Description

Title of Invention: Memory cell, nonvolatile
semiconductor storage device, and method for

manufacturing nonvolatile semiconductor storage device

Technical Field

[0001] The present invention relates to a memory cell, a
nonvolatile semiconductor storage device, and a method
for manufacturing a nonvolatile semiconductor storage

device.

Background Art

[0002] Japanese Patent Laid-open No. 2011-129816 (Patent
Literature 1) discloses a conventional memory cell
including a memory gate structure 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, and also includes a first select gate structure, a
memory gate structure, and a second select gate structure
sequentially disposed on a semiconductor substrate
between the drain and source regions. In the memory cell
having such a configuration, the memory gate structure
includes a charge storage layer surrounded by an
insulative material. Data i1s programmed by injecting
charge into the charge storage layer, and 1is erased by
removing the charge from the charge storage layer.

[0003] To inject charge into the charge storage layer of
such a memory cell, low bit voltage is applied from the
bit line to a channel layer below the memory gate
structure through the first select gate structure while
voltage is blocked by the second select gate structure
connected with the source line. Simultaneously, high

memory gate voltage is applied to a memory gate electrode



of the memory gate structure so that charge is injected
into the charge storage layer due to a gquantum tunneling
effect caused by a large voltage difference between the
bit voltage and the memory gate voltage.

[0004] In a nonvolatile semiconductor storage device
including a plurality of memory cells arranged in a
matrix of rows and columns and each having the above-
described configuration, a memory gate line for applying
voltage to each memory gate electrode is shared by a
plurality of memory cells. With the configuration, when
high charge storage gate voltage is applied to the memory
gate line to inject charge into the charge storage layer
of a particular memory cell, the high charge storage gate
voltage is also applied to the memory gate electrode of
any other memory cell sharing the memory gate line.

[0005] For this reason, in a memory cell into the charge
storage layer of which charge is not to be injected, for
example, high bit voltage is applied to the channel layer
below the memory gate structure to reduce a voltage
difference between the memory gate electrode and the
channel layer, thereby preventing charge injection into
the charge storage layer when high charge storage gate

voltage 1is applied to the memory gate line.

Citation List

Patent Literature

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

Summary of Invention

Technical Problem

[0007] However, it is desired that, in a memory cell into
the charge storage layer of which no charge is to be
injected, some measures are taken not only to prevent

charge injection into the charge storage layer but also



to prevent a phenomenon (hereinafter referred to as
disturbance) that the charge storage state of the charge
storage layer varies due to unintended charge injection
into the charge storage layer when high charge storage
gate voltage is applied to the memory gate line.

[0008] Since such a nonvolatile semiconductor storage
device includes the memory cells arranged in the matrix,
it is important to achieve, simultaneously with the
measures against a disturbance defect, downsizing of each
memory cell so that a larger number of memory cells can
be arranged in a limited area.

[0009] The present invention is thus intended to solve
the above-described problem and provide a memory cell, a
nonvolatile semiconductor storage device, and a method
for manufacturing a nonvolatile semiconductor storage
device that achieve downsizing and suppression of the

occurrence of disturbance.

Solution to Problem

[0010] To solve the above-described problem, a memory
cell according to the present invention includes: a
semiconductor substrate covered by an insulating layer; a
fin disposed on the semiconductor substrate and
protruding from the insulating layer; a memory gate
structure including a lower memory gate insulating film,
a charge storage layer, an upper memory gate insulating
film, and a memory gate electrode stacked, and being
disposed on the insulating layer so as to extend over the
fin; a first select gate structure that includes a first
select gate electrode stacked on a first select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure; a second select gate structure that includes a

second select gate electrode stacked on a second select



gate insulating film, and being disposed on the
insulating layer so as to extend over the fin along a
second sidewall spacer disposed on the other sidewall of
the memory gate structure; a drain region provided
adjacent to the first select gate structure on a surface
of the fin, insulated from the first select gate
electrode, and electrically connected with a bit line;
and a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line. The first
select gate structure, the memory gate structure, and the
second select gate structure are provided between the
drain region and the source region. A relation of Hfin >
Wfin holds where Hfin represents an in-electrode
protruding height of the fin as a distance between an
upper surface of the fin and a bottom surface of the
memory gate electrode on the insulating layer, and Wfin
represents a width of the fin in a direction in which the
first select gate structure and the second select gate
structure extend over the fin. Charge is injected into
the charge storage layer due to a quantum tunneling
effect caused by voltage difference between the memory
gate electrode and the fin when programming to the memory
cell is selected, while charge is prevented from being
injected into the charge storage layer by a depleted
layer formed in the fin when programming to the memory
cell is not selected.

[0011] A nonvolatile semiconductor storage device
according to the present invention includes a plurality
of memory cells arranged in a matrix of rows and columns
and each including a memory gate electrode connected with
a memory gate line. Each memory cell is the above-
described memory cell. The memory gate line is shared by

the memory cells arranged in the matrix.



Advantageous Effects of Invention

[0012] In a memory cell, a nonvolatile semiconductor
storage device, and a method for manufacturing a
nonvolatile semiconductor storage device according to the
present invention, to prevent charge injection into a
charge storage layer, a first select gate structure
blocks electrical connection between a bit line and
inside of a fin surrounded by a memory gate structure,
and a second select gate structure blocks electrical
connection between a source line and inside of the fin
surrounded by the memory gate structure, so that a
depleted layer is formed on the surface of the fin to
reduce the potential difference between the memory gate
electrode and the fin.

[0013] Accordingly, in the present invention, when the
memory cell is downsized by reducing the distance between
a drain region and a source region on the surface of the
fin with high impurity concentration inside the fin, the
shape of the fin i1s set so that the depleted layer is
formed entirely inside the fin to reduce the potential
difference between the memory gate electrode and the fin
and reduce electric field applied to the depleted layer,
thereby suppressing the occurrence of disturbance.

[0014] In the memory cell according to the present
invention, the height of the fin serves as part of the
gate widths of the first select gate structure, the
memory gate structure, and the second select gate
structure. The configuration leads to height increase by
the height of the fin but also leads to reduction of the
formation area of each gate width in a direction in which
the gate width of the first select gate structure, the
memory gate structure, and the second select gate
structure extends, thereby achieving downsizing

accordingly.



[0015] In the memory cell according to the present
invention, charge injection into the charge storage layer
can be prevented by applying, to the bit and source lines,
voltage for blocking electrical connection between the
bit line (source line) and the inside of the fin
surrounded by the memory gate structure. Thus, the
voltage applied to the bit and source lines can be
reduced without restriction to charge storage gate
voltage applied to the memory gate electrode in the
memory cell according to the present invention.
Accordingly, a first select gate insulating film of the
first select gate structure and a second select gate
insulating film of the second select gate structure can

have reduced thicknesses to achieve fast operation.

Brief Description of Drawings

[0016] FIG. 1 is a perspective view illustrating
configuration (1) of a memory cell.

FIG. 2 1is a schematic view illustrating a planar layout
of a nonvolatile semiconductor storage device.

FIG. 3A is a schematic view illustrating a sectional
configuration taken along line A-A' in FIG. 2; FIG. 3B 1is
a schematic view illustrating a sectional configuration
taken along line B-B' in FIG. 2.

FIG. 4A is a schematic view illustrating a sectional
configuration of the memory cell taken along line C-C' in
FIG. 2; FIG. 4B is a schematic view illustrating a
sectional configuration of the memory cell taken along
line D-D' in FIG. 2.

FIG. 5 is a schematic view illustrating a circuit
configuration of a nonvolatile semiconductor storage
device including a plurality of memory cells arranged in

a matrix of rows and columns.



FIG. 6 is a table listing an exemplary voltage value at
each site at data programming operation, data reading
operation, and data erasing operation.

FIG. 7 is a schematic diagram for description of
potential in a nonselected program memory cell.

FIG. 8 is a schematic view illustrating manufacturing
process (1) for the nonvolatile semiconductor storage
device.

FIG. 9A is a schematic view illustrating manufacturing
process (2) for the nonvolatile semiconductor storage
device; FIG. 9B is a schematic view illustrating a
sectional configuration taken along line E-E' in FIG. 9A;
FIG. 9C is a schematic view illustrating manufacturing
process (3) for the nonvolatile semiconductor storage
device; FIG. 9D is a schematic view illustrating a
sectional configuration taken along line E-E' in FIG. 9C.
FIG. 10A is a schematic view illustrating manufacturing
process (1) for the nonvolatile semiconductor storage
device at the position illustrated in FIG. 9D; FIG. 10B
is a schematic view i1llustrating manufacturing process
(2) for the nonvolatile semiconductor storage device at
the position illustrated in FIG. 9D; FIG. 10C is a
schematic view illustrating manufacturing process (3) for
the nonvolatile semiconductor storage device at the
position illustrated in FIG. 9D.

FIG. 11A is a schematic view illustrating manufacturing
process (4) for the nonvolatile semiconductor storage
device; FIG. 11B is a schematic view illustrating a
sectional configuration taken along line E-E' in FIG. 11A.
FIG. 12A is a schematic view illustrating a sectional
configuration of a memory cell according to another
embodiment taken along line A-A' in FIG. 2; FIG. 12B is a
schematic view illustrating a sectional configuration of
the memory cell according to the other embodiment taken

along line B-B' in FIG. 2.



FIG. 13 is a perspective view illustrating configuration
(2) of the memory cell.

FIG. 14A is a schematic view illustrating a sectional
configuration taken along line A-A' in FIG. 13; FIG. 14B
is a schematic view illustrating a sectional
configuration taken along line B-B' in FIG. 13.

FIG. 15A is a schematic view illustrating a sectional
configuration of the memory cell taken along line C-C' in
FIG. 13; FIG. 15B is a schematic view illustrating a
sectional configuration of the memory cell taken along
line D-D' in FIG. 13.

FIG. 16 is a perspective view illustrating configuration
(3) of the memory cell.

FIG. 17A is a schematic view illustrating a sectional
configuration taken along line A-A' in FIG. 16; FIG. 17B
is a schematic view illustrating a sectional
configuration taken along line B-B' in FIG. 16.

FIG. 18A is a schematic view illustrating a sectional
configuration of the memory cell taken along line C-C' in
FIG. 16; FIG. 18B is a schematic view illustrating a
sectional configuration of the memory cell taken along
line D-D' in FIG. 1l6.

FIG. 19 is a perspective view illustrating configuration
(4) of the memory cell.

FIG. 20A is a schematic view illustrating a sectional
configuration taken along line A-A' in FIG. 19; FIG. 20B
is a schematic view illustrating a sectional
configuration taken along line B-B' in FIG. 19.

FIG. 21A is a schematic view illustrating a sectional
configuration of the memory cell taken along line C-C' in
FIG. 19; FIG. 21B is a schematic view illustrating a
sectional configuration of the memory cell taken along
line D-D' in FIG. 19.

Description of Embodiments



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

< 1. Outline of memory cell having fin structure >

< 2. Detailed configuration of memory cell >

< 3. Circuit configuration of nonvolatile semiconductor
storage device >

< 4. Voltage at various operations in nonvolatile
semiconductor storage device >

4-1. Data programming operation

4-2. No-data programming operation

4-3. Data reading operation

4-4. Data erasing operation

< 5. Potential in nonselected program memory cell in
which high charge storage gate voltage is applied to
memory gate electrode >

< 6. Method for manufacturing a nonvolatile semiconductor
storage device >

< 7. Operations and effects >

< 8. Other embodiments >

8-1. Configuration of memory cell including memory gate
electrode, first select gate electrode, and second select
gate electrode made of conductive material other than
metallic material

8-2. Configuration of memory cell including cap
insulating film on upper surface of fin

8-3. Others

< 9. Memory cell including insulating layer having small
thickness in regions in which first select gate structure
and second select gate structure are provided >

9-1. Configuration of memory cell

9-2. Operations and effects

< 10. Memory cell including fin on insulating layer >
10-1. Configuration of memory cell

10-2. Operations and effects

10-3. Fin according to other embodiments



[0018] (1) Outline of memory cell having fin structure
FIG. 1 1s a perspective view schematically
illustrating a fin structure of a memory cell MC provided
to a nonvolatile semiconductor storage device 1. The
following first gives simple description that the memory
cell MC has the configuration of a fin-type field effect
transistor (FET) with reference to the perspective view
in FIG. 1. In this case, the memory cell MC includes a
semiconductor substrate S1 made of a semiconductor
material such as silicon, and a fin S2 made of a
semiconductor material same as that of the semiconductor
substrate S1, integrated with the semiconductor substrate
S1, and protruding from the semiconductor substrate S1.
[0019] In the memory cell MC, a surface of the
semiconductor substrate S1 in a plate shape is covered by
an insulating layer IS made of an insulative material,
and the fin S2 is disposed in a vertical direction z on
the semiconductor substrate S1 and partially protrudes
from a surface of the insulating layer IS. The fin S2
has, for example, a rectangular parallelepiped shape with
a longitudinal direction thereof extending in a y
direction along the surface of the semiconductor
substrate S1. In the present embodiment, for example, P-
type impurities are implanted in the semiconductor
substrate S1 and the fin S2.
[0020] Additionally, in the present embodiment, the
memory cell MC includes a memory gate structure 2, a
first select gate structure 3, and a second select gate
structure 4 over the fin S2 on the insulating layer IS.
The memory gate structure 2 includes an N-type memory
transistor MT on the fin S2. The first select gate
structure 3 includes a first select transistor Tl as an
N-type MOS on the fin S2. The second select gate
structure 4 includes a second select transistor T2 as an

N-type MOS on the fin S2.



[0021] Detailed configurations of the memory gate
structure 2, the first select gate structure 3, and the
second select gate structure 4 are described later with
reference to FIGS. 3 and 4 and thus not described here.
Instead, the following description will be made mainly on
the configuration in which the memory gate structure 2,
the first select gate structure 3, and the second select
gate structure 4 extend over the fin S2.

[0022] In the configuration, the memory gate structure 2,
the first select gate structure 3, and the second select
gate structure 4 extend on the insulating layer IS such
that longitudinal directions thereof intersect with the vy
direction in which the fin S2 extends, and cover, in C
shapes, surfaces of the fin S2. In this manner, the
memory gate structure 2, the first select gate structure
3, and the second select gate structure 4 cover surfaces
(facing side surfaces and an upper surface) of the fin S2
exposed on the surface of the insulating layer IS.

[0023] In the present embodiment, the memory gate
structure 2, the first select gate structure 3, and the
second select gate structure 4 extend side by side. An x
direction in which the memory gate structure 2, the first
select gate structure 3, and the second select gate
structure 4 extend over the fin S2 is orthogonal to the vy
direction in which the fin S2 extends and a z direction
as a vertical direction. The memory gate structure 2 is
insulated from the first select gate structure 3 by a
first sidewall spacer 6 disposed along a first sidewall,
and is insulated from the second select gate structure 4
by a second sidewall spacer 7 disposed along a second
sidewall.

