Description

Title of Invention:

MEMORY CELL, SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE, AND
METHOD FOR MANUFACTURING SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE

Technical Field
[0001] The present invention relates to a memory cell, a
semiconductor integrated circuit device, and a method for

manufacturing a semiconductor integrated circuit device.

Background Art

[0002] Japanese Patent Laid-open No. 2011-129816 (Patent
Literature 1) discloses a conventional memory cell in
which a memory gate structure is disposed between two
select gate structures (refer to FIG. 15 in Patent
Literature 1). The memory cell includes a drain region
connected with a bit line and a source region connected
with a source line. A first select gate structure, a
memory gate structure, and a second select gate structure
are disposed in this order on a semiconductor substrate
between these drain and source regions. In the memory
cell thus configured, a charge storage layer is provided
to the memory gate structure. Data is programmed by
injecting charge into the charge storage layer, or data
is erased by removing charge inside the charge storage
layer.

[0003] In the case where charge is injected into the
charge storage layer in such a memory cell, voltage 1is
blocked by the second select gate structure connected
with the source line while a low bit voltage from the bit
line is applied to the channel layer of the memory gate
structure through the first select gate structure.

Simultaneously, a high memory gate voltage is applied to



a memory gate electrode in the memory gate structure, and
accordingly, charge is injected into the charge storage
layer due to the quantum tunneling effect caused by the
voltage difference between the bit voltage and the memory

gate voltage.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Patent Laid-open No.
2011-129816

Summary of Invention

Technical Problem

[0005] In the case where a logic gate electrode made of
polysilicon with added impurities is used in a peripheral
circuit included in a metal-oxide-semiconductor (MOS)
transistor structure and configured to drive such a
memory cell, for example, voltage application to the
logic gate electrode forms a depletion layer in the logic
gate electrode. In such a peripheral circuit, a
parasitic capacitor due to the depletion layer becomes
connected in series with a gate capacitor. As a result,
even when the gate insulating film is formed to be
extremely thin, the effective thickness of the gate
insulating film increases by an amount corresponding to
the depletion layer. For this reason, in a recent
peripheral circuit, a logic gate electrode made of a
metallic material is employed to prevent formation of a
depletion layer in the logic gate electrode.

[0006] However, for example, in the case where a memory
cell in which electrodes of the memory gate structure,
the first select gate structure, and the second select
gate structure are made of polysilicon is formed on a
semiconductor substrate on which a peripheral circuit

including a metal logic gate electrode made of a metallic



material is disposed, a manufacturing process of forming
the memory cell is needed separately from a manufacturing
process of forming the peripheral circuit since the
memory cell and the peripheral circuit are made of
different materials.

[0007] The present invention is intended to solve the
above-described problem by providing a memory cell and a
semiconductor integrated circuit device that are formed
through a series of manufacturing processes of forming a
metal logic gate electrode made of a metallic material on
a semiconductor substrate, and a method for manufacturing

the semiconductor integrated circuit device.

Solution to Problem

[0008] To solve the above-described problem, a memory
cell according to the present invention is a memory cell
disposed on a semiconductor substrate on which a
peripheral circuit including a metal logic gate electrode
containing a metallic material is provided. The memory
cell includes: a drain region disposed on a surface of
the semiconductor substrate and connected with a bit
line; a source region disposed on the surface of the
semiconductor substrate and connected with a source line;
a memory gate structure that is disposed between the
drain region and the source region and in which a lower
memory gate insulating film, a charge storage layer, an
upper memory gate insulating film, and a metal memory
gate electrode containing the metallic material are
stacked in this order on the semiconductor substrate; a
first select gate structure in which a metal first select
gate electrode containing the metallic material is
disposed on the semiconductor substrate between the drain
region and the memory gate structure through a first
select gate insulating film and that is disposed adjacent

to a first sidewall of the memory gate structure through



a first sidewall spacer; and a second select gate
structure in which a metal second select gate electrode
containing the metallic material is disposed on the
semiconductor substrate between the source region and the
memory gate structure through a second select gate
insulating film and that is disposed adjacent to a second
sidewall of the memory gate structure through a second
sidewall spacer.

[0009] The first sidewall spacer is composed of a first
sidewall insulating film disposed along the first
sidewall of the memory gate structure and a first select
gate sidewall insulating film disposed along a sidewall
of the first select gate structure and integrated with
the first select gate insulating film. The second
sidewall spacer is composed of a second sidewall
insulating film disposed along the second sidewall of the
memory gate structure and a second select gate sidewall
insulating film disposed along a sidewall of the second
select gate structure and integrated with the second
select gate insulating film. The first select gate
sidewall insulating film and the second select gate
sidewall insulating film are made of an insulating
material different from an insulating material of the
first sidewall insulating film and the second sidewall
insulating film. The first sidewall insulating film and
the second sidewall insulating film are made of the
insulating material having a relative dielectric constant
smaller than a relative dielectric constant of the
insulating material of the first select gate sidewall
insulating film and the second select gate sidewall
insulating film.

[0010] A first memory gate sidewall insulating film
disposed along the sidewall spacer and integrated with
the upper memory gate insulating film is provided between

the metal memory gate electrode and the first sidewall



spacer. A second memory gate sidewall insulating film
disposed along the sidewall spacer and integrated with
the upper memory gate insulating film is provided between
the metal memory gate electrode and the second sidewall
spacer.

[0011] A semiconductor integrated circuit device
according to the present invention is a semiconductor
integrated circuit device including memory cells arranged
in a matrix of rows and columns and each connected with a
bit line and a source line. Each memory cell is the
above-described memory cell. A peripheral circuit region
in which the peripheral circuit is provided is provided
around a memory circuit region in which each memory cell
is disposed.

[0012] A method for manufacturing a semiconductor
integrated circuit device according to a first embodiment
of the present invention is a method for manufacturing a
semiconductor integrated circuit device including: a
memory circuit region in which a memory cell including a
memory gate structure between a first select gate
structure and a second select gate structure is disposed;
and a peripheral circuit region in which a peripheral
circuit including a logic gate structure is disposed.

The method includes: a first dummy electrode layer
forming process of forming a layered lower memory gate
insulating film and a layered charge storage layer in
this order on a semiconductor substrate in the memory
circuit region, and then stacking a layered first
insulating film and a layered logic dummy electrode layer
in this order on the charge storage layer in the memory
circuit region and the semiconductor substrate in the
peripheral circuit region; a dummy memory gate structure
forming process of patterning the logic dummy electrode
layer, the first insulating film, the charge storage

layer, and the lower memory gate insulating film in the



memory circuit region by using a patterned resist so that
a dummy memory gate structure in which the lower memory
gate insulating film, the charge storage layer, an upper
memory gate insulating film, and a dummy memory gate
electrode provided by patterning are stacked in this
order is formed in the memory circuit region and the
first insulating film and the logic dummy electrode layer
to remain intact in the peripheral circuit region using
the resist; a sidewall insulating film forming process of
forming sidewall insulating films along facing sidewalls
of the dummy memory gate structure in the memory circuit
region; a second dummy electrode layer forming process of
forming a layered second insulating film across the
memory circuit region and the peripheral circuit region
to form sidewall spacers composed of the sidewall
insulating films and the second insulating film on the
respective facing sidewalls of the dummy memory gate
structure, stacking a layered memory dummy electrode
layer on the second insulating film, and removing the
memory dummy electrode layer and the second insulating
film in this order in the peripheral circuit region by
using a patterned resist so that the second insulating
film and the memory dummy electrode layer remain in the
memory circuit region; a dummy gate electrode forming
process of patterning the logic dummy electrode layer and
the first insulating film in the peripheral circuit
region by using another patterned resist to form a dummy
logic gate structure in which a dummy logic gate
electrode is stacked on the semiconductor substrate
through a logic gate insulating film, and etching back
the memory dummy electrode layer and the second
insulating film in the memory circuit region so that a
sidewall-shaped dummy first select gate electrode is
formed along one of the sidewall spacers of the dummy

memory gate structure whereas the second insulating film



remains below the dummy first select gate electrode to
form a first select gate insulating film and a sidewall-
shaped dummy second select gate electrode is formed along
the other sidewall spacer of the dummy memory gate
structure whereas the second insulating film remains
below the dummy second select gate electrode to form a
second select gate insulating film; an electrode exposing
process of forming an interlayer insulating layer in the
memory circuit region and the peripheral circuit region,
and then processing the interlayer insulating layer to
expose, on the interlayer insulating layer, top surfaces
of the dummy memory gate electrode, the dummy first
select gate electrode, the dummy second select gate
electrode, and the dummy logic gate electrode; and a
metal gate electrode forming process of removing the
dummy memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and
the dummy logic gate electrode, and then forming, in
electrode formation spaces in which the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode have been formed, a metal memory gate
electrode, a metal first select gate electrode, a metal
second select gate electrode, and a metal logic gate
electrode each containing a metallic material.

[0013] A method for manufacturing a semiconductor
integrated circuit device according to a second
embodiment of the present invention is a method for
manufacturing a semiconductor integrated circuit device
including: a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and a peripheral circuit region in which a
peripheral circuit including a logic gate structure is

disposed. The method includes: a sidewall insulating



film forming process of providing, in the memory circuit
region, a dummy memory gate structure in which a lower
memory gate insulating film, a charge storage layer, an
upper memory gate insulating film, and a dummy memory
gate electrode provided by patterning are stacked in this
order on a semiconductor substrate, and then forming
sidewall insulating films along facing sidewalls of the
dummy memory gate structure; a dummy electrode layer
forming process of forming a layered insulating film in
the memory circuit region and the peripheral circuit
region to form sidewall spacers composed of the sidewall
insulating films and the insulating film on the
respective facing sidewalls of the dummy memory gate
structure, and then stacking a layered logic dummy
electrode layer on the insulating film; a dummy gate
electrode forming process of patterning the logic dummy
electrode layer and the insulating film in the peripheral
circuit region by using a patterned resist to form a
dummy logic gate structure in which a dummy logic gate
electrode is stacked on the semiconductor substrate
through a logic gate insulating film, and etching back
the logic dummy electrode layer and the insulating film
in the memory circuit region so that a sidewall-shaped
dummy first select gate electrode is formed along one of
the sidewall spacers of the dummy memory gate structure
whereas the insulating film remains below the dummy first
select gate electrode to form a first select gate
insulating film and a sidewall-shaped dummy second select
gate electrode is formed along the other sidewall spacer
of the dummy memory gate structure whereas the insulating
film remains below the dummy second select gate electrode
to form a second select gate insulating film; an
electrode exposing process of forming an interlayer
insulating layer in the memory circuit region and the

peripheral circuit region, and then processing the



interlayer insulating layer to expose, on the interlayer
insulating layer, top surfaces of the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode; and a metal gate electrode forming
process of removing the dummy memory gate electrode, the
dummy first select gate electrode, the dummy second
select gate electrode, and the dummy logic gate electrode,
and then forming, in electrode formation spaces in which
the dummy memory gate electrode, the dummy first select
gate electrode, the dummy second select gate electrode,
and the dummy logic gate electrode have been formed, a
metal memory gate electrode, a metal first select gate
electrode, a metal second select gate electrode, and a
metal logic gate electrode each containing a metallic
material.

[0014] A method for manufacturing a semiconductor
integrated circuit device according to a third embodiment
of the present invention is a method for manufacturing a
semiconductor integrated circuit device including: a
memory circuit region in which a memory cell including a
memory gate structure between a first select gate
structure and a second select gate structure is disposed;
and a peripheral circuit region in which a peripheral
circuit including a logic gate structure is disposed.

The method includes: a first dummy electrode layer
forming process of forming a layered lower memory gate
insulating film and a layered charge storage layer in
this order on a semiconductor substrate in the memory
circuit region, and then forming a layered logic dummy
electrode layer on the charge storage layer in the memory
circuit region and the semiconductor substrate in the
peripheral circuit region; a dummy memory gate structure
forming process of patterning the logic dummy electrode

layer, the charge storage layer, and the lower memory



gate insulating film in the memory circuit region by
using a patterned resist so that a dummy memory gate
structure in which the lower memory gate insulating film,
the charge storage layer, and a dummy memory gate
electrode provided by patterning are stacked in this
order is formed in the memory circuit region whereas the
logic dummy electrode layer remains intact in the
peripheral circuit region using the resist; a sidewall
insulating film forming process of forming sidewall
insulating films along facing sidewalls of the dummy
memory gate structure in the memory circuit region; a
second dummy electrode layer forming process of forming a
layered memory dummy electrode layer across the memory
circuit region and the peripheral circuit region, and
then removing the memory dummy electrode layer in the
peripheral circuit region by using a patterned resist
whereas the memory dummy electrode layer remains in the
memory circuit region; a dummy gate electrode forming
process of patterning the logic dummy electrode layer in
the peripheral circuit region by using another patterned
resist to form a dummy logic gate electrode on the
semiconductor substrate, and etching back the memory
dummy electrode layer in the memory circuit region so
that a sidewall-shaped dummy first select gate electrode
is formed along one of the sidewall insulating films of
the dummy memory gate structure and a sidewall-shaped
dummy second select gate electrode is formed along the
other sidewall insulating film of the dummy memory gate
structure; an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate

electrode, the dummy second select gate electrode, and



the dummy logic gate electrode; and a metal gate
electrode forming process of removing the dummy memory
gate electrode, the dummy first select gate electrode,
the dummy second select gate electrode, and the dummy
logic gate electrode, forming a layered insulating film
in spaces in which the dummy memory gate electrode, the
dummy first select gate electrode, the dummy second
select gate electrode, and the dummy logic gate electrode
have been formed, and then forming a metal memory gate
electrode, a metal first select gate electrode, a metal
second select gate electrode, and a metal logic gate
electrode each containing a metallic material, in
electrode formation spaces enclosed by the insulating
film in the spaces.

[0015] A method for manufacturing a semiconductor
integrated circuit device according to a fourth
embodiment of the present invention is a method for
manufacturing a semiconductor integrated circuit device
including: a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and a peripheral circuit region in which a
peripheral circuit including a logic gate structure is
disposed. The method includes: a sidewall insulating
film forming process of providing, in the memory circuit
region, a dummy memory gate structure in which a lower
memory gate insulating film, a charge storage layer, and
a dummy memory gate electrode provided by patterning are
stacked in this order on a semiconductor substrate, and
then forming sidewall insulating films along facing
sidewalls of the dummy memory gate structure; a dummy
electrode layer forming process of forming a layered
logic dummy electrode layer in the memory circuit region
and the peripheral circuit region; a dummy gate electrode

forming process of patterning the logic dummy electrode



layer in the peripheral circuit region by using a
patterned resist to form a dummy logic gate electrode on
the semiconductor substrate, and etching back the logic
dummy electrode layer in the memory circuit region so
that a sidewall-shaped dummy first select gate electrode
is formed along one of the sidewall insulating films of
the dummy memory gate structure and a sidewall-shaped
dummy second select gate electrode is formed along the
other sidewall insulating film of the dummy memory gate
structure; an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and
the dummy logic gate electrode; and a metal gate
electrode forming process of removing the dummy memory
gate electrode, the dummy first select gate electrode,
the dummy second select gate electrode, and the dummy
logic gate electrode, forming a layered insulating film
in spaces in which the dummy memory gate electrode, the
dummy first select gate electrode, the dummy second
select gate electrode, and the dummy logic gate electrode
have been formed, and then forming a metal memory gate
electrode, a metal first select gate electrode, a metal
second select gate electrode, and a metal logic gate
electrode each containing a metallic material, in
electrode formation spaces enclosed by the insulating
film in the spaces.

[0016] According to the above-described manufacturing
method, the memory cell is formed in the memory circuit
region and the logic gate structure is formed in the
peripheral circuit region. The memory cell includes: the

memory gate structure in which the lower memory gate



insulating film, the charge storage layer, the upper
memory gate insulating film, and the metal memory gate
electrode are stacked in this order on the semiconductor
substrate; the first select gate structure in which the
metal first select gate electrode is disposed on the
semiconductor substrate through the first select gate
insulating film and that is disposed adjacent to the
first sidewall of the memory gate structure through one
of the sidewall spacers; and the second select gate
structure in which the metal second select gate electrode
is disposed on the semiconductor substrate through the
second select gate insulating film and that is disposed
adjacent to the second sidewall of the memory gate
structure through the other sidewall spacer. In the
logic gate structure, the metal logic gate electrode is
disposed on the semiconductor substrate through the logic

gate insulating film.

Advantageous Effects of Invention

[0017] In a memory cell, a semiconductor integrated
circuit device, and a method for manufacturing a
semiconductor integrated circuit device according to the
present invention, a metal memory gate electrode, a metal
first select gate electrode, and a metal second select
gate electrode can be formed of a metallic material the
same as that of a metal logic gate electrode, thereby
providing a memory cell that is formed through a series
of manufacturing processes of forming the metal logic
gate electrode made of a metallic material on a

semiconductor substrate.

Brief Description of Drawings
[0018] FIG. 1 is a schematic view illustrating a
sectional configuration of a memory cell according to a

first embodiment.



FIG. 2 is a schematic view illustrating a sectional
configuration of a semiconductor integrated circuit
device according to the first embodiment.

FIG. 3A is a schematic view illustrating process (1) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 2; FIG. 3B is a schematic view
illustrating process (2) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 2; and FIG. 3C is a schematic view illustrating
process (3) of manufacturing the semiconductor integrated
circuit device illustrated in FIG. 2.

FIG. 4A is a schematic view illustrating process (4) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 2; FIG. 4B is a schematic view
illustrating process (5) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 2; and FIG. 4C is a schematic view illustrating
process (6) of manufacturing the semiconductor integrated
circuit device illustrated in FIG. 2.

FIG. 5A is a schematic view illustrating process (7) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 2; and FIG. 5B is a schematic view
illustrating process (8) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 2.

FIG. 6A is a schematic view illustrating process (9) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 2; and FIG. 6B is a schematic view
illustrating process (10) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 2.

FIG. 7 is a schematic view illustrating a sectional
configuration of a semiconductor integrated circuit

device according to a second embodiment.



FIG. 8A is a schematic view illustrating process (1) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 7; and FIG. 8B is a schematic view
illustrating process (2) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 7.

FIG. 9 is a schematic view illustrating a sectional
configuration of a memory cell according to a third
embodiment.

FIG. 10 is a schematic view illustrating a sectional
configuration of a semiconductor integrated circuit
device according to the third embodiment.

FIG. 11A is a schematic view illustrating process (1) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 10; FIG. 11B is a schematic view
illustrating process (2) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 10; and FIG. 11C is a schematic view illustrating
process (3) of manufacturing the semiconductor integrated
circuit device illustrated in FIG. 10.

FIG. 12A is a schematic view illustrating process (4) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 10; FIG. 12B is a schematic view
illustrating process (5) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 10; and FIG. 12C is a schematic view illustrating
process (6) of manufacturing the semiconductor integrated
circuit device illustrated in FIG. 10.

FIG. 13A is a schematic view illustrating process (7) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 10; and FIG. 13B is a schematic view
illustrating process (8) of manufacturing the
semiconductor integrated circuit device illustrated in

FIG. 10.



FIG. 14 is a schematic view illustrating a sectional
configuration of a semiconductor integrated circuit
device according to a fourth embodiment.

FIG. 15A is a schematic view illustrating process (1) of
manufacturing the semiconductor integrated circuit device
illustrated in FIG. 14; and FIG. 15B is a schematic view
illustrating process (2) of manufacturing the
semiconductor integrated circuit device illustrated in
FIG. 14.

Description of Embodiments

[0019] Hereinafter, embodiments of the present invention
will be described in the following order.

1. First embodiment

1-1. Configuration of memory cell according to first
embodiment

1-2. Data programming method

1-2-1. First programming method

1-2-2. Second programming method

1-3. Other operations

1-4. Configuration of semiconductor integrated circuit
device according to first embodiment

1-5. Method for manufacturing semiconductor integrated
circuit device according to first embodiment

1-6. Operations and effects

2. Second embodiment

2-1. Configuration of semiconductor integrated circuit
device according to second embodiment

2-2. Method for manufacturing semiconductor integrated
circuit device according to second embodiment

2-3. Operations and effects

3. Third embodiment

3-1. Configuration of memory cell according to third

embodiment



3-2. Configuration of semiconductor integrated circuit
device according to third embodiment
3-3. Method for manufacturing semiconductor integrated
circuit device according to third embodiment
3-4. Operations and effects
4. Fourth embodiment
4-1. Configuration of semiconductor integrated circuit
device according to fourth embodiment
4-2. Method for manufacturing semiconductor integrated
circuit device according to fourth embodiment
4-3. Operations and effects
5. Other embodiments
[0020] (1) First embodiment
(1-1) Configuration of memory cell according to first
embodiment

In FIG. 1, reference numeral 1 denotes a memory cell
according to the present invention. In the memory cell 1,
for example, a memory gate structure 2 included in an N-
type transistor structure, a first select gate structure
3 included in an N-type MOS transistor structure, and a
second select gate structure 4 included in an N-type MOS
transistor structure are disposed on a semiconductor
substrate W in which P-type impurities are injected. A
drain region 6a and a source region 6b are spaced at a
predetermined distance from each other on a surface of
the semiconductor substrate W. The drain region 6a is
disposed at one end of the first select gate structure 3,
and the source region 6b is disposed at one end of the
second select gate structure 4. The drain region 6a is
connected with a bit line BL, and the source region 6b is
connected with a source line SL.
[0021] A low-concentration drain region is disposed in
the drain region 6a on the surface of the semiconductor
substrate W. A sidewall structure 17a along a sidewall

of the first select gate structure 3 is disposed on the



low-concentration drain region. A low-concentration
source region is disposed in the source region 6b on the
surface of the semiconductor substrate W. A sidewall
structure 17b along a sidewall of the second select gate
structure 4 is disposed on the low-concentration source
region. Silicide layers SC are disposed on the
respective surfaces of the drain region 6a and the source
region 6b.

[0022] The sidewall structures 17a and 17b are each made
of, for example, SiN and have top surfaces planarized
through planarizing treatment such as chemical mechanical
polishing (CMP) performed in a manufacturing process,
together with top surfaces of a metal memory gate
electrode MG of the memory gate structure 2, a metal
first select gate electrode DG of the first select gate
structure 3, and a metal second select gate electrode SG
of the second select gate structure 4.

