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NONVOLATILE SEMCONDUCTOR 
MEMORY WITH BACKING WIRINGS AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a nonvolatile semi 
conductor memory with backing wirings and a manufactur 
ing method thereof. 
0003 2. Description of Related Art 
0004 As typified by a nonvolatile memory cell having a 
MONOS structure (Metal-Oxide-Nitride-Oxide-Semicon 
ductor structure), a cell structure of a nonvolatile memory 
has been known in which a control gate electrode is formed 
on a sidewall of a word gate electrode. For example, 
Japanese Laid-Open Patent Application JP2002-353346A 
(claiming priority to U.S. Provisional Patent Application 
Ser. No. 60/278,622) discloses a cell structure of a flash 
memory having a twin MONOS structure. FIG. 1 is a 
sectional view showing a structure of the memory cell 
having the twin MONOS structure in JP2002-353346A. A 
memory cell 101 includes a source/drain diffusion layer 144, 
a word gate insulating film 126, a word gate electrode 130, 
a control gate electrode 132, an ONO (Oxide Nitride Oxide) 
film 131, a sidewall insulating film 142, silicide layers 149. 
150 and an LDD (Lightly Doped Drain) diffusion layer 138. 
0005. The source/drain diffusion layer 144 is formed on 
the surface of a semiconductor substrate 120. The word gate 
insulating film 126 is formed on a channel region disposed 
between the source/drain diffusions layers 144. The word 
gate electrode 130 is formed on the channel region through 
the word gate insulating film 126. The control gate electrode 
132 is formed on each of both side surfaces of the word gate 
electrode 130 through the ONO film 131. The ONO film 131 
is formed between the word gate electrode 130 and the 
control gate electrode 132, and between the control gate 
electrode 132 and the channel region. The sidewall insulat 
ing film 142 is formed on each of both sides of the word gate 
electrode 130 so as to cover the control gate electrode 132. 
The silicide layers 149, 150 are formed on the word gate 
electrode 130 and the source/drain diffusion layer 144, 
respectively. The LDD diffusion layer 138 is formed on the 
channel region immediately below the sidewall insulating 
film 142. 
0006 Memory cells 101a, 101b are placed on an exten 
sion of the memory cell 101 and have a memory cell 
structure. However, the memory cells 101a, 101b are pro 
vided on a isolation region 123 in order to have contact 
between the memory cell 101 and an upper metal wiring. 
Such contact is provided for the following reason. A resis 
tance of the control gate electrode 132 is high due to a 
structural factor that the control gate electrode 132 is formed 
on the side surfaces of the word gate electrode 130 and a 
material factor that the control gate electrode is made of 
polysilicon. Therefore, overall wiring resistance needs to be 
decreased by “backing with a metal wiring of a low 
resistance. The memory cell 101a and the memory cell 101b 
are connected to each other with a connection layer 135 in 
a state where the adjacent control gate electrodes 132 are not 
separated from each other at manufacturing. Thus, the 
control gate electrode 132 is connected to the upper metal 
wiring (called backing wiring) through the connection layer 
135, a silicide layer 151 on the connection layer 135 and a 
contact 154 on the silicide layer 151. In the memory cell 
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101a, the word gate electrode 130 is connected to the upper 
metal wiring (backing wiring) through the silicide layer 149 
and a contact 156 on the silicide layer 149. 
0007 We have now discovered the facts that will be 
described below with reference to attached drawings. 
Although JP2002-353346A does not disclose the manufac 
turing method in detail, it is considered from technical 
common sense that the manufacturing method includes a 
following manufacturing step. FIGS. 2A to 2B are sectional 
views each showing a part of a manufacturing step of the 
memory cell having the disclosed twin MONOS structure. 
In FIGS. 2A to 2B, a left side of an alternate long and short 
dash line shows a memory cell region 3 of a nonvolatile 
semiconductor memory. A right side of the alternate long 
and short dash line shows a backing region 4 of the non 
volatile semiconductor memory 10. Referring to FIG. 2A, in 
a memory cell region 3 where the memory cell 101 is 
formed, the word gate insulating film 126 and the word gate 
electrode 130 are formed on the semiconductor substrate 
120. In a backing region 4 where the memory cells 101a, 
101b are formed, the word gate insulating film 126 and the 
word gate electrode 130 are formed on the isolation region 
123 of the semiconductor substrate 120. Then, an ONO film 
128 and a polysilicon film 129 are formed so as to cover 
surfaces of the semiconductor substrate 120 and the word 
gate electrode 130. Next, in the backing region, a hard mask 
125 is formed on a lower region of the polysilicon film 129 
between the adjacent word gate electrodes 130. Silicon 
oxide may be used as the hard mask 125. 
0008 Referring to FIG. 2B, the polysilicon film 129 is 
etched back to remove the polysilicon film 129 except for 
the area in the vicinity of the side surfaces of the word gate 
electrode 130. The control gate electrode 132 is formed in 
this manner. At this time, in the backing region, the poly 
silicon film 129 between the adjacent control gate electrodes 
132, which is protected with the hard mask 125 and is not 
removed, becomes the connection layer 135. Then, using the 
word gate electrode 130 and the control gate electrode 132 
as masks, the ONO film 128 is formed to the ONO film 131 
by etching. In this manner, the ONO film 131 is formed 
between the word gate electrode 130 and the control gate 
electrode 132, and between the semiconductor substrate 120 
and the control gate electrode 132. In the backing region, the 
ONO film 128 between the adjacent control gate electrodes 
132 which is protected with the connection layer 135 and is 
not removed becomes an ONO film 139. The hard mask 125 
is removed by etching of the ONO film 128. 
0009 FIG. 3 is an enlarged sectional view of periphery of 
the control gate electrode 132 in FIG. 2B. When the poly 
silicon film 129 is etched in the manufacturing step, a kink 
160 occurs in the vicinity of an end of the hard mask 125 
between the part which becomes the control gate electrode 
132 and the part which becomes the connection layer 135. 
This is due to when the polysilicon film 129 is etched, a 
boundary between the control gate electrode 132 and the 
connection layer 135 is insufficiently protected, resulting in 
the progress of etching. The kink 160 forces connection 
between the control gate electrode 132 and the connection 
layer 135 to have a remarkable high resistance or, in the 
worst case, to be broken. As a result, the function of the 
backing for reducing overall wiring resistance by connecting 
the control gate electrode 132 to the metal wiring cannot be 
achieved. 
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0010. By making the thickness of the hard mask 125 
relatively large, the occurrence of the kink 160 can be 
prevented. However, even after etching of the ONO film 
128, the thick hard mask 125 still remains. When only a 
small amount of the hard mask 125 remains, the slicide can 
not be formed on the connection layer 135 in a subsequent 
step. As a result, unless the hard mask 125 is completely 
removed in an additional special step, the resistance between 
the connection layer 135 and the contact 154 increases. 
Therefore, there is a demand for the technique capable of 
preventing the kink from occurring between the control gate 
electrode and the polysilicon film extended between the 
control gate electrodes and forming the satisfactory backing 
wiring structure. 

