrode 24a th

an input contact 26a. An output contact 26b connec
with the memory gate line is provided at a certain
position on the output electrode 24b.

[0074]The input electrode 24a and the output elect
24Db are each provided along a wall-shaped dummy
insulating film 21a provided around a dummy electro
structure 17c. The dummy electrode structure 17c i
formed through a manufacturing process of forming t
capacitor electrode structures 16a and 16b and thus
of a layer same as that of the capacitor electrode
structures 16a and 16b. Thus, similarly to the cap
electrode structures 16a and 16b, the dummy electro
structure 17c¢ has a configuration in which a charge
storage layer, an insulating film, and an electrode
sequentially stacked on an insulating layer. The d
insulating film 21a is formed along a sidewall of t
dummy electrode structure 17c through a manufacturi
process of forming the capacitive sidewall insulati
film 21 and thus made of a layer same as that of th
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capacitive sidewall insulating film 21. Similarly
capacitive sidewall insulating film 21, the dummy
insulating film 21a is made of an insulating materi
such as oxide silicon (SiO or SiO 2) only.
[0075]In the present embodiment, the dummy electro
structure 17c and the dummy insulating film 21a are
provided to allow a semiconductor material to remai
around the dummy insulating film 21a through etchin
in a manufacturing process so that the remaining
semiconductor material is used as the input electro
or the output electrode 24b.

[0076]The PN junction diodes D1 and D3 each have a

configuration same as that of the PN junction diode
described above. Specifically, in the PN junction
D1, the input electrode 24a and the opposite-
conductivity-type junction part 15a are electricall
connected with each other through the conduction pa
(the NP junction structure of an NPN junction struc
is achieved through electrical connection). The PN
junction diode D1 includes a PN junction part in a
in which the opposite-conductivity-type junction pa
and the capacitor sidewall electrode 19a are joined
each other. In the PN junction diode D3, the capac
sidewall electrode 19b and the opposite-conductivit
junction part 15c are electrically connected with e
other through the conduction part 28 (the NP juncti
structure of an NPN junction structure is achieved
through electrical connection). The PN junction di
includes a PN junction part in a region in which th
opposite-conductivity-type junction part 15¢ and th
output electrode 24b are joined with each other.
[0077]The charge pump circuit 4 having the above-
described configuration applies the output voltage
increased at the capacitive elements C1 and C2 to t
memory gate electrode MG of the memory cell 2
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sequentially through the output contact 26b provide
the output electrode 24b and the memory gate line.
[0078] The non-volatile semiconductor memory device
having such a configuration can be formed through a
typical semiconductor manufacturing process using a
photolithography technique, a deposition technology
as oxidation or CVD, an etching technology, and an
implantation method, and thus description thereof w
omitted in the following.

[0079]In the above-described embodiment, the condu
part 28 including the first contact 29a, the connec
part 28a, and the second contact 29b is provided as
conduction part, but the present invention is not |
thereto. For example, a silicide layer formed acro
surface of the capacitor sidewall electrode 19a of
capacitive element C1 and the surface of the opposi
conductivity-type junction part 15b may be provided
conduction part.

[0080]In this case, another silicide layer may be
provided on the surface of the capacitor sidewall
electrode 19b of the capacitive element C2, and a g
be provided to prevent the other silicide layer fro
contacting with the silicide layer provided as a
conduction part as described above on an upper surf
the PN junction part 28b. Alternatively, one conta

be provided as a conduction part across the surface
the capacitor sidewall electrode 19a of the capacit
element C1 and the surface of the opposite-conducti
type junction part 15b.

[0081]In the above-described embodiment, the oppos
conductivity-type junction parts 15a, 15b, and 15¢
extending in strip shapes are each provided along a
sidewall of the capacitive sidewall insulating film

but the present invention is not limited thereto.
example, an opposite-conductivity-type junction par
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be provided only in a region in which the input ele
24a faces to the capacitor sidewall electrode 19a o
capacitive element C1, a region in which the capaci
sidewall electrode 19a of the capacitive element C1
to the capacitor sidewall electrode 19b of the capa
element C2, or a region in which the capacitor side
electrode 19b of the capacitive element C2 faces to
output electrode 24b. Alternatively, no opposite-
conductivity-type junction part and thus no junctio
made of a semiconductor material may be provided, b
instead, a physical disconnection part disconnectin
capacitor sidewall electrodes 19a and 19b from each
may be provided where the conduction part 28 is not
provided in the region in which the capacitor sidew
electrode 19a of the capacitive element C1 faces to
capacitor sidewall electrode 19b of the capacitive
element C2.

[0082](2) Operations and effects

In the non-volatile semiconductor memory device 1

having the above-described configuration, the charg
circuit 4 is provided on the insulating layer IS of
semiconductor substrate S1 on which the memory cell
provided, and the capacitive sidewall insulating fi
between the capacitor sidewall electrode 19a (19b)
the capacitor electrode 17a (17b) of the capacitive
element C1, C2 in the charge pump circuit 4 is made
layer same as that of the sidewall spacers 13a and
the memory cell 2.

[0083]In the non-volatile semiconductor memory dev
the charge storage gate voltage Vprog that is high

to allow charge injection into the charge storage |

EC of the memory cell 2 by the quantum tunneling ef
is generated by the charge pump circuit 4 and appli
the memory gate electrode MG of the memory cell 2 t
the memory gate line ML.
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[0084]In the non-volatile semiconductor memory dev
the capacitive sidewall insulating films 21 of the
capacitive elements C1 and C2 are made of a layer s
that of the sidewall spacers 13a and 13b of the mem
cell 2, the film qualities and thicknesses of which
adjusted mainly for breakdown voltage. The configu
leads to improved breakdown voltage characteristics
stabilized capacitor characteristics of the capacit
elements C1 and C2 as compared to a conventional
capacitive element in which a silicon nitride film
provided in a capacitive insulating film. The non-
volatile semiconductor memory device 1 does not nee
conventionally needed power supply for achieving lo
voltage application to a capacitive element, thereb
achieving a simplified and downsized configuration
accordingly.

[0085]In the non-volatile semiconductor memory dev
for example, the high charge storage gate voltage V
can be generated by increasing the power supply vol
Vdd (for example, a voltage larger than 0 V and equ
or smaller than 1.5 V) at the charge pump circuit 4
Thus, a single power supply of the power supply vol
Vdd can be used in the non-volatile semiconductor m
device 1.

[0086](3) Charge pump circuit including four capac
elements

In the above-described embodiment, the Dixon charg

pump circuit 4 including the two capacitive element
and C2 is employed, but the present invention is no
limited thereto. A Dixon charge pump circuit inclu
plurality (for example, three or four) of capacitiv
elements may be employed. The following describes,
example, a planar layout of a Dixon charge pump cir
according to the present invention including four
capacitive elements.
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[0087]FIG. 5 is a schematic view illustrating a pl

layout of a Dixon charge pump circuit 31 including
capacitive elements Cla, C2a, C3a, and C4a and five
junction diodes D1a, D2a, D3a, D4a, and D5a. As
illustrated in FIG. 5, in the charge pump circuit 3
capacitive elements Cla and C3a at odd-numbered sta

to which a voltage of the first clock @l is applied, are

arranged in one direction. In addition, in the cha

pump circuit 31, the capacitive elements C2a and C4
even-numbered stages, to which a voltage of the sec
clock @2 having a phase opposite to that of the first
clock @l is applied, are arranged in one direction and
extend side by side with the capacitive elements C1
C3a.

