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(57) A fin includes a first region and a second region
arranged on a positive side in an X-axis direction with
respect to the first region. A control gate electrode covers
an upper surface of the first region, and a side surface
of the first region on the positive side in a Y-axis direction.
A memory gate electrode covers an upper surface of the
second region, and a side surface of the second region

on the positive side in the Y-axis direction. The upper
surface of the second region is lower than the upper sur-
face of the first region. The side surface of the second
region is arranged on the negative side in the Y-axis di-
rection with respect to the side surface of the first region
in the Y-axis direction.
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Description

TITLE OF THE INVENTION

SEMICONDUCTOR DEVICE AND MANUFACTURING 
METHOD THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from
Japanese Patent Application No. 2015-255923 filed on
December 28, 2015, the content of which is hereby in-
corporated by reference into this application.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a semiconduc-
tor device and a manufacturing method thereof and can
be suitably utilized for, for example, a semiconductor de-
vice including a semiconductor element formed on a
semiconductor substrate and a manufacturing method
thereof.

BACKGROUND OF THE INVENTION

[0003] A semiconductor device including a memory
cell region in which a memory cell such as a non-volatile
memory is formed on a semiconductor substrate is widely
used. For example, there is a case in which a memory
cell having a split gate cell using a MONOS (metal-oxide-
nitride-oxide-semiconductor) film is formed as the non-
volatile memory. In this case, the memory cell is formed
by two MISFETs (metal insulator semiconductor field ef-
fect transistor) composed of a control transistor including
a control gate electrode and a memory transistor includ-
ing a memory gate electrode.
[0004] This memory gate electrode is formed by leav-
ing a conductive film on a side surface of the control gate
electrode via an insulating film like a sidewall spacer.
Also, between the memory gate electrode and the control
gate electrode, and between the memory gate electrode
and a semiconductor substrate, an insulating film having
a charge storage unit inside is formed.
[0005] In Japanese Patent Application Laid-Open Pub-
lication No. 2006-332143 (Patent Document 1), dis-
closed is a technique of a semiconductor device including
a non-volatile memory element formed on a semiconduc-
tor substrate in which the non-volatile memory element
includes a control gate electrode and a memory gate
electrode provided adjacent to the control gate electrode.
[0006] In Japanese Patent Application Laid-Open Pub-
lication No. 200641354 (Patent Document 2), disclosed
is a technique of a semiconductor device in which a pro-
truding active region is formed on a front surface of a
semiconductor substrate, and in which a select gate or
a memory gate is arranged to straddle the projected ac-
tive region.

SUMMARY OF THE INVENTION

[0007] In the semiconductor device including the mem-
ory cell having the split gate cell, data is written by inject-
ing electrons into the charge storage unit inside the in-
sulating film, for example. Also, data is erased by injecting
holes into the charge storage unit inside the insulating
film, for example.
[0008] However, depending on a shape of the charge
storage unit, a distribution of the electrons injected into
the charge storage unit at the time of writing data and a
distribution of the holes injected into the charge storage
unit at the time of erasing data may differ from each other.
In particular, in a case in which the control gate electrode
and the memory gate electrode straddle a fin serving as
a projecting portion, on each of the upper surface side
and both sides of the side surfaces of the fin, the distri-
bution of the electrons injected into the charge storage
unit at the time of writing data and the distribution of the
holes injected into the charge storage unit at the time of
erasing data tend to differ from each other. In such a
case, when the write operation and the erase operation
are repeated a large number of times, the number of
holes remaining in the insulating film having the charge
storage unit increases, and the retention characteristics
of the memory cell deteriorate, so that the characteristics
of the semiconductor device cannot be improved.
[0009] Other objects and novel features of the present
invention will be apparent from the description of the
present specification and the accompanying drawings.
[0010] According to an embodiment, a semiconductor
device includes a projecting portion projected from a
main surface of the semiconductor substrate, and the
projecting portion includes a first region and a second
region arranged on a first side in the first direction with
respect to the first region when seen in a plan view. A
control gate electrode covers a first upper surface of the
first region, a first side surface of the first region on a
second side in the second direction, and a second side
surface of the first region on an opposite side of the sec-
ond side in the second direction, and the second gate
electrode covers a second upper surface of the second
region, a third side surface of the second region on the
second side, and a fourth side surface of the second re-
gion on the opposite side of the second side. The second
upper surface is lower than the first upper surface, and
the third side surface is arranged on the opposite side of
the second side with respect to the first side surface in
the second direction.
[0011] Also, according to another embodiment, in a
manufacturing method of a semiconductor device, a pro-
jecting portion projected from a main surface of a semi-
conductor substrate and including a first region and a
second region arranged on a first side with respect to the
first region when seen in a plan view is formed. Subse-
quently, a first gate electrode covering a first upper sur-
face of the first region, a first side surface of the first
region on a second side in a second direction, and a
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second side surface of the first region on an opposite
side of the second side in the second direction is formed.
Subsequently, by etching the second region, a second
upper surface of the second region becomes lower than
the first upper surface, and a third side surface of the
second region on the second side recedes to the opposite
side of the second side with respect to the first side sur-
face in the second direction. Subsequently, on the pro-
jecting portion and on a front surface of the first gate
electrode, an insulating film including a charge storage
unit inside is formed. A conductive film is formed on the
insulating film. Subsequently, by etching back the con-
ductive film, a second gate electrode covering the second
upper surface, the third side surface, and a fourth side
surface of the second region on the opposite side of the
second side in the second direction is formed.
[0012] According to the embodiment, the performance
of the semiconductor device can be improved.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0013]

FIG 1 illustrates a layout configuration example of a
semiconductor chip according to an embodiment;
FIG 2 is a plan view of a main part of a semiconductor
device according to the embodiment;
FIG 3 is a perspective view of a main part of the
semiconductor device according to the embodiment;
FIG 4 is a perspective view of a main part of the
semiconductor device according to the embodiment;
FIG 5 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment;
FIG 6 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment;
FIG 7 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment;
FIG 8 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment;
FIG 9 is a process flowchart illustrating a part of a
process for manufacturing the semiconductor device
according to the embodiment;
FIG 10 is a process flowchart illustrating a part of the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 11 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 12 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 13 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 14 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 15 is a cross-sectional view of a main part in the

process for manufacturing the semiconductor device
according to the embodiment;
FIG 16 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 17 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 18 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 19 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 20 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 21 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 22 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 23 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 24 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 25 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 26 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 27 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 28 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 29 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 30 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 31 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 32 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 33 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 34 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
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according to the embodiment;
FIG 35 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 36 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 37 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 38 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 39 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 40 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 41 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 42 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 43 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 44 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 45 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 46 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 47 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 48 is a cross-sectional view of a main part in the
process for manufacturing the semiconductor device
according to the embodiment;
FIG 49 is a cross-sectional view of a main part of a
semiconductor device according to a comparative
example;
FIG 50 is a cross-sectional view of a main part of the
semiconductor device according to the comparative
example;
FIG 51 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment;
and
FIG 52 is a cross-sectional view of a main part of the
semiconductor device according to the embodiment.

DESCRIPTIONS OF THE PREFERRED EMBODI-
MENT

[0014] In the embodiment described below, the inven-
tion will be described in a plurality of sections or embod-
iments when required as a matter of convenience. How-
ever, these sections or embodiments are not irrelevant
to each other unless otherwise stated, and the one relates
to the entire or a part of the other as a modification ex-
ample, details, or a supplementary explanation thereof
[0015] Also, in the embodiment described below, when
referring to the number of elements (including number of
pieces, values, amount, range, and the like), the number
of the elements is not limited to a specific number unless
otherwise stated or except the case where the number
is apparently limited to a specific number in principle. The
number larger or smaller than the specific number is also
applicable.
[0016] Further, in the embodiment described below, it
goes without saying that the components (including ele-
ment steps) are not always indispensable unless other-
wise stated or except the case where the components
are apparently indispensable in principle. Similarly, in the
embodiment described below, when the shape of the
components, positional relation thereof, and the like are
mentioned, the substantially approximate and similar
shapes and the like are included therein unless otherwise
stated or except the case where it is conceivable that
they are apparently excluded in principle. The same goes
for the numerical value and the range described above.
[0017] Hereinafter, a representative embodiment of
the present invention will be described in detail with ref-
erence to the accompanying drawings. Note that com-
ponents having the same function are denoted by the
same reference characters throughout the drawings for
describing the embodiment, and the repetitive descrip-
tion thereof is omitted. In addition, the description of the
same or similar portions is not repeated in principle un-
less particularly required in the following embodiment
[0018] In addition, in some drawings used in the em-
bodiment, hatching may be omitted even in a cross-sec-
tional view so as to make the drawings easy to see.

(Embodiment)

<Layout Configuration Example of Semiconductor Chip>

[0019] A semiconductor device including a non-volatile
memory according to the present embodiment will be de-
scribed with reference to the drawings. First, a layout
configuration of a semiconductor device (semiconductor
chip) provided with a system including a non-volatile
memory will be described.
[0020] FIG 1 illustrates a layout configuration example
of a semiconductor chip according to the embodiment In
FIG 1, a semiconductor chip CHP includes a CPU (central
processing unit) 100, a RAM (random access memory)
200, an analog circuit 300, an EEPROM (electrically
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erasable programmable read only memory) 400, a flash
memory 500, and I/O (input/output) circuits 600, which
constitute a semiconductor device.
[0021] The CPU (circuit) 100, which is also called a
central processing unit, reads an instruction from a stor-
age device, decodes the instruction, and executes vari-
ous calculations and controls based on the instruction.
[0022] The RAM (circuit) 200 is a memory that can deal
with storage information at random, that is, a memory
that can read out storage information stored therein or
newly write storage information as needed. The RAM
200 is also called a random access memory. As the RAM,
an SRAM (static RAM) using a static circuit is used.
[0023] The analog circuit 300 is a circuit dealing with
voltage signals and current signals that temporally and
continuously change, that is, analog signals, and in-
cludes an amplifying circuit, a conversion circuit, a mod-
ulation circuit, an oscillation circuit, a power supply circuit,
and the like, for example.
[0024] Each of the EEPROM 400 and the flash memory
500 is a kind of a non-volatile memory capable of elec-
trically rewriting data in a write operation and an erase
operation and is also called an electrically erasable pro-
grammable read only memory. Each memory cell of the
EEPROM 400 and the flash memory 500 includes an
MONOS transistor or an MNOS (metal-nitride-oxide-
semiconductor) transistor for storage (memory), for ex-
ample. The difference between the EEPROM 400 and
the flash memory 500 is that the EEPROM 400 is a non-
volatile memory capable of erasing data, for example, in
units of a byte, while the flash memory 500 is a non-
volatile memory capable of erasing data, for example, in
units of a word line. In general, the flash memory 500
stores programs for executing various processing in the
CPU 100 therein. In contrast, the EEPROM 400 stores
various data to be frequently rewritten therein. Each of
the EEPROM 400 and the flash memory 500 includes an
address buffer, a row decoder, a column decoder, a ver-
ification sense amplifier circuit, a sense amplifier circuit,
a writing circuit, and the like, as well as a memory cell
array in which a plurality of non-volatile memory cells are
arranged in a matrix form.
[0025] The I/O circuit 600 is an input/output circuit, i.e.,
a circuit for outputting data from the semiconductor chip
CHP to equipment connected to the outside of the sem-
iconductor chip CHP and for inputting data from the
equipment connected to the outside of the semiconductor
chip CHP to the semiconductor chip CHP.
[0026] The semiconductor device according to the
present embodiment includes a memory cell forming re-
gion. In the memory cell forming region, the memory cell
array in which the plurality of non-volatile memory cells
are arranged in a matrix form is formed. In the following,
the memory cell forming region will be illustrated in the
drawings and described with reference to the drawings.
[0027] Meanwhile, the semiconductor device accord-
ing to the present embodiment includes a logic circuit
forming region, although illustration and description

thereof are omitted below. In the logic circuit forming re-
gion, the CPU 100, the RAM 200, the analog circuit 300,
the I/O circuit 600, and the address buffer, the row de-
coder, the column decoder, the verification sense ampli-
fier circuit, the sense amplifier circuit, the writing circuit,
and the like of the EEPROM 400 or the flash memory
500 are formed.

<Structure of Semiconductor Device>

[0028] Next, a structure of the semiconductor device
according to the present embodiment will be described.
FIG 2 is a plan view of a main part of the semiconductor
device according to the embodiment. FIGs. 3 and 4 are
perspective views of main parts of the semiconductor
device according to the embodiment. FIG 4 illustrates a
state seen through a gate insulating film GIc (see FIG 5),
a control gate electrode CG, a gate insulating film GIm,
and a memory gate electrode MG which have been re-
moved from the perspective view illustrated in FIG 3 for
simplification of the drawing.
[0029] FIGs. 5 to 8 are cross-sectional views of main
parts of the semiconductor device according to the em-
bodiment. FIG 5 illustrates a cross-sectional view taken
along a line A-A of FIG 2, a cross-sectional view taken
along a line B-B of FIG 2, and a cross-sectional view
taken along a line C-C of FIG 2. In these drawings, the
cross-section taken along the line A-A of FIG 2 is a cross-
section of a plane PP1 in FIG 3, the cross-section taken
along the line B-B of FIG 2 is a cross-section of a plane
PP2 in FIG 3, and the cross-section taken along the line
C-C of FIG 2 is a cross-section of a plane PP3 in FIG 3.
FIG 6 is a cross-sectional view taken along a line D-D of
FIG 5 and illustrates a region RG1 surrounded by the
two-dot chain line of the plan view illustrated in FIG 2.
Also, the cross-section taken along the line D-D of FIG
5 is a cross-section of a plane PP4 in FIG 3.
[0030] FIG 7 is an enlarged view of a region RG2 sur-
rounded by the two-dot chain line of the cross-sectional
view illustrated in FIG 5, and FIG 8 is an enlarged view
of a region RG3 surrounded by the two-dot chain line of
the cross-sectional view illustrated in FIG 6. Note that, in
FIGs. 7 and 8, illustration of an n--type semiconductor
region VMG, a metal silicide layer 13, an insulating film
14, and an interlayer insulating film 15 is omitted from
the cross-sectional views illustrated in FIGs. 5 and 6 for
simplification of the drawings.
[0031] In FIG 5, the cross-section taken along the line
A-A of FIG 2 illustrates memory cells MC1 and MC2 serv-
ing as two memory cells MC. The memory cells MC1 and
MC2 are arranged symmetrically relative to a plane (a
YZ plane describe later), serving as a symmetry plane,
between the memory cell MC1 and the memory cell MC2.
In the following, among the two memory cells MC1 and
MC2, the memory cell MC1 will be described.
[0032] Also, in the present embodiment, description
will be given of a case in which the memory cell MC in-
cludes an n-channel control transistor CT and an n-chan-
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nel memory transistor MT. However, the conductivity
type may be reversed, and the memory cell MC may in-
clude a p-channel control transistor CT and a p-channel
memory transistor MT.
[0033] As illustrated in FIGs. 2 and 5, the semiconduc-
tor device includes a semiconductor substrate 1. The
semiconductor substrate 1 is a semiconductor wafer hav-
ing a specific resistance of, for example, about 1 to 10
Ωcm and made of p-type single-crystal silicon or the like.
The semiconductor substrate 1 includes a main surface
1a and a main surface 1b on an opposite side to the main
surface 1a.
[0034] As illustrated in FIGs. 2 and 5, two directions
intersecting with each other, preferably, orthogonal to
each other in the main surface 1a of the semiconductor
substrate 1 are an X-axis direction and a Y-axis direction,
and a direction perpendicular to the main surface 1a of
the semiconductor substrate 1, that is, an up-down di-
rection is a Z-axis direction. Definitions of the X-axis di-
rection, the Y-axis direction, and the Z-axis direction in
FIGs. 3, 4, and 6 to 8 are also the same as those in FIGs.
2 and 5. Also, "when seen in a plan view" in the present
specification means a case in which something is seen
in a direction perpendicular to the main surface 1a of the
semiconductor substrate 1.
[0035] As illustrated in FIG 2, on the semiconductor
substrate 1, a plurality of fins FA extending, for example,
in the X-axis direction are arranged at regular intervals
in the Y-axis direction. Each fin FA is a projecting portion
of a rectangular parallelepiped which is projected from
the main surface 1a of the semiconductor substrate 1,
and a lower portion of the fin FA is surrounded by an
element isolation film STM covering the main surface of
the semiconductor substrate 1. The fin FA is a part of the
semiconductor substrate 1 and is an active region of the
semiconductor substrate 1. In addition, when seen in a
plan view, a lower portion of a trench between the adja-
cent fins FA is buried with the element isolation film STM,
and both sides of a lower portion of the fin FA in the Y-
axis direction are surrounded by the element isolation
film STM. The fin FA is an active region for forming the
memory cell MC.
[0036] On the plurality of element isolation films STM
and the plurality of fins FA, a plurality of control gate elec-
trodes CG and a plurality of memory gate electrodes MG
extending in the Y-axis direction are formed, that is, ar-
ranged. The plurality of memory gate electrodes MG are
adjacent to the plurality of control gate electrodes CG,
respectively. In a pair of the control gate electrode CG
and the memory gate electrode MG, a semiconductor
region MD serving as a drain region is formed on a part
of the fin FA located on an opposite side to the memory
gate electrode MG with the control gate electrode CG
interposed therebetween. Also, a semiconductor region
MS serving as a source region is formed on a part of the
fin FA located on an opposite side to the control gate
electrode CG with the memory gate electrode MG inter-
posed therebetween. The semiconductor region MD and

the semiconductor region MS are n-type semiconductor
regions. The semiconductor region MD is formed be-
tween the two adjacent control gate electrodes CG, and
the semiconductor region MS is formed between the two
adjacent memory gate electrodes MG, although illustra-
tion thereof is omitted. The control gate electrode CG,
the memory gate electrode MG, the semiconductor re-
gion MD, and the semiconductor region MS form the
memory cell MC serving as a non-volatile memory
[0037] That is, the memory cell according to the
present embodiment has a fin-type structure in which
each of the control gate electrode CG and the memory
gate electrode MG is formed to straddle the fin FA. Such
a fin-type structure reduces the width of the memory cell
MC in the Y-axis direction while securing the channel
width, thereby enabling the memory cell to be integrated.
[0038] In the two memory cells MC adjacent in the X-
axis direction, the semiconductor region MD or the sem-
iconductor region MS is shared. The two memory cells
MC sharing the semiconductor region MD serving as a
drain region are arranged to be mirror-symmetric to each
other in the X-axis direction with the semiconductor re-
gion MD interposed therebetween, that is, to be plane-
symmetric to each other with the YZ plane passing the
semiconductor region MD serving as a symmetry plane.
Also, the two memory cells MC sharing the semiconduc-
tor region MS serving as a source region are arranged
to be mirror-symmetric to each other in the X-axis direc-
tion with the semiconductor region MS interposed ther-
ebetween, that is, to be plane-symmetric to each other
with the YZ plane passing the semiconductor region MS
serving as a symmetry plane, although illustration thereof
is omitted. Here, the YZ plane is a plane perpendicular
to the X-axis direction.
[0039] The plurality of memory cells MC are formed
along the X-axis direction in the fin FA extending in the
X-axis direction, for example. The semiconductor region
MD serving as a drain region for the plurality of memory
cells MC arranged in the X-axis direction is connected to
a metal wire MW1 extending in the X-axis direction via a
plug PG serving as a contact electrode formed in a con-
tact hole CNT. Also, the semiconductor region MS serv-
ing as a source region for the plurality of memory cells
MC arranged in the Y-axis direction is connected to a
metal wire MW2 extending in the Y-axis direction via the
plug PG formed in the contact hole CNT. One of the metal
wires MW1 and MW2 is a source line, and the other is a
bit line, for example. Note that, for the metal wire MW1,
a metal wire in a different layer from that of the metal wire
MW2 may be used.
[0040] Next, referring to FIGs. 5 to 8, a structure of the
memory cell MC formed in the fin FA will be described.
Also, in the following, of the memory cells MC1 and MC2
which are two memory cells MC adjacent in the X-axis
direction, the memory cell MC1 arranged on a positive
side in the X-axis direction with respect to the memory
cell MC2 will be described.
[0041] As described above, the fin FA is a part of the

