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(57) ABSTRACT 

A Semiconductor device and a method for manufacturing the 
Same and method for deleting information in use of the 
Semiconductor device, in which field Shield isolation or a 
trench type isolation between elements is used with Sup 
pression of penetration of field oxide into element active 
region of the device, that is, a defect involved in conven 
tional LOGOS type process, are disclosed. A non-LOCOS 
insulating device isolation block is formed in a Semicon 
ductor substrate. The non-LOCOS insulating device isola 
tion block uses a field Shield element isolation Structure or 
trench type element isolation Structure. After gate electrode 
wiring layers are formed in a field region and an active 
region to the same level, a pad polysilicon film formed on 
the entire Surface to cover the patterns of these gate electrode 
wiring layerS is polished by chemical mechanical polishing 
(CMP) using the cap insulating films of the gate electrode 
wiring layerS as Stoppers, thereby forming the gate electrode 
wiring layers into Separated patterns. With this arrangement, 
even when the width of the gate electrode wiring layer is 
reduced to the exposure limit in photolithography, the pad 
polysilicon film can be separated and patterned. 
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SEMICONDUCTOR DEVICE, A METHOD OF 
MANUFACTURING THE SEMCONDUCTOR 
DEVICE AND A METHOD OF DELETING 

INFORMATION FROM THE SEMCONDUCTOR 
DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application is a Division of application Ser. 
No. 10/630,833 filed on Jul. 31, 2003. Application Ser. No. 
10/630,833 is a Division of application Ser. No. 09/379,802 
filed on Aug. 24, 1999. Application Ser. No. 09/379,802 is 
a Division of application Ser. No. 08/864,796 filed on May 
28, 1997. Application Ser. No. 08/864,796 claims priority to 
Japanese Applications 8-156266 filed on May 28, 1996, 
8-195437 filed on Jul. 5, 1996, 8-293369 filed on October 
15, 9-19860 filed on Jan. 17, 1997, and 9-119884 filed on 
May 9, 1997, the contents of each of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method of manufacturing the same and, more 
particularly, to a Semiconductor device having a pad poly 
Silicon film for extracting Source and drain electrodes or a 
nonvolatile semiconductor memory such as an EEPROM 
and a method of manufacturing the same. 
0004 2. Description of the Related Art 
0005. A technique of preventing an extraordinary resist 
pattern exposure due to the Step between an element isola 
tion region (field region) and an element formation region on 
forming a gate electrode wiring layer of a MOS transistor is 
disclosed in Japanese Patent Laid-Open No. 6-21054. 
0006. In the technique disclosed in Japanese Patent Laid 
Open No. 6-21054, a first polysilicon film is formed on the 
entire Surface of a Silicon Substrate having a field oxide film 
formed thereon. Thereafter, the first polysilicon film is 
polished to expose the field oxide film or leave the first 
polysilicon film having a predetermined thickness on the 
field oxide film, thereby planarizing the entire Structure. 
When the first polysilicon film is polished to expose the field 
oxide film, a Second polysilicon film is formed on the 
resultant Structure, and a resist pattern is formed on the 
second polysilicon film. When the first polysilicon film 
having a predetermined thickness is left on the field oxide 
film, a resist pattern is formed on the planarized first 
polysilicon film. In any case, the resist pattern is formed 
across a field region and an active region (element formation 
region) surrounded by the field region. With this structure, 
an extraordinary resist pattern formation due to variations of 
the exposure focal position is prevented. Consequently, the 
width of the gate electrode wiring can be Small-sized to 
almost the lowest exposure limit. 
0007 Japanese Patent Laid-Open No. 6-349826 discloses 
use of almost the same technique as that of Japanese Patent 
Laid-Open No. 6-21054, to flush gate electrode layer in the 
element formation region and gate wiring layer in the field 
region are formed to the Same level, thereby preventing 
etching into the Substrate upon etching the gate electrode 
wiring layer. 
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0008 Japanese Patent Laid-Open No. 4-62874 discloses 
a technique of preventing a mask displacement in gate 
electrode formation process, in which a gate electrode is 
deposited on the entire Surface of a Semiconductor Substrate 
including an element isolation oxide film with a gate oxide 
film intervened there between. The surface of the gate 
electrode is planarized to the Surface of the element isolation 
oxide film, So that the gate electrode is buried between 
adjacent element isolation oxide films. 
0009 Japanese Patent Laid-Open Nos. 5-335586 and 
5-129621 disclose a technique to improve information stor 
age capability of a nonvolatile Semiconductor device, in 
which a polysilicon film Serving as a floating gate is depos 
ited on the entire Surface of a Semiconductor Substrate 
having a filed oxide film. The polysilicon film is surface 
polished to remove Surface projections, and the polysilicon 
film is patterned into a floating gate having a predetermined 
shape. 
0010 Chemical mechanical polishing (CMP) as a pol 
ishing method is disclosed in Japanese Patent Laid-Open 
No. 62-102543 or 8-17831. 

0011 Japanese Patent Laid-Open No. 6-69352 discloses 
a technique in which gate electrodes formed on a gate oxide 
film are covered with an insulating film, a thick polysilicon 
film is formed to bury each gate electrode, and the Surface 
of the polysilicon film is etched back to expose the upper 
Surface of the insulating film which covers the gate elec 
trodes. In this case, the polysilicon film is Separated at a 
Separation width equal to the width of the gate electrode 
upon etching back the polysilicon film, So that polysilicon 
pads (pad polysilicon films) are formed. More specifically, 
the polysilicon pads are formed Such that the Separation 
width between adjacent polysilicon pads equals the width of 
the gate electrode. For this reason, the width of the gate 
electrode can be Small-sized to the lowest exposure limit. 
0012. A mask formation technique of forming a pattern 
having a width equal to or Smaller than the exposure limit is 
disclosed in, e.g., Japanese Patent Laid-Open No. 1-114041. 
More Specifically, a Silicon oxide film is formed on a Silicon 
Substrate to be patterned, and a photoresist having a pattern 
with a width as small as the exposure limit is formed on the 
Silicon oxide film. Subsequently, the Silicon oxide film is 
anisotropically etched using the photoresist as a mask to 
form a silicon oxide film having the same width as that of the 
photoresist pattern. The Silicon Substrate is dipped in dilute 
hydrofluoric acid to make the width of the silicon oxide film 
Smaller than the exposure limit, and the photoresist is 
removed. Thereafter, a new photoresist is formed to bury the 
Silicon oxide film. Etching is performed to expose the upper 
Surface of the silicon oxide film. The silicon Substrate is 
dipped again in dilute hydrofluoric acid to remove the 
Silicon oxide film. With these processes, a mask having a 
pattern with a separation width Smaller than the exposure 
limit is complete. 
0013 Japanese Patent Laid-Open No.8-70120 discloses 
a technique in which a stopper portion consisting of an oxide 
film which covers the upper and Side Surfaces of a gate 
electrode is formed, and an impurity diffusion region con 
Sisting of polysilicon is formed between the gate electrode 
and the element isolation region through the Stopper portion 
Serving as a Stopper. 
0014) Japanese Patent Laid-Open No. 6-13606 discloses 
a CMOS transistor having an 501 structure with two or more 
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Silicon layers, in which a common gate whose conductivity 
type changes from the first conductivity type to the Second 
conductivity type is formed, and this gate is Sandwiched 
between Silicon layerS having Sources/drains with gate oxide 
films intervened. 