SUMMARY 

0011. The present invention seeks to solve one or more of 
the above problems, or to improve upon those problems at 
least in part. In one embodiment, a manufacturing method of 
a nonvolatile semiconductor memory includes: (a) laminat 
ing a second insulating film, a gate film and a hard mask film 
which cover a first gate electrode of a first memory cell 
transistor formed on a first region of a semiconductor 
Substrate through a first insulating layer and a third gate 
electrode of a second memory cell transistor formed on a 
second region of the semiconductor Substrate through the 
first insulating layer; (b) forming a first hard mask layer 
which covers a bottom portion and a side surface of a 
concave portion formed using the gate film between the first 
gate electrode and the third gate electrode by etching the 
hard mask film; (c) forming a second gate electrode of the 
first memory cell transistor on the first region, a fourth gate 
electrode of the second memory cell transistor on the second 
region, and a connection layer which connects the second 
gate electrode and the fourth gate electrode under the first 
hard mask layer by etching the gate film; and (d) exposing 
upper portions of the first gate electrode, the third gate 
electrode and the connection layer by etching back the 
second insulating film and the first hard mask layer covering 
a bottom portion of the concave portion to remain the first 
hard mask layer such that the first hard mask layer covers 
side Surfaces of the concave portion. 
0012. In the present invention, at the step (b), the first 
hard mask layer is formed, which covers the bottom portion 
and the side surface of the concave portion formed using the 
gate film between the first gate electrode and the third gate 
electrode. Although this first hard mask layer is thin, it has 
not only the bottom portion but also a sidewall (protrusion 
which covers the side of the concave portion) rising from the 
bottom portion. At the step (c), this sidewall (protrusion) 
achieve the same effect as the fact that the thickness of the 
first hard mask layer becomes thick with respect to the gate 
film. That is, since a region contacting the sidewall (protru 
sion) and the gate film becomes wider than before, etching 
at the boundary region between a portion to be the connec 
tion layer and potions to be the second and fourth gate 
electrodes is hard to proceed. As a result, it is possible to 
prevent occurrence of the kink (the kink 160 in FIG. 3) due 
to etching at the region. In addition, since the thickness of 
the first hard mask layer only needs to be relatively thin, at 
the same time as etching back of the second insulating film 
at the step (d), the upper Surface of the connection layer can 
be exposed. Thereby, the silicide layer can be formed on the 
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upper Surface of the connection layer at a Subsequent step 
without adding any special step. 
0013. According to the present invention, it is possible to 
prevent a kink from occurring between a connection layer 
extended between a second gate electrode and a fourth gate 
electrode, and the second gate electrode and the fourth gate 
electrode, respectively, to form the satisfactory backing 
wiring structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The above and other objects, advantages and fea 
tures of the present invention will be more apparent from the 
following description of certain preferred embodiments 
taken in conjunction with the accompanying drawings, in 
which: 
0015 FIG. 1 is a sectional view showing a structure of a 
memory cell having a twin MONOS structure in JP2002 
353346A: 
0016 FIGS. 2A to 2B are sectional views each showing 
a part of a manufacturing step of a memory cell having the 
disclosed twin MONOS structure; 
0017 FIG. 3 is an enlarged sectional view of periphery of 
a control gate electrode in FIG. 2B: 
0018 FIG. 4 is a sectional view showing a structure of an 
embodiment of a nonvolatile semiconductor memory 
according to the present invention; 
0019 FIG. 5 is a top view showing a structure of the 
embodiment of the nonvolatile semiconductor memory 
according to the present invention: 
0020 FIG. 6 is a perspective view showing a structure of 
the embodiment of the nonvolatile semiconductor memory 
according to the present invention; 
(0021 FIGS. 7A to 7C are sectional views each showing 
step of an embodiment of a manufacturing method of the 
nonvolatile semiconductor memory according to the present 
invention; 
0022 FIGS. 8A to 8C are sectional views each showing 
step of the embodiment of the manufacturing method of the 
nonvolatile semiconductor memory according to the present 
invention; 
(0023 FIGS. 9A to 9C are sectional views each showing 
step of the embodiment of the manufacturing method of the 
nonvolatile semiconductor memory according to the present 
invention; and 
0024 FIGS. 10A to 10C are sectional views each show 
ing step of the embodiment of the manufacturing method of 
the nonvolatile semiconductor memory according to the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0025. The invention will be now described herein with 
reference to illustrative embodiments. Those skilled in the 
art will recognize that many alternative embodiments can be 
accomplished using the teachings of the present invention 
and that the invention is not limited to the embodiments 
illustrated for explanatory purposed. 
0026. Embodiments of a nonvolatile semiconductor 
memory according to the present invention will be described 
below with reference to the attached drawings. FIG. 4 is a 
sectional view showing a structure of an embodiment of the 
nonvolatile semiconductor memory according to the present 
invention. In FIG. 4, a left side of an alternate long and short 
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dash line shows a memory cell region 3 of a nonvolatile 
semiconductor memory 10 and illustrates a memory cell 1. 
A right side of the alternate long and short dash line shows 
a backing region 4 of the nonvolatile semiconductor 
memory 10 and illustrates memory cells 1a, 1b. The memory 
cell region 3 and the backing region 4 are formed on a same 
semiconductor substrate 20. 