9 10 



EP 3 188 216 A1

7

5

10

15

20

25

30

35

40

45

50

55

semiconductor substrate 1 and is projected from the main
surface 1a of the semiconductor substrate 1. Both the
sides of the lower portion of the fin FA in the Y-axis di-
rection are surrounded by the element isolation film STM
formed on the main surface 1 a of the semiconductor
substrate 1. That is, the adjacent fins FA are isolated by
the element isolation film STM. Inside the fin FA, a p-type
well PW serving as a p-type semiconductor region is
formed. In other words, the fin FA is formed in the p-type
well PW.
[0042] As illustrated in FIGs. 5 to 8, in the present em-
bodiment, a part of the fin FA in which one memory cell
MC is formed includes a region FA1, a region FA2, and
a region FA3. In the part of the fin FA in which the memory
cell MC1 is formed, the region FA2 is arranged on the
positive side in the X-axis direction with respect to the
region FA1 and is adjacent to the region FA1 when seen
in a plan view. Also, in the part of the fin FA in which the
memory cell MC1 is formed, the region FA3 is arranged
on a negative side in the X-axis direction with respect to
the region FA1, that is, on an opposite side of the positive
side in the X-axis direction, and is adjacent to the region
FA1, when seen in a plan view.
[0043] Note that, in the present specification, "the pos-
itive side in the X-axis direction" means a side on which
an arrow in the drawing representing the X-axis direction
extends, and "the negative side in the X-axis direction"
means an opposite side of the above "positive side." Also,
the same is true of the positive side and the negative side
in the Y-axis direction.
[0044] Preferably, a region FA21 may be arranged be-
tween the region FA1 and the region FA2. Alternatively,
the region FA2 may be adjacent to the region FA1. Also,
preferably, a region FA31 may be arranged between the
region FA1 and the region FA3. Alternatively, the region
FA3 may be adjacent to the region FA1.
[0045] As illustrated in FIGs. 7 and 8, an upper surface
of the region FA1 is referred to as an upper surface TS
1, a side surface of the region FA1 on the positive side
in the Y-axis direction is referred to as a side surface SS
1, and a side surface of the region FA1 on the negative
side in the Y-axis direction, that is, on an opposite side
of the positive side in the Y-axis direction, is referred to
as a side surface SS2. An upper surface of the region
FA2 is referred to as an upper surface TS2, a side surface
of the region FA2 on the positive side in the Y-axis direc-
tion is referred to as a side surface SS3, and a side sur-
face of the region FA2 on the negative side in the Y-axis
direction is referred to as a side surface SS4. An upper
surface of the region FA3 is referred to as an upper sur-
face TS3, a side surface of the region FA3 on the positive
side in the Y-axis direction is referred to as a side surface
SS5, and a side surface of the region FA3 on the negative
side in the Y-axis direction is referred to as a side surface
SS6.
[0046] On the region FA1 of the fin FA, the control gate
electrode CG is formed via a gate insulating film GIc, and
on the region FA2 of the fin FA, the memory gate elec-

trode MG is formed via a gate insulating film GIm. The
gate insulating film GIm is interposed between the control
gate electrode CG and the memory gate electrode MG,
and the control gate electrode CG and the memory gate
electrode MG are electrically isolated by the gate insu-
lating film GIm. Note that an insulating film other than the
gate insulating film GIm may be interposed between the
control gate electrode CG and the memory gate electrode
MG to electrically isolate the control gate electrode CG
and the memory gate electrode MG from each other.
[0047] Specifically, the control gate electrode CG is
formed on the upper surface TS1 of the region FA1, on
the side surface SS1 of the region FA1, and on the side
surface SS2 of the region FA1. In other words, the control
gate electrode CG is formed to cover the upper surface
TS1 of the region FA1, the side surface SS1 of the region
FA1, and the side surface SS2 of the region FA1. The
gate insulating film GIc is formed between the control
gate electrode CG and the upper surface TS1 of the re-
gion FA1, between the control gate electrode CG and
the side surface SS1 of the region FA1, and between the
control gate electrode CG and the side surface SS2 of
the region FA1.
[0048] The memory gate electrode MG and a sidewall
spacer SW on a side surface of the memory gate elec-
trode MG are formed on the upper surface TS2 of the
region FA2, on the side surface SS3 of the region FA2,
and on the side surface SS4 of the region FA2. In other
words, the memory gate electrode MG and the sidewall
spacer SW on the side surface of the memory gate elec-
trode MG are formed to cover the upper surface TS2 of
the region FA2, the side surface SS3 of the region FA2,
and the side surface SS4 of the region FA2. The gate
insulating film GIm is formed between the memory gate
electrode MG and the control gate electrode CG, be-
tween the memory gate electrode MG and the upper sur-
face TS2 of the region FA2, between the memory gate
electrode MG and the side surface SS3 of the region
FA2, and between the memory gate electrode MG and
the side surface SS4 of the region FA2. An n--type sem-
iconductor region 11a and an n+-type semiconductor re-
gion 12a are formed in the region FA2.
[0049] A sidewall spacer SW on a side surface of the
control gate electrode CG is formed on the upper surface
TS3 of the region FA3, on the side surface SS5 of the
region FA3, and on the side surface SS6 of the region
FA3. In other words, the sidewall spacer SW on the side
surface of the control gate electrode CG is formed to
cover the upper surface TS3 of the region FA3, the side
surface SS5 of the region FA3, and the side surface SS6
of the region FA3. An n--type semiconductor region 11b
and an n+-type semiconductor region 12b are formed in
the region FA3.
[0050] Note that, in the present specification, "formed
on the side surface of the control gate electrode CG"
means being formed to cover the side surface of the con-
trol gate electrode CG, and "formed on the side surface
of the memory gate electrode MG" means being formed
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to cover the side surface of the memory gate electrode
MG
[0051] The gate insulating film GIc includes an insulat-
ing film 3. The insulating film 3 is a silicon oxide film, a
silicon nitride film or a silicon oxynitride film, or a high
dielectric constant film having a higher relative dielectric
constant than that of the silicon nitride film, that is, a so-
called High-k film. Note that, in the present application,
the High-k film or the high dielectric constant film means
a film having a higher dielectric constant (relative dielec-
tric constant) than that of the silicon nitride film. As the
insulating film 3, a metal oxide film such as a hafnium
oxide film, a zirconium oxide film, an aluminum oxide film,
a tantalum oxide film, and a lanthanum oxide film can be
used.
[0052] The gate insulating film GIm includes an insu-
lating film 6. The insulating film 6 is a laminated film in-
cluding an insulating film 6a, an insulating film 6b as a
charge storage unit over the insulating film 6a, and an
insulating film 6c over the insulating film 6b, for example.
[0053] Note that the gate insulating film GIm between
the memory gate electrode MG and the region FA2 of
the fin FA functions as a gate insulating film for the mem-
ory transistor MT as described above. On the other hand,
the gate insulating film GIm between the memory gate
electrode MG and the control gate electrode CG func-
tions as an insulating film for insulating, that is, electrically
isolating, the memory gate electrode MG and the control
gate electrode CG from each other.
[0054] The insulating film 6b is an insulating film for
storing charges and functions as a charge storage unit.
That is, the insulating film 6b is a trapping insulating film
formed in the insulating film 6. Thus, the insulating film
6 can be regarded as an insulating film including a charge
storage unit therein.
[0055] The insulating film 6c and the insulating film 6a
located on the upper and lower sides of the insulating
film 6b can function as charge blocking layers confining
charges. A structure of interposing the insulating film 6b
between the insulating film 6c and the insulating film 6a
enables charges to be stored in the insulating film 6b.
[0056] As the insulating film 6a, a silicon oxide film
formed by thermally oxidizing a front surface of the region
FA2 of the fin FA can be used, for example. A film thick-
ness of the insulating film 6a can be set to be about 4
nm, for example. As the insulating film 6b, a silicon nitride
film or a hafnium silicate film can be used, for example.
A film thickness of the insulating film 6b can be set to be
about 7 nm, for example. As the insulating film 6c, a sil-
icon oxide film, a silicon oxynitride film, or an aluminum
oxide film can be used, for example. A film thickness of
the insulating film 6c can be set to be about 9 nm, for
example.
[0057] The insulating film 6a including a silicon oxide
film, the insulating film 6b including a silicon nitride film,
and the insulating film 6c including a silicon oxide film
can also be regarded as an ONO (oxide-nitride-oxide)
film.

[0058] The control gate electrode CG includes a con-
ductive film 4. The conductive film 4 is made of silicon
and for example, made of an n-type polysilicon film which
is a polycrystalline silicon film into which n-type impurities
are doped. Specifically, the control gate electrode CG
includes the patterned conductive film 4.
[0059] The memory gate electrode MG includes a con-
ductive film 7. The conductive film 7 is made of silicon
and for example, made of an n-type polysilicon film which
is a polycrystalline silicon film into which n-type impurities
are doped. The conductive film 7 formed to cover the
control gate electrode CG on the fin FA is subjected to
anisotropic etching, that is, etched back to remain on a
sidewall of the control gate electrode CG via the insulat-
ing film 6, thereby forming the memory gate electrode
MG Thus, the memory gate electrode MG is formed on
the sidewall of the control gate electrode CG via the in-
sulating film 6 like a sidewall spacer.
[0060] A cap insulating film CP 1 includes an insulating
film 5 containing silicon and nitrogen such as a silicon
nitride film. The cap insulating film CP1 is a protective
film protecting the control gate electrode CG and is a
hard mask film when the conductive film 4 is patterned
to form the control gate electrode CG Alternatively, the
cap insulating film CP1 is a cap film for adjusting a height
of the upper surface of each memory gate electrode MG
when the conductive film 7 is etched back to form the
memory gate electrodes MG Note that, between the cap
insulating film CP1 and the control gate electrode CG, a
cap insulating film containing silicon and oxygen such as
a silicon oxide film may be formed.
[0061] The semiconductor region MS is a semiconduc-
tor region functioning as one of the source region and
the drain region, and the semiconductor region MD is a
semiconductor region functioning as the other of the
source region and the drain region. Here, the semicon-
ductor region MS is a semiconductor region functioning
as the source region, for example, and the semiconductor
region MD is a semiconductor region functioning as the
drain region, for example. Each of the semiconductor re-
gions MS and MD is made of a semiconductor region
into which n-type impurities are doped and has an LDD
(lightly doped drain) structure.
[0062] The semiconductor region MS as the source
region includes the n--type semiconductor region 11a
and the n+-type semiconductor region 12a having a high-
er impurity concentration than that of the n--type semi-
conductor region 11a. Also, the semiconductor region
MD as the drain region includes the n--type semiconduc-
tor region 11b and the n+-type semiconductor region 12b
having a higher impurity concentration than that of the n-

-type semiconductor region 11b.
[0063] On each sidewall of the memory gate electrode
MG and the control gate electrode CG where the memory
gate electrode MG and the control gate electrode CG are
not adjacent to each other, the sidewall spacer SW made
of an insulating film such as a silicon oxide film, a silicon
nitride film, or a laminated film thereof is formed. One
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sidewall spacer SW is formed in a part adjacent to the
control gate electrode CG on the opposite side to the
memory gate electrode MG with the control gate elec-
trode CG interposed therebetween. Also, the other side-
wall spacer SW is formed in a part adjacent to the memory
gate electrode MG on the opposite side to the control
gate electrode CG with the memory gate electrode MG
interposed therebetween.
[0064] Note that, as illustrated in FIGs. 5 to 8, an insu-
lating film SIF made of, for example, silicon oxide, may
be interposed between the control gate electrode CG and
the sidewall spacer SW and between the memory gate
electrode MG and the sidewall spacer SW.
[0065] The n--type semiconductor region 11a is formed
against the side surface of the memory gate electrode
MG in a self-aligned manner, and the n+-type semicon-
ductor region 12a is formed against a side surface of the
sidewall spacer SW on the side surface of the memory
gate electrode MG in a self-aligned manner. Thus, the
low-concentration n--type semiconductor region 11a is
formed in a part of the region FA2 opposed to the sidewall
spacer SW covering the side surface of the memory gate
electrode MG, and the high-concentration n+-type sem-
iconductor region 12a is formed on an opposite side to
the control gate electrode CG with respect to the low-
concentration n--type semiconductor region 11a. Then,
the high-concentration n+-type semiconductor region
12a is formed in contact with the low-concentration n-

-type semiconductor region 11 a.
[0066] The n--type semiconductor region 11b is formed
against the side surface of the control gate electrode CG
in a self-aligned manner, and the n+-type semiconductor
region 12b is formed against a side surface of the sidewall
spacer SW on the side surface of the control gate elec-
trode CG in a self-aligned manner. Thus, the low-con-
centration n--type semiconductor region 11b is formed in
a part of the region FA3 opposed to the sidewall spacer
SW covering the side surface of the control gate electrode
CG, and the high-concentration n+-type semiconductor
region 12b is formed on an opposite side to the memory
gate electrode MG with respect to the low-concentration
n--type semiconductor region 11b. Then, the high-con-
centration n+-type semiconductor region 12b is formed
in contact with the low-concentration n--type semicon-
ductor region 11b. Also, as described above, the two ad-
jacent memory cells MC share the high-concentration
n+-type semiconductor region 12b.
[0067] Note that, as for a part of the region FA2 ex-
posed from the element isolation film STM, the n--type
semiconductor region 11a and the n+-type semiconduc-
tor region 12a are formed continuously inside the region
FA2 from the side surface SS3 of the region FA2 to the
side surface SS4 of the region FA2 at any height position.
Also, as for a part of the region FA3 exposed from the
element isolation film STM, the n--type semiconductor
region 11b and the n+-type semiconductor region 12b
are formed continuously inside the region FA3 from the
side surface SS5 of the region FA3 to the side surface

SS6 of the region FA3 at any height position.
[0068] In a part of the fin FA opposed to the control
gate electrode CG via the gate insulating film GIc, a chan-
nel region of the control transistor CT is formed
[0069] In a part of the fin FA opposed to the memory
gate electrode MG via the gate insulating film GIm, an n-