0015) Japanese Patent Laid-Open No. 6-21473 discloses 
a technique of attaining high integration of SRAM memory 
cells. In this technique, a polysilicon film is deposited on an 
element active region including a LOGOS region (field 
oxide film) with a first gate oxide film intervened. The 
polysilicon film is polished using the LOGOS region as a 
Stopper to planarize the polysilicon film, thereby forming a 
lower gate. Next, a Second gate oxide film and an upper gate 
are Sequentially formed on the planarized LOGOS region 
and polysilicon film. 
0016 U.S. Pat. No. 5,422,289 discloses an art in which a 
field oxide film is formed through LOGOS process to fix an 
element active region, thereafter a gate electrode with its top 
face planarized and leading-out wirings from the gate and 
Source/drain are formed. 

0017 U.S. Pat. No. 5,292,683 and No. 5,397,908 disclose 
an art in which isolation trench formed in a Semiconductor 
Substrate is filled, thereafter an element isolation Structure 
with its upper portion projected on the Surface of the 
Substrate is formed by chemical mechanical polishing 
(CMP) process. 
0.018. However, the following problems are posed in gate 
electrode formation. 

0019. In the technique disclosed in Japanese Patent Laid 
Open No. 6-21054, the first polysilicon film can hardly be 
left to have a predetermined thickness on the field oxide film 
by polishing the first polysilicon film. In addition, when the 
first polysilicon film is polished using the field oxide film as 
a stopper, and thereafter, the Second polysilicon film is 
formed on the resultant Structure, two layers of polysilicon 
films constituting the gate electrode are formed. Projections 
are generated on the Surface of the first polysilicon film due 
to a Spontaneous oxide film or a transmutative Substance 
generated upon polishing and left between the first and 
Second polysilicon films. In addition, this technique requires 
an extra polishing process to the manufacturing processes 
and therefore cannot meet one of important requirements 
asSociated with manufacturing of the Semiconductor device, 
i.e., reduction of the number of processes. 
0020. Along with progresses in micropatterning and high 
integration of Semiconductor devices, pad polysilicon films 
for contact extraction are formed on the Source/drain of a 
MOS transistor to mainly modify the positional accuracy of 
contact holes on the Source/drain of the MOS transistor. This 
pad polysilicon films are electrically disconnected between 
the Source and the drain, as a matter of course, and therefore 
must be separated on the gate electrode. 
0021 However, when the width of the gate electrode 
wiring layer is reduced to the exposure limit, the resist 
pattern used to Separate the pad polysilicon films on the gate 
electrode has a width equal to or Smaller than the exposure 
limit, So the pad polysilicon films are hard to be patterned by 
photolithography processes. For this reason, conventionally, 
the width of the gate electrode wiring pattern cannot be 
reduced to the exposure limit, thus impeding micropattern 
ing of a Semiconductor device. 

Nov. 3, 2005 

0022. The technique disclosed in Japanese Patent Laid 
Open No. 1-114041 can be used to form the mask on the 
polysilicon film formed on the gate electrode wiring layer 
and form the pad polysilicon film having a width equal to or 
Smaller than the exposure limit on the basis of the mask 
pattern. However, the cumberSome processes as described 
above are required to form the mask. Additionally, after 
formation of the pad polysilicon film, the process of remov 
ing the mask is also needed. In this case, addition of the 
mask formation and removing processes largely increases 
the number of manufacturing processes, resulting in a Seri 
ous problem. 
0023 The technique disclosed in Japanese Patent Laid 
Open No. 870120 can be used to fill the polysilicon film in 
a Self-aligned manner between the gate on the element active 
region and the element isolation region. Actually, the gate is 
formed across the element active region and the element 
isolation region, So this technique cannot Sufficiently cope 
with this situation. 

0024. The technique disclosed in Japanese Patent Laid 
Open No.8-70120 can be applied to only a semiconductor 
device having an SOT structure and therefore cannot be used 
for wide application purposes. In addition, the SOT structure 
does not allow use of gates of the Same conductivity type. 
0025 Deep problems such as development of so called 
bird’s beak and penetration of field oxide into the element 
active region of the device occur in the process of the U.S. 
Pat. No. 5,422,289, in which an element isolation structure 
is constructed by a field oxide film formed by LOGOS 
proceSS. 

0026. A complex step to form a sacrificial layer and then 
to remove/2he layer can not be omitted in the process 
disclosed in the U.S. Pat. No. 5,292,683 and No. 5,397,908 
due to structural feature of the element isolation Structure. 

SUMMARY OF THE INVENTION 

0027. It is an object of the present invention to provide a 
Semiconductor device which increases the proceSS margin 
without being affected by close location of element isolation 
Structures or any other underlying Step and allows easy and 
proper formation of a desired gate electrode or various 
wiring layers, and a method of manufacturing the Same. 
0028. It is another object of the present invention to 
provide a Semiconductor device manufacturing method 
which can achieve further micropatterning of a gate elec 
trode and realize high integration by properly patterning a 
pad polysilicon film even when the width of the gate 
electrode wiring layer of, e.g., a MOS transistor is reduced 
to the exposure limit. 
0029. It is still another object of the present invention to. 
provide a Semiconductor device manufacturing method 
which can achieve further micropatterning of a Semiconduc 
tor device and realize high integration by patterning pad 
polysilicon films to have a separation width equal to or 
smaller than the exposure limit regardless of the width of the 
gate electrode wiring pattern of, e.g., a MOS transistor 
without any cumberSome processes or photolithography. 
0030. It is still another object of the present invention to 
provide a Semiconductor device, i.e., a nonvolatile Semicon 
ductor memory which enables a Storage deletion operation 
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using a field shield element isolation Structure in addition to 
a conventional Storage deletion operation. 

0031. It is still another object of the present invention to 
provide a Semiconductor device, i.e., a nonvolatile Semicon 
ductor memory in which an element isolation Structure and 
a floating gate electrode are formed in a Self-aligned manner 
to allow a large cell size reduction, and a method of 
manufacturing the Same. 

0032. It is still another object of the present invention to 
provide a semiconductor device having a CMOS structure 
which uses no special Semiconductor Substrate Such as an 
SQI structure to allow further integration on a flat structure 
with a Small occupied area, and a method of manufacturing 
the same. 

0.033 According to the present invention, there is pro 
Vided a Semiconductor device having a transistor with a gate, 
a Source, and a drain formed in an element active region 
demarcated by non-LOGOS insulating device isolation 
blocks (non-LOGOS element isolation structures) on a semi 
conductor Substrate, comprising at least two gates covered 
with insulating films and formed on the element active 
region to extend over the non-LOGOS insulating device 
isolation blocks, and a leading-out electrode filled between 
adjacent ones of the gates with the insulating films inter 
vened, wherein upper Surfaces of the gates are planarized at 
substantially the same level over the non-LOGOS insulating 
device isolation blocks and the element active region, and 
upper Surfaces of the insulating films and an upper Surface 
of the leading-out electrode are planarized at Substantially 
the same level. 