0027. The memory cell 1 includes a source/drain diffu 
sion layer 44, a word gate insulating film 26, a word gate 
electrode 30, a control gate electrode 32, an ONO (Oxide 
Nitride Oxide) film 31, a sidewall insulating film 42, silicide 
layers 49, 50 and an LDD diffusion layer 38. 
0028. The source/drain diffusion layer 44 is formed on a 
surface of the semiconductor substrate 20. As (arsenic) or P 
(phosphorus) may be used as a dopant of the source/drain 
diffusion layer 44. The word gate insulating film 26 is 
formed on a channel region disposed between the source? 
drain diffusion layers 44. Silicon oxide may be used as the 
word gate insulating film 26. The word gate electrode 30 is 
formed on the channel region through the word gate insu 
lating film 26. Polysilicon may be used as the word gate 
electrode 30. The control gate electrode 32 is formed on each 
of both side surfaces of the word gate electrode 30 through 
the ONO film 31. Polysilicon may be used as the control gate 
electrode 32. The ONO film 31 is formed between the word 
gate electrode 30 and the control gate electrode 32, and 
between the control gate electrode 32 and the channel 
region. Alaminated film of silicon oxide, silicon nitride and 
silicon oxide may be used as the ONO film 31. The sidewall 
insulating film 42 is formed on each of both sides of the 
word gate electrode 30 so as to cover the control gate 
electrode 32. A monolayer film of silicon oxide or a lami 
nated film of silicon oxide, silicon nitride and silicon oxide 
may be used as the sidewall insulating film 42. The silicide 
layers 49, 50 are formed on the word gate electrode 30 and 
the source/drain diffusion layer 44, respectively. Cobalt 
silicide may be used as the silicide layers 49, 50. The LDD 
diffusion layer 38 is formed on the channel region immedi 
ately under the sidewall insulating film 42. As or P may be 
used as a dopant. The adjacent control gate electrodes 32 of 
the memory cell 1 each are Surrounded by an insulating layer 
and are insulated from each other. The source? drain diffusion 
layer 44 is connected to a bit line through the silicide layer 
50 and a contact 52. 