[0024] A drain region 1l2a is provided adjacent to the
first select gate structure 3 on a surface of the fin S2,
insulated from a first select gate electrode DG of the

first select gate structure 3, and connected with a bit



line (not illustrated). A source region 12b is provided
adjacent to the second select gate structure 4 on the
surface of the fin S2, insulated from a second select
gate electrode SG of the second select gate structure 4,
and connected with a source line (not illustrated).
[0025] (2) Detailed configuration of memory cell

The following describes a detailed configuration of
the memory cell MC with reference to FIGS. 2, 3A, 3B, 4A,
and 4B. FIG. 2 illustrates a planar layout of the
nonvolatile semiconductor storage device 1 including, for
example, the four memory cells MC arranged in the x
direction. FIG. 3A illustrates a sectional configuration
taken along line A-A' in FIGS. 1 and 2. FIG. 3B
illustrates a sectional configuration taken along line B-
B' in FIGS. 1 and 2. FIG. 4A illustrates a sectional
configuration taken along line C-C' in FIGS. 1 and 2.
FIG. 4B illustrates a sectional configuration taken along
line D-D' in FIGS. 1 and 2.
[0026] FIG. 2 mainly illustrates the fin S2, the memory
gate structure 2, the first select gate structure 3, and
the second select gate structure 4, and omits, for
example, the sidewall spacer 6 between the memory gate
structure 2 and the first select gate structure 3, and
the sidewall spacer 7 between the memory gate structure 2
and the second select gate structure 4, which are
illustrated in FIG. 1.
[0027] In this case, as illustrated in FIG. 2, the
nonvolatile semiconductor storage device 1 includes a
plurality of the fins S2 extending side by side in the vy
direction and including the respective memory cells MC.
The memory gate structure 2, the first select gate
structure 3, and the second select gate structure 4
extending side by side in the nonvolatile semiconductor
storage device 1 intersect with the y direction in which

each fin S2 extends. Each memory cell MC including the



memory transistor MT, the first select transistor T1, and
the second select transistor T2 1s formed in a region in
which the memory gate structure 2, the first select gate
structure 3, and the second select gate structure 4
extend over the fin S2.

[0028] The nonvolatile semiconductor storage device 1
includes a memory gate contact MGC connected with a
memory gate line (not illustrated) and provided at a
predetermined position on an upper surface of a memory
gate electrode MG of the memory gate structure 2. With
the configuration, memory gate voltage applied to the
memory gate line i1s applied to the memory gate electrode
MG shared by the memory cells MC through the memory gate
contact MGC.

[0029] The nonvolatile semiconductor storage device 1
also includes a first select gate contact DGC connected
with a first select gate line (not illustrated) and
provided at a predetermined position on an upper surface
of the first select gate electrode DG of the first select
gate structure 3. With the configuration, voltage
applied to the first select gate line is applied to the
first select gate electrode DG shared by the memory cells
MC through the first select gate contact DGC.

[0030] The nonvolatile semiconductor storage device 1
also includes a second select gate contact SGC connected
with a second select gate line (not illustrated) and
provided at a predetermined position on an upper surface
of the second select gate electrode SG of the second
select gate structure 4. With the configuration, voltage
applied to the second select gate line is applied to the
second select gate electrode SG shared by the memory
cells MC through the second select gate contact SGC.
[0031] The drain region 12a, which is provided on the
surface of the fin S2 adjacent to the first select gate

structure 3, includes a bit contact BC connected with the



bit line (not illustrated). With the configuration, bit
voltage applied to the bit line is applied to the drain
region 12a of the memory cell MC through the bit contact
BC.

[0032] The source region 12b, which is provided on the
surface of the fin S2 adjacent to the second select gate
structure 4, includes a source contact SC connected with
the source line (not illustrated). With the
configuration, source voltage applied to the source line
is applied to the source region 12b of the memory cell MC
through the source contact SC.

[0033] As illustrated in FIG. 3A of the sectional
configuration taken along line A-A' in FIGS. 1 and 2, the
memory cell MC includes a sidewall part 22a made of an
insulative material such as oxide silicon (SiO or SiO;)
along a sidewall of the first select gate structure 3.
The drain region 12a is formed on the surface of the fin
S2 adjacent to the sidewall part 22a. The drain region
12a is insulated from the first select gate electrode DG
of the first select gate structure 3 by the sidewall part
22a between the first select gate structure 3 and the
drain region 12a.

[0034] The memory cell MC also includes a sidewall part
22b made of an insulative material such as oxide silicon
(Si0 or Si0,;) along a sidewall of the second select gate
structure 4. The source region 12b is formed on the
surface of the fin S2 adjacent to the sidewall part 22b.
The source region 12b is insulated from the second select
gate electrode SG of the second select gate structure 4
by the sidewall part 22b between the second select gate
structure 4 and the source region 12b.

[0035] In the present embodiment, the drain region 12a
and the source region 12b, which are provided on the
surface of the fin S2 with a predetermined interval

therebetween, are made of a semiconductor material such



as SiGe, selectively formed on the surface of the fin S2
by epitaxy, and have predetermined thicknesses.

[0036] 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
hafnium oxide (HfO,) on the fin S2 between the drain
region 1l2a and the source region 12b through a lower
memory gate insulating film 13 made of an insulative
material such as oxide silicon (SiO or Si0O;). The memory
gate structure 2 further includes the memory gate
electrode MG on the charge storage layer EC through an
upper memory gate insulating film 14 made of an
insulative material (for example, a high-k material such
as hafnium oxide (HfO;), or nitrided hafnium silicate
(HESiON)) different from that of the lower memory gate
insulating film 13. In the memory gate structure 2 thus
configured, the charge storage layer EC is insulated from
the fin S2 and the memory gate electrode MG by the lower
memory gate insulating film 13 and the upper memory gate
insulating film 14.

[0037] The memory gate electrode MG is made of a metallic
material such as aluminum (Al), titanium aluminide (TiAl),
tantalum carbide (TaC), or tantalum silicon nitride
(TaSiN), and has an upper surface flattened through
flattening processing such as CMP performed in a
manufacturing process. The memory gate electrode MG is
connected with a memory gate line ML to receive
predetermined voltage application from the memory gate
line ML.

[0038] The memory gate structure 2, which includes the
wall-shaped sidewall spacer 6 made of an insulative
material and disposed along the first sidewall, is
adjacent to the first select gate structure 3 through the
sidewall spacer 6. In the present embodiment, the memory

gate structure 2 includes a wall-shaped memory gate



sidewall insulating film 15a integrated with one end of
the upper memory gate insulating film 14 along a first
sidewall of the memory gate electrode MG. The sidewall
spacer 6 1is disposed along sidewalls of the memory gate
sidewall insulating film 15a, the upper memory gate
insulating film 14, the charge storage layer EC, and the
lower memory gate insulating film 13. The memory gate
sidewall insulating film 15a in the memory gate structure
2 1s made of an insulative material (for example, a high-
k material) same as that of the upper memory gate
insulating film 14 and formed through a manufacturing
process same as that for the upper memory gate insulating
film 14.

[0039] The sidewall spacer 6 between the memory gate
structure 2 and the first select gate structure 3 has a
predetermined thickness large enough to insulate the
memory gate electrode MG from the first select gate
electrode DG together with the memory gate sidewall
insulating film 15a inside the memory gate structure 2
and a first select gate sidewall insulating film 19a
inside the first select gate structure 3 to be described
later.

[0040] In this case, the sidewall spacer 6 is made of an
insulative material such as oxide silicon (SiO or Si03),
which is different from insulative materials (for example,
high-k materials) of the memory gate sidewall insulating
film 15a inside the memory gate structure 2 and the first
select gate sidewall insulating film 19a inside the first
select gate structure 3. The sidewall spacer 6 has an
upper surface flattened through the flattening processing
such as CMP performed in the manufacturing process.

[0041] When the distance between the memory gate
electrode MG and the first select gate electrode DG is
shorter than 5 nm, predetermined voltage application to

the memory gate electrode MG and the first select gate



electrode DG potentially generates breakdown voltage to
the memory gate sidewall insulating film 15a, the
sidewall spacer 6, and the first select gate sidewall
insulating film 19a.

[0042] When the distance between the memory gate
electrode MG and the first select gate electrode DG
exceeds 40 nm, the fin S2 (for example, a region (surface
region) up to a depth of 50 nm from the surface) has an
increased resistance between the memory gate electrode MG
and the first select gate electrode DG enough to encumber
flow of readout current between the memory gate structure
2 and the first select gate structure 3 at data reading.
[0043] Thus, in the present embodiment, the distance
between the memory gate electrode MG and the first select
gate electrode DG is desirably 5 nm to 40 nm inclusive,
and accordingly, the memory gate sidewall insulating film
15a, the sidewall spacer 6, and the first select gate
sidewall insulating film 19a desirably have a total
thickness of 5 nm to 40 nm inclusive.

[0044] In addition, the sidewall spacer 6 1s desirably
made of an insulative material having a specific
dielectric constant smaller than those of the memory gate
sidewall insulating film 15a and the first select gate
sidewall insulating film 19a. In this case, capacitance
is reduced between the first select gate structure 3 and
the memory gate structure 2, thereby achieving an
increased access speed.

[0045] The first select gate structure 3 includes a lower
first select gate insulating film 17a made of an
insulative material such as oxide silicon (SiO or SiO;)

on the fin S2 between the sidewall spacer 6 and the
sidewall part 22a. The first select gate structure 3
further includes, on the lower first select gate
insulating film 17a, an upper first select gate

insulating film 18a made of an insulating material (for



example, a high-k material) different from that of the
first select gate insulating film 17a.

[0046] In the first select gate structure 3, the first
select gate sidewall insulating film 19a wall-shaped
along the sidewall spacer 6 and a sidewall-part sidewall
insulating film 20a wall-shaped along the sidewall of the
sidewall part 22a are integrated with the upper first
select gate insulating film 18a. Similarly to the upper
first select gate insulating film 18a, the first select
gate sidewall insulating film 19a and the sidewall-part
sidewall insulating film 20a are each made of an
insulative material (for example, a high-k material)
different from those of the lower first select gate
insulating film 17a and the sidewall spacer 6.
Accordingly, the first select gate sidewall insulating
film 19a and the sidewall-part sidewall insulating film
20a are formed together with the upper first select gate
insulating film 18a through the same manufacturing
process. The lower first select gate insulating film 17a
and the upper first select gate insulating film 18a have
a total thickness of less than or equal to 9 nm,
preferably less than or equal to 3 nm.
[0047]Additionally, in the first select gate structure 3,
the first select gate electrode DG is disposed on the
upper first select gate insulating film 18a and has
sidewalls along which the first select gate sidewall
insulating film 19a and the sidewall-part sidewall
insulating film 20a are disposed.

[0048] The first select gate electrode DG is made of a
metallic material (for example, aluminum (Al), titanium
aluminide (TiAl), tantalum carbide (TaC), or tantalum
silicon nitride (TaSiN)) same as that of the memory gate
electrode MG, and has an upper surface flattened through
the flattening processing such as CMP performed in the

manufacturing process. The first select gate electrode



DG is connected with the first select gate line DL to
receive predetermined voltage application from the first
select gate line DL.

[0049] The memory gate structure 2, which includes the
wall-shaped sidewall spacer 7 made of an insulative
material and disposed along the second sidewall, 1is
adjacent to the second select gate structure 4 through
the sidewall spacer 7. In the present embodiment, the
memory gate structure 2 also includes a wall-shaped
memory gate sidewall insulating film 15b integrated with
the other end of the upper memory gate insulating film 14
along a second sidewall of the memory gate electrode MG.
The second sidewall spacer 7 1s disposed along sidewalls
of the memory gate sidewall insulating film 15b, the
upper memory gate insulating film 14, the charge storage
layer EC, and the lower memory gate insulating film 13.
The memory gate sidewall insulating film 15b in the
memory gate structure 2 is made of an insulative material
(for example, a high-k material) same as those of the
upper memory gate insulating film 14 and the memory gate
sidewall insulating film 15a, and formed through a
manufacturing process same as that for the upper memory
gate insulating film 14 and the memory gate sidewall
insulating film 15a.

[0050] The sidewall spacer 7 between the memory gate
structure 2 and the second select gate structure 4 has a
thickness same as that of the first sidewall spacer 6,
which is large enough to insulate the memory gate
electrode MG from the second select gate electrode SG
together with the memory gate sidewall insulating film
15b inside the memory gate structure 2 and a second
select gate sidewall insulating film 19b inside the
second select gate structure 4 to be described later.
[0051] In this case, the sidewall spacer 7 is made of an

insulative material such as oxide silicon (SiO or SiOj)



same as that of the first sidewall spacer 6, and has an
upper surface flattened through the flattening processing
such as CMP performed in the manufacturing process.
[0052] Similarly to the distance between the memory gate
electrode MG and the first select gate electrode DG
described above, the distance between the memory gate
electrode MG and the second select gate electrode SG is
desirably 5 nm to 40 nm inclusive to avoid generation of
breakdown voltage to the memory gate sidewall insulating
film 15b, the sidewall spacer 7, and the second select
gate sidewall insulating film 19b, and decrease of
readout current between the memory gate structure 2 and
the second select gate structure 4, which would otherwise
occur.

[0053]Thus, the memory gate sidewall insulating film 15Db,
the sidewall spacer 7, and the second select gate
sidewall insulating film 19b desirably have a total
thickness of 5 nm to 40 nm inclusive. The second
sidewall spacer 7 is desirably made of an insulative
material having a specific dielectric constant smaller
than those of the memory gate sidewall insulating film
15b and the second select gate sidewall insulating film
19b. In this case, capacitance is reduced between the
second select gate structure 4 and the memory gate
structure 2, thereby achieving an increased access speed.
[0054] The second select gate structure 4 includes a
lower second select gate insulating film 17b made of an
insulative material such as oxide silicon (SiO or SiO;)
on the fin S2 between the sidewall spacer 7 and the
sidewall part 22b. The second select gate structure 4
further includes, on the lower second select gate
insulating film 17b, an upper second select gate
insulating film 18b made of an insulating material (for
example, a high-k material) different from that of the

second select gate insulating film 17b.



[0055] In the second select gate structure 4, the second
select gate sidewall insulating film 19b wall-shaped
along the sidewall spacer 7 and a sidewall-part sidewall
insulating film 20b wall-shaped along a sidewall of the
sidewall part 22b are integrated with the upper second
select gate insulating film 18b. Similarly to the upper
second select gate insulating film 18b, the second select
gate sidewall insulating film 19b and the sidewall-part
sidewall insulating film 20b are each made of an
insulative material (for example, a high-k materials)
different from those of the lower second select gate
insulating film 17b and the sidewall spacer 7.
Accordingly, the second select gate sidewall insulating
film 19b and the sidewall-part sidewall insulating film
20b are formed together with the upper second select gate
insulating film 18b through the same manufacturing
process. The lower second select gate insulating film
17b and the upper second select gate insulating film 18b
have a total thickness of less than or equal to 9 nm,
preferably less than or equal to 3 nm.