0034. According to another aspect of the present inven 
tion, there is provided a Semiconductor device, comprising 
a first Step structure portion formed at a predetermined level 
from a Surface of a reference layer, Second Step structure 
portions respectively formed on the first Step structure 
portion and the reference layer and functioning as non 
LOGOS insulating device isolation blocks for demarcating 
an element active region on the reference layer, and a first 
conductive film patterned on the element active region 
acroSS at least the Second Step structure portion on the 
reference layer, wherein an upper Surface of the first con 
ductive film is planarized Such that the upper Surface of the 
first conductive film and an upper Surface of the Second Step 
Structure portion to formed on Said first Step structure 
portion are formed at Substantially the Same level. 
0035. According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
prising partially formed Step Structures, at least two first 
conductive films patterned on a step structure nonformation 
region and bestriding over the Step Structures, first insulating 
films covering the first conductive films, and a Second 
conductive film filling between adjacent ones of the first 
conductive films with the first insulating films intervened, 
wherein upper Surfaces of the first conductive films are 
planarized at Substantially the same level over the Step 
Structures and the Step structure nonformation region, and 
upper Surfaces of the first insulating films and an upper 
Surface of the Second conductive film are planarized at 
Substantially the same level. 
0036). According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
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prising non-LOGOS insulating device isolation blocks for 
demarcating an element formation region on a Semiconduc 
tor substrate, the non-LOGOS insulating device isolation 
block being formed by burying a first conductive film in a 
first insulating film, Second conductive films filled, with 
intermediary of Second insulating films, between adjacent 
ones of the non-LOGOS insulating device isolation blocks 
on the Semiconductor Substrate, capacitively coupled to the 
first conductive film through a side Surface portion of the 
first insulating film, and Separated into an island shape in the 
element formation region, and a third conductive film pat 
terned into a Strip shape on the Second conductive film 
through a third insulating film and capacitively coupled to 
the Second conductive film. 

0037 According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
prising non-LOGOS insulating device isolation blocks for 
demarcating an element formation region on a Semiconduc 
tor substrate, the non-LOGOS insulating device isolation 
block being formed by burying a first conductive film in a 
first insulating film, a Second conductive film filled, with 
intermediary of Second insulating films, between adjacent 
ones of the non-LOGOS insulating device isolation blocks 
on the Semiconductor Substrate, and capacitively coupled to 
the first conductive film through a side Surface portion of the 
first insulating film. 
0038 According to still another aspect of the present 
invention, there is provided a semiconductor device com 
prising a Semiconductor region where a pair of first diffusion 
layers of a predetermined conductivity type are formed on 
Surface regions, a first layer having a conductive film 
patterned on the Semiconductor region with a first insulating 
film intervened, the first diffusion layers being formed on 
left and right Sides of the conductive film, a Second insu 
lating film formed on an upper Surface of the conductive 
film, a third insulating film covering Side Surfaces of the 
conductive film and the Second insulating film and pla 
narized Such that an upper Surface of the third insulating film 
and an upper Surface of the Second insulating film are 
formed on Substantially the same plane, and a Second layer 
patterned on the third insulating film including the upper 
Surface of the Second insulating film, in which a pair of 
Second diffusion layers of a predetermined conductivity type 
are formed in regions on both Sides of the Second insulating 
film Such that a region between the Second diffusion layers 
opposes the conductive film through the Second insulating 
film. 

0039. According to still another aspect of the present 
invention, there is provided a Semiconductor device having 
first and Second transistors which have a common gate, 
wherein the first transistor comprises the gate patterned on 
a Semiconductor Substrate with intermediary of a first gate 
insulating film, and first Source and drain formed in Surface 
regions of the Semiconductor Substrate on both Sides of the 
gate, the Second transistor comprises the gate, and Second 
Source and drain formed, on both sides of the gate, on a 
conductive film patterned on the gate with intermediary of a 
Second gate insulating film formed on an upper Surface of 
the gate, and an insulating interlayer is formed to cover Side 
Surfaces of the gate and the Second gate insulating film and 
planarized Such that an upper Surface of the insulating 
interlayer and the upper Surface of the Second gate insulating 
film are on Substantially the same plane, the conductive film 
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being formed on the insulating interlayer including the upper 
Surface of the Second gate insulating film. 

0040 According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
prising a first insulating film filled in a groove formed in a 
Semiconductor Substrate, first conductive films patterned, 
with intermediary of a Second insulating film, on at least a 
first insulating film nonformation region of the Semiconduc 
tor Substrate over the first insulating film nonformation 
region and the first insulating film, a third insulating film 
covering the first conductive film, a pair of diffusion layers 
formed in Surface regions of the Semiconductor Substrate on 
both sides of the first conductive film, and a Second con 
ductive film filled, with intermediary of the third insulating 
film, between adjacent ones of the first conductive films and 
connected to the diffusion layer, wherein upper Surfaces of 
the first conductive films are planarized acroSS the nonfor 
mation region and the first insulating film on Substantially 
the same plane, and an upper Surface of the third insulating 
film and an upper Surface of the Second conductive film are 
planarized on Substantially the same plane. 

0041 According to still another aspect of the present 
invention, there is provided a Semiconductor device in 
which a transistor having a gate, a Source, and a drain is 
formed in an element active region on a Semiconductor 
Substrate, comprising a non-LOCOS insulating device iso 
lation block formed by filling a first insulating film in a 
groove formed in the Semiconductor Substrate to demarcate 
the element active region on the Semiconductor Substrate, a 
Second insulating film covering the gate, and a leading-out 
electrode filled, with intermediary of the Second insulating 
film, between adjacent ones of the gates, having an upper 
Surface which is planarized to be on Substantially the same 
plane as that of an upper Surface of the Second insulating 
film, and connected to the Source or drain. 

0042. According to still another aspect of the present 
invention, there is provided a Semiconductor device in 
which first and Second transistors are Stacked, wherein the 
first transistor has a first gate patterned on a Semiconductor 
Substrate with intermediary of a first gate insulating film, and 
first Source and drain formed in Surface regions of the 
Semiconductor Substrate on both sides of the first gate, an 
insulating interlayer having an upper Surface is formed to 
cover the first gate, and the Second transistor includes a 
conductive film patterned on the insulating interlayer, and 
has a Second gate patterned on the conductive film through 
a Second gate insulating film and Second Source and drain 
formed in the conductive film on both sides of the second 
gate. 