0029. The memory cells 1a, 1b are placed on an exten 
sion of the memory cell 1 and have a basically same 
structure as that of the memory cell 1. For example, the word 
gate electrode 30 and the control gate electrode 32 of the 
memory cells 1a, 1b are placed on an extension of the word 
gate electrode 30 and the control gate electrode 32 of the 
memory cell 1, respectively, in an integrated (unified) man 
ner. However, the electrodes are formed on an isolation 
region 23 in order to have contact between the memory cell 
1 and upper metal wiring for “backing'. For this reason, the 
memory cell 1a and the memory cell 1b do not serve as a 
memory cell. 
0030 The memory cell 1a and the memory cell 1b are 
connected to each other with a connection layer 35 in a state 
where the adjacent control gate electrodes 32 are not sepa 
rated from each other at manufacturing. The connection 
layer 35 is made of a same material as the control gate 
electrode 32 and polysilicon may be used as the connection 
layer 35. Thus, both the control gate electrodes 32 of the 
memory cell 1a and the memory cell 1b are connected to the 
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upper metal wiring (backing wiring) through the connection 
layer 35, the silicide layer 51 and a contact 54 on the 
connection layer 35. Here, the connection layer 35, the 
silicide layer 51 and a contact 54 on the connection layer 35 
form a backing contact structure. 
0031. In the memory cell 1a and the memory cell 1b, a 
protrusion 37 is formed on each of both ends of the con 
nection layer 35. Silicon oxide and/or silicon nitride may be 
used as the protrusions 37. The protrusions 37 can prevent 
a kink from being formed in the boundary between the 
connection layer 35 and the control gate electrode 32 in the 
below-mentioned manufacturing method. It is more pre 
ferred that an upper surface and side surfaces of the control 
gate electrode 32 are fully covered with the sidewall insu 
lating film 42. 
0032 FIG. 5 is a top view showing the structure of the 
embodiment of the nonvolatile semiconductor memory of 
the present invention. The memory cell region 3 and the 
backing region 4 in FIG. 4 show, for example, a cross 
section taken along a BB' and a cross-section taken along an 
AA' in FIG. 5, respectively. 
0033. The nonvolatile semiconductor memory 10 
includes a plurality of word gate electrodes 30 and a 
plurality of control gate electrodes 32. Each of the plurality 
of word gate electrodes 30 extends in the memory cell region 
3 and the backing region 4 in an X direction. Each of the 
plurality of control gate electrodes 32 extends in the memory 
cell region 3 and the backing region 4 along each of both 
sides of the word gate electrode 30 via the ONO film 31 in 
an X direction. 
0034. In the memory cell region 3, a plurality of isolation 
regions 23' which electrically isolate the surface region and 
extend in a Y direction are formed on the semiconductor 
substrate 20. The memory cell 1 is a region which is 
sandwiched between the isolation regions 23' and includes 
one word gate electrode 30, the control gate electrodes 32 on 
the both sides of the word gate electrode 30 and its sur 
rounding region (Source/drain diffusion layer). For example, 
the memory cell 1 is a region Surrounded by a rectangular 
frame in FIG. 5. The contact 52 is connected to a bit line (not 
shown). 
0035. In the backing region 4, the isolation region 23 is 
formed on the Surface region of the semiconductor Substrate 
20. The connection layer 35 extends at intervals while being 
connected to the adjacent control gate electrode 32. The 
connection layer 35, which forms the backing contact struc 
ture for the control gate electrodes along with the silicide 
layer 51 and the contact 54, is connected to the upper 
backing wiring (metal wiring). The backing contact struc 
ture for word gate electrode which is formed of the silicide 
layer 49 and the contact 55 is formed on the word gate 
electrode 30. 
0036 FIG. 6 is a perspective view showing the structure 
of the embodiment of the nonvolatile semiconductor 
memory of the present invention. FIG. 6 shows the periph 
ery of the backing contact structure in FIG. 5. The connec 
tion layer 35, the silicide layer 51 and the contact 54 as the 
backing contact structure are formed on the isolation region 
23 in this order. The backing contact structure couples and 
electrically connects the adjacent control gate electrode 32 
to each other. 
0037 Next, referring to FIG. 4, operations of the non 
Volatile semiconductor memory in the present embodiment 
will be described. First, an operation of writing data to the 
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memory cell 1 will be described. A positive voltage of about 
1 V is applied to the word gate electrode 30. A positive 
voltage of about 6 V is applied to the control gate electrode 
32 on a side where writing is performed (hereinafter, 
referred to as “selected-side'), and a positive voltage of 
about 3 V is applied to the control gate electrode 32 on a side 
where writing is not performed (hereinafter, referred to as 