[0023] In the present embodiment, the low-concentration
drain region inside the drain region 6a and the low-
concentration source region inside the source region 6b
each have an impurity concentration exceeding 1.0E19/cm’.
The semiconductor substrate W directly below each of
sidewall spacers 8a and 8b to be described later is the
same as a surface region (for example, a region extending
to a depth of 50 nm from the surface of the semiconductor
substrate W) in which a channel layer is formed directly
below the memory gate structure 2, and has an impurity
concentration of 1.0E19/cm’ or less, preferably
3.0E18/cm® or less.

[0024] The memory gate structure 2 includes a charge
storage layer EC made of, for example, silicon nitride
(Si3Ny), silicon oxynitride (SiON), alumina (Al,03), or
hafnia (HfO2) on the semiconductor substrate W between
the low-concentration drain region of the drain region 6a

and the low-concentration source region of the source



region 6b through a lower memory gate insulating film 10
made of an insulating material such as SiO,. The memory
gate structure 2 further includes the metal memory gate
electrode MG on the charge storage layer EC through an
upper memory gate insulating film 11 made of an
insulating material (for example, a high-k material such
as oxidize hafnium (Hf02), or nitrided hafnium silicate
(HESiON) ) different from that of the lower memory gate
insulating film 10. In other words, the memory gate
structure 2 has a configuration in which the charge
storage layer EC is insulated from the semiconductor
substrate W and the metal memory gate electrode MG by the
lower memory gate insulating film 10 and the upper memory
gate insulating film 11.

[0025] The metal memory gate electrode MG is made of an
N-type MOS metallic material such as aluminum (Al),
titanium aluminide (TiAl), tantalum carbide (TaC), or
tantalum silicon nitride (TaSiN). The metal memory gate
electrode MG includes a planarized top surface 2a that is
a top surface planarized through planarizing treatment
such as CMP performed in a manufacturing process. The
metal memory gate electrode MG is connected with a memory
gate line MGL to receive voltage application from the
memory gate line MGL.

[0026] The memory gate structure 2 is provided with the
sidewall spacer 8a made of an insulating material and
disposed along a first sidewall of the memory gate
structure 2. The memory gate structure 2 is adjacent to
the first select gate structure 3 through the sidewall
spacer 8a. The sidewall spacer 8a disposed between the
memory gate structure 2 and the first select gate
structure 3 has a thickness large enough to insulate the
memory gate structure 2 and the first select gate
structure 3 from each other. The sidewall spacer 8a

includes a sidewall insulating film 13a made of an



insulating material such as SiO; and a first select gate
sidewall insulating film 16a made of an insulating
material (for example, a high-k material). The sidewall
insulating film 13a is disposed along the sidewall of the
memory gate structure 2. The first select gate sidewall
insulating film 16a is deposited through a process
different from that for the sidewall insulating film 13a
and disposed between the sidewall insulating film 13a and
the first select gate structure 3.

[0027] When the distance between the memory gate
structure 2 and the first select gate structure 3 is less
than 5 nm, voltage application to the metal memory gate
electrode MG and the metal first select gate electrode DG
potentially generates a breakdown voltage to the sidewall
spacer 8a. When the distance between the memory gate
structure 2 and the first select gate structure 3 exceeds
40 nm, an increased resistance is obtained at the
semiconductor substrate W (for example, a region (surface
region) extending to a depth of 50 nm from the surface)
between the metal memory gate electrode MG and the metal
first select gate electrode DG, and a readout current is
unlikely to occur between the memory gate structure 2 and
the first select gate structure 3 at data reading. Thus,
in the present embodiment, the sidewall spacer 8a between
the memory gate structure 2 and the first select gate
structure 3 desirably has a width of 5 nm to 40 nm
inclusive. The sidewall insulating film 13a is desirably
made of an insulating material having a relative
dielectric constant smaller than that of the first select
gate sidewall insulating film 16a. In this case, the
first select gate structure 3 and the memory gate
structure 2 have a reduced capacitance therebetween,
thereby achieving an increased access speed.

[0028] The first select gate structure 3 includes a first

select gate insulating film 15a on the semiconductor



substrate W between the sidewall spacer 8a and the drain
region 6a. The first select gate insulating film 15a is
made of an insulating material (for example, a high-k
material) the same as that of the first select gate
sidewall insulating film 16a and integrated with a lower-
end sidewall of the wall-shaped first select gate
sidewall insulating film 1l6a. The first select gate
insulating film 15a has a thickness of 9 nm or smaller,
preferably 3 nm or smaller. The metal first select gate
electrode DG is disposed on the first select gate
insulating film 15a. The metal first select gate
electrode DG is made of an N-type MOS metallic material
(for example, aluminum (Al), titanium aluminide (TiAl),
tantalum carbide (TaC), or tantalum silicon nitride
(TaSiN)) the same as that of the metal memory gate
electrode MG. The metal first select gate electrode DG
includes a planarized top surface 3a that is a top
surface planarized through planarizing treatment such as
CMP performed in a manufacturing process. The metal
first select gate electrode DG is connected with a first
select gate line DGL to receive voltage application from
the first select gate line DGL.

[0029] The memory gate structure 2 is also provided with
the sidewall spacer 8b made of an insulating material and
disposed on a second sidewall of the memory gate
structure 2. The memory gate structure 2 is adjacent to
the second select gate structure 4 through the sidewall
spacer 8b. The sidewall spacer 8b disposed between the
memory gate structure 2 and the second select gate
structure 4 has a thickness the same as that of the
sidewall spacer 8a, which is large enough to insulate the
memory gate structure 2 and the second select gate
structure 4 from each other. The sidewall spacer 8b
includes a sidewall insulating film 13b made of an

insulating material such as SiO; and a second select gate



sidewall insulating film 16b made of an insulating
material (for example, a high-k material). The sidewall
insulating film 13b is disposed along the sidewall of the
memory gate structure 2. The second select gate sidewall
insulating film 16b is deposited through a process
different from that for the sidewall insulating film 13Db
and disposed between the sidewall insulating film 13b and
the second select gate structure 4.

[0030] When the distance between the memory gate
structure 2 and the second select gate structure 4 is
less than 5 nm, voltage application to the metal memory
gate electrode MG and the metal second select gate
electrode SG potentially generates a breakdown voltage to
the sidewall spacer 8b. When the distance between the
memory gate structure 2 and the second select gate
structure 4 exceeds 40 nm, an increased resistance is
obtained at the semiconductor substrate W between the
metal memory gate electrode MG and the metal second
select gate electrode SG, and a readout current is
unlikely to occur between the memory gate structure 2 and
the second select gate structure 4 at data reading. Thus,
in the present embodiment, the sidewall spacer 8b between
the memory gate structure 2 and the second select gate
structure 4 desirably has a width of 5 nm to 40 nm
inclusive. The sidewall insulating film 13b is desirably
made of an insulating material having a relative
dielectric constant smaller than that of the second
select gate sidewall insulating film 16b. In this case,
the second select gate structure 4 and the memory gate
structure 2 have a reduced capacitance therebetween,
thereby achieving an increased access speed.

[0031] The second select gate structure 4 includes a
second select gate insulating film 15b on the
semiconductor substrate W between the sidewall spacer 8b

and the source region 6b. The second select gate



insulating film 15b is made of an insulating material
(for example, a high-k material) the same as that of the
second select gate sidewall insulating film 16b and
integrated with a lower-end sidewall of the wall-shaped
second select gate sidewall insulating film 16b. The
second select gate insulating film 15b has a thickness of
9 nm or smaller, preferably 3 nm or smaller. The metal
second select gate electrode SG is disposed on the second
select gate insulating film 15b. The metal second select
gate electrode SG is made of an N-type MOS metallic
material (for example, aluminum (Al), titanium aluminide
(TiAl), tantalum carbide (TaC), or tantalum silicon
nitride (TaSiN)) the same as that of the metal memory
gate electrode MG. The metal second select gate
electrode SG includes a planarized top surface 4a that is
a top surface planarized through planarizing treatment
such as CMP performed in a manufacturing process. The
metal second select gate electrode SG is connected with a
second select gate line SGL to receive voltage
application from the second select gate line SGL.

[0032] In the memory cell 1, the planarized top surface
3a of the metal first select gate electrode DG, the
planarized top surface 4a of the metal second select gate
electrode SG, the planarized top surface 2a of the metal
memory gate electrode MG, planarized top surfaces of the
sidewall spacers 8a and 8b, and planarized top surfaces
of the sidewall structures 17a and 17b are all aligned at
the same height with no protruding region. This
configuration achieves downsizing.

[0033] The metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second
select gate electrode SG of the memory cell 1 are each
made of a metallic material. Thus, when a metal logic
gate electrode (not illustrated) of a peripheral circuit

is formed on the same semiconductor substrate W, the



metallic material of the metal logic gate electrode can
be used to form the metal memory gate electrode MG, the
metal first select gate electrode DG, and the metal
second select gate electrode SG. In addition, since the
metal memory gate electrode MG, the metal first select
gate electrode DG, and the metal second select gate
electrode SG of the memory cell 1 are each made of a
metallic material, no depletion layer is formed in the
metal memory gate electrode MG, the metal first select
gate electrode DG, and the metal second select gate
electrode SG.
[0034] (1-2) Data programming method

A data programming operation on the memory cell 1
thus configured is performed by any one of a first
programming method and a second programming method
described below. In the first programming method, before
execution of the data programming operation, any carrier
for forming a channel layer is removed from a region
(hereinafter referred to as a channel layer formation
carrier region) 1in which the carrier exist in the
semiconductor substrate W facing to the metal memory gate
electrode MG (hereinafter, this operation is referred to
as a carrier removing operation). In the second
programming method, the data programming operation is
executed without the carrier removing operation.
[0035] (1-2-1) First programming method

In the first programming method, when the carrier
removing operation is executed, for example, a first
select gate voltage of 1.5 V is applied from the first
select gate line DGL to the metal first select gate
electrode DG of the first select gate structure 3, and a
bit voltage of 0 V is applied from the bit line BL to the
drain region 6a. Accordingly, the surface of the
semiconductor substrate W facing to the metal first

select gate electrode DG of the first select gate



structure 3 becomes a conductive state to electrically
connect the drain region 6a connected with the bit line
BL and the channel layer formation carrier region of the
semiconductor substrate W facing to the memory gate
structure 2.

[0036] In the present embodiment, for example, a second
select gate voltage of 1.5 V is applied from the second
select gate line SGL to the metal second select gate
electrode SG of the second select gate structure 4, and a
source voltage of 0 V is applied from the source line SL
to the source region 6b. Accordingly, the surface of the
semiconductor substrate W facing to the metal second
select gate electrode SG of the second select gate
structure 4 becomes a conductive state to electrically
connect the source region 6b connected with the source
line SL and the channel layer formation carrier region of
the semiconductor substrate W facing to the memory gate
structure 2.

[0037] Additionally, in the memory cell 1, for example, a
substrate voltage of 0 V, which is equal to the bit
voltage and the source voltage, is applied to the
semiconductor substrate W, and a carrier removal voltage
of -2 V is applied from the memory gate line MGL to the
metal memory gate electrode MG of the memory gate
structure 2. The carrier removal voltage applied to the
metal memory gate electrode MG is defined based on a
threshold voltage (Vth) at which a channel layer is
formed in the semiconductor substrate W facing to the
memory gate structure 2. In this case, the carrier
removal voltage has a voltage value that is out of a
range of the threshold voltage (Vth) which varies
according to a data programming state and a data erasing
state and forms no channel layer when applied to the

metal memory gate electrode MG.



[0038] Accordingly, in the memory cell 1, carriers (in
this case, electrons) induced in the channel layer
formation carrier region are expelled from the channel
layer formation carrier region into the drain region 6a
and/or the source region 6b by the carrier removal
voltage applied to the metal memory gate electrode MG.
As a result, no channel layer is formed in the
semiconductor substrate W directly below the memory gate
structure 2 and minority carriers are depleted in the
memory cell 1.

[0039] In the memory cell 1, the carrier removal voltage
lower (shallower) than a lower (shallower) wvalue of the
threshold voltage when the charge storage layer EC stores
no electrons (or stores holes) is applied to the metal
memory gate electrode MG. As a result, even i1f the
memory cell 1 is in the depleted state, carriers induced
in the channel layer formation carrier region of the
semiconductor substrate W directly below the memory gate
structure 2 are removed from the channel layer formation
carrier region. Accordingly, no channel layer is formed
and minority carriers are depleted in the memory cell 1.
[0040] Thereafter, when charge is injected into the
charge storage layer EC of the memory cell 1, a charge
storage gate voltage of 12 V is applied from the memory
gate line MGL to the metal memory gate electrode MG of
the memory gate structure 2. In this case, a gate off
voltage of 0 V is applied from the second select gate
line SGL to the metal second select gate electrode SG of
the second select gate structure 4, and a source off
voltage of 0 V is applied from the source line SL to the
source region 6b. Accordingly, electrical connection is
blocked between the source region 6b connected with the
source line SL and the channel layer formation carrier
region below the memory gate structure 2, and voltage

application is prevented from the source line SL to the



channel layer formation carrier region below the memory
gate structure 2.

[0041] Since the first select gate voltage of 1.5 V is
applied from the first select gate line DGL to the metal
first select gate electrode DG of the first select gate
structure 3, and the charge storage bit voltage of 0 V is
applied from the bit line BL to the drain region 6a, the
drain region 6a connected with the bit line BL and the
channel layer formation carrier region below the memory
gate structure 2 are electrically connected with each
other. Simultaneously, the substrate voltage of 0 V,
which is equal to the charge storage bit voltage, 1is
applied to the semiconductor substrate W.

[0042] The electrical connection between the drain region
6a and the channel layer formation carrier region of the
semiconductor substrate W below the memory gate structure
2 allows carriers to be induced into the channel layer
formation carrier region to form a channel layer at 0 V,
which is equal to the charge storage bit voltage, in the
surface of the semiconductor substrate W. Accordingly, a
large voltage difference of 12 V is generated between the
metal memory gate electrode MG of the memory gate
structure 2 and the channel layer to cause a quantum
tunneling effect, which allows charge injection into the
charge storage layer EC, thereby achieving a data
programmed state.

[0043] When charge is not to be injected into the charge
storage layer EC of the memory cell 1 at application of
the high charge storage gate voltage to the metal memory
gate electrode MG, no high bit voltage needs to be
applied to the bit line BL in accordance with the high
charge storage gate voltage as conventional cases. The
charge injection into the charge storage layer EC of the
memory gate structure 2 is prevented by blocking, through

the first select gate structure 3, the electrical



connection between the bit line BL and the channel layer
formation carrier region of the semiconductor substrate W
directly below the memory gate structure 2 and blocking,
through the second select gate structure 4, the
electrical connection between the source line SL and the
channel layer formation carrier region directly below the
memory gate structure 2.

[0044] In the memory cell 1 to which no data is to be
programmed, for example, a first select gate voltage of
1.5V is applied from the first select gate line DGL to
the metal first select gate electrode DG, and an off
voltage of 1.5 V is applied from the bit line BL to the
drain region 6a. Accordingly, the first select gate
structure 3 becomes a non-conductive state (off state) to
block the electrical connection between the drain region
6a connected with the bit line BL and the channel layer
formation carrier region of the semiconductor substrate W
directly below the memory gate structure 2.

[0045] Simultaneously, in the memory cell 1 to which no
data is to be programmed, for example, a gate off voltage
of 0 V is applied from the second select gate line SGL to
the metal second select gate electrode SG, and a source
off voltage of 0 V is applied from the source line SL to
the source region 6b. Accordingly, the second select
gate structure 4 becomes a non-conductive state (off
state) to block the electrical connection between the
source region 6b connected with the source line SL and
the channel layer formation carrier region of the
semiconductor substrate W directly below the memory gate
structure 2. A substrate voltage of 0 V, which is equal
to the charge storage bit voltage is applied to the
semiconductor substrate W.

[0046] In this case, minority carriers are depleted in
the channel layer formation carrier region below the

memory gate structure 2 of the memory cell 1 through the



carrier removing operation in advance. In this state,
the semiconductor substrate W is in a non-conductive
state directly below the first select gate structure 3
and the second select gate structure 4 on both sides of
the memory gate structure 2. Accordingly, a depleted
layer in which no charge exists is formed in the
semiconductor substrate W directly below the memory gate
structure 2.

[0047] As a result, in the memory cell 1 to which no data
is to be programmed, voltage decreases through the three
layers of the upper memory gate insulating film 11, the
charge storage layer EC, and the lower memory gate
insulating film 10, generating a voltage difference
between the metal memory gate electrode MG and the
surface of the semiconductor substrate W. Voltage
further decreases through the depleted layer extending to
a certain depth from the surface of the semiconductor
substrate W, finally reaching at the substrate voltage of
0 V.

[0048] In the present embodiment, when the charge storage
gate voltage of 12 V is applied to the metal memory gate
electrode MG of the memory gate structure 2, the voltage
difference between the metal memory gate electrode MG and
the surface of the semiconductor substrate W is
approximately 3.5 V (for example, when a flat band
voltage Vfb is 0 V, a memory gate voltage Vg is 12 V, the
semiconductor substrate W has an acceptor concentration
Na of 2.0E17 cm >, the upper memory gate insulating film
11 has a thickness of 2 nm, the charge storage layer EC
has a thickness of 12 nm, and the lower memory gate
insulating film has a thickness of 2 nm). The voltage
difference is not large enough to cause the gquantum
tunneling effect between the metal memory gate electrode

MG and the surface of the semiconductor substrate W,



thereby preventing charge injection into the charge
storage layer EC.

[0049] Additionally, no impurity diffusion region having
a high impurity concentration is formed in a region of
the semiconductor substrate W between the memory gate
structure 2 and the first select gate structure 3 in the
memory cell 1. Thus, a depleted layer can be reliably
formed in the semiconductor substrate W between the
memory gate structure 2 and the first select gate
structure 3. The depleted layer prevents the potential
at the surface of the semiconductor substrate W directly
below the memory gate structure 2 from reaching at the
first select gate insulating film 15a, thereby preventing
dielectric breakdown of the first select gate insulating
film 15a due to the potential at the surface of the
semiconductor substrate W.

[0050] Additionally, no impurity diffusion region having
a high impurity concentration is formed in a region of
the semiconductor substrate W between the memory gate
structure 2 and the second select gate structure 4. Thus,
a depleted layer can be reliably formed in the
semiconductor substrate W between the memory gate
structure 2 and the second select gate structure 4. The
depleted layer prevents the potential at the surface of
the semiconductor substrate W directly below the memory
gate structure 2 from reaching at the second select gate
insulating film 15b, thereby preventing dielectric
breakdown of the second select gate insulating film 15b
due to the potential at the surface of the semiconductor
substrate W.

[0051] In the carrier removing operation described above,
for example, carriers may be removed from the channel
layer formation carrier region by blocking, through the
second select gate structure 4, the electrical connection

between the channel layer formation carrier region and



the source region 6b to send carriers inside the channel
layer formation carrier region to the drain region 6a, or
by blocking, through the first select gate structure 3,
the electrical connection between the channel layer
formation carrier region and the drain region 6a to send
carriers inside the channel layer formation carrier
region to the source region 6b.
[0052] (1-2-2) Second programming method

When data is to be programmed to the memory cell 1,
the second programming method is the same as " (1-2-1)
First programming method" described above except that the
carrier removing operation is not performed, and thus a
description thereof will be omitted. When no charge is
to be injected into the charge storage layer EC of the
memory cell 1 at application of a high charge storage
gate voltage to the metal memory gate electrode MG, the
charge storage gate voltage of 12 V is applied from the
memory gate line MGL to the metal memory gate electrode
MG. Accordingly, the charge storage gate voltage is
applied to the semiconductor substrate W to form a
channel layer along the surface of the semiconductor
substrate W facing to the metal memory gate electrode MG.
[0053] For example, a gate off voltage of 0 V is applied
from the second select gate line SGL to the metal second
select gate electrode SG of the second select gate
structure 4 of the memory cell 1, and a source off
voltage of 0 V is applied from the source line SL to the
source region 6b. Accordingly, the semiconductor
substrate W below the second select gate structure 4,
facing to the metal second select gate electrode SG,
becomes a non-conductive state to block the electrical
connection between the source region 6b connected with
the source line SL and the channel layer below the memory

gate structure 2.



[0054] Additionally, for example, a first select gate
voltage of 1.5 V is applied from the first select gate
line DGL to the metal first select gate electrode DG of
the first select gate structure 3 of the memory cell 1,
and an off voltage of 1.5 V is applied from the bit line
BL to the drain region 6a. Accordingly, the
semiconductor substrate W below the first select gate
structure 3, facing to the metal first select gate
electrode DG, becomes a non-conductive state to block the
electrical connection between the drain region 6a
connected with the bit line BL and the channel layer
below the memory gate structure 2.

[0055] In this case, the semiconductor substrate W is in
a non-conductive state below the first select gate
structure 3 and the second select gate structure 4 on
both sides of the memory gate structure 2 of the memory
cell 1. Accordingly, the electrical connection between
the channel layer, which is formed in the surface of the
semiconductor substrate W by the metal memory gate
electrode MG, and each of the drain region 6a and the
source region 6b is blocked, so that a depleted layer is
formed around the channel layer.

[0056] The three-layered configuration of the upper
memory gate insulating film 11, the charge storage layer
EC, and the lower memory gate insulating film 10 forms a
capacitor (gate-insulator capacitor), and the depleted
layer formed in the semiconductor substrate W and
enclosing the channel layer forms a capacitor (depletion-
layer capacitor). The gate-insulator capacitor and the
depletion-layer capacitor are connected in series. For
example, when the gate-insulator capacitor has a
capacitance three times larger than that of the
depletion-layer capacitor, the channel layer has a

channel potential of 9 V.



[0057] Accordingly, when the charge storage gate voltage
of 12 V is applied to the metal memory gate electrode MG
of the memory gate structure 2, the voltage difference
between the metal memory gate electrode MG and the
channel layer has a reduced value of 3 V since the
channel layer enclosed by the depleted layer in the
semiconductor substrate W has a channel potential of 9 V.
As a result, the quantum tunneling effect does not occur,
and thus charge injection into the charge storage layer
EC 1is prevented.
[0058] When the above-described operation is executed in
the memory cell 1, the channel potential at start of the
operation potentially varies depending on a charge
storage state in the memory cell 1. Thus, it is more
desirable to perform, before the data programming
operation, an additional operation to set the channel
potential of the memory cell 1 equal to the potential of
the bit line BL or the source line SL by setting, for
example, the potential of the bit line BL or the source
line SL to 0 V, the potential of the metal first select
gate electrode DG or the metal second select gate
electrode SG to 1.5 V, and the potential of the metal
memory gate electrode MG to 1.5 V. 1In this case, after
the channel potential is thus set, the gate off voltage
of 0 V may be set back to the metal first select gate
electrode DG or the metal second select gate electrode SG
before the programming operation.
[0059] (1-3) Other operations

In a reading operation, the bit line BL connected
with the memory cell 1 from which data is to be read is
precharged to, for example, 1.5 V. Then, whether charge
is stored in the charge storage layer EC is determined by
detecting the potential of the bit line BL, which changes
depending on whether current flows through the memory

cell 1 when the source line SL is set to 0 V.



