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SEMCONDUCTOR DEVICE AND ITS 
MANUFACTURE METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation Application of 
PCT/JP03/03382 filed on Mar. 19, 2003, the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 A) Field of the Invention 
0003. The present invention relates to a semiconductor 
device, and its manufacture method, and more particularly to 
a Semiconductor device having a memory circuit of, for 
example, non-volatile memory cell transistors and a periph 
eral circuit of logical cell transistors, and to its manufacture 
method. 

0004 B) Description of the Related Art 
0005 Known as the structure of an electrically erasable 
non-volatile memory, is a structure having a lamination of a 
floating gate Structure having a charge retention function and 
a control gate Structure for applying an electric field to a 
channel via the floating gate Structure, Stacked on a Semi 
conductor region formed with the channel. The floating gate 
Structure includes a Silicon layer insulated with an insulating 
layer or layers, or a lamination of an oxide film, a nitride film 
and an oxide film, forming a nitride film interface having a 
charge Storage function. 
0006 Programming (data write) is performed by selec 
tively injecting electrons into the floating gate. When a 
predetermined Voltage is applied to the control gate Struc 
ture, the conductivity of a channel below the floating gate 
changes, depending on whether or not there are charges in 
the floating gate Structure. Hence, written information can be 
read. By draining electrons from the floating gate Structure, 
written information can be erased. 

0007. It is preferable to cover the side walls of the 
floating gate Structure with an insulating film of good 
quality, in order to reduce leak of charges written in the 
floating gate Structure. For example, a floating electrode is 
formed by a Silicon layer Sandwiched between insulating 
layers, and Side walls are thermally oxidized. A floating gate 
electrode covered with an insulating film of good quality 
Such as a thermally oxidized film improves the charge 
retention performance. The charge retention performance of 
a floating gate Structure made of a lamination of oxide 
film-nitride film-oxide film can also be improved by cover 
ing the side walls with an oxide film or the like. 
0008. A semiconductor integrated circuit such as a sys 
tem LSI of high integration degree is Structured having a 
plurality type of Semiconductor elements Such as non 
Volatile memories, high Voltage insulated gate field effect 
(abbreviated to MOS) transistors for driving them and low 
Voltage MOS transistors for logical circuits. A logical circuit 
low Voltage MOS transistor has a short gate length and a thin 
gate insulating film in order to raise its operation Speed. 
0009. Manufacture processes for a semiconductor inte 
grated circuit are designed to use in common as many same 
processes as possible for the manufacture of a plurality type 
of Semiconductor elements. For example, the gate electrode 

Oct. 13, 2005 

of a MOS transistor is made of the same silicon layer as that 
of the control gate electrode of a non-volatile memory cell. 
0010. In the process of thermally oxidizing the side walls 
of a floating gate electrode, the Side walls of the gate 
electrode of a MOS transistor are also thermally oxidized. 
During the thermally oxidizing process, oxidizing Species 
enter the interface between a Silicon Substrate and an upper 
insulating film and the interface between a Silicon layer and 
an insulating film So that an oxidized region called a birds 
beak is formed. 

0011) A low voltage MOS transistor has a short gate 
length and a thin gate insulating film. As a birds beak is 
formed at the edge portions of a gate insulating film, the gate 
insulating film becomes thick under the edge portions of the 
gate electrode so that a drive current of the MOS transistor 
is lowered. 

0012. A laminated gate structure of a non-volatile 
memory cell and a single layer gate Structure of a MOS 
transistor are patterned by using different masks and differ 
ent processes. Therefore, mask alignment margins are 
increased. If a first mask alignment margin is 0.2 tim, a 
Second mask alignment margin is increased to 0.28 um. An 
increase in the mask alignment margin hinders high inte 
gration. 

0013 Japanese Patent Laid-open Publication No. HEI 
10-223782 proposes a non-volatile memory cell whose 
control gate electrode is made of a diffusion region in a 
Substrate. A low resistance region functioning as a control 
gate electrode is formed in a Semiconductor Substrate, and a 
floating gate electrode is formed extending from an area 
above a channel region of the memory transistor to an area 
above the low resistance region functioning as the control 
gate electrode. The control gate electrode can be formed by 
the same process as that for the Source/drain regions of the 
memory transistor, So that the manufacture processes for a 
non-volatile memory can be simplified. 

SUMMARY OF THE INVENTION 

0014) An object of the present invention is to provide a 
Semiconductor device having memory cells with a high data 
retention ability and field effect transistors having an insu 
lating film realizing a high drive current. 
0015. Another object of the present invention is to pro 
vide a Semiconductor device capable of enhancing a data 
retention ability of a non-volatile memory cell and prevent 
ing lowering of the drive current of a field effect transistor 
having an insulated gate in a logical circuit. 
0016. Another object of the present invention is to pro 
vide a method of manufacturing the Semiconductor device as 
described above. 

0017 Another object of the present invention is to pro 
vide a method of manufacturing at a high precision the 
Semiconductor device as described above. 

0018 Still another object of the present invention is to 
provide a method of manufacturing efficiently the Semicon 
ductor device as described above. 