“unselected-side'). Here, the selected-side control gate elec 
trode 32 forms a pair with the unselected-side control gate 
electrode 32. A positive voltage of about 5V is applied to the 
selected-side source/drain diffusion layer 44 and about 0 V 
is applied to the unselected-side source/drain diffusion layer 
44. Thereby, hot electrons generated in the channel region 
are injected into the nitride film of the selected-side ONO 
film 31. This is called as CHE (Channel Hot Electron) 
injection. Thereby, data is written. 
0038 Next, an operation of erasing data written to the 
memory cell 1 will be described. About 0 V is applied to the 
word gate electrode 30. A negative voltage of about -3 V is 
applied to the selected-side control gate electrode 32, and a 
positive voltage of about 2 V is applied to the unselected 
side control gate electrode 32. A positive voltage of about 5 
V is applied to the selected-side source/drain diffusion layer 
44. As a result, hole electron pairs are generated due to 
band-to-band tunneling and these holes and/or holes gener 
ated by hitting against these holes are accelerated to become 
hot holes. The hot holes are injected into the nitride film of 
the selected-side ONO film 31. Thereby, negative charges 
accumulated in the nitride film of the ONO film 31 are 
cancelled, erasing data. 
0039 Next, an operation of reading data written to the 
memory cell 1 will be described. A positive voltage of about 
2 V is applied to the word gate electrode 30. A positive 
voltage of about 2 V is applied to the selected-side control 
gate electrode 32, and a positive voltage of about 3 V is 
applied to the unselected-side control gate electrode 32. 
About 0 V is applied to the selected-side source/drain 
diffusion layer 44 and about 1.5 V is applied to the unse 
lected-side source/drain diffusion layer 44. In this state, a 
threshold value of the memory cell 1 is detected. The 
threshold value when negative charges are accumulated in 
the selected-side ONO film 31 is higher than that when 
negative charges are not accumulated. Therefore, by detect 
ing the threshold value, the data written to the selected-side 
ONO film 31 can be read out. In the memory cell 1 shown 
in FIG. 4, it is possible to store 1-bit data in each of both 
sides of the word gate electrode 30. That is, 2-bit data are 
stored in the both sides of the word gate electrode 30. 
0040. In each of the above-described operations, an 
application of Voltage to the control gate electrode 32 and 
accompanying current flow are performed through the 
above-described backing contact structure for the control 
gate electrode. Similarly, an application of Voltage to the 
word gate electrode 30 and accompanying current flow are 
performed through the above-described backing contact 
structure for the word gate electrode. 
0041. Next, an embodiment of a manufacturing method 
of the nonvolatile semiconductor memory according to the 
present invention will be described below. FIGS. 7A to 7C, 
8A to 8C, 9A to 9C, 10A to 10C are sectional views each 
showing step of the embodiment of the manufacturing 
method of the nonvolatile semiconductor memory according 
to the present invention. In each drawing, the left side from 
an alternate long and short dash line shows the memory cell 
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region 3 and illustrates a manufacturing step of the memory 
cell 1. The memory cell region 3 corresponds to, for 
example, a cross section taken along the line BB' in FIG. 5. 
The right side from the alternate long and short dash line 
shows the backing region 4 and illustrates a manufacturing 
step of the memory cells 1a, 1b. The backing region 4 
corresponds to, for example, a cross section taken along the 
line AA' in FIG. 5. 
0042. Referring to FIG. 7A, in a predetermined region on 
a Surface of the p-type silicon semiconductor Substrate 20, 
the isolation region 23 and the isolation region 23 (not 
shown) are formed in the backing region 4 and the memory 
cell region 3, respectively, according to a conventional STI 
(Shallow Trench Isolation) method. A gate insulating film 22 
is formed on the surface of the semiconductor substrate 20 
by a thermal oxidation treatment. A thickness of the gate 
insulating film 22 is, for example, 10 nm. Then, a polysilicon 
film 21 is formed according to the CVD method so as to 
cover the gate insulating film 22. The polysilicon film 21 
becomes the word gate electrodes 30 of the memory cells 1, 
1a, and 1b later. A thickness of the polysilicon film 21 is, for 
example, 200 nm. 
0043. Referring to FIG. 7B, the polysilicon film 21 is 
etched by photolithography and dry etching process to form 
the word gate electrodes 30. A surface of the gate insulating 
film 22 is exposed, where the word gate electrode 30 does 
not exist. 
0044) Referring to FIG. 7C, the gate insulating film 22 is 
shaped to the word gate insulating films 26 by etching using 
the word gate electrodes 30 as masks. The word gate 
insulating films 26 are formed immediately under the word 
gate electrodes 30. The surface of the semiconductor sub 