[0088] The plurality of PN junction diodes D1a, D2a
D4a, and D5a are arranged in one direction between
capacitive elements Cla and C3a at odd-numbered sta
arranged in one direction and the capacitive elemen
and C4a at even-numbered stages arranged in one dir
In the charge pump circuit 31, an input electrode 3
provided adjacent to an opposite-conductivity-type
junction part 40a of the PN junction diode Dla at t

first stage disposed at one end of the charge pump
circuit 31, and input contacts 27a and 27b, to whic
input voltage V1 is applied, are provided on the in
electrode 38a.

[0089]The PN junction diode D1a at the first stage
includes a pair of dummy electrode structures 34a a
spaced at a certain distance, and wall-shaped dummy
insulating films 32a and 32b provided along sidewal
the dummy electrode structures 34a and 34b. In the
present embodiment, the PN junction diode D1a inclu
plurality of the dummy electrode structures 34a arr

at intervals in one direction and a plurality of th
dummy electrode structures 34b arranged at interval
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one direction, the dummy electrode structures 34b b
paired with the respective dummy electrode structur
[0090] The dummy electrode structures 34a and 34b a
dummy insulating films 32a and 32b are also provide
the other PN junction diodes D2a, D3a, D4a, and D5a
the following description will be made mainly on th
dummy electrode structures 34a and 34 and the dummy
insulating films 32a and 32b provided on the PN jun
diode Dla at the first stage. In this case, the du
electrode structures 34a and 34 are formed through
manufacturing process of forming common capacitor
electrode bodies 33a and 33b to be described later,
thus made of a layer same as that of the common cap
electrode bodies 33a and 33b. Accordingly, similar
the common capacitor electrode bodies 33a and 33D,
dummy electrode structures 34a and 34b each have a
configuration in which a charge storage layer, an
insulating film, and an electrode are sequentially
stacked on an insulating layer.

[0091] The dummy insulating films 32a and 32b are f
along sidewalls of the dummy electrode structures 3
34b through a manufacturing process of forming a
capacitive sidewall insulating film 32 to be descri

later, and thus made of a layer same as that of the
capacitive sidewall insulating film 32. Accordingl
similarly to the capacitive sidewall insulating fil

the dummy insulating films 32a and 32b include no ¢
storage layer and are only made of an insulating ma

such as oxide silicon (SiO or SiO 2) having a film quality

same as that of the capacitive sidewall insulating

32.

[0092]In the present embodiment, the dummy electro
structures 34a and 34 are disposed so that, through
etching back in a manufacturing process, a semicond
material remains and fills any gap between the dumm
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insulating films 32a (32b) around the respective du
electrode structures 34a (34b) arranged in one dire
and any gap between the dummy insulating films 32a
32b around the dummy electrode structures 34a and 3
arranged in parallel. The remaining semiconductor
material in the PN junction diodes D1a, D2a, D3a, D
and D5a serves as the input electrodes 38a, capacit
sidewall electrodes 36a and 36b, and the like, and
serves as opposite-conductivity-type junction parts
and 40b and the like through doping with P-type
impurities in predetermined regions. Thus, the opp
conductivity-type junction parts 40a and 40b and th
are made of a layer same as that of the input elect
38a, the capacitor sidewall electrodes 36a and 36D,
the like.

[0093]In the PN junction diode D1la, the opposite-
conductivity-type junction part 40a is provided in
region in which the dummy insulating films 32a of t
dummy electrode structures 34a arranged in one dire
face to the dummy insulating films 32b of the dummy
electrode structures 34b arranged in one direction.
opposite-conductivity-type junction part 40a discon
the input electrode 38a disposed closer to the dumm
electrode structures 34a from the capacitor sidewal
electrode 36a of the capacitive element Cla dispose
closer to the dummy electrode structures 34b.
[0094]In the present embodiment, the input electro

is disposed along a sidewall of the dummy insulatin
32a around each dummy electrode structure 34a, and
sidewall shape having a gradually increasing tilt t

the surface of the substrate from the top portion t
The input contacts 27a and 27b each extend from the
electrode 38a over the dummy insulating film 32a an
dummy electrode structure 34a. With the configurat
the input contacts 27a and 27b each have an increas
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installation area due to the dummy insulating film
and the dummy electrode structure 34a, and allow re
application of the input voltage V1 to the input
electrode 38a having a narrow width.

[0095]The PN junction diode D1a, which is provided
between the input electrode 38a and the capacitive
element Cla, includes the opposite-conductivity-typ
junction part 40a and the conduction part 28. The
electrode 38a is electrically connected with the
opposite-conductivity-type junction part 40a throug
conduction part 28. Since the input electrode 38a
the capacitor sidewall electrode 36a are each made
N-type semiconductor material (for example, N-type
polysilicon), and the opposite-conductivity-type ju
part 40a is made of P-type semiconductor material (
example, P-type polysilicon), an NPN junction struc
is formed by the input electrode 38a, the opposite-
conductivity-type junction part 40a, and the capaci
sidewall electrode 36a. The PN junction diode Dla
includes a PN junction part at which the opposite-
conductivity-type junction part 40a is joined with
capacitor sidewall electrode 36a.

[0096] The capacitive elements Cla and C3a at odd-

numbered stages each include a common capacitor ele
body 33a common to the capacitive elements Cla and
A voltage of the first clock @l is applied to the common

capacitor electrode body 33a through the contact 25
provided at a certain position on the common capaci
electrode body 33a. The common capacitor electrode
33a has a configuration in which a charge storage |
an insulating film, and a capacitor electrode 37a a
sequentially stacked on an insulating layer. The ¢
capacitor electrode body 33a includes a comb-teeth
capacitor electrode structure 35a disposed in a for
region of the capacitive element Cla at the first s
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and a comb-teeth shaped capacitor electrode structu
disposed in a formation region of the capacitive el
C3a at the third stage.

[0097]The capacitive element Cla (C3a) includes th
comb-teeth shaped capacitor electrode structure 35a
the wall-shaped capacitive sidewall insulating film
disposed along a sidewall of the capacitor electrod
structure 35a (35c), and the capacitor sidewall ele
36a (36¢) disposed along a sidewall of the capaciti
sidewall insulating film 32. The capacitive sidewa
insulating film 32 is disposed across the entire si

of the common capacitor electrode body 33a, and thu
continuously provided without disconnection across
sidewall of the capacitor electrode structure 35a
disposed on the capacitive element Cla at the first
and the sidewall of the capacitor electrode structu
disposed on the adjacent capacitive element C3a at
third stage.

[0098]In the capacitive elements Cla and C3a, the
capacitive sidewall insulating film 32 is disposed
meandering shape in accordance with the comb-teeth
of the capacitor electrode structures 35a and 35c,
the capacitor sidewall electrodes 36a and 36¢ each

comb-teeth shaped part in accordance with the meand

shape of the capacitive sidewall insulating film 32
Electrical connection between the capacitor sidewal
electrodes 36a and 36¢ is disconnected by a disconn
part 39. In the present embodiment, the disconnect
part 39 is provided between the capacitive elements
and C3a and made of an opposite-conductivity-type (
this case, P-type) semiconductor material having a
conductivity type different from that of the capaci
sidewall electrodes 36a and 36c¢. Accordingly, the
disconnection part 39 forms an NPN junction structu
a junction region between the capacitive elements C
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C3a, thereby disconnecting electrical connection be
the capacitor sidewall electrodes 36a and 36¢. The
disconnection part 39 is made of a layer same as th
the opposite-conductivity-type junction parts 40a a
and the like and formed simultaneously when the opp
conductivity-type junction parts 40a and 40b and th
are formed by, for example, ion implantation in a
manufacturing process.

[0099]The PN junction diode D2a at the second stag
provided between the capacitive element Cla at the
stage and the capacitive element C2a at the second
facing to the capacitive element Cla. The opposite
conductivity-type junction part 40b of the PN junct
diode D2a is provided between the capacitor sidewal
electrode 36a of the capacitive element Cla at the
stage and the capacitor sidewall electrode 36b of t
capacitive element C2a at the second stage. Simila
the above-described PN junction diode Dla at the fi
stage, the PN junction diode D2a at the second stag
provided with the wall-shaped dummy insulating film
and 32b along sidewalls of the dummy electrode stru
34a and 34b. Description thereof will be omitted i
following.