Specifically, at data reading, when charge is stored in
the charge storage layer EC of the memory gate structure
2 (when data is programmed), the semiconductor substrate
W directly below the memory gate structure 2 is in a non-
conductive state to block the electrical connection
between the drain region 6a and the source region 6b.
Accordingly, in the memory cell 1 from which data is to
be read, a reading voltage of 1.5 V applied to the bit
line BL connected with the drain region 6a adjacent to
the first select gate structure 3 is maintained intact.
[0060] At data reading, when no charge is stored in the
charge storage layer EC of the memory gate structure 2
(when no data is programmed), the semiconductor substrate
W directly below the memory gate structure 2 is in a
conductive state. Accordingly, the drain region 6a and
the source region 6b are electrically connected with each
other, and thus the source line SL at 0 V and the bit
line BL at 1.5 V are electrically connected with each
other through the memory cell 1. Thus, in the memory
cell 1 from which data is to be read, the reading voltage
of 1.5 V applied to the bit line BL is applied to the
source line SL at 0 V and decreases accordingly. In a
semiconductor integrated circuit device including a
plurality of the memory cells 1 thus configured, a data
reading operation on whether charge is stored in the
charge storage layer EC of each memory cell 1 can be
executed by detecting whether the reading voltage applied
to the bit line BL has changed.

[0061] At a data erasing operation of removing charge
inside the charge storage layer EC of the memory cell 1,
a memory gate voltage of -12 V is applied from the memory
gate line MGL to the metal memory gate electrode MG to
remove the charge inside the charge storage layer EC
toward the semiconductor substrate W at 0 V, thereby

achieving data erasing.



[0062] (1-4) Configuration of semiconductor integrated
circuit device according to first embodiment

A semiconductor integrated circuit device including
the memory cell 1 according to the present invention has
a configuration in which a plurality of the memory cells
1 are arranged in a matrix of rows and columns. The
semiconductor integrated circuit device also includes a
peripheral circuit in addition to the memory cells 1.
FIG. 2 is a schematic view illustrating a sectional
configuration of a region of a semiconductor integrated
circuit device 20 in which, for example, one memory cell
1 and two peripheral circuits L1l and L2 are provided. 1In
this case, the semiconductor integrated circuit device 20
includes a memory circuit region ER1 in which the memory
cell 1 is provided, and a peripheral circuit region ER3
in which the peripheral circuits L1 and L2 are provided.
The memory circuit region ER1 and the peripheral circuit
region ER3 are separated from each other by a barrier
region ERZ2. The peripheral circuit region ER3 includes,
for example, a NMOS peripheral circuit region ER4 in
which the peripheral circuit L1 included in an N-type MOS
transistor structure is disposed, and a PMOS peripheral
circuit region ER5 in which the peripheral circuit L2
included in P-type MOS transistor structure is disposed.
An element separation layer IL2 is disposed in the
surface of the semiconductor substrate W between the NMOS
peripheral circuit region ER4 and the PMOS peripheral
circuit region ERDS.
[0063] Since the memory cell 1 disposed in the memory
circuit region ER1 is described above with reference to
FIG. 1, the following omits description of the memory
circuit region ER1. The following description will be
made on the barrier region ER2 and the peripheral circuit
region ER3. In this case, an impurity diffusion region

23a and an impurity diffusion region 23b are disposed in



the surface of the semiconductor substrate W in the NMOS
peripheral circuit region ER4 provided in the peripheral
circuit region ER3. The impurity diffusion region 23a is
in contact with the element separation layer IL2 between
the NMOS peripheral circuit region ER4 and the PMOS
peripheral circuit region ER5. The impurity diffusion
region 23b is in contact with an element separation layer
IL1 in the barrier region ER2.

[0064] In the NMOS peripheral circuit region ER4 of the
peripheral circuit region ER3, N-type impurities are
added in the impurity diffusion regions 23a and 23b
separated from each other in the surface of the
semiconductor substrate W. A logic gate structure 2la 1is
disposed on the surface of the semiconductor substrate W
between the impurity diffusion regions 23a and 23b. The
logic gate structure 2la includes a metal logic gate
electrode LGl disposed on the semiconductor substrate W
through a logic gate insulating film 25a.

[0065] In the present embodiment, the logic gate
insulating film 25a is made of, for example, an
insulating material (in this case, a high-k material) the
same as that of the upper memory gate insulating film 11
of the memory cell 1. The logic gate insulating film 25a
has a thickness of 9 nm or smaller, preferably 3 nm or
smaller. The metal logic gate electrode LGl is made of,
for example, a metallic material the same as those of the
metal memory gate electrode MG, the metal first select
gate electrode DG, and the metal second select gate
electrode SG. The metal logic gate electrode LGl
includes a planarized top surface Lla that is a top
surface planarized through planarizing treatment such as
CMP performed in a manufacturing process, at a height the
same as the planarized top surfaces 2a, 3a, and 4a of the
memory cell 1. In the present embodiment, in the

semiconductor integrated circuit device 20, the metal



memory gate electrode MG, the metal first select gate
electrode DG, and the metal second select gate electrode
SG provided in the memory circuit region ER]1 are made of
an N-type MOS metallic material (for example, aluminum
(Al), titanium aluminide (TiAl), tantalum carbide (TaC),
or tantalum silicon nitride (TaSiN)), and the metal logic
gate electrode LGl provided in the NMOS peripheral
circuit region ER4 is made of an N-type MOS metallic
material like the metal memory gate electrode MG, the
metal first select gate electrode DG, and the metal
second select gate electrode SG.

[0066] In the peripheral circuit L1, sidewall structures
26 made of, for example, SiN are disposed on respective
facing sidewalls of the logic gate structure 2la. Low-
concentration regions of the impurity diffusion regions
23a and 23b are disposed directly below the respective
sidewall structures 26. The silicide layers SC are
disposed on the respective surfaces of the impurity
diffusion regions 23a and 23b. Similarly to the metal
logic gate electrode LGl, each sidewall structure 26 has
a top surface planarized through planarizing treatment
such as CMP performed in a manufacturing process.

[0067] An impurity diffusion region 23c and impurity
diffusion region 23d are disposed in the surface of the
semiconductor substrate W in the PMOS peripheral circuit
region ER5 of the peripheral circuit region ER3. The
impurity diffusion region 23c i1s in contact with an
element separation layer IL3. The impurity diffusion
region 23d 1s in contact with the element separation
layer IL2 between the NMOS peripheral circuit region ER4
and the PMOS peripheral circuit region ER5. In the PMOS
peripheral circuit region ER5 of the peripheral circuit
region ER3, P-type impurities are added to the impurity
diffusion regions 23c and 23d separated from each other

in the surface of the semiconductor substrate W. A logic



gate structure 21b is disposed in the surface of the
semiconductor substrate W between the impurity diffusion
regions 23c and 23d. The logic gate structure 21b
includes a metal logic gate electrode LG2 disposed on the
semiconductor substrate W through a logic gate insulating
film 25b.

[0068] In the present embodiment, the logic gate
insulating film 25b is made of, for example, an
insulating material (in this case, a high-k material) the
same as that of the upper memory gate insulating film 11.
The logic gate insulating film 25b has a thickness of 9
nm or smaller, preferably 3 nm or smaller. The metal
logic gate electrode LG2 is made of, for example, a
metallic material having a work function different from
those of the metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second
select gate electrode SG. The metal logic gate electrode
LG2 has a planarized top surface L2a that is a top
surface planarized through planarizing treatment such as
CMP performed in a manufacturing process. In the present
embodiment, the metal logic gate electrode LG2 provided
in the PMOS peripheral circuit region ER5 is made of a P-
type MOS metallic material (for example, aluminum (Al) or
nitridation titanium (TiN)), unlike the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LG2 made of N-type MOS metallic
materials.

[0069] Similarly to the peripheral circuit L1, in the
peripheral circuit L2, sidewall structures 27 made of,
for example, SiN are disposed on respective facing
sidewalls of the logic gate structure 21b. Low-
concentration regions of the impurity diffusion regions
23c and 23d are disposed directly below the respective

sidewall structures 27. The silicide layers SC are



disposed on the respective surfaces of the impurity
diffusion regions 23c and 23d. Similarly to the metal
logic gate electrode LG2, each sidewall structure 27 has
a top surface planarized through planarizing treatment
such as CMP performed in a manufacturing process.

[0070] In the barrier region ER2, a remaining part 29 is
disposed on the element separation layer IL1. The
remaining part 29 remains through a process of
manufacturing the memory gate structure 2, the first
select gate structure 3, the second select gate structure
4, and the logic gate structures 2la and 21b. In this
case, the remaining part 29 remains when the first select
gate insulating film 15a and the second select gate
insulating film 15b are formed. The remaining part 29
includes a remaining insulating film 31 made of an
insulating material (in this case, a high-k material) the
same as those of the first select gate insulating film
15a and the second select gate insulating film 15b and
having an L-shaped section. The remaining insulating
film 31 includes a bottom part 3la disposed on the
element separation layer IL1l, and a wall part 31lb erected
on the element separation layer ILl at an end side
surface of the bottom part 3la. A remaining metal layer
MS2 is disposed on the bottom part 3la and along a
surface of the wall part 31b. In the remaining part 29,
a sidewall structure 34a made of, for example, SiN is
disposed along the bottom part 3la of the remaining
insulating film 31 and a sidewall of the remaining metal
layer MS2 on the bottom part 3la.

[0071] In the remaining part 29, a wall-shaped remaining
sidewall insulating film 30 is provided along the other
surface of the wall part 31b of the remaining insulating
film 31. The remaining sidewall insulating film 30
remains when the sidewall insulating films 13a and 13b of

the memory cell 1 are formed. The remaining sidewall



insulating film 30 is made of an insulating material (for
example, Si0O;) the same as those of the sidewall
insulating films 13a and 13b. In the remaining part 29,
a remaining insulating film 33 is disposed adjacent to
the remaining sidewall insulating film 30 on the element
separation layer IL1. The remaining insulating film 33
remains when the upper memory gate insulating film 11 and
the logic gate insulating films 25a and 25b are formed.
The remaining insulating film 33 is made of an insulating
material (in this case, a high-k material) the same as
those of the upper memory gate insulating film 11 and the
logic gate insulating films 25a and 25b.
[0072] In the remaining part 29, a remaining metal layer
MS1 is disposed along the remaining sidewall insulating
film 30 on the remaining insulating film 33. A sidewall
structure 34b made of, for example, SiN is disposed along
sidewalls of the remaining insulating film 33 and the
remaining metal layer MS1. 1In this case, the sidewall
structures 34a and 34b, the remaining metal layers MS1
and MS2, the remaining insulating film 31, and the
remaining sidewall insulating film 30 in the remaining
part 29 have top surfaces planarized through planarizing
treatment such as CMP performed in a manufacturing
process. In the semiconductor integrated circuit device
20, the memory cell 1 in the memory circuit region ERI1,
the remaining part 29 in the barrier region ERZ, and the
peripheral circuits L1 and L2 in the peripheral circuit
region ER3 are each covered by an interlayer insulating
layer ILD made of an insulating material such as SiOy,
and thus are insulated from each other.
[0073] (1-5) Method for manufacturing semiconductor
integrated circuit device according to first embodiment
When the semiconductor integrated circuit device 20
having the above-described configuration is manufactured

in accordance with a manufacturing process described



below, the memory cell 1 can be formed in the memory
circuit region ER1 through a series of manufacturing
processes of forming, in the peripheral circuit region
ER3, the peripheral circuit L1 including the metal logic
gate electrode LGl made of an N-type MOS metallic
material. 1In this case, as illustrated in FIG. 3A, first,
for example, a plurality of the element separation layers
ILl1, IL2, and IL3 each made of an insulating material
such as Si0, are formed at predetermined positions with
predetermined intervals therebetween on the surface of
the semiconductor substrate W made of Si by a shallow
trench isolation (STI) method. In adjustment of a
threshold voltage of the semiconductor substrate W in the
peripheral circuit region ER3, for example, an ion
implantation method is employed to inject P-type
impurities into the semiconductor substrate W in the NMOS
peripheral circuit region ER4 between the element
separation layers IL1 and IL2, and N-type impurities into
the semiconductor substrate W in the PMOS peripheral
circuit region ER5 between the element separation layers
IL2 and IL3.

[0074] Subsequently, resist patterning is performed by a
photolithography technique to cover, with a resist M1, a
partial region of the element separation layer IL1
disposed in the barrier region ER2 between the memory
circuit region ER1 and the peripheral circuit region ER3
and the semiconductor substrate W in the peripheral
circuit region ER3. Then, impurities such as B (boron),
P (phosphorus), and As (arsenic) are injected into the
semiconductor substrate W in the memory circuit region
ER1 by the ion implantation method or the like to adjust
the threshold voltage of the semiconductor substrate W in
a formation target region (hereinafter also referred to

as a memory gate electrode formation target region) in



which the metal memory gate electrode MG (FIG. 2) is to
be formed.

[0075] Subsequently, after the resist M1l is removed, a
layered lower memory gate insulating film made of, for
example, Si0O,, and a charge storage layer made of, for
example, SiN are stacked in this order across the memory
circuit region ER1, the barrier region ER2, and the
peripheral circuit region ER3. Then, resist patterning
is performed by the photolithography technique to cover,
with a resist M2, the memory circuit region ER1 and a
partial region of the barrier region ER2, as illustrated
in FIG. 3B, in which any corresponding part to that in
FIG. 3A is denoted by an identical reference sign.
Thereafter, the lower memory gate insulating film and the
charge storage layer in the barrier region ER2 and the
peripheral circuit region ER3 that are exposed through
the resist M2 are removed. In this manner, a layered
lower memory gate insulating film 10a and a layered
charge storage layer ECa are formed only on the memory
circuit region ER1 and the partial region of the barrier
region ER2.

[0076] Subsequently, after the resist M2 is removed, a
layered first insulating film lla made of an insulating
material (for example, a high-k material) different from
that of the lower memory gate insulating film 10a is
formed across the charge storage layer ECa in the memory
circuit region ER1, the element separation layer IL1 in
the barrier region ER2, and the semiconductor substrate W
in the peripheral circuit region ER3 as illustrated in
FIG. 3C, in which any corresponding part to that in FIG.
3B is denoted by an identical reference sign. Then, a
layered logic dummy electrode layer 37 made of, for
example, polysilicon is stacked on the first insulating

film 1la (a first dummy electrode layer forming process).



[0077] Subsequently, after a layered hard mask layer is
formed on the logic dummy electrode layer 37 and
patterned by using resists M3a and M3b patterned by the
photolithography technique. In this case, the resist M3a
is formed on the memory gate electrode formation target
region in the memory circuit region ER1, and the resist
M3b is formed to cover the entire surface of the
peripheral circuit region ER3. Then, the hard mask layer
exposed using the resists M3a and M3b is removed to leave
a hard mask layer HMla on the memory gate electrode
formation target region in the memory circuit region ERI,
and a hard mask layer HMlb on the entire surface of the
peripheral circuit region ER3.

[0078] Subsequently, after the resists M3a and M3b are
removed, the logic dummy electrode layer 37, the first
insulating film 1la, the charge storage layer ECa, and
the lower memory gate insulating film 10a in the memory
circuit region ER1 and the barrier region ER2 are removed
in this order by using the hard mask layers HMla and HMlDb
as masks. As a result, as illustrated in FIG. 4A, in
which any corresponding part to that in FIG. 3C is
denoted by an identical reference sign, a dummy memory
gate structure D2 in which the lower memory gate
insulating film 10, the charge storage layer EC, the
upper memory gate insulating film 11, and a dummy memory
gate electrode DMG are stacked in this order is formed in
the memory gate electrode formation target region in the
memory circuit region ER1. The upper memory gate
insulating film 11 is formed by fabricating the first
insulating film 1la in the memory circuit region ERI.
[0079] Simultaneously, the first insulating film 1la and
the logic dummy electrode layer 37 remain intact in the
peripheral circuit region ER3 through the hard mask layer
HM1b (a dummy memory gate structure forming process). In

this manner, in the present embodiment, the logic dummy



electrode layer 37, which is provided for forming a dummy
logic gate electrodes DLGl and DLGZ2 (FIG. 5B) to be
described later in a later manufacturing process, is used
to form the dummy memory gate electrode DMG in the memory
circuit region ERI.

[0080] Subsequently, after a layered insulating film made
of, for example, Si0O, is formed across the memory circuit
region ER1, the barrier region ER2, and the peripheral
circuit region ER3, the sidewall-shaped sidewall
insulating films 13a and 13b are formed along facing
sidewalls of the dummy memory gate structure D2 in the
memory circuit region ER1 as illustrated in FIG. 4A by
etching back (a sidewall insulating film forming process) .
Simultaneously, the insulating film remains on sidewalls
of the logic dummy electrode layer 37 and the first
insulating film 1lla disposed in the barrier region ERZ,
and accordingly the sidewall-shaped remaining sidewall
insulating film 30 is formed.

[0081] Subsequently, impurities such as B (boron), P
(phosphorus), and As (arsenic) are injected into the
semiconductor substrate W in the memory circuit region
ER1 not covered by the hard mask layers HMla and HMlb and
the sidewall insulating films 13a, 13b, and 30 by the ion
implantation method or the like to adjust the threshold
voltage of the semiconductor substrate W in a formation
target region (hereinafter also referred to as a select
gate electrode formation target region) of the metal
first select gate electrode DG and the metal second
select gate electrode SG (FIG. 2) to be formed in a later
manufacturing process.

[0082] Subsequently, as illustrated in FIG. 4B, in which
any corresponding part to that in FIG. 4A is denoted by
an identical reference sign, a layered second insulating
film 15 made of an insulating material (for example, a

high-k material) the same as that of the upper memory



gate insulating film 11 is formed across the memory
circuit region ER1, the barrier region ER2, and the
peripheral circuit region ER3. Thereafter, a layered
memory dummy electrode layer 38 made of, for example,
polysilicon is formed on the second insulating film 15.
The second insulating film 15 is provided in a wall shape
along the sidewall insulating film 13a on a first
sidewall of the dummy memory gate structure D2, thereby
forming the first select gate sidewall insulating film
l6a. In addition, the second insulating film 15 is
provided in a wall shape along the sidewall insulating
film 13b on a second sidewall of the dummy memory gate
structure D2, thereby forming the second select gate
sidewall insulating film 16b. Accordingly, the sidewall
spacer 8a made of the sidewall insulating film 13a and
the first select gate sidewall insulating film 1l6a 1is
formed on the first sidewall of the dummy memory gate
structure D2, and the sidewall spacer 8b made of the
sidewall insulating film 13b and the second select gate
sidewall insulating film 16b is formed on the second
sidewall thereof.

[0083] Subsequently, as illustrated in FIG. 4C, in which
any corresponding part to that in FIG. 4B is denoted by
an identical reference sign, the memory circuit region
ER1 and a partial region of the barrier region ER2 are
covered by a resist M4 patterned by the photolithography
technique. Then, the memory dummy electrode layer 38 and
the second insulating film 15 formed in the peripheral
circuit region ER3 and the other partial region of the
barrier region ER2, which are not covered by the resist
M4, are removed. Accordingly, the layered memory dummy
electrode layer 38 and the layered second insulating film
15 remain in the memory circuit region ER1 and the

partial region of the barrier region ER2, which are



covered by the resist M4 (a second dummy electrode layer
forming process).

[0084] Subsequently, after the resist M4 is removed, a
new layered resist is formed across the memory circuit
region ER1, the barrier region ERZ2, and the peripheral
circuit region ER3. Subsequently, as illustrated in FIG.
5A, in which any corresponding part to that in FIG. 4C is
denoted by an identical reference sign, resist patterning
is performed by the photolithography technique to form
resists MbSa and Mbb covering a formation target region
(hereinafter also referred to as a logic gate electrode
formation target region) of the metal logic gate
electrodes LGl and LG2 (FIG. 2) to be formed in the
peripheral circuit region ER3 through a later
manufacturing process. The hard mask layer HMlb (FIG.

4C) in the peripheral circuit region ER3 and the barrier
region ER2 is patterned by using the resists Mba and M5b
to form hard mask layers HM1ld and HMle covering the logic
gate electrode formation target region.

[0085] Subsequently, after the resists Mba and Mbb are
removed, the remaining hard mask layers HMld and HMle are
used as masks to etch back the memory dummy electrode
layer 38 in the memory circuit region ER1 and the barrier
region ER2, the second insulating film 15 covered by the
memory dummy electrode layer 38, the logic dummy
electrode layer 37 in the barrier region ERZ and the
peripheral circuit region ER3, and the first insulating
film 1la covered by the logic dummy electrode layer 37.
[0086] Accordingly, as illustrated in FIG. 5B, in which
any corresponding part to that in FIG. 5A is denoted by
an identical reference sign, in the memory circuit region
ER1, the memory dummy electrode layer 38 remains in a
sidewall shape along the sidewall spacer 8a on the first
sidewall of the dummy memory gate structure D2, forming a

dummy first select gate electrode DDG, and in addition,



the second insulating film 15 remains below the dummy
first select gate electrode DDG, forming the first select
gate insulating film 15a. In this manner, a dummy first
select gate structure D3 including the sidewall-shaped
dummy first select gate electrode DDG on the first select
gate insulating film 15a is formed.

[0087] Simultaneously, in the memory circuit region ERI1,
the memory dummy electrode layer 38 remains in a sidewall
shape along the sidewall spacer 8b on the second sidewall
of the dummy memory gate structure D2, forming a dummy
second select gate electrode DSG, and in addition, the
second insulating film 15 remains below the dummy second
select gate electrode DSG, forming the second select gate
insulating film 15b. In this manner, a dummy second
select gate structure D4 including the sidewall-shaped
dummy second select gate electrode DSG on the second
select gate insulating film 15b is formed.