strate 20 (including the isolation regions 23, 23') is exposed, 
where the word gate electrode 30 does not exist. 
0045 Referring to FIG. 8A, a silicon oxide film, a silicon 
nitride film and a silicon oxide film are laminated in this 
order So as to cover the Surfaces of the semiconductor 
substrate 20 and the word gate electrode 30. The silicon 
oxide films are formed by using the oxidation method and/or 
CVD method, and the silicon nitride film are formed by 
using the CVD method. In this manner, an ONO film 28 as 
a charge storage layer is formed. Then, a polysilicon film 29 
is formed by using the CVD method so as to cover the ONO 
film 28. The polysilicon film 29 becomes the control gate 
electrodes 32 later. 
0046 Referring to FIG. 8B, a silicon oxide film 24 is 
formed by using the CVD method so as to cover the 
polysilicon film 29. A part of the silicon oxide film 24 
becomes the protrusions 37 later. Then, an organic film 33 
having a predetermined thickness is formed in a concave 
portion C formed by the polysilicon film 29 and the silicon 
oxide film 24 between the word gate electrodes 30. The 
organic film 33 is, for example, an ARC (Anti Reflective 
Coating) film. For example, the organic film 33 is formed by 
a coating process of the ARC film on the silicon oxide film 
24 and an etching-back process. 
0047 Referring to FIG. 8C, the silicon oxide film 24 is 
etched back to form an approximately U-like shaped (horse 
shoe like shaped) hard mask layer 25 which covers a bottom 
and side Surfaces of the concave portion C. The parts 
covering the side Surfaces of the concave portion C in the 
hard mask layer 25 (sidewall parts of the hard mask layer 25) 
becomes the protrusions 37 later. As described above, by a 
thickness of the organic film 33, independently from a 
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thickness of the hard mask layer 25, a height of the protru 
sion 37 (height of the sidewall parts of the hard mask layer 
25) can be controlled. In other words, the thickness and the 
height of the hard mask layer 25 can be individually set. 
Then, after removing the organic film 33, the backing region 
4 is covered with a resist 34. 
0048 Referring to FIG.9A, the hard mask layer 25 in the 
memory cell region 3 is etched back to remove the hard 
mask layer 25 in the memory cell region 3. Then, the resist 
34 in the backing region 4 is removed. Thereby, in the 
memory cell region 3, the Surface of the concave portion C 
of the polysilicon film 29 is exposed. On the other hand, in 
the backing region 4, the hard mask layer 25 remains on the 
concave portion C of the polysilicon film 29. 
0049 Referring to FIG. 9B, the polysilicon film 29 is 
etched back to remove the polysilicon film 29 except for the 
areas Surrounding the both side Surfaces of the word gate 
electrode 30. Thereby, in the memory cell region 3, the 
control gate electrode 32 is formed on the both side surfaces 
of the word gate electrode 30 through the ONO film 28. On 
the other hand, in the backing region 4, the control gate 
electrode 32 is formed on the both side surfaces of the word 
gate electrode 30 through the ONO film 28. The connection 
layer 35 for connecting the adjacent control gate electrodes 
32 to each other is formed under the hard mask layer 25. 
When the poly silicon film 29 is etched back, a groove is 
formed between the sidewall of the hard mask layer 25 and 
the sidewall of the word gate electrode 30. Since this groove 
is a very narrow, proceeding of etching in the boundary 
between the control gate electrode 32 and the connection 
layer 35 is suppressed, thereby preventing a kink in the area 
from occurring. 
0050 Referring to FIG.9C, the ONO film 28 and the hard 
mask layer 25 are etched back to remove the exposed ONO 
film 28 and a part of the hard mask layer 25. Thereby, a 
surface of the word gate electrode 30 is exposed. The ONO 
film 31 is formed between the word gate electrode 30 and the 
control gate electrode 32, and between the semiconductor 
substrate 20 and the control gate electrode 32. In addition, in 
the backing region 4, the hard mask layer 25 corresponding 
to a bottom part of the concave portion C (a flat part of the 
hard mask layer 25) is removed and the surface of the 
connection layer 35 except for its both ends is exposed. The 
sidewall parts of the hard mask layer 25 remain and become 
the protrusions 37. An ONO film 39 remains under the 
connection layer 35. At this time, since the thickness of the 
hard mask layer 25 is relatively thin, at the same time as 
etching back of the ONO film 28, the flat part of the hard 
mask layer 25 can be removed without adding any special 
step. 
0051 Referring to FIG. 10A, in the memory cell region 
3, using the word gate electrode 30, the ONO film 31 and the 
control gate electrode 32 as masks, n-type impurities such as 
arsenic (AS) are implanted into the semiconductor Substrate 
20. As a result, an LDD diffusion layer 38 is formed in a 
self-aligned manner in the area except for the area imme 
diately under the word gate electrode 30, the ONO film 31 