[0100]The PN junction diode D2a at the second stag
which is provided between the capacitive element C1
the first stage and the capacitive element C2a at t
second stage, includes the opposite-conductivity-ty
junction part 40b and the conduction part 28. The
conduction part 28 electrically connects the opposi
conductivity-type junction part 40a with the capaci
sidewall electrode 36a of the capacitive element C1
the first stage. Similarly to the above-described
junction diode D1a at the first stage, the capacito
sidewall electrode 36a, the opposite-conductivity-t
junction part 40a, and the capacitor sidewall elect
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36b form an NPN junction structure in the PN juncti
diode D2a at the second stage. The NPN junction
structure includes a PN junction part at which the
opposite-conductivity-type junction part 40a is joi

with the capacitor sidewall electrode 36a.

[0101]In the capacitive elements C2a and C4a at ev
numbered stages, a common capacitor electrode body
common to the capacitive elements C2a and C4a is pr
to allow voltage application of the second clock

having a phase opposite to that of the first clock

the common capacitor electrode body 33b through the
contact 25b provided at a certain position on the ¢
capacitor electrode body 33b. The common capacitor
electrode body 33b has a configuration in which a c
storage layer, an insulating film, and a capacitor
electrode 37b are sequentially stacked on an insula
layer. The common capacitor electrode body 33b inc
a comb-teeth shaped capacitor electrode structure 3
disposed in a formation region of the capacitive el
C2a at the second stage, and a comb-teeth shape cap
electrode structure 35d disposed in a formation reg
the capacitive element C4a at the fourth stage.
[0102]In the present embodiment, a straight extens
part 30a on the common capacitor electrode body 33a
provided across the capacitive elements Cla and C3a
odd-numbered stages extends in one direction side b
with a straight extension part 30c on the common
capacitor electrode body 33b provided across the
capacitive elements C2a and C4a at even-numbered st
Comb-teeth shaped parts 30b and 30d of the respecti
common capacitor electrode bodies 33a and 33b are
disposed in a region sandwiched between the extensi
part 30a of the common capacitor electrode body 33a
the extension part 30c of the common capacitor elec
body 33b.
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[0103]The capacitive element C2a (C4a) includes th
comb-teeth shaped capacitor electrode structure 35b
the wall-shaped capacitive sidewall insulating film
disposed along the sidewall of the capacitor electr
structure 35b (35d), and the capacitor sidewall ele
36b (36d) disposed along the sidewall of the capaci
sidewall insulating film 32. The capacitive sidewa
insulating film 32 is continuously provided without
disconnection across the entire sidewall of the com
capacitor electrode body 33b.

[0104]Similarly to the above-described capacitive
elements Cla and C3a at odd-numbered stages, in the
capacitive elements C2a and C4a at even-numbered st
the capacitive sidewall insulating film 32 is forme
meandering shape in accordance with the comb-teeth
of the capacitor electrode structures 35b and 35d,

the capacitor sidewall electrodes 36b and 36d each
comb-teeth shaped part in accordance with the meand
shape of the capacitive sidewall insulating film 32
Electrical connection between the capacitor sidewal
electrodes 36b and 36d is disconnected by the
disconnection part 39.

[0105]Similarly to the above-described embodiment,
capacitive sidewall insulating film 32 disposed in

of the capacitive elements Cla, C2a, C3a, and C4a i
formed through the manufacturing process of forming
sidewall spacers 13a and 13b of the memory cell 2
illustrated in FIG. 1, and made of a layer same as

of the sidewall spacers 13a and 13b. Thus, the
capacitive sidewall insulating film 32 includes no
storage layer, and is made of an insulating materia

as oxide silicon (SiO or SiO 2) only having a film quality

same as that of the sidewall spacers 13a and 13b.
thickness of the capacitive sidewall insulating fil
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IS set to be 5 nm to 40 nm inclusive in accordance
the thicknesses of the sidewall spacers 13a and 13b
[0106] The capacitive sidewall insulating film 32 i
formed along the entire sidewalls of the common cap
electrode bodies 33a and 33b when the sidewall spac
13a and 13b of the memory cell 2 are formed by CVD,
made of a layer same as that of the sidewall spacer
and 13b. Accordingly, the capacitive sidewall insu
film 32 has an excellent film quality and high brea
voltage as compared to those of an oxide film forme
thermally oxidizing polysilicon, and can be highly
designed to have a thickness without restriction du
consumption of polysilicon through the thermal oxid
[0107]The capacitive sidewall insulating film 32 i
formed as a layer independent and different from th
the lower memory gate insulating film 10, the charg
storage layer EC, the upper memory gate insulating
11, the first select gate insulating film 12a, and
second select gate insulating film 12b (FIG. 1), th
thicknesses and film qualities of which are restric
optimize programming operation, reading operation,
erasing operation of the memory cell 2. Thus, the
thicknesses and film qualities of the capacitive si
insulating film 32 are free from the restriction an

can be set mainly for breakdown voltage between the
capacitor electrodes 37a and 37b and the capacitor
sidewall electrodes 36a, 36b, 36¢, and 36d.
[0108]The PN junction diode D3a at the third stage
provided between the capacitive element C2a at the
stage and the capacitive element C3a at the third s
facing to the capacitive element C2a. The PN junct
diode D4a at the fourth stage is provided between t
capacitive element C3a at the third stage and the
capacitive element C4a at the fourth stage facing t
capacitive element C3a. Similarly to the above-des
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PN junction diodes D1a and D2a, the PN junction dio
(D4a) includes the conduction part 28 in a junction
region between the capacitor sidewall electrode 36b
at the pre-stage and an opposite-conductivity-type
junction part 40c (40d), but includes a PN junction
not the conduction part 28, in a junction region be
the opposite-conductivity-type junction part 40c (4
and the capacitor sidewall electrode 36¢ (36d) at t
post-stage.

[0109]In the PN junction diode D5a at the last sta
output electrode 38b is disconnected from the capac
sidewall electrode 36d of the capacitive element C4
an opposite-conductivity-type junction part 40e. T
output electrode 38b is disposed along the sidewall

the dummy insulating film 32b around each dummy ele

structure 34b, and has a sidewall shape having a
gradually increasing tilt toward the surface of the
substrate from the top portion thereof. Output con
27c and 27d each extend from the output electrode 3
over the dummy insulating film 32b and the dummy
electrode structure 34b. With the configuration, t
output contacts 27c and 27d each have an increased
installation area due to the dummy insulating film
and the dummy electrode structure 34b, and are
electrically connected with the output electrode 38
having a narrow width.

[0110]The PN junction diode D5a at the last stage
includes the conduction part 28 in a junction regio
between the capacitor sidewall electrode 36d of the
capacitive element C4a and the opposite-conductivit
junction part 40e, but includes a PN junction part,
the conduction part 28, in a junction region betwee
opposite-conductivity-type junction part 40e and th
output electrode 38b.
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[0111]With the above-described configuration, simi
to the non-volatile semiconductor memory device 1
illustrated in FIG. 1, in a non-volatile semiconduc
memory device including the charge pump circuit 31
illustrated in FIG. 5, each capacitive sidewall
insulating film 32 in the charge pump circuit 31 is

of a layer same as that of the sidewall spacers 13a
13b of the memory cell 2. The configuration leads
improved breakdown voltage characteristics and stab
capacitor characteristics of the capacitive element
C2a, C3a, and C4a as compared to a conventional
capacitive element in which a silicon nitride film
provided in a capacitive insulating film. The char
pump circuit 31 does not need a conventionally need
power supply for achieving low voltage application,
thereby achieving a simplified and downsized
configuration accordingly.