[0056] Additionally, in the second select gate structure
4, the second select gate electrode SG is disposed on the
upper second select gate insulating film 18b and has
sidewalls along which the second select gate sidewall
insulating film 19b and the sidewall-part sidewall
insulating film 20b are disposed.

[0057] The second select gate electrode SG is made of a
metallic material (for example, aluminum (Al), titanium
aluminide (TiAl), tantalum carbide (TaC), or tantalum
silicon nitride (TaSiN)) same as that of the memory gate
electrode MG, and has an upper surface flattened through
the flattening processing such as CMP performed in the
manufacturing process. The second select gate electrode

SG is connected with the second select gate line SGL to



receive predetermined voltage application from the second
select gate line SGL.

[0058] Since the memory gate structure 2, the first
select gate structure 3, the second select gate structure
4, and the sidewall spacers 6 and 7 of the memory cell MC
have the flattened upper surfaces at identical heights,
the configuration with no protruding region facilitates
fabrication of an upper layer.

[0059] Since the memory gate electrode MG, the first
select gate electrode DG, and the second select gate
electrode SG of the memory cell MC are each made of a
predetermined metallic material, the configuration
prevents depletion inside the memory gate electrode MG,
the first select gate electrode DG, and the second select
gate electrode SG.

[0060] In the nonvolatile semiconductor storage device 1,
for example, the vicinities and the upper surfaces of the
memory cell MC, the insulating layer IS on the
semiconductor substrate S1, the fin S2 protruding from
the insulating layer IS are covered by an interlayer
insulating layer 25 made of an insulative material such
as oxide silicon (Si0O or Si0O;) and an interlayer
insulating layer (not illustrated) thereabove.

[0061] The following describes FIG. 3B illustrating the
sectional configuration taken along line B-B' in FIGS. 1
and 2. As illustrated in FIG. 3B, the memory gate
structure 2, the first select gate structure 3, the
second select gate structure 4, the sidewall spacers 6
and 7, and the sidewall parts 22a and 22b illustrated in
FIG. 3A are disposed where the fin S2 is not disposed on
the insulating layer IS covering the semiconductor
substrate S1. The upper surfaces of the first select
gate structure 3, the memory gate structure 2, and the
second select gate structure 4 on the insulating layer IS

are flattened at heights same as those of the first



select gate structure 3, the memory gate structure 2, and
the second select gate structure 4 on the fin S2
illustrated in FIG. 3A.

[0062] Since the surface of the insulating layer IS is
positioned lower than the surface of the fin S2 where the
fin S2 is not disposed, the first select gate structure 3,
the memory gate structure 2, the second select gate
structure 4, the sidewall spacers 6 and 7, and the
sidewall parts 22a and 22b are vertically larger there
than where the fin S2 is disposed accordingly. With the
configuration, the first select gate structure 3, the
memory gate structure 2, the second select gate structure
4, the sidewall spacers 6 and 7, and the sidewall parts
22a and 22b have heights same as those where the fin S2
is disposed.

[0063] In the memory cell MC, a distance Hl1l between the
surface of the semiconductor substrate S1 and a lower
surface of the memory gate electrode MG is larger than a
distance H2 between the surface of the semiconductor
substrate S1 and lower surfaces of the first select gate
electrode DG and the second select gate electrode SG by,
for example, the thickness of the charge storage layer EC
or more. The lower surfaces of the first select gate
electrode DG and the second select gate electrode SG are
positioned lower than the lower surface of the memory
gate electrode MG.

[0064] In the memory cell MC thus configured, the first
select transistor T1 and the second select transistor T2
in regions on the side surfaces of the fin S2 can be
reliably controlled to be turned on and off by the first
select gate electrode DG and the second select gate
electrode SG having the lower surfaces positioned lower
than the lower surface of the memory gate electrode MG.
Accordingly, any false operation in the memory cell MC

can be prevented at data programming and data reading.



[0065] The following describes, as a comparison to the
memory cell MC, a memory cell (hereinafter referred to as
a comparative example) in which, unlike the memory cell
MC, the distance H1l between the surface of the
semiconductor substrate S1 and the lower surface of the
memory gate electrode MG is smaller than the distance H2
between the surface of the semiconductor substrate S1 and
the lower surfaces of the first select gate electrode DG
and the second select gate electrode SG where the fin S2
is not formed, so that the lower surfaces of the first
select gate electrode DG and the second select gate
electrode SG are positioned higher than the lower surface
of the memory gate electrode MG.

[0066] In the comparative example, since the lower
surfaces of the first select gate electrode DG and the
second select gate electrode SG are positioned higher
than the lower surface of the memory gate electrode MG,
the first select transistor Tl and the second select
transistor T2 in the regions on the side surfaces of the
fin S2 cannot be reliably controlled to be turned on and
off by the first select gate electrode DG and the second
select gate electrode SG. In particular, in the
comparative example, when gate off voltage i1s applied to
the first select gate electrode DG and the second select
gate electrode SG, a non-conductive state cannot be
achieved in regions on the side surfaces of the fin S2,
which are not covered by the first select gate electrode
DG and the second select gate electrode SG. Accordingly,
when information programmed to the memory transistor MT
is a low threshold voltage Vth, leakage current flows
between the drain region 1l2a and the source region 12b
along the regions on the side surfaces of the fin S2 and
potentially causes a false operation.

[0067] As illustrated in FIG. 4A of the sectional
configuration taken along line C-C' in FIGS. 1 and 2, the



memory gate structure 2 is disposed over the fin S2 on
the insulating layer IS such that the lower memory gate
insulating film 13, the charge storage layer EC, the
upper memory gate insulating film 14, and the memory gate
electrode MG surrounds the surface of the fin S2. With
the configuration, a channel layer of the memory
transistor MT is formed along the surface of the fin S2
surrounded by the memory gate structure 2.

[0068] Accordingly, the memory transistor MT of the
memory gate structure 2 has a gate width along the
surface of the fin S2 surrounded by the memory gate
structure 2 such that the heights of the side surfaces of
the fin S2 serve as part of the gate width. The
configuration leads to reduction of the formation area of
the memory transistor MT.

[0069] As illustrated in FIG. 4B of the sectional
configuration taken along line D-D' in FIGS. 1 and 2, the
first select gate structure 3 is disposed over the fin S2
on the insulating layer IS such that the lower first
select gate insulating film 17a, the upper first select
gate insulating film 18a, and the first select gate
electrode DG surround the surface of the fin S2. With
the configuration, a channel layer of the first select
transistor Tl is formed along the surface of the fin S2
surrounded by the first select gate structure 3.

[0070] Accordingly, the first select transistor Tl of the
first select gate structure 3 has a gate width along the
surface of the fin S2 surrounded by the first select gate
structure 3 such that the heights of the side surfaces of
the fin S2 serve as part of the gate width. The
configuration leads to reduction of the formation area of
the first select transistor Tl. Since the second select
gate structure 4 is disposed over the fin S2 in a

configuration same as that of the first select gate



structure 3 illustrated in FIG. 4B, description thereof
will be omitted in the following.
[0071] In the present embodiment, the memory cell MC 1is
formed so that the relation of Hfin > Wfin holds where
Hfin represents the distance (in-electrode protruding
height of the fin S2) between an upper surface of the fin
S2 and a bottom surface of the memory gate electrode MG
on the insulating layer IS, and Wfin represents the width
of the fin S2 in the x direction in which the first
select gate structure 3, the memory gate structure 2, and
the second select gate structure 4 extend over the fin S2,
as illustrated in FIG. 4A and 4B.
[0072] The memory cell MC is formed so that the relations
of L1 £ 1.5Wfin and L2 £ 1.5Wfin hold with the width
Wfin of the fin S2, where L1 and L2 represents the gate
length of the first select gate electrode DG and the gate
length of the second select gate electrode SG,
respectively, in the y direction in which the fin S2
extends, as illustrated in FIG. 3A.
[0073] (3) Circuit configuration of nonvolatile
semiconductor storage device

The following describes a circuit configuration of a
nonvolatile semiconductor storage device including the
above-described memory cells MC arranged in a matrix of
rows and columns. As illustrated in FIG. 5, the
nonvolatile semiconductor storage device 1 includes a
plurality of memory cells MC1l1l, MC1l2, ..., MCln, MC21,
MC22, ..., MC2n, MCml, MCm2, ..., MCmn having
configurations identical to those of the above-described
memory cells MC and arranged in a matrix of rows and
columns on the same semiconductor substrate S1.
Predetermined substrate voltage is uniformly applied to
the shared semiconductor substrate S1 of the memory cells
mMc11i, mMc12, ..., MCln, MC21, MC22, ..., MC2n, MCml,
MCm2, ..., MCmn by a substrate voltage application



circuit (not illustrated). Although the semiconductor
substrate S1 is integrated with the fin S2 as illustrated
in FIG. 1, FIG. 5 omits illustration of the fin S2.

[0074] In the nonvolatile semiconductor storage device 1,
a single bit line BL1 (BL2) (BLn) is shared by the memory
cells MC11, MC21, ..., MCml (MC12, MC22, ..., MCm2) (MCln,
MC2n, ..., MCmn) arranged in one direction (in this case,
the column direction) among the memory cells MC11,

mMci2, ..., MCln, MC21, MC22, ..., MC2n, MCml, MCm2, ...,
MCmn. Predetermined bit voltage is uniformly applied to
the bit lines BL1l, BL2, ..., BLn by a bit line voltage
application circuit (not illustrated). In the
nonvolatile semiconductor storage device 1, the single
first select gate line DL1 (DL2) (DLm) is shared by the
memory cells MC11, MC1l2, ..., MCln (MC21, MC22, ...,
MC2n) (MCml, MCm2, ..., MCmn) arranged in the other
direction (in this case, the row direction) intersecting
with the one direction. Predetermined first select gate
voltage is uniformly applied to the first select gate
lines DL1, DL2, ..., DLm by a first select gate voltage
application circuit (not illustrated).

[0075] In the nonvolatile semiconductor storage device 1
according to the present embodiment, the single memory
gate line ML, the single second select gate line SGL, and
a single source line SL are shared by all memory cells
mMc1i1i, mc12, ..., MCln, MC21, MC22, ..., MC2n, MCml,

MCm2, ..., MCmn on the single semiconductor substrate S1.
Predetermined memory gate voltage is applied to the
memory gate line ML by the memory gate voltage
application circuit (not illustrated), predetermined
second select gate voltage is applied to the second
select gate line SGL by the second select gate voltage
application circuit (not illustrated), and predetermined
source voltage is applied to the source line SL by a

source line voltage application circuit (not illustrated).



[0076] In the present embodiment, next follows a
description of the case in which the single memory gate
line ML, the single second select gate line SGL, and the
single source line SL are shared by all memory cells MC11,
mMci2, ..., MCln, MC21, MC22, ..., MC2n, MCml, MCm2, ...,
MCmn, but the present invention is not limited thereto.
The memory gate line, the second select gate line, and
the source line may be shared by the memory cells MC11,
mci2, ..., MCln (MC21, MC22, ..., MC2n) (MCml, MCm2, ...,
MCmn) arranged in the other direction (row direction).
[0077] In the memory cell MCll, the memory gate electrode
MG of the memory gate structure 2 is connected with the
memory gate line ML, the first select gate electrode DG
of the first select gate structure 3 is connected with
the first select gate line DL1, and the second select
gate electrode SG of the second select gate structure 4
is connected with the second select gate line SGL. 1In
the memory cell MCll, one end (drain region) of the first
select transistor Tl included in the first select gate
structure 3 is connected with the bit line BL1l, and one
end (source region) of the second select transistor T2
included in the second select gate structure 4 is
connected with the source line SL.
[0078] (4) Voltage at various operations in nonvolatile
semiconductor storage device

The following describes various operations in the
nonvolatile semiconductor storage device 1 as described
above. FIG. 6 illustrates a table listing an exemplary
voltage value at each site at data programming operation
("Prog") in which charge is injected into the charge
storage layer EC of a memory cell MCxy (x is 1, 2, ...,
m; y is 1, 2, ..., n) in the nonvolatile semiconductor
storage device 1 illustrated in FIG. 5, at data reading
operation ("Read") in which whether charge is stored in

the charge storage layer EC of the memory cell MCxy is



detected, and at data erasing operation ("Erase") in
which charge is removed from the charge storage layer EC
of the memory cell MCxy.
[0079] In the column of "Prog" in FIG. 6, "select column"
is a column including the memory cell MCxy into the
charge storage layer EC of which charge is injected, and
"select row" is a row including the memory cell MCxy into
the charge storage layer EC of which charge is injected.
In the column of "Prog" in FIG. 6, "non-select column" is
a column including only the memory cell MCxy into the
charge storage layer EC of which no charge is injected,
and "non-select row" is a row including only the memory
cell MCxy into the charge storage layer EC of which no
charge is injected. 1In FIG. 6, "DLx" is the first select
gate lines DL1, DL2, ..., DLm, and "BLy" is the bit lines
BL1l, BL2, ..., BLn.
[0080] (4-1) Data programming operation

For example, when charge is to be injected into the
charge storage layer EC of the memory cell MCll, a charge
storage gate voltage of 12 V is applied from the memory
gate line ML to the memory gate electrode MG of the
memory cell MC1ll, and a substrate voltage of 0 V is
applied to the semiconductor substrate S1 ("Back" in FIG.
6) on which the fin S2 is disposed, as indicated in the
column of "select column" of "Prog" in FIG. 6.
[0081] Simultaneously, a gate off voltage of 0 V is
applied from the second select gate line SGL to the
second select gate electrode SG of the memory cell MC1l1,
and a source off voltage of 0 V is applied from the
source line SL to the source region of the memory cell
MC1l1l. Accordingly, a source side non-conduction region
is formed in the fin S2 in the second select gate
structure 4 to block electrical connection between the
source region and a channel layer formation carrier

region (region in which carriers are induced when a



channel layer is formed) inside the fin S2 surrounded by
the memory gate structure 2. In this manner, the second
select gate structure 4 prevents voltage application from
the source line SL to the channel layer formation carrier
region of the memory gate structure 2.
[0082] Simultaneously, a first select gate voltage of 1.5
V is applied from the first select gate line DL1 to the
first select gate electrode DG, and a charge storage bit
voltage of 0 V is applied from the bit line BL1 to the
drain region of the memory cell MCll. Accordingly, a
drain side conduction region is formed in the fin S2 in
the first select gate structure 3 to achieve electrical
connection between the drain region and the channel layer
formation carrier region of the memory gate structure 2.
[0083] In the memory gate structure 2, the electrical
connection between the channel layer formation carrier
region and the drain region induces, in the channel layer
formation carrier region, carriers that form a channel
layer having a voltage of 0 V, which is equal to the
charge storage bit voltage, on the surface of the fin S2.
In this manner, in the memory cell (hereinafter also
referred to as a selected program memory cell) MCll to
which data i1s programmed, charge is injected into the
charge storage layer EC by a quantum tunneling effect
caused by a large voltage difference of 12 V generated
between the memory gate electrode MG and the channel
layer in the memory gate structure 2, thereby achieving a
data programmed state.
[0084] (4-2) No-data programming operation

For example, to prevent charge injection into the
charge storage layer EC of the memory cell MC1l2 when a
charge storage gate voltage necessary for injecting
charge into the charge storage layer EC 1is applied to the
memory gate electrode MG of the memory cell MCl2, a
voltage of 1.5 V is applied from the first select gate



line DL1 to the first select gate electrode DG, and a
voltage of 1.5 V is applied from the bit line BL2 to the
drain region. Accordingly, a drain side non-conduction
region in a non-conductive state is formed in a region
inside the fin S2 over which the first select gate
structure 3 extends. In this manner, in the memory cell
(hereinafter also referred to as a nonselected program
memory cell) MCl2 to which no data is to be programmed,
the first select gate structure 3 blocks electrical
connection between the drain region and the channel layer
formation carrier region inside the fin S2 surrounded by
the memory gate structure 2.