[0088] Additionally, simultaneously, in the peripheral
circuit region ER3, the logic dummy electrode layer 37
remains on the logic gate electrode formation target
region through the hard mask layers HMld and HMle,
forming dummy logic gate electrodes DGL1 and DGL2, and
the first insulating film lla remains below the dummy
logic gate electrodes DLGl and DLGZ2, forming the logic
gate insulating films 25a and 25b, respectively. In this
manner, dummy logic gate structures DL1 and DL2 in which
the dummy logic gate electrodes DLGl and DLG2 are stacked
through the logic gate insulating films 25a and 25D,
respectively, on the semiconductor substrate W in the
peripheral circuit region ER3 are formed when the dummy
first select gate structure D3 and the dummy second
select gate structure D4 are formed in the memory circuit
region ER1 (a dummy gate electrode forming process).
[0089] The dummy first select gate electrode DDG and the

dummy second select gate electrode DSG, which are formed



through the dummy gate electrode forming process, can be
formed to have a desired width by adjusting the thickness
of the memory dummy electrode layer 38, which is formed
through the second dummy electrode layer forming process
described above.

[0090] When the hard mask layers HMld and HMle are formed,
a hard mask layer HMlc remains in a region covered by the
memory dummy electrode layer 38 and the second insulating
film 15 in the barrier region ER2 (FIG. 5A). In addition
to the hard mask layer HMlc, the first insulating film
l1la, the second insulating film 15, the logic dummy
electrode layer 37, and the memory dummy electrode layer
38 remain around the remaining sidewall insulating film
30 in the barrier region ER2, forming a dummy remaining
part D29. 1In the barrier region ER2, the second
insulating film 15 remains in an L-shaped section along
one surface of the wall-shaped remaining sidewall
insulating film 30 and the element separation layer IL1,
forming the remaining insulating film 31, and the memory
dummy electrode layer 38 remains in a sidewall shape
along the bottom part 3la of the remaining insulating
film 31 and the wall part 31lb, forming a memory dummy
electrode remaining part 39b. In the barrier region ER2,
the logic dummy electrode layer 37 remains in a region
disposed adjacent to the other surface of the remaining
sidewall insulating film 30 and covered by the hard mask
layer HMlc, forming a logic dummy electrode remaining
part 39a, and the first insulating film 1lla remains in a
region covered by the logic dummy electrode remaining
part 39a, forming the remaining insulating film 33 on the
element separation layer IL1l.

[0091] Subsequently, as illustrated in FIG. 6A, in which
any corresponding part to that in FIG. 5B is denoted by
an identical reference sign, low concentration of N-type

impurities or P-type impurities are injected into the



memory circuit region ER1 and the peripheral circuit
region ER3 by the ion implantation method or the like
using a resist (not illustrated) patterned for the N type
or the P type. Accordingly, the drain region 6a and the
source region 6b are formed in the surface of the
semiconductor substrate W in the memory circuit region
ER1, and the impurity diffusion regions 23a, 23b, 23c,
and 23d are formed in the surface of the semiconductor
substrate W in the peripheral circuit region ER3.
Subsequently, a layered insulating layer (not
illustrated) made of, for example, SiN is formed across
the memory circuit region ER1l, the barrier region ERZ2,
and the peripheral circuit region ER3, and then etched
back. Accordingly, the insulating layer remains on
sidewalls of the dummy first select gate structure D3 and
the dummy second select gate structure D4, forming the
sidewall structures 17a and 17b, and the insulating layer
also remains on facing sidewalls of the dummy logic gate
structures DL1 and DL2, forming the sidewall structures
26 and 27. The insulating layer also remains around the
logic dummy electrode remaining part 39a and the memory
dummy electrode remaining part 39b in the dummy remaining
part D29 in the barrier region ER2, forming the sidewall
structures 34a and 34b.

[0092] Thereafter, in addition to the above-described
process, the following processes are sequentially
performed: a process of forming high-concentration
impurity regions in the drain region 6a and the source
region 6b in the memory circuit region ER1 and the
impurity diffusion regions 23a, 23b, 23c, and 23d in the
peripheral circuit region ER3 by injecting high
concentration of N-type impurities or P-type impurities
into necessary places of the semiconductor substrate W by
the ion implantation method or the like; a process of

forming the silicide layer SC on the drain region 6a, the



source region 6b, and the impurity diffusion regions 23a,
23b, 23c, and 23d; and a process of forming the
interlayer insulating layer ILD to cover, for example,
the dummy memory gate structure D2, the dummy first
select gate structure D3, the dummy second select gate
structure D4, the dummy logic gate structures DL1 and DLZ,
and the dummy remaining part D29.

[0093] Subsequently, planarizing treatment such as CMP is
performed to polish and planarize a surface of the
interlayer insulating layer ILD, and further polish and
planarize surfaces of the hard mask layers HMla, HMlc,
HM1d, and HMle, the dummy memory gate structure D2, the
dummy first select gate structure D3, the dummy second
select gate structure D4, the dummy logic gate structures
DL1 and DL2, and the dummy remaining part D29 that are
exposed from a top surface of the interlayer insulating
layer ILD. In this manner, as illustrated in FIG. 6B, in
which any corresponding part to that in FIG. 6A is
denoted by an identical reference sign, planarized top
surfaces of the dummy memory gate electrode DMG, the
dummy first select gate electrode DDG, the dummy second
select gate electrode DSG, the dummy logic gate
electrodes DLGl and DLG2, the logic dummy electrode
remaining part 39a, and the memory dummy electrode
remaining part 39b are exposed on the planarized surface
of the interlayer insulating layer ILD.

[0094] Subsequently, the PMOS peripheral circuit region
ER5 is covered by a resist, whereas the memory circuit
region ER1, the barrier region ERZ, and the NMOS
peripheral circuit region ER4 are exposed. In this state,
dry etching using, for example, carbon tetrafluoride

(CFy) 1is performed to remove the dummy memory gate
electrode DMG, the dummy first select gate electrode DDG,
the dummy second select gate electrode DSG, the dummy
logic gate electrode DLG1l, the logic dummy electrode



remaining part 3%9a, and the memory dummy electrode
remaining part 39b, which are exposed on the surface of
the interlayer insulating layer ILD. Thereafter, the
resist on the PMOS peripheral circuit region ER5 is
removed.

[0095] Subsequently, a metal electrode layer made of an
N-type MOS metallic material such as aluminum (Al),
titanium aluminide (TiAl), tantalum carbide (TaC), or
tantalum silicon nitride (TaSiN) is formed on the surface
of the interlayer insulating layer ILD and embedded in
electrode formation spaces from which the dummy memory
gate electrode DMG, the dummy first select gate electrode
DDG, the dummy second select gate electrode DSG, the
dummy logic gate electrode DLG1l, the logic dummy
electrode remaining part 39a, and the memory dummy
electrode remaining part 39b have been removed.
Thereafter, a surface of the metal electrode layer is
polished through planarizing treatment such as CMP and
planarized in accordance with the surface of the
interlayer insulating layer ILD. In the PMOS peripheral
circuit region ER5 of the peripheral circuit region ER3,
since the dummy logic gate electrode DLG2 is not removed
but remains intact in a state in which it is formed, the
metal electrode layer on the dummy logic gate electrode
DLG2 and the interlayer insulating layer ILD is removed
through the planarizing treatment.

[0096] Accordingly, as illustrated in FIG. 2, in the
memory circuit region ER1, the metal memory gate
electrode MG is formed as the metal electrode layer
embedded in the electrode formation space in which the
dummy memory gate electrode DMG has been formed, the
metal first select gate electrode DG is formed as the
metal electrode layer embedded in the electrode formation
space in which the dummy first select gate electrode DDG

has been formed, and the metal second select gate



electrode SG is formed as the metal electrode layer
embedded in the electrode formation space in which the
dummy second select gate electrode DSG has been formed.
[0097] Simultaneously, in the NMOS peripheral circuit
region ER4 of the peripheral circuit region ER3, the
metal logic gate electrode LGl made of an N-type MOS
metallic material is formed as the metal electrode layer
embedded in the electrode formation space in which the
dummy logic gate electrode DLGl has been formed (a metal
gate electrode forming process). In addition,
simultaneously, in the barrier region ER2, the remaining
metal layers MS1 and MS2 made of an N-type MOS metallic
material are formed as the metal electrode layer embedded
in the electrode formation spaces from which the logic
dummy electrode remaining part 39a and the memory dummy
electrode remaining part 39b have been removed.
Accordingly, the metal memory gate electrode MG, the
metal first select gate electrode DG, the metal second
select gate electrode SG, and the metal logic gate
electrode LGl are formed from the same layer (metal
electrode layer) through the same manufacturing process.
[0098] Subsequently, the memory circuit region ER1, the
barrier region ERZ2, and the NMOS peripheral circuit
region ER4 are covered by a resist, whereas the PMOS
peripheral circuit region ERL is exposed. In this state,
dry etching using, for example, carbon tetrafluoride
(CF4) 1s performed to remove the dummy logic gate
electrode DLG2 exposed on the surface of the interlayer
insulating layer ILD. Thereafter, the resist is removed.
Subsequently, another metal electrode layer made of a P-
type MOS metallic material such as aluminum (Al) or
nitridation titanium (TiN) is formed on the surface of
the interlayer insulating layer ILD to embed the metal
electrode layer in an electrode formation space from

which the dummy logic gate electrode DLGZ2 has been



removed. Subsequently, a surface of the metal electrode
layer is polished through planarizing treatment such as
CMP to planarize the surface of the metal electrode layer
in accordance with the surface of the interlayer
insulating layer ILD.
[0099] Accordingly, as illustrated in FIG. 2, in the PMOS
peripheral circuit region ER5 of the peripheral circuit
region ER3, the P-type MOS metal electrode layer is
embedded in the electrode formation space in which the
dummy logic gate electrode DLGZ has been formed, forming
the metal logic gate electrode LG2 made of a P-type MOS
metallic material. Thereafter, a process of forming
various contacts such as a first select gate contact, a
second select gate contact, and a memory gate contact,
which are not illustrated in FIG. 2, at predetermined
places of the interlayer insulating layer ILD is
performed to complete manufacturing of the semiconductor
integrated circuit device 20.
[0100] (1-6) Operations and effects

In the above-described configuration, the memory
cell 1 includes: the memory gate structure 2 in which the
lower memory gate insulating film 10, the charge storage
layer EC, the upper memory gate insulating film 11, and
the metal memory gate electrode MG are stacked in this
order on the semiconductor substrate W between the drain
region 6a and the source region 6b; the first select gate
structure 3 disposed along a sidewall of the sidewall
spacer 8a provided on the first sidewall of the memory
gate structure 2; and the second select gate structure 4
disposed along a sidewall of the sidewall spacer 8b
provided on the second sidewall of the memory gate
structure 2.
[0101] The first select gate structure 3 includes the
metal first select gate electrode DG provided, through

the first select gate insulating film 15a, on the



semiconductor substrate W between the drain region 6a
connected with the bit line BL and the sidewall spacer 8a
provided on the sidewall of the memory gate structure 2.
The second select gate structure 4 includes the metal
second select gate electrode SG provided, through the
second select gate insulating film 15b, on the
semiconductor substrate W between the source region 6b
connected with the source line SL and the sidewall spacer
8b provided on the sidewall of the memory gate structure
2.

[0102] The metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second
select gate electrode SG of the memory cell 1 thus
configured can be formed of a metallic material the same
as that of the metal logic gate electrode LGl of the
peripheral circuit L1l. Thus, the metal memory gate
electrode MG, the metal first select gate electrode DG,
and the metal second select gate electrode SG can be
formed through a series of manufacturing processes of
forming the metal logic gate electrode LGl made of a
predetermined metallic material on the semiconductor
substrate W.

[0103] In the memory cell 1, the planarized top surface
3a of the metal first select gate electrode DG, the
planarized top surface 4a of the metal second select gate
electrode SG, and the planarized top surface 2a of the
metal memory gate electrode MG are planarized through the
same planarizing treatment in a manufacturing process.
Accordingly, the memory gate structure 2, the first
select gate structure 3, and the second select gate
structure 4 have the same height, and the metal memory
gate electrode MG does not protrude relative to the metal
first select gate electrode DG and the metal second
select gate electrode SG, thereby achieving reduction of

the entire size.



[0104] In the memory cell 1, in order to prevent, by the
first programming method, charge injection into the
charge storage layer EC when a charge storage gate
voltage enough to allow charge injection into the charge
storage layer EC is applied to the metal memory gate
electrode MG, carriers induced in the channel layer
formation carrier region of the semiconductor substrate W
facing to the metal memory gate electrode MG are removed
from the channel layer formation carrier region, and then
the first select gate structure 3 blocks the electrical
connection between the drain region 6a and the
semiconductor substrate W in the region facing to the
metal memory gate electrode MG, and the second select
gate structure 4 blocks the electrical connection between
the source region 6b and the semiconductor substrate W in
the region facing to the metal memory gate electrode MG.
[0105] With this configuration, a depleted layer is
formed in the channel layer formation carrier region
without a channel layer in the memory cell 1. As a
result, the potential at the surface of the semiconductor
substrate W increases in accordance with the charge
storage gate voltage, and the voltage difference between
the metal memory gate electrode MG and the surface of the
semiconductor substrate W decreases accordingly. In this
manner, the charge injection into the charge storage
layer EC is prevented, and the depleted layer prevents
the potential at the surface of the semiconductor
substrate W directly below the memory gate structure 2
from reaching at the first select gate insulating film
15a and the second select gate insulating film 15Db.

[0106] Thus, voltage applied to the bit line BL and the
source line SL in the memory cell 1 is not restricted by
a high charge storage gate voltage necessary for
injecting charge into the charge storage layer EC by the

quantum tunneling effect, but can be reduced to voltage



necessary for the first select gate structure 3 to block
the electrical connection between the bit line BL and the
semiconductor substrate W in the region facing to the
metal memory gate electrode MG, or to voltage necessary
for the second select gate structure 4 to block the
electrical connection between the source line SL and the
semiconductor substrate W in the region facing to the
metal memory gate electrode MG. Thus, the thicknesses of
the first select gate insulating film 15a of the first
select gate structure 3 and the second select gate
insulating film 15b of the second select gate structure 4
in the memory cell 1 can be reduced in accordance with
the reduction of voltage applied to the bit line BL and
the source line SL. The thickness reduction leads to a
faster operation.

[0107] In the memory cell 1, in order to prevent, by the
second programming method, charge injection into the
charge storage layer EC when a charge storage gate
voltage enough to allow charge injection into the charge
storage layer EC is applied to the metal memory gate
electrode MG to form a channel layer in the surface of
the semiconductor substrate W facing to the metal memory
gate electrode MG, the first select gate structure 3
blocks the electrical connection between the drain region
ba and the channel layer, and the second select gate
structure 4 blocks the electrical connection between the
source region 6b and the channel layer.

[0108] With this configuration, a depleted layer is
formed around the semiconductor substrate W facing to the
channel layer below the memory gate structure 2 in the
memory cell 1. As a result, the channel potential of the
channel layer increases in accordance with the charge
storage gate voltage, and the voltage difference between
the metal memory gate electrode MG and the channel layer

decreases accordingly. In this manner, the charge



injection into the charge storage layer EC is prevented,
and the depleted layer blocks voltage application from
the channel layer to the first select gate insulating
film 15a and the second select gate insulating film 15b.
[0109] Thus, voltage applied to the bit line BL and the
source line SL in the memory cell 1 is not restricted by
a high charge storage gate voltage necessary for
injecting charge into the charge storage layer EC by the
quantum tunneling effect, but can be reduced to voltage
necessary for the first select gate structure 3 and the
second select gate structure 4 to block the electrical
connection between the bit line BL and the channel layer
and the electrical connection between the source line SL
and the channel layer. Thus, the thicknesses of the
first select gate insulating film 15a of the first select
gate structure 3 and the second select gate insulating
film 15b of the second select gate structure 4 in the
memory cell 1 can be reduced in accordance with the
reduction of voltage applied to the bit line BL and the
source line SL. The thickness reduction leads to a
faster operation.

[0110] In the method for manufacturing the semiconductor
integrated circuit device 20 according to the present
invention, as illustrated in FIGS. 3C and 4A, the logic
dummy electrode layer 37, the first insulating film 11la,
the charge storage layer ECa, and the lower memory gate
insulating film 10a in the memory circuit region ER1 are
patterned through the patterned resists M3a and M3b to
form the dummy memory gate structure D2 in which the
patterned lower memory gate insulating film 10, the
charge storage layer EC, the upper memory gate insulating
film 11, and the dummy memory gate electrode DMG are
stacked in this order in the memory circuit region ERI.
Simultaneously, the first insulating film 1lla and the

logic dummy electrode layer 37 remain intact in the



peripheral circuit region ER3 using the resist M3b, and
then the sidewall spacers 8a and 8b made of the sidewall
insulating films 13a and 13b and the second insulating
film 15 (the first select gate sidewall insulating film
16a and the second select gate sidewall insulating film
16b) are formed along the facing sidewalls of the dummy
memory gate structure D2 in the memory circuit region ERI.
[0111] In the manufacturing method, the dummy logic gate
structures DL1 and DL2, the dummy first select gate
structure D3, and the dummy second select gate structure
D4 can be formed all at once through the same
manufacturing process by patterning, using the patterned
resists MbSa and Mbb, the second insulating film 15 and
the memory dummy electrode layer 38 formed in the memory
circuit region ER1, and the logic dummy electrode layer
37 and the first insulating film lla formed in the
peripheral circuit region ER3, as illustrated in FIGS. 5A
and 5B. In the dummy logic gate structures DL1 and DLZ2,
the dummy logic gate electrodes DLGl and DLG2 are stacked
on the semiconductor substrate W through the logic gate
insulating films 25a and 25b, respectively. The dummy
first select gate structure D3 is composed of the dummy
first select gate electrode DDG disposed along the
sidewall spacer 8a of the dummy memory gate structure D2
and the first select gate insulating film 15a. The dummy
second select gate structure D4 is composed of the dummy
second select gate electrode DSG disposed along the
sidewall spacer 8b of the dummy memory gate structure D2
and the second select gate insulating film 15Db.

[0112] In addition, in the manufacturing method, the
metal memory gate electrode MG, the metal first select
gate electrode DG, the metal second select gate electrode
SG, and the metal logic gate electrode LGl can be formed
all at once through the same manufacturing process by

planarizing the interlayer insulating layer ILD formed in



the memory circuit region ER1 and the peripheral circuit
region ER3 through planarizing treatment, removing the
dummy memory gate electrode DMG, the dummy first select
gate electrode DDG, the dummy second select gate
electrode DSG, and the dummy logic gate electrode DLGI1
exposed from the interlayer insulating layer ILD, and
forming a metal electrode layer in the electrode
formation spaces in which the dummy memory gate electrode
DMG, the dummy first select gate electrode DDG, the dummy
second select gate electrode DSG, and the dummy logic
gate electrode DLG1 have been formed.
[0113] In this manner, in the manufacturing method
according to the present invention, the metal memory gate
electrode MG, the metal first select gate electrode DG,
and the metal second select gate electrode SG each made
of a metallic material the same as that of the metal
logic gate electrode LGl can be formed simultaneously
with, for example, the metal logic gate electrode LGl
made of an N-type MOS metallic material through a series
of manufacturing processes of forming the metal logic
gate electrode LGl on the semiconductor substrate W.
[0114] (2) Second embodiment

(2-1) Configuration of semiconductor integrated
circuit device according to second embodiment

In FIG. 7, in which any corresponding part to that
in FIG. 2 is denoted by an identical reference sign,
reference numeral 46 denotes a semiconductor integrated
circuit device according to a second embodiment, which
differs from the semiconductor integrated circuit device
20 according to the first embodiment described above only
in the configuration of the barrier region ER2. The
semiconductor integrated circuit device 46 does not
include, in the barrier region ER2, the remaining part 29
(FIG. 2) included in the semiconductor integrated circuit

device 20 according to the first embodiment described



above. The semiconductor integrated circuit device 46
has a configuration in which the interlayer insulating
layer ILD is disposed on the element separation layer ILI1.
The semiconductor integrated circuit device 46, which
includes no remaining part 29 (FIG. 2) in the barrier
region ERZ2, has a simplified entire configuration.
[0115] The semiconductor integrated circuit device 46
according to the second embodiment has, in the memory
circuit region ER1 and in the peripheral circuit region
ER3 other than the barrier region ERZ, a configuration
identical to that of the semiconductor integrated circuit
device 20 according to the first embodiment described
above, and thus description of the memory circuit region
ER1 and the peripheral circuit region ER3 will be omitted
in the following description. In addition, in the
semiconductor integrated circuit device 46, the data
programming operation and the data programming prevention
operation on the memory cell 1 are the same as those
described above in " (1-2) Data programming method", and
the data reading operation and the data erasing operation
on the memory cell 1 are the same as those described
above in " (1-3) Other operations", and thus description
thereof will be omitted in the following.
[0116] (2-2) Method for manufacturing semiconductor
integrated circuit device according to second embodiment
The semiconductor integrated circuit device 46
having the above-described configuration is manufactured
in accordance with a manufacturing process as described
below. In the manufacturing process, simultaneously with
the metal logic gate electrode LGl made of, for example,
an N-type MOS metallic material among the metal logic
gate electrodes LGl and LG2 each made of a metallic
material, the metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second

select gate electrode SG are formed of a metallic



material the same as that of the metal logic gate
electrode LGl without forming the remaining part 29 (FIG.
2) in the barrier region ERZ2 through a series of
manufacturing processes of forming the metal logic gate
electrode LGl on the semiconductor substrate W.

[0117] First, as illustrated in FIG. 3A, a plurality of
the element separation layers IL1l, IL2, and IL3 each made
of an insulating material such as Si0, are formed at
predetermined positions with predetermined intervals
therebetween on the surface of the semiconductor
substrate W made of, for example, Si by, for example, the
shallow trench isolation (STI) method. In adjustment of
the threshold voltage of the semiconductor substrate W in
the peripheral circuit region ER3, for example, the ion
implantation method is employed to inject P-type
impurities into the semiconductor substrate W in the NMOS
peripheral circuit region ER4 between the element
separation layers IL1 and IL2, and N-type impurities into
the semiconductor substrate W in the PMOS peripheral
circuit region ER5 between the element separation layers
IL2 and IL3.