-type semiconductor region VMG is formed. The n-type
semiconductor region VMG is adapted to adjust a thresh-
old voltage Vth of the memory transistor MT and is formed
in contact with the n--type semiconductor region 11 a.
Also, the n-type impurity concentration of the n--type
semiconductor region VMG is lower than the n-type im-
purity concentration of the n--type semiconductor region
11 a.
[0070] On each of the n+-type semiconductor regions
12a and 12b, that is, on each front surface of the n+-type
semiconductor regions 12a and 12b, a metal silicide layer
13 is formed by the salicide (self-aligned silicide) tech-
nique or the like. The metal silicide layer 13 is a cobalt
silicide layer, a nickel silicide layer, or a platinum-added
nickel silicide layer, for example. The metal silicide layer
13 can lower the diffusion resistance and the contact re-
sistance. Note that the metal silicide layer 13 may be
formed on the memory gate electrode MG
[0071] An insulating film 14 is formed over the element
isolation film STM and over the fin FA to cover the control
gate electrode CG, the cap insulating film CP1, the mem-
ory gate electrode MG, and the respective sidewall spac-
ers SW. The insulating film 14 is a silicon nitride film, for
example.
[0072] An interlayer insulating film 15 is formed over
the insulating film 14. The interlayer insulating film 15 is
a single film of a silicon oxide film, a laminated film of a
silicon nitride film and a silicon oxide film, or the like. An
upper surface of the interlayer insulating film 15 is
planarized.
[0073] The interlayer insulating film 15 and the insulat-
ing film 14 have the contact holes CNT formed therein,
and in each of the contact holes CNT, a conductive plug
PG is buried as a conductive unit
[0074] The plug PG is formed by a thin barrier conduc-
tor film formed in a bottom portion and on a sidewall, that
is, a side surface of the contact hole CNT, and a main
conductor film formed on this barrier conductor film to fill
the contact hole CNT. In FIG 5, the barrier conductor film
and the main conductor film constituting the plug PG are
illustrated in an integrated manner for simplification of
the drawing. Note that the barrier conductor film consti-
tuting the plug PG can be a titanium (Ti) film, a titanium
nitride (TiN) film, or a laminated film thereof and the main
conductor film constituting the plug PG can be a tungsten
(W) film, for example.
[0075] The contact hole CNT and the plug PG buried
in the contact hole CNT are formed on the n+-type sem-
iconductor regions 12a and 12b and the like. In the bottom
portion of the contact hole CNT, a part of the metal silicide
layer 13 on each front surface of the n+-type semicon-
ductor regions 12a and 12b is exposed, for example.
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Then, the plug PG is connected to the exposed part. Note
that, although illustration is omitted, the contact hole CNT
and the plug PG buried in the contact hole CNT may be
formed on each of the control gate electrode CG and the
memory gate electrode MG
[0076] An insulating film 16 is formed over the interlay-
er insulating film 15 in which the plug PG is buried, and
in the insulating film 16, wiring trenches each penetrating
the insulating film 16 and reaching the plug PG are
formed. In the wiring trenches, the metal wires MW1 and
MW2 serving as wires of a first layer made of buried da-
mascene wires containing copper (Cu) as a main con-
ductive material are formed. Note that, although wires of
an upper layer made of damascene wires are formed on
the wires of the first layer, illustration and description
thereof are omitted here. In addition, the wires of the first
layer and the wires of the upper layer are not limited to
the damascene wires but can be formed by patterning a
conductive film for wires. For example, tungsten (W)
wires, aluminum (Al) wires, or the like are applicable.
[0077] As illustrated in FIGs. 7 and 8, the upper surface
TS2 of the region FA2 is lower than the upper surface
TS1 of the region FA1. That is, the upper surface TS2 of
the region FA2 is arranged on a side of the main surface
1b (see FIG 5) with respect to the upper surface TS 1 of
the region FA1 in the Z-axis direction which is a direction
perpendicular to the main surface 1a. Also, the side sur-
face SS3 of the region FA2 is arranged on the negative
side in the Y-axis direction with respect to the side surface
SS1 of the region FA1 in the Y-axis direction.
[0078] Accordingly, in a part of the gate insulating film
GIm between the memory gate electrode MG and the
upper surface TS2 of the region FA2 and in a part of the
gate insulating film GIm between the memory gate elec-
trode MG and the side surface SS3 of the region FA2, a
distribution of electrons injected at the time of writing data
and a distribution of holes injected at the time of erasing
data get close to each other. Note that the distribution of
electrons injected at the time of writing data and the dis-
tribution of holes injected at the time of erasing data will
be described below with reference to FIGs. 7 and 8.
[0079] Preferably, a distance DS1 (see FIG 7) between
the upper surface TS2 of the region FA2 and the upper
surface TS 1 of the region FA1 in the Z-axis direction is
longer than a distance DS2 (see FIG 8) between the side
surface SS3 of the region FA2 and the side surface SS1
of the region FA1 in the Y-axis direction.
[0080] In the memory cell having the fin-type structure,
to increase the effect of integrating the memory cell by
reducing the width of the memory cell MC in the Y-axis
direction while securing the channel width, a width of the
region FA2 in the Y-axis direction is preferably smaller
than a height of the region FA2 in the Z-axis direction.
Thus, an electric field between the region FA2 and the
memory gate electrode MG focuses on an upper portion
of the region FA2. Accordingly, by setting the digging
depth (distance DS 1) for making the upper surface TS2
lower than the upper surface TS1 to be larger than the

receding width (distance DS2) for making the side sur-
face SS3 recede with respect to the side surface SS 1,
the effect of bringing the distribution of electrons injected
at the time of writing data closer to the distribution of
holes injected at the time of erasing data can be en-
hanced.
[0081] Further, the side surface SS4 of the region FA2
may be arranged on the positive side in the Y-axis direc-
tion with respect to the side surface SS2 of the region
FA1 in the Y-axis direction. At this time, a width WD2
(see FIG 8) in the Y-axis direction in the region FA2 is
smaller than a width WD1 (see FIG 8) in the Y-axis di-
rection in the region FA1.
[0082] Accordingly, also in a part of the gate insulating
film GIm between the memory gate electrode MG and
the side surface SS4 of the region FA2, a distribution of
electrons injected at the time of writing data and a distri-
bution of holes injected at the time of erasing data get
close to each other.
[0083] In this case, preferably, the distance DS1 be-
tween the upper surface TS2 of the region FA2 and the
upper surface TS 1 of the region FA1 in the Z-axis direc-
tion is longer than a distance DS3 (see FIG 8) between
the side surface SS4 of the region FA2 and the side sur-
face SS2 of the region FA1 in the Y-axis direction. That
is, the distance DS1 is longer than any of the distance
DS2 and the distance DS3.
[0084] As described above, the electric field between
the region FA2 and the memory gate electrode MG fo-
cuses on the upper portion of the region FA2. Accord-
ingly, by setting the digging depth (distance DS1) for mak-
ing the upper surface TS2 lower than the upper surface
TS1 to be larger than the receding width (distance DS3)
for making the side surface SS4 recede with respect to
the side surface SS2, the effect of bringing the distribution
of electrons injected at the time of writing data closer to
the distribution of holes injected at the time of erasing
data can be enhanced.
[0085] A case in which the region FA21 is arranged
between the region FA1 and the region FA2 is consid-
ered. In this case, preferably, the region FA21 includes
a connection surface TS21 connecting the upper surface
TS 1 of the region FA1 to the upper surface TS2 of the
region FA2, a connection surface SS31 connecting the
side surface SS1 of the region FA1 to the side surface
SS3 of the region FA2, and a connection surface SS41
connecting the side surface SS2 of the region FA1 to the
side surface SS4 of the region FA2. The gate insulating
film GIm is also formed between the memory gate elec-
trode MG and the connection surface TS21, between the
memory gate electrode MG and the connection surface
SS31, and between the memory gate electrode MG and
the connection surface SS41. That is, the gate insulating
film GIm is formed over the connection surface TS21,
over the connection surface SS31, over the connection
surface SS41, over the upper surface TS2, over the side
surface SS3, and over the side surface SS4. In other
words, the gate insulating film GIm is formed to cover the
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connection surface TS21, the connection surface SS31,
the connection surface SS41, the upper surface TS2, the
side surface SS3, and the side surface SS4.
[0086] An end ET21 of the connection surface TS21
may be connected to the upper surface TS2 of the region
FA2, and an end ET22 on an opposite side of the end
ET21 of the connection surface TS21 may be connected
to the upper surface TS1 of the region FA1. The end
ET21 of the connection surface TS21 may be arranged
on the positive side in the X-axis direction with respect
to the end ET22 of the connection surface TS21 and may
be arranged on a lower side than the end ET22 of the
connection surface TS21, that is, on a side of the main
surface 1b (see FIG 5) than the end ET22 in the Z-axis
direction. In other words, the connection surface TS21
may be inclined with respect to any of the upper surface
TS2 and the YZ plane in such a way that the end ET21
may be located on the positive side in the X-axis direction
with respect to the end ET22 and may be located on the
lower side than the end ET22 in the Z-axis direction.
[0087] An end ES31 of the connection surface SS31
may be connected to the side surface SS3 of the region
FA2, and an end ES32 on an opposite side of the end
ES31 of the connection surface SS31 may be connected
to the side surface SS1 of the region FA1. The end ES31
of the connection surface SS31 may be arranged on the
positive side in the X-axis direction with respect to the
end ES32 of the connection surface SS31 and may be
arranged on the negative side in the Y-axis direction with
respect to the end ES32. In other words, the connection
surface SS31 may be inclined with respect to any of the
side surface SS3 and the YZ plane in such a way that
the end ES31 may be located on the positive side in the
X-axis direction with respect to the end ES32 and may
be located on the negative side in the Y-axis direction
with respect to the end ES32.
[0088] An end ES41 of the connection surface SS41
may be connected to the side surface SS4 of the region
FA2, and an end ES42 on an opposite side of the end
ES41 of the connection surface SS41 may be connected
to the side surface SS2 of the region FA1. The end ES41
of the connection surface SS41 may be arranged on the
positive side in the X-axis direction with respect to the
end ES42 of the connection surface SS41 and may be
arranged on the positive side in the Y-axis direction with
respect to the end ES42. In other words, the connection
surface SS41 may be inclined with respect to any of the
side surface SS4 and the YZ plane in such a way that
the end ES41 may be located on the positive side in the
X-axis direction with respect to the end ES42 and may
be located on the positive side in the Y-axis direction with
respect to the end ES42.
[0089] Accordingly, in the part of the gate insulating
film GIm between the memory gate electrode MG and
the upper surface TS2 and in the part of the gate insu-
lating film GIm between the memory gate electrode MG
and the side surface SS3, the distribution of electrons
injected at the time of writing data and the distribution of

holes injected at the time of erasing data get much closer
to each other or are equal to each other. Also, in the part
of the gate insulating film GIm between the memory gate
electrode MG and the side surface SS4, the distribution
of electrons injected at the time of writing data and the
distribution of holes injected at the time of erasing data
get much closer to each other or are equal to each other.
[0090] Meanwhile, as illustrated in FIGs. 7 and 8, the
upper surface TS3 of the region FA3 is lower than the
upper surface TS1 of the region FA1. That is, the upper
surface TS3 of the region FA3 is arranged on the side of
the main surface 1b with respect to the upper surface
TS1 of the region FA1 in the Z-axis direction. Also, the
side surface SS5 of the region FA3 is arranged on the
negative side in the Y-axis direction with respect to the
side surface SS1 of the region FA1 in the Y-axis direction.
[0091] Preferably, the upper surface TS3 of the region
FA3 is higher than the upper surface TS2 of the region
FA2. That is, the upper surface TS2 of the region FA2 is
arranged on the side of the main surface 1b (see FIG 5)
with respect to the upper surface TS3 of the region FA3
in the Z-axis direction. Also, the side surface SS5 of the
region FA3 is arranged on the positive side in the Y-axis
direction with respect to the side surface SS3 of the re-
gion FA2 in the Y-axis direction.
[0092] Accordingly, the upper surface TS3 of the re-
gion FA3 can be arranged at substantially the same
height as the upper surface TS1 of the region FA1, and
the side surface SS5 of the region FA3 can be arranged
at substantially the same position as the side surface
SS1 of the region FA1 in the Y-axis direction. Thus, since
the distributions of the n--type semiconductor region 11b
and the n+-type semiconductor region 12b in this case
are substantially similar to those in a case in which the
upper surface TS3 is arranged at the same height as the
upper surface TS1 and the side surface SS5 is arranged
at the same position as the side surface SS1 in the Y-
axis direction, a decrease in on-state current flowing in
the control transistor CT can be prevented or sup-
pressed.
[0093] Further, the side surface SS6 of the region FA3
may be arranged on the positive side in the Y-axis direc-
tion with respect to the side surface SS2 of the region
FA1 in the Y-axis direction. In this case, a width WD3
(see FIG 8) in the Y-axis direction in the region FA3 is
smaller than the width WD1 (see FIG 8) in the Y-axis
direction in the region FA1.
[0094] Further, preferably, the side surface SS6 of the
region FA3 may be arranged on the negative side in the
Y-axis direction with respect to the side surface SS4 of
the region FA2 in the Y-axis direction. In this case, the
width WD3 (see FIG 8) in the Y-axis direction in the region
FA3 is wider than the width WD2 (see FIG 8) in the Y-
axis direction in the region FA2.
[0095] Accordingly, the side surface SS6 of the region
FA3 can be arranged at substantially the same position
as the side surface SS2 of the region FA1 in the Y-axis
direction. Thus, since the distributions of the n--type sem-
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iconductor region 11b and the n+-type semiconductor re-
gion 12b in this case are substantially similar to those in
a case in which the side surface SS6 of the region FA3
is arranged at the same position as the side surface SS2
of the region FA1 in the Y-axis direction, a decrease in
on-state current flowing in the control transistor CT can
be prevented or suppressed.
[0096] A case in which the region FA31 is arranged
between the region FA1 and the region FA3 is consid-
ered. In this case, preferably, the region FA31 includes
a connection surface TS31 connecting the upper surface
TS 1 of the region FA1 to the upper surface TS3 of the
region FA3, a connection surface SS51 connecting the
side surface SS1 of the region FA1 to the side surface
SS5 of the region FA3, and a connection surface SS61
connecting the side surface SS2 of the region FA1 to the
side surface SS6 of the region FA3. The sidewall spacer
SW on the side surface of the control gate electrode CG
is formed over the connection surface TS31, over the
connection surface SS51, over the connection surface
SS61, over the upper surface TS3, over the side surface
SS5, and over the side surface SS6. In other words, the
sidewall spacer SW on the side surface of the control
gate electrode CG is formed to cover the connection sur-
face TS31, the connection surface SS51, the connection
surface SS61, the upper surface TS3, the side surface
SS5, and the side surface SS6.
[0097] An end ET31 of the connection surface TS31
may be connected to the upper surface TS3 of the region
FA3, and an end ET32 on an opposite side of the end
ET31 of the connection surface TS31 may be connected
to the upper surface TS1 of the region FA1. The end
ET31 of the connection surface TS31 may be arranged
on the negative side in the X-axis direction with respect
to the end ET32 of the connection surface TS31 and may
be arranged on a lower side than the end ET32 of the
connection surface TS31, that is, on the side of the main
surface 1b (see FIG 5) with respect to the end ET32 in
the Z-axis direction. In other words, the connection sur-
face TS31 may be inclined with respect to any of the
upper surface TS3 and the YZ plane in such a way that
the end ET31 may be located on the negative side in the
X-axis direction with respect to the end ET32 and may
be located on the lower side than the end ET32 in the Z-
axis direction.
[0098] An end ES51 of the connection surface SS51
may be connected to the side surface SS5 of the region
FA3, and an end ES52 on an opposite side of the end
ES51 of the connection surface SS51 may be connected
to the side surface SS1 of the region FA1. The end ES51
of the connection surface SS51 may be arranged on the
negative side in the X-axis direction with respect to the
end ES52 of the connection surface SS51 and may be
arranged on the negative side in the Y-axis direction with
respect to the end ES52. In other words, the connection
surface SS51 may be inclined with respect to any of the
side surface SS5 and the YZ plane in such a way that
the end ES51 may be located on the negative side in the

X-axis direction with respect to the end ES52 and may
be located on the negative side in the Y-axis direction
with respect to the end ES52.
[0099] An end ES61 of the connection surface SS61
may be connected to the side surface SS6 of the region
FA3, and an end ES62 on an opposite side of the end
ES61 of the connection surface SS61 may be connected
to the side surface SS2 of the region FA1. The end ES61
of the connection surface SS61 may be arranged on the
negative side in the X-axis direction with respect to the
end ES62 of the connection surface SS61 and may be
arranged on the positive side in the Y-axis direction with
respect to the end ES62. In other words, the connection
surface SS61 may be inclined with respect to any of the
side surface SS6 and the YZ plane in such a way that
the end ES61 may be located on the negative side in the
X-axis direction with respect to the end ES62 and may
be located on the positive side in the Y-axis direction with
respect to the end ES62.
[0100] Note that, although illustration is omitted in
FIGs. 7 and 8, there is a case in which no corner portion
is formed between a part of the connection surface TS21
on a side of the upper surface TS2 and a part of the upper
surface TS2 on a side of the connection surface TS21
and in which the part of the connection surface TS21 on
the side of the upper surface TS2 and the part of the
upper surface TS2 on the side of the connection surface
TS21 form the same curved surface. Also, there is a case
in which no corner portion is formed between a part of
the connection surface SS31 on a side of the side surface
SS3 and a part of the side surface SS3 on a side of the
connection surface SS31 and in which the part of the
connection surface SS31 on the side of the side surface
SS3 and the part of the side surface SS3 on the side of
the connection surface SS31 form the same curved sur-
face. Also, there is a case in which no corner portion is
formed between a part of the connection surface SS41
on a side of the side surface SS4 and a part of the side
surface SS4 on a side of the connection surface SS41
and in which the part of the connection surface SS41 on
the side of the side surface SS4 and the part of the side
surface SS4 on the side of the connection surface SS41
form the same curved surface.
[0101] Meanwhile, there is a case in which no corner
portion is formed between a part of the connection sur-
face TS31 on a side of the upper surface TS3 and a part
of the upper surface TS3 on a side of the connection
surface TS31 and in which the part of the connection
surface TS31 on the side of the upper surface TS3 and
the part of the upper surface TS3 on the side of the con-
nection surface TS31 form the same curved surface. Al-
so, there is a case in which no corner portion is formed
between a part of the connection surface SS51 on a side
of the side surface SS5 and a part of the side surface
SS5 on a side of the connection surface SS51 and in
which the part of the connection surface SS51 on the
side of the side surface SS5 and the part of the side
surface SS5 on the side of the connection surface SS51
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form the same curved surface. Also, there is a case in
which no corner portion is formed between a part of the
connection surface SS61 on a side of the side surface
SS6 and a part of the side surface SS6 on a side of the
connection surface SS61 and in which the part of the
connection surface SS61 on the side of the side surface
SS6 and the part of the side surface SS6 on the side of
the connection surface SS61 form the same curved sur-
face.
[0102] Next, operations of the memory cell MC will be
described. In the present embodiment, injection of elec-
trons into the insulating film 6b made of a silicon nitride
film, for example, and serving as a charge storage unit
in the insulating film 6 of the memory transistor is defined
as "writing," and injection of holes is defined as "erasure."
Also, a power supply voltage Vdd is 1.5 V
[0103] As a writing method, hot electron writing, called
a source side injection (SSI) method can be used. In this
case, a voltage Vd to be applied to the semiconductor
region MD is set to be about the power supply voltage
Vdd, for example, a voltage Vcg to be applied to the con-
trol gate electrode CG is set to be about 1 V, for example,
and a voltage Vmg to be applied to the memory gate
electrode MG is set to be about 12 V, for example. Also,
a voltage Vs to be applied to the semiconductor region
MS is set to be about 6 V, for example, and a voltage Vb
to be applied to the p-type well PW is set to be about 0
V, for example. Then, each voltage described above is
applied to each part of the memory cell MC which per-
forms writing.
[0104] Accordingly, as illustrated by an arrow ELA1 in
FIG 7 and arrows ELA2 and ELA3 in FIG 8, electrons EL
are injected into the insulating film 6b in the gate insulat-
ing film GIm of the memory cell MC to cause data to be
written in the memory cell MC.
[0105] Hot electrons are generated mainly in a part of
the channel region opposed to the memory gate elec-
trode MG via the gate insulating film GIm and are injected
into the insulating film 6b serving as a charge storage
unit of the gate insulating film GIm. The injected hot elec-
trons are trapped in a trap level in the insulating film 6b
in the gate insulating film GIm, and as a result, the thresh-
old voltage of the memory transistor is increased.
[0106] As an erasing method, an erasing method of
injecting holes as hot holes through use of a band-to-
band tunneling (BTBT) phenomenon can be used, but
an erasing method of injecting holes through use of a
direct tunneling phenomenon, that is, a Fowler-Nordheim
(FN) tunneling phenomenon is preferably used. In a case
of using this FN tunneling phenomenon, erasure is per-
formed by injecting holes into the charge storage unit,
that is, the insulating film 6b in the gate insulating film
GIm, through use of the direct tunneling phenomenon.
In this case, the voltage Vd is set to be about 0 V, for
example, the voltage Vcg is set to be about 0 V, for ex-
ample, and the voltage Vmg is set to be about 12 V, for
example, the voltage Vs is set to be about 0 V, for exam-
ple, and the voltage Vb is set to be about 0 V, for example.