[0085] Simultaneously, in the nonselected program memory
cell MC1l2, a voltage of 0 V is applied from the second
select gate line SGL to the second select gate electrode
SG, and a voltage of 0 V is applied from the source line
SL to the source region, thereby forming a source side
non-conduction region in a non-conductive state in a
region inside the fin S2 over which the second select
gate structure 4 extends. In this manner, in the
nonselected program memory cell MC1l2, the second select
gate structure 4 blocks electrical connection between the
source region and the channel layer formation carrier
region inside the fin S2 surrounded by the memory gate
structure 2.

[0086] As a result, in the nonselected program memory
cell MC1l2, a depleted layer is formed in the channel
layer formation carrier region inside the fin S2
surrounded by the memory gate structure 2, so that
potential at the surface of the fin S2 surrounded by the
memory gate structure 2 increases in accordance with the
charge storage gate voltage while reducing a voltage
difference between the memory gate electrode MG and the

surface of the fin S2.



[0087] In particular, in the present embodiment, since
the in-electrode protruding height Hfin of the fin S2 and
the width Wfin of the fin S2 have the relation of Hfin >
Wfin in the memory cell MC as illustrated in FIGS. 4A and
4B, depleted layers are formed along both side surfaces
and the upper surface inside the fin S2 surrounded by the
memory gate structure 2. In this case, a depleted layer
formed along one of the side surfaces inside the fin S2
and having a predetermined thickness is integrated with a
depleted layer formed along the other side surface facing
to the one side surface and having a predetermined
thickness, thereby forming depleted layers entirely
inside the fin S2. Accordingly, in the nonselected
program memory cell MC1l2, the depleted layers prevent
generation of a voltage difference enough to cause the
guantum tunneling effect between the memory gate
electrode MG and the fin S2, thereby preventing charge
injection into the charge storage layer EC.

[0088] Simultaneously, in the nonselected program memory
cell MC1l2, a depleted layer D formed in the fin S2
surrounded by the memory gate structure 2 prevents
potential at the surface of the fin S2 directly below the
memory gate structure 2 from reaching at the first select
gate insulating films 17a and 18a (FIG. 3A) of the first
select gate structure 3 and the second select gate
insulating films 17b and 18b (FIG. 3A) of the second
select gate structure 4.

[0089] Thus, in the first select gate structure 3, when
the first select gate insulating films 17a and 18a have
small thicknesses in accordance with a low bit voltage
applied from the bit line BL2 to the drain region 12a
(FIG. 3A), dielectric breakdown is prevented from
occurring to the first select gate insulating films 17a
and 18a due to the potential at the surface of the fin S2

directly below the memory gate structure 2 since the



depleted layer blocks the potential at the surface of the
fin S2.
[0090] Similarly, in the second select gate structure 4,
when the second select gate insulating films 17b and 18b
are formed to have small thicknesses in accordance with a
low source voltage applied from the source line SL to the
source region 12b (FIG. 3A), dielectric breakdown is
prevented from occurring to the second select gate
insulating films 17b and 18b due to the potential at the
surface of the fin S2 directly below the memory gate
structure 2 since the depleted layer blocks the potential
at the surface of the fin S2.
[0091] (4-3) Data reading operation

In data reading operation as indicated in the column
of "Read" in FIG. 6, for example, when data is to be read
from the memory cell MC1ll, the bit line BL1 connected
with the memory cell MCll is precharged to, for example,
1.5 V, and the source line SL thereof is set to 0 V.
With the configuration, when charge is stored in the
charge storage layer EC of the memory cell MC1ll from
which data is to be read (when data is programmed), the
fin S2 directly below the memory gate structure 2 is in a
non-conductive state, thereby blocking electrical
connection between the drain region and the source region.
Accordingly, a reading voltage of 1.5 V applied to the
bit line BL1 connected with the drain region is
maintained intact in the memory cell MC1l1l from which data
is to be read.
[0092] When no charge is stored in the charge storage
layer EC of the memory cell MCll from which data is to be
read (when no data is programmed), the fin S2 directly
below the memory gate structure 2 is in a conductive
state, thereby achieving electrical connection between
the drain region and the source region so that the source

line SL at 0 V and the bit line BL1 at 1.5 V are



electrically connected with each other through the memory
cell MC1l1l. Accordingly, in the nonvolatile semiconductor
storage device 1, the reading voltage applied to the bit
line BL1 connected with the memory cell MC1l1l from which
data is to be read is applied to the source line SL at 0
V so that the reading voltage of 1.5 V applied to the bit
line BL1 decreases.
[0093] In this manner, data reading operation to
determine whether charge is stored in the charge storage
layer EC of the memory cell MCll can be executed in the
nonvolatile semiconductor storage device 1 by detecting
whether the reading voltage applied to the bit line BL1
has changed. Simultaneously, a non-reading voltage of 0
V is applied to the bit line BL2 only connected with the
memory cells MC1l2, MC22, ..., MCm2 from which no data is
to be read.
[0094] (4-4) Data erasing operation

At data erasing operation ("Erase" in FIG. 6) in
which charge is removed from the charge storage layer EC
of the memory cell MCll, a memory gate voltage of -12 V
is applied from the memory gate line ML to the memory
gate electrode MG so that charge is removed from the
charge storage layer EC toward the fin S2 at 0 V through
the semiconductor substrate S1, thereby erasing data.
[0095] (5) Potential at nonselected program memory cell
to memory gate electrode of which high charge storage
gate voltage is applied

FIG. 7 is a schematic diagram illustrating potential
at the memory gate structure 2 and the fin S2 when a high
charge storage gate voltage Vg is applied to the memory
gate electrode MG of the memory cell (nonselected program
memory cell) MC to which no data is to be programmed. A
cross-sectional view illustrated in FIG. 7 is same as FIG.
47 illustrating a sectional configuration taken along

line C-C' in FIGS. 1 and 2, and illustrates a sectional



configuration at a position on the fin S2 at which the
memory gate structure 2 is provided.

[0096] In FIG. 7, curve Vx indicates potential at a
memory cell (comparative example) in which a memory cell
structure, a first select gate structure, and a second
select gate structure are provided on a flat surface of a
semiconductor substrate without no fin. In the memory
cell according to the comparative example, when a high
charge storage gate voltage is applied to the memory gate
electrode MG, the depleted layer D can be formed in the
semiconductor substrate directly below the memory gate
structure by setting the semiconductor substrate directly
below the first select gate structure and the
semiconductor substrate directly below the second select
gate structure to be non-conductive states as described
above. Accordingly, a potential difference Vonol
generated between the memory gate electrode and the
semiconductor substrate can be reduced to prevent data
programming.

[0097] In such a memory cell according to the comparative
example, voltage decreases through a three-layer
component ONO of an upper memory gate insulating film, a
charge storage layer, and a lower memory gate insulating
film included in the memory gate structure, and further
decreases through the depleted layer D with distance from
the surface of the substrate, thereby finally reaching at
a substrate voltage of 0 V. However, since no fin S2 1is
provided in the memory cell according to the comparative
example, voltage applied to the three-layer component ONO
of the upper memory gate insulating film, the charge
storage layer, and the lower memory gate insulating film,
and the potential change through the depleted layer D
depend on impurity concentration inside the semiconductor

substrate directly below the memory gate structure.



[0098] In other words, in the memory cell according to
the comparative example, the depleted layer D when the
high charge storage gate voltage Vg is applied to the
memory gate electrode MG can be formed deeper by reducing
the impurity concentration in the semiconductor substrate
directly below the memory gate structure. Thus, in the
memory cell according to the comparative example,
potential more gradually changes through the three-layer
component ONO of the upper memory gate insulating film,
the charge storage layer, and the lower memory gate
insulating film as the depleted layer D is deeper.
Accordingly, a potential difference between the memory
gate electrode and the surface of the semiconductor
substrate is reduced to suppress the occurrence of
disturbance.

[0099] However, as the impurity concentration inside the
semiconductor substrate directly below the memory gate
structure is reduced in the memory cell according to the
comparative example, short circuit and leakage
potentially occur between a drain region adjacent to the
first select gate structure on the surface of the
semiconductor substrate and a source region adjacent to
the second select gate structure on the surface of the
semiconductor substrate by a short channel effect. Thus,
the distance between the drain region and the source
region needs to be increased, which prevents refinement
by scaling.

[0100] As described above, in the memory cell according
to the comparative example, in which the memory cell
structure, the first select gate structure, and the
second select gate structure are provided on the flat
surface of the semiconductor substrate, a trade-off
relation holds between suppression of disturbance by
reducing the impurity concentration inside the

semiconductor substrate directly below the memory gate



structure, and downsizing by reducing the distance
between the drain region and the source region.

[0101] For example, in the memory cell according to the
comparative example, the distance between the drain
region and the source region is designed to be equal to
the distance between the drain region 12a and the source
region 12b in the memory cell MC. In this case, as
illustrated in FIG. 7, the high charge storage gate
voltage Vg applied to the memory gate electrode MG
decreases through the three-layer component ONO of the
upper memory gate insulating film, the charge storage
layer, and the lower memory gate insulating film, but the
impurity concentration inside the semiconductor substrate
cannot be reduced to a predetermined value or lower since
the distance between the drain region and the source
region is defined. Thus, it is difficult to set the
potential difference Vonol between the memory gate
electrode and the semiconductor substrate to a
predetermined value or lower. For this reason, when the
memory cell according to the comparative example is
downsized by reducing the distance between the drain
region and the source region, the occurrence of
disturbance cannot be suppressed due to the large
potential difference Vonol generated between the memory
gate electrode and the semiconductor substrate.

[0102] However, as illustrated in FIG. 7, when the charge
storage gate voltage Vg (for example, Vg = 12 V) 1is
applied to the memory gate electrode MG of the memory
cell MC to which no data is to be programmed, the voltage
decreases through the three-layer component ONO of the
upper memory gate insulating film 14, the charge storage
layer EC, and the lower memory gate insulating film 13 so
that a potential difference Vono is generated between the
memory gate electrode MG and the upper surface of the fin

S2. Simultaneously, a depleted layer is formed entirely



inside the fin S2 surrounded by the memory gate structure
2, and thus the voltage gradually decreases through the
depleted layer, reaching at a substrate voltage of 0 V
near a lower end surface of the fin S2.

[0103] In the memory cell MC to which no data is to be
programmed, the potential difference Vono through the
three-layer component ONO of the upper memory gate
insulating film 14, the charge storage layer EC, and the
lower memory gate insulating film 13, and the potential
change through the depleted layer can be controlled
through the height (distance between the upper surface
and the lower end surface of the fin S2) of the fin S2
and the width (distance between both side surfaces of the
fin S2 facing to each other in the x direction in which
the memory gate structure 2 extends over the fin S2) of
the fin S2 in a region surrounded by the memory gate
structure 2.

[0104] Specifically, the height and width of the fin S2
are set so that, when depleted layers are formed along
both side surfaces and the upper surface inside the fin
S2 surrounded by the memory gate structure 2, the
depleted layer formed along one of the side surfaces
inside the fin S2 and having a predetermined thickness is
integrated with the depleted layer formed along the other
side surface facing to the one side surface and having a
predetermined thickness, thereby forming depleted layers
entirely inside the fin S2.

[0105] Accordingly, when the memory cell MC is downsized
by reducing the distance between the drain region 12a and
the source region 12b with a high impurity concentration
inside the fin S2, the potential difference Vono
generated between the memory gate electrode MG and the
fin S2 can be reduced through depleted layers formed
entirely inside the fin S2. In this manner, the memory

cell MC can be downsized by reducing the distance between



the drain region 12a and the source region 12b while the
occurrence of disturbance is suppressed by reducing the
potential difference Vono generated between the memory
gate electrode MG and the fin S2 and also by reducing
electric field applied to the depleted layers.
[0106] (6) Method for manufacturing a nonvolatile
semiconductor storage device

The nonvolatile semiconductor storage device 1
having the above-described configuration can be
manufactured in accordance with the following
manufacturing process. In this process, first, as
illustrated in FIG. 8A, the fins S2 are formed at
predetermined intervals on the surface of the plate-
shaped semiconductor substrate S1 by fabricating a fin
formation substrate (not illustrated) made of, for
example, Si by using a patterned hard mask 32a. Then, an
insulating layer made of an insulative material is formed
to cover the hard mask 32a, the semiconductor substrate
S1, and the fin S2. The insulating layer is flattened
through the flattening processing such as chemical
mechanical polishing (CMP) to obtain an insulating layer
ISa having a surface aligned of the hard mask 32a on the
upper surface of the fin S2.
[0107] Then, the insulating layer ISa is fabricated to
form the insulating layer IS from a surface of which the
fin S2 protrudes to a certain height as illustrated in
FIG. 9A. Thereafter, a layered lower memory gate
insulating film formation layer 13a, a layered charge
storage layer formation layer ECa, and a layered first
dummy electrode layer 34 are formed as illustrated in FIG.
9A and FIG. 9B of a sectional configuration taken along
line E-E' in FIG. 927, and then the surface of the first
dummy electrode layer 34 is flattened through the

flattening processing such as CMP.



[0108] Then, the first dummy electrode layer 34, the
charge storage layer formation layer ECa, and the lower
memory gate insulating film formation layer 13a are
fabricated to form a dummy memory gate electrode DM, the
charge storage layer EC, and the lower memory gate
insulating film 13 extending over the fin S2 as
illustrated in FIG. 9C and FIG. 9D of a sectional
configuration taken along line E-E' in FIG. 9C.
Thereafter, a layered insulating film is formed and
etched back to form the sidewall spacers 6 and 7
sidewall-shaped along sidewalls on which the dummy memory
gate electrode DM, the charge storage layer EC, and the
lower memory gate insulating film 13 are stacked
(sidewall spacer formation process).