0019. According to one aspect of the present invention, 
there is provided a Semiconductor device comprising: a 
Semiconductor Substrate having a first element area and a 



US 2005/0224864 A1 

Second element area on a Surface thereof; a first transistor of 
a double gate type having a floating gate and a control gate 
whose side walls are covered with a thermally oxidized film, 
and having gate birds beaks having a first length, formed in 
the first element area; and a Second transistor having a gate 
electrode having gate birds beaks having a Second length 
Shorter than the first length, formed in the Second element 
area, wherein the first transistor operates as a non-volatile 
memory cell capable of electrically writing and erasing data 
and the Second transistor operates as a logical circuit ele 
ment. 

0020. According to another aspect of the present inven 
tion, there is provided a manufacture method for a Semi 
conductor device, comprising steps of: (a) forming an ele 
ment Separation region in a Semiconductor Substrate to 
define first and Second areas; (b) forming a floating gate 
Structure lamination layer on the first area; (c) forming a 
lamination of a gate electrode conductive layer and a mask 
ing insulating layer above the floating gate Structure lami 
nation layer and above the Second area; (d) pattering the 
masking insulating film in a gate electrode shape; (e) mask 
ing the Second area, and by using the masking insulating 
layer as an etching mask, etching the gate electrode con 
ductive layer and the floating gate Structure lamination layer 
in the first area to pattern a floating gate Structure and a 
control gate structure, (f) forming an oxide film on side walls 
of at least the floating gate structure; and (g) masking the 
first area, and by using the masking insulating layer as an 
etching mask, etching the gate electrode conductive layer in 
the Second area to pattern an insulated gate Structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIGS. 1A to 1N are cross sectional views illus 
trating main processes of a Semiconductor device manufac 
ture method according to a first embodiment of the present 
invention. 

0022 FIG. 2 is an enlarged cross sectional view showing 
the structure of a gate electrode formed by the first embodi 
ment method. 

0023 FIGS. 3A and 3B are diagrams illustrating an 
operation of a non-volatile memory cell. 
0024 FIGS. 4A to 4D are cross sectional views illus 
trating main processes of a Semiconductor device manufac 
ture method according to a Second embodiment of the 
present invention. 
0025 FIGS. 5A to 5E are cross sectional views illustrat 
ing main processes of a Semiconductor device manufacture 
method according to a third embodiment of the present 
invention. 

0026 FIGS. 6A to 6E are cross sectional views illustrat 
ing main processes of a Semiconductor device manufacture 
method according to a fourth embodiment of the present 
invention. 

0027 FIGS. 7A to 7G are a plan view and cross sectional 
ViewS illustratively showing the Structure and operation of a 
non-volatile Semiconductor memory cell having a single 
layer gate electrode. 
0028 FIGS. 8A to 8E are cross sectional views illustrat 
ing main processes of a Semiconductor device manufacture 
method according to a fifth embodiment of the present 
invention. 
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0029 FIGS. 9A to 9D are cross sectional views illus 
trating main processes of a Semiconductor device manufac 
ture method according to a sixth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0030 Embodiments of the present invention will be 
described with reference to the accompanying drawings. 

0031. An electrically erasable non-volatile semiconduc 
tor memory uses high Voltage for programming and erasure. 
If a programming circuit and an erase circuit are integrated 
with a non-volatile memory circuit, high Voltage field effect 
(abbreviated to MOS) transistors are required to be inte 
grated. A logical circuit is made of low Voltage MOS 
transistors for reducing the power dissipation. If a non 
Volatile memory circuit and a logical circuit are integrated, 
low Voltage MOS transistors are required to be integrated. 

First Embodiment 

0032 FIGS. 1A to 1N are cross sectional views illus 
trating a Semiconductor device manufacture method accord 
ing to the first embodiment of the present invention. 
0033) As shown in FIG. 1A, a shallow trench 2 is formed 
in a principal Surface of a Semiconductor Substrate 1 Such as 
a Silicon Substrate, an insulating film is buried in the trench 
and the insulating film on the Substrate Surface is removed 
to form a shallow trench isolation (STI) 3. The isolation 
region may also be formed by local oxidation of Silicon 
(LOCOS). Areas AR1, AR2 and AR3 surrounded by STI are 
defined. In the area AR1, a non-volatile memory cell is 
formed, in the area AR2, a low voltage MOS transistor of a 
logical circuit is formed, and in the area AR3, a high Voltage 
MOS transistor is formed which controls non-volatile 
memory cells. 

0034 Athermally oxidized film 4 is formed to a thick 
neSS of 6 nm to 12 nm in an oxidizing atmosphere by heating 
the semiconductor Substrate to 800° C. to 1100° C. This 
thermally oxidized film 4 constitutes a tunneling oxide film 
of a non-volatile memory cell. 
0035). As shown in FIG. 1B, an amorphous silicon film 5 
is deposited on the tunneling oxide film 4 to a thickness of 
50 nm to 100 nm by chemical vapor deposition (CVD). The 
amorphous Silicon film 5 is doped with n-type impurities, 
phosphorus, at 1x10-cm to 3x10 cm and functions as 
a floating gate electrode of the non-volatile memory cell. 
Phosphorus ions may be implanted after a non-doped amor 
phous Silicon film is formed. 
0036. On the amorphous silicon film 5, a silicon oxide 
film 6 having a thickness of 4 nm to 8 nm is formed by CVD 
at a temperature of 700° C. to 800° C. and a silicon nitride 
film 7 having a thickness of 5 nm to 10 nm is formed by 
CVD at a temperature of 650° C. to 800° C. A thermally 
oxidized film 8 having a thickness of 3 nm to 10 nm is 
formed on the Surface of the silicon nitride film 7 in an 
oxidizing atmosphere at 900° C. to 1000° C. The above 
described and Subsequent heating processes change the 
amorphous Silicon film to a polysilicon film. In this manner, 
a lamination of an oxide film-a nitride film-an oxide film 
(ONO film) is formed on the silicon film 5. 
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0037. As shown in FIG. 1C, the surface of the area AR1 
is covered with a resist mask 9, and the ONO film, silicon 
film 5 and tunneling oxide film 4 in the areas AR2 and AR3 
are etched and removed. The Silicon Surface is exposed in 
the areas AR2 and AR3. The resist mask 9 is thereafter 
removed. 