Then, each voltage described above is applied to each
part of the memory cell MC which performs erasing.
[0107] Accordingly, as illustrated by an arrow HLA1 in
FIG 7 and arrows HLA2 and HLA3 in FIG 8, holes HL are
injected into the charge storage unit, that is, into the in-
sulating film 6b via the insulating film 6c made of, for
example, a silicon oxide film, from a side of the memory
gate electrode MG through use of the direct tunneling
phenomenon, and electrons in the insulating film 6b are
cancelled out, thereby causing data to be erased. Alter-
natively, holes injected into the insulating film 6b are
trapped by the trapping level in the insulating film 6b,
thereby causing data to be erased. Thus, the threshold
voltage of the memory transistor is decreased, and the
memory cell MC is put into an erasure state.
[0108] In a case of using the erasing method through
use of such an FN tunneling phenomenon, consumption
current can be decreased, and characteristics of a mem-
ory cell can be improved, compared to a case of using
the erasing method through use of the BTBT phenome-
non. Then, when a gate length of a memory gate elec-
trode is shortened along with miniaturization of a non-
volatile memory, in the case of using the erasing method
through use of the FN tunneling phenomenon, the effects
of decreasing the consumption current and improving the
characteristics of the memory cell becomes more appar-
ent, compared to the case of using the erasing method
through use of the BTBT phenomenon.
[0109] At the time of reading, the voltage Vd is set to
be about the power supply voltage Vdd, for example, the
voltage Vcg is set to be about the power supply voltage
Vdd, for example, and the voltage Vmg is set to be about
0 V, for example, the voltage Vs is set to be about 0 V,
for example, and the voltage Vb is set to be about 0 V,
for example. Each voltage is applied to each part of the
memory cell MC which performs reading. By setting the
voltage Vmg to be applied to the memory gate electrode
MG at the time of reading to a value between the thresh-
old voltage of the memory transistor in the writing state
and the threshold voltage of the memory transistor in the
erasure state, the writing state and the erasure state can
be distinguished.

<Manufacturing Method of Semiconductor Device>

[0110] Next, a manufacturing method of a semicon-
ductor device according to the present embodiment will
be described. FIGs. 9 and 10 are process flowcharts il-
lustrating parts of a process for manufacturing the sem-
iconductor device according to the embodiment. FIGs.
11 to 48 are cross-sectional views of main parts in the
process for manufacturing the semiconductor device ac-
cording to the embodiment.
[0111] FIGs. 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 35, 37, 39, 41, 43, 45, and 47 each correspond to
cross-sectional views taken along the line A-A of FIG 2,
cross-sectional views taken along the line B-B of FIG 2,
and cross-sectional views taken along the line C-C of
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FIG 2. FIGs. 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, and 48 correspond to cross-
sectional views taken along the line D-D of FIG 5. Note
that definitions of the X-axis direction, the Y-axis direc-
tion, and the Z-axis direction in FIGs.11 to 48 are also
the same as that in FIGs. 2 to 8.
[0112] FIGs. 11 to 48 are cross-sectional views illus-
trating a process for manufacturing the memory cells
MC1 and MC2 serving as two memory cells MC illustrated
in FIGs. 5 and 6. As described above, the memory cells
MC1 and MC2 are arranged symmetrically with respect
to the plane (YZ plane) between the memory cell MC1
and the memory cell MC2, as a symmetry plane. In the
following, a process for manufacturing the memory cell
MC1, of the two memory cells MC1 and MC2, will mainly
be described.
[0113] Also, in the present embodiment, description
will be given of a case in which an n-channel control tran-
sistor CT and an n-channel memory transistor MT are
formed. However, the conductivity type may be reversed,
and a p-channel control transistor CT and a p-channel
memory transistor MT may be formed.
[0114] First, as illustrated in FIGs. 11 and 12, the sem-
iconductor substrate 1 is prepared (step S1 in FIG 9). In
this step S1, the semiconductor substrate 1 serving as a
semiconductor wafer having a specific resistance of, for
example, about 1 to 10 Ωcm and made of p-type single-
crystal silicon or the like is prepared. The semiconductor
substrate 1 includes the main surface 1a and the main
surface 1b on the opposite side to the main surface 1a.
Note that, in FIGs. 11 and 12, a region of the semicon-
ductor substrate 1 in which the regions FA1, FA2, FA21,
FA3, andFA31 of the fin FA are formed is illustrated
[0115] Subsequently, insulating films IF and IF2 and a
hard mask film HM are formed (step S2 in FIG 9).
[0116] In this step S2, the insulating films IF1 and IF2
are first deposited on the semiconductor substrate 1 as
illustrated in FIGs. 11 and 12. The insulating film IF1 is
made of a silicon oxide film, for example, and the insu-
lating film IF2 is made of a silicon nitride film, for example.
[0117] In this step S2, a mask film (not illustrated) made
of, for example, an amorphous silicon film is then formed
on the insulating film IF2, a silicon oxide film, for example,
is deposited to cover the mask film, and the silicon oxide
film is thereafter subjected to anisotropic dry etching to
form the hard mask film HM on sidewalls of the mask film
as illustrated in FIGs. 11 and 12. A width of the hard mask
film HM in the Y-axis direction can be set to be about 10
to 30 nm (corresponding to the aforementioned width
WD1), for example. After the hard mask film HM is
formed, the mask film (not illustrated) is removed.
[0118] Subsequently, the fin FA is formed as illustrated
in FIGs. 13 and 14 (step S3 in FIG 9).
[0119] In this step S3, with use of the hard mask film
HM as a mask, the insulating films IF2 and IF and the
semiconductor substrate 1 are subjected to anisotropic
dry etching to form the insulating films IF2 and IF1 to
which the shape of the hard mask film HM has been trans-

ferred when seen in a plan view, and the fin FA. In this
case, by etching a part of the semiconductor substrate 1
exposed from the hard mask film HM and digging down
the main surface 1a of the semiconductor substrate 1,
the fin FA, which is a part of the semiconductor substrate
1 and which is a projecting portion projected from the
main surface 1a of the semiconductor substrate 1, can
be formed. The fin FA extends in the X-axis direction, for
example. After the fin FA is formed, the hard mask film
HM is removed.
[0120] A part of the fin FA in which one memory cell
MC is formed includes the region FA1, the region FA2,
and the region FA3. In the part of the fin FAin which the
memory cell MC1 is formed (see FIG 45 described be-
low), the region FA2 is arranged on the positive side in
the X-axis direction with respect to the region FA1 and
is adjacent to the region FA1 when seen in a plan view.
Also, in the part of the fin FA in which the memory cell
MC1 is formed (see FIG 45 described below), the region
FA3 is arranged on the negative side in the X-axis direc-
tion with respect to the region FA1, that is, on the opposite
side of the positive side in the X-axis direction, and is
adjacent to the region FA1, when seen in a plan view.
[0121] As illustrated in FIGs. 13 and 14, the upper sur-
face of the region FA1 is referred to as the upper surface
TS 1, the side surface of the region FA1 on the positive
side in the Y-axis direction is referred to as the side sur-
face SS 1, and the side surface of the region FA1 on the
negative side in the Y-axis direction, that is, on the op-
posite side of the positive side in the Y-axis direction, is
referred to as the side surface SS2. The upper surface
of the region FA2 is referred to as the upper surface TS2,
the side surface of the region FA2 on the positive side in
the Y-axis direction is referred to as the side surface SS3,
and the side surface of the region FA2 on the negative
side in the Y-axis direction is referred to as the side sur-
face SS4. The upper surface of the region FA3 is referred
to as the upper surface TS3, the side surface of the region
FA3 on the positive side in the Y-axis direction is referred
to as the side surface SS5, and the side surface of the
region FA3 on the negative side in the Y-axis direction
is referred to as the side surface SS6. Note that, in FIGs.
15 to 48, illustration of reference characters of the upper
surfaces TS1, TS2, and TS3, and the side surfaces SS1,
SS2, SS3, SS4, SS5, and SS6 is omitted in some cases
as needed for simplification of the drawings.
[0122] Subsequently, the element isolation film STM
and the p-type well PW are formed (step S4 in FIG 9).
[0123] In this step S4, an insulating film made of a sil-
icon oxide film or the like is first deposited on the semi-
conductor substrate 1 to completely bury the fin FA and
the insulating films IF1 and IF2 and is subjected to CMP
(chemical mechanical polishing) to expose the insulating
film IF2 as illustrated in FIGs. 15 and 16. Accordingly, an
insulating film 2 having a flat main surface 2a is formed
on the main surface 1 a of the semiconductor substrate 1.
[0124] In this step S4, the insulating films IF2 and IF 1
are then removed as illustrated in FIGs. 17 and 18.
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[0125] In this step S4, p-type impurities such as boron
(B) are then doped into the fin FA and the semiconductor
substrate 1 by ion implantation or the like to enable for-
mation of the p-type well PW in the fin FA and the sem-
iconductor substrate 1 as illustrated in FIGs. 17 and 18.
The p-type well PW is formed over the entire fin FA and
is formed from the main surface 1a of the semiconductor
substrate 1 to a predetermined depth.
[0126] In this step S4, the insulating film 2 is then sub-
jected to etching to recede (lower) the main surface 2a
of the insulating film 2 in a height direction and to expose
partial side surfaces and an upper surface of the fin FA
as illustrated in FIGs. 17 and 18. Accordingly, the element
isolation film STM including the insulating film 2 is formed.
[0127] As for a part of the fin FA projected from the
element isolation film STM, a width in the Y-axis direction
can be set to be about 10 to 30 nm (corresponding to the
aforementioned width WD1), for example, and the height
in the Z-axis direction can be set to be about 30 to 50
nm, for example.
[0128] Subsequently, the insulating film 3, the conduc-
tive film 4, and the insulating film 5 are formed (step S5
in FIG 9).
[0129] In this step S5, the insulating film 3 is first formed
on the element isolation film STM and the fin FA as illus-
trated in FIGs. 19 and 20. As described above, as the
insulating film 3, the silicon oxide film, the silicon nitride
film, or the silicon oxynitride film, or the High-k film, that
is, the high dielectric constant film can be used. Examples
of the material that can be used for the insulating film 3
are as described above. Also, the insulating film 3 can
be formed by thermal oxidation, sputtering, the atomic
layer deposition (ALD), the chemical vapor deposition
(CVD), or the like. Also, a thickness of the insulating film
3 can be set to be about 2 nm, for example.
[0130] In this step S5, the conductive film 4 having a
film thickness equal to or larger than the height of the fin
FA in the Z-axis direction is then deposited on the element
isolation film STM and the fin FA to cover the insulating
film 3, and the deposited conductive film 4 is subjected
to CMP, thereby forming the conductive film 4 having a
flat upper surface, as illustrated in FIGs. 19 and 20. Note
that, in the CMP process for the conductive film 4, the
conductive film 4 needs to remain on the upper surface
of the fin FA.
[0131] The conductive film 4 is preferably a polycrys-
talline silicon film, that is, a silicon film such as a polysil-
icon film. Such a conductive film 4 can be formed by the
CVD or the like. Alternatively, the conductive film 4 can
be formed as an amorphous silicon film at the time of film
formation, and then, the amorphous silicon film can also
be changed into a polycrystalline silicon film by subse-
quent thermal treatment.
[0132] As the conductive film 4, one into which n-type
impurities such as phosphorus (P) and arsenic (As) or p-
type impurities such as boron (B) are doped to have low
resistivity is preferably used. The impurities can be doped
at the time of or after formation of the conductive film 4.

In a case of doping the impurities at the time of formation
of the conductive film 4, the conductive film 4 into which
the impurities has been doped can be formed by mixing
gas for formation of the conductive film 4 with doping gas.
In contrast, in a case of doping the impurities after for-
mation of the silicon film, the conductive film 4 into which
the impurities has been doped can be formed by forming
the silicon film without purposely doping the impurities
and then doping the impurities into this silicon film by ion
implantation or the like.
[0133] In this step S5, the insulating film 5 made of, for
example, a silicon nitride film is formed on the conductive
film 4 by the CVD or the like, for example, as illustrated
in FIGs. 19 and 20.
[0134] Subsequently, the insulating film 5 and the con-
ductive film 4 are patterned as illustrated in FIGs. 21 and
22 (step S6 in FIG 9). In this step S6, the insulating film
5 and the conductive film 4 are patterned by, for example,
photolithography and etching.
[0135] A resist film (not illustrated) is first formed on
the insulating film 5. Then, an opening portion penetrating
the resist film and reaching the insulating film 5 is formed
in a region other than a region in which the control gate
electrode CG is to be formed, to form a resist pattern (not
illustrated) made of the resist film in which the opening
portion is formed. In this case, a part of the insulating film
5 arranged in the region in which the control gate elec-
trode CG is to be formed is covered with the resist film.
[0136] With use of the resist pattern as an etching
mask, the insulating film 5 and the conductive film 4 are
then etched and patterned by, for example, dry etching
or the like. Accordingly, the control gate electrode CG
including the conductive film 4 and extending in the Y-
axis direction when seen in a plan view and the gate
insulating film GIc including the insulating film 3 between
the control gate electrode CG and the fin FA are formed
on the element isolation film STM and the fin FA.
[0137] Specifically, the control gate electrode CG cov-
ering the upper surface TS1 of the region FA1, the side
surface SS1 of the region FA1, and the side surface SS2
of the region FA1 and including the conductive film 4 is
formed. Also, the gate insulating film GIc including the
insulating film 3 between the control gate electrode CG
and the upper surface TS1 of the region FA1, between
the control gate electrode CG and the side surface SS1
of the region FA1, and between the control gate electrode
CG and the side surface SS2 of the region FA1 is formed.
[0138] Also, the cap insulating film CP1 including the
insulating film 5 on the control gate electrode CG is
formed. Thereafter, the resist pattern, that is, the resist
film is removed.
[0139] Subsequently, the front surface of the fin FA is
etched (step S7 in FIG 9). In this step S7, the front surface
of the region FA2 in the fin FA is etched by isotropic dry
etching with use of the control gate electrode CG, the
cap insulating film CP 1 on the control gate electrode CG,
and the mask pattern as etching masks.
[0140] In this step S7, an antireflective film BA1 made
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of, for example, an organic film is first formed on the el-
ement isolation film STM and the fin FA to cover the con-
trol gate electrode CG and the cap insulating film CP1,
and a resist film RF1 is formed on the antireflective film
BA1, as illustrated in FIGs. 23 and 24. In this manner,
the antireflective film BA1 formed between the resist film
RF1, and the element isolation film STM and the fin FA,
is referred to as BARC (bottom antireflective coating).
The resist film RF1 is then patterned.
[0141] In a pair of the two adjacent control gate elec-
trodes CG, the memory gate electrode MG (see FIGs.
33 and 34 described below) adjacent to the other control
gate electrode CG on an opposite side to one control
gate electrode CG with the other control gate electrode
CG interposed therebetween is arranged. Thus, in this
step, the resist film RF1 is patterned in such a way that
a part of the antireflective film BA1 located between the
two adjacent control gate electrodes CG may be covered
with the resist film RF1 and that a part of the antireflective
film BA1 located on the opposite side to one control gate
electrode CG with the other control gate electrode CG
interposed therebetween may be exposed from the resist
film RF1.
[0142] In this step S7, with use of the patterned resist
film RF1 as an etching mask, the antireflective film BA1
is then patterned by dry etching through use of mixed
gas of, for example, fluorocarbon gas, argon (Ar) gas,
and oxygen (O2) gas as etching gas, as illustrated in
FIGs. 25 and 26. Thus, a mask pattern MP1 including
the part of the antireflective film BA1 located between
the two adjacent control gate electrodes CG and a part
of the resist film RF1 located between the two adjacent
control gate electrodes CG is formed.
[0143] In this step S7, a front surface of the fin FA in
the region FA2 is then etched by isotropic dry etching
with use of the control gate electrode CG, the cap insu-
lating film CP1 on the control gate electrode CG, and the
mask pattern MP1 as etching masks as illustrated in
FIGs. 27 and 28.
[0144] Thus, the upper surface TS2 of the region FA2
becomes lower than the upper surface TS1 of the region
FA1, and the side surface SS3 of the region FA2 recedes
to the negative side in the Y-axis direction with respect
to the side surface SS1 of the region FA1, that is, to the
opposite side of the positive side in the Y-axis direction.
[0145] Thus, in the part of the gate insulating film GIm
(see FIGs. 39 and 40 described below) between the
memory gate electrode MG (see FIGs. 33 and 34 de-
scribed below) and the upper surface TS2 and in the part
of the gate insulating film GIm between the memory gate
electrode MG and the side surface SS3, the distribution
of electrons injected at the time of writing data and the
distribution of holes injected at the time of erasing data
get close to each other.
[0146] Preferably, the upper surface TS2 becomes
lower than the upper surface TS 1, and the side surface
SS3 recedes to the negative side in the Y-axis direction
with respect to the side surface SS1 in such a way that