[0109] Then, a layered select gate insulating film and a
layered second dummy electrode layer are sequentially
formed to cover the insulating layer IS, the fin S2, the
dummy memory gate electrode DM, and the sidewall spacers
6 and 7 being externally exposed, and then etched back to
form a dummy first select gate electrode DD and a dummy
second select gate electrode DS sidewall-shaped along the
sidewall spacers 6 and 7 as illustrated in FIG. 10A, in
which any corresponding part to that in FIG. 9D is
denoted by an identical reference sign. Then, the select
gate insulating film in a region other than regions
covered by the dummy first select gate electrode DD and
the dummy second select gate electrode DS is removed so
that the select gate insulating film remains in regions
below the dummy first select gate electrode DD and the
dummy second select gate electrode DS to form the first
select gate insulating film 17a and the second select
gate insulating film 17b.

[0110] Then, a layered insulating film is formed to cover
the insulating layer IS, the fin S2, the dummy memory
gate electrode DM, the dummy first select gate electrode



DD, and the dummy second select gate electrode DS being
externally exposed. The layered insulating film is then
etched back to form, as illustrated in FIG. 10B, in which
any corresponding part to that in FIG. 10A is denoted by
an identical reference sign, the sidewall part 22a along
sidewalls of the dummy first select gate electrode DD and
the first select gate insulating film 17a on one side,
and the sidewall part 22b along sidewalls of the dummy
second select gate electrode DS and the second select
gate insulating film 17b on the other side (dummy select
gate electrode formation process).

[0111] Then, the drain region 12a and the source region
12b each made of, for example, SiGe and having a
predetermined thickness are formed on the surfaces of the
fin S2 adjacent to the sidewall parts 22a and 22b by, for
example, epitaxy. Then, a layered interlayer insulating
layer is formed to cover the insulating layer IS, the fin
S2, the dummy memory gate electrode DM, the dummy first
select gate electrode DD, the dummy second select gate
electrode DS, the drain region 12a, the source region 12b,
and the like being externally exposed. Thereafter, the
surface of the interlayer insulating layer is polished
and flattened through the flattening processing such as
CMP.

[0112] This process forms the interlayer insulating layer
25 having a flattened surface on which upper surfaces of
the dummy memory gate electrode DM, the dummy first
select gate electrode DD, and the dummy second select
gate electrode DS are externally exposed, as i1llustrated
in FIG. 10C, in which any corresponding part to that in
FIG. 10B is denoted by an identical reference sign (dummy
electrode exposure process). Then, dry etching is
performed to remove the dummy memory gate electrode DM,

the dummy first select gate electrode DD, and the dummy



second select gate electrode DS being exposed on the
surface of the interlayer insulating layer 25.

[0113] Accordingly, a dummy electrode removed space ERI1
is formed in a region in which the dummy memory gate
electrode DM has been formed, as illustrated in FIG. 113,
in which any corresponding part to that in FIG. 9C 1is
denoted by an identical reference sign, and dummy
electrode removed spaces ER2 and ER3 are formed in
regions in which the dummy first select gate electrode DD
and the dummy second select gate electrode DS have been
formed, as illustrated in FIG. 11B of a sectional
configuration taken along line E-E' in FIG. 11A (dummy
electrode removal process).

[0114] Then, a layered insulating film made of an
insulative material such as a high-k material is formed
in the dummy electrode removed spaces ER1, ER2, and ER3
to obtain the layered upper memory gate insulating film
14 on the charge storage layer EC in the dummy electrode
removed space ER1, the memory gate sidewall insulating
film 15a wall-shaped along the first sidewall spacer 6,
and the memory gate sidewall insulating film 15b wall-
shaped along the second sidewall spacer 7, as illustrated
in 3A.

[0115] In the dummy electrode removed space ER2, the
upper first select gate insulating film 18a is formed on
the first select gate insulating film 17a on the fin S2,
the wall-shaped sidewall-part sidewall insulating film
20a is formed along the sidewall part 22a, and the wall-
shaped first select gate sidewall insulating film 19a 1is
formed along the first sidewall spacer 6.

[0116] In the dummy electrode removed space ER3, the
upper second select gate insulating film 18b is formed on
the second select gate insulating film 17b on the fin S2,
the wall-shaped sidewall-part sidewall insulating film
20b is formed along the sidewall part 22b, and the wall-



shaped second select gate sidewall insulating film 19b is
formed along the second sidewall spacer 7.

[0117] Then, a metal electrode layer made of a 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 25. Accordingly, the metal electrode
layer is embedded in the dummy electrode removed spaces
ER1, ER2, and ER3 from which the dummy memory gate
electrode DM, the dummy first select gate electrode DD,
and the dummy second select gate electrode DS are removed
and in which the layered insulating film is formed.
Thereafter, the surface of the metal electrode layer 1is
polished through the flattening processing such as CMP to
flatten the surface of the metal electrode layer in
accordance with the surface of the interlayer insulating
layer 25.

[0118] In this manner, as illustrated in 3A, the memory
gate electrode MG is formed as the metal electrode layer
embedded in a space in which the dummy memory gate
electrode DM has been formed, the first select gate
electrode DG is formed as the metal electrode layer
embedded in a space in which the dummy first select gate
electrode DD has been formed, and the second select gate
electrode SG is formed as the metal electrode layer
embedded in a space in which the dummy second select gate
electrode DS has been formed. In this manner, the memory
cell MC including the memory gate structure 2, the first
select gate structure 3, and the second select gate
structure 4 is formed (metal gate electrode formation
process). Then, the manufacturing of the nonvolatile
semiconductor storage device 1 is completed through, for
example, a process of forming an interlayer insulating
layer above the interlayer insulating layer 25, and a

process of forming various contacts such as the first



select gate contact DGC, the second select gate contact
SGC, and a memory gate contact MCG illustrated in FIG. 2
at predetermined places on the interlayer insulating
layer 25 and an interlayer insulating layer thereabove.
[0119] (7) Operations and effects

In the memory cell MC having the above-described
configuration, the fin S2 protruding from the insulating
layer IS is provided on the semiconductor substrate S1,
and the memory gate structure 2, the first select gate
structure 3, and the second select gate structure 4 are
disposed over the fin S2 on the insulating layer IS. 1In
the memory cell MC, the drain region 12a connected with a
bit line BL is provided on the surface of the fin S2
adjacent to the first select gate structure 3 and
insulated from the first select gate electrode DG, and
the source region 12b connected with the source line SL
is provided on the surface of the fin S2 adjacent to the
second select gate structure 4 and insulated from the
second select gate electrode SG. The first select gate
structure 3, the memory gate structure 2, and the second
select gate structure 4 are provided between the drain
region 12a and the source region 12b.
[0120] In the memory cell MC having such a configuration,
when data programming is prevented by preventing charge
injection into the charge storage layer EC, the first
select gate structure 3 blocks electrical connection
between the bit line BL and the inside of the fin S2
surrounded by the memory gate structure 2, and the second
select gate structure 4 blocks electrical connection
between the source line SL and the inside of the fin S2
surrounded by the memory gate structure 2. Accordingly,
depleted layers formed along the surface of the fin S2
surrounded by the memory gate structure 2 are integrated
with each other to form a depleted layer entirely inside

the fin S2. The depleted layer leads to reduction of the



potential difference between the memory gate electrode DG
and the fin S2.

[0121] Thus, when the memory cell MC is downsized by
reducing the distance between the drain region 12a and
the source region 12b on the surface of the fin S2 with a
high impurity concentration inside the fin S2, the
potential difference between the memory gate electrode DG
and the fin S2 can be reduced by setting the shape
(height and width) of the fin S2 so that a depleted layer
is formed entirely inside the fin S2, and the occurrence
of disturbance can be suppressed by reducing electric
field applied to the depleted layer. Accordingly, the
memory cell MC achieves downsizing and suppression of the
occurrence of disturbance.

[0122] The gate widths of the memory gate structure 2,
the first select gate structure 3, and the second select
gate structure 4 extend in C shapes along both side
surfaces and the surface of the fin S2 such that the
height of the fin S2 serves as part of the gate widths.
The configuration leads to height increase by the height
of the fin S2 but also leads to reduction of the
formation area of each gate width in the x direction in
which the memory gate structure 2, the first select gate
structure 3, and the second select gate structure 4
extend over the fin S2, thereby achieving downsizing
accordingly.

[0123] When no data is to be programmed to the memory
cell MC, voltage applied to the bit line BL and the
source line SL 1is not restricted to a high charge storage
gate voltage applied to the memory gate electrode MG but
can be reduced to voltage for achieving a non-conductive
state inside the fin S2 directly below the first select
gate structure 3 and the second select gate structure 4.
Thus, the thicknesses of the first select gate insulating

films 17a and 18a of the first select gate structure 3



and the second select gate insulating films 17b and 18b
of the second select gate structure 4 can be reduced in
accordance with the voltage reduction at the bit line and
the source line, thereby achieving downsizing accordingly.
[0124] In the nonvolatile semiconductor storage device 1
including the memory cells MC arranged in the matrix and
sharing the memory gate line ML, the potential difference
Vono between the memory gate electrode MG and the fin S2
is small and thus electric field applied to the depleted
layer is small in the memory cell MC to which no data is
to be programmed. Accordingly, the occurrence of
disturbance can be suppressed in the memory cell MC to
which no data is to be programmed, when a high charge
storage gate voltage is repeatedly applied to the memory
gate electrode MG through the memory gate line ML. Thus,
in the nonvolatile semiconductor storage device 1, the
occurrence of disturbance can be suppressed in the memory
cells MC arranged in, for example, 128 rows or more and
1024 columns or more and sharing the memory gate line ML,
and thus a significantly increased number of memory cells
can be processed at once on a mat.
[0125] (8) Other embodiments

(8-1) Configuration of memory cell including memory
gate electrode, first select gate electrode, and second
select gate electrode made of conductive material other
than metallic material

In the above-described embodiment, the memory gate
electrode MG, the first select gate electrode DG, and the
second select gate electrode SG are each made of a
metallic material, but the present invention is not
limited thereto. The memory gate electrode, the first
select gate electrode, and the second select gate
electrode may be made of any other conductive material

such as polysilicon.



[0126] The following describes an embodiment in which the
memory gate electrode MG, the first select gate electrode
DG, and the second select gate electrode SG are each made
of a conductive material (for example, polysilicon) other
than a metallic material. In this case, the nonvolatile
semiconductor storage device has a planar layout same as
that illustrated in FIG. 2, a sectional configuration
taken along line A-A' in FIG. 2 as illustrated in FIG.
12A, and a sectional configuration taken along line B-B'
in FIG. 2 as illustrated in FIG. 12B.

[0127] As illustrated in FIG. 12A, in which any
corresponding part to that in FIG. 3A is denoted by an
identical reference sign, impurity diffusion regions
formed by impurity implantation are provided as a drain
region 40a and a source region 40b at a predetermined
interval therebetween on the surface of the fin S2 of a
memory cell MCl. The drain region 40a is connected with
a bit line (not illustrated), and the source region 40b
is connected with a source line (not illustrated).

[0128] The memory cell MC1l includes a memory gate
structure 2a including the lower memory gate insulating
film 13, the charge storage layer EC, an upper memory
gate insulating film 14a, and a memory gate electrode MGl
stacked in this order on the fin S2. The lower memory
gate insulating film 13 and the upper memory gate
insulating film 14a are made of an identical insulative
material (for example, oxide silicon (Si0O or Si0O;)), and
the memory gate electrode MGl is made of polysilicon.
[0129] A first select gate structure 3a 1s provided
between the drain region 12a and the memory gate
structure 2a and includes a first select gate electrode
DGl made of polysilicon and stacked on the first select
gate insulating film 17a. The first select gate
structure 3a is adjacent to the sidewall spacer 6

disposed on the first sidewall of the memory gate



structure 2a, and has such a sidewall shape that a top
portion of the first select gate electrode DGl slopes
down toward the fin S2 with the distance from the memory
gate electrode MG1.

[0130] A second select gate structure 4a is provided
between the source region 40b and the memory gate
structure 2a and includes a second select gate electrode
SG1l made of polysilicon and stacked on the second select
gate insulating film 17b. The second select gate
structure 4a is adjacent to the sidewall spacer 7
disposed on the second sidewall of the memory gate
structure 2a, and has such a sidewall shape that a top
portion of the second select gate electrode SGl slopes
down toward the fin S2 with the distance from the memory
gate electrode MG1.

[0131] The memory gate structure 2a, the first select
gate structure 3a, and the second select gate structure
4a extend over the fin S2. The memory gate structure 2a,
the first select gate structure 3a, and the second select
gate structure 4a, as illustrated in FIG. 12A, are
provided on the insulating layer IS on which the fin S2
is not provided, as illustrated in FIG. 12B, in which any
corresponding part to that in FIG. 3B is denoted by an
identical reference sign.

[0132] In the memory cell MC1l, for example, a layered
electrode formation layer is etched back through the
manufacturing process to form the first select gate
electrode DGl and the second select gate electrode SG1
sidewall-shaped along sidewalls of the memory gate
structure 2a. Accordingly, the memory gate structure 2a,
the first select gate structure 3a, the second select
gate structure 4a, and the sidewall spacers 6 and 7 have
identical thicknesses where the fin S2 is formed and
where the fin S2 is not formed. Thus, the memory gate

structure 2a, the first select gate structure 3a, the



second select gate structure 4a, and the sidewall spacers
6 and 7 protrude by the height of the fin S2 where the
fin S2 is formed as compared to where the fin S2 is not
formed.
[0133] Similarly to the above-described embodiment, in
the memory cell MC1l, too, the relation of Hfin > Wfin
holds between the distance (in-electrode protruding
height of the fin S2) Hfin between the upper surface of
the fin S2 and a bottom surface of the memory gate
electrode MGl on the insulating layer IS, and the width
Wfin of the fin S2 (FIG. 4A and FIG. 4B) in the x
direction in which the memory gate structure 2a, the
first select gate structure 3a, and the second select
gate structure 4a extend over the fin S2.
[0134] In the memory cell MC1l, the relations of L1 <
1.5Wfin and L2 £ 1.5Wfin hold between the gate length L1
of the first select gate electrode DGl, the gate length
L2 of the second select gate electrode SGl, and the width
Wfin of the fin S2 in the y direction in which the fin S2
extends. Data programming operation, no-data programming
operation, data reading operation, and data erasing
operation can be executed on the memory cell MC1l in
accordance with, for example, the above description of
"(4) Voltage at various operations in nonvolatile
semiconductor storage device".
[0135] The memory cell MC1l having the above-described
configuration can achieve effects same as those of the
above-described embodiment such as downsizing and
suppression of the occurrence of disturbance.
[0136] (8-2) Configuration of memory cell including cap
insulating film on upper surface of fin

In the above-described embodiment, the memory cell
MC includes the lower memory gate insulating film 13 on
the upper surface of the fin S2, but the present

invention is not limited thereto. A cap insulating film



having a predetermined thickness may be provided on the
upper surface of the fin S2, and the lower memory gate
insulating film 13 may be provided on the cap insulating
film.

[0137] FIG. 13 illustrates a nonvolatile semiconductor
storage device 31 according to another embodiment. The
nonvolatile semiconductor storage device 31 is provided
with a memory cell MC2 including a memory gate structure
32 including a cap insulating film (not illustrated).