0038. As shown in FIG. 1D, on the exposed silicon 
Surface, a thermally oxidized film 11 having a thickness of 
10 nm to 50 nm is formed at 800° C. to 1100° C. This 
thermally oxidized film 11 which may be thickened by the 
following thermal oxidation constitutes a gate oxide film of 
a high voltage MOS transistor. The thermally oxidized film 
in the area AR2 is etched and removed. Next, thermal 
oxidation at a temperature of 700° C. to 1100° C. is 
performed to form a thermally oxidized film 12 having a 
thickness of 1.5 nm to 8 nm on the Surface of the area AR2. 
This thermally oxidized film 12 constitutes a gate oxide film 
of a low voltage MOS transistor. 
0039. In this manner, a thin gate oxide film 12 Suitable for 
the low voltage MOS transistor is formed in the area AR2 
and a thick oxide film 11 Suitable for the high voltage MOS 
transistor is formed in the area AR3. 

0040. As shown in FIG. 1E, an amorphous silicon film 
14 is formed on the Surface of the silicon substrate by CVD. 
The amorphous Silicon film is doped with n-type impurities, 
phosphorus, at 5x10 cm to 5x10 cm and has a 
thickness of 150 nm to 250 nm. Phosphorus ions may be 
implanted after a non-doped amorphous silicon film is 
formed. 

0041) If low resistance is desired, a tungsten silicide 
(WSi) film may be grown on the amorphous silicon film by 
CVD to a thickness of 100 nm to 200 nm. 

0.042 A plasma-enhanced CVD nitride film 15 as a hard 
mask layer is grown to a thickness of 20 nm to 150 nm. In 
place of the plasma-enhanced CVD nitride film, a hard mask 
layer of a plasma-enhanced CVD oxynitride film, a plasma 
enhanced CVD oxide film or the like may be used. Formed 
in this manner is a lamination of a conductive layer as a gate 
electrode and an upper hard mask layer. On the hard mask 
layer 15, a resist pattern 16 having each gate electrode shape 
is formed. 

0043. As shown in FIG.1F, by using the resist pattern 16 
as an etching mask, the underlying hard mask layer 15 is 
etched to pattern the hard mask layer 15 in the gate electrode 
shape. The resist pattern 16 is thereafter removed. 

0044 As shown in FIG. 1G, the areas AR2 and AR3 are 
covered with a resist mask 17, and by using the hard mask 
15 as an etching mask, the silicon layer 14, ONO film 6, 7, 
8 and silicon layer 5 in the area AR1 are etched to pattern the 
gate electrode of the non-volatile memory cell. The resist 
mask 17 is thereafter removed. 

0045. As shown in FIG. 1H, the substrate is heated to 
800° C. to 900 C. in an oxidizing atmosphere to form a 
thermally oxidized film 18 having a thickness of 3 nm to 10 
nm on the side walls of exposed silicon layers. While the 
side walls of the silicon layers 5 and 14 are thermally 
oxidized, oxidizing Species enter the interfaces between the 
Silicon Substrate 1, Silicon layerS 5 and 14 and insulating 
layerS So that bird’s beaks are formed at the edge portions of 
the insulating film. 
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0046) In the areas AR2 and AR3, an oxide film 18 is 
formed on the surface of the silicon layer 14. Since the 
Surface of the Silicon Substrate 1 is covered with the gate 
oxide films 11 and 12 and silicon film 14, it is not oxidized. 

0047 FIG. 2 is an enlarged view of the gate electrode 
structures of the non-volatile memory cell and MOS tran 
Sistor. Although the bird’s beaks are formed at the edge 
portions of the oxide films 4, 6 and 8, no bird's beak is 
formed at the oxide film 12 (11). 
0048. As shown in FIG. 11, the surfaces of the areas AR2 
and AR3 are covered with a resist mask 19, and a low 
impurity concentration n-type region 21 is formed in the 
area AR1 by phosphorus ion implantation at an acceleration 
energy of 30 keV to 70 keV and a dose of 1x10' cm to 
1x10 cm’. In FIG. 1I, although the low impurity concen 
tration n-type region 21 is formed only on one Side of the 
gate electrode, it may be formed on both Sides. 
0049. A high impurity concentration n-type region 22 is 
formed by implanting arsenic ions at an acceleration energy 
of 30 keV to 60 keV and a dose of 2x10 cm to 7x10' 
cmf. In this manner, the high impurity concentration 
Source/drain regions 22 are formed on both Sides of the gate 
electrode and the low impurity concentration n-type region 
21 is formed Surrounding at least one of the Source/drain 
regions 22. The low impurity concentration n-type region 21 
exhibits the function of raising an efficiency of draining 
charges from the Silicon layer 5. 