the distance DS1 between the upper surface TS2 of the
region FA2 and the upper surface TS1 of the region FA1
in the Z-axis direction may be longer than the distance
DS2 between the side surface SS3 of the region FA2 and
the side surface SS1 of the region FA1 in the Y-axis di-
rection. Accordingly, the effect of bringing the distribution
of electrons injected at the time of writing data closer to
the distribution of holes injected at the time of erasing
data can be enhanced.
[0147] Further, the side surface SS4 of the region FA2
recedes to the positive side in the Y-axis direction with
respect to the side surface SS2 of the region FA1 in the
Y-axis direction. In this case, the width WD2 in the Y-axis
direction in the region FA2 is smaller than the width WD1
in the Y-axis direction in the region FA1. Accordingly,
also in the part of the gate insulating film GIm (see FIGs.
39 and 40 described below) between the memory gate
electrode MG (see FIGs. 33 and 34 described below)
and the side surface SS4, the distribution of electrons
injected at the time of writing data and the distribution of
holes injected at the time of erasing data get close to
each other.
[0148] Preferably, the upper surface TS2 becomes
lower than the upper surface TS 1, and the side surface
SS4 recedes to the positive side in the Y-axis direction
with respect to the side surface SS2 in such a way that
the distance DS1 between the upper surface TS2 of the
region FA2 and the upper surface TS1 of the region FA1
in the Z-axis direction may be longer than the distance
DS3 between the side surface SS4 of the region FA2 and
the side surface SS2 of the region FA1 in the Y-axis di-
rection. That is, the upper surface TS2 becomes lower
than the upper surface TS1, the side surface SS3 re-
cedes with respect to the side surface SS1, and the side
surface SS4 recedes with respect to the side surface SS2
in such a way that the distance DS1 may be longer than
any of the distance DS2 and the distance DS3. Accord-
ingly, the effect of bringing the distribution of electrons
injected at the time of writing data closer to the distribution
of holes injected at the time of erasing data can be en-
hanced.
[0149] The region FA21 may be formed between the
region FA1 and the region FA2. In this case, preferably,
the region FA21 includes the connection surface TS21
connecting the upper surface TS1 of the region FA1 to
the upper surface TS2 of the region FA2, the connection
surface SS31 connecting the side surface SS 1 of the
region FA1 to the side surface SS3 of the region FA2,
and the connection surface SS41 connecting the side
surface SS2 of the region FA1 to the side surface SS4
of the region FA2.
[0150] As illustrated in FIG 7, the end ET21 of the con-
nection surface TS21 may be connected to the upper
surface TS2 of the region FA2, and the end ET22 on the
opposite side of the end ET21 of the connection surface
TS21 may be connected to the upper surface TS 1 of the
region FA1. Then, the connection surface TS21 may be
inclined with respect to any of the upper surface TS2 and
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the YZ plane in such a way that the end ET21 may be
located on the positive side in the X-axis direction with
respect to the end ET22 and may be located on the lower
side than the end ET22 in the Z-axis direction.
[0151] As illustrated in FIG 8, the end ES31 of the con-
nection surface SS31 may be connected to the side sur-
face SS3 of the region FA2, and the end ES32 on the
opposite side of the end ES31 of the connection surface
SS31 may be connected to the side surface SS 1 of the
region FA1. Then, the connection surface SS31 may be
inclined with respect to any of the side surface SS3 and
the YZ plane in such a way that the end ES31 may be
located on the positive side in the X-axis direction with
respect to the end ES32 and may be located on the neg-
ative side in the Y-axis direction with respect to the end
ES32.
[0152] As illustrated in FIG 8, the end ES41 of the con-
nection surface SS41 may be connected to the side sur-
face SS4 of the region FA2, and the end ES42 on the
opposite side of the end ES41 of the connection surface
SS41 may be connected to the side surface SS2 of the
region FA1. Then, the connection surface SS41 may be
inclined with respect to any of the side surface SS4 and
the YZ plane in such a way that the end ES41 may be
located on the positive side in the X-axis direction with
respect to the end ES42 and may be located on the pos-
itive side in the Y-axis direction with respect to the end
ES42.
[0153] Accordingly, in the part of the gate insulating
film GIm (see FIGs. 39 and 40 described below) between
the memory gate electrode MG (see FIGs. 33 and 34
described below) and the upper surface TS2, the distri-
bution of electrons injected at the time of writing data and
the distribution of holes injected at the time of erasing
data get much closer to each other or are equal to each
other. Also, in the part of the gate insulating film GIm
between the memory gate electrode MG and the side
surface SS3, the distribution of electrons injected at the
time of writing data and the distribution of holes injected
at the time of erasing data get much closer to each other
or are equal to each other. Also, in the part of the gate
insulating film GIm between the memory gate electrode
MG and the side surface SS4, the distribution of electrons
injected at the time of writing data and the distribution of
holes injected at the time of erasing data get much closer
to each other or are equal to each other.
[0154] As for conditions for etching the region FA2 in
step S7, selectivity between the cap insulating film CP1
made of the insulating film 5 such as a silicon nitride film,
and the fin FA made of silicon, that is, the ratio of the
etching rate of the fin FA to the etching rate of the cap
insulating film CP 1 is preferably as high as possible.
[0155] In the etching of the front surface of the region
FA2, a process in which a deposit is deposited on the
front surface and a process in which the front surface is
etched are actually repeated, and when the etched
amount exceeds the deposited amount, the etching ad-
vances. In this case, in the region FA21 close to an end

of the control gate electrode CG, due to the presence of
the side surface of the control gate electrode, the depos-
ited amount exceeds the etched amount As a result, in
the region FA21, the connection surfaces TS21, SS31,
and SS41 inclined from the end thereof on a side of the
control gate electrode CG to the end thereof on a side of
the region FA2, are formed The inclination angles of
these connection surfaces TS21, SS31, and SS41 can
be adjusted within a certain range by changing a balance
between the deposited amount and the etched amount
in the etching conditions.
[0156] Note that, in step S7, in the cap insulating film
CP1, a corner between an upper surface and a side sur-
face of the cap insulating film CP1 is etched into a so-
called chamfered state.
[0157] Also, in step S7, there is a case in which both
side surfaces of the control gate electrode CG in the X-
axis direction (gate length direction) are etched and in
which the width of the control gate electrode CG in the
X-axis direction becomes small, although illustration
thereof is omitted In this case, it is preferable in step S6
to pattern the insulating film 5 and the conductive film 4
(see FIG 21) in such a way that the width of the control
gate electrode CG in the X-axis direction may be larger
than a desired width.
[0158] In step S7, although only isotropic etching may
be performed, anisotropic etching may be performed be-
fore the isotropic etching. By performing the anisotropic
etching, the front surface of the region FA2 can be etched
with favorable profile accuracy in such a way that the
distance DS1 may be longer than the distance DS2 and
that the distance DS1 may be longer than the distance
DS3. Also, by performing the isotropic etching after the
anisotropic etching, a part that may be damaged by the
anisotropic etching can be etched in an isotropic manner,
so that the characteristics of the memory transistor MT
(see FIGs. 45 and 46 described below) can be improved.
[0159] Subsequently, a sacrificial oxide film SOF1 is
formed (step S8 in FIG 9).
[0160] In this step S8, the mask pattern MP1 (see FIGs.
27 and 28) including the resist film RF1 and the antire-
flective film BA1 is first removed as illustrated in FIGs.
29 and 30.
[0161] In this step S8, the front surface of the fin FA
and the side surfaces of the control gate electrode CG
are then oxidized to form the sacrificial oxide film SOF1
as illustrated in FIGs. 29 and 30. The sacrificial oxide film
SOF1 is a protective film protecting the front surface of
the fin FA and the side surfaces of the control gate elec-
trode CG at the time of forming the n--type semiconductor
region VMG The sacrificial oxide film SOF1 can be
formed by, for example, thermal oxidation or ISSG oxi-
dation, or combination thereof.
[0162] In this case, in the fin FA, the front surface of
the region FA3 arranged on an opposite side to the region
FA2 with the region FA1 interposed therebetween when
seen in a plan view is oxidized. In a case in which the
region FA2 is arranged on the positive side in the X-axis
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direction with respect to the region FA1, the region FA3
is arranged on the negative side in the X-axis direction
with respect to the region FA1.
[0163] In this manner, by oxidizing the front surface of
the region FA3, in step S8, the upper surface TS3 of the
region FA3 becomes lower than the upper surface TS 1
of the region FA1, and the side surface SS5 of the region
FA3 recedes to the negative side in the Y-axis direction
with respect to the side surface SS 1 of the region FA1
in the Y-axis direction.
[0164] Preferably, the upper surface TS2 becomes
lower in such a way that the upper surface TS3 of the
region FA3 may be higher than the upper surface TS2
of the region FA2, and the side surface SS5 recedes in
such a way that the side surface SS5 of the region FA3
may be arranged on the positive side in the Y-axis direc-
tion with respect to the side surface SS3 of the region
FA2 in the Y-axis direction. Accordingly, the upper sur-
face TS3 of the region FA3 and the upper surface TS 1
of the region FA1 can be arranged substantially at the
same height to each other, and the side surface SS5 of
the region FA3 can be arranged substantially at the same
position to the side surface SS1 of the region FA1 in the
Y-axis direction. Thus, a decrease in on-state current
flowing in the control transistor CT can be prevented or
suppressed.
[0165] Further, in step S8, by oxidizing the front surface
of the region FA3, the side surface SS6 of the region FA3
recedes to the positive side in the Y-axis direction with
respect to the side surface SS2 of the region FA1 in the
Y-axis direction. In this case, the width WD3 in the Y-axis
direction in the region FA3 is smaller than the width WD1
in the Y-axis direction in the region FA1.
[0166] Preferably, the side surface SS6 recedes in
such a way that the side surface SS6 of the region FA3
may be arranged on the negative side in the Y-axis di-
rection with respect to the side surface SS4 of the region
FA2 in the Y-axis direction. In this case, the width WD3
in the Y-axis direction in the region FA3 is larger than the
width WD2 in the Y-axis direction in the region FA2. Ac-
cordingly, the side surface SS6 of the region FA3 can be
arranged substantially at the same position to the side
surface SS2 of the region FA1 in the Y-axis direction.
Thus, a decrease in on-state current flowing in the control
transistor CT can be prevented or suppressed.
[0167] The region FA31 may be arranged between the
region FA1 and the region FA3. In this case, preferably,
the region FA31 includes the connection surface TS31
connecting the upper surface TS1 of the region FA1 to
the upper surface TS3 of the region FA3, the connection
surface SS51 connecting the side surface SS 1 of the
region FA1 to the side surface SS5 of the region FA3,
and the connection surface SS61 connecting the side
surface SS2 of the region FA1 to the side surface SS6
of the region FA3.
[0168] As illustrated in FIG 7, the end ET31 of the con-
nection surface TS31 may be connected to the upper
surface TS3 of the region FA3, and the end ET32 on the

opposite side of the end ET31 of the connection surface
TS31 may be connected to the upper surface TS 1 of the
region FA1. Then, the connection surface TS31 may be
inclined with respect to any of the upper surface TS3 and
the YZ plane in such a way that the end ET31 may be
located on the negative side in the X-axis direction with
respect to the end ET32 and may be located lower than
the end ET32 in the Z-axis direction.
[0169] As illustrated in FIG 8, the end ES51 of the con-
nection surface SS51 may be connected to the side sur-
face SS5 of the region FA3, and the end ES52 on the
opposite side of the end ES51 of the connection surface
SS51 may be connected to the side surface SS 1 of the
region FA1. Then, the connection surface SS51 may be
inclined with respect to any of the side surface SS5 and
the YZ plane in such a way that the end ES51 may be
located on the negative side in the X-axis direction with
respect to the end ES52 and may be located on the neg-
ative side in the Y-axis direction with respect to the end
ES52.
[0170] As illustrated in FIG 8, the end ES61 of the con-
nection surface SS61 may be connected to the side sur-
face SS6 of the region FA3, and the end ES62 on the
opposite side of the end ES61 of the connection surface
SS61 may be connected to the side surface SS2 of the
region FA1. Then, the connection surface SS61 may be
inclined with respect to any of the side surface SS6 and
the YZ plane in such a way that the end ES61 may be
located on the negative side in the X-axis direction with
respect to the end ES62 and may be located on the pos-
itive side in the Y-axis direction with respect to the end
ES62.
[0171] Subsequently, the n--type semiconductor re-
gion VMG is formed as illustrated in FIGs. 29 and 30
(step S9 in FIG 9).
[0172] In this step S9, with use of the cap insulating
film CP1 and the control gate electrode CG having the
sacrificial oxide film SOF1 formed on the side surfaces
thereof as masks, n-type impurities such as phosphorus
(P) and arsenic (As) are doped into the fin FA by ion
implantation. Thus, the n--type semiconductor region
VMG is formed in a part of the fin FA on a side where the
memory gate electrode MG (see FIGs. 33 and 34 de-
scribed below) is arranged with respect to the control
gate electrode CG, that is, in the region FA2.
[0173] The sacrificial oxide film SOF1 is formed on the
front surface of the region FA2. Thus, when the n-type
impurities are doped into the region FA2 by ion implan-
tation, the front surface of the region FA2 can be pre-
vented from being damaged.
[0174] As described above, the upper surface TS2 of
the region FA2 is lower than the upper surface TS 1 of
the region FA1, the side surface SS3 of the region FA2
is arranged on the negative side in the Y-axis direction
with respect to the side surface SS1 of the region FA1,
and the side surface SS4 of the region FA2 is arranged
on the positive side in the Y-axis direction with respect
to the side surface SS2 of the region FA1. Thus, since
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the impurity ions to be implanted by ion implantation are
doped into a part of the fin FA located below the control
gate electrode CG, that is, into the region FA1, the n-

-type semiconductor region VMG can be formed in a de-
sired region with favorable profile accuracy.
[0175] Note that the n--type semiconductor region
VMG may be formed in a part of the fin FA on an opposite
side to the side where the memory gate electrode MG
adjacent to the control gate electrode CG is arranged,
with respect to the control gate electrode CG, that is, in
the region FA3. However, in FIGs. 29 and 30, illustration
of the n--type semiconductor region formed on the oppo-
site side of the part where the memory gate electrode
MG adjacent to the control gate electrode CG is arranged
is omitted. That is, although the n--type semiconductor
region VMG is also formed in the region FA3, illustration
thereof is omitted in FIGs. 29 and 30.
[0176] Also, in cross-sectional views (FIGs. 31 to 48)
illustrating the subsequent processes in the process for
manufacturing the semiconductor device, illustration of
the n--type semiconductor region VMG is omitted for sim-
plification of the drawings.
[0177] Subsequently, the insulating film 6 is formed on
the element isolation film STM and the fin FA (step S10
in FIG 9).
[0178] In this step S10, the sacrificial oxide film SOF1
is first etched and removed by, for example, dry etching
as illustrated in FIGs. 31 and 32. Thus, the front surfaces
of the region FA2 and the region FA3 are exposed.
[0179] In this step S10, the insulating film 6 is then
formed on the element isolation film STM, the fin FA, the
front surface of the control gate electrode CG, and the
front surface of the cap insulating film CP1 as illustrated
in FIGs. 31 and 32. The insulating film 6 is an insulating
film including a charge storage unit therein and is a lam-
inated film including the insulating film 6a, the insulating
film 6b as a charge storage unit on the insulating film 6a,
and the insulating film 6c on the insulating film 6b, for
example.
[0180] In this range, as for the front surface of the re-
gion FA2, the insulating film 6a is formed on the upper
surface TS2 of the region FA2, the side surface SS3 of
the region FA2, and the side surface SS4 of the region
FA2. More specifically, the insulating film 6a, made of,
for example, a silicon oxide film, can be formed on the
upper surface TS2 of the region FA2, the side surface
SS3 of the region FA2, and the side surface SS4 of the
region FA2 by, for example, thermal oxidation or ISSG
oxidation. A film thickness of the insulating film 6a can
be set to be about 4 nm, for example.
[0181] The insulating film 6b is then formed over the
insulating film 6a. The insulating film 6b made of, for ex-
ample, a silicon nitride film or a hafnium silicate film can
be formed by, for example, the CVD. A film thickness of
the insulating film 6b can be set to be about 7 nm, for
example.
[0182] The insulating film 6c is then formed over the
insulating film 6b. The insulating film 6c made of, for ex-