0043. According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
prising a Semiconductor Substrate, an insulating film formed 
on the Semiconductor Substrate and having an opening for 
exposing a part of a Surface of the Semiconductor Substrate, 
a lower electrode patterned on the insulating film to bury the 
opening and having a planarized upper Surface, an upper 
electrode patterned on the lower electrode with intermediary 
of a dielectric film and capacitively coupled to the lower 
electrode, wherein another insulating film is formed to bury 
Sides of the lower electrode, the dielectric film and the upper 
electrode, the another insulating film being planarized to 
have a top Surface flushed with the top Surface of the upper 
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electrode. According to the present invention, there is pro 
Vided a method of manufacturing a Semiconductor device, 
comprising a first Step for patterning a first insulating film on 
a reference layer, a Second Step for forming Step structure 
portions respectively on the first insulating film and the 
reference layer, a third step for depositing a first conductive 
film on an entire Surface of the reference layer including the 
Step structure portions on the first insulating film to bury the 
Step structure portions in the first conductive film, a fourth 
Step for polishing the first conductive film using the Step 
Structure portions on the first insulating film as StopperS until 
Surfaces of the Step structure portions on the first insulating 
film are exposed, and the fifth Step of patterning the first 
conductive film to form a predetermined pattern consisting 
of the first conductive film on the reference layer and the 
Step structure portions. 

0044 According to another aspect of the present inven 
tion, there is provided a method of manufacturing a Semi 
conductor device, comprising a first Step for forming a 
groove portion in a Semiconductor Substrate Serving as a 
reference layer, a Second Step for forming a step structure 
portion having a height Smaller than a depth of the groove 
portion on a bottom Surface in the groove portion, a third 
Step for depositing a first conductive film on an entire 
Surface of the Semiconductor Substrate including the groove 
portion to bury the Step Structure portion in the first con 
ductive film, a fourth Step for polishing the first conductive 
film using the Semiconductor Substrate around the groove 
portion as a stopper until a Surface of the Semiconductor 
Substrate is exposed, and a fifth Step for patterning the first 
conductive film to form a predetermined pattern of the first 
conductive film on the bottom Surface in the groove portion 
and on the Step structure portion. 

0045 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising the Steps of forming 
non-LOGOS insulating device isolation blocks in element 
isolation regions on a Semiconductor Substrate, forming a 
first insulating film on a Surface of the Semiconductor 
Substrate in an element formation region Surrounded and 
demarcated by the non-LOGOS insulating device isolation 
blocks, forming a first conductive film on an entire Surface 
of the Semiconductor Substrate including the first insulating 
film to a thickness for burying the non-LOCOS insulating 
device isolation blocks, polishing the first conductive film to 
leave the first conductive film having a predetermined 
thickness on the non-LOGOS insulating device isolation 
block and planarize a Surface of the first conductive film, 
forming a Second insulating film on the planarized first 
conductive film, patterning the Second insulating film and 
the first conductive film to form patterns each consisting of 
the Second insulating film and the first conductive film on the 
element formation region and the non-LOGOS insulating 
device isolation blocks, forming a third insulating film on a 
side surface of at least the first conductive film of the pattern 
and removing the first insulating film between the patterns, 
forming a Second conductive film on an entire Surface of the 
Semiconductor Substrate including a Space between the 
patterns from which the first insulating film is removed to a 
thickness for burying the Space between the patterns, and 
polishing the Second conductive film until the Second insu 
lating film of the pattern is exposed. 
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0.046 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising the Steps of forming 
non-LOGOS insulating device isolation blocks in element 
isolation regions on a Semiconductor Substrate, forming a 
first insulating film on a Surface of the Semiconductor 
Substrate in an element formation region Surrounded and 
demarcated by the non-LOGOS insulating device isolation 
blocks, forming a first conductive film on an entire Surface 
of the Semiconductor Substrate including the first insulating 
film to a thickness for burying the non-LOGOS insulating 
device isolation blocks, polishing the first conductive film to 
planarize a Surface of the first conductive film using the 
non-LOGOS insulating device isolation blocks as Stoppers, 
forming a Second conductive film on an entire Surface of the 
semiconductor Substrate including the non-LOGOS insulat 
ing device isolation blocks, forming a Second insulating film 
on the Second conductive film, patterning the Second insu 
lating film and the first and Second conductive films to form 
patterns each consisting of the Second insulating film and the 
first and Second conductive films on the element formation 
region and the non-LOGOS insulating device isolation 
blocks, forming a third insulating film on Side Surfaces of at 
least the first and Second conductive films of the pattern and 
removing the first insulating film between the patterns, 
forming a third conductive film on an entire Surface of the 
Semiconductor Substrate including a Space between the 
patterns from which the first insulating film is removed, to 
a thickness to fill the Space between the patterns, and 
polishing the third conductive film until the Second insulat 
ing film of the pattern is exposed. 
0047 According to still another aspect of the present 
invention, there is provided a method. of manufacturing a 
Semiconductor device having a transistor with a gate, a 
Source, and a drain, comprising Steps of covering the gate 
with an insulating film, forming a conductive film consti 
tuting a part of a leading-out electrode of the Source or drain 
to cover an upper portion of the insulating film, and polish 
ing the conductive film until the upper portion of the 
insulating film is exposed. 
0.048. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising Steps of forming a first 
insulating film on a Surface of a Semiconductor SubStrate in 
an element formation region Surrounded and demarcated by 
non-LOGOS insulating device isolation blocks formed in 
element isolation regions on the Semiconductor Substrate, 
forming a first conductive film on an entire Surface of the 
Semiconductor Substrate including the first insulating film to 
a thickness for burying the non-LOGOS insulating device 
isolation blocks, removing a part of the first conductive film 
to leave the first conductive film having a predetermined 
thickness on the non-LOGOS insulating device isolation 
block and planarize a Surface of the first conductive film, 
forming a Second insulating film having an acid resistance 
on the planarized first conductive film, forming a third 
insulating film on the Second insulating film, patterning the 
Second and third insulating films and the first conductive 
film to form patterns each consisting of the Second and third 
insulating films and the first conductive film on the element 
formation region and the non-LOGOS insulating device 
isolation blocks, forming a fourth insulating film having an 
acid resistance on a Side Surface of at least the first conduc 
tive film of the pattern and removing the first insulating film 
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between the patterns, cleaning the third insulating film of the 
pattern to reduce a width of the third insulating film, forming 
a Second conductive film on an entire Surface of the Semi 
conductor Substrate including a Space between the patterns 
from which the first insulating film is removed, to a thick 
neSS to bury the patterns, and polishing the Second conduc 
tive film until the third insulating film of the pattern is 
exposed. 
0049 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising the Steps of forming a 
first insulating film on a Surface of a Semiconductor Substrate 
in an element formation region Surrounded and demarcated 
by non-LOGOS insulating device isolation blocks formed in 
element isolation regions on the Semiconductor Substrate, 
forming a first conductive film on an entire Surface of the 
Semiconductor Substrate including the first insulating film to 
a thickness for burying the non-LOGOS insulating device 
isolation blocks, polishing the first conductive film using the 
non-LOGOS insulating device isolation blocks as Stoppers 
to planarize a Surface of the first conductive film, forming a 
Second conductive film on an entire Surface of the Semicon 
ductor Substrate including the non-LOGOS insulating 
device isolation blocks, forming a Second insulating film 
having an acid resistance on the Second conductive film, 
forming a third insulating film on the Second insulating film, 
patterning the Second and third insulating films and the first 
and Second conductive films to form patterns each consisting 
of the Second and third insulating films and the first and 
Second conductive films on the element formation region 
and the non-LOGOS insulating device isolation blocks, 
forming a fourth insulating film having an acid resistance on 
Side Surfaces of at least the first and Second conductive films 
of the pattern and removing the first insulating film between 
the patterns, cleaning the third insulating film of the pattern 
using an acid Solution to reduce a width of the third 
insulating film, forming a third conductive film on an entire 
Surface of the Semiconductor Substrate including a Space 
between the patterns from which the first insulating film is 
removed, to a thickness for burying the patterns, and pol 
ishing the third conductive film until the third insulating film 
of the pattern is exposed. 
0050. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising a first Step for patterning 
a first conductive film on a Semiconductor Substrate with 
intermediary of a first insulating film and forming the first 
insulating film to cover the first conductive film to bury the 
first conductive film in the first insulating film, thereby 
forming non-LOGOS insulating device isolation blocks on 
the Semiconductor Substrate to demarcate an element for 
mation region, a Second Step for forming a Second insulating 
film on the Semiconductor Substrate in the element formation 
region, a third Step for filling a Second conductive film, with 
intermediary of the Second insulating film, between adjacent 
ones of the non-LOGOS insulating device isolation blocks 
on the Semiconductor Substrate, a fourth Step for Sequen 
tially depositing a third insulating film and a third conduc 
tive film on an entire surface of the non-LOGOS insulating 
device isolation blocks and the Second conductive film, and 
a fifth step for patterning the third conductive film, the third 
insulating film, the Second conductive film, and the Second 
insulating film to form the third conductive film and the third 
insulating film into a Strip shape and remove the Second 
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conductive film and the Second insulating film between 
adjacent ones of the third conductive films. 
0051. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising Steps of forming a first 
insulating film on a step Structure nonformation region on a 
Semiconductor Substrate having a step structure, forming a 
first conductive film on an entire Surface including the Step 
Structure, polishing the first conductive film using an upper 
Surface of the Step Structure as a stopper to planarize a 
Surface of the first conductive film, patterning the planarized 
first conductive film, to leave the first conductive film into 
a predetermined shape in the nonformation region, doping a 
first impurity in Surface regions of the Semiconductor Sub 
strate on both sides of the first conductive film to form a pair 
of first diffusion layers, forming a Second insulating film on 
an entire Surface including the Step structure and the first 
conductive film, polishing the Second insulating film using 
the upper Surface of the first conductive film as a stopper to 
planarize a Surface of the Second insulating film, thermally 
oxidizing the upper Surface of the first conductive film to 
form a third insulating film, patterning a Second conductive 
film on the Second insulating film including the third insu 
lating film, and doping a Second impurity in the Second 
conductive film on both Sides of a predetermined portion to 
form a pair of Second diffusion layers except the predeter 
mined portion on the Second conductive film positioned on 
the third insulating film. 
0.052 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising Steps of forming a first 
insulating film in a step structure nonformation region on a 
Semiconductor Substrate having a step structure, forming 
first conductive film on an entire Surface including the Step 
Structure, polishing the first conductive film using an upper 
Surface of the Step Structure as a stopper to planarize a 
Surface of the first conductive film, forming a Second con 
ductive film on the planarized first conductive film, pattern 
ing the first and Second conductive films into a predeter 
mined shape to leave the first and Second conductive films 
in the Step structure nonformation region and leave only the 
Second conductive film on the Step structure, doping a first 
impurity in Surface regions of the Semiconductor Substrate 
on both sides of the first and second conductive films to form 
a pair of diffusion layers, forming a Second insulating film 
on an entire Surface including the Step structure and the 
Second conductive film, polishing the Second insulating film 
using an upper Surface of the Second conductive film to 
planarize a Surface of the Second insulating film, thermally 
oxidizing the upper Surface of the Second conductive film to 
form a third insulating film, patterning a third conductive 
film on the Second insulating film including the third insu 
lating film, and doping a Second impurity in the third 
conductive film on both Sides of a predetermined portion to 
form a pair of Second diffusion layers except the predeter 
mined portion on the third conductive film positioned above 
the third insulating film. 
0.053 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device having a first transistor and a Second 
transistor having a Second Source and a Second drain, the 
first and Second transistors having a common gate, compris 
ing Steps of patterning the gate on a Semiconductor Substrate 
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with intermediary of a first gate insulating film and doping 
a first impurity in Surface regions of the Semiconductor 
Substrate on both sides of the gate to form a first Source and 
a first drain, for constituting the first transistor, forming an 
insulating interlayer to cover the first transistor and polish 
ing the insulating interlayer using the gate as a stopper to 
planarize a Surface of the insulating interlayer, thermally 
oxidizing an exposed upper Surface of the gate to form a 
Second gate insulating film, and patterning a conductive film 
on the insulating interlayer including the Second gate insu 
lating film and doping a Second impurity in the conductive 
film while masking a portion of the conductive film posi 
tioned above the Second gate insulating film to form the 
Second Source and the Second drain, thereby constituting the 
Second transistor. 