[0118] Subsequently, the dummy memory gate structure D2
is formed in the memory gate electrode formation target
region in the memory circuit region ER1. In the dummy
memory gate structure D2, as illustrated in FIG. 8A, the
lower memory gate insulating film 10, the charge storage
layer EC, the upper memory gate insulating film 11, and
the dummy memory gate electrode DMG, which are patterned
through the hard mask layer HMla formed in the memory
circuit region ER1 by using a patterned resist (not
illustrated), are stacked in this order on the
semiconductor substrate W. The dummy memory gate
electrode DMG is formed as a layered memory dummy
electrode layer remaining in the memory gate electrode

formation target region through the hard mask layer HMla.



[0119] Subsequently, a layered insulating film (not
illustrated) made of, for example, Si0O; is formed across
the memory circuit region ER1, the barrier region ERZ,
and the peripheral circuit region ER3 and then etched
back to form the sidewall insulating films 13a and 13b
having sidewall shapes along the facing sidewalls of the
dummy memory gate structure D2 in the memory circuit
region ER1 (the sidewall insulating film forming process).
Subsequently, the peripheral circuit region ER3 is
covered by a patterned resist (not illustrated). 1In this
state, impurities such as B (boron), P (phosphorus), and
As (arsenic) are injected into the semiconductor
substrate W in the memory circuit region ER1 by the ion
implantation method or the like to adjust the threshold
voltage of the semiconductor substrate W in the formation
target regions (select gate electrode formation target
regions) of the metal first select gate electrode DG and
the metal second select gate electrode SG (FIG. 7) to be
formed through a later manufacturing process.

[0120] Subsequently, the resist is removed, and a layered
insulating film 48 made of an insulating material (for
example, a high-k material) the same as that of the upper
memory gate insulating film 11 is formed across the
memory circuit region ER1, the barrier region ER2, and
the peripheral circuit region ER3. Thereafter, a layered
logic dummy electrode layer 49 made of, for example,
polysilicon is formed on the insulating film 48 (a dummy
electrode layer forming process). The insulating film 48
is provided in a wall shape along the sidewall insulating
film 13a on the first sidewall of the dummy memory gate
structure D2 to form the first select gate sidewall
insulating film 16a, and is also provided in a wall shape
along the sidewall insulating film 13b on the second
sidewall thereof to form the second select gate sidewall

insulating film 16b. In this manner, the sidewall spacer



8a composed of the sidewall insulating film 13a and the
first select gate sidewall insulating film 16a is formed
on the first sidewall of the dummy memory gate structure
D2, and the sidewall spacer 8b composed of the sidewall
insulating film 13b and the second select gate sidewall
insulating film 16b is formed on the second sidewall
thereof.

[0121] Subsequently, resists M6a and M6b are formed in
the peripheral circuit region ER3 to cover the formation
target regions (logic gate electrode formation target
regions) of the metal logic gate electrodes LGl and LG2
(FIG. 7) to be formed through a later manufacturing
process. A hard mask layer (not illustrated) made of,
for example, Si0O, is patterned by using the resists Mb6a
and M6b to form, on the logic dummy electrode layer 49,
hard mask layers HM2a and HM2b covering the logic gate
electrode formation target region.

[0122] Subsequently, after the resists M6a and M6b are
removed, the remaining hard mask layers HM2a and HM2b are
used as masks to etch back the logic dummy electrode
layer 49 in the memory circuit region ER1, the barrier
region ER2, and the peripheral circuit region ER3, and
the insulating film 48 covered by the logic dummy
electrode layer 49. Accordingly, as illustrated in FIG.
8B, in which any corresponding part to that in FIG. 8A is
denoted by an identical reference sign, the logic dummy
electrode layer 49 remains in the logic gate electrode
formation target regions in the peripheral circuit region
ER3 through the hard mask layers HM2a and HM2b, forming
the dummy logic gate electrodes DLGl and DLG2, and in
addition, the insulating film 48 remains below the dummy
logic gate electrodes DLGl and DLGZ2, forming the logic
gate insulating films 25a and 25b. In this manner, the
dummy logic gate structures DL1 and DL2 in which the
dummy logic gate electrodes DLGl and DLG2 are stacked on



the semiconductor substrate W through the logic gate
insulating films 25a and 25b is formed in the peripheral
circuit region ER3.

[0123] Simultaneously, in the memory circuit region ERI,
the logic dummy electrode layer 49 remains in a sidewall
shape along the sidewall spacer 8a on the first sidewall
of the dummy memory gate structure D2, forming the dummy
first select gate electrode DDG, and in addition, the
insulating film 48 remains below the dummy first select
gate electrode DDG, forming the first select gate
insulating film 15a. In this manner, the dummy first
select gate structure D3 including the sidewall-shaped
dummy first select gate electrode DDG on the first select
gate insulating film 15a is formed along the sidewall
spacer 8a on the first sidewall of the dummy memory gate
structure D2 in the memory circuit region ERL.

[0124] Simultaneously, in the memory circuit region ERI1,
the logic dummy electrode layer 49 remains in a sidewall
shape along the sidewall spacer 8b on the second sidewall
of the dummy memory gate structure D2, forming the dummy
second select gate electrode DSG, and in addition, the
insulating film 48 remains below the dummy second select
gate electrode DSG, forming the second select gate
insulating film 15b. In this manner, the dummy second
select gate structure D4 including the sidewall-shaped
dummy second select gate electrode DSG on the second
select gate insulating film 15b is formed along the
sidewall spacer 8b on the second sidewall of the dummy
memory gate structure D2 in the memory circuit region ERI1
(the dummy gate electrode forming process).

[0125] As described above, in the present embodiment, the
logic dummy electrode layer 49 provided for forming the
dummy logic gate electrodes DLGl and DLG2 is used to form
the dummy first select gate electrode DDG and the dummy



second select gate electrode DSG in the memory circuit
region ERI1.

[0126] To reduce the widths of the dummy first select
gate electrode DDG and the dummy second select gate
electrode DSG formed in the memory circuit region ER1l, as
illustrated in FIG. 8B, the peripheral circuit region ER3
and a partial region of the barrier region ER2 are
covered by a resist M7, and the dummy first select gate
electrode DDG and the dummy second select gate electrode
DSG exposed in the memory circuit region ER1 are removed
by dry etching. In this manner, the dummy first select
gate electrode DDG and the dummy second select gate
electrode DSG having desired widths are formed.
Accordingly, in the manufacturing method, the dummy first
select gate electrode DDG and the dummy second select
gate electrode DSG in the memory circuit region ER1 can
be formed to have desired widths independently whereas
the dummy logic gate electrodes DLGl and DLG2 having
desired widths are formed in the peripheral circuit
region ER3. Thus, the dummy first select gate electrode
DDG and the dummy second select gate electrode DSG having
small widths can be formed by the manufacturing method.
[0127] In the method for manufacturing the semiconductor
integrated circuit device 46 according to the second
embodiment, when the dummy first select gate electrode
DDG, the dummy second select gate electrode DSG, and the
dummy logic gate electrode DLG1l, DLG2 are formed, the
sidewall insulating film 30, the first insulating film
lla, the second insulating film 15, the logic dummy
electrode layer 49, and the memory dummy electrode layer
do not remain in the barrier region ER2, and thus the
entire surface of the element separation layer IL1 can be
exposed.

[0128] Thereafter, low concentration of N-type impurities

or P-type impurities are injected into the memory circuit



region ER1 and the peripheral circuit region ER3 by the
ion implantation method or the like using a resist (not
illustrated) patterned for the N type or the P type.
Accordingly, as illustrated in FIG. 7, the drain region
6a and the source region 6b are formed in the surface of
the semiconductor substrate W in the memory circuit
region ER1, and the impurity diffusion regions 23a, 23b,
23c, and 23d are formed in the surface of the
semiconductor substrate W in the peripheral circuit
region ER3. Subsequently, a layered insulating layer

(not illustrated) made of, for example, SiN is formed
across the memory circuit region ER1l, the barrier region
ER2, and the peripheral circuit region ER3 and then
etched back. Accordingly, the insulating layer remains
on the sidewalls of the dummy first select gate structure
D3 and the dummy second select gate structure D4, forming
the sidewall structures 17a and 17b, and the insulating
layer also remains on the facing sidewalls of the dummy
logic gate structures DL1 and DL2, forming the sidewall
structures 26 and 27.

[0129] Thereafter, in addition, the following processes
are sequentially performed: the process of forming high-
concentration impurity regions on the drain region 6a and
the source region 6b in the memory circuit region ER1 and
the impurity diffusion regions 23a, 23b, 23c, and 23d in
the peripheral circuit region ER3 by injecting high
concentration of N-type impurities or P-type impurities
into necessary places of the semiconductor substrate W by
the ion implantation method or the like; the process of
forming the silicide layer SC on the drain region 6a, the
source region 6b, and the impurity diffusion regions 23a,
23b, 23c, and 23d; and the process of forming the
interlayer insulating layer ILD to cover, for example,
the dummy memory gate structure D2, the dummy first

select gate structure D3, the dummy second select gate



structure D4, the dummy logic gate structures DL1 and DLZ2,
and the dummy remaining part D29.

[0130] Subsequently, the surface of the interlayer
insulating layer ILD is planarized by polished through
planarizing treatment such as CMP to expose, on the
surface of the interlayer insulating layer ILD, the
planarized top surfaces of the dummy memory gate

electrode DMG, the dummy first select gate electrode DDG,
the dummy second select gate electrode DSG, and the dummy
logic gate electrodes DLGl and DLG2 (an electrode
exposing process). Subsequently, the PMOS peripheral
circuit region ER5 is covered by a resist, whereas the
memory circuit region ER1, the barrier region ER2, and
the NMOS peripheral circuit region ER4 are exposed. In
this state, dry etching using, for example, carbon
tetrafluoride (CF4) is performed to remove the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl exposed on the
surface of the interlayer insulating layer ILD.
Thereafter, the resist on the PMOS peripheral circuit
region ER5 is removed.

[0131] Subsequently, a metal electrode layer made of an
N-type MOS metallic material such as aluminum (Al),
titanium aluminide (TiAl), tantalum carbide (TaC), or
tantalum silicon nitride (TaSiN) is formed on the surface
of the interlayer insulating layer ILD and embedded in
the electrode formation spaces from which the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl have been removed.
Thereafter, a surface of the metal electrode layer is
polished through planarizing treatment such as CMP and
planarized in accordance with the surface of the

interlayer insulating layer ILD. In the PMOS peripheral



circuit region ER5 of the peripheral circuit region ER3,
since the dummy logic gate electrode DLG2 is not removed
but remains intact in a state in which it is formed, the
metal electrode layer on the dummy logic gate electrode
DLG2 and the interlayer insulating layer ILD is removed
through the planarizing treatment.

[0132] Accordingly, as illustrated in FIG. 7, in the
memory circuit region ER1, the metal memory gate
electrode MG is formed as the metal electrode layer
embedded in the electrode formation space in which the
dummy memory gate electrode DMG has been formed, the
metal first select gate electrode DG is formed as the
metal electrode layer embedded in the electrode formation
space in which the dummy first select gate electrode DDG
has been formed, and the metal second select gate
electrode SG is formed as the metal electrode layer
embedded in the electrode formation space in which the
dummy second select gate electrode DSG has been formed.
Simultaneously, in the NMOS peripheral circuit region ER4
of the peripheral circuit region ER3, the metal logic
gate electrode LGl made of an N-type MOS metallic
material is formed as the metal electrode layer embedded
in the electrode formation space in which the dummy logic
gate electrode DLG1l has been formed (the metal gate
electrode forming process). Accordingly, the metal
memory gate electrode MG, the metal first select gate
electrode DG, the metal second select gate electrode SG,
and the metal logic gate electrode LGl are formed of the
same layer (metal electrode layer).

[0133] Thereafter, similarly to the first embodiment
described above, as illustrated in FIG. 7, the metal
logic gate electrode LG2 made of a P-type MOS metallic
material is formed in the PMOS peripheral circuit region
ER5 of the peripheral circuit region ER3. In addition,

for example, the process of forming various contacts such



as the first select gate contact, the second select gate
contact, and the memory gate contact, which are not
illustrated in FIG. 7, at predetermined places of the
interlayer insulating layer ILD is performed to complete
manufacturing of the semiconductor integrated circuit
device 46.
[0134] (2-3) Operations and effects

The memory cell 1 manufactured by the manufacturing
method as described above and the semiconductor
integrated circuit device 46 according to the second
embodiment can achieve effects similarly to those of the
first embodiment described above.
[0135] In the method for manufacturing the semiconductor
integrated circuit device 46 according to the present
invention, as illustrated in FIG. 8A, the dummy memory
gate structure D2, in which the lower memory gate
insulating film 10, the charge storage layer EC, the
upper memory gate insulating film 11, and the dummy
memory gate electrode DMG provided by patterning are
stacked in this order on the semiconductor substrate W,
is provided in the memory circuit region ER1. Thereafter,
the sidewall spacers 8a and 8b composed of the sidewall
insulating films 13a and 13b and the insulating film 48
are formed along the facing sidewalls of the dummy memory
gate structure D2.
[0136] In the manufacturing method, as illustrated in FIG.
8B, the dummy logic gate structures DLl and DL2, the
dummy first select gate structure D3, and the dummy
second select gate structure D4 can be formed all at once
through the same manufacturing process by patterning,
using the patterned resists M6a and M6b, the insulating
film 48 and the logic dummy electrode layer 49 formed
across the memory circuit region ER1 and the peripheral
circuit region ER3. In the dummy logic gate structures

DL1 and DL2, the dummy logic gate electrodes DLG1l and



DLG2 are stacked on the semiconductor substrate W through
the logic gate insulating films 25a and 25b. The dummy
first select gate structure D3 is composed of the dummy
first select gate electrode DDG disposed along the
sidewall spacer 8a of the dummy memory gate structure D2
and the first select gate insulating film 15a. The dummy
second select gate structure D4 is composed of the dummy
second select gate electrode DSG disposed along the
sidewall spacer 8b of the dummy memory gate structure D2
and the second select gate insulating film 15Db.

[0137] In the method for manufacturing, too, the metal
memory gate electrode MG, the metal first select gate
electrode DG, the metal second select gate electrode SG,
and the metal logic gate electrode LGl can be formed all
at once through the same manufacturing process by
planarizing the interlayer insulating layer ILD formed in
the memory circuit region ER1 and the peripheral circuit
region ER3 through planarizing treatment, removing the
dummy memory gate electrode DMG, the dummy first select
gate electrode DDG, the dummy second select gate
electrode DSG, and the dummy logic gate electrode DLGI1
exposed from the interlayer insulating layer ILD, and
forming a metal electrode layer in the electrode
formation spaces in which the dummy memory gate electrode
DMG, the dummy first select gate electrode DDG, the dummy
second select gate electrode DSG, and the dummy logic
gate electrode DLGl have been formed.

[0138] As described above, in the manufacturing method
according to the second embodiment of the present
invention, too, the metal memory gate electrode MG, the
metal first select gate electrode DG, and the metal
second select gate electrode SG each made of a metallic
material the same as that of the metal logic gate
electrode LGl can be formed simultaneously with the metal

logic gate electrode LGl through a series of



manufacturing processes of forming, for example, the
metal logic gate electrode LGl made of an N-type MOS
metallic material on the semiconductor substrate W.
[0139] (3) Third embodiment
(3-1) Configuration of memory cell according to third
embodiment

In FIG. 9, in which any corresponding part to that
in FIG. 1 is denoted by an identical reference sign,
reference numeral 51 denotes a memory cell according to a
third embodiment. The memory cell 51 differs from the
memory cell 1 according to the first embodiment described
above in that memory gate sidewall insulating films 57a
and 57b are provided in the metal memory gate electrode
MG of a memory gate structure 52, a facing sidewall
insulating film 56a is disposed in the metal first select
gate electrode DG of a first select gate structure 53,
and a facing sidewall insulating film 56b is disposed in
the metal second select gate electrode SG of a second
select gate structure 54. The following description
omits any description that would duplicate the
description of the memory cell 1 according to the first
embodiment described above, but will be made mainly on
the configurations of the memory gate sidewall insulating
films 57a and 57b and the facing sidewall insulating
films 56a and 56b.
[0140] In this case, in the metal memory gate electrode
MG of the memory gate structure 2, the wall-shaped memory
gate sidewall insulating film 57a is disposed along the
first sidewall insulating film 13a, and the wall-shaped
memory gate sidewall insulating film 57b is disposed
along the second sidewall insulating film 13b. The
memory gate sidewall insulating films 57a and 57b are
made of an insulating material (for example, a high-k
material) the same as that of the upper memory gate

insulating film 11. The memory gate sidewall insulating



films 57a and 57b are integrated with ends of the upper
memory gate insulating film 11 and erected on the charge
storage layer EC. With this configuration, the metal
memory gate electrode MG of the memory gate structure 52
is disposed in a recessed region enclosed by the memory
gate sidewall insulating films 57a and 57b and the upper
memory gate insulating film 11.

[0141] In the metal first select gate electrode DG of the
first select gate structure 53, the facing sidewall
insulating film 56a having a wall shape along the
sidewall structure 17a is provided facing to the first
select gate sidewall insulating film 16a. The facing
sidewall insulating film 56a is made of an insulating
material (for example, a high-k material) the same as
that of the first select gate insulating film 15a,
integrated with the end of the first select gate
insulating film 15a, and erected on the semiconductor
substrate W. With this configuration, the metal first
select gate electrode DG of the first select gate
structure 53 is disposed in a recessed region enclosed by
the first select gate sidewall insulating film 16a, the
first select gate insulating film 15a, and the facing
sidewall insulating film 56a.

[0142] In the metal second select gate electrode SG of
the second select gate structure 54, the facing sidewall
insulating film 56b having a wall shape along the
sidewall structure 17b is provided facing to the second
select gate sidewall insulating film 16b. The facing
sidewall insulating film 56b is made of an insulating
material (for example, a high-k material) the same as
that of the second select gate insulating film 15b,
integrated with the end of the second select gate
insulating film 15b, and erected on the semiconductor
substrate W. With this configuration, the metal second

select gate electrode SG of the second select gate



structure 54 is disposed in a recessed region enclosed by
the second select gate sidewall insulating film 16b, the
second select gate insulating film 15b and the facing
sidewall insulating film 56b.

[0143] In the memory cell 51 thus configured, too, the
metal memory gate electrode MG, the metal first select
gate electrode DG, and the metal second select gate
electrode SG are made of a metallic material the same as
that of a metal logic gate electrode (not illustrated) of
a peripheral circuit disposed on the same semiconductor
substrate W. Thus, the metal memory gate electrode MG,
the metal first select gate electrode DG, and the metal
second select gate electrode SG can be formed on the
semiconductor substrate W when the metal logic gate
electrode of the peripheral circuit is formed on the
semiconductor substrate W. In addition, since the metal
memory gate electrode MG, the metal first select gate
electrode DG, and the metal second select gate electrode
SG of the memory cell 51 are each made of a predetermined
metallic material, no depletion layer is formed in the
metal memory gate electrode MG, the metal first select
gate electrode DG, and the metal second select gate
electrode SG.

[0144] In addition, in the memory cell 51, too, the
planarized top surface 3a of the metal first select gate
electrode DG, the planarized top surface 4a of the metal
second select gate electrode SG, and the planarized top
surface 2a of the metal memory gate electrode MG are
planarized through the same planarizing treatment in a
manufacturing process. Accordingly, the memory gate
structure 52, the first select gate structure 53, and the
second select gate structure 54 have the same height, and
the metal memory gate electrode MG does not protrude

relative to the metal first select gate electrode DG and



the metal second select gate electrode SG, thereby
achieving reduction of the entire size.
[0145] The data programming operation and the data
programming prevention operation on the memory cell 51
according to the third embodiment are the same as those
described above in " (1-2) Data programming method", and
the data reading operation and the data erasing operation
on the memory cell 51 are the same as those described
above in " (1-3) Other operations", and thus description
thereof will be omitted in the following.
[0146] (3-2) Configuration of semiconductor integrated
circuit device according to the third embodiment

The following describes the configuration of a
semiconductor integrated circuit device including the
memory cell 51 described above. In FIG. 10, in which any
corresponding part to that in FIG. 2 is denoted by an
identical reference sign, reference numeral 60 denotes
the semiconductor integrated circuit device according to
the third embodiment. This semiconductor integrated
circuit device differs from the semiconductor integrated
circuit device 20 according to the first embodiment
described above in that the memory gate sidewall
insulating films 57a and 57b and the facing sidewall
insulating films 56a and 56b are disposed in the memory
circuit region ER1, insulating films 63 and 64 having
recessed sections are disposed in the barrier region ERZ,
and sidewall insulating films 73a, 73b, 74a, and 74b are
disposed in the peripheral circuit region ER3. Since the
memory cell 51 disposed in the memory circuit region ERIL
is described above with reference to FIG. 9, the
following description omits description of the memory
circuit region ER1, but will be made on the barrier
region ER2 and the peripheral circuit region ER3.
[0147] In this case, in the peripheral circuit region ER3,

a peripheral circuit L3 having an N-type MOS transistor



structure is provided in the NMOS peripheral circuit
region ER4, and a peripheral circuit L4 having a P-type
MOS transistor structure is provided in the PMOS
peripheral circuit region ER5. In the NMOS peripheral
circuit region ER4, the logic gate structure 21la
including the metal logic gate electrode LGl on the logic
gate insulating film 25a is disposed on the surface of
the semiconductor substrate W between the impurity
diffusion regions 23a and 23b. A wall-shaped sidewall
insulating film 73a made of an insulating material (for
example, a high-k material) the same as that of the logic
gate insulating film 25a and erected on the semiconductor
substrate W at one end of the logic gate insulating film
25a is disposed between the sidewall structure 26
disposed on the impurity diffusion region 23a and the
logic gate structure 2la. In addition, a wall-shaped
sidewall insulating film 73b made of an insulating
material the same as that of the logic gate insulating
film 25a and erected on the semiconductor substrate W at
the other end of the logic gate insulating film 25a is
disposed between the sidewall structure 26 disposed on
the impurity diffusion region 23a and the logic gate
structure 2la. In the peripheral circuit L3, the metal
logic gate electrode LGl made of an N-type MOS metallic
material is disposed in an electrode formation space
having a recessed section enclosed by the sidewall
insulating films 73a and 73b and the logic gate
insulating film 25a.

[0148] In the PMOS peripheral circuit region ER5, the
logic gate structure 21b including the metal logic gate
electrode LG2 on the logic gate insulating film 25b is
disposed on the surface of the semiconductor substrate W
between the impurity diffusion regions 23c and 23d. A
wall-shaped sidewall insulating film 74a made of an

insulating material (for example, a high-k material) the



same as that of the logic gate insulating film 25b and
erected on the semiconductor substrate W at one end of
the logic gate insulating film 25b is disposed between
the sidewall structure 27 disposed on the impurity
diffusion region 23c and the logic gate structure 21b.