ample, a silicon oxide film, a silicon oxynitride film, or an
aluminum oxide film can be formed by, for example, the
CVD or ISSG oxidation. A film thickness of the insulating
film 6c can be set to be about 9 nm, for example.
[0183] In this manner, in step S10, the insulating film
6 is formed on the upper surface TS2 of the region FA2,
the side surface SS3 of the region FA2, and the side
surface SS4 of the region FA2. In other words, the insu-
lating film 6 is formed to cover the upper surface TS2 of
the region FA2, the side surface SS3 of the region FA2,
and the side surface SS4 of the region FA2.
[0184] The insulating film 6 functions as a gate insu-
lating film of the memory gate electrode MG (see FIGs.
33 and 34 described below) and has a charge storage
function. The insulating film 6 has a structure in which
the insulating film 6b serving as a charge storage unit is
interposed between the insulating film 6a and the insu-
lating film 6c serving as charge blocking layers. A poten-
tial barrier height of the charge blocking layers constitut-
ed by the insulating films 6a and 6c is higher than a po-
tential barrier height of the charge storage unit constitut-
ed by the insulating film 6b.
[0185] Note that, in the present embodiment, the insu-
lating film 6b made of, for example, a silicon nitride film
is used as an insulating film having a trap level and using
the silicon nitride film is preferable in terms of reliability.
However, the insulating film having the trap level is not
limited to the silicon nitride film, and a high dielectric con-
stant film having a higher dielectric constant than that of
the silicon nitride film such as an aluminum oxide (alu-
mina) film, a hafnium oxide film, and a tantalum oxide
film can be used.
[0186] Subsequently, the conductive film 7 is formed
on the insulating film 6 as illustrated in FIGs. 31 and 32
(step S11 in FIG. 10).
[0187] The conductive film 7 is preferably a polycrys-
talline silicon film, that is, a silicon film such as a polysil-
icon film. Such a conductive film 7 can be formed by the
CVD or the like. Alternatively, the conductive film 7 can
be formed as an amorphous silicon film at the time of film
formation, and then, the amorphous silicon film can be
changed into a polycrystalline silicon film by subsequent
thermal treatment
[0188] As the conductive film 7, one into which n-type
impurities such as phosphorus (P) and arsenic (As) or p-
type impurities such as boron (B) are doped to have low
resistivity is preferably used. The impurities can be doped
at the time of or after formation of the conductive film 7.
The impurities can also be doped into the conductive film
7 after formation of the conductive film 7 by ion implan-
tation or at the time of formation of the conductive film 7.
In a case of doping the impurities at the time of formation
of the conductive film 7, the conductive film 7 into which
the impurities has been doped can be formed by mixing
gas for formation of the conductive film 7 with doping gas.
[0189] Subsequently, the conductive film 7 is etched
back with use of the anisotropic etching technique to form
the memory gate electrode MG as illustrated in FIGs. 33
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and 34 (step S12 in FIG 10).
[0190] In this step S12, the conductive film 7 is etched
back as much as a film thickness of the conductive film
7 to remain on both side surfaces of the control gate
electrode CG via the insulating film 6 like a sidewall spac-
er, and the conductive film 7 located in other regions is
removed.
[0191] Thus, by leaving the conductive film 7 on a side
surface of the control gate electrode CG on the side
where the memory gate electrode MG adjacent to the
control gate electrode CG is arranged, out of both side
surfaces of the control gate electrode CG, via the insu-
lating film 6 like the sidewall spacer, the memory gate
electrode MG including the left conductive film 7 is formed
Specifically, the memory gate electrode MG is formed on
the upper surface TS2 of the region FA2, the side surface
SS3 of the region FA2, and the side surface SS4 of the
region FA2 via the insulating film 6. In other words, the
memory gate electrode MG is formed to cover the upper
surface TS2 of the region FA2, the side surface SS3 of
the region FA2, and the side surface SS4 of the region
FA2.
[0192] Also, by leaving the conductive film 7 on a side
surface on the opposite side to the side where the mem-
ory gate electrode MG adjacent to the control gate elec-
trode CG is arranged, out of both side surfaces of the
control gate electrode CG, via the insulating film 6 like
the sidewall spacer, a spacer SP1 including the left con-
ductive film 7 is formed. Specifically, the spacer SP 1 is
formed on the upper surface TS3 of the region FA3, the
side surface SS5 of the region FA3, and the side surface
SS6 of the region FA3 via the insulating film 6. In other
words, the spacer SP1 is formed to cover the upper sur-
face TS3 of the region FA3, the side surface SS5 of the
region FA3, and the side surface SS6 of the region FA3.
[0193] The memory gate electrode MG is formed to be
adjacent to the control gate electrode CG via the insulat-
ing film 6. The memory gate electrode MG and the spacer
SP1 are formed on the side surfaces of the control gate
electrode CG in such a way that the memory gate elec-
trode MG and the spacer SP1 are opposed to each other
with the control gate electrode CG interposed therebe-
tween.
[0194] The cap insulating film CP1 is formed on the
control gate electrode CG Thus, the memory gate elec-
trode MG includes the conductive film 7 left on a side
surface of the cap insulating film CP1 on a side where
the memory gate electrode MG adjacent to the control
gate electrode CG is arranged, out of both side surfaces
of the cap insulating film CP1, via the insulating film 6
like the sidewall spacer. Also, the spacer SP1 includes
the conductive film 7 left on a side surface on the opposite
side to the side where the memory gate electrode MG
adjacent to the control gate electrode CG is arranged,
out of both side surfaces of the cap insulating film CP 1,
via the insulating film 6 like the sidewall spacer.
[0195] At the stage at which the etch-back process has
been performed in step S12, parts of the insulating film

6 not covered with any of the memory gate electrode MG
and the spacer SP1 are exposed. Meanwhile, the insu-
lating film 6 between the memory gate electrode MG and
the region FA2 and between the memory gate electrode
MG and the control gate electrode CG becomes the gate
insulating film GIm (see FIGs. 39 and 40 described be-
low) of the memory transistor MT.
[0196] Subsequently, the spacer SP1 is removed (step
S13 in FIG 10).
[0197] In this step S13, an antireflective film BA2 made
of, for example, an organic film, is first formed on the
insulating film 6 to cover the memory gate electrode MG
and the spacer SP1, and a resist film RF2 is formed on
the antireflective film BA2, as illustrated in FIGs. 35 and
36. In this manner, the antireflective film BA2 formed be-
tween the resist film RF2, and the insulating film 6, the
memory gate electrode MG, and the spacer SP1, is re-
ferred to as BARC. The resist film RF2 is then patterned.
[0198] In this step, the resist film RF2 is patterned in
such a way that a part of the antireflective film BA2 located
between the two adjacent control gate electrodes CG,
that is, a part covering the spacer SP1, may be exposed
from the resist film RF2. Also, the resist film RF2 is pat-
terned in such a way that a part of the antireflective film
BA2 located on an opposite side to one control gate elec-
trode CG with the other control gate electrode CG inter-
posed therebetween, that is, a part covering the memory
gate electrode MG, may be covered with the resist film
RF2.
[0199] In this step S13, with use of the patterned resist
film RF2 as an etching mask, the antireflective film BA2
is then patterned by dry etching with use of mixed gas
of, for example, fluorocarbon gas, argon (Ar) gas, and
oxygen (O2) gas as etching gas, as illustrated in FIGs.
35 and 36. Thus, a mask pattern MP2 including the part
of the antireflective film BA2 covering the memory gate
electrode MG and a part of the resist film RF2 covering
the memory gate electrode MG is formed.
[0200] In this step S 13, the spacer SP 1 is then re-
moved by dry etching with use of the formed mask pattern
MP2 (see FIGs. 35 and 36) as an etching mask as illus-
trated in FIGs. 37 and 38. Meanwhile, the memory gate
electrode MG remains without being etched since the
memory gate electrode MG is covered with the mask
pattern MP2.
[0201] In this step S 13, the mask pattern MP2 is then
removed as illustrated in FIGs. 37 and 38.
[0202] Subsequently, parts of the insulating film 6 not
covered with the memory gate electrode MG are re-
moved by etching as illustrated in FIGs. 39 and 40 (step
S14 in FIG 10). In this step S14, the insulating films 6c
and 6a made of, for example, a silicon oxide film are
etched by wet etching with use of, for example, hydrofluo-
ric acid (HF), and the insulating film 6b made of, for ex-
ample, a silicon nitride film is etched by wet etching with
use of, for example, thermal phosphoric acid (H3PO4).
[0203] In this case, the part of the insulating film 6 lo-
cated between the memory gate electrode MG and the
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region FA2 of the fin FA and between the memory gate
electrode MG and the control gate electrode CG remain
without being removed, and parts of the insulating film 6
located in the other regions are removed. The gate insu-
lating film GIm including the insulating film 6 between the
memory gate electrode MG and the region FA2 of the fin
FA and between the memory gate electrode MG and the
control gate electrode CG is formed.
[0204] Note that, in step S14, etching can also be per-
formed in such a way that, in the insulating film 6, the
insulating film 6c and the insulating film 6b may be re-
moved and the insulating film 6a may remain without be-
ing removed.
[0205] Subsequently, the n--type semiconductor re-
gions 11a and 11b are formed by ion implantation or the
like as illustrated in FIGs. 41 and 42 (step S15 in FIG 10).
[0206] In this step S 15, n-type impurities such as phos-
phorus (P) and arsenic (As) are doped into the region
FA2 and the region FA3 of the fin FA with use of the
control gate electrode CG and the memory gate electrode
MG as masks. Thus, the n--type semiconductor region
11a is formed in the region FA2 of the fin FA, and the n-

-type semiconductor region 11b is formed in the region
FA3 of the fin FA.
[0207] At this time, the n--type semiconductor region
11a is formed against the side surface of the memory
gate electrode MG in a self-aligned manner in the region
FA2, and the n--type semiconductor region 11b is formed
against the side surface of the control gate electrode CG
in a self-aligned manner in the region FA3.
[0208] Subsequently, the sidewall spacers SW are
formed on the side surfaces of the control gate electrode
CG and the memory gate electrode MG as illustrated in
FIGs. 43 and 44 (step S16 in FIG 10).
[0209] An insulating film for the sidewall spacers SW
is first formed on the element isolation film STM and the
fin FA to cover the control gate electrode CG, the cap
insulating film CP1, and the memory gate electrode MG,
and the formed insulating film is etched back by, for ex-
ample, anisotropic etching.
[0210] In this manner, by leaving the insulating film in
a part adjacent to the control gate electrode CG on the
opposite side to the memory gate electrode MG with the
control gate electrode CG interposed therebetween, the
sidewall spacer SW is formed. Also, by leaving the insu-
lating film in a part adjacent to the memory gate electrode
MG on the opposite side to the control gate electrode CG
with the memory gate electrode MG interposed therebe-
tween, the sidewall spacer SW is formed.
[0211] Each of these sidewall spacers SW is made of
an insulating film such as a silicon oxide film, a silicon
nitride film, or a laminated film thereof.
[0212] Note that, in the example illustrated in FIGs. 43
and 44, the insulating film SIF made of, for example, sil-
icon oxide, is interposed between the control gate elec-
trode CG and the sidewall spacer SW and between the
memory gate electrode MG and the sidewall spacer SW
[0213] Subsequently, the n+-type semiconductor re-

gions 12a and 12b are formed by ion implantation or the
like as illustrated in FIGs. 45 and 46 (step S17 in FIG
10). In this step S 17, an n-type impurity such as phos-
phorus (P) and arsenic (As) is doped into the region FA2
and the region FA3 of the fin FA with use of the control
gate electrode CG and the memory gate electrode MG,
and the sidewall spacers SW adjacent to these elec-
trodes, as masks. Thus, the n+-type semiconductor re-
gion 12a is formed in the region FA2 of the fin FA, and
the n+-type semiconductor region 12b is formed in the
region FA3 of the fin FA.
[0214] At this time, the n+-type semiconductor region
12a is formed against the sidewall spacer SW on the side
surface of the memory gate electrode MG in a self-
aligned manner, and the n+-type semiconductor region
12b is formed against the sidewall spacer SW on the side
surface of the control gate electrode CG in a self-aligned
manner.
[0215] In this manner, the n-type semiconductor region
MS is formed by the n--type semiconductor region 11a
and the n+-type semiconductor region 12a having a high-
er impurity concentration than that of the n--type semi-
conductor region 11a, has the LDD structure, and func-
tions as a source region of the memory transistor MT.
Also, the n-type semiconductor region MD is formed by
the n--type semiconductor region 11b and the n+-type
semiconductor region 12b having a higher impurity con-
centration than that of the n--type semiconductor region
11b, has the LDD structure, and functions as a drain re-
gion of the control transistor CT.
[0216] Thereafter, activation annealing is performed,
which is a thermal treatment for activating the impurities
doped into the n--type semiconductor regions 11a and
11b, the n+-type semiconductor regions 12a and 12b,
and the like.
[0217] Thus, as illustrated in FIGs. 45 and 46, the con-
trol transistor CT and the memory transistor MT are
formed, and the memory cell MC serving as a non-volatile
memory is formed by the control transistor CT and the
memory transistor MT. That is, the memory cell MC serv-
ing as a non-volatile memory is formed by the control
gate electrode CG, the gate insulating film GIc, the mem-
ory gate electrode MG, and the gate insulating film GIm.
Note that the memory cells MC 1 and MC2 as the two
adjacent memory cells MC share the n+-type semicon-
ductor region 12b.
[0218] Subsequently, the metal silicide layer 13 is
formed as illustrated in FIGs. 47 and 48 (step S18 in FIG
10).
[0219] In this step S18, a metal film is first formed on
the element isolation film STM and the fin FA to cover
the cap insulating film CP1, the memory gate electrode
MG, and the sidewall spacers SW. The metal film is made
of a cobalt (Co) film, a nickel (Ni) film, or a nickel-platinum
alloy film, for example, and can be formed by sputtering.
The semiconductor substrate 1 is then subjected to ther-
mal treatment to cause the respective upper layer por-
tions of the n+-type semiconductor regions 12a and 12b
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and the memory gate electrode MG to react with the metal
film. Thus, the metal silicide layer 13 is formed on each
surface of the n+-type semiconductor regions 12a and
12b and the memory gate electrode MG
[0220] The metal silicide layer 13 can be a cobalt sili-
cide layer, a nickel silicide layer, or a platinum added
nickel silicide layer, for example. The unreacted metal
film is thereafter removed. By performing the so-called
salicide process, the metal silicide layer 13 can be formed
on each surface of the n+-type semiconductor regions
12a and 12b and the memory gate electrode MG
[0221] Subsequently, the insulating film 14, the inter-
layer insulating film 15, and the plug PG are formed as
illustrated in FIG 5 (step S 19 in FIG 10).
[0222] In this step S19, the insulating film 14 is first
formed to cover the cap insulating film CP1, the gate
insulating film GIm, the memory gate electrode MG, and
the sidewall spacers SW. The insulating film 14 is made
of, for example, a silicon nitride film. The insulating film
14 can be formed by, for example, the CVD.
[0223] In this step S19, the interlayer insulating film 15
is then formed on the insulating film 14. The interlayer
insulating film 15 is a single film of a silicon oxide film, a
laminated film of a silicon nitride film and a silicon oxide
film, or the like. After the interlayer insulating film 15 is
formed by, for example, the CVD, the upper surface of
the interlayer insulating film 15 is planarized.
[0224] In this step S19, the plug PG penetrating the
interlayer insulating film 15 and the insulating film 14 is
then formed. First, with use of a resist pattern (not illus-
trated) formed on the interlayer insulating film 15 by pho-
tolithography as an etching mask, the interlayer insulat-
ing film 15 and the insulating film 14 are subjected to dry
etching to form the contact hole CNT in the interlayer
insulating film 15 and the insulating film 14. Subsequent-
ly, in the contact hole CNT, the conductive plug PG made
of tungsten (W) or the like is formed as a conductor por-
tion.
[0225] To form the plug PG, a barrier conductor film
made of a titanium (Ti) film, a titanium nitride (TiN) film,
or a laminated film thereof is formed on the interlayer
insulating film 15 including the interior of the contact hole
CNT. A main conductor film made of, for example, a tung-
sten (W) film or the like is then formed on this barrier
conductor film to fill the contact hole CNT. Unnecessary
main conductor film and barrier conductor film on the
interlayer insulating film 15 are removed by the CMP,
etching back, or the like. In this manner, the plug PG can
be formed. Note that, in FIG 5, the barrier conductor film
and the main conductor film constituting the plug PG are
illustrated in an integrated manner for simplification of
the drawing.
[0226] As illustrated in FIG 5, the contact hole CNT
and the plug PG buried in the contact hole CNT are
formed on each of the n+-type semiconductor regions
12a and 12b and the like. In the bottom portion of the
contact hole CNT, the metal silicide layer 13 on each of
the n+-type semiconductor regions 12a and 12b is ex-

posed, for example. Then, the plug PG buried in the con-
tact hole CNT contacts the metal silicide layer 13 formed
on each of the n+-type semiconductor regions 12a and
12b, so that the plug PG is electrically connected to each
of the n+-type semiconductor regions 12a and 12b. Note
that the plug PG may be electrically connected to the
memory gate electrode MG, although illustration thereof
is omitted in FIG 5.
[0227] Subsequently, the metal wires MW1 and MW2
serving as wires of the first layer are formed on the inter-
layer insulating film 15 in which the plug PG has been
buried as illustrated in FIG 5 (step S20 in FIG 10). Here,
a case of forming the metal wires MW1 and MW2 with
use of the single damascene technique as the da-
mascene technique will be described.
[0228] The insulating film 16 is first formed on the in-
terlayer insulating film 15 in which the plug PG is buried.
The insulating film 16 can be formed by a laminated film
including a plurality of insulating films. The wiring trench-
es are then formed in predetermined regions of the insu-
lating film 16 by dry etching with use of a resist pattern
(not illustrated) as an etching mask.
[0229] A barrier conductor film made of a titanium ni-
tride (TiN) film, a tantalum (Ta) film, a tantalum nitride
(TaN) film, or the like is then formed on the insulating film
16 including the bottom portion and the sidewall of each
of the formed wiring trenches. A copper (Cu) seed layer
is then formed on the barrier conductor film by the CVD
or sputtering. Further, a copper (Cu) plating film is formed
on the seed layer by electrolytic plating or the like and is
buried in the wiring trenches. The main conductor film
and the barrier conductor film in regions other than the
wiring trenches are removed by the CMP to form the met-
al wires MW1 and MW2 which are wires of the first layer
containing Cu buried in the wiring trenches as a main
conductive material. Note that, in FIG 5, regarding the
metal wires MW1 and MW2, the barrier conductor film,
the seed layer, and the Cu plating film are illustrated in
an integrated manner for simplification of the drawing.
[0230] The metal wire MW1 is electrically connected
to the semiconductor region MD of the memory cell MC
via the plug PG, and the metal wire MW2 is electrically
connected to the semiconductor region MS of the mem-
ory cell MC via the plug PG Wires of a second layer and
subsequent layers are thereafter formed by the dual da-
mascene method or the like, and illustration and descrip-
tion thereof are omitted here. The wires of the first layer
and the subsequent layers are not limited to the da-
mascene wires but can be formed by patterning a con-
ductive film for wires, and can be, for example, a tungsten
(W) wire, an aluminum (A1) wire, or the like.
[0231] The semiconductor device according to the
present embodiment is manufactured in the above man-
ner.
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<Distributions of Electrons and Holes Injected into 
Charge Storage Unit>