0054 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device having a first transistor and a Second 
transistor having a Second Source and a Second drain, the 
first and Second transistors having a common gate, compris 
ing the Steps of forming non-LOGOS insulating device 
isolation blocks for demarcating an element active region on 
a Semiconductor Substrate, forming a first gate oxide film on 
a Surface of the element active region, forming a first 
conductive film on an entire Surface including the non 
LOGOS insulating device isolation blocks, patterning the 
first conductive film to form the first conductive film into a 
predetermined shape in the element active region and to 
leave an upper portion of the first conductive film on the 
non-LOGOS insulating device isolation block, for forming 
the gate, doping a first impurity in Surface regions of the 
Semiconductor Substrate on both sides of the gate in the 
element active region to form a first Source and a first drain, 
for constituting the first transistor, forming an insulating 
interlayer to cover the first transistor and polishing the 
insulating interlayer using the gate as a Stopper to planarize 
a Surface of the insulating interlayer, thermally oxidizing an 
exposed upper Surface of the gate to form a Second gate 
insulating film, and patterning a Second conductive film on 
the insulating interlayer including the Second gate insulating 
film and doping a Second impurity in the conductive film 
while masking a portion of the Second conductive film 
positioned above the Second gate insulating film to form the 
Second Source and the Second drain, for constituting the 
Second transistor. 

0055 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device comprising a first Step for Sequentially 
forming a first insulating film and a first conductive film on 
a Semiconductor Substrate, a Second Step for patterning the 
first conductive film, the first insulating film, and the Semi 
conductor Substrate to form a groove from the first conduc 
tive film to a predetermined depth of the Semiconductor 
Substrate, a third Step for forming a Second insulating film on 
an entire Surface to cover an inner wall of the groove, a 
fourth Step for forming a third insulating film on an entire 
Surface including the groove, a fifth Step for polishing the 
third insulating film to planarize the third insulating film 
until the first conductive film is exposed and filling the third 
insulating film in the groove, a sixth Step for Sequentially 
forming a Second conductive film and a fourth insulating 
film on an entire Surface including the planarized third 
insulating film, a Seventh Step for patterning the fourth 
insulating film, the Second conductive film, the first conduc 
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tive film, and the first insulating film to form a pattern 
consisting of the first insulating film, the first conductive 
film, the Second conductive film, and the fourth insulating 
film into a predetermined shape in at least a groove nonfor 
mation region on the Semiconductor Substrate, an eighth Step 
for forming a fifth insulating film on Side Surfaces of at least 
the first and Second conductive films, a ninth Step for 
forming a third conductive film on an entire Surface includ 
ing a Space between the first and Second conductive films 
adjacent to each other with intermediary of the fifth insu 
lating film, and a tenth Step for polishing the third conduc 
tive film to planarize the third conductive film until the 
fourth insulating film is exposed and filling the third con 
ductive film, with intermediary of the fifth insulating film, 
between the first and Second conductive films adjacent to 
each other. 