0050. As shown in FIG. 1J, the area AR1 is covered with 
a resist mask 23, and by using the hard mask 15 as an etching 
mask, the silicon layer 14 in the areas AR2 and AR3 is 
etched to pattern the gate electrodes in the areas AR2 and 
AR3. The resist mask 23 is thereafter removed. 

0051. As shown in FIG. 1K, after the gate electrodes in 
the areas AR2 and AR3 are patterned, ion implantation is 
performed to form low impurity concentration extensions 25 
of Source/drain regions. In forming a CMOS circuit, p- and 
n-channel MOS transistor regions are Selectively exposed by 
using masks to Separately implanting p- and n-type impurity 
OS. 

0052 As shown in FIG. 1L, an insulating film such as a 
Silicon oxide film is deposited on the Surface of the Silicon 
Substrate by CVD, and anisotropic etching Such as reactive 
ion etching (RIE) is performed to remove the insulating film 
on the flat Surface and form Side wall spacers 26 on the Side 
walls of the gate structures. If the hard mask layer 15 is left 
on the gate electrode, it is etched and removed. 
0053 As shown in FIG. 1M, the area AR1 is covered 
with a resist mask 27, and n-type impurity ions are 
implanted at a high impurity concentration into the areas 
AR2 and AR3 to form high impurity concentration source/ 
drain regions 28. In forming a CMOS circuit, similar to the 
above-description, p- and n-channel regions are Selectively 
exposed by using masks to Separately implanting p- and 
n-type impurity ions. The resist mask 27 is thereafter 
removed. Implanted impurity ions are activated by an 
annealing process. These heating processes change the Sili 
con layer 14 to a polysilicon layer. 

0054 As shown in FIG.1N, a Co film is deposited on the 
Substrate Surface and a CoSi film 29 is formed on each of the 
Silicon Surfaces through Silicidation. Unreacted Co is 
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removed. Thereafter, an interlayer insulating film 30 is 
formed on the Substrate Surface and its Surface is planarized 
by chemical mechanical polishing (CMP). Thereafter, con 
tact holes are formed by using a resist mask. Abarrier metal 
layer and a W layer are deposited, being filled in the contact 
holes. The metal layers on the flat surface are removed by 
CMP to form W plugs 31. 

0055. In the manner described above, non-volatile 
memory cells are formed in the area AR1, low voltage MOS 
transistors are formed in the area AR2, and high Voltage 
MOS transistors are formed in the area AR3. High drive 
performance of MOS transistors is retained because bird's 
beaks are prevented from being formed. A position align 
ment margin is Small Since the gate electrode of each 
Semiconductor device is formed by a single mask process. 

0056 FIG. 2 is an enlarged view of the gate electrode of 
the non-volatile memory cell and the gate electrode of the 
MOS transistor formed by the above-described processes. 
The thermally oxidized film 18 is formed on the side walls 
of the Silicon layer 5 as the floating gate electrode of a 
non-volatile memory cell, So that leak of charges in the 
silicon layer 5 can be reduced. While the thermally oxidized 
film 18 is formed, oxidizing Species enter the interfaces 
between the silicon substrate 1, silicon layers 5 and 14 and 
insulating layers 4, 6 and 8, and birds beaks are formed. 

0057. In the gate electrode of a MOS transistor, the 
silicon gate electrode 14 is formed on the gate oxide film 12 
(11) of uniform thickness. Since no bird’s beak is formed at 
the gate oxide film 12 (11), a Voltage applied to the gate 
electrode is efficiently applied to the channel So that the 
drive performance of the MOS transistor can be retained. 
There may be Some possibility of allowing generation of 
weak bird's beaks under the gate electrode of logical MOS 
transistor, Such birds beaks are shorter than the bird's beaks 
of the non-volatile memory cell, and will not appreciably 
affect the performance of the logical MOS transistor. 

0.058 FIG. 3A illustrates a write operation of writing 
information in a non-volatile memory cell. A Source region 
S is grounded, 5 V is applied to a drain region D, and a high 
voltage of 10 V is applied to a control gate CG. Electrons 
transferred from the Source region Stoward the drain region 
D become hot electrons due to a high electric field, and these 
electrons are injected from the channel into the a floating 
gate region FG. Programming (write operation) is performed 
in this manner. 

0059 FIG. 3B illustrates an erase operation of erasing 
information in the memory cell. A voltage of -10 V is 
applied to the control gate CG, and a Voltage of 5 V is 
applied to the Source region S having the low impurity 
concentration region 22. As a high electric field is applied to 
the tunneling oxide film 4, electrons in the floating gate FG 
FN-tunnel through the tunneling oxide film 4 and are 
drained into the low concentration region 22 of the Source 
region. In this case, the other drain region D is preferably in 
an electrically floating State. 

0060. In the embodiment described above, the thermally 
oxidized film is formed on the Side walls of the floating gate 
electrode of a non-volatile memory cell and bird’s beaks are 
allowed to be formed. No bird's beak is formed in the low 
voltage MOS transistor and high voltage MOS transistor. 
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0061 The operation of a high voltage MOS transistor is 
not hindered by birds beaks at the edge portions of a gate 
electrode, and birds beaks provide a function of raising a 
breakdown Voltage. 