[0112]The PN junction diodes D1a, D2a, D3a, D4a, a
in the charge pump circuit 31 each include the dumm
electrode structures 34a and 34b. Accordingly, in
charge pump circuit 31, a semiconductor material re

around the dummy electrode structures 34a and 34b a

the capacitor sidewall electrodes 36a, 36b, 36¢, an
are formed of a semiconductor material by etching b
a manufacturing process. The remaining semiconduct
material can be used to easily form the opposite-
conductivity-type junction parts 40a, 40b, 40c, 40d
40e of the respective PN junction diodes D1a, D2a,
D4a, and D5a.

[0113]In the above-described embodiment, in the ch
pump circuit 31 illustrated in FIG. 5, the comb-tee
shaped parts 30b and 30d of the respective common
capacitor electrode bodies 33a and 33b are provided
the region sandwiched between the extension part 30
the common capacitor electrode body 33a and the ext
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part 30c of the common capacitor electrode body 33b
the present invention is not limited thereto. The

teeth shaped parts 30b and 30d of the respective co
capacitor electrode bodies 33a and 33b may be provi
various places other than the sandwiched region.
[0114](4) Non-volatile semiconductor memory device
according to another embodiment

In the above-described embodiment, the memory gate

electrode MG, the first select gate electrode DG, t
second select gate electrode SG, the capacitor elec
17a, ..., the capacitor sidewall electrodes 19a, ..

the like illustrated in FIG. 1 are each made of a
semiconductor material such as polysilicon, but the
present invention is not limited thereto. The memo
gate electrode, the first select gate electrode, th
second select gate electrode, the capacitor electro
and the capacitor sidewall electrodes may be each m
a metallic material such as aluminum (Al), titanium
aluminide (TiAl), tantalum carbide (TaC), or tantal
silicon nitride (TaSiN).

[0115]FIG. 6, in which any corresponding part to t
FIG. 1 is denoted by an identical reference sign,
illustrates a non-volatile semiconductor memory dev
in which a memory gate electrode MG1, a first selec
electrode DG1, a second select gate electrode SG1,
capacitor electrode 62, and a capacitor sidewall
electrode 63 are each made of a metallic material.
following description will not be made on any
configuration same as that of the non-volatile
semiconductor memory device 1 illustrated in FIG. 1
will be made mainly on any difference from the non-
volatile semiconductor memory device 1.

[0116]A memory cell 42 illustrated in FIG. 6 execu
operation in accordance with "(1-1-1) Operation of
selected program memory cell”, "(1-1-2) Operation o
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nonselected program memory cell”, "(1-1-3) Operatio
read memory cell", and "(1-1-4) Operation of erase
cell" described above, but description thereof will
omitted below to avoid duplicate description.
[0117]In this case, the memory cell 42 and a charg
circuit 44 of the non-volatile semiconductor memory
device 41 have upper surfaces planarized by planari
processing such as CMP in a manufacturing process,
are covered by an interlayer insulating layer 57 an
another interlayer insulating layer (not illustrate
thereabove.

[0118] The memory cell 42 is provided with, for exa
on the semiconductor substrate S1, a memory gate
structure 45 included in the memory transistor MT,
first select gate structure 46 included in the firs
select transistor T1, and a second select gate stru
47 included in the second select transistor T2. Si
layers 43a and 43b are provided on the surfaces of
drain region 8a and the source region 8b, respectiv
A wall-shaped sidewall part 55a made of, for exampl
and disposed along a sidewall of the first select g
structure 46 is provided on the surface of the drai
region 8a. A wall-shaped sidewall part 55b made of
example, SiN and disposed along a sidewall of the s
select gate structure 47 is provided on the surface
the source region 8b.

[0119]In this case, an upper memory gate insulatin
48 of the memory gate structure 45, a first select
insulating film 54a of the first select gate struct

and a second select gate insulating film 54b of the
second select gate structure 47 are made of an insu
material (for example, a high-k material such as ha
oxide (HfO ), or nitrided hafnium silicate (HfSiON))
different from that of the lower memory gate insula
film 10.
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[0120] The memory gate structure 45 includes a side
spacer 51a made of an insulating material and wall-
along a first sidewall thereof, and a gate sidewall
insulating film 52a wall-shaped along the sidewall
51a. The memory gate structure 45 is adjacent to t
first select gate structure 46 through the sidewall
spacer 51a and the gate sidewall insulating film 52
The memory gate structure 45 also includes a sidewa
spacer 51b made of an insulating material and wall-
along a second sidewall thereof facing to the first
sidewall, and a gate sidewall insulating film 52b w
shaped along the sidewall spacer 51b. The memory g
structure 45 is adjacent to the second select gate
structure 47 through the sidewall spacer 51b and th
sidewall insulating film 52b. The gate sidewall
insulating films 52a and 52b include no charge stor
layer EC inside, and are made of an insulating mate
(for example, a high-k material) different from tha

the sidewall spacers 51a and 51b.

[0121] The total thickness of the sidewall spacer 5
(51b) and the gate sidewall insulating film 52a (52
preferably 5 nm to 40 nm inclusive to avoid any
occurrence of breakdown voltage failure to the side
spacer 51a (51b) and the gate sidewall insulating f
52a (52b) and decrease of readout current between t
memory gate structure 45 and the first select gate
structure 46 (the second select gate structure 47).
[0122]In the present embodiment, the memory gate
electrode MG1, the first select gate electrode DG1,
the second select gate electrode SG1 each made of a
metallic material are formed by a damascene method
a sacrificial electrode. The sidewall spacers 51a

51b are each formed along, for example, sidewalls o
sacrificial electrode provided at a formation plann
position of the memory gate electrode MG1, and
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subsequently, the gate sidewall insulating films 52
52b and the like are formed thereon. Then, sacrifi
electrodes are formed at formation planned position
the first select gate electrode DG1 and the second
gate electrode SG1, and then, the interlayer insula
layer 57 is formed and an upper surface thereof is
planarized. Thereafter, the sacrificial electrode
removed, and the memory gate electrode MG1, the fir
select gate electrode DG1, and the second select ga
electrode SG1 each made of a metallic material are
in a space from which the sacrificial electrode has
removed.

[0123] The semiconductor substrate S1, on which the
above-described memory cell 2 is formed, is provide
the Dixon charge pump circuit 44 including a plural
capacitive elements C1b and a plurality of PN junct
diodes (not illustrated). Although the charge pump
circuit 44 includes the plurality of capacitive ele

C1b and the plurality of PN junction diodes, FIG. 6
illustrates only one capacitive element C1b.

[0124]In the charge pump circuit 44 thus configure
plurality of capacitive elements C1b are disposed o
insulating layer IS, and the plurality of PN juncti
diodes (not illustrated) are disposed, for example,
certain positions on the semiconductor substrate S1
Each PN junction diode may be a typical PN junction
including, for example, N-type and P-type diffusion
layers disposed on the surface of the semiconductor
substrate S1.

[0125]In FIG. 6, which illustrates a sectional
configuration at a certain position, the capacitive
element C1b has a configuration in which the capaci
sidewall electrode 63 and a capacitor electrode str
61 are sequentially and alternately arranged with a
capacitive sidewall insulating film 65 and an inter
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capacitor-electrode insulating film 66 interposed
therebetween. A plurality of the capacitor electro
structures 61 having identical configurations are
disposed at predetermined intervals on the insulati
layer IS and each sandwiched between the capacitor
sidewall electrodes 63.