The memory cell MC2 has an appearance identical to that
of the memory cell MC illustrated in FIG. 2, but the cap
insulating film is provided on the upper surface of the
fin S2 covered by the memory gate structure 32.

[0138] FIG. 14A illustrates a sectional configuration
taken along line A-A' in FIG. 13. FIG. 14B illustrates a
sectional configuration taken along line B-B' in FIG. 13.
FIG. 15A illustrates a sectional configuration taken
along line C-C' in FIG. 13. FIG. 15B illustrates a
sectional configuration taken along line D-D' in FIG. 13.
As i1llustrated in FIG. 14A and 152, the memory gate
structure 32 includes a cap insulating film 35 having a
predetermined thickness on the upper surface of the fin
S2. The lower memory gate insulating film 13, the charge
storage layer EC, the upper memory gate insulating film
14, and the memory gate electrode MG are sequentially
stacked on the cap insulating film 35.

[0139] In the present embodiment, the memory gate
structure 32 includes the lower memory gate insulating
film 13 on the cap insulating film 35, but the present
invention is not limited thereto. For example, the cap
insulating film 35 may be provided as the lower memory
gate insulating film 13 so that the charge storage layer
EC, the upper memory gate insulating film 14, and the

memory gate electrode MG are sequentially stacked on the



cap insulating film 35 serving as a lower memory gate
insulating film.

[0140] As i1llustrated in FIG. 14B, the cap insulating
film 35 is not disposed where the fin S2 is not formed in
the memory gate structure 32, so that the lower memory
gate insulating film 13 is disposed on the insulating
layer IS. The charge storage layer EC, the upper memory
gate insulating film 14, and the memory gate electrode MG
are sequentially stacked on the lower memory gate
insulating film 13. Thus, in the memory gate structure
32, the cap insulating film 35 is provided only in a
region in which the upper surface of the fin S2 is
disposed, and covers the upper surface of the fin S2.
[0141] The cap insulating film 35 is made of an
insulative material such as oxide silicon (SiO, SiO;, or
SiN) and has a thickness of, for example, 4 nm or larger.
The cap insulating film 35 may have a layered
configuration made of a single insulative material, or a
stacked configuration made of different kinds of
insulative materials.

[0142] As illustrated in FIGS. 14A, 14B, and 15B, the
first select gate structure 3 does not include the cap
insulating film 35, and the first select gate insulating
films 17a and 18a and the first select gate electrode DG
are sequentially stacked on the fin S2 and the insulating
layer IS. Similarly, the second select gate structure 4
does not include the cap insulating film 35, and the
second select gate insulating films 17b and 18b and the
second select gate electrode SG are sequentially stacked
on the fin S2 and the insulating layer IS.

[0143] In a method for manufacturing the memory gate
structure 32 including the cap insulating film 35, the
hard mask 32a made of an insulative material is used to
form the fin S2 by fabricating the plate-shaped fin

formation substrate (not illustrated) as illustrated in



FIG. 8, and left intact as the cap insulating film 35
through, for example, a fin formation process. Then,
through a subsequent first dummy electrode layer
formation process, the layered lower memory gate
insulating film formation layer 13a, the layered charge
storage layer formation layer ECa, and the layered first
dummy electrode layer 34 (refer to FIGS. 9A and 9B) are
stacked in this order on the insulating layer IS, and the
cap insulating film 35 covering the upper surface of the
fin S2.

[0144] When the lower memory gate insulating film
formation layer 13a is formed by an oxidation method, the
lower memory gate insulating film formation layer 13a is
not formed on the cap insulating film 35 in some cases.
In this case, in a memory gate structure finally formed,
the cap insulating film 35 is provided as the lower
memory gate insulating film 13, and the charge storage
layer EC, the upper memory gate insulating film 14, and
the memory gate electrode MG are sequentially stacked on
the cap insulating film 35.

[0145] Through a subsequent dummy memory gate structure
formation process, the lower memory gate insulating film
formation layer 13a, the charge storage layer formation
layer ECa, and the first dummy electrode layer 34 are
patterned to form a dummy memory gate structure 32 over
the fin S2, the upper surface of which is covered by the
cap insulating film 35, on the insulating layer IS.
Thereafter, for example, the sidewall spacer formation
process, the dummy select gate electrode formation
process, the dummy electrode exposure process, and the
metal gate electrode formation process described above
are performed to manufacture the memory cell MC2.

[0146] The memory cell MC2 having the above-described
configuration can achieve effects same as those of the

above-described embodiment. In addition, for example,



the cap insulating film 35 provided to the memory gate
structure 32 and covering the upper surface of the fin S2
can prevent concentration of electric field around sharp
corners at intersections of the upper surface and side
surfaces of the fin S2 at data programming operation.
The configuration can prevent a programming defect that
charge cannot be injected into the charge storage layer
along a fin sidewall due to the concentration of electric
field around the corners at programming.
[0147] In the above-described embodiment, the cap
insulating film 35 covering the upper surface of the fin
S2 is provided in the memory gate structure 32 of the
memory cell MC2 including the memory gate electrode MG,
the first select gate electrode DG, and the second select
gate electrode SG made of a metallic material, but the
present invention is not limited thereto. As illustrated
in FIG. 12A and 12B, the cap insulating film 35 covering
the upper surface of the fin S2 may be provided in the
memory gate structure 2a of the memory cell MC1l including
the memory gate electrode MGl, the first select gate
electrode DG1l, and the second select gate electrode SG1
made of a conductive material such as polysilicon. In
this case, too, the cap insulating film 35 can prevent
concentration of electric field around the sharp corners
at intersections of the upper surface and side surfaces
of the fin S2 at data erasing operation in the memory
cell MC1.
[0148] (8-3) Others

The present invention is not limited to the above-
described embodiments, but may be modified in various
kinds of ways without departing from the scope of the
present invention. In each embodiment, for example, any
various kinds of voltage values other than the voltage

values described above in " (4) Voltage at various



operations in nonvolatile semiconductor storage device"
are applicable.

[0149] In the memory cell MC illustrated in FIGS. 3A and
3B, the first select gate insulating films 17a and 18a
are in a two-layer structure, and the second select gate
insulating films 17b and 18b are in a two-layer structure,
but the present invention is not limited thereto. A one-
layer structure including one of the first select gate
insulating films 17a and 18a and a one-layer structure
including one of the second select gate insulating films
17a and 18a are applicable.

[0150] In the above-described embodiments, the memory
gate sidewall insulating films 15a and 15b are provided
along the sidewalls of the memory gate electrode MG (FIGS.
3A and 3B), but the present invention is not limited
thereto. Any one of the memory gate sidewall insulating
films 15a and 15b may be provided along one of the
sidewalls of the memory gate electrode, or none of the
memory gate sidewall insulating films 15a and 15b may be
provided to the memory gate electrode.

[0151] In the above-described embodiments, the first
select gate sidewall insulating film 19a and the
sidewall-part sidewall insulating film 20a are provided
along the sidewalls of the first select gate electrode DG
(FIGS. 3A and 3B), but the present invention is not
limited thereto. Any one of the first select gate
sidewall insulating film 19a and the sidewall-part
sidewall insulating film 20a may be provided along one of
the sidewalls of the first select gate electrode, or none
of the first select gate sidewall insulating film 19a and
the sidewall-part sidewall insulating film 20a may be
provided to the first select gate electrode.

[0152] In the above-described embodiments, the second
select gate sidewall insulating film 19b and the

sidewall-part sidewall insulating film 20b are provided



along the sidewalls of the second select gate electrode
SG (FIGS. 3A and 3B), but the present invention is not
limited thereto. Any one of the second select gate
sidewall insulating film 19b and the sidewall-part
sidewall insulating film 20b may be provided along one of
the sidewalls of the second select gate electrode, or
none of the second select gate sidewall insulating film
19b and the sidewall-part sidewall insulating film 20b
may be provided to the second select gate electrode.
[0153] In the above-described embodiments, the upper
memory gate insulating film 14, the memory gate sidewall
insulating films 15a and 15b, the first select gate
sidewall insulating film 19a, the sidewall-part sidewall
insulating film 20a, the second select gate sidewall
insulating film 19b, and the sidewall-part sidewall
insulating film 20b are each made of an insulative
material different from those of the sidewall spacers 6
and 7, but the present invention is not limited thereto.
The upper memory gate insulating film 14, the memory gate
sidewall insulating films 15a and 15b, the first select
gate sidewall insulating film 19a, the sidewall-part
sidewall insulating film 20a, the second select gate
sidewall insulating film 19b, and the sidewall-part
sidewall insulating film 20b may be each made of an
insulative material same as those of the sidewall spacers
6 and 7. The memory cell may be provided on the
semiconductor substrate S1 and the fin S2 in which N-type
impurities are implanted.

[0154] In the above-described embodiments, the memory
gate electrode MG, the first select gate electrode DG,
and the second select gate electrode SG are formed from a
one-layer metallic layer, but the present invention is
not limited thereto. For example, the memory gate
electrode MG, the first select gate electrode DG, and the

second select gate electrode SG may be formed in a



stacked structure obtained by sequentially stacking a
plurality of kinds of metallic layers made of different
kinds of metallic materials.

[0155] In the above-described embodiments, the drain
region 1l2a and the source region 12b made of SiGe or the
like and having predetermined thicknesses are formed by,
for example, epitaxy, but the present invention is not
limited thereto. The drain and source regions may be
formed as impurity diffusion regions through impurity
implantation in the surface of the fin S2.

[0156] In the above-described embodiments, in the dummy
select gate electrode formation process of the
manufacturing method, a select gate insulating film and a
second dummy electrode layer covering a dummy memory gate
structure are formed and then etched back to form the
sidewall-shaped dummy first select gate electrode over
the fin along the first sidewall spacer on a sidewall of
the dummy memory gate structure and form the sidewall-
shaped dummy second select gate electrode over the fin
along the second sidewall spacer on the other sidewall of
the dummy memory gate structure, and thereafter, the
select gate insulating film is fabricated to form the
first select gate insulating film below the dummy first
select gate electrode and form the second select gate
insulating film below the dummy second select gate
electrode, but the present invention is not limited
thereto. The dummy select gate electrode formation
process may form the dummy first select gate electrode
and the dummy second select gate electrode without
forming the select gate insulating film.

[0157] (9) Memory cell including insulating layer having
small thickness in regions in which first select gate
structure and second select gate structure are provided

(9-1) Configuration of memory cell



As i1llustrated in FIG. 16, in which any
corresponding part in FIG. 1 is denoted by an identical
reference sign, a memory cell MC3 included in a
nonvolatile semiconductor storage device 41 is different
from the memory cells according to the above-described
embodiments in that the thickness of an insulating layer
IS1 is smaller in regions in which the first select gate
structure 3 and the second select gate structure 4 are
provided than in a region in which the memory gate
structure 2 is provided. The following description will
be thus made mainly on the insulating layer IS1, but not
on any other configuration same as that in the above-
described embodiments.

[0158] The insulating layer IS1 is provided on the
surface of the semiconductor substrate S1, and the fin S2
protrudes from a surface of the insulating layer IS1. 1In
the configuration in which the thickness of the
insulating layer IS1 is smaller in the regions in which
the first select gate structure 3 and the second select
gate structure 4 are provided than in the region in which
the memory gate structure 2 is provided, the insulating
layer IS1 includes a layered insulating layer 42 disposed
on the surface of the semiconductor substrate S1, and a
protrusion insulating layer 43 protruding on the layered
insulating layer 42 in the region in which the memory
gate structure 2 is provided. The protrusion insulating
layer 43 is made of an insulative material same as that
of the layered insulating layer 42 and integrated with
the layered insulating layer 42. The protrusion
insulating layer 43 is provided along the memory gate
structure 2 and has a longitudinal direction thereof in
the x direction intersecting with the longitudinal
direction of the fin S2 (the y direction) like the memory

gate structure 2.



[0159] FIG. 17A, in which any corresponding part to that
in FIG. 3A is denoted by an identical reference sign, 1is
a cross-sectional view illustrating a sectional
configuration taken along line A-A' in FIG. 16. As
illustrated in FIG. 17A, the layered insulating layer 42
and the protrusion insulating layer 43 (FIG. 16) are not
provided in a region in which the fin S2 is provided, but
the first select gate structure 3, the memory gate
structure 2 and the second select gate structure 4 are
provided on the surface of the fin S2.

[0160] FIG. 17B, in which any corresponding part to that
in FIG. 3B is denoted by an identical reference sign, 1s
a cross-sectional view illustrating a sectional
configuration taken along line B-B' in FIG. 16. As
illustrated in FIG. 17B, the first select gate structure
3 and the second select gate structure 4 are provided on
the layered insulating layer 42, and the memory gate
structure 2 is provided on the protrusion insulating
layer 43.

[0161] In a region (FIG. 17B) in which the fin S2 is not
provided, H5 refers to the distance between the surface
of the semiconductor substrate S1 and an upper surface of
the layered insulating layer 42 in the regions in which
the first select gate structure 3 and the second select
gate structure 4 are provided. H4 refers to the distance
between the surface of the semiconductor substrate S1 and
the upper surface of the protrusion insulating layer 43
in the region in which the memory gate structure 2 is
provided. The distance H4 is larger than the distance H5
by a distance H3 as the height of the protrusion
insulating layer 43.

[0162] The distance H1 between the semiconductor
substrate S1 and the lower surface of the memory gate
electrode MG is larger than the distance H2 between the

semiconductor substrate S1 and the lower surfaces of the



first and second select gate electrodes DG and SG by the
distance H3 as the thickness of the protrusion insulating
layer 43 and, for example, the thickness of the charge
storage layer EC. With the configuration, the lower
surfaces of the first and second select gate electrodes
DG and SG are disposed at low positions closer to the
semiconductor substrate S1 than the lower surface of the
memory gate electrode MG.

[0163] In the memory cell MC3 thus configured, the first
and second select transistors Tl and T2 in the regions on
the side surfaces of the fin S2 can be reliably
controlled to be turned on and off through the first
select gate electrode DG and the second select gate
electrode SG, the lower surfaces of which are positioned
lower than the lower surface of the memory gate electrode
MG. Specifically, when gate off voltage i1is applied to
the first select gate electrode DG and the second select
gate electrode SG, a non-conductive state can be achieved
in the regions on the side surfaces of the fin S2, which
are reliably covered by the first select gate electrode
DG and the second select gate electrode SG. Accordingly,
when information programmed to the memory transistor MT
is the low threshold voltage Vth, leakage current can be
prevented from flowing between the drain region 12a and
the source region 12b along the regions on the side
surfaces of the fin S2. As a result, any false operation
in the memory cell MC3 can be prevented at data
programming operation and data reading operation.

[0164] Such a false operation is described in detail in
"(2) Detailed configuration of memory cell" above with
reference to the "comparative example (not illustrated)
in which the distance H1 is smaller than the distance H2
such that the lower surfaces of the first and second
select gate electrodes DG and SG are positioned higher

than the lower surface of the memory gate electrode MG".