Second Embodiment 

0062 FIGS. 4A to 4D illustrate a semiconductor device 
manufacture method according to the Second embodiment of 
the present invention. Description will be made mainly on 
those points different from the first embodiment. 
0063 FIG. 4A shows the state similar to FIG.1F. In the 
area AR1, formed on the tunneling oxide film 4 are the 
silicon layer 5, ONO film 6, 7, 8 and silicon layer 14 as the 
control gate. The hard mask layer 15 on the Silicon layer is 
patterned by using the resist pattern 16. In the areas AR2 and 
AR3, formed on the gate oxide film 12, 11 is the silicon layer 
14 on which the hard mask layer 15 is patterned by using the 
resist pattern 16. 
0064. As shown in FIG.4B, the area AR2 is covered with 
a resist mask 17, and by using the hard mask 15 as an etching 
mask, the underlying silicon layer 14, ONO film 6, 7, 8 and 
silicon layer 5 in the areas AR1 and AR3 are etched. The 
gate electrode Structure of a non-volatile memory cell and 
the gate electrode of a high Voltage MOS transistor are 
therefore patterned. The resist mask 17 is thereafter 
removed. 

0065. As shown in FIG. 4C, a thermally oxidized film 18 
is formed on the side walls of the gate electrode structure in 
an oxidizing atmosphere. The thermally oxidized film is 
therefore formed on the side walls of the gate electrodes of 
a non-volatile memory cell and a high voltage MOS tran 
Sistor, and birds beaks appear. In the area AR2 where low 
voltage MOS transistors are formed, the thermally oxidized 
film 18 is formed on the surface of the silicon layer 14. Since 
the Surface of the Silicon Substrate 1 is covered with the gate 
oxide film 12 and silicon layer 14, it is possible to prevent 
bird’s beaks from being formed under the gate electrode. 
0066. Thereafter, processes similar to those described 
with FIGS. 1 to 1N are executed to form the non-volatile 
memory cell structure and the MOS transistor structures. 
0067 FIG. 4D shows the finished structure. Formed on a 
Silicon Surface is a Silicide layer 29, and the Substrate is 
covered with an interlayer insulating film 30. W plugs 31 are 
formed through the interlayer insulating film. In this Semi 
conductor device, the non-volatile memory cell and low 
voltage MOS transistor have the structure similar to that of 
the first embodiment. The side walls of the gate electrode of 
a high voltage MOS transistor is covered with the thermally 
oxidized film 18. Bird's beaks are formed under the edge 
portions of the gate electrode of a high voltage MOS 
transistor while the thermally oxidized film is formed, so 
that a breakdown voltage of the high voltage MOS transistor 
is raised. 

0068. In the first and second embodiments, the floating 
gate Structure is made of a Silicon layer. The floating gate 
Structure with the charge retention function may also be 
made of an ONO film. 

Third Embodiment 

0069 FIGS. 5A to 5E illustrate a semiconductor device 
manufacture method according to the third embodiment of 
the present invention. 
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0070. As shown in FIG. 5A, on the surface of a silicon 
substrate 1 with STI 3, a thermally oxidized film 6 having a 
thickness of 3 nm to 8 nm is formed through thermal 
oxidation at 800° C. to 1100° C. On the thermally oxidized 
film, a nitride film 7 having a thickness of 5 nm to 15 nm is 
formed by CVD at 650° C. to 800° C., and on the nitride 
film, a thermally oxidized film 8 having a thickness of 3 nm 
to 10 nm is formed through thermal oxidation at 900 C. to 
1000° C. An oxide film may be formed on the nitride film 7 
by CVD. An ONO film is therefore formed. Similar to the 
above-described embodiments, LOCOS may be used in 
place of STI. 
0071. The area AR1 is covered with a resist pattern 9. By 
using the resist pattern 9 as an etching mask, the ONO film 
6, 7, 8 in the areas AR2 and AR3 is etched. The resist mask 
9 is thereafter removed. 

0072. As shown in FIG. 5B, a thermally oxidized film 11 
having a thickness of 5 nm to 50 nm is formed in the area 
AR3 through thermal oxidation at 800° C. to 1100° C. The 
thermally oxidized film in the area AR2 is removed and a 
thermally oxidized film 12 having a thickness of 1.5 nm to 
8 nm is newly formed in the area AR2 through thermal 
oxidation at 700° C. to 1100° C. 

0073. As shown in FIG. 5C, an amorphous silicon layer 
14 is grown by CVD on the ONO film 6, 7, 8 and gate oxide 
films 11 and 12 to a thickness of 150 nm to 250 nm, the 
amorphous Silicon layer functioning as a control gate elec 
trode and gate electrodes. On the amorphous Silicon layer 
14, a plasma-enhanced CVD nitride film functioning as a 
hard mask is grown to a thickness of 20 nm to 150 nm by 
plasma-enhanced CVD. 
0.074. A resist pattern 16 having each gate electrode shape 
is formed on the hard mask layer 15. By using the resist 
pattern 16 as an etching mask, the hard mask layer 15 is 
patterned in the gate electrode shape. Thereafter, a proceSS 
similar to the process shown in FIG. 1G is executed to 
pattern the gate electrode Structure of a non-volatile memory 
cell. The silicon layer 14 in the areas AR2 and AR3 is not 
patterned but left as it is. 
0075). As shown in FIG. 5D, a thermally oxidized film 18 

is formed on the Side walls of the gate electrode Structure of 
the non-volatile memory cell. In the areas AR2 and AR3, the 
oxide layer 18 is formed on the surface of the silicon layer 
14. Bird's beaks are not formed under the gate electrodes. 
0076) Processes similar to those shown in FIGS. 1 to 1N 
of the first embodiment are executed to form the non-volatile 
memory cell structure and the MOS transistor structures. 
0077 FIG. 5E shows the finished structure. The non 

Volatile memory cell has the gate electrode Structure above 
the channel region, constituted of the ONO film 6, 7, 8 and 
floating gate electrode 14 made of a Silicon layer, the side 
walls of the gate electrode Structure being covered with the 
oxide film 18. In the areas AR2 and AR3, the gate electrode 
14 made of a Silicon layer is formed on the gate oxide films 
11 and 12, and the thin oxide film 18 is not formed on the 
side walls. 