[0232] Next, distributions of electrons and holes inject-
ed into the insulating film 6b serving as a charge storage
unit will be described in comparison with those in a com-
parative example.
[0233] FIGs. 49 and 50 are cross-sectional views of
main parts of the semiconductor device according to the
comparative example. FIG 49 is an enlarged cross-sec-
tional view of the semiconductor device according to the
comparative example, which is similar to the enlarged
view of the region RG2 in FIG 7 surrounded by the two-
dot chain line of the cross-sectional view illustrated in
FIG 5. FIG 50 is an enlarged cross-sectional view of the
semiconductor device according to the comparative ex-
ample, which is similar to the enlarged view of the region
RG3 in FIG 8 surrounded by the two-dot chain line of the
cross-sectional view illustrated in FIG 6.
[0234] As illustrated in FIGs. 49 and 50, in the semi-
conductor device according to the comparative example,
a part of the fin FA covered with the memory gate elec-
trode MG, that is, the front surface of the region FA2, is
not dug down. Thus, in the semiconductor device accord-
ing to the comparative example, the upper surface TS2
of the region FA2 is arranged in the same height position
as that of the upper surface TS 1 of the region FA1 in the
Z-axis direction, the side surface SS3 of the region FA2
is arranged in the same position as that of the side surface
SS1 of the region FA1 in the Y-axis direction, and the
side surface SS4 of the region FA2 is arranged in the
same position as that of the side surface SS2 of the region
FA1 in the Y-axis direction. Also, the upper surface TS3
of the region FA3 is arranged in the same height position
as that of the upper surface TS1 of the region FA1 in the
Z-axis direction, the side surface SS5 of the region FA3
is arranged in the same position as that of the side surface
SS1 of the region FA1 in the Y-axis direction, and the
side surface SS6 of the region FA3 is arranged in the
same position as that of the side surface SS2 of the region
FA1 in the Y-axis direction.
[0235] As illustrated in FIG 49, in the semiconductor
device according to the comparative example, a part of
the insulating film 6b located between the memory gate
electrode MG and the upper surface TS2 of the region
FA2 is entirely parallel to the upper surface TS2 of the
region FA2. Thus, in a case of writing data by injecting
electrons as hot electrons into the insulating film 6b serv-
ing as a charge storage unit in the gate insulating film
GIm by the aforementioned SSI method, the electrons
are likely to be injected uniformly into the part of the in-
sulating film 6b located between the memory gate elec-
trode MG and the upper surface TS2 of the region FA2.
That is, the electrons EL are likely to be injected not only
into a part of the insulating film 6b between the memory
gate electrode MG and the upper surface TS2 of the re-
gion FA2 and on a side of the semiconductor region MD
serving as a drain region but also into a part thereof on

a side of the semiconductor region MS serving as a
source region as illustrated by the arrow ELA1 in FIG 49.
[0236] Also, as illustrated in FIG 50, in the semicon-
ductor device according to the comparative example, a
part of the insulating film 6b located between the memory
gate electrode MG and the side surface SS3 of the region
FA2 is entirely parallel to the side surface SS3 of the
region FA2. Thus, in a case of writing data by injecting
electrons as hot electrons into the insulating film 6b serv-
ing as a charge storage unit in the gate insulating film
GIm by the aforementioned SSI method, the electrons
are likely to be injected uniformly into the part of the in-
sulating film 6b located between the memory gate elec-
trode MG and the side surface SS3 of the region FA2.
That is, the electrons EL are likely to be injected not only
into the part of the insulating film 6b between the memory
gate electrode MG and the side surface SS3 of the region
FA2 and on a side of the semiconductor region MD serv-
ing as a drain region but also into a part thereof on a side
of the semiconductor region MS serving as a source re-
gion as illustrated by the arrow ELA2 in FIG 50.
[0237] Further, as illustrated in FIG 50, in the semicon-
ductor device according to the comparative example, a
part of the insulating film 6b located between the memory
gate electrode MG and the side surface SS4 of the region
FA2 is entirely parallel to the side surface SS4 of the
region FA2. Thus, in a case of writing data by injecting
electrons as hot electrons into the insulating film 6b serv-
ing as a charge storage unit in the gate insulating film
GIm by the aforementioned SSI method, the electrons
are likely to be injected uniformly into the part of the in-
sulating film 6b located between the memory gate elec-
trode MG and the side surface SS4 of the region FA2.
That is, the electrons EL are likely to be injected not only
into the part of the insulating film 6b between the memory
gate electrode MG and the side surface SS4 of the region
FA2 and on the side of the semiconductor region MD
serving as a drain region but also into a part thereof on
the side of the semiconductor region MS serving as a
source region as illustrated by the arrow ELA3 in FIG 50.
[0238] In contrast, as illustrated in FIG 49, in the sem-
iconductor device according to the comparative example,
in a case of erasing data by injecting holes into the insu-
lating film 6b through use of the aforementioned FN tun-
neling phenomenon, an electric field between the mem-
ory gate electrode MG and the fin FA focuses on an end
E101 which is a part of the lower surface of the memory
gate electrode MG and on a side on the side of the control
gate electrode CG Thus, as illustrated by the arrow HLA1
in FIG 49, the holes HL are likely to be injected into a
part of the insulating film 6b between a part of the memory
gate electrode MG opposed to the upper surface TS2
and the control gate electrode CG and on the side of the
region FA2, that is, on a side of the end E101.
[0239] Also, as illustrated in FIG 50, in the semicon-
ductor device according to the comparative example, in
a case of erasing data by injecting holes into the insulat-
ing film 6b through use of the aforementioned FN tun-
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neling phenomenon, the electric field between the mem-
ory gate electrode MG and the fin FA focuses on an end
E102 which is a part of the side surface of the memory
gate electrode MG opposed to the side surface SS3 on
the side of the control gate electrode CG Thus, as illus-
trated by the arrow HLA2 in FIG 50, the holes HL are
likely to be injected into a part of the insulating film 6b
between a part of the memory gate electrode MG op-
posed to the side surface SS3 and the control gate elec-
trode CG and on the side of the region FA2, that is, on a
side of the end E102.
[0240] Further, as illustrated in FIG 50, in the semicon-
ductor device according to the comparative example, in
a case of erasing data by injecting holes into the insulat-
ing film 6b through use of the aforementioned FN tun-
neling phenomenon, the electric field between the mem-
ory gate electrode MG and the fin FA focuses on an end
E103 which is a part of the side surface of the memory
gate electrode MG opposed to the side surface SS4 and
on the side of the control gate electrode CG Thus, as
illustrated by the arrow HLA3 in FIG 50, the holes HL are
likely to be injected into a part of the insulating film 6b
between a part of the memory gate electrode MG op-
posed to the side surface SS4 and the control gate elec-
trode CG and on the side of the region FA2, that is, on a
side of the end E103.
[0241] Accordingly, in the semiconductor device ac-
cording to the comparative example, a distribution of
electrons injected into the insulating film 6b made of, for
example, a silicon nitride film at the time of writing data
and a distribution of holes injected into the insulating film
6b at the time of erasing data differ from each other or
are away from each other. In particular, in a case in which
the control gate electrode CG and the memory gate elec-
trode MG straddle the fin FA serving as a projecting por-
tion, on each of the upper surface and the side surfaces
of the fin FA, the distribution of electrons injected into the
charge storage unit at the time of writing data and the
distribution of holes injected into the charge storage unit
at the time of erasing data tend to differ from each other.
In such a case, in a case in which the write operation and
the erase operation are repeated a large number of times,
the number of holes remaining in the gate insulating film
GIm having the insulating film 6b increases, the retention
characteristics of the memory cell deteriorate, and the
characteristics of the semiconductor device cannot be
improved.
[0242] Here, the retention characteristics of the mem-
ory cell can be evaluated by temporal changes of the
threshold voltage of the memory transistor when the write
operation and the erase operation are repeated a large
number of times such as about 1000 times, and the mem-
ory cell is then left at a higher temperature than the room
temperature such as about 150°C for a long period of
time such as about 100 hours.
[0243] As described above, when the gate length of
the memory gate electrode MG is shortened along with
miniaturization of the non-volatile memory, in the case

of using the erasing method through use of the FN tun-
neling phenomenon, the effect of decreasing the con-
sumption current becomes more apparent than in the
case of using the erasing method through use of the BT-
BT phenomenon. However, as described above, in the
case of using the erasing method through use of the FN
tunneling phenomenon, the problem in which the distri-
bution of holes injected into the insulating film 6b at the
time of erasing data and the distribution of electrons in-
jected into the insulating film 6b at the time of writing data
differ from each other becomes apparent. Also, in the
case in which the control gate electrode CG and the mem-
ory gate electrode MG straddle the fin FA, the problem
in which the distribution of electrons injected into the
charge storage unit at the time of writing data and the
distribution of holes injected into the charge storage unit
at the time of erasing data differ from each other becomes
apparent Thus, the non-volatile memory cannot be min-
iaturized easily.
[0244] Note that, also in the technique disclosed in Pat-
ent Document 1 described above, a semiconductor sub-
strate includes a first surface and a second surface which
is lower than the first surface toward a depth direction
from the first surface, a control gate electrode is provided
on the first surface, and a memory gate electrode is pro-
vided on the second surface.
[0245] However, in the technique disclosed in Patent
Document 1 described above, making the side surface
SS3 of the region FA2 recede with respect to the side
surface SS1 of the region FA1 in the case in which the
control gate electrode CG and the memory gate electrode
MG straddle the fin FA is not described. Also, the tech-
nique disclosed in Patent Document 1 described above
is a technique for solving a problem in which, when the
width of the memory gate electrode is reduced, the chan-
nel length under the memory gate electrode is shortened,
causing an increase in off-state leakage current

<Major Features and Effects of Present Embodiment>

[0246] Meanwhile, in the semiconductor device ac-
cording to the present embodiment, the upper surface
TS2 of the region FA2 is lower than the upper surface
TS1 of the region FA1, and the side surface SS3 of the
region FA2 is arranged on the negative side in the Y-axis
direction with respect to the side surface SS1 of the re-
gion FA1 in the Y-axis direction.
[0247] In the semiconductor device according to the
present embodiment, a case of writing data by injecting
electrons as hot electrons into the insulating film 6b
through use of the aforementioned SSI method is con-
sidered. In this case, the electrons EL are likely to be
injected into a part PT22 of the insulating film 6b between
the memory gate electrode MG and the upper surface
TS2 of the region FA2 on a side of the semiconductor
region MD serving as a drain region as illustrated by the
arrow ELA1 in FIG 7. However, the electrons EL are hard
to be injected into a part PT21 of the insulating film 6b
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between the memory gate electrode MG and the upper
surface TS2 of the region FA2 on a side of the semicon-
ductor region MS serving as a source region.
[0248] Also, in the case of writing data through use of
the aforementioned SSI method, the electrons EL are
likely to be injected into a part PS32 of the insulating film
6b between the memory gate electrode MG and the side
surface SS3 of the region FA2 on the side of the semi-
conductor region MD serving as a drain region as illus-
trated by the arrow ELA2 in FIG 8. However, the electrons
EL are hard to be injected into a part PS31 thereof on
the side of the semiconductor region MS serving as a
source region.
[0249] Meanwhile, in the semiconductor device ac-
cording to the present embodiment, a case of erasing
data by injecting holes into the insulating film 6b through
use of the aforementioned FN tunneling phenomenon is
considered. In this case, the holes HL are injected not
only into a part PT23 of the insulating film 6b between a
part of the memory gate electrode MG opposed to the
upper surface TS2 and the control gate electrode CG
and on the side of the region FA2, that is, on the lower
side, but also into the part PT22, as illustrated by the
arrow HLA1 in FIG 7.
[0250] Also, in the case of erasing data through use of
the aforementioned FN tunneling phenomenon, the
holes HL are injected not only into a part PS33 of the
insulating film 6b between a part of the memory gate
electrode MG opposed to the side surface SS3 and the
control gate electrode CG on the side of the region FA2,
that is, on the negative side in the Y-axis direction, but
also into the part PS32, as illustrated by the arrow HLA2
in FIG 8.
[0251] In this manner, in the semiconductor device ac-
cording to the present embodiment, electrons are inject-
ed into the part PT22 and the part PS32 of the insulating
film 6b at the time of writing data, and holes are injected
into the part PT22 and the part PS32 of the insulating
film 6b at the time of erasing data. Thus, in the semicon-
ductor device according to the present embodiment, in
respective parts of the region FA2 on the side of the upper
surface TS2 and on the side of the side surface SS3, the
distribution of electrons injected into the insulating film
6b at the time of data writing and the distribution of holes
injected into the insulating film 6b at the time of erasing
data get close to each other. Thus, even in a case in
which the write operation and the erase operation are
repeated a large number of times, the number of holes
remaining in the gate insulating film GIm having the in-
sulating film 6b does not increase, and thus, deterioration
of the retention characteristics of the memory cell can be
prevented or suppressed, so that the characteristics of
the semiconductor device can be improved.
[0252] Further, preferably, the side surface SS4 of the
region FA2 is arranged on the positive side in the Y-axis
direction with respect to the side surface SS2 of the re-
gion FA1.
[0253] Thus, in a case of writing data through use of

the aforementioned SSI method, the electrons EL are
likely to be injected into a part PS42 of the insulating film
6b between the memory gate electrode MG and the side
surface SS4 of the region FA2 on the side of the semi-
conductor region MD serving as a drain region, as illus-
trated by the arrow ELA3 in FIG 8. However, the electrons
EL are hard to be injected into a part PS41 thereof on
the side of the semiconductor region MS serving as a
source region.
[0254] Also, in a case of erasing data through use of
the aforementioned FN tunneling phenomenon, the
holes HL are injected not only into a part PS43 of the
insulating film 6b between a part of the memory gate
electrode MG opposed to the side surface SS4 and the
control gate electrode CG on the side of the region FA2,
that is, on the positive side in the Y-axis direction, but
also into the part PS42, as illustrated by the arrow HLA3
in FIG 8.
[0255] In this case, electrons are injected into the part
PS42 of the insulating film 6b at the time of data writing,
and holes are injected into the part PS42 of the insulating
film 6b at the time of erasing data. Thus, also in a part of
the region FA2 on the side of the side surface SS4, the
distribution of electrons injected into the insulating film
6b at the time of writing data and the distribution of holes
injected into the insulating film 6b at the time of erasing
data get close to each other. Thus, even in a case in
which the write operation and the erase operation are
repeated a large number of times, the number of holes
remaining in the gate insulating film GIm having the in-
sulating film 6b does not increase, and thus, deterioration
of the retention characteristics of the memory cell can be
prevented or suppressed, so that the characteristics of
the semiconductor device can be improved.
[0256] That is, in the case in which the control gate
electrode CG and the memory gate electrode MG strad-
dle the fin FA, only setting the upper surface TS2 of the
region FA2 to be lower than the upper surface TS1 of the
region FA1 causes the following problem. That is, there
is a problem in which, in a part of the region FA2 on a
side of at least one side surface in the Y-axis direction,
the distribution of electrons injected into the insulating
film 6b at the time of writing data and the distribution of
holes injected into the insulating film 6b at the time of
erasing data differ from each other.
[0257] However, in the semiconductor device accord-
ing to the present embodiment, the upper surface TS2
of the region FA2 becomes lower than the upper surface
TS 1 of the region FA1, and the side surface of the region
FA2 recedes with respect to the side surface of the region
FA1 on at least one of both sides of the region FA2 in
the Y-axis direction. Thus, on the side of at least one side
surface of the region FA2 in the Y-axis direction, the dis-
tribution of electrons injected into the insulating film 6b
at the time of writing data and the distribution of holes
injected into the insulating film 6b at the time of erasing
data can be brought close to each other.
[0258] Note that, preferably, the upper surface TS2 of
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the region FA2 becomes lower than the upper surface
TS1 of the region FA1, and the side surface of the region
FA2 recedes with respect to the side surface of the region
FA1 on both sides of the region FA2 in the Y-axis direc-
tion. Thus, on the sides of both the side surfaces of the
region FA2 in the Y-axis direction, the distribution of elec-
trons injected into the insulating film 6b at the time of
writing data and the distribution of holes injected into the
insulating film 6b at the time of erasing data can be
brought close to each other.
[0259] As illustrated in FIGs. 7 and 8, a case in which
the region FA21 is formed between the region FA1 and
the region FA2 and the upper surface TS1 of the region
FA1 and the upper surface TS2 of the region FA2 are
connected by the connection surface TS21 is considered.
In this case, preferably, the part PT21 is a part of the
insulating film 6b between the memory gate electrode
MG and the upper surface TS2 of the region FA2 formed
along the upper surface TS2, and the part PT22 is a part
inclined against the upper surface TS2.
[0260] In this case, the memory gate electrode MG in-
cludes an electrode portion MG21 opposed to the upper
surface TS2 and an electrode portion MG22 formed on
the side of the control gate electrode CG with respect to
the electrode portion MG21. The electrode portion MG22
includes a connection surface BT22 serving as a lower
surface connecting a lower surface BT21 of the electrode
portion MG21 to a side surface BT23 of the electrode
portion MG22 on the side of the control gate electrode
CG An end ET23 of the connection surface BT22 of the
electrode portion MG22 is connected to the lower surface
BT21 of the electrode portion MG21, and an end ET24
which is on an opposite side of the end ET23 of the con-
nection surface BT22 of the electrode portion MG22 is
connected to the side surface BT23 of the electrode por-
tion MG22. The end ET23 is arranged on the positive
side in the X-axis direction with respect to the end ET24
and is arranged on the lower side in the Z-axis direction
than the end ET24.
[0261] In this case, in a case of erasing data by injecting
holes into the insulating film 6b through use of the afore-
mentioned FN-type tunneling phenomenon, the electric
field between the memory gate electrode MG and the fin
FA focuses on the end ET23 as well as the end ET24.
Thus, the holes HL are injected not only into the part
PT23 but also into the part PT22 as illustrated by the
arrow HLA1 in FIG 7.
[0262] Also, in a case in which the side surface SS 1
of the region FA1 and the side surface SS3 of the region
FA2 are connected by the connection surface SS31, pref-
erably, the part PS31 is a part of the insulating film 6b
between the memory gate electrode MG and the side
surface SS3 of the region FA2 formed along the side
surface SS3, and the part PS32 is a part inclined against
the side surface SS3.
[0263] In this case, the memory gate electrode MG in-
cludes an electrode portion MG31 opposed to the side
surface SS3 and an electrode portion MG32 formed on