0056 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device comprising a first Step for forming a 
first gate insulating film on a Surface of a Semiconductor 
Substrate, a Second Step for patterning a first gate on the first 
gate insulating film, a third Step for doping a first impurity 
in Surface regions of the Semiconductor Substrate on both 
Sides of the first gate to form a pair of first impurity diffusion 
layers, a fourth Step for forming an insulating interlayer to 
cover the first gate and polishing the insulating interlayer to 
planarize a Surface of the insulating interlayer, a fifth Step for 
patterning a conductive film on the insulating interlayer, a 
Sixth Step for forming a Second gate insulating film on a 
Surface of the conductive film, a Seventh Step for patterning 
a Second gate on the Second gate insulating film, and an 
eighth Step for doping a Second impurity in Surface regions 
of the, conductive film on both sides of the Second gate to 
form a pair of Second impurity diffusion layers. 
0057 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising a first Step for forming 
non-LOGOS insulating device isolation blocks for demar 
cating an element active region on a Semiconductor Sub 
Strate, a Second step for forming a first gate insulating film 
on a Surface of the element active region, a third Step for 
forming a first conductive film on an entire Surface including 
the non-LOGOS insulating device isolation blocks, a fourth 
step for patterning the first conductive film to form the first 
conductive film into a predetermined shape in the element 
active region with intermediary of the first gate insulating 
film and leave an upper portion of the first conductive film 
on the non-LOGOS insulating device isolation block, for 
forming a first gate, a fifth Step for doping a first impurity in 
Surface regions of the Semiconductor Substrate on both sides 
of the first gate in the element active region to form a pair 
of first impurity diffusion layers, a sixth Step for forming an 
insulating interlayer to cover the first gate and polishing the 
insulating interlayer to planarize a Surface of the insulating 
interlayer, a Seventh Step for pattering a Second conductive 
film on the insulating interlayer including the Second gate 
insulating film, an eighth Step for forming a Second gate 
insulating film on a Surface of the Second conductive film, a 
ninth Step for forming a third conductive film on the Second 
gate insulating film and patterning the third conductive film 
to form a Second gate, and a tenth Step for doping a Second 
impurity in Surface regions of the conductive film on both 
Sides of the Second gate to form a pair of Second impurity 
diffusion layers. 
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0058 According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device comprising Steps of forming an insu 
lating film on a Semiconductor Substrate, forming an open 
ing in the insulating film to expose a part of a Surface of the 
Semiconductor Substrate, forming a first conductive film on 
the insulating film to fill the opening, polishing a Surface of 
the first conductive film to planarize the first conductive 
film, Sequentially forming a dielectric film and a Second 
conductive film on the planarized first conductive film, 
Simultaneously patterning the Second conductive film, the 
dielectric film, and the first conductive film into a capacitor 
shape, forming an insulating film to cover the Second 
conductive film, the dielectric film and the first conductive 
film, respectively patterned into the capacitor shape, and 
polishing the insulating film using the Second conductive 
film as a stopper to planarizi, until the Surface of the Second 
conductive film is exposed. 
0059. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device, comprising Steps of forming non 
LOGOS insulating device isolation blocks in an element 
isolation region on a Semiconductor Substrate, forming a first 
insulating film on a Surface of the Semiconductor Substrate 
in an element formation region Surrounded and demarcated 
by the non-LOGOS insulating device isolation blocks, form 
ing a first conductive film on an entire Surface of the 
Semiconductor Substrate including the first insulating film to 
a thickness to bury the non-LOGOS insulating device iso 
lation blocks, polishing the first conductive film using the 
non-LOGOS insulating device isolation blocks as Stoppers 
to planarize a Surface of the first conductive film, forming an 
underlayer consisting of a refractory metal on an entire 
Surface of the Semiconductor Substrate including the non 
LOGOS insulating device isolation blocks, forming a sili 
cide film on the underlayer, forming a Second insulating film 
on the Silicide film, and patterning the Second insulating 
film, the Suicide film, the underlayer, and the first conductive 
film to form a pattern consisting of the first conductive film, 
the underlayer, the Silicide film, and the Second insulating 
film on the element formation region and the non-LOGOS 
insulating device isolation blockS. 
0060 According to the present invention, there is pro 
Vided a method of deleting information from a Semiconduc 
tor device, in use of the Semiconductor device comprising 
non-LOGOS insulating device isolation blocks for demar 
cating element active regions on a Semiconductor Substrate, 
wherein Said device comprising a first conductive film 
buried in a first insulating film, a Second conductive film 
formed into an island shape in the element active region and 
filled with intermediary of Second insulating films, in the 
region between the non-LOGOS insulating device isolation 
blocks in the element active region between adjacent ones of 
the non-LOGOS insulating device isolation blocks, and a 
third conductive film formed on the second conductive film 
to oppose the Second conductive film with intermediary of a 
third insulating film, wherein the Second conductive film is 
capacitively coupled to the third conductive film through the 
third insulating film, and capacitively coupled to the first 
conductive film through a side Surface portion of the first 
insulating film, the method comprising a step of applying a 
first voltage having a negative value to the first conductive 
film and a Second Voltage higher than the first voltage to the 
third conductive film to accumulate predetermined charges 
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in the second conductive film, to shift a threshold value 
viewed from the third conductive film in a positive direction 
for deleting information. 
0061 According to still another aspect of the present 
invention, there is provided a Semiconductor device having 
a transistor with a gate, a Source, and a drain formed in an 
element active region demarcated by element isolation Struc 
tures on a Semiconductor Substrate, comprising at least two 
gate Structures each including Said gate covered with insu 
lating film and formed on the element active region to extend 
over the element isolation Structures, and a leading-out 
electrode filled between adjacent ones of the gate Structures, 
wherein upper Surfaces of the gate Structures are planarized 
at Substantially the same level over the element isolation 
Structures and the element active region, and upper Surfaces 
of the insulating films and an upper Surface of the leading 
out electrode are planarized at Substantially the same level. 
0.062 According to still another aspect of the present 
invention, there is provided a Semiconductor device com 
prising a first Step Structure portion made of a Silicon film 
formed at a predetermined level from a Surface of a Semi 
conductor Substrate, a Second Step structure portions respec 
tively formed on the first Step structure portion and on the 
Semiconductor Substrate, the Second step structure portion 
on the Semiconductor Substrate Serving as a field oxide film 
for demarcating element active regions, and conductive 
films patterned in the element active region to span over at 
least the Second step structure portion on the Semiconductor 
Substrate, wherein upper Surfaces of the conductive films are 
planarized at Substantially the same level. 