and the control gate electrode 32 and the isolation region 
(23') on the surface of the semiconductor substrate 20 in the 
memory cell region 3. In the backing region 4, an ion 
injection is not performed. 
0052 Referring to FIG. 10B, a sidewall insulating film 40 
made of silicon oxide is formed by using the CVD method 
so as to cover the surface of the semiconductor substrate 20, 
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the word gate electrodes 30, the ONO film 31, the control 
gate electrodes 32, the connection layer 35 and the protru 
sions 37. The whole surface of the semiconductor substrate 
20 is covered with the sidewall insulating film 40. 
0053 Referring to FIG. 10C, the sidewall insulating film 
40 is etched back and the sidewall insulating film 42 is 
formed on the side surfaces of the word gate electrode 30. 
At this time, a top surface of the word gate electrode 30 and 
the center of the top surface of the connection layer 35 are 
exposed. However, the side surfaces and the top surface of 
the control gate electrode 32 are covered with the sidewall 
insulating film 42. 
0054 Referring to FIG. 4, in the memory cell region 3, 
for example, n-type impurities such as arsenic are implanted 
into the semiconductor Substrate 20 using the word gate 
electrode 30 and the sidewall insulating film 42 as masks. As 
a result, the source/drain diffusion layer 44 is formed in a 
self-aligned manner in areas except for the areas immedi 
ately under the word gate electrode 30 and the sidewall 42 
and the isolation region 23 on the surface of the memory cell 
region 3 of the semiconductor substrate 20. Then, a cobalt 
film is formed on the whole surface of the semiconductor 
Substrate 20 by using a sputtering method and Subjected to 
a thermal treatment. By the thermal treatment, the silicide 
layers 49, 50 are formed (silicidation) in the top surface of 
the word gate electrode 30 and the surface of the source/ 
drain diffusion layer 44 in the memory cell region 3, 
respectively. Similarly, the silicide layers 49, 51 are formed 
(silicidation) in the top surface of the word gate electrode 30 
and the surface of the connection layer 35 in the backing 
region 4, respectively. At this time, since the control gate 
electrode 32 is covered with the sidewall 42, a silicide is not 
formed in a surface of the control gate electrode 32. Then, 
a cobalt film except for the silicide layers is removed by 
etching. 
0055. By the above-described manufacturing steps, the 
nonvolatile semiconductor memory is manufactured. 
0056. According to the present invention, the hard mask 
layer 25 is formed between the adjacent word gate elec 
trodes 30 in the backing region 4 so as to cover the bottom 
Surface and the side Surfaces of the concave portion C 
formed of the polysilicon film 29 (FIG. 8C). Although the 
hard mask layer 25 is thin, it has the bottom part of the 
concave portion C (flat part of the hard mask layer 25) as 
well as the protrusions 37 as sidewalls rising from the 
bottom part (parts covering the side Surfaces of the concave 
portion C, that is, the sidewall parts of the hard mask layer 
25). The protrusions 37 achieve the same effect as the fact 
that the thickness of the hard mask layer 25 becomes thick 
with respect to the polysilicon film 29 when the polysilicon 
film 29 is etched back (FIG. 9B). That is, since a groove is 
formed between the protrusion 37 and the sidewall of the 
word gate electrode 30, etching at the region which is 
formed on the groove and becomes the control gate elec 
trode 32 is hard to proceed. As a result, it is possible to 
prevent occurrence of the kink (the kink 160 in FIG. 3) due 
to etching at the region. In addition, since the thickness of 
the hard mask layer 25 only needs to be relatively thin, at the 
same time as etching back of the ONO film 28, the upper 
surface of the connection layer 35 can be exposed (FIG. 9C). 
Thereby, the silicide layer can be formed on the upper 
surface of the connection layer 35 at a subsequent step 
without adding any special step (FIG. 4). This is due to that, 
as described in FIG. 8C, according to the manufacturing 
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method of the present invention, the height and the thickness 
of the hard mask layer 25 can be individually set. In the 
present invention, the nonvolatile semiconductor memory 
may be included in an embedded memory LSI (semicon 
ductor device). 
0057 According to the present invention, by preventing 
occurrence of the kink between the connection layer 35 
extending between the adjacent control gate electrodes 32 
and the control gate electrode 32, an electrical connection 
between the connection layer 35 and the control gate elec 
trode 32 can be ensured. Furthermore, the silicide layer can 
beformed on a connection part between the connection layer 
35 and the contact 54 without adding any step. Therefore, a 
satisfactory backing can be formed. 
0058. It is apparent that the present invention is not 
limited to the above embodiment, but may be modified and 
changed without departing from the scope and spirit of the 
invention. 