[0126]In the present embodiment, each capacitor
electrode 62 made of a metallic material and includ
the corresponding capacitor electrode structure 61,
each capacitor sidewall electrode 63 made of a meta
material are made of a layer same as that of the me
gate electrode MG1, the first select gate electrode
and the second select gate electrode SG1, and forme
the damascene method using a sacrificial electrode.
Specifically, the sacrificial electrode is formed a
formation planned position of the capacitor electro
and a formation planned position of the capacitor
sidewall electrode 63 to form the interlayer insula
layer 57, and then, an upper surface thereof is
planarized. Thereafter, the sacrificial electrode
removed, and the capacitor electrode 62 and the cap
sidewall electrode 63 each made of a metallic mater
are formed in a space from which the sacrificial
electrode has been removed.

[0127]The capacitor electrode structure 61 has a
configuration in which the charge storage layer ECa
an insulating film 48a are stacked on the insulatin
layer IS, and in addition, the capacitor electrode
disposed on the insulating film 48a. The charge st
layer ECa included in the capacitor electrode struc
61 is formed through a manufacturing process of for
the charge storage layer EC of the memory cell 42 a
thus made of a layer same as that of the charge sto
layer EC. The insulating film 48a included in the
capacitor electrode structure 61 is formed through
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manufacturing process of forming the upper memory g ate
insulating film 48 of the memory cell 42 and thus m ade of
a layer same as that of the upper memory gate insul ating
film 48.

[0128] The wall-shaped capacitive sidewall insulati ng
film 65 is disposed on each of facing sidewalls of the
capacitor electrode structure 61, and the wall-shap ed
inter-capacitor-electrode insulating film 66 made o fan
insulating material different from that of the capa citive
sidewall insulating film 65 is disposed along the

capacitive sidewall insulating film 65. The capaci tive
sidewall insulating film 65 is formed through a

manufacturing process of forming the sidewall space rs 51a
and 51b of the memory cell 42 and thus made of a la yer
same as that of the sidewall spacers 51a and 51b. The
inter-capacitor-electrode insulating film 66 is for med
through a manufacturing process of forming the gate

sidewall insulating films 52a and 52b of the memory cell
42 and thus made of a layer same as that of the gat e
sidewall insulating films 52a and 52b. Accordingly , the
capacitive sidewall insulating film 65 is made of a n
insulating material such as oxide silicon (SiO or S 0 2),
and the inter-capacitor-electrode insulating film 6 6 is
made of an insulating material such as a high-k mat erial

other than oxide silicon like the gate sidewall
insulating films 52a and 52b.

[0129]Similarly to the sidewall spacers 51a and 51 b and
the gate sidewall insulating films 52a and 52b of t he
memory cell 42, the capacitive sidewall insulating film

65 and the inter-capacitor-electrode insulating fil m 66
include no charge storage layer ECa inside and is m ade
only of an insulating material. The total thicknes s of
the capacitive sidewall insulating film 65 and the inter-
capacitor-electrode insulating film 66 is preferabl y 5 nm

to 40 nm inclusive in accordance with the thickness es of
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the sidewall spacer 51a (51b) and the gate sidewall
insulating film 52a (52b).

[0130]In the present embodiment, when the sidewall
spacers 51a and 51b of the memory cell 42 are forme
CVD, the capacitive sidewall insulating film 65 is
along each sidewall of a sacrificial electrode prov

at a formation planned position of the capacitor
electrode structure 61 and thus made of a layer sam
that of the sidewall spacers 51a and 51b. Accordin
the capacitive sidewall insulating film 65 has an
excellent film quality and high breakdown voltage a
compared to those of an oxide film formed by therma
oxidizing polysilicon, and can be highly freely des

to have a thickness without restriction due to
consumption of polysilicon through the thermal oxid
[0131] The capacitive sidewall insulating film 65 i
formed as a layer independent and different from th
the lower memory gate insulating film 10, the charg
storage layer EC, the upper memory gate insulating
48, the first select gate insulating film 54a, and
second select gate insulating film 54b, the thickne
and film qualities of which are restricted to optim
programming operation, reading operation, and erasi
operation of the memory cell 42. Thus, the thickne
and film qualities of the capacitive sidewall insul

film 65 are free from the restriction and thus can
mainly for breakdown voltage between the capacitor
electrode structure 61 and the capacitor sidewall
electrode 63.

[0132] The capacitor sidewall electrode 63 disposed
the insulating layer IS through an insulating film
provided on a side of a sidewall of each inter-capa
electrode insulating film 66, along which the capac
sidewall insulating film 65 is not disposed. In th
case, the capacitor sidewall electrode 63 and the
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insulating film 68 are also disposed at each end of
capacitive element C1b, and a sidewall part 69 made
for example, SiN is disposed along sidewalls of the
capacitor sidewall electrode 63 and the insulating

68 at the end.

[0133] The non-volatile semiconductor memory device
having such a configuration can be formed through a
typical semiconductor manufacturing process using a
photolithography technique, a deposition technology
as oxidation or CVD, an etching technology, and an
implantation method, and thus description thereof w
omitted in the following.

[0134]Similarly to the non-volatile semiconductor
device 1 illustrated in FIG. 1, in the non-volatile
semiconductor memory device 41 having the above-des
configuration illustrated in FIG. 6, the capacitive
sidewall insulating films 65 of the charge pump cir

44 are made of a layer same as that of the sidewall
spacers 51a and 51b of the memory cell 42. The
configuration leads to an improved breakdown voltag
characteristic and a stabilized capacitor character

of the capacitive element C1b as compared to conven
configurations. The charge pump circuit 44 does no

a conventionally needed power supply for achieving
voltage application, thereby achieving a simplified
downsized configuration accordingly. In addition t
capacitive sidewall insulating films 65, the inter-
capacitor-electrode insulating films 66 are provide

the capacitive element C1b, which leads to further
improvement of the breakdown voltage characteristic
the capacitive element C1b.

[0135]In the above-described embodiment, the memor
electrode MG1, the first select gate electrode DG1,
second select gate electrode SG1, the capacitor ele
62, and the capacitor sidewall electrode 63 are mad
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metallic material of one kind, as a memory gate ele
a first select gate electrode, a second select gate
electrode, a capacitor electrode, and a capacitor
sidewall electrode, respectively, each containing a
metallic material, but the present invention is not
limited thereto. For example, a laminated structur
memory gate electrode, a first select gate electrod
second select gate electrode, a capacitor electrode
a capacitor sidewall electrode may be formed by
sequentially stacking a plurality of kinds of metal
layers made of metallic materials of different kind
[0136](5) Non-volatile semiconductor memory device
including fin

FIG. 7 is a schematic view illustrating a planar
layout of a non-volatile semiconductor memory devic
according to another embodiment in which fins S2 an
are provided on a semiconductor substrate. Effects
as those of the above-described embodiment can be
obtained with the non-volatile semiconductor memory
device 81 including the fins S2 and S3. FIG. 7 mai
illustrates the fins S2 and S3, a memory gate struc
85, a first select gate structure 86, a second sele
gate structure 87, a capacitor electrode structure
and a capacitor sidewall electrode 92. The followi
description will not be made on any configuration s
those of the non-volatile semiconductor memory devi
illustrated in FIG. 1 and the non-volatile semicond
memory device 41 illustrated in FIG. 6, but will be
mainly on any difference from the non-volatile
semiconductor memory devices 1 and 41.
[0137]A memory cell 82 illustrated in FIG. 7 execu
operation in accordance with "(1-1-1) Operation of
selected program memory cell”, "(1-1-2) Operation o
nonselected program memory cell”, "(1-1-3) Operatio
read memory cell”, and "(1-1-4) Operation of erase
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cell" described above, but description thereof will
omitted below to avoid any duplicate description.
[0138]In this case, a plurality of fins S2 extend

by side in an x direction in a memory formation par
of the non-volatile semiconductor memory device 81,
the memory cell 82 is formed at each fin S2. In th
volatile semiconductor memory device 81, the memory
structure 85, the first select gate structure 86, a
second select gate structure 87 extend side by side
the fins S2 in a y direction intersecting with the
direction in which the fins S2 extend.