the side of the control gate electrode CG with respect to
the electrode portion MG31. The electrode portion MG32
includes a connection surface BS32 connecting a side
surface BS31 of the electrode portion MG31 to a side
surface BS33 of the electrode portion MG32 on the side
of the control gate electrode CG An end ES33 of the
connection surface BS32 of the electrode portion MG32
is connected to the side surface BS31 of the electrode
portion MG31, and an end ES34 which is on an opposite
side of the end ES33 of the connection surface BS32 of
the electrode portion MG32 is connected to the side sur-
face BS33 of the electrode portion MG32. The end ES33
is arranged on the positive side in the X-axis direction
with respect to the end ES34 and is arranged on the
negative side in the Y-axis direction with respect to the
end ES34 in the Y-axis direction.
[0264] In this case, in a case of erasing data by injecting
holes into the insulating film 6b through use of the afore-
mentioned FN-type tunneling phenomenon, the electric
field between the memory gate electrode MG and the fin
FA focuses on the end ES33 as well as the end ES34.
Thus, the holes HL are injected not only into the part
PS33 but also into the part PS32, as illustrated by the
arrow HLA2 in FIG 8.
[0265] Further, in a case in which the side surface SS2
of the region FA1 and the side surface SS4 of the region
FA2 are connected by the connection surface SS41, pref-
erably, the part PS41 is a part of the insulating film 6b
between the memory gate electrode MG and the side
surface SS4 of the region FA2 formed along the side
surface SS4, and the part PS42 is a part inclined against
the side surface SS4.
[0266] In this case, the memory gate electrode MG in-
cludes an electrode portion MG41 opposed to the side
surface SS4 and an electrode portion MG42 formed on
the side of the control gate electrode CG with respect to
the electrode portion MG41. The electrode portion MG42
includes a connection surface BS42 connecting a side
surface BS41 of the electrode portion MG41 to a side
surface BS43 of the electrode portion MG42 on the side
of the control gate electrode CG An end ES43 of the
connection surface BS42 of the electrode portion MG42
is connected to the side surface BS41 of the electrode
portion MG41, and an end ES44 which is on an opposite
side of the end ES43 of the connection surface BS42 of
the electrode portion MG42 is connected to the side sur-
face BS43 of the electrode portion MG42. The end ES43
is arranged on the positive side in the X-axis direction
with respect to the end ES44 and is arranged on the
positive side in the Y-axis direction with respect to the
end ES44 in the Y-axis direction.
[0267] In this case, in a case of erasing data by injecting
holes into the insulating film 6b through use of the afore-
mentioned FN-type tunneling phenomenon, the electric
field between the memory gate electrode MG and the fin
FA focuses on the end ES43 as well as the end ES44.
Thus, the holes HL are injected not only into the part
PS43 but also into the part PS42, as illustrated by the
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arrow HLA3 in FIG 8.
[0268] Note that there is a case in which no corner
portion is formed between a part of the connection sur-
face BT22 on a side of the lower surface BT21 and a part
of the lower surface BT21 on a side of the connection
surface BT22 and the part of the connection surface BT22
on the side of the lower surface BT21 and the part of the
lower surface BT21 on the side of the connection surface
BT22 form the same curved surface. Also, there is a case
in which no corner portion is formed between a part of
the connection surface BS32 on a side of the side surface
BS31 and a part of the side surface BS31 on a side of
the connection surface BS32 and the part of the connec-
tion surface BS32 on the side of the side surface BS31
and the part of the side surface BS31 on the side of the
connection surface BS32 form the same curved surface.
Also, there is a case in which no corner portion is formed
between a part of the connection surface BS42 on a side
of the side surface BS41 and a part of the side surface
BS41 on a side of the connection surface BS42 and the
part of the connection surface BS42 on the side of the
side surface BS41 and the part of the side surface BS41
on the side of the connection surface BS42 form the same
curved surface. Illustration thereof is omitted in FIGs. 7
and 8.

<About Definition of Receding Width in Case in which 
Side Surface of Fin is Inclined>

[0269] Next, definition of the receding width in a case
in which the side surface of the fin is inclined will be de-
scribed with reference to FIG 51. FIGs. 51 and 52 are
cross-sectional views of main parts of the semiconductor
device according to the embodiment. FIGs. 51 and 52
are enlarged views of a region RG4 surrounded by the
two-dot chain line of the cross-sectional view illustrated
in FIG 5. Note that, in FIGs. 51 and 52, illustration of an
upper part of the element isolation film STM and an upper
part of the region FA2 is omitted for simplification of the
drawing.
[0270] As illustrated in FIG 51, in a case in which the
side surface SS3 is inclined against a plane perpendic-
ular to the Y-axis direction, or an XZ plane, in such a way
that a higher part of the side surface SS3 may be ar-
ranged on the more negative side in the Y-axis direction,
a position of an upper end TE3 of the side surface SS3
in the Y-axis direction can be defined as a position of the
side surface SS3 in the Y-axis direction. Similarly, in a
case in which the side surface SS1 is inclined against
the XZ plane in such a way that a higher part of the side
surface SS1 may be arranged on the more negative side
in the Y-axis direction, a position of an upper end TE1 of
the side surface SS1 in the Y-axis direction can be de-
fined as a position of the side surface SS1 in the Y-axis
direction. In this case, the distance DS2 which is a re-
ceding width of the side surface SS3 with respect to the
side surface SS 1 is a distance between the upper end
TE1 and the upper end TE3 in the Y-axis direction. Mean-

while, a distance between the upper surface TS1 and the
upper surface TS2 in the Z-axis direction is the distance
DS 1.
[0271] Also, as illustrated in FIG 51, in a case in which
the side surface SS4 is inclined against the XZ plane in
such a way that a higher part of the side surface SS4
may be arranged on the more positive side in the Y-axis
direction, a position of an upper end TE4 of the side sur-
face SS4 in the Y-axis direction can be defined as a po-
sition of the side surface SS4 in the Y-axis direction. Sim-
ilarly, in a case in which the side surface SS2 is inclined
against the XZ plane in such a way that a higher part of
the side surface SS2 may be arranged on the more pos-
itive side in the Y-axis direction, a position of an upper
end TE2 of the side surface SS2 in the Y-axis direction
can be defined as a position of the side surface SS2 in
the Y-axis direction. In this case, the distance DS3 which
is a receding width of the side surface SS4 with respect
to the side surface SS2 is a distance between the upper
end TE2 and the upper end TE4 in the Y-axis direction.
[0272] Meanwhile, as illustrated in FIG 52, there is a
case in which no corner portion is formed between an
upper portion of the side surface SS3 and a part of the
upper surface TS2 on a side of the side surface SS3 and
the upper portion of the side surface SS3 and the part of
the upper surface TS2 on the side of the side surface
SS3 form the same curved surface. In this case, a virtual
plane formed by extending a center portion of the side
surface SS3 in the height direction (Z-axis direction) up-
ward as the same plane can be defined as a plane SSV3,
and a virtual plane formed by extending a center portion
of the upper surface TS2 in the Y-axis direction on the
side of the side surface SS3 as the same plane can be
defined as a plane TSV3. Then, a corner portion formed
by the plane SSV3 and the plane TSV3 can be defined
as the upper end TE3 of the side surface SS3. Also in
this case, the distance DS2 which is a receding width of
the side surface SS3 with respect to the side surface SS1
is a distance between the upper end TE1 and the upper
end TE3 in the Y-axis direction.
[0273] Also, as illustrated in FIG 52, there is a case in
which no corner portion is formed between an upper por-
tion of the side surface SS4 and a part of the upper sur-
face TS2 on a side of the side surface SS4 and the upper
portion of the side surface SS4 and the part of the upper
surface TS2 on the side of the side surface SS4 form the
same curved surface. In this case, a virtual plane formed
by extending a center portion of the side surface SS4 in
the height direction (Z-axis direction) upward as the same
plane can be defined as a plane SSV4, and a virtual plane
formed by extending a center portion of the upper surface
TS2 in the Y-axis direction on the side of the side surface
SS4 as the same plane can be defined as a plane TSV4.
Then, a corner portion formed by the plane SSV4 and
the plane TSV4 can be defined as the upper end TE4 of
the side surface SS4. Also in this case, the distance DS3
which is a receding width of the side surface SS4 with
respect to the side surface SS2 is a distance between
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the upper end TE2 and the upper end TE4 in the Y-axis
direction.
[0274] In the foregoing, the invention made by the in-
ventor of the present invention has been concretely de-
scribed based on the embodiments. However, it is need-
less to say that the present invention is not limited to the
foregoing embodiments and various modifications and
alterations can be made within the scope of the present
invention.

Claims

1. A semiconductor device comprising:

a semiconductor substrate;
a projecting portion serving as a part of the sem-
iconductor substrate, projected from a main sur-
face of the semiconductor substrate, and ex-
tending in a first direction when seen in a plan
view;
a first gate electrode formed over the projecting
portion and extending in a second direction in-
tersecting with the first direction when seen in a
plan view;
a first gate insulating film formed between the
first gate electrode and the projecting portion;
a second gate electrode formed over the pro-
jecting portion, extending in the second direction
when seen in a plan view, and adjacent to the
first gate electrode; and
a second gate insulating film formed between
the second gate electrode and the projecting
portion and between the second gate electrode
and the first gate electrode and including a
charge storage unit inside,
wherein the projecting portion includes:

a first region; and
a second region arranged on a first side in
the first direction with respect to the first re-
gion when seen in a plan view,

wherein the first gate electrode covers a first up-
per surface of the first region, a first side surface
of the first region on a second side in the second
direction, and a second side surface of the first
region on an opposite side of the second side in
the second direction,
wherein the second gate electrode covers a sec-
ond upper surface of the second region, a third
side surface of the second region on the second
side, and a fourth side surface of the second
region on the opposite side of the second side,
wherein the second upper surface is lower than
the first upper surface, and
wherein the third side surface is arranged on the
opposite side of the second side with respect to

the first side surface in the second direction.

2. The semiconductor device according to claim 1,
wherein a distance between the second upper sur-
face and the first upper surface in a third direction
perpendicular to the main surface is longer than a
distance between the third side surface and the first
side surface in the second direction.

3. The semiconductor device according to claim 1,
wherein the fourth side surface is arranged on the
second side with respect to the second side surface
in the second direction.

4. The semiconductor device according to claim 3,
wherein a distance between the second upper sur-
face and the first upper surface in a fourth direction
perpendicular to the main surface is longer than any
of a distance between the third side surface and the
first side surface in the second direction and a dis-
tance between the fourth side surface and the sec-
ond side surface in the second direction.

5. The semiconductor device according to claim 1,
wherein the projecting portion includes a third region
arranged on an opposite side of the first side with
respect to the first region when seen in a plan view,
wherein a third upper surface of the third region is
lower than the first upper surface and higher than
the second upper surface, and
wherein a fifth side surface of the third region on the
second side is arranged on the opposite side of the
second side with respect to the first side surface and
is arranged on the second side with respect to the
third side surface in the second direction.

6. The semiconductor device according to claim 5,
wherein the fourth side surface is arranged on the
second side with respect to the second side surface
in the second direction, and
wherein a sixth side surface of the third region on
the opposite side of the second side is arranged on
the second side with respect to the second side sur-
face and is arranged on the opposite side of the sec-
ond side with respect to the fourth side surface in
the second direction.

7. The semiconductor device according to claim 1,
wherein the second gate insulating film includes:

a first silicon oxide film;
a first silicon nitride film on the first silicon oxide
film; and
a second silicon oxide film on the first silicon
nitride film.

8. The semiconductor device according to claim 1,
wherein the first gate insulating film, the first gate
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electrode, the second gate insulating film, and the
second gate electrode form a non-volatile memory.

9. A manufacturing method of a semiconductor device
comprising the steps of:

(a) preparing a semiconductor substrate;
(b) forming a projecting portion serving as a part
of the semiconductor substrate, projected from
a main surface of the semiconductor substrate,
and extending in a first direction when seen in
a plan view;
(c) forming, over the projecting portion, a first
gate electrode extending in a second direction
intersecting with the first direction when seen in
a plan view and forming a first gate insulating
film between the first gate electrode and the pro-
jecting portion;
(d) forming, on the projecting portion and on a
front surface of the first gate electrode, an insu-
lating film including a charge storage unit inside;
(e) forming a conductive film on the insulating
film;
(f) etching back the conductive film to leave the
conductive film on a first side of the first gate
electrode in the first direction via the insulating
film, thereby forming a second gate electrode,
and forming a second gate insulating film includ-
ing the insulating film between the second gate
electrode and the projecting portion and be-
tween the second gate electrode and the first
gate electrode when seen in a plan view,

wherein, in the step (b), the projecting portion includ-
ing a first region and a second region arranged on
the first side with respect to the first region when
seen in a plan view is formed,
wherein, in the step (c), the first gate electrode cov-
ering a first upper surface of the first region, a first
side surface of the first region on a second side in
the second direction, and a second side surface of
the first region on an opposite side of the second
side in the second direction is formed,
wherein the step (d) includes the steps of:

(d1) etching the second region after the step (c),
thereby making a second upper surface of the
second region lower than the first upper surface,
and making a third side surface of the second
region on the second side recede to the opposite
side of the second side with respect to the first
side surface in the second direction; and
(d2) forming the insulating film, after the step
(d1), on the second upper surface, the third side
surface, a fourth side surface on the opposite
side of the second side of the second region in
the second direction, and the front surface of the
first gate electrode, and

wherein, in the step (f), the second gate electrode
covering the second upper surface, the third side
surface, and the fourth side surface is formed.

10. The manufacturing method of a semiconductor de-
vice according to claim 9,
wherein, in the step (d1), the second upper surface
becomes lower than the first upper surface, and the
third side surface recedes with respect to the first
side surface in such a way that a distance between
the second upper surface and the first upper surface
in a third direction perpendicular to the main surface
may be longer than a distance between the third side
surface and the first side surface in the second di-
rection.

11. The manufacturing method of a semiconductor de-
vice according to claim 9,
wherein, in the step (d1), by etching the second re-
gion, the fourth side surface recedes to the second
side with respect to the second side surface in the
second direction.

12. The manufacturing method of a semiconductor de-
vice according to claim 11,
wherein, in the step (d1), the second upper surface
becomes lower than the first upper surface, the third
side surface recedes with respect to the first side
surface, and the fourth side surface recedes with re-
spect to the second side surface in such a way that
a distance between the second upper surface and
the first upper surface in a fourth direction perpen-
dicular to the main surface may be longer than any
of a distance between the third side surface and the
first side surface in the second direction and a dis-
tance between the fourth side surface and the sec-
ond side surface in the second direction.

13. The manufacturing method of a semiconductor de-
vice according to claim 9,
wherein, in the step (b), the projecting portion includ-
ing a third region arranged on an opposite side of
the first side with respect to the first region when
seen in a plan view is formed,
wherein the step (d) includes the step of:

(d3) oxidizing a front surface of the third region
after the step (d1) and before the step (d2),
thereby making a third upper surface of the third
region lower than the first upper surface of the
first region and making a fifth side surface of the
third region on the second side recede to the
opposite side of the second side with respect to
the first side surface in the second direction, and

wherein, in the step (d3), the third upper surface be-
comes lower than the first upper surface in such a
way that the third upper surface may be higher than
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the second upper surface, and the fifth side surface
recedes in such a way that the fifth side surface may
be arranged on the second side with respect to the
third side surface in the second direction.

14. The manufacturing method of a semiconductor de-
vice according to claim 13,
wherein, in the step (d1), by etching the second re-
gion, the fourth side surface recedes to the second
side with respect to the second side surface in the
second direction,
wherein, in the step (d3), by oxidizing the front sur-
face of the third region, a sixth side surface of the
third region on the opposite side of the second side
recedes to the second side with respect to the sec-
ond side surface in the second direction, and
wherein, in the step (d3), the sixth side surface re-
cedes in such a way that the sixth side surface may
be arranged on the opposite side of the second side
with respect to the fourth side surface in the second
direction.

15. The manufacturing method of a semiconductor de-
vice according to claim 9,
wherein the first gate insulating film, the first gate
electrode, the second gate insulating film, and the
second gate electrode form a non-volatile memory.
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