0078. In the third embodiment, no bird’s beak is formed 
under the gate electrode of the high voltage MOS transistor. 
Similar to the second embodiment, bird's beaks may be 
formed under the gate electrode of the high voltage MOS 
transistor. 
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Fourth Embodiment 

007.9 FIGS. 6A to 6E illustrate a semiconductor device 
manufacture method according to the fourth embodiment of 
the present invention. Description will be made mainly on 
those points different from the first embodiment. 

0080 FIG. 6A shows the state similar to FIG. 5C. 
Formed on the hard mask layer 15 is a resist pattern 16 
having each gate electrode shape. By using the resist pattern 
16 as an etching mask, the hard mask 15 is etched. 

0081. As shown in FIG. 6B, the area AR2 is covered with 
a resist mask 17, and by using the hard mask layer 15 as an 
etching mask, the underlying gate electrode layer 14 in the 
areas AR1 and AR3 is patterned. The resist mask 17 is 
thereafter removed. 

0082. As shown in FIG. 6C, in the areas AR1 and AR3, 
a protective oxide film 18 such as a thermally oxidized film 
is formed on the Side walls of gate electrode Structures. In 
the area AR2, the oxide film 18 is formed on the silicon layer 
14. No bird’s beak is formed under the gate electrode. 

0083) Thereafter, similar to the process shown in FIG. 
11, a resist mask exposing only the area AR1 is formed, and 
impurity ions are implanted in Source/drain regions of the 
non-volatile memory cell. 

0084 As shown in FIG. 6D, the areas AR1 and AR3 are 
covered with a resist mask 23, and by using the hard mask 
15 as an etching mask, the Silicon layer 14 in the area AR2 
is etched to pattern the gate electrode 14. 

0085. Thereafter, processes similar to those shown in 
FIG. 1K to 1N are executed to form the non-volatile 
memory cell structure and the MOS transistor structures. 

0.086 FIG. 6E shows the finished structure. The protec 
tive oxide film 18 is formed on the side walls of the gate 
electrode Structure of the non-volatile memory cell and on 
the side walls of the high voltage MOS transistor. While the 
protective oxide film is formed, bird's beaks are formed 
under the gate electrode. The bird's beaks of the high voltage 
MOS transistor improve the breakdown voltage of the gate 
electrode Structure. 

0087 FIGS. 7A to 7C show the structure of a non 
Volatile memory cell having a single layer gate electrode 
wherein a control gate electrode is formed in a Substrate. 
FIG. 7A is a plan view and FIGS. 7B and 7C are cross 
sectional views taken along one-dot chain lines VIIB-VIIB 
and VIIC-VIIC in FIG. 7A, respectively. 

0088 Referring to FIG. 7A, a non-volatile memory cell 
is formed by using two areas. In an area AR1a in an upper 
portion of FIG. 7A, a source region S and a drain region D 
are formed on both sides of a floating gate electrode FG. An 
area AR1b in a lower portion of FIG. 7A is a control gate 
region CG made of a low resistance region doped with 
impurities at a high impurity concentration. The floating gate 
electrode FG traverses the area AR1a and extends above the 
area AR1b in a broad area of the control gate region. 

0089 FIG. 7B shows the transistor structure formed in 
the area AR1a. The Source region S has a low impurity 
concentration region Surrounding a high impurity concen 
tration region to improve the erase operation. 
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0090 FIG. 7C shows the structure of the floating gate 
electrode FG extending from the transistor structure to the 
control gate region. The control gate CG is made of a high 
impurity concentration region in an active region defined by 
an isolation region LOCOS made of a locally oxidized film. 
The floating gate FG and control gate CG confront each 
other via an insulating film. AS Voltage is applied to the 
control gate, Voltage can be applied to the channel region in 
the transistor area via the floating gate FG. 
0091 FIGS. 7D and 7E are cross sectional views illus 
trating a programming operation. O V is applied to the 
Source region S, and 5 V is applied to the drain region D. A 
Voltage of 10 V is applied to the control gate region CG. 
Electrons transferred from the source region S toward the 
drain region D in the transistor Structure become hot elec 
trons due to a high electric field and injected into the floating 
gate FG. Since the floating gate FG extends from the 
transistor area to an area above the control gate, the whole 
floating gate FG is charged as shown in FIG. 7E. 
0092 FIGS. 7F and 7G illustrate an erase operation. A 
high Voltage of 15 V is applied to the Source region S, and 
0 V is applied to the control gate CG. The drain region D is 
also set to 0 V. Voltage at the control gate CG controls the 
potential of the floating gate. Electrons in the floating gate 
FG are drained by the high electric field and move through 
tunneling from the floating gate FG to the low impurity 
concentration region of the Source region S. Charges in the 
floating gate FG are thereby drained. 