[0139]A fin S3 extends in the x direction in a reg
which a charge pump circuit 84 is disposed. The
capacitor electrode structure 91 and the capacitor
sidewall electrode 92 extend side by side over the
part S3 in the y direction intersecting with the x
direction.

[0140]The distance between the fins S3 extending s
side and the number thereof are set to the fins S3
provided in the region in which the charge pump cir
84 is disposed so that the capacitance of a capacit
element Clc formed on a surface of each fin S3
(capacitance between the capacitor electrode struct
and the capacitor sidewall electrode 92) is not aff

by the capacitance between the fin S3 and the capac
electrode structure 91 and the capacitance between
fin S3 and the capacitor sidewall electrode 92. In
example, the fins S3 are provided in the region in
the charge pump circuit 84 is disposed, but the pre
invention is not limited thereto. No fin may be pr

in the region in which the charge pump circuit 84 i
disposed, but the fins S2 may be provided only in t
memory formation part 83.

[0141]In the present embodiment, a memory gate ele
MG2 of the memory gate structure 85, a first select
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electrode DG2 of the first select gate structure 86
second select gate electrode SG2 of the second sele
gate structure 87, a capacitor electrode 93 of the
capacitor electrode structure 91, and the capacitor
sidewall electrode 92 are each made of a metallic
material such as aluminum (Al), titanium aluminide
tantalum carbide (TaC), or tantalum silicon nitride
(TaSiN).

[0142]In the memory formation part 83, the memory
structure 85 is disposed between the first select g
structure 86 and the second select gate structure 8
The memory cell 82 including the memory transistor
the first select transistor T1, and the second sele
transistor T2 is disposed in a region in which the
gate structure 85, the first select gate structure

and the second select gate structure 87 extend over
fins S2.

[0143]As illustrated in FIG. 8A of a sectional
configuration taken along line D-D' in FIG. 7, the
select gate structure 86, the memory gate structure
and the second select gate structure 87 are provide
between a drain region 89a and a source region 89b
disposed on a surface of each fin S2 in the memory
82. The drain region 89a and the source region 89b
which are disposed on the surface of the fin S2 at
interval, are each made of a semiconductor material
as SiGe and selectively formed on the surface of th
S2 by epitaxial growth to have predetermined thickn
[0144]In the memory gate structure 85, the upper m
gate insulating film 48, which is made of an insula
material (for example, a high-k material such as ha
oxide (HfO ), or nitrided hafnium silicate (HfSiON))
different from that of the lower memory gate insula
film 10, is disposed on the fin S2 through the lowe
memory gate insulating film 10 and the charge stora

ct

(TIAl),

gate
ate
7.
MT,
ct
memory
86,
the

first
85,

cell

an
such
e fin

esses.
emory
ting

fnium

ting

ge



-55 -

layer EC, and the memory gate electrode MG2 is prov
on the upper memory gate insulating film 48.

[0145] A wall-shaped sidewall spacer 97a made of an
insulating material is disposed along a first sidew

the memory gate structure 85. A wall-shaped first
sidewall insulating film 96a is provided between th
sidewall spacer 97a and the memory gate electrode M
In addition, a wall-shaped sidewall spacer 97b made
insulating material is disposed along a second side

of the memory gate structure 85. A wall-shaped fir
gate sidewall insulating film 96b is provided betwe
sidewall spacer 97b and the memory gate electrode M
The first gate sidewall insulating films 96a and 96
formed through a manufacturing process same as that
the upper memory gate insulating film 48, and thus

of an insulating material (for example, a high-k
material) same as that of the upper memory gate
insulating film 48 and integrated with the upper me
gate insulating film 48.

[0146]In the first select gate structure 86, a low

first select gate insulating film 101a made of an
insulating material such as oxide silicon (SiO or S

is provided between the sidewall spacer 97a and a
sidewall part 103a on the fins S2, and an upper fir
select gate insulating film 102a made of an insulat
material (for example, a high-k material) different

that of the first select gate insulating film 101a
provided on the lower first select gate insulating

101a.

[0147]In the first select gate structure 86, a wal
shaped second gate sidewall insulating film 98a is
disposed along the sidewall spacer 97a, and a wall-
sidewall-part sidewall insulating film 100a is disp
along a sidewall of the sidewall part 103a. The se
gate sidewall insulating film 98a and the sidewall-
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sidewall insulating film 100a are formed through a
manufacturing process of forming the upper first se
gate insulating film 102a and thus made of an insul
material (for example, a high-k material) different
those of the lower first select gate insulating fil

and the sidewall spacer 97a. The total thickness o
lower first select gate insulating film 101a and th
upper first select gate insulating film 102a is
preferably less than or equal to 9 nm, more prefera
less than or equal to 3 nm.

[0148]In the first select gate structure 86, the f
select gate electrode DG2 made of a metallic materi
same as that of the memory gate electrode MG2 is di
on the upper first select gate insulating film 102a
the second gate sidewall insulating film 98a and th
sidewall-part sidewall insulating film 100a are dis
along a sidewall of the first select gate electrode
[0149]In the second select gate structure 87, a lo
second select gate insulating film 101b made of an
insulating material such as oxide silicon (SiO or S

Is provided on each fin S2 between the sidewall spa
97b and a sidewall part 103b, and an upper second s
gate insulating film 102b made of an insulating mat
(for example, a high-k material) different from tha
the second select gate insulating film 101b is prov
on the lower second select gate insulating film 101
[0150]In the second select gate structure 87, a wa
shaped second gate sidewall insulating film 98b is
disposed along the sidewall spacer 97b, and a wall-
sidewall-part sidewall insulating film 100b is disp
along a sidewall of the sidewall part 103b. The se
gate sidewall insulating film 98b and the sidewall-
sidewall insulating film 100b are formed through a
manufacturing process of forming the upper second s
gate insulating film 102b and thus made of an insul
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material (for example, a high-k material) different
those of the lower second select gate insulating fi
101b and the sidewall spacer 97b. The total thickn
the lower second select gate insulating film 101b a
upper second select gate insulating film 102b is
preferably less than or equal to 9 nm, more prefera
less than or equal to 3 nm.

[0151]In the second select gate structure 87, the
select gate electrode SG2 made of a metallic materi
same as that of the memory gate electrode MG2 is di
on the upper second select gate insulating film 102
the second gate sidewall insulating film 98b and th
sidewall-part sidewall insulating film 100b are dis
along sidewalls of the second select gate electrode
[0152]Similarly to the above-described embodiment,
the present embodiment, the total thickness of the
gate sidewall insulating film 96a (96b), the sidewa
spacer 97a (97b), and the second gate sidewall insu
film 98a (98b) is preferably 5 nm to 40 nm inclusiv
[0153] The following description will be made with
reference to FIG. 8B illustrating a sectional
configuration taken along line E-E' in FIG. 7. As
illustrated in FIG. 8B, in a region in which no fin
disposed, the memory gate structure 85, the first s
gate structure 86, the second select gate structure
the sidewall spacers 97a and 97b, and the sidewall
103a and 103b illustrated in FIG. 8A are disposed o
insulating layer IS covering the semiconductor subs
S1.

[0154] The surface of the insulating layer IS is
positioned lower than an upper surface of each fin
the region in which no fin S2 is disposed. Accordi
the first select gate structure 86, the memory gate
structure 85, the second select gate structure 87,
sidewall spacers 97a and 97b, and the sidewall part
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and 103b are more vertically elongated than a regio
which the fin S2 is disposed, and thus have heights
as those in the region in which the fin S2 is dispo
[0155]In addition to the above-described configura
in the non-volatile semiconductor memory device 81
according to the present invention, the insulating

IS is provided on the semiconductor substrate S1 on
the memory cell 82 is disposed. The charge pump ci
84 including the capacitive element Clc as illustra
FIG. 7 is provided on the insulating layer IS.