In addition, a wall-shaped sidewall insulating film 74b
made of an insulating material the same as that of the
logic gate insulating film 25b and erected on the
semiconductor substrate W at the other end of the logic
gate insulating film 25b is disposed between the sidewall
structure 27 disposed on the impurity diffusion region
23d and the logic gate structure 21b. In the peripheral
circuit L4, the metal logic gate electrode LG2 made of a
P-type MOS metallic material is disposed in an electrode
formation space having a recessed section enclosed by the
sidewall insulating films 74a and 74b and the logic gate
insulating film 25b.

[0149] In a remaining part 61 disposed in the barrier
region ERZ, the insulating film 63 having a recessed
section is disposed on the element separation layer IL1
between a remaining insulating film 30 and the sidewall
structure 34a, and the remaining metal layer MS1 made of
an N-type MOS metallic material the same as, for example,
that of the metal gate memory electrode MG is disposed in
an electrode formation space enclosed by the insulating
film 63. In addition, in the remaining part 61, the
insulating film 64 having a recessed section is disposed
on the element separation layer IL1 between the remaining
insulating film 30 and the sidewall structure 34b, and
the remaining metal layer MS2 made of an N-type MOS
metallic material the same as, for example, that of the
metal gate memory electrode MG is disposed in an
electrode formation space enclosed by the insulating film
64.



[0150] (3-3) Method for manufacturing semiconductor
integrated circuit device according to third embodiment
A semiconductor integrated circuit device 60 having
the above-described configuration is manufactured in
accordance with a manufacturing process as described
below. In the manufacturing process, simultaneously with
the metal logic gate electrode LGl made of, for example,
an N-type MOS metallic material among the metal logic
gate electrodes LGl and LGZ2 each made of a metallic
material, the metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second
select gate electrode SG are formed of a metallic
material the same as that of the metal logic gate
electrode LGl through a series of manufacturing processes
of forming the metal logic gate electrode LGl on the
semiconductor substrate W.
[0151] First, as illustrated in FIG. 3A, a plurality of
the element separation layers IL1l, IL2, and IL3 each made
of an insulating material such as SiO;, are formed at
predetermined positions with predetermined intervals
therebetween on the surface of the semiconductor
substrate W made of, for example, Si by, for example, the
STI method. In adjustment of the threshold voltage of
the semiconductor substrate W in the peripheral circuit
region ER3, for example, the ion implantation method is
employed to inject P-type impurities into the
semiconductor substrate W in the NMOS peripheral circuit
region ER4 between the element separation layers IL1 and
IL2, and N-type impurities into the semiconductor
substrate W in the PMOS peripheral circuit region ER5S
between the element separation layers IL2 and IL3.
[0152] Subsequently, resist patterning is performed by
the photolithography technique to cover, with the resist
M1, the partial region of the element separation layer

IL1 formed in the barrier region ER2 between the memory



circuit region ER1 and the peripheral circuit region ER3,
and the semiconductor substrate W in the peripheral
circuit region ER3. In this state, impurities such as B
(boron), P (phosphorus), and As (arsenic) are injected
into the semiconductor substrate W in the memory circuit
region ER1 by the ion implantation method or the like to
adjust the threshold voltage of the semiconductor
substrate W in the formation target region (memory gate
electrode formation target region) in which the metal
memory gate electrode MG (FIG. 10) is to be formed.
[0153] Subsequently, after the resist M1l is removed, a
layered lower memory gate insulating film made of, for
example, Si0, and a charge storage layer made of, for
example, SiN are stacked in this order across the memory
circuit region ER1, the barrier region ER2, and the
peripheral circuit region ER3. Thereafter, resist
patterning is performed by the photolithography technique
to cover, with the resist M2, the memory circuit region
ER1 and the partial region of the barrier region ERZ as
illustrated in FIG. 3B, in which any corresponding part
to that in FIG. 3A is denoted by an identical reference
sign. Then, the lower memory gate insulating film and
the charge storage layer exposed through the resist M2 in
the barrier region ER2 and the peripheral circuit region
ER3 are removed. In this manner, the layered lower
memory gate insulating film 10a and the layered charge
storage layer ECa are formed only in the memory circuit
region ER1 and the partial region of the barrier region
ER2.

[0154] Subsequently, after the resist M2 is removed, as
illustrated in FIG. 11A, in which any corresponding part
to that in FIG. 3B is denoted by an identical reference
sign, a layered logic dummy electrode layer 77 made of,
for example, polysilicon is formed across the charge

storage layer ECa in the memory circuit region ER1, the



element separation layer IL1 in the barrier region ER2,
and the semiconductor substrate W in the peripheral
circuit region ER3 (the first dummy electrode layer
forming process). Subsequently, a layered hard mask
layer is formed on the logic dummy electrode layer 77 and
then patterned by using the resists M3a and M3b patterned
by the photolithography technique. In this case, the
resist M3a is formed in the memory gate electrode
formation target region in the memory circuit region ERI,
and the resist M3b is formed to cover the entire surface
of the peripheral circuit region ER3. Then, the hard
mask layer exposed through the resists M3a and M3b is
removed so that the hard mask layer HMla remains in the
memory gate electrode formation target region in the
memory circuit region ER1 and the hard mask layer HMlb
remains in the entire surface of the peripheral circuit
region ER3.

[0155] Subsequently, after the resists M3a and M3b are
removed, the logic dummy electrode layer 77, the charge
storage layer ECa, and the lower memory gate insulating
film 10a in the memory circuit region ER1 and the barrier
region ER2 are removed in this order by using the hard
mask layers HMla and HMlb as masks. As a result, as
illustrated in FIG. 11B, in which any corresponding part
to that in FIG. 11A is denoted by an identical reference
sign, a dummy memory gate structure D22 in which the
lower memory gate insulating film 10, the charge storage
layer EC, and the dummy memory gate electrode DMG are
stacked in this order is formed in the memory gate
electrode formation target region in the memory circuit
region ER1. Simultaneously, the logic dummy electrode
layer 77 remains intact through the hard mask layer HMlb
in the peripheral circuit region ER3 (the dummy memory
gate structure forming process). In this manner, in the

present embodiment, the logic dummy electrode layer 77,



which is provided for forming the dummy logic gate
electrodes DLGl and DLG2 (FIG. 12C) to be described later
in a later manufacturing process, is used to form the
dummy memory gate electrode DMG in the memory circuit
region ERIL.

[0156] Subsequently, a layered insulating film (not
illustrated) made of, for example, SiO, is formed across
the memory circuit region ER1, the barrier region ERZ,
and the peripheral circuit region ER3 and then etched
back to form the sidewall insulating films 13a and 13b
having sidewall shapes along facing sidewalls of the
dummy memory gate structure D22 in the memory circuit
region ER1 (the sidewall insulating film forming process).
Simultaneously, the insulating film also remains on
sidewalls of the logic dummy electrode layer 77 disposed
in the barrier region ER2, forming the sidewall-shaped
remaining sidewall insulating film 30.

[0157] Subsequently, impurities such as B (boron), P
(phosphorus), and As (arsenic) are injected into the
semiconductor substrate W in the memory circuit region
ER1 not covered by the hard mask layers HMla and HMlb and
the sidewall insulating films 13a, 13b, and 30 by the ion
implantation method or the like to adjust the threshold
voltage of the semiconductor substrate W in the formation
target regions (select gate electrode formation target
region) of the metal first select gate electrode DG and
the metal second select gate electrode SG (FIG. 10) to be
formed through a later manufacturing process.

[0158] Subsequently, as illustrated in FIG. 11C, in which
any corresponding part to that in FIG. 11B is denoted by
an identical reference sign, a layered memory dummy
electrode layer 78 made of, for example, polysilicon is
formed across the memory circuit region ER1, the barrier
region ER2, and the peripheral circuit region ER3.

Subsequently, as illustrated in FIG. 12A, in which any



corresponding part to that in FIG. 11C is denoted by an
identical reference sign, the memory circuit region ERIL
and a partial region of the barrier region ER2 are
covered by the resist M4 patterned by the
photolithography technique. In this state, the memory
dummy electrode layer 78 formed in the peripheral circuit
region ER3 and the other region of the barrier region ER2
which are not covered by the resist M4 is removed.
Accordingly, the layered memory dummy electrode layer 78
remains across the memory circuit region ER1 and the
partial region of the barrier region ER2 covered by the
resist M4 (the second dummy electrode layer forming
process) .

[0159] Subsequently, after the resist M4 is removed, a
new layered resist is formed across the memory circuit
region ER1, the barrier region ERZ2, and the peripheral
circuit region ER3. Subsequently, as illustrated in FIG.
12B, in which any corresponding part to that in FIG. 12A
is denoted by an identical reference sign, resist
patterning is performed by the photolithography technique
to form the resists Mba and Mb5b covering the formation
target regions (logic gate electrode formation target
region) of the metal logic gate electrodes LGl and LG2
(FIG. 10) to be formed through a later manufacturing
process in the peripheral circuit region ER3. Then, the
hard mask layer HMlb (FIG. 12A) in the peripheral circuit
region ER3 and the barrier region ERZ2 is patterned by
using the resists MbSa and M5b to form the hard mask
layers HM1ld and HMle covering the logic gate electrode
formation target region.

[0160] Subsequently, after the resists Mba and Mbb are
removed, the remaining hard mask layers HM1ld and HMle are
used as masks to etch back the memory dummy electrode
layer 78 in the memory circuit region ER1 and the barrier

region ER2 and the logic dummy electrode layer 77 in the



barrier region ER2 and the peripheral circuit region ER3.
Accordingly, as illustrated in FIG. 12C, in which any
corresponding part to that in FIG. 12B is denoted by an
identical reference sign, in the memory circuit region
ER1, the memory dummy electrode layer 78 remains in a
sidewall shape along the sidewall spacer 8a on a first
sidewall of the dummy memory gate structure D22, forming
the dummy first select gate electrode DDG on the
semiconductor substrate W, and the memory dummy electrode
layer 78 remains in a sidewall shape along the sidewall
spacer 8b on a second sidewall of the dummy memory gate
structure D22, forming the dummy second select gate
electrode DSG on the semiconductor substrate W.
Additionally, simultaneously, in the peripheral circuit
region ER3, the logic dummy electrode layer 77 remains in
the logic gate electrode formation target region through
the hard mask layers HM1ld and HMle, forming the dummy
logic gate electrodes DGL1 and DGL2 (the dummy gate
electrode forming process).

[0161] The dummy first select gate electrode DDG and the
dummy second select gate electrode DSG formed through the
dummy gate electrode forming process can be formed to
have a desired width by adjusting the thickness of the
memory dummy electrode layer 78 formed through the second
dummy electrode layer forming process described above.
[0162] When the hard mask layers HMld and HMle are formed
in the barrier region ER2, the hard mask layer HMlc
remains in a region covered by the memory dummy electrode
layer 78 (FIG. 12B). In the barrier region ER2, in
addition to the hard mask layer HMlc, the logic dummy
electrode layer 77 and the memory dummy electrode layer
78 remain around the remaining sidewall insulating film
30, forming a dummy remaining part D6l. In the barrier
region ER2, the memory dummy electrode layer 78 remains

in a sidewall shape along one surface of the wall-shaped



remaining sidewall insulating film 30 and the element
separation layer ILl1, forming the memory dummy electrode
remaining part 39b. In addition, in the barrier region
ER2, the logic dummy electrode layer 77 remains in a
region disposed adjacent to the other surface of the
remaining sidewall insulating film 30 and covered by the
hard mask layer HMlc, forming the logic dummy electrode
remaining part 39a on the element separation layer IL1.
[0163] Subsequently, as illustrated in FIG. 13A, in which
any corresponding part to that in FIG. 12C is denoted by
an identical reference sign, low concentration of N-type
impurities or P-type impurities are injected into the
memory circuit region ER1 and the peripheral circuit
region ER3 by the ion implantation method or the like
using a resist (not illustrated) patterned for the N type
or the P type. Accordingly, the drain region 6a and the
source region 6b are formed in the surface of the
semiconductor substrate W in the memory circuit region
ER1, and the impurity diffusion regions 23a, 23b, 23c,
and 23d are formed in the surface of the semiconductor
substrate W in the peripheral circuit region ER3.
Subsequently, a layered insulating layer (not
illustrated) made of, for example, SiN is formed across
the memory circuit region ER1, the barrier region ERZ,
and the peripheral circuit region ER3 and then etched
back. Accordingly, the insulating layer remains on
sidewalls of the dummy first select gate electrode DDG
and the dummy second select gate electrode DSG, forming
the sidewall structures 17a and 17b, and the insulating
layer also remains on facing sidewalls of the dummy logic
gate electrodes DLGl and DLG2, forming the sidewall
structures 26 and 27. Additionally, the insulating layer
also remains around the logic dummy electrode remaining

part 39a and the memory dummy electrode remaining part



39b in the dummy remaining part D61 in the barrier region
ER2, forming a sidewall structure 34.

[0164] Thereafter, in addition to the above-described
process, the following processes are sequentially
performed: the process of forming high-concentration
impurity regions in the drain region 6a and the source
region 6b in the memory circuit region ER1 and the
impurity diffusion regions 23a, 23b, 23c, and 23d in the
peripheral circuit region ER3 by injecting high
concentration of N-type impurities or P-type impurities
into necessary places of the semiconductor substrate W by
the ion implantation method or the like; the process of
forming the silicide layer SC on the drain region 6a, the
source region 6b, and the impurity diffusion regions 23a,
23b, 23c, and 23d; and the process of forming the
interlayer insulating layer ILD to cover, for example,
the dummy memory gate structure D22, the dummy first
select gate electrode DDG, the dummy second select gate
electrode DSG, the dummy logic gate electrodes DLGl and
DLG2, and the dummy remaining part D61.

[0165] Subsequently, planarizing treatment such as CMP 1is
performed to polish and planarize the surface of the
interlayer insulating layer ILD, and further polish and
planarize surfaces of the hard mask layers HMla, HMlc,
HM1d, and HMle, the dummy memory gate structure D22, the
dummy first select gate electrode DDG, the dummy second
select gate electrode DSG, the dummy logic gate
electrodes DLGl and DLG2, and the dummy remaining part
D61 that are exposed from the top surface of the
interlayer insulating layer ILD. In this manner, as
illustrated in FIG. 13B, in which any corresponding part
to that in FIG. 13A is denoted by an identical reference
sign, planarized top surfaces of the dummy memory gate
electrode DMG, the dummy first select gate electrode DDG,
the dummy second select gate electrode DSG, the dummy



logic gate electrodes DLGl and DLG2, the logic dummy
electrode remaining part 39a, and the memory dummy
electrode remaining part 39b are exposed on the
planarized surface of the interlayer insulating layer ILD
(the electrode exposing process).

[0166] Subsequently, the PMOS peripheral circuit region
ER5 is covered by a resist, whereas the memory circuit
region ER1, the barrier region ER2, and the NMOS
peripheral circuit region ER4 are exposed. In this state,
dry etching using, for example, carbon tetrafluoride
(CFy) 1is performed to remove the dummy memory gate
electrode DMG, the dummy first select gate electrode DDG,
the dummy second select gate electrode DSG, the dummy
logic gate electrode DLG1l, the logic dummy electrode
remaining part 3%9a, and the memory dummy electrode
remaining part 39b exposed on the surface of the
interlayer insulating layer ILD. Thereafter, the resist
on the PMOS peripheral circuit region ER5 is removed.
Subsequently, a layered insulating film made of an
insulating material (for example, a high-k material)
different from that of the lower memory gate insulating
film 10 is formed across the memory circuit region ERI1
and the peripheral circuit region ER3 and formed in
spaces from which the dummy memory gate electrode DMG,
the dummy first select gate electrode DDG, the dummy
second select gate electrode DSG, the dummy logic gate
electrode DLG1l, the logic dummy electrode remaining part
39a, and the memory dummy electrode remaining part 39b
have been removed.

[0167] Accordingly, as illustrated in FIG. 10, the
insulating film in the memory circuit region ER1 forms
the upper memory gate insulating film 11 on the charge
storage layer EC between the sidewall insulating films
13a and 13b, and forms the wall-shaped memory gate
sidewall insulating films 57a and 57b along the sidewall



insulating films 13a and 13b. Simultaneously, the
insulating film in the memory circuit region ER1 forms
the first select gate insulating film 15a on the
semiconductor substrate W between the sidewall insulating
film 13a and the sidewall structure 17a, forms the wall-
shaped first select gate sidewall insulating film 16a
along the sidewall insulating film 13a, and forms the
wall-shaped facing sidewall insulating film 56a along the
sidewall structure 17a. Accordingly, the sidewall spacer
8a composed of the sidewall insulating film 13a and the
first select gate sidewall insulating film 16a is formed
in the memory circuit region ERI.

[0168] In addition, simultaneously, the insulating film
in the memory circuit region ER1 forms the second select
gate insulating film 15b on the semiconductor substrate W
between the sidewall insulating film 13b and the sidewall
structure 17b, forms the wall-shaped second select gate
sidewall insulating film 16b along the sidewall
insulating film 13b, and forms the wall-shaped facing
sidewall insulating film 56b along the sidewall structure
17b. Accordingly, the sidewall spacer 8b composed of the
sidewall insulating film 13b and the second select gate
sidewall insulating film 16b is formed in the memory
circuit region ER1. The insulating film in the NMOS
peripheral circuit region ER4 of the peripheral circuit
region ER3 forms the logic gate insulating film 25a on
the semiconductor substrate W between the sidewall
structures 26 facing to each other, and forms the wall-
shaped sidewall insulating films 73a and 73b along the
respective sidewall structures 26. In the barrier region
ER2, the insulating film 63 having a recessed section is
formed on the element separation layer IL1 between the
sidewall structure 34a and the remaining insulating film
30, and the insulating film 64 having a recessed section

is formed on the element separation layer IL1 between the



sidewall structure 34b and the remaining insulating film
30.

[0169] Subsequently, a metal electrode layer made of an
N-type MOS metallic material such as titanium aluminide
(TiAl) aluminum (Al), tantalum carbide (TaC), or tantalum
silicon nitride (TaSiN) is formed on the surface of the
interlayer insulating layer ILD. Then, the dummy memory
gate electrode DMG, the dummy first select gate electrode
DDG, the dummy second select gate electrode DSG, the
dummy logic gate electrode DLG1l, the logic dummy
electrode remaining part 39a, and the memory dummy
electrode remaining part 39b are removed, and the metal
electrode layer is embedded in each electrode formation
space enclosed by a layered insulating material.
Thereafter, the metal electrode layer and the insulating
film are polished through planarizing treatment such as
CMP to planarize surfaces of the metal electrode layer
and the insulating film in accordance with the surface of
the interlayer insulating layer ILD. In the PMOS
peripheral circuit region ER5 of the peripheral circuit
region ER3, the dummy logic gate electrode DLG2 is not
removed but remains in a state in which it is formed, and
thus the metal electrode layer and the insulating film on
the dummy logic gate electrode DLG2 and the interlayer
insulating layer ILD are removed through the planarizing
treatment.

[0170] Accordingly, in the memory circuit region ER1, as
illustrated in FIG. 10, the metal electrode layer is
embedded in an electrode formation space enclosed by the
upper memory gate insulating film 11 and the memory gate
sidewall insulating films 57a and 57b in a space in which
the dummy memory gate electrode DMG has been formed,
thereby forming the metal memory gate electrode MG. In
this manner, the memory gate structure 52 in which the

lower memory gate insulating film 10, the charge storage



layer EC, the upper memory gate insulating film 11, and
the metal memory gate electrode MG are stacked in this
order on the semiconductor substrate W is formed in the
memory circuit region ERIL.

[0171] Simultaneously, in the memory circuit region ERI1,
the metal electrode layer is embedded in an electrode
formation space enclosed by the first select gate
insulating film 15a, the first select gate sidewall
insulating film 16a and the facing sidewall insulating
film 56a in a space in which the dummy first select gate
electrode DDG has been formed, thereby forming the metal
first select gate electrode DG. Accordingly, the first
select gate structure 53 in which the metal first select
gate electrode DG is provided on the first select gate
insulating film 15a is formed in the memory circuit
region ER1. 1In addition, simultaneously, in the memory
circuit region ER1, the metal electrode layer is embedded
in an electrode formation space enclosed by the second
select gate insulating film 15b, the second select gate
sidewall insulating film 16b, and the facing sidewall
insulating film 56b in a space in which the dummy second
select gate electrode DSG has been formed, thereby
forming the metal second select gate electrode SG.
Accordingly, the second select gate structure 54 in which
the metal second select gate electrode SG is provided on
the second select gate insulating film 15b is formed in
the memory circuit region ERI.

[0172] In the NMOS peripheral circuit region ER4 of the
peripheral circuit region ER3, the metal electrode layer
is embedded in an electrode formation space enclosed by
the logic gate insulating film 25a and the sidewall
insulating films 73a and 73b in a space in which the
dummy logic gate electrode DLGl has been formed, thereby
forming the metal logic gate electrode LGl. Accordingly,

the logic gate structure 2la in which the metal logic



gate electrode LGl is provided on the logic gate
insulating film 25a is formed in the NMOS peripheral
circuit region ER4 (the metal gate electrode forming
process). In this manner, the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LGl are formed of the same layer
(metal electrode layer). Simultaneously, in the barrier
region ERZ, the metal electrode layer is embedded in
electrode formation spaces enclosed by the insulating
films 63 and 64 having recessed sections, forming the
remaining metal layers MS1 and MS2. In this manner, the
remaining part 61 is formed on the element separation
layer ILI1.

[0173] Subsequently, the memory circuit region ER1, the
barrier region ERZ2, and the NMOS peripheral circuit
region ER4 are covered by a resist, whereas the PMOS
peripheral circuit region ERL is exposed. In this state,
dry etching using, for example, carbon tetrafluoride
(CF4) 1s performed to remove the dummy logic gate
electrode DLG2 exposed on the surface of the interlayer
insulating layer ILD. Thereafter, the resist is removed.
Subsequently, a layered insulating film made of an
insulating material (for example, a high-k material)
different from that of the lower memory gate insulating
film 10 is formed in a space from which the dummy logic
gate electrode DLGZ2 has been removed.