Since the comparative example in which the first and
second select transistors Tl and T2 cannot be reliably
controlled to be turned on and off is described above in
"(2) Detailed configuration of memory cell", description
thereof will be omitted in the following.

[0165] The distance H3 as the thickness of the protrusion
insulating layer 43 is preferably a half or more of the
width Wfin of the fin S2 (FIGS. 18A and 18B). In the fin
S2, a region in which the fin S2 (channel layer) cannot
be reliably controlled by the gate off voltage applied to
the first select gate electrode DG and the second select
gate electrode SG potentially remains over a distance of
about a half of the width Wfin of the fin S2 from a
height at the lower surfaces of the first and second
select gate electrodes DG and SG toward the upper surface
of the fin S2.

[0166] The control of the fin S2 through the gate off
voltage can be facilitated by optimizing the impurity
concentration inside the fin S2. In this case, however,
the impurity concentration inside the fin S2 in regions
in which the first and second select transistors Tl and
T2 are provided needs to be set to an optimized value
different from that in a region in which the memory
transistor MT is provided. When the distance H3 as the
thickness of the protrusion insulating layer 43 is set to
be a half or more of the width Wfin of the fin S2, the
region in which the fin S2 (channel layer) cannot be
reliably controlled through the gate off voltage is
positioned lower than the lower surface of the memory
gate electrode MG. The configuration prevents leakage
current, which would otherwise cause a false operation,
from flowing between the drain region 12a and the source
region 12b along the regions on the side surfaces of the
fin S2 when information programmed to the memory

transistor MT is the low threshold voltage Vth.



Accordingly, the false operation prevention is achieved
without optimizing, for the control of the fin S2 through
the gate off voltage, the impurity concentration inside
the fin S2 in the regions in which the first and second
select transistors Tl and T2 are provided.

[0167] FIG. 182, in which any corresponding part to that
in FIG. 4A is denoted by an identical reference sign, is
a cross-sectional view illustrating a sectional
configuration taken along line C-C' in FIG. 16. The
memory gate structure 2 is disposed over the fin S2 on
the protrusion insulating layer 43. With the
configuration, the memory gate structure 2 includes the
channel layer of the memory transistor MT along the
surface of the fin S2 surrounded by the memory gate
structure 2.

[0168] In the memory gate structure 2 thus configured in
the present embodiment, too, the gate width of the memory
transistor MT extends along the surface of the fin S2
surrounded by the memory gate structure 2 such that the
heights of the side surfaces of the fin S2 serve as part
of the gate width. The configuration leads to reduction
of the formation area of the memory transistor MT.

[0169] FIG. 18B, in which any corresponding part to that
in FIG. 4B is denoted by an identical reference sign, is
a cross-sectional view illustrating a sectional
configuration taken along line D-D' in FIG. 16. As
illustrated in FIG. 18B, in the region in which the first
select gate structure 3 is provided, the protrusion
insulating layer 43 is not provided on the layered
insulating layer 42 so that the first select gate
structure 3 is disposed over the fin S2 on the layered
insulating layer 42. With the configuration, the first
select gate structure 3 surrounds the surface of the fin

S2, and the channel layer of the first select transistor



Tl is disposed along the surface of the fin S2 surrounded
by the first select gate structure 3.

[0170] In this manner, in the present embodiment, too,
the gate width of the first select transistor Tl extends
along the surface of the fin S2 surrounded by the first
select gate structure 3 such that the heights of the side
surfaces of the fin S2 serve as part of the gate width.
The configuration leads to reduction of the formation
area of the first select transistor Tl. In addition, the
gate width of the first select transistor Tl is twice
larger than the distance H3 as the thickness of the
protrusion insulating layer 43, which leads to increase
of on-current of the first select transistor T1, thereby
achieving a faster operation. The second select gate
structure 4 is provided over the fin S2 on the layered
insulating layer 42 and has a configuration same as that
of the first select gate structure 3 illustrated in FIG.
18B, and thus description thereof will be omitted in the
following.

[0171] The same above description of "(3) Circuit
configuration of nonvolatile semiconductor storage
device" and " (4) Voltage at various operations in
nonvolatile semiconductor storage device" applies to the
memory cell MC3 according to the present embodiment, and
thus is not given in the following.

[0172] The insulating layer IS1 including the protrusion
insulating layer 43 disposed on the layered insulating
layer 42 may be manufactured, for example, in the
sidewall spacer formation process. Specifically, while
forming the sidewall-shaped sidewall spacers 6 and 7 by
forming layered insulating films and etching back, the
insulating layer IS being externally exposed may be
removed by over-etching by the distance H3 as the height
of the protrusion insulating layer 43.

[0173] (9-2) Operations and effects



When data programming is prevented by preventing
charge injection into the charge storage layer EC in the
memory cell MC3 having the above-described configuration
according to the present embodiment, similarly to the
above-described embodiments, a depleted layer is formed
entirely inside the fin S2 surrounded by the memory gate
structure 2 to reduce the potential difference between
the memory gate electrode DG and the fin S2. Thus, when
the memory cell MC3 is downsized by reducing the distance
between the drain region 12a and the source region 12b on
the surface of the fin S2 with a high impurity
concentration inside the fin S2, the potential difference
between the memory gate electrode DG and the fin S2 can
be reduced by setting the shape (height and width) of the
fin S2 so that a depleted layer is formed entirely inside
the fin S2, and the occurrence of disturbance can be
suppressed by reducing electric field applied to the
depleted layer. Accordingly, the memory cell MC3
achieves downsizing and suppression of the occurrence of
disturbance.

[0174] In addition, the memory cell MC3 includes the
insulating layer IS1 with which the distance H4 between
the semiconductor substrate S1 and the lower surface of
the lower memory gate insulating film 13 is larger than
the distance H5 between the semiconductor substrate S1
and the lower surfaces of the first and second select
gate insulating films 17a and 17b. With the
configuration, the lower surfaces of the first and second
select gate electrodes DG and SG are positioned closer to
the semiconductor substrate S1 than the lower surface of
the memory gate electrode MG in a region in which the
insulating layer ISl is provided.

[0175] In the memory cell MC3 thus configured, the first
and second select transistors Tl and T2 in the regions on

the side surfaces of the fin S2 can be more reliably



controlled to be turned on and off by the first select
gate electrode DG and the second select gate electrode SG,
the lower surfaces of which are positioned lower than the
lower surface of the memory gate electrode MG. As a
result, any false operation in the memory cell MC3 can be
more reliably prevented due to the protrusion insulating
layer 43 at data programming operation and data reading
operation than in the above-described embodiments.
[0176] (10) Memory cell including fin on insulating layer

(10-1) Configuration of memory cell

As illustrated in FIG. 19, in which any
corresponding part in FIG. 1 is denoted by an identical
reference sign, a memory cell MC4 included in a
nonvolatile semiconductor storage device 51 is different
from the memory cells according to the above-described
embodiments in the configuration of a fin S3. The
following description will be made mainly on the fin S3,
but not on any other configuration same as that in the
above-described embodiments.
[0177] The nonvolatile semiconductor storage device 51
includes an insulating layer IS2 on the semiconductor
substrate S1, and the fin S3 extending in the y direction
is provided on the insulating layer IS2. The insulating
layer IS2 includes a layered insulating layer 52 and a
strip-shaped lower insulating layer 53 on the
semiconductor substrate S1. The lower insulating layer
53 is made of an insulative material same as that of the
layered insulating layer 52 and integrated with the
layered insulating layer 52. The lower insulating layer
53 extends in the y direction and is provided with the
fin S3 on a surface thereof. Although referred to as a
"fin" in the present embodiment like the other
embodiments, the portion S3 illustrated in FIG. 19 does
not have a fin shape coupled with the semiconductor

substrate S1 like the fin S2 illustrated in FIG. 1, but



has a horizontal column shape or a beam shape (joist
shape) extending in the y direction.

[0178] The fin S3 is made of a semiconductor material and
extends along the lower insulating layer 53. In a
configuration in which the lower insulating layer 53 is
provided, the width of the fin S3 in a direction (the x
direction) orthogonal to a longitudinal direction (the y
direction) in which the fin S3 extends and a height
direction (the z direction) 1s set to be equal to or
smaller than the width of the lower insulating layer 53
so that the fin S3 is provided only on the lower
insulating layer 53.

[0179] Although not illustrated in FIG. 19, an upper
insulating layer 54 (to be described later with reference
to FIGS. 20A and 21) is provided on the upper surface of
the fin S3 on which the memory cell MC4 is provided.

With the configuration, the fin S3 is sandwiched between
the insulating layers on the upper and lower surfaces
thereof.

[0180] The drain region 1l2a is provided adjacent to the
first select gate structure 3 on the surface of the fin
S3, and the source region 12b is provided adjacent to the
second select gate structure 4 on the surface of the fin
S3. In the present embodiment, the upper insulating
layer 54 is not provided on the upper surface of the fin
S3 where the memory cell MC4 is not provided, so that the
drain region 12a and the source region 12b are disposed
on the surface of the fin S3.

[0181] FIG. 20A, in which any corresponding part to that
in FIG. 3A is denoted by an identical reference sign, 1is
a cross-sectional view illustrating a sectional
configuration taken along line A-A' in FIG. 19. As
illustrated in FIG. 20A, the upper insulating layer 54 1is
provided in regions of the surface of the fin S3 in which

the memory gate structure 2, the first select gate



structure 3, the second select gate structure 4, the
sidewall spacers 6 and 7, and the sidewall parts 22a and
22b are provided.

[0182] With the configuration, the fin S3 is sandwiched
between the insulating layer IS2 (in the present
embodiment, the lower insulating layer 53) and the upper
insulating layer 54 in the regions in which the memory
gate structure 2, the first select gate structure 3, the
second select gate structure 4, the sidewall spacers 6
and 7, and the sidewall parts 22a and 22b are provided.
[0183] FIG. 20B, in which any corresponding part to that
in FIG. 3B is denoted by an identical reference sign, 1s
a cross-sectional view illustrating a sectional
configuration taken along line B-B' in FIG. 19. As
illustrated in FIG. 20B, in a region in which the fin S3
is not provided, the memory gate structure 2, the first
select gate structure 3, the second select gate structure
4, the sidewall spacers 6 and 7, and the sidewall parts
22a and 22b are disposed on the layered insulating layer
52 of the insulating layer IS2 covering the semiconductor
substrate S1.

[0184] FIG. 21A, in which any corresponding part to that
in FIG. 4A is denoted by an identical reference sign, 1is
a cross-sectional view illustrating a sectional
configuration taken along line C-C' in FIG. 19. 1In the
present embodiment, as illustrated in FIG. 21A, the fin
S3 is sandwiched between the upper insulating layer 54
and the insulating layer IS2 (in the present embodiment,
the lower insulating layer 53) on the upper and lower
surfaces thereof and surrounded by the memory gate
electrode MG on side surfaces thereof. With the
configuration, the channel layer of the memory transistor
MT is formed on the side surfaces of the fin S3. Since
the fin S3 is sandwiched between the upper insulating

layer 54 and the insulating layer IS2 (in the present



embodiment, the lower insulating layer 53) on the upper
and lower surfaces thereof, the memory transistor MT is a
fully-depleted transistor. In the present embodiment,
the relation of Hfin > Wfin holds where Hlfin represents
the height of the fin S3.

[0185] In the present embodiment, as illustrated in FIG.
21A, a distance H7 between the semiconductor substrate S1
and the lower surface of the fin S3 is set to be larger
than the distance H1 between the semiconductor substrate
S1 and the lower surface of the memory gate electrode MG
in the region in which the fin S3 is not provided.
Accordingly, the lower surface of the memory gate
electrode is positioned lower than the lower surface of
the fin S3 so that the memory gate electrode MG
completely covers the side surfaces of the fin S3. The
configuration prevents leakage current, which would
otherwise cause a false operation, from flowing between
the drain region 12a and the source region 12b along
regions on the side surfaces of the fin S3.

[0186] The distance H7 between the semiconductor
substrate S1 and the lower surface of the fin S3
desirably differs from the distance H1l between the
semiconductor substrate S1 and the lower surface of the
memory gate electrode MG by an half or more of the width
Wfin of the fin S3. A configuration in which the lower
insulating layer 53 is not provided will be described
later.

[0187] FIG. 21B, in which any corresponding part to that
in FIG. 4B is denoted by an identical reference sign, 1s
a cross-sectional view illustrating a sectional
configuration taken along line D-D' in FIG. 19. The fin
S3 is sandwiched between the upper insulating layer 54
and the insulating layer IS2 (in the present embodiment,
the lower insulating layer 53) on the upper and lower

surfaces thereof and surrounded by the first select gate



electrode DG on the side surfaces thereof. With the
configuration, the channel layer of the first select
transistor Tl is formed on the side surfaces of the fin
S3. Since the fin S3 is sandwiched between the upper
insulating layer 54 and the insulating layer IS2 (in the
present embodiment, the lower insulating layer 53) on the
upper and lower surfaces thereof and thus insulated from
the semiconductor substrate S1, the first select
transistor T1 is a fully-depleted transistor.

[0188] In the present embodiment, as illustrated in FIG.
21B, the distance H7 between the semiconductor substrate
S1 and the lower surface of the fin S3 is set to be
larger than the distance H2 between the semiconductor
substrate S1 and the lower surface of the first select
gate electrode DG in the region in which the fin S3 is
not provided. Accordingly, the lower surface of the
first select gate electrode DG is positioned lower than
the lower surface of the fin S3 so that the first select
gate electrode DG completely covers the side surfaces of
the fin S3. The configuration prevents leakage current
flow along the regions on the side surfaces of the fin S3.
[0189] The second select gate structure 4 is provided
over the fin S3 on the layered insulating layer 42 and
has a configuration same as that of the first select gate
structure 3 illustrated in FIG. 21B, and thus description
thereof will be omitted in the following.

[0190] The distance H7 between the semiconductor
substrate S1 and the lower surface of the fin S3
desirably differs from the distance H2 between the
semiconductor substrate S1 and the lower surface of the
first select gate electrode DG by an half or more of the
width Wfin of the fin S3. The configuration in which the
lower insulating layer 53 1is not provided will be

described later.