0.063. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device comprising a first Step for patterning 
a Silicon film on a Semiconductor Substrate, a Second Step for 
applying field oxidation on the Silicon film and the Semi 
conductor Substrate to form a field oxide film, a third step for 
depositing a conductive film on entire Surface of the Semi 
conductor Substrate including the field oxide film on the 
silicon film, to bury the field oxide film within the conduc 
tive film, a fourth step for polishing the conductive film with 
using the field oxide film on the Silicon film as a stopper until 
the Surface of the field oxide film is exposed, and a fifth step 
for patterning the conductive film to form a predetermined 
pattern of the conductive film on the Semiconductor Sub 
strate and on the field oxide film formed on the semicon 
ductor Substrate. 

0064. In the method of manufacturing the semiconductor 
device of the present invention, the first insulating film is 
patterned on the reference layer (e.g., a semiconductor 
substrate) in the first step. When a semiconductor substrate 
is used as the reference layer, an insulating layer patterned 
on the Semiconductor Substrate in formation of Wells in 
Surface regions of the Semiconductor Substrate may be 
commonly used as the first insulating film. In this case, the 
first insulating film is formed in a region including the 
Scribing line of the Semiconductor Substrate. In the Second 
Step, using formation of the step structure portions (e.g., 
element isolation Structures) on the reference layer, the Step 
Structure portions are formed not only on the reference layer 
but also on the first insulating film. In the third step, the first 
conductive film is deposited to bury the Step structure 
portions. In the fourth step, the first conductive film is 
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polished using the Step Structure portion on the first insu 
lating film as a stopper until the Surface of the Step structure 
portion is exposed Such that the upper Surface of the first 
conductive film is flush with the upper surface of the step 
Structure portion on the first insulating film. At this time, the 
conductive film which covers each Step Structure portion 
consists of a single layer of the first conductive film. In the 
fifth Step, the first conductive film is patterned using a resist 
by photolithography. Since no Step portions are present 
around the first conductive film, the resist can be prevented 
from being thinned due to Step portions. In addition, Since 
the first conductive film consists of a single layer of the 
conductive film, the conductive film can be easily and 
properly patterned into a desired shape. 

0065. In the method of manufacturing the semiconductor 
device of the present invention, a Semiconductor Substrate is 
used as the reference layer, and the first insulating film is 
formed on the Scribing line region of the Semiconductor 
substrate. When the scribing line region which does not 
contribute to formation of a Semiconductor element in a 
normal State is used to planarize the polysilicon film and the 
planarized polysilicon film is patterned. Since no StepS are 
present in the periphery in patterning, the resist can be 
prevented from being thinned, and the gate electrode can be 
easily and properly patterned into a desired shape. 

0066. In the method of manufacturing the semiconductor 
device of the present invention, using the same technique 
disclosed in the above-described Japanese Patent Laid-Open 
No. 6-21054 or 8-349826, the pattern of the second insu 
lating film and the first conductive film (or the first and 
Second conductive films) in the element formation region, 
which is flush with that in the element isolation region and 
Serves as, e.g., the gate electrode wiring layer, is formed. 
Next, the second conductive film (or the third conductive 
film) Serving as, e.g., a pad polysilicon film formed on the 
entire Surface to bury the pattern is polished using the Second 
insulating film as the cap insulating film of the pattern as a 
Stopper until the Second insulating film is exposed. With 
these processes, the pattern of the Second conductive film (or 
the third conductive film), i.e., the pad polysilicon film 
properly Separated on the pattern of, e.g., the gate electrode 
wiring layer can be formed. 

0067. As described above, in the method of manufactur 
ing the Semiconductor device of the present invention, 
photolithography is not used to Separate the Second conduc 
tive film (or the third conductive film) Serving as, e.g., a pad 
polysilicon film on the pattern of the Second insulating film 
and the first conductive film (or the first and Second con 
ductive films) as, e.g., the gate electrode wiring layer. For 
this reason, the width of the pattern of the Second insulating 
film and the first conductive film (or the first and second 
conductive films) as, e.g., the gate electrode wiring layer can 
be reduced to the Substantial exposure limit in photolithog 
raphy. 

0068. In the method of manufacturing the semiconductor 
device of the present invention, after a pattern consisting of 
the Second and third insulating films and the first conductive 
film (or the Second and third insulating films and the first and 
Second conductive films) and Serving as, e.g., a gate elec 
trode pattern is formed, the fourth insulating film is formed 
on a Side wall corresponding to at least the first conductive 
film (or the first and second conductive films) of the pattern. 
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At this time, the portion of the first conductive film (or the 
first and second conductive films) is surrounded by the 
Second and fourth insulating films. Next, the, third insulating 
film on the Second insulating film of this pattern is cleaned 
with an acid solution to make the width of the third insu 
lating film Smaller than that of the Second insulating film and 
the first conductive film (or the Second insulating film and 
the first and second conductive films). Thereafter, the second 
conductive film (or the third conductive film) Serving as, 
e.g., a pad polysilicon film is formed on the entire Surface of 
the Semiconductor Substrate including the Space between the 
patterns from which the first insulating film is removed to a 
thickness for burying the pattern. The Second conductive 
film (or the third conductive film) is polished until the third 
insulating film of this pattern is exposed. With these pro 
cesses, the pattern of the Second conductive film (or the third 
conductive film) Serving as, e.g., a pad polysilicon film 
properly Separated by the third insulating film can be 
formed. 

0069 More specifically, when the pattern consisting of 
the Second and third insulating films and the first conductive 
film (or the Second and third insulating films and the first and 
second conductive films) is formed such that the width of the 
pattern almost equals the exposure limit value, the width of 
the third insulating film cleaned with the acid Solution is 
Smaller than the exposure limit value. Therefore, the Second 
conductive film (or the third conductive film) separated by 
the third insulating film and formed into a predetermined 
pattern has a separation width Smaller than the exposure 
limit value. 

0070 AS described above, according to the method of 
manufacturing the Semiconductor device of the present 
invention, even when the width of the pattern Serving as, 
e.g., the gate electrode wiring layer is reduced to the 
Substantial exposure limit in photolithography, the Second 
conductive film (or the third conductive film) can be sepa 
rated without using photolithography to form, e.g., a pad 
polysilicon film having a separation width Smaller than the 
exposure limit value. 
0071. In the semiconductor device of the present inven 
tion, the Second conductive film filled between the adjacent 
element isolation Structures is arranged to oppose the first 
conductive film, buried in the element isolation Structure and 
functioning as a Shield plate electrode, with intermediary of 
the side surface portion of the first insulating film which 
covers the first conductive film. In addition, the third con 
ductive film is formed on the second conductive film with 
intermediary of the third insulating film. When the first 
conductive film is to be function as the shield plate elec 
trode, the potential of the first conductive film is set at 0 (V), 
and the Semiconductor Substrate corresponding to the ele 
ment isolation structure is fixed at 0 (v). With this arrange 
ment, element isolation is attained. However, a Voltage of 0 
V or less can be applied to the first conductive film. When 
the Second conductive film is to function as a floating gate 
electrode, and the third conductive film is to function as a 
control gate electrode (word line), a predetermined negative 
Voltage is applied to the first conductive film to flow a tunnel 
current between the first conductive film and the second 
conductive film through the side surface portion of the first 
insulating film. With this arrangement, the first conductive 
film can be used not only as the shield plate electrode but 
also as a write/erase electrode. 