[0174] Accordingly, as illustrated in FIG. 10, in the
PMOS peripheral circuit region ER5, the logic gate
insulating film 25a is formed on the semiconductor
substrate W between the sidewall structures 27 facing to
each other, and the wall-shaped sidewall insulating films
73a and 73b are formed along the respective sidewall
structures 26. Subsequently, a metal electrode layer

made of a P-type MOS metallic material such as aluminum



(Al) or nitridation titanium (TiN) is formed on the
surface of the interlayer insulating layer ILD and
embedded in an electrode formation space enclosed by the
logic gate insulating film 25a and the sidewall
insulating films 73a and 73b in a space from which the
dummy logic gate electrode DLG2 has been removed.
Thereafter, the P-type MOS metal electrode layer and the
insulating films are polished through planarizing
treatment such as CMP to planarize surfaces of the metal
electrode layer and the insulating films in accordance
with the surface of the interlayer insulating layer ILD.
[0175] Accordingly, in the PMOS peripheral circuit region
ER5, the metal logic gate electrode LGZ2 is formed in the
electrode formation space enclosed by the logic gate
insulating film 25a and the sidewall insulating films 73a
and 73b, and the logic gate structure 21b in which the
metal logic gate electrode LG2 made of a P-type MOS
metallic material is provided on the logic gate
insulating film 25b is formed. Thereafter, the process
of forming various contacts such as the first select gate
contact, the second select gate contact, and the memory
gate contact, which are not illustrated in FIG. 10, at
predetermined places of the interlayer insulating layer
ILD is performed to complete manufacturing of the
semiconductor integrated circuit device 60.
[0176] (3-4) Operations and effects

The memory cell 51 manufactured by the manufacturing
method as described above and the semiconductor
integrated circuit device 60 according to the third
embodiment can achieve effects similarly to those of the
first embodiment described above.
[0177] In the method for manufacturing the semiconductor
integrated circuit device 46 according to the present
invention, as illustrated in FIGS. 11A and 11B, the logic

dummy electrode layer 77, the charge storage layer ECa,



and the lower memory gate insulating film 10a in the
memory circuit region ER1 are patterned by using the
patterned resist M3a to form, in the memory circuit
region ER1, the dummy memory gate structure D22, in which
the lower memory gate insulating film 10, the charge
storage layer EC, and the dummy memory gate electrode DMG
provided by patterning are stacked in this order.
Simultaneously, the logic dummy electrode layer 77
remains intact in the peripheral circuit region ER3 using
the resist M3b. Thereafter, the sidewall insulating
films 13a and 13b are formed along the facing sidewalls
of the dummy memory gate structure D22 in the memory
circuit region ERI.

[0178] In the manufacturing method, as illustrated in
FIGS. 12B and 12C, the memory dummy electrode layer 78
formed in the memory circuit region ER1 and the logic
dummy electrode layer 77 formed in the peripheral circuit
region ER3 are patterned by using the patterned resists
M5a and M5b. In this manner, the dummy logic gate
electrodes DLGl and DLG2 disposed on the semiconductor
substrate W in the peripheral circuit region ER3, the
dummy first select gate electrode DDG disposed on the
semiconductor substrate W along the sidewall insulating
film 13a of the dummy memory gate structure D22, and the
dummy second select gate electrode DSG disposed on the
semiconductor substrate W along the sidewall insulating
film 13b of the dummy memory gate structure D22 can be
formed all at once through the same manufacturing process.
[0179] In addition, in the manufacturing method, the
interlayer insulating layer ILD formed in the memory
circuit region ER1 and the peripheral circuit region ER3
is planarized through planarizing treatment, and the
dummy memory gate electrode DMG, the dummy first select
gate electrode DDG, the dummy second select gate
electrode DSG, and the dummy logic gate electrode DLGI1



exposed on the interlayer insulating layer ILD are
removed. Thereafter, an insulating film and a metal
electrode layer are formed in this order in the spaces in
which the dummy memory gate electrode DMG, the dummy
first select gate electrode DDG, the dummy second select
gate electrode DSG, and the dummy logic gate electrode
DLG1 have been formed.

[0180] Accordingly, in the manufacturing method, the
upper memory gate insulating film 11, the first select
gate insulating film 15a, the second select gate
insulating film 15b, and the logic gate insulating film
25a can be formed all at once through the same
manufacturing process in the spaces from which the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl have been removed,
respectively. In addition, the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LGl can be formed all at once
through the same manufacturing process on the upper
memory gate insulating film 11, the first select gate
insulating film 15a, the second select gate insulating
film 15b, and the logic gate insulating film 25a,
respectively.

[0181] As described above, in the manufacturing method
according to the third embodiment of the present
invention, too, the metal memory gate electrode MG, the
metal first select gate electrode DG, and the metal
second select gate electrode SG each made of a metallic
material the same as that of the metal logic gate
electrode LGl can be formed simultaneously with the metal
logic gate electrode LGl through a series of

manufacturing processes of forming, for example, the



metal logic gate electrode LGl made of an N-type MOS
metallic material on the semiconductor substrate W.
[0182] (4) Fourth embodiment

(4-1) Configuration of semiconductor integrated
circuit device according to fourth embodiment

In FIG. 14, in which any corresponding part to that
in FIG. 10 is denoted by an identical reference sign,
reference numeral 80 denotes a semiconductor integrated
circuit device according to a fourth embodiment. The
semiconductor integrated circuit device 80 differs from
the semiconductor integrated circuit device 60 according
to the third embodiment described above only in the
configuration of the barrier region ERZ. The
semiconductor integrated circuit device 80 has a
configuration in which the remaining part 61 (FIG. 10)
included in the semiconductor integrated circuit device
60 according to the third embodiment described above is
not disposed in the barrier region ER2 and the interlayer
insulating layer ILD is disposed on the element
separation layer IL1. The semiconductor integrated
circuit device 80, in which no remaining part 61 (FIG. 9)
is disposed in the barrier region ER2, has a simplified
entire configuration.
[0183] The semiconductor integrated circuit device 80
according to the fourth embodiment has, in the memory
circuit region ER1 and in the peripheral circuit region
ER3 other than the barrier region ERZ, a configuration
identical to that of the semiconductor integrated circuit
device 60 according to the third embodiment described
above, and thus description of the memory circuit region
ER1 and the peripheral circuit region ER3 will be omitted
in the following description. In the semiconductor
integrated circuit device 80, the data programming
operation and the data programming prevention operation

on the memory cell 51 are the same as those described



above in " (1-2) Data programming method", and the data
reading operation and the data erasing operation on the
memory cell 51 are the same as those described above in
"(1-3) Other operations™, and thus description thereof
will be omitted in the following.

[0184] (4-2) Method for manufacturing semiconductor
integrated circuit device according to fourth embodiment
The semiconductor integrated circuit device 80
having the above-described configuration is manufactured
in accordance with a manufacturing process as described
below. In the manufacturing process, simultaneously with
the metal logic gate electrode LGl made of, for example,

an N-type MOS metallic material on the semiconductor
substrate W among the metal logic gate electrodes LGl and
LG2 each made of a metallic material, the metal memory
gate electrode MG, the metal first select gate electrode
DG, and the metal second select gate electrode SG are
formed of a metallic material the same as that of the
metal logic gate electrode LGl through a series of
manufacturing processes of forming the metal logic gate
electrode LGl without forming the remaining part 61 (FIG.
10) in the barrier region ERZ2.

[0185] First, as illustrated in FIG. 3A, a plurality of
the element separation layers IL1l, IL2, and IL3 each made
of an insulating material such as Si0, are formed at
predetermined positions with predetermined intervals
therebetween on the surface of the semiconductor
substrate W made of, for example, Si by, for example, the
STI method. In adjustment of the threshold voltage of
the semiconductor substrate W in the peripheral circuit
region ER3, for example, the ion implantation method is
employed to inject P-type impurities into the
semiconductor substrate W in the NMOS peripheral circuit
region ER4 between the element separation layers IL1 and

IL2, and N-type impurities into the semiconductor



substrate W in the PMOS peripheral circuit region ERS
between the element separation layers ILZ2 and IL3.

[0186] Subsequently, resist patterning is performed by
the photolithography technique to cover, with the resist
M1, the partial region of the element separation layer
IL1 formed in the barrier region ER2Z between the memory
circuit region ER1 and the peripheral circuit region ER3,
and the semiconductor substrate W in the peripheral
circuit region ER3. In this state, impurities such as B
(boron), P (phosphorus), and As (arsenic) are injected
into the semiconductor substrate W in the memory circuit
region ER1 by implantation or the like to adjust the
threshold voltage of the semiconductor substrate W in the
formation target region (the memory gate electrode
formation target region) in which the metal memory gate
electrode MG (FIG. 14) is to be formed.

[0187] Subsequently, after the resist M1l is removed, a
layered lower memory gate insulating film made of, for
example, Si0O, and a charge storage layer made of, for
example, SiN are stacked in this order across the memory
circuit region ER1, the barrier region ER2, and the
peripheral circuit region ER3. Thereafter, resist
patterning is performed by the photolithography technique
to cover, with the resist M2, the memory circuit region
ER1 and the partial region of the barrier region ER2 as
illustrated in FIG. 3B, in which any corresponding part
to that in FIG. 3A is denoted by an identical reference
sign. Then, the lower memory gate insulating film and
the charge storage layer exposed through the resist M2 in
the barrier region ER2 and the peripheral circuit region
ER3 are removed. In this manner, the layered lower
memory gate insulating film 10a and the layered charge
storage layer ECa are formed only in the memory circuit
region ER1 and the partial region of the barrier region
ER2.



[0188] Subsequently, after the resist M2 is removed, a
layered memory dummy electrode layer (not illustrated)
made of, for example, polysilicon is formed across the
charge storage layer ECa in the memory circuit region ERI,
the element separation layer IL1 in the barrier region
ER2, and the semiconductor substrate W in the peripheral
circuit region ER3. Subsequently, as illustrated in FIG.
15A, in which any corresponding part to that in FIG. 3B
is denoted by an identical reference sign, the hard mask
layer HMla is formed in the memory gate electrode
formation target region by using a patterned resist (not
illustrated). Then, the memory dummy electrode layer
(not illustrated), the charge storage layer ECa, and the
lower memory gate insulating film 10a are patterned
through the hard mask layer HMla to form, in the memory
gate electrode formation target region in the memory
circuit region ER1, the dummy memory gate structure D22,
in which the lower memory gate insulating film 10, the
charge storage layer EC, and the dummy memory gate
electrode DMG are stacked in this order. The dummy
memory gate electrode DMG is formed by fabricating the
memory dummy electrode layer (not illustrated) in the
memory circuit region ERI.

[0189] Subsequently, a layered insulating film (not
illustrated) made of, for example, Si0O, is formed across
the memory circuit region ER1, the barrier region ERZ,
and the peripheral circuit region ER3 and then etched
back to form the sidewall insulating films 13a and 13b
having sidewall shapes along the facing sidewalls of the
dummy memory gate structure D22 in the memory circuit
region ER1 (the sidewall insulating film forming process).
Subsequently, the peripheral circuit region ER3 is
covered by a patterned resist (not illustrated). In this
state, impurities such as B (boron), P (phosphorus), and

As (arsenic) are injected into the semiconductor



substrate W in the memory circuit region ER1 by the ion
implantation method or the like to adjust the threshold
voltage of the semiconductor substrate W in the formation
target regions (select gate electrode formation target
regions) of the metal first select gate electrode DG and
the metal second select gate electrode SG (FIG. 7) to be
formed through a later manufacturing process.

[0190] Subsequently, after the resist is removed, the
layered logic dummy electrode layer 49 made of, for
example, polysilicon is formed across the memory circuit
region ER1, the barrier region ER2, and the peripheral
circuit region ER3 (the dummy electrode layer forming
process). Subsequently, in the peripheral circuit region
ER3, the resists Mo6a and M6b are formed to cover the
formation target regions (logic gate electrode formation
target regions) of the metal logic gate electrodes LGl
and LG2 (FIG. 14) to be formed through a later
manufacturing process. A hard mask layer (not
illustrated) made of, for example, Si0O; is patterned by
using the resists Mo6a and M6éb to form, on the logic dummy
electrode layer 49, the hard mask layers HM2a and HM2b
covering the logic gate electrode formation target region.
[0191] Subsequently, after the resists M6a and Mb6b are
removed, the remaining hard mask layers HM2a and HM2b are
used as masks to etch back the logic dummy electrode
layer 49 in the memory circuit region ER1, the barrier
region ERZ2, and the peripheral circuit region ER3.
Accordingly, as illustrated in FIG. 15B, in which any
corresponding part to that in FIG. 15A is denoted by an
identical reference sign, the logic dummy electrode layer
49 remaining in the logic gate electrode formation target
regions in the peripheral circuit region ER3 through the
hard mask layers HM2a and HM2b, forming the dummy logic
gate electrodes DLGl and DLG2.



[0192] Simultaneously, in the memory circuit region ERI,
the logic dummy electrode layer 49 remains in a sidewall
shape along the sidewall insulating film 13a on the first
sidewall of the dummy memory gate structure D22, forming
the dummy first select gate electrode DDG, and the logic
dummy electrode layer 49 remains in a sidewall shape
along the sidewall insulating film 13b on the second
sidewall of the dummy memory gate structure D22, forming
the dummy second select gate electrode DSG (the dummy
gate electrode forming process). As described above, in
the present embodiment, the logic dummy electrode layer
49 provided for forming the dummy logic gate electrodes
DLG1l and DLG2 is used to form the dummy first select gate
electrode DDG and the dummy second select gate electrode
DSG in the memory circuit region ERL.

[0193] To reduce the widths of the dummy first select
gate electrode DDG and the dummy second select gate
electrode DSG formed in the memory circuit region ER1, as
illustrated in FIG. 15B, the peripheral circuit region
ER3 and a partial region of the barrier region ER2 are
covered by the resist M7, and the dummy first select gate
electrode DDG and the dummy second select gate electrode
DSG exposed in the memory circuit region ER1 are removed
by dry etching. In this manner, the dummy first select
gate electrode DDG and the dummy second select gate
electrode DSG having desired widths are formed.
Accordingly, in the manufacturing method, the dummy first
select gate electrode DDG and the dummy second select
gate electrode DSG in the memory circuit region ER1 can
be formed to have desired widths independently whereas
the dummy logic gate electrodes DLGl and DLG2 having
desired widths are formed in the peripheral circuit
region ER3. Thus, the dummy first select gate electrode
DDG and the dummy second select gate electrode DSG having

small widths can be formed by the manufacturing method.



[0194] In the method for manufacturing the semiconductor
integrated circuit device 80 according to the fourth
embodiment, when the dummy first select gate electrode
DDG, the dummy second select gate electrode DSG, and the
dummy logic gate electrode DLGl, DLG2 are formed, the
sidewall insulating film 30, the memory dummy electrode
layer, and the logic dummy electrode layer 49 do not
remain in the barrier region ER2, and thus the entire
surface of the element separation layer IL1 can be exposed.
[0195] Thereafter, low concentration of N-type impurities
or P-type impurities are injected into the memory circuit
region ER1 and the peripheral circuit region ER3 by the
ion implantation method or the like using a resist (not
illustrated) patterned for the N type or the P type.
Accordingly, as illustrated in FIG. 14, the drain region
6a and the source region 6b are formed in the surface of
the semiconductor substrate W in the memory circuit
region ER1l, and the impurity diffusion regions 23a, 23b,
23c, and 23d are formed in the surface of the
semiconductor substrate W in the peripheral circuit
region ER3. Subsequently, a layered insulating layer
(not illustrated) made of, for example, SiN is formed
across the memory circuit region ER1, the barrier region
ER2, and the peripheral circuit region ER3 and then
etched back. Accordingly, the insulating layer remains
on the sidewalls of the dummy first select gate electrode
DDG and the dummy second select gate electrode DSG,
forming the sidewall structures 17a and 17b, and the
insulating layer also remains on the facing sidewalls of
the dummy logic gate electrodes DLGl and DLG2, forming
the sidewall structures 26 and 27.

[0196] Thereafter, in addition, the following processes
are sequentially performed: the process of forming high-
concentration impurity regions in the drain region 6a and

the source region 6b in the memory circuit region ER1 and
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the impurity diffusion regions 23a, 23b, 23c, and 23d in
the peripheral circuit region ER3 by injecting high
concentration of N-type impurities or P-type impurities
into necessary places of the semiconductor substrate W by
the ion implantation method or the like; the process of
forming the silicide layer SC on the drain region 6a, the
source region 6b, and the impurity diffusion regions 23a,
23b, 23c, and 23d; and the process of forming the
interlayer insulating layer ILD to cover the dummy memory
gate structure D22, the dummy first select gate electrode
DDG, the dummy second select gate electrode DSG and the
dummy logic gate electrodes DLGl and DLG2.

[0197] Subsequently, the surface of the interlayer
insulating layer ILD is planarized by polished through
planarizing treatment such as CMP to expose, on the
surface of the interlayer insulating layer ILD, the
planarized top surfaces of the dummy memory gate
electrode DMG, the dummy first select gate electrode DDG,
the dummy second select gate electrode DSG, and the dummy
logic gate electrodes DLGl and DLG2 (the electrode
exposing process). Subsequently, the PMOS peripheral
circuit region ER5 1is covered by a resist, whereas the
memory circuit region ER1, the barrier region ER2, and
the NMOS peripheral circuit region ER4 are exposed. In
this state, dry etching using, for example, carbon
tetrafluoride (CF4) is performed to remove the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl exposed on the
surface of the interlayer insulating layer ILD.
Thereafter, the resist on the PMOS peripheral circuit
region ER5 is removed.

[0198] Subsequently, a layered insulating film made of an
insulating material (for example, a high-k material)

different from that of the lower memory gate insulating
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film 10 is formed across the memory circuit region ERI1
and the peripheral circuit region ER3 and formed in
spaces from which the dummy memory gate electrode DMG,
the dummy first select gate electrode DDG, the dummy
second select gate electrode DSG, the dummy logic gate
electrode DLG1l, the logic dummy electrode remaining part
39a, and the memory dummy electrode remaining part 39b
have been removed.

[0199] Accordingly, as illustrated in FIG. 14, the
insulating film in the memory circuit region ER1 forms
the upper memory gate insulating film 11 on the charge
storage layer EC between the sidewall insulating films
13a and 13b, and forms the wall-shaped memory gate
sidewall insulating films 57a and 57b along the sidewall
insulating films 13a and 13b. Simultaneously, the
insulating film in the memory circuit region ER1 forms
the first select gate insulating film 15a on the
semiconductor substrate W between the sidewall insulating
film 13a and the sidewall structure 17a, forms the wall-
shaped first select gate sidewall insulating film 16a
along the sidewall insulating film 13a, and forms the
wall-shaped facing sidewall insulating film 56a along the
sidewall structure 17a. Accordingly, the sidewall spacer
8a composed of the sidewall insulating film 13a and the
first select gate sidewall insulating film 16a is formed
in the memory circuit region ERI.

[0200] In addition, simultaneously, the insulating film
in the memory circuit region ER1 forms the second select
gate insulating film 15b on the semiconductor substrate W
between the sidewall insulating film 13b and the sidewall
structure 17b, forms the wall-shaped second select gate
sidewall insulating film 16b along the sidewall
insulating film 13b, and forms the wall-shaped facing
sidewall insulating film 56b along the sidewall structure

17b. Accordingly, the sidewall spacer 8b composed of the
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sidewall insulating film 13b and the second select gate
sidewall insulating film 16b is formed in the memory
circuit region ER1. The insulating film in the NMOS
peripheral circuit region ER4 of the peripheral circuit
region ER3 forms the logic gate insulating film 25a on
the semiconductor substrate W between the sidewall
structures 26 facing to each other, and forms the wall-
shaped sidewall insulating films 73a and 73b along the
respective sidewall structures 26.

[0201] Subsequently, a metal electrode layer made of an
N-type MOS metallic material such as aluminum (Al),
titanium aluminide (TiAl), tantalum carbide (TaC), or
tantalum silicon nitride (TaSiN) is formed on the surface
of the interlayer insulating layer ILD. Then, the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl are removed, and
the metal electrode layer is embedded in each electrode
formation space enclosed by a layered insulating material.
Thereafter, the metal electrode layer and the insulating
film are polished through planarizing treatment such as
CMP to planarize surfaces of the metal electrode layer
and the insulating film in accordance with the surface of
the interlayer insulating layer ILD. In the PMOS
peripheral circuit region ER5 of the peripheral circuit
region ER3, the dummy logic gate electrode DLG2 is not
removed but remains in a state in which it is formed, and
thus the metal electrode layer and the insulating film on
the dummy logic gate electrode DLG2 and the interlayer
insulating layer ILD are removed through the planarizing
treatment.

[0202] Accordingly, in the memory circuit region ER1l, as
illustrated in FIG. 14, the metal electrode layer is
embedded in the electrode formation space enclosed by the

upper memory gate insulating film 11 and the memory gate
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sidewall insulating films 57a and 57b in the space in
which the dummy memory gate electrode DMG has been formed,
thereby forming the metal memory gate electrode MG. 1In
this manner, the memory gate structure 52 in which the
lower memory gate insulating film 10, the charge storage
layer EC, the upper memory gate insulating film 11, and
the metal memory gate electrode MG are stacked in this
order on the semiconductor substrate W is formed in the
memory circuit region ERI.

[0203] Simultaneously, in the memory circuit region ERI,
the metal electrode layer is embedded in the electrode
formation space enclosed by the first select gate
insulating film 15a, the first select gate sidewall
insulating film 16a and the facing sidewall insulating
film 56a in the space in which the dummy first select
gate electrode DDG has been formed, thereby forming the
metal first select gate electrode DG. Accordingly, the
first select gate structure 53 in which the metal first
select gate electrode DG is provided on the first select
gate insulating film 15a is formed in the memory circuit
region ER1. In addition, simultaneously, in the memory
circuit region ER1, the metal electrode layer is embedded
in the electrode formation space enclosed by the second
select gate insulating film 15b, the second select gate
sidewall insulating film 16b, and the facing sidewall
insulating film 56b in the space in which the dummy
second select gate electrode DSG has been formed, thereby
forming the metal second select gate electrode SG.
Accordingly, the second select gate structure 54 in which
the metal second select gate electrode SG is provided on
the second select gate insulating film 15b is formed in
the memory circuit region ERL.