[0191] The same above description of "(3) Circuit
configuration of nonvolatile semiconductor storage
device" and " (4) Voltage at various operations in
nonvolatile semiconductor storage device" applies to the
memory cell MC4 according to the present embodiment, and
thus is not given in the following.
[0192] The memory cell MC4 including the fin S3 on the
insulating layer IS1 may be manufactured by sequentially
stacking a semiconductor substrate, an insulating laver,
a semiconductor layer to be formed into a fin, and an
insulating layer to be formed into an upper insulating
layer, before the fin formation process illustrated in
FIG. 8, and then fabricating, in the fin formation
process, parts of the semiconductor layer to be formed
into a fin and the insulating layer by using, as a hard
mask, the patterned insulating layer to be formed into an
upper insulating layer. Alternatively, a silicon-on-
insulator (SOI) substrate may be used as the
semiconductor substrate, the insulating layer, and the
semiconductor layer to be formed into a fin.
[0193] (10-2) Operations and effects

When data programming is prevented by preventing
charge injection into the charge storage layer EC in the
memory cell MC4 having the above-described configuration,
the occurrence of disturbance can be suppressed according
to a principle same as that in the above-described
embodiments by reducing the potential difference between
the memory gate electrode DG and the fin S3 and reducing
electric field applied to a depleted layer. Accordingly,
the memory cell MC 4 achieves downsizing and suppression
of the occurrence of disturbance.
[0194] In addition, the memory transistor MT, the first
select transistor T1, and the second select transistor T2
of the memory cell MC4 can operate as fully-depleted

transistors since the fin S3 is sandwiched between the



upper insulating layer 54 and the insulating layer IS2
(in the present embodiment, the lower insulating layer
53) on the upper and lower surfaces thereof. In this
case, the fin S3 is insulated from the semiconductor
substrate S1, and thus potential at the fin S3 1is
independent from the semiconductor substrate S1.
Accordingly, the potential difference between the memory
gate electrode MG and the fin S3 can be further reduced,
and electric field applied to the depleted layer can be
further reduced, which leads to further suppression of
the occurrence of disturbance as compared to the above-
described fin type (fin S2).
[0195] In the memory cell MC4, the lower surfaces of the
memory gate electrode MG, the first select gate electrode
DG, and the second select gate electrode SG are
positioned lower than the lower surface of the fin S3 so
that the memory gate electrode MG, the first select gate
electrode DG, and the second select gate electrode SG
completely cover the side surfaces of the fin S3 to
prevent leakage current flow along the regions on the
side surfaces of the fin S3.
[0196] Since the memory cell MC4 includes the upper
insulating layer 54 covering the upper surface of the fin
S3, the upper insulating layer 54 can prevent
concentration of electric field around sharp corners at
intersections of the upper and side surfaces of the fin
S3 at, for example, data programming operation. The
configuration can prevent a programming defect that
charge cannot be injected into the charge storage layer
along a fin sidewall due to the concentration of electric
field around the corners at programming.
[0197] (10-3) Fin according to other embodiments

In the above-described embodiments, the distance H7
between the semiconductor substrate S1 and the lower

surface of the fin S3 is larger than the distance H1



between the semiconductor substrate S1 and the lower
surface of the memory gate electrode MG in the region in
which the fin S3 is not provided (H7 > H1l), but the
present invention is not limited thereto. The distance
H7 between the semiconductor substrate S1 and the lower
surface of the fin S3 may be equal to or smaller than the
distance H1 between the semiconductor substrate S1 and
the lower surface of the memory gate electrode DG in the
region in which the fin S3 is not provided (H7 £ H1).
[0198] For example, when the lower insulating layer 53 is
provided on the layered insulating layer 52, the distance
H7 between the semiconductor substrate S1 and the lower
surface of the fin S3 may be larger than the distance H5
between the semiconductor substrate S1 and the surface of
the layered insulating layer 52 and smaller than the
distance H1 between the semiconductor substrate S1 and
the lower surface of the memory gate electrode MG
illustrated in FIG. 21A (H5 < H7 < H1).

[0199] In the above-described embodiments, the lower
insulating layer 53 protruding from the layered
insulating layer 52 is provided on the layered insulating
layer 52, and the layered insulating layer 52, the lower
insulating layer 53, the fin S3, and the upper insulating
layer 54 are stacked in this order on the semiconductor
substrate S1, but the present invention is not limited
thereto. The layered insulating layer 52, the fin S3,
and the upper insulating layer 54 may be stacked in this
order on the semiconductor substrate S1 without the lower
insulating layer 53. 1In this case, the lower surface of
the fin S3 may be positioned flush with the surface of
the layered insulating layer 52.

[0200] In the above-described embodiments, the upper
insulating layer 54 is provided on the fin S3, and the
insulating layer IS2, the fin S3, and the upper

insulating layer 54 are stacked in this order on the



semiconductor substrate S1, but the present invention is
not limited thereto. The insulating layer IS2 and the
fin S3 may be stacked in this order on the semiconductor
substrate S1 without the upper insulating layer 54.

[0201] In the embodiments illustrated in FIGS. 16 and 19,
the memory gate electrode MG, the first select gate
electrode DG, and the second select gate electrode SG are
each made of a metallic material, but the present
invention is not limited thereto. As described above
with reference to FIG. 12, the memory gate electrode MG,
the first select gate electrode DG, and the second select
gate electrode SG may be each made of a conductive
material (for example, polysilicon) other than a metallic
material. In this case, for example, a layered electrode
formation layer is etched back to form the first select
gate electrode DGl and the second select gate electrode
SGl sidewall-shaped along the sidewall spacers 6 and 7 on
the sidewalls of the memory gate structure 2a through the
manufacturing process of the memory cells MC3 and MC4

illustrated in FIGS. 16 and 19.

Reference Signs List
[0202] 1, 31, 41, 51 nonvolatile semiconductor storage
device

MC, MCc11, MC1l2, ..., MCln, MC21, MC22, ..., MC2n,
MCml, MCm2, ..., MCmn, MCl, MC2, MC3, MC4 memory cell

2, 2a memory gate structure

3, 3a first select gate structure

4, 4a second select gate structure

12a, 40a drain region

12b, 40b source region

6, 7 sidewall spacer

13 lower memory gate insulating film

14, 1l4a wupper memory gate insulating film

EC charge storage layer



17a, 18a first select gate insulating film
17b, 18b second select gate insulating film
S1 semiconductor substrate

S2, 83 fin

IS, ISl, IS2 insulating layer

42, 52 layered insulating layer

43 protrusion insulating layer

53 lower insulating layer

54 wupper insulating layer



Claims

1. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the semiconductor substrate and
protruding from the insulating layer;

a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first
select gate electrode stacked on a first select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are

provided between the drain region and the source region,



a relation of Hfin > Wfin holds where Hfin
represents an in-electrode protruding height of the fin
as a distance between an upper surface of the fin and a
bottom surface of the memory gate electrode on the
insulating layer, and Wfin represents a width of the fin
in a direction in which the first select gate structure
and the second select gate structure extend over the fin,
and

charge i1s injected into the charge storage layer due
to a quantum tunneling effect caused by voltage
difference between the memory gate electrode and the fin
when programming to the memory cell is selected, while
charge is prevented from being injected into the charge
storage layer by a depleted layer formed in the fin when

programming to the memory cell is not selected.

2. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the semiconductor substrate and
protruding from the insulating layer;

a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first
select gate electrode stacked on a first select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate

insulating film, and being disposed on the insulating



layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are
provided between the drain region and the source region,
and

a distance between the memory gate electrode and the
first select gate electrode and a distance between the
memory gate electrode and the second select gate
electrode are 5 nm to 40 nm inclusive, and thicknesses of
the first select gate insulating film and the second
select gate insulating film are equal to or smaller than

3 nm.

3. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the semiconductor substrate and
protruding from the insulating layer;

a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first

select gate electrode stacked on a first select gate



insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are
provided between the drain region and the source region,
and

the memory gate structure:

includes a cap insulating film covering an upper
surface of the fin; and

has a configuration in which the lower memory gate
insulating film, the charge storage layer, the upper
memory gate insulating film, and the memory gate

electrode are stacked on the cap insulating film.

4. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the semiconductor substrate and

protruding from the insulating layer;



a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first
select gate electrode stacked on a first select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are
provided between the drain region and the source region,
and

the memory gate structure:

includes a cap insulating film covering an upper
surface of the fin; and

has a configuration in which the cap insulating
film is provided as the lower memory gate insulating film

on the upper surface of the fin, and the charge storage



layer, the upper memory gate insulating film, and the
memory gate electrode are stacked on the cap insulating
film.

5. The memory cell according to any one of claims 1 to
4, wherein

relations of L1 < 1.5Wfin and L2 £ 1.5Wfin hold
where Wfin represents a width of the fin in a direction
in which the first select gate structure and the second
select gate structure extend over the fin, and

L1l and L2 represent a gate length of the first
select gate electrode and a gate length of the second
select gate electrode, respectively, in a direction in
which the fin extends orthogonally to a direction in
which the first select gate structure and the second

select gate structure extend over the fin.

6. The memory cell according to any one of claims 1 to
5, wherein a distance between the semiconductor substrate
and a lower surface of the memory gate electrode is
longer than distances between the semiconductor substrate
and lower surfaces of the first select gate electrode and
the second select gate electrode, and positions of the
lower surfaces of the first select gate electrode and the
second select gate electrode with respect to the
semiconductor substrate are closer than the lower surface
of the memory gate electrode with respect to the

semiconductor substrate.

7. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the semiconductor substrate and

protruding from the insulating layer;



a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first
select gate electrode stacked on a first select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are
provided between the drain region and the source region,
and

in the insulating layer:

a distance between the semiconductor substrate and
a lower surface of the lower memory gate insulating film
is longer than distances between the semiconductor

substrate and lower surfaces of the first select gate



insulating film and the second select gate insulating
film; and

positions of the lower surfaces of the first
select gate electrode and the second select gate
electrode with respect to the semiconductor substrate are
closer than the lower surface of the memory gate

electrode with respect to the semiconductor substrate.

8. The memory cell according to claim 7, wherein the
insulating layer includes:

a layered insulating layer provided on the
semiconductor substrate, and

a convex portion insulating layer provided in a
region in which the memory gate structure is provided on

the layered insulating layer.

9. The memory cell according to claim 8, wherein the
convex portion insulating layer has a thickness equal to
or larger than a half of a width of the fin in a
direction in which the memory gate structure, the first
select gate structure, and the second select gate

structure extend over the fin.

10. A memory cell comprising:

a semiconductor substrate covered by an insulating
layer;

a fin disposed on the insulating layer;

a memory gate structure including a lower memory
gate insulating film, a charge storage layer, an upper
memory gate insulating film, and a memory gate electrode
stacked, and being disposed on the insulating layer so as
to extend over the fin;

a first select gate structure including a first
select gate electrode stacked on a first select gate

insulating film, and being disposed on the insulating



layer so as to extend over the fin along a first sidewall
spacer disposed on one sidewall of the memory gate
structure;

a second select gate structure including a second
select gate electrode stacked on a second select gate
insulating film, and being disposed on the insulating
layer so as to extend over the fin along a second
sidewall spacer disposed on the other sidewall of the
memory gate structure;

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

a source region provided adjacent to the second
select gate structure on the surface of the fin,
insulated from the second select gate electrode, and
electrically connected with a source line, wherein

the first select gate structure, the memory gate
structure, and the second select gate structure are
provided between the drain region and the source region,

an upper insulating layer is provided on an upper
surface of the fin in a region where the memory gate
structure, the first sidewall spacer, the first select
gate structure, the second sidewall spacer, and the
second select gate structure are provided , and

the insulating layer includes:

a layered insulating layer provided on the
semiconductor substrate; and

a lower insulating layer that is provided on the
layered insulating layer, made of a material same as a
material of the layered insulating layer, and integrated
with the layered insulating layer, and on a surface of
which the fin is provided, and the layered insulating

layer, the lower insulating layer, the fin, and the upper



insulating layer are stacked in this order on the

semiconductor substrate.

11. The memory cell according to claim 10, wherein a
lower surface of the fin is positioned higher than a
lower surface of the memory gate electrode in a region in

which the fin is not provided.

12. The memory cell according to any one of claims 1 to
11, wherein the memory gate electrode, the first select
gate electrode, and the second select gate electrode

contain metallic material.

13. The memory cell according to any one of claims 1 to
11, wherein the first select gate electrode is sidewall-
shaped along the first sidewall spacer, and the second
select gate electrode is sidewall-shaped along the second

sidewall spacer.

14. A nonvolatile semiconductor storage device
comprising a plurality of memory cells arranged in a
matrix of rows and columns and each including a memory
gate electrode connected with a memory gate line, wherein
each memory cell is the memory cell according to any one
of claims 1 to 13, and the memory gate line is shared by

the memory cells arranged in the matrix.

15. A method for manufacturing a nonvolatile
semiconductor storage device, the method comprising:

a fin formation process of forming, on a
semiconductor substrate covered by an insulating layer, a
fin protruding from the insulating layer;

a first dummy electrode layer formation process of
sequentially stacking a layered lower memory gate

insulating film formation layer, a layered charge storage



layer formation layer, and a layered first dummy
electrode layer on the insulating layer covering the
semiconductor substrate and on the fin protruding from
the insulating layer;

a dummy memory gate structure formation process of
forming, over the fin on the insulating layer, a dummy
memory gate structure in which a lower memory gate
insulating film, a charge storage layer, and a dummy
memory gate electrode are sequentially stacked, by
patterning the first dummy electrode layer, the charge
storage layer formation layer, and the lower memory gate
insulating film formation layer by using a patterned
resist;

a sidewall spacer formation process of forming
sidewall spacers along facing sidewalls of the dummy
memory gate structure;

a dummy select gate electrode formation process of
forming a second dummy electrode layer covering the dummy
memory gate structure, and then forming, by etching back,
a sidewall-shaped dummy first select gate electrode over
the fin along one of the sidewall spacers on the
sidewalls of the dummy memory gate structure, and a
sidewall-shaped dummy second select gate electrode over
the fin along the other of the sidewall spacers on the
sidewalls of the dummy memory gate structure;

a dummy electrode exposure process of forming an
interlayer insulating layer covering the dummy memory
gate electrode, the dummy first select gate electrode,
and the dummy second select gate electrode, and then
fabricating the interlayer insulating layer to externally
expose upper surfaces of the dummy memory gate electrode,
the dummy first select gate electrode, and the dummy
second select gate electrode on the interlayer insulating

layer; and



a metal gate electrode formation process of removing
the dummy memory gate electrode, the dummy first select
gate electrode, and the dummy second select gate
electrode, forming a layered insulating film serving as
an upper memory gate insulating film, a first select gate
insulating film, and a second select gate insulating film
in dummy electrode removed spaces in which the dummy
memory gate electrode, the dummy first select gate
electrode, and the dummy second select gate electrode
have been formed, and then forming a memory gate
electrode, a first select gate electrode, and a second
select gate electrode that are each made of a metallic
material in spaces surrounded by the insulating film in

the dummy electrode removed spaces.

16. The method for manufacturing a nonvolatile
semiconductor storage device according to claim 15,
wherein

the fin formation process leaves, as a cap
insulating film, a hard mask used to form the fin,

the first dummy electrode layer formation process
sequentially stacks the layered lower memory gate
insulating film formation layer, the layered charge
storage layer formation layer, and the layered first
dummy electrode layer on the insulating layer and the cap
insulating film covering an upper surface of the fin, and

the dummy memory gate structure formation process
forms the dummy memory gate structure on the insulating
layer so as to extend over the fin, the upper surface of

which is covered by the cap insulating film.