[0156]As in the above-described embodiment, the ch

pump circuit 84 is a Dixon charge pump circuit incl
a plurality of capacitive elements C1c each having
configuration same as that of the above-described
capacitive element Clc, and a plurality of PN junct
diodes. The charge pump circuit 84 is configured t
generate the high output voltage V2 increased accor
to the operation principle of a Dixon charge pump ¢
The following description will be made mainly on th
configuration of one of the capacitive elements Clc
illustrated in FIG. 7 to avoid any duplicate descri
[0157]FIG. 9 is a schematic view illustrating a
sectional configuration taken along line F-F' in FI
As illustrated in FIG. 9, in the capacitive element

a capacitive sidewall insulating film 106 is provid
between each pair of the capacitor sidewall electro
and the capacitor electrode structure 91. The heig
a region in which the capacitive element C1c is dis
is same as that of a region in which the fins S2 an
are disposed. Accordingly, in the region in which

capacitive element Clc is disposed where the insula

layer IS has an upper surface positioned lower than
upper surfaces of the fins S2 and S3, the capacitor
electrode structure 91, the capacitor sidewall elec
92, the capacitive sidewall insulating film 106, an
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like are more vertically elongated than in the regi
which the fins S2 and S3 are disposed. Accordingly
capacitor sidewall electrodes 92 face to the capaci
electrode structures 91 in larger areas, which lead
increase of the capacitance of the capacitive eleme
[0158] The capacitive sidewall insulating film 106
formed through a manufacturing process of forming t
sidewall spacers 97a and 97b of the memory cell 82,
thus made of a layer same as that of the sidewall s
97a and 97b. In the present embodiment, each capac
sidewall insulating film 106 is formed along a side

of a sacrificial electrode provided at a formation
planned position of each capacitor electrode struct
when the sidewall spacers 97a and 97b of the memory
82 are formed by CVD, and thus is made of a layer s
that of the sidewall spacers 97a and 97b. Accordin
the capacitive sidewall insulating film 106 has an
excellent film quality and high breakdown voltage a
compared to those of an oxide film formed by therma
oxidizing polysilicon, and can be highly freely des

to have a thickness without restriction due to
consumption of polysilicon through the thermal oxid
[0159] The capacitive sidewall insulating film 106
formed as a layer independent and different from th
the lower memory gate insulating film 10, the charg
storage layer EC, the upper memory gate insulating
48, the first select gate insulating film 101a, and
second select gate insulating film 101b, the thickn
and film qualities of which are restricted to optim
programming operation, reading operation, and erasi
operation of the memory cell 82. Thus, the thickne
and film qualities of the capacitive sidewall insul

film 106 are free from this restriction, and thus c

set mainly for breakdown voltage between the capaci
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electrode structure 91 and the capacitor sidewall
electrode 92.

[0160]In the capacitor electrode structure 91, the
charge storage layer ECa and the insulating film 48
stacked on the insulating layer 1S, and the capacit
electrode 93 is disposed on the insulating film 48a
charge storage layer ECa of the capacitor electrode
structure 91 is formed through a manufacturing proc

forming the charge storage layer EC of the memory ¢

and thus made of a layer same as that of the charge
storage layer EC. The insulating film 48a of the
capacitor electrode structure 91 is formed through

manufacturing process of forming the upper memory g

insulating film 48 of the memory cell 82 and thus m
a layer same as that of the upper memory gate insul
film 48.

[0161]In the capacitor electrode structure 91, a w
shaped first inter-capacitor-electrode insulating f
105 is disposed between each capacitive sidewall
insulating film 106 and the capacitor electrode 93.
first inter-capacitor-electrode insulating film 105

formed through a manufacturing process of forming t

insulating film 48a of the capacitor electrode stru
91, the first gate sidewall insulating films 96a an
and the second gate sidewall insulating films 98a a
of the memory cell 82, and the like, and thus made
layer same as that of the insulating film 48a, the
gate sidewall insulating films 96a and 96b, and the
[0162] A wall-shaped second inter-capacitor-electro
insulating film 107 made of an insulating material
different from that of the capacitive sidewall insu
film 106 is disposed on a sidewall of each capaciti
sidewall insulating film 106, on which the first in
capacitor-electrode insulating film 105 is not disp
Similarly to the first inter-capacitor-electrode
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insulating film 105 disposed on the sidewall of the
capacitor electrode 93, the second inter-capacitor-
electrode insulating film 107 is formed through a

manufacturing process of forming the first gate sid ewall
insulating films 96a and 96b and the second gate si dewall
insulating films 98a and 98b of the memory cell 82, and
thus made of a layer same as that of the first gate

sidewall insulating films 96a and 96b and the secon d gate
sidewall insulating films 98a and 98b of the memory cell
82.

[0163] The capacitor sidewall electrode 92 disposed on an
insulating film 109 is provided on a side of a side wall
of each second inter-capacitor-electrode insulating film
107, on which the capacitive sidewall insulating fi Im 106
is not disposed. A wall-shaped sidewall insulating film
111 made of an insulating material (for example, Si N)
same as that of the inter-capacitor-electrode insul ating
film 107 is disposed along sidewalls of the insulat ing
film 109 and the capacitor sidewall electrode 92 at an
end of the capacitive element Clc. In addition, a

sidewall part 112 or 113 made of an insulating mate rial
(for example, SiO or SiO 2) same as that of the capacitive

sidewall insulating film 106 is provided along a si dewall

of the sidewall insulating film 111.

[0164] The non-volatile semiconductor memory device 81
having such a configuration can be formed through a

typical semiconductor manufacturing process using a

photolithography technique, a deposition technology such
as oxidation or CVD, an etching technology, and an ion
implantation method, and thus description thereof w il be

omitted in the following.

[0165]Similarly to the non-volatile semiconductor memory
device 1 illustrated in FIG. 1, in the non-volatile

semiconductor memory device 81 having the above-des cribed
configuration, each capacitive sidewall insulating film
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106 of the charge pump circuit 84 is made of a laye
as that of the sidewall spacers 97a and 97b of the
cell 82. The configuration leads to an improved
breakdown voltage characteristic and a stabilized
capacitor characteristic of the capacitive element
compared to conventional configurations. The charg
circuit 84 does not need a conventionally needed po
supply for achieving low voltage application, there
achieving a simplified and downsized configuration
accordingly.

[0166]In the capacitive element Clc, the first int
capacitor-electrode insulating film 105 and the sec
inter-capacitor-electrode insulating film 107, whic
made of a layer same as that of the first gate side
insulating films 96a and 96b and the second gate si
insulating films 98a and 98b disposed along the sid
spacers 97a and 97b of the memory cell 82, are prov
between each pair of the capacitor electrode 93 and
capacitor sidewall electrode 92. The first inter-
capacitor-electrode insulating film 105 and the sec
inter-capacitor-electrode insulating film 107 furth
improve the breakdown voltage characteristic of the
capacitive element Clc.