What is claimed is: 
1. A manufacturing method of a nonvolatile semiconduc 

tor memory comprising: 
(a) laminating a second insulating film, a gate film and a 

hard mask film which cover a first gate electrode of a 
first memory cell transistor formed on a first region of 
a semiconductor substrate through a first insulating 
layer and a third gate electrode of a second memory cell 
transistor formed on a second region of said semicon 
ductor substrate through said first insulating layer; 

(b) forming a first hard mask layer which covers a bottom 
portion and a side surface of a concave portion formed 
using said gate film between said first gate electrode 
and said third gate electrode by etching said hard mask 
film; and 

(c) forming a second gate electrode of said first memory 
cell transistor on said first region, a fourth gate elec 
trode of said second memory cell transistor on said 
second region, and a connection layer which connects 
said second gate electrode and said fourth gate elec 
trode under said first hard mask layer by etching said 
gate film; and 

(d) exposing upper portions of said first gate electrode, 
said third gate electrode and said connection layer by 
etching back said second insulating film and said first 
hard mask layer covering a bottom portion of said 
concave portion to remain said first hard mask layer 
Such that said first hard mask layer covers side surfaces 
of said concave portion. 

2. The manufacturing method of a nonvolatile semicon 
ductor memory according to claim 1, further comprising: 

(e) forming a silicide layer in an upper portion of said 
connection layer. 

3. The manufacturing method of a nonvolatile semicon 
ductor memory according to claim 1, further comprising: 

(f) forming sidewall insulating film which covers said 
Second gate electrode of said first memory cell transis 
tor and said fourth gate electrode of said second 
memory cell transistor. 

4. The manufacturing method of a nonvolatile semicon 
ductor memory according to claim 1, further comprising: 

(g) forming an isolation region in said first region and said 
Second region of a surface portion of said semiconduc 
tor substrate. 
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5. The manufacturing method of a nonvolatile semicon 
ductor memory according to claim 1, wherein said step (a) 
includes: 

(al) laminating said second insulating film, said gate film 
and said hard mask film which cover a fifth gate 
electrode of a third memory cell transistor formed on a 
third region of said semiconductor substrate through 
said first insulating layer and a seventh gate electrode 
of a fourth memory cell transistor formed on a fourth 
region of said semiconductor substrate through said 
first insulating layer, 

said step (b) includes: 
(b1) forming a second hard mask layer which covers a 

bottom portion and a side surface of said concave 
portion formed using said gate film between said fifth 
gate electrode and said seventh gate electrode by etch 
ing said hard mask film, 

said step (c) includes: 
(c1) removing said second hard mask layer by etching, 

and 
(c2) forming a sixth gate electrode of said third memory 

cell transistor on said third region, and a eighth gate 
electrode of said fourth memory cell transistor on said 
fourth region by etching said gate film, 

said step (d) includes: 
(d1) exposing upper portions of said fifth gate electrode 

and said seventh gate electrode by etching back said 
second insulating film, 

wherein said sixth gate electrode and said eighth are 
isolated to each other, 

said first gate electrode and said fifth gate electrode, said 
second gate electrode and said sixth gate electrode, said 
third gate electrode and said seventh gate electrode, 
and, said fourth gate electrode and said eighth gate 
electrode are unified, respectively. 

6. The manufacturing method of a nonvolatile semicon 
ductor memory according to claim 1, wherein said step (c) 
includes: 

(c3) forming two of said second gate electrodes on both 
sides of said first gate electrode and two of said fourth 
gate electrodes on both sides of said third gate elec 
trode. 

7. A nonvolatile semiconductor memory includes: 
a first memory cell transistor configured to includes: 

a first gate electrode configured to be formed above a 
first channel region, and 

a second gate electrode configured to be formed on a 
side of said first gate electrode through an insulating 
film; 

a second memory cell transistor configured to includes: 
a third gate electrode configured to be formed above a 

second channel region, and 
a fourth gate electrode configured to be formed on a 

side of said third gate electrode through an insulating 
film and faced to said second gate electrode: 

a connection layer configured to connect said second gate 
electrode and said fourth gate electrode: 

protrusion portions configured to be formed on both ends 
of said connection layer; and 

a contact portion configured to be formed on said con 
nection layer and be coupled with a metal wiring. 

8. The nonvolatile semiconductor memory according to 
claim 7, wherein said connection layer includes: 
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a silicide layer configured to be formed at the connecting 
portion with said contact portion. 

9. The nonvolatile semiconductor memory according to 
claim 8, wherein upper and side surfaces of said second gate 
electrode and said protrusion portion in a side of said second 
gate electrode is covered with a sidewall insulating film of 
said first gate electrode, and 

upper and side Surfaces of said fourth gate electrode and 
said protrusion portion in a side of said fourth gate 
electrode is covered with a sidewall insulating film of 
said third gate electrode. 

10. The nonvolatile semiconductor memory according to 
claim 7, wherein said first memory cell transistor and said 
second memory cell transistor are formed on an isolation 
layer. 

11. The nonvolatile semiconductor memory according to 
claim 7, further comprising: 

a third memory cell transistor configured to includes: 
a fifth gate electrode configured to be formed above a 

third channel region, and 
a sixth gate electrode configured to be formed on a side 

of said fifth gate electrode through an insulating film; 
and 
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a fourth memory cell transistor configured to includes: 
a seventh gate electrode configured to be formed above 

a fourth channel region, and 
a eighth gate electrode configured to be formed on a 

side of said seventh gate electrode through an insu 
lating film and faced to said sixth gate electrode, 

wherein said sixth gate electrode and said eighth are 
isolated to each other, 

said first gate electrode and said fifth gate electrode, said 
second gate electrode and said sixth gate electrode, said 
third gate electrode and said seventh gate electrode, 
and, said fourth gate electrode and said eighth gate 
electrode are unified, respectively. 

12. The nonvolatile semiconductor memory according to 
claim 7, wherein said first memory cell transistor includes: 
two of said second gate electrodes on both sides of said 

first gate electrode, 
said second memory cell transistor includes: 
two of said fourth gate electrodes on both sides of said 

third gate electrode. 

k k k k k 