[0204] In the NMOS peripheral circuit region ER4 of the
peripheral circuit region ER3, the metal electrode layer

is embedded in the electrode formation space enclosed by
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the logic gate insulating film 25a and the sidewall
insulating films 73a and 73b in the space in which the
dummy logic gate electrode DLGl has been formed, thereby
forming the metal logic gate electrode LGl. Accordingly,
the logic gate structure 2la in which the metal logic
gate electrode LGl is provided on the logic gate
insulating film 25a is formed in the NMOS peripheral
circuit region ER4 (the metal gate electrode forming
process). In this manner, the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LGl are formed of the same layer
(metal electrode layer).
[0205] Thereafter, similarly to the third embodiment
described above, as illustrated in FIG. 14, the metal
logic gate electrode LG2 made of a P-type MOS metallic
material is formed in the PMOS peripheral circuit region
ER5 of the peripheral circuit region ER3. Thereafter,
the process of forming various contacts such as the first
select gate contact, the second select gate contact, and
the memory gate contact, which are not illustrated in FIG.
14, at predetermined places of the interlayer insulating
layer ILD is performed to complete manufacturing of the
semiconductor integrated circuit device 80.
[0206] (4-3) Operations and effects

The memory cell 51 manufactured by the manufacturing
method as described above and the semiconductor
integrated circuit device 80 according to the fourth
embodiment can achieve effects similarly to those of the
first embodiment described above.
[0207] In the method for manufacturing the semiconductor
integrated circuit device 80 according to the present
invention, first, the dummy memory gate structure D22, in
which the lower memory gate insulating film 10, the

charge storage layer EC, and the dummy memory gate
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electrode DMG provided by patterning are stacked in this
order on the semiconductor substrate W, is provided in
the memory circuit region ER1 as illustrated in FIG. 15A.
Thereafter, the sidewall insulating films 13a and 13b are
formed along the facing sidewalls of the dummy memory
gate structure D22.

[0208] In the manufacturing method, the logic dummy
electrode layer 49 formed across the memory circuit
region ER1 and the peripheral circuit region ER3 1is
patterned by using the patterned resists M6a and M6b. 1In
this manner, as illustrated in FIG. 15B, the dummy logic
gate electrodes DLGl and DLG2 disposed on the
semiconductor substrate W, the dummy first select gate
electrode DDG disposed along the sidewall insulating film
13a of the dummy memory gate structure D22, and the dummy
second select gate electrode DSG disposed along the
sidewall insulating film 13b of the dummy memory gate
structure D22 can be formed all at once through the same
manufacturing process.

[0209] In addition, in the manufacturing method, the
interlayer insulating layer ILD formed in the memory
circuit region ER1 and the peripheral circuit region ER3
is planarized through planarizing treatment, and the
dummy memory gate electrode DMG, the dummy first select
gate electrode DDG, the dummy second select gate
electrode DSG, and the dummy logic gate electrode DLGI1
exposed on the interlayer insulating layer ILD are
removed. Thereafter, an insulating film and a metal
electrode layer are formed in this order in the spaces in
which the dummy memory gate electrode DMG, the dummy
first select gate electrode DDG, the dummy second select
gate electrode DSG, and the dummy logic gate electrode
DLG1 have been formed.

[0210] Accordingly, in the manufacturing method, the

upper memory gate insulating film 11, the first select
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gate insulating film 15a, the second select gate
insulating film 15b, and the logic gate insulating film
25a can be formed all at once through the same
manufacturing process in the spaces from which the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrode DLGl have been removed,
respectively. In addition, the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LGl can be formed all at once
through the same manufacturing process on the upper
memory gate insulating film 11, the first select gate
insulating film 15a, the second select gate insulating
film 15b, and the logic gate insulating film 25a,
respectively.
[0211] As described above, in the manufacturing method
according to the fourth embodiment of the present
invention, too, the metal memory gate electrode MG, the
metal first select gate electrode DG, and the metal
second select gate electrode SG each made of a metallic
material the same as that of the metal logic gate
electrode LGl can be formed simultaneously with the metal
logic gate electrode LGl through a series of
manufacturing processes of forming, for example, the
metal logic gate electrode LGl made of an N-type MOS
metallic material on the semiconductor substrate W.
[0212] (5) Other embodiments

The present invention is not limited to the first to
fourth embodiments described above, but wvarious
modifications are possible within the scope of the
present invention. For example, various voltages may be
applied at each site described above in " (1-2) Data
programming method" and " (1-3) Other operations". The

configurations according to the embodiments may be



- 107 -

combined to achieve a semiconductor integrated circuit
device.

[0213] In the above-described embodiments, in the
peripheral circuit region ER3, the peripheral circuit L1
(L3) included in an N-type MOS transistor structure is
disposed in the NMOS peripheral circuit region ER4, and
the peripheral circuit L2 (L4) included in a P-type MOS
transistor structure is disposed in the PMOS peripheral
circuit region ERL. However, the present invention is
not limited thereto. The peripheral circuits Ll and L2
(L3 and L4) may be both included in a P-type or N-type
MOS transistor structure in the peripheral circuit region
ER3.

[0214] In addition, in the above-described embodiments,
the metal memory gate electrode MG, the metal first
select gate electrode DG, and the metal second select
gate electrode SG in the memory cell 1 or 51 are formed
of an N-type MOS metallic material of the metal logic
gate electrode LGl in the NMOS peripheral circuit region
ER4. However, the present invention is not limited
thereto. The metal memory gate electrode MG, the metal
first select gate electrode DG, and the metal second
select gate electrode SG in the memory cell 1 or 51 may
be formed of a P-type MOS metallic material of the metal
logic gate electrode LG2 in the PMOS peripheral circuit
region ER5. 1In this case, the memory cell is disposed on
the semiconductor substrate W into which N-type
impurities are injected, as necessary.

[0215] In addition, in the above-described embodiments, a
single metal layer is used to form the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrodes LGl and LG2, but the present
invention is not limited thereto. For example, a

plurality of kinds of metal layers made of different
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kinds of metallic materials may be sequentially stacked
to form a laminated structure of the metal memory gate
electrode MG, the metal first select gate electrode DG,
the metal second select gate electrode SG, and the metal
logic gate electrode LGI.

[0216] In addition, in the above-described embodiments,
planarizing treatment such as CMP is performed as the
electrode exposing process of exposing, on the interlayer
insulating layer ILD, the top surfaces of the dummy
memory gate electrode DMG, the dummy first select gate
electrode DDG, the dummy second select gate electrode DSG,
and the dummy logic gate electrodes DLG1l and DLG2.
However, the present invention is not limited thereto.
Any other wvarious kinds of fabrication such as etching on
the interlayer insulating layer ILD is applicable to
expose, on the interlayer insulating layer ILD, the top
surfaces of the dummy memory gate electrode DMG, the
dummy first select gate electrode DDG, the dummy second
select gate electrode DSG, and the dummy logic gate
electrodes DLG1 and DLG2.

[0217] The voltage (for example, the first select gate
voltage, the second select gate voltage, the off voltage,
and the reading voltage) of 1.5 V defined in " (1-2) Data
programming method" and " (1-3) Other operations"
described above may be a power supply voltage VDD of 1.5
V or lower, such as 1.2 V or 1.0 V. The power supply
voltage VDD allows execution of operations the same as

those described above.

Reference Signs List
[0218] 1,51 memory cell

20,46,60,80 semiconductor integrated circuit
device

2 memory gate structure

3 first select gate structure
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4 second select gate structure

ba
6b
8a
8b
10
11

drain region

source region

sidewall spacer

sidewall spacer

lower memory gate insulating film

upper memory gate insulating film

15a first select gate insulating film

15b second select gate insulating film

D2,
D3
D4
DG
EC
MG
SG

D22 dummy memory gate structure
dummy first select gate structure
dummy second select gate structure
metal first select gate electrode
charge storage layer
metal memory gate electrode

metal second select gate electrode

W semiconductor substrate
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Claims

1. A memory cell disposed on a semiconductor substrate
on which a peripheral circuit including a metal logic
gate electrode containing a metallic material is provided,
the memory cell comprising:

a drain region disposed on a surface of the
semiconductor substrate and connected with a bit line;

a source region disposed on the surface of the
semiconductor substrate and connected with a source line;

a memory gate structure that is disposed between the
drain region and the source region and in which a lower
memory gate insulating film, a charge storage layer, an
upper memory gate insulating film, and a metal memory
gate electrode containing the metallic material are
stacked in this order on the semiconductor substrate;

a first select gate structure in which a metal first
select gate electrode containing the metallic material is
disposed on the semiconductor substrate between the drain
region and the memory gate structure through a first
select gate insulating film and that is disposed adjacent
to a first sidewall of the memory gate structure through
a first sidewall spacer; and

a second select gate structure in which a metal
second select gate electrode containing the metallic
material is disposed on the semiconductor substrate
between the source region and the memory gate structure
through a second select gate insulating film and that is
disposed adjacent to a second sidewall of the memory gate
structure through a second sidewall spacer, wherein

a first memory gate sidewall insulating film
disposed along the first sidewall spacer and integrated
with the upper memory gate insulating film is provided
between the metal memory gate electrode and the first

sidewall spacer, and
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a second memory gate sidewall insulating film
disposed along the second sidewall spacer and integrated
with the upper memory gate insulating film is provided
between the metal memory gate electrode and the second

sidewall spacer.

2. A memory cell disposed on a semiconductor substrate
on which a peripheral circuit including a metal logic
gate electrode containing a metallic material is provided,
the memory cell comprising:

a drain region disposed on a surface of the
semiconductor substrate and connected with a bit line;

a source region disposed on the surface of the
semiconductor substrate and connected with a source line;

a memory gate structure that is disposed between the
drain region and the source region and in which a lower
memory gate insulating film, a charge storage layer, an
upper memory gate insulating film, and a metal memory
gate electrode containing the metallic material are
stacked in this order on the semiconductor substrate;

a first select gate structure in which a metal first
select gate electrode containing the metallic material is
disposed on the semiconductor substrate between the drain
region and the memory gate structure through a first
select gate insulating film and that is disposed adjacent
to a first sidewall of the memory gate structure through
a first sidewall spacer; and

a second select gate structure in which a metal
second select gate electrode containing the metallic
material is disposed on the semiconductor substrate
between the source region and the memory gate structure
through a second select gate insulating film and that is
disposed adjacent to a second sidewall of the memory gate

structure through a second sidewall spacer, wherein
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the first sidewall spacer is composed of a first
sidewall insulating film disposed along the first
sidewall of the memory gate structure and a first select
gate sidewall insulating film disposed along a sidewall
of the first select gate structure and integrated with
the first select gate insulating film,

the second sidewall spacer is composed of a second
sidewall insulating film disposed along the second
sidewall of the memory gate structure and a second select
gate sidewall insulating film disposed along a sidewall
of the second select gate structure and integrated with
the second select gate insulating film,

the first select gate sidewall insulating film and
the second select gate sidewall insulating film are made
of an insulating material different from an insulating
material of the first sidewall insulating film and the
second sidewall insulating film,

the first sidewall insulating film and the second
sidewall insulating film are made of the insulating
material having a relative dielectric constant smaller
than a relative dielectric constant of the insulating
material of the first select gate sidewall insulating
film and the second select gate sidewall insulating film,
and

the first select gate sidewall insulating film and
the second select gate sidewall insulating film are each

made of a high-k material.

3. The memory cell according to claim 1, wherein the
metal memory gate electrode, the metal first select gate
electrode, and the metal second select gate electrode
have planarized top surfaces, and a planarized top
surface of the metal memory gate electrode, a planarized

top surface of the metal first select gate electrode, and
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a planarized top surface of the metal second select gate

electrode have identical heights.

4. A semiconductor integrated circuit device including
memory cells arranged in a matrix of rows and columns and
each connected with a bit line and a source line, wherein
each memory cell is the memory cell according to
claim 1, and
a peripheral circuit region in which the peripheral
circuit is provided is provided around a memory circuit

region in which each memory cell is disposed.

5. The semiconductor integrated circuit device according
to claim 4, wherein

the peripheral circuit has a configuration in which
the metal logic gate electrode containing the metallic
material is disposed on the surface of the semiconductor
substrate through a logic gate insulating film, and

the metal memory gate electrode, the metal first
select gate electrode, the metal second select gate
electrode, and the metal logic gate electrode are made of

the same metallic material.

6. A method for manufacturing a semiconductor integrated
circuit device including:

a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and

a peripheral circuit region in which a peripheral
circuit including a logic gate structure is disposed,

the method comprising:

a first dummy electrode layer forming process of
forming a layered lower memory gate insulating film and a

layered charge storage layer in this order on a
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semiconductor substrate in the memory circuit region, and
then forming a layered logic dummy electrode layer on the
charge storage layer in the memory circuit region and the
semiconductor substrate in the peripheral circuit region;

a dummy memory gate structure forming process of
patterning the logic dummy electrode layer, the charge
storage layer, and the lower memory gate insulating film
in the memory circuit region by using a patterned resist
so that a dummy memory gate structure in which the lower
memory gate insulating film, the charge storage layer,
and a dummy memory gate electrode provided by patterning
are stacked in this order is formed in the memory circuit
region whereas the logic dummy electrode layer remains
intact in the peripheral circuit region using the resist;

a sidewall insulating film forming process of
forming a layered sidewall insulating film across the
memory circuit region and the peripheral circuit region,
and then etching back the layered sidewall insulating
film to expose the semiconductor substrate, thereby
forming sidewall insulating films along facing sidewalls
of the dummy memory gate structure in the memory circuit
region;

a second dummy electrode layer forming process of
forming a layered memory dummy electrode layer across the
memory circuit region and the peripheral circuit region,
and then removing the memory dummy electrode layer in the
peripheral circuit region by using a patterned resist
whereas the memory dummy electrode layer remains in the
memory circuit region;

a dummy gate electrode forming process of patterning
the logic dummy electrode layer in the peripheral circuit
region by using another patterned resist to form a dummy
logic gate electrode on the semiconductor substrate, and
etching back the memory dummy electrode layer in the

memory circuit region so that a sidewall-shaped dummy
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first select gate electrode is formed along one of the
sidewall insulating films of the dummy memory gate
structure and a sidewall-shaped dummy second select gate
electrode is formed along the other sidewall insulating
film of the dummy memory gate structure;

an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and
the dummy logic gate electrode; and

a metal gate electrode forming process of removing
the dummy memory gate electrode, the dummy first select
gate electrode, the dummy second select gate electrode,
and the dummy logic gate electrode, forming a layered
insulating film in spaces in which the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode have been formed, and then forming a metal
memory gate electrode, a metal first select gate
electrode, a metal second select gate electrode, and a
metal logic gate electrode each containing a metallic
material, in electrode formation spaces enclosed by the

insulating film in the spaces.

7. A method for manufacturing a semiconductor integrated
circuit device including:

a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and

a peripheral circuit region in which a peripheral

circuit including a logic gate structure is disposed,
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the method comprising:

a sidewall insulating film forming process of
providing, in the memory circuit region, a dummy memory
gate structure in which a lower memory gate insulating
film, a charge storage layer, and a dummy memory gate
electrode provided by patterning are stacked in this
order on a semiconductor substrate, and then forming a
layered sidewall insulating film across the memory
circuit region and the peripheral circuit region, and
then etching back the layered sidewall insulating film to
expose the semiconductor substrate, thereby forming
sidewall insulating films along facing sidewalls of the
dummy memory gate structure;

a dummy electrode layer forming process of forming a
layered logic dummy electrode layer in the memory circuit
region and the peripheral circuit region;

a dummy gate electrode forming process of patterning
the logic dummy electrode layer in the peripheral circuit
region by using a patterned resist to form a dummy logic
gate electrode on the semiconductor substrate, and
etching back the logic dummy electrode layer in the
memory circuit region so that a sidewall-shaped dummy
first select gate electrode is formed along one of the
sidewall insulating films of the dummy memory gate
structure and a sidewall-shaped dummy second select gate
electrode is formed along the other sidewall insulating
film of the dummy memory gate structure;

an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and

the dummy logic gate electrode; and
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a metal gate electrode forming process of removing
the dummy memory gate electrode, the dummy first select
gate electrode, the dummy second select gate electrode,
and the dummy logic gate electrode, forming a layered
insulating film in spaces in which the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode have been formed, and then forming a metal
memory gate electrode, a metal first select gate
electrode, a metal second select gate electrode, and a
metal logic gate electrode each containing a metallic
material, in electrode formation spaces enclosed by the

insulating film in the spaces.

8. A method for manufacturing a semiconductor integrated
circuit device including:

a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and

a peripheral circuit region in which a peripheral
circuit including a logic gate structure is disposed,

the method comprising:

a first dummy electrode layer forming process of
forming a layered lower memory gate insulating film and a
layered charge storage layer in this order on a
semiconductor substrate in the memory circuit region, and
then stacking a layered first insulating film and a
layered logic dummy electrode layer in this order on the
charge storage layer in the memory circuit region and the
semiconductor substrate in the peripheral circuit region;

a dummy memory gate structure forming process of
patterning the logic dummy electrode layer, the first
insulating film, the charge storage layer, and the lower

memory gate insulating film in the memory circuit region
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by using a patterned resist so that a dummy memory gate
structure in which the lower memory gate insulating film,
the charge storage layer, an upper memory gate insulating
film, and a dummy memory gate electrode provided by
patterning are stacked in this order is formed in the
memory circuit region and the first insulating film and
the logic dummy electrode layer remain intact in the
peripheral circuit region using the resist;

a sidewall insulating film forming process of
forming a layered sidewall insulating film across the
memory circuit region and the peripheral circuit region,
and then etching back the layered sidewall insulating
film to expose the semiconductor substrate, thereby
forming sidewall insulating films along facing sidewalls
of the dummy memory gate structure in the memory circuit
region;

a second dummy electrode layer forming process of
forming a layered second insulating film across the
memory circuit region and the peripheral circuit region
to form sidewall spacers composed of the sidewall
insulating films and the second insulating film on the
respective facing sidewalls of the dummy memory gate
structure, stacking a layered memory dummy electrode
layer on the second insulating film, and removing the
memory dummy electrode layer and the second insulating
film in this order in the peripheral circuit region by
using a patterned resist so that the second insulating
film and the memory dummy electrode layer remain in the
memory circuit region;

a dummy gate electrode forming process of patterning
the logic dummy electrode layer and the first insulating
film in the peripheral circuit region by using another
patterned resist to form a dummy logic gate structure in
which a dummy logic gate electrode is stacked on the

semiconductor substrate through a logic gate insulating
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film, and etching back the memory dummy electrode layer
and the second insulating film in the memory circuit
region so that a sidewall-shaped dummy first select gate
electrode is formed along one of the sidewall spacers of
the dummy memory gate structure whereas the second
insulating film remains below the dummy first select gate
electrode to form a first select gate insulating film,
and a sidewall-shaped dummy second select gate electrode
is formed along the other sidewall spacer of the dummy
memory gate structure whereas the second insulating film
remains below the dummy second select gate electrode to
form a second select gate insulating film;

an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and
the dummy logic gate electrode; and

a metal gate electrode forming process of removing
the dummy memory gate electrode, the dummy first select
gate electrode, the dummy second select gate electrode,
and the dummy logic gate electrode, and then forming, in
electrode formation spaces in which the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode have been formed, a metal memory gate
electrode, a metal first select gate electrode, a metal
second select gate electrode, and a metal logic gate

electrode each containing a metallic material.

9. A method for manufacturing a semiconductor integrated

circuit device including:
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a memory circuit region in which a memory cell
including a memory gate structure between a first select
gate structure and a second select gate structure is
disposed; and

a peripheral circuit region in which a peripheral
circuit including a logic gate structure is disposed,

the method comprising:

a sidewall insulating film forming process of
providing, in the memory circuit region, a dummy memory
gate structure in which a lower memory gate insulating
film, a charge storage layer, an upper memory gate
insulating film, and a dummy memory gate electrode
provided by patterning are stacked in this order on a
semiconductor substrate, and then forming a layered
sidewall insulating film across the memory circuit region
and the peripheral circuit region, and then etching back
the layered sidewall insulating film to expose the
semiconductor substrate, thereby forming sidewall
insulating films along facing sidewalls of the dummy
memory gate structure;

a dummy electrode layer forming process of forming a
layered insulating film in the memory circuit region and
the peripheral circuit region to form sidewall spacers
composed of the sidewall insulating films and the
insulating film on the respective facing sidewalls of the
dummy memory gate structure, and then stacking a layered
logic dummy electrode layer on the insulating film;

a dummy gate electrode forming process of patterning
the logic dummy electrode layer and the insulating film
in the peripheral circuit region by using a patterned
resist to form a dummy logic gate structure in which a
dummy logic gate electrode is stacked on the
semiconductor substrate through a logic gate insulating
film, and etching back the logic dummy electrode layer

and the insulating film in the memory circuit region so
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that a sidewall-shaped dummy first select gate electrode
is formed along one of the sidewall spacers of the dummy
memory gate structure whereas the insulating film remains
below the dummy first select gate electrode to form a
first select gate insulating film and a sidewall-shaped
dummy second select gate electrode is formed along the
other sidewall spacer of the dummy memory gate structure
whereas the insulating film remains below the dummy
second select gate electrode to form a second select gate
insulating film;

an electrode exposing process of forming an
interlayer insulating layer in the memory circuit region
and the peripheral circuit region, and then processing
the interlayer insulating layer to expose, on the
interlayer insulating layer, top surfaces of the dummy
memory gate electrode, the dummy first select gate
electrode, the dummy second select gate electrode, and
the dummy logic gate electrode; and

a metal gate electrode forming process of removing
the dummy memory gate electrode, the dummy first select
gate electrode, the dummy second select gate electrode,
and the dummy logic gate electrode, and then forming, in
electrode formation spaces in which the dummy memory gate
electrode, the dummy first select gate electrode, the
dummy second select gate electrode, and the dummy logic
gate electrode have been formed, a metal memory gate
electrode, a metal first select gate electrode, a metal
second select gate electrode, and a metal logic gate

electrode each containing a metallic material.

10. The method for manufacturing a semiconductor
integrated circuit device according to claim 6, wherein
the dummy first select gate electrode and the dummy
second select gate electrode formed through the dummy

gate electrode forming process are formed to have desired
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widths by adjusting a thickness of the memory dummy
electrode layer formed through the second dummy electrode

layer forming process.

11. The method for manufacturing a semiconductor
integrated circuit device according to claim 7, further
comprising, after the dummy gate electrode forming
process, a dummy electrode adjusting process of covering
the peripheral circuit region with a resist and removing
predetermined amounts of the dummy first select gate
electrode and the dummy second select gate electrode in
the memory circuit region to adjust widths of the dummy
first select gate electrode and the dummy second select

gate electrode.