[0167](6) Others

The present invention is not limited to the above-

described embodiments, but various kinds of modific
are possible without departing from the scope of th
present invention. For example, each operation may
executed through application of any voltage value o
than voltage values in "(1-1-1) Operation of select
program memory cell”, "(1-1-2) Operation of nonsele
program memory cell”, "(1-1-3) Operation of read me
cell", and "(1-1-4) Operation of erase memory cell”
[0168]In the above-described non-volatile semicond
memory device 1 illustrated FIG. 1, only the sidewa

r same
memory

Clc as
e pump
wer

er-
ond
h are
wall
dewall
ewall
ided
the

ond
er

ations
e

be
ther
ed
cted
mory

uctor



- 63 -

spacers 13a and 13b are provided in the memory cell
and only the capacitive sidewall insulating film 21
provided on the capacitive elements C1 and C2 of th
charge pump circuit 4, but the present invention is
limited thereto. Another gate sidewall insulating
made of an insulating material different from that
sidewall spacers 13a and 13b may be provided along
of the sidewall spacers 13a and 13b of the memory c
A wall-shaped inter-capacitor-electrode insulating
made of a layer same as that of the gate sidewall
insulating film may be provided, together with the
capacitive sidewall insulating film 21, between the
capacitor electrodes 17a and 17b and the capacitor
sidewall electrodes 19a and 19b in the capacitive
elements C1 and C2 of the charge pump circuit 4. |
another configuration of the capacitive elements C1
C2, the first inter-capacitor-electrode insulating

105 as illustrated in FIG. 9 may be provided along
sidewall of the capacitor electrodes 17a and 17b.
[0169]In the capacitive element C1b illustrated in

6, the inter-capacitor-electrode insulating films 6
provided in addition to the capacitive sidewall
insulating films 65, but the present invention is n
limited thereto. Only the capacitive sidewall insu
films 65 may be provided. In another configuration
the capacitive element C1b, the first inter-capacit
electrode insulating film 105 as illustrated in FIG
may be provided along each sidewall of the capacito
electrodes 62.

[0170]In the above-described capacitive element C1
illustrated in FIG. 9, the first inter-capacitor-
electrode insulating films 105 and the second inter
capacitor-electrode insulating films 107 are provid
addition to the capacitive sidewall insulating film

but the present invention is not limited thereto.
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the capacitive sidewall insulating films 106 may be

provided. Alternatively, only the first inter-capa citor-
electrode insulating films 105 or the second inter-

capacitor-electrode insulating films 107 may be pro vided.
[0171] The configurations according to the above-

described embodiments illustrated in FIGS. 1, 3, an d5to
9 may be combined in various manners to achieve a

configuration in which a capacitive sidewall insula ting
film made of a layer same as that of a sidewall spa cer of
a memory cell is provided between a capacitor sidew all
electrode and a capacitor electrode in each capacit ive
element of a charge pump circuit.

[0172]In the above-described embodiment, the volta ge of
the first clock ¢l or the second clock @2 is applied to a
capacitor electrode, but the present invention is n ot
limited thereto. The voltage of the first clock @l or
the second clock @2 may be applied to a capacitor

sidewall electrode.

Reference Signs List
[0173]1, 41, 81 non-volatile semiconductor memory device

2,42, 82 memory cell

4, 31, 44, 84 charge pump circuit

5, 45, 85 memory gate structure

6, 46, 86 first select gate structure

7, 47, 87 second select gate structure

10 lower memory gate insulating film

11, 48 upper memory gate insulating film

13a, 13b, 51a, 51b, 97a, 97b sidewall spacer

17a, 17b, 62, 93 capacitor electrode

21, 32, 65, 106 capacitive sidewall insulating
film

28 conduction part

19a, 19b, 36a, 36b, 36¢, 36d, 63, 92 capacitor
sidewall electrode
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52a, 52b, 96a, 96b, 98a, 98b gate sidewall
insulating film

66, 105, 107 inter-capacitor-electrode insulating
film

MG, MG1, MG2 memory gate electrode

DG, DG1, DG2 first select gate electrode

SG, SG1, SG2 second select gate electrode

EC charge storage layer

C1, C2, Cla, C2a, C3a, C4a, Cl1h, Clc capacitive
element

D1, D2, D3, D1a, D2a, D3a, D4a, D5a PN junction
diode
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Claims

1. A non-volatile semiconductor memory device
comprising:

a memory cell provided on a semiconductor substrat
and

a charge pump circuit disposed on an insulating
layer provided on the semiconductor substrate,

wherein the memory cell includes:

a memory gate structure in which a lower memory ga
insulating film, a charge storage layer, an upper m
gate insulating film, and a memory gate electrode a
stacked;

a first sidewall spacer made of an insulating
material and provided along one side surface of the
memory gate structure;

a second sidewall spacer made of the insulating
material and provided along another side surface of
memory gate structure;

a first select gate structure that is disposed alo
the first sidewall spacer and in which a first sele
gate electrode is provided on a first select gate
insulating film;

a second select gate structure that is disposed
along the second sidewall spacer and in which a sec
select gate electrode is provided on a second selec
insulating film;

a drain region provided adjacent to the first sele
gate structure on a surface of the semiconductor
substrate, insulated from the first select gate ele
and electrically connected with a bit line; and

a source region provided adjacent to the second
select gate structure on the surface of the semicon
substrate, insulated from the second select gate
electrode, and electrically connected with a source
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the charge pump circuit includes a plurality of
capacitive elements, and

each capacitive element includes, between a
capacitor electrode and a capacitor sidewall electr
capacitive sidewall insulating film made of a layer
as a layer of the first sidewall spacer and the sec
sidewall spacer.

2. The non-volatile semiconductor memory device
according to claim 1, wherein

the capacitor electrode is made of a layer same as
layer of the memory gate electrode, and

the capacitor sidewall electrode is made of a laye
same as a layer of the first select gate electrode
the second select gate electrode.

3. The non-volatile semiconductor memory device
according to claim 1 or 2, wherein

the capacitive element includes a capacitor
electrode structure in which a charge storage layer
insulating film, and the capacitor electrode are st
and

the capacitive sidewall insulating film is made of
an insulating material same as an insulating materi
the first sidewall spacer and the second sidewall s
disposed along a sidewall of the capacitor electrod
structure, and not including the charge storage lay
provided in the capacitor electrode structure.

4. The non-volatile semiconductor memory device
according to any one of claims 1 to 3, wherein the
capacitive sidewall insulating film has a thickness
as thicknesses of the first sidewall spacer and the
second sidewall spacer.
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5. The non-volatile semiconductor memory device
according to any one of claims 1 to 4, wherein the
gate electrode, the first select gate electrode, th
second select gate electrode, the capacitor electro
and the capacitor sidewall electrode each contain a
metallic material.

6. The non-volatile semiconductor memory device
according to any one of claims 1 to 5, wherein

the semiconductor substrate is provided with a fin
protruding from the insulating layer, and

the memory gate structure, the first select gate
structure, the second select gate structure, the fi
sidewall spacer, and the second sidewall spacer are
disposed on the insulating layer so as to extend ov
fin.

7. The non-volatile semiconductor memory device
according to any one of claims 1 to 4, wherein the
pump circuit includes:

one of the capacitive elements, to which voltage o
a first clock is applied;

another one of the capacitive elements, to which
voltage of a second clock having a phase opposite t
phase of the first clock is applied; and

a PN junction diode provided between the capacitiv
element and the other capacitive element.

8. The non-volatile semiconductor memory device
according to claim 7, wherein the PN junction diode
includes:

an opposite-conductivity-type junction part made o
a layer same as a layer of the capacitor sidewall
electrode and having a conductivity type different

memory
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er the
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from a
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conductivity type of the capacitor sidewall electro
and

a conduction part electrically connecting the
opposite-conductivity-type junction part and the
capacitor sidewall electrode provided on the capaci
element at a pre-stage.

9. The non-volatile semiconductor memory device
according to any one of claims 1 to 8, wherein

the memory cell includes a gate sidewall insulatin
film wall-shaped along the sidewall spacer, and

an inter-capacitor-electrode insulating film made
a layer same as a layer of the gate sidewall insula
film is provided between the capacitor electrode an
capacitor sidewall electrode of the capacitive elem

de;
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