Fifth Embodiment 

0093 FIGS. 8A to 8E illustrate a semiconductor device 
manufacture method according to the fifth embodiment of 
the present invention, wherein the Single layer gate electrode 
is used for a non-volatile memory cell. 
0094. As shown in FIG. 8A, on the surface of a silicon 
substrate 1 with STI 3, a tunneling oxide film 4 for a 
non-volatile memory cell, a gate oxide film 12 for a low 
voltage MOS transistor and a gate oxide film 11 for a high 
voltage MOS transistor are formed, and a silicon layer 41 is 
formed on these films. The silicon layer constitutes the 
floating gates of non-volatile memory cells and the gate 
electrodes of MOS transistors. LOCOS may be used in place 
of STI. 

0.095 A hard mask layer 15 such as silicon nitride is 
formed on the Silicon layer 41, and a resist pattern 16 having 
each gate electrode shape is formed on the hard mask layer. 
This state corresponds to the state shown in FIG. 5C with 
the ONO film 6, 7, 8 being replaced with the tunneling oxide 
film 4. 

0096. By using the resist pattern 16 as an etching mask, 
the hard mask 15 is etched. The resist pattern 16 is thereafter 
removed. 

0097 As shown in FIG. 8B, the areas AR2 and AR3 are 
covered with a resist mask 17, and by using the hard mask 
15 as an etching mask, the silicon layer 41 in the area AR1 
is etched. The resist mask 17 is thereafter removed. 

0098. As shown in FIG. 8C, a protective oxide film 18 is 
formed on the side walls of the patterned silicon layer 41 in 
the area AR1. In the areas AR2 and AR3, the protective 
oxide film 18 is formed on the surface of the silicon layer 41. 
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Thereafter, similar to the above-described embodiments, ion 
implantation for Source/drain regions and a control gate 
region is performed in the non-volatile memory cell area, the 
silicon layer 41 in the areas AR2 and AR3 is patterned, and 
ion implantation for extension regions of Source/drain 
regions is performed. 

0099. As shown in FIG. 8D, a silicon oxide film is 
deposited on the Substrate Surface. The gate electrode area in 
the area AR1 is covered with a mask and anisotropic etching 
is performed. In the areas AR2 and AR3, side wall spacers 
26 are therefore formed. In the area AR1, a silicon oxide film 
26x is left covering the floating gate electrode. 
0100. Thereafter, in the areas AR2 and AR3, high impu 
rity concentration Source/drain regions are formed. 
0101. As show in FIG. 8E, a silicide layer 29 is formed 
on the exposed Source/drain regions and gate electrodes. The 
gate electrode Structures are covered with an interlayer 
insulating film 30, and W plugs 31 are buried in contact 
holes. A Semiconductor device finished in this manner has 
non-volatile memory cells having the Single layer gate 
electrode, low Voltage MOS transistors and high Voltage 
MOS transistors. Bird's beaks are not formed in the MOS 
transistorS So that a high drive ability is maintained. A 
position alignment of a gate electrode mask is performed 
only once. 
0102 Bird's beaks may be formed under the gate elec 
trodes of the high voltage MOS transistor. 

Sixth Embodiment 

0103 FIGS. 9A to 9D illustrate a semiconductor manu 
facture method according to the Sixth embodiment of the 
present invention. 

0104 First, as shown in FIG.9A, a hard mask pattern 15 
is formed on the silicon layer 41, the area AR2 is covered 
with a resist mask 17, and the silicon layer 41 in the areas 
AR1 and AR3 is etched by using the hard mask 15 as an 
etching mask. The resist mask 17 is thereafter removed. 
0105. As shown in FIG.9B, a protective oxide film 18 is 
formed on the side walls of the silicon layer 41 patterned in 
the gate electrode shape. Since the Silicon layer 41 in the 
area AR2 is still not patterned, the oxide film 18 is formed 
on the surface of the silicon layer 41. 
0106 Thereafter, by covering the areas AR2 and AR3 
with a resist mask, ion implantation is performed for non 
Volatile memory cells. 

0107 As shown in FIG. 9C, the areas AR1 and AR3 are 
covered with a resist mask 23, and the silicon layer 41 in the 
area AR2 is etched by using the hard mask 15 as an etching 
mask. The resist mask 23 is thereafter removed. 

0108. Thereafter, by covering the area AR1 with a resist 
mask, ion implantation is performed for extension regions of 
Source/drain regions in the areas AR2 and AR3. 
0109) As shown in FIG. 9D, a silicide layer 29 is formed 
on eXposed Source/drain regions and exposed gate elec 
trodes, and an interlayer insulating film 30 is formed cov 
ering the Semiconductor Substrate. Contact holes are formed 
through the interlayer insulating film 30 and W plugs 31 are 
buried in the contact holes. 
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0110. In this embodiment, birds beaks are formed under 
the gate electrode of high voltage MOS transistor to improve 
the breakdown Voltage of the gate electrodes. Other points 
are similar to the fifth embodiment. 

0111. The present invention has been described in con 
nection with the preferred embodiments. The invention is 
not limited only to the above embodiments. For example, 
various kinds of insulators may be used as the material of the 
hard mask layer. It will be apparent to those skilled in the art 
that other various modifications, improvements, combina 
tions, and the like can be made. 
0112. It is possible to manufacture a semiconductor 
device Such as a System LSI including non-volatile memory 
cells and other types of Semiconductor elements. 

What we claim are: 

1. A Semiconductor device comprising: 

a Semiconductor Substrate having on a Surface thereof a 
first element area and a Second element area; 

a first transistor having a first gate Structure of a double 
gate type, formed at least in Said first element area, Said 
first gate Structure including a control gate, and a 
floating gate whose Side walls are covered with a 
thermally oxidized film, and having gate birds beaks 
of a first length; and 

a Second transistor having a Second gate Structure having 
a gate electrode, formed in Said Second element area, 
and having no gate birds beak or gate bird’s beaks of 
a Second length Shorter than the first length, 

wherein Said first transistor operates as a non-volatile 
memory cell capable of electrically writing and erasing 
data and Said Second transistor operates as a logical 
circuit element. 

2. The Semiconductor device according to claim 1, 
wherein Said Semiconductor Substrate further comprises a 
third area, further comprising a third gate Structure for 
controlling the non-volatile memory cell, Said third gate 
Structure including another gate electrode formed above Said 
third area and a gate insulating film thicker than a gate 
insulating film of Said Second gate Structure. 

3. The Semiconductor device according to claim 1, 
wherein Said floating gate includes an insulating lamination 
of an oxide film, a nitride film and an oxide film including 
interfaces therebetween, Said control gate includes a Silicon 
layer formed above Said insulating lamination, Side walls of 
Said nitride film and Said Silicon layer are covered with Said 
thermally oxidized film continuous with said bird's beaks, 
and Said gate electrode of Said Second gate Structure includes 
an electrode layer made of a Same Silicon layer as Said 
Silicon layer of Said control gate. 

4. The Semiconductor device according to claim 1, 
wherein Said floating gate includes a first gate insulating film 
formed above Said first area and a first Silicon layer formed 
on Said first gate insulating film, Said control gate includes 
a Second gate insulating film formed on Said first Silicon 
layer and a Second Silicon layer formed on Said Second gate 
insulating film, and Side walls of Said first and Second gate 
insulating films are covered with Said thermally oxidized 
film continuous with said bird's beaks. 
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5. The Semiconductor device according to claim 1, 
wherein Said Semiconductor Substrate further comprises a 
third area, Said control gate includes a low resistance region 
formed in Said third area, and Said floating gate extends from 
an area above Said first area to and an area above Said third 
aca. 

6. A method for manufacturing a Semiconductor device, 
comprising the Steps of: 

(a) forming an isolation region in a Semiconductor Sub 
Strate to define first and Second areas, 

(b) forming a lamination for use as a floating gate on said 
first area; 

(c) forming a lamination of a gate electrode conductive 
layer and a masking insulating layer above Said lami 
nation for use as a floating gate and above Said Second 
area, 

(d) pattering said masking insulating film in each gate 
electrode shape; 

(e) while masking said Second area, etching said gate 
electrode conductive layer and Said lamination for use 
as a floating gate in Said first area by using Said masking 
insulating layer as an etching mask, to pattern a floating 
gate Structure and a control gate Structure; 

(f) forming an oxide film on Side walls of at least said 
floating gate structure; and 

(g) while masking said first area, etching said gate elec 
trode conductive layer in Said Second area by using Said 
masking insulating layer as an etching mask, to pattern 
an insulated gate Structure. 

7. The method for manufacturing a Semiconductor device 
according to claim 6, wherein said step (b) stacks a tunneling 
oxide film, a first Silicon layer and an upper gate insulating 
film or forms an insulating lamination of a tunneling oxide 
film and an upper nitride film. 

8. The method for manufacturing a Semiconductor device 
according to claim 6, wherein Said step (a) defines also a 
third area, and said step (c) forms a gate insulating film 
having a first thickness in Said Second area and a gate 
insulting film having a Second thickness thicker than Said 
first thickness in Said third area, and Stacking Said gate 
electrode conductive layer and Said masking insulating layer 
on Said gate insulating films. 

9. The method for manufacturing a semiconductor device 
according to claim 8, wherein said step (e) etches said gate 
electrode conductive layer also in Said third area by using 
Said masking insulating layer as an etching mask to pattern 
a high voltage insulated gate electrode, and said step (f) 
forms an oxide film also on Side walls of Said high Voltage 
insulated gate electrode. 

10. A method for manufacturing a Semiconductor device, 
comprising the Steps of: 

(a) forming an isolation region in a Semiconductor Sub 
Strate to define first, Second and third areas, 

(b) forming a low resistance region in Said Second area; 
(c) forming a lamination of an insulating film, a conduc 

tive layer and a masking insulating layer on Said first, 
Second and third areas, 
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(d) patterning said masking insulating layer in a floating 
gate electrode shape extending above Said first and 
Second areas and an insulated gate shape on Said third 
area, 

(e) while masking said third area, etching said conductive 
layer in Said first and Second areas by using Said 
masking insulating layer as an etching mask to pattern 
a floating gate electrode extending from an area above 
Said first area to an area above Said Second area; 
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(f) forming an oxide film on side walls of Said floating 
gate Structure; and 

(g) while masking said first and Second areas, etching said 
conductive layer in Said third area by using Said mask 
ing insulating film as an etching mask, to pattern an 
insulated gate electrode. 