Nov. 3, 2005 

0072. In the method of manufacturing the semiconductor 
device of the present invention, in the first Step and Subse 
quent Second step, the Second insulating films Serving as, 
e.g., tunnel insulating films are respectively formed on the 
(field Shield) element isolation structures and the Semicon 
ductor Substrate between the element isolation Structures. 
Thereafter, in the third step, the second conductive film 
Serving as, e.g., a floating gate electrode is filled, with 
intermediary of the Second insulating film, on the Semicon 
ductor Substrate between the adjacent element isolation 
Structures. In the fourth Step, the third insulating film Serving 
as, e.g., a dielectric film and the third conductive film 
Serving as, e.g., a control gate electrode (word line) are 
Sequentially deposited on the entire Surface of the element 
isolation Structures and the Second conductive film. In the 
fifth step, the third conductive film, the third insulating, film, 
the Second conductive film, and the Second insulating film 
are patterned. At this time, the Second conductive film 
opposes the third conductive film through the third insulat 
ing film and also opposes the first conductive film through 
the Side Surface portion of the first insulating film. 
0073. In the method of manufacturing the semiconductor 
device of the present invention, in the third step, the depos 
ited Second conductive film is Surface-polished using the 
first insulating film of the element isolation Structure as a 
Stopper. Therefore, e.g., a floating gate electrode which is 
properly Separated by the first insulating film of the element 
isolation Structure can be formed in a Self-aligned manner. 
0074 As described above, according to the method of 
manufacturing the Semiconductor device of the present 
invention, photolithography is not used to Separate the 
Second conductive film Serving as, e.g., a floating gate 
electrode on the pattern of the element isolation Structure. 
For this reason, the width of the pattern of the first conduc 
tive film as the shield plate electrode of the element isolation 
Structure can be reduced to the Substantial exposure limit in 
photolithography. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0075 FIGS. 1A to 1K are schematic sectional and plan 
ViewS showing Steps in manufacturing a MOS transistor 
according to the first embodiment; 
0.076 FIGS. 2A to 2D are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the Second embodiment; 
0077 FIG. 3 is a schematic sectional view showing a 
case wherein an element isolation Structure is formed as a 
field oxide film by LOGOS; 
0078 FIGS. 4A to 4G are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the third embodiment; 
007.9 FIG. 5 is a schematic plan view showing the MOS 
transistor of the third embodiment; 
0080 FIG. 6 is a schematic sectional view showing a 
case wherein an element isolation Structure is formed as a 
field oxide film by LOGOS; 
0081 FIGS. 7A to 7E are schematic sectional views 
showing Steps in forming a structure near an upper wiring 
layer of a MOS transistor according to a modification of the 
third embodiment; 
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0082 FIGS. 8A to 8E are schematic sectional views 
showing Steps in forming a structure near a memory capaci 
tor in DRAM formation of a MOS transistor according to a 
modification of the third embodiment; 

0083 FIGS. 9A to 9D are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the fourth embodiment; 

0084 FIGS. 10A to 10K are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the fifth embodiment; 

0085 FIGS. 11A to 11H are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to a modification of the fifth embodiment; 

0.086 FIG. 12 is a schematic plan view showing the 
structure of an EEPROM according to the sixth embodi 
ment, 

0.087 FIG. 13 is a schematic sectional view taken along 
a line A-A in FIG. 12; 

0088 FIG. 14 is a schematic sectional view taken along 
a line B-B' in FIG. 12; 

0089 FIG. 15 is a schematic sectional view taken along 
a line C-C" in FIG. 12; 

0090 FIGS. 16A to 16C are schematic plan and sectional 
views showing a step in manufacturing the EEPROM 
according to the Sixth embodiment, 

0091 FIGS. 17A to 17C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM-according to the sixth embodiment in 
FIGS. 16A to 16C; 

0092 FIGS. 18A to 18C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the sixth embodiment in 
FIGS. 17A to 17C; 

0093 FIGS. 19A to 19C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the sixth embodiment in 
FIGS. 18A to 18C; 

0094 FIGS. 20A to 20O are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the sixth embodiment in 
FIGS. 19A to 19C; 

0.095 FIGS. 21A to 2hCare schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the sixth embodiment in 
FIGS. 20A to 20O; 

0096 FIGS. 22A to 22M are schematic sectional views 
showing Steps in manufacturing a CMOS transistor accord 
ing to the Seventh embodiment; 

0097 FIG. 23 is a schematic sectional view showing a 
case wherein an element isolation Structure is formed as a 
field oxide film by LOGOS; 

0.098 FIG. 24 is a schematic sectional view showing a 
CMOS transistor according to the first modification of the 
Seventh embodiment; 
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0099 FIGS. 25A to 25J are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the second modification of the seventh embodiment; 

0100 FIGS. 26A to 26H are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the eighth embodiment; 
0101 FIG. 27 is a schematic plan view showing the 
structure of an EEPROM according to the ninth embodi 
ment, 

0102 FIG. 28 is a schematic sectional view taken along 
a line A-A in FIG. 27; 

0.103 FIG. 29 is a schematic sectional view taken along 
a line B-B' in FIG. 27; 

0104 FIG. 30 is a schematic sectional view taken along 
a line C-C" in FIG. 27; 

0105 FIGS.31A to 31C are schematic plan and sectional 
views showing a step in manufacturing the EEPROM 
according to the ninth embodiment; 
0106 FIGS. 32A to 32C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the ninth embodiment 31A to 
31C: 

0107 FIGS. 33A to 33C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the ninth embodiment in 
FIGS. 32A to 32C; 

0108 FIGS. 34A to 34C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the ninth embodiment 33A to 
33C; 

0109 FIGS. 35A to 35C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the ninth embodiment in 
FIGS. 34A to 34C; 

0110 FIGS. 36A to 36C are schematic plan and sectional 
ViewS showing a Step Subsequent to the Step in manufactur 
ing the EEPROM according to the ninth embodiment in 35A 
to 35C; 

0111 FIGS. 37A to 37H are schematic sectional views 
showing Steps in manufacturing a MOS transistor according 
to the 10th embodiment; and 

0112 FIGS. 38A and 38B are schematic sectional views 
showing Steps in manufacturing the MOS transistor accord 
ing to the 10th embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

0113. The first embodiment will be described first. In the 
first embodiment, an example in which the present invention 
is applied to a MOS transistor will be described. In the first 
embodiment, the structure of the MOS transistor and a 
manufacturing method therefore will be described together. 
FIGS. 1A to 1J are schematic sectional views showing steps 
in manufacturing the MOS transistor. 
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0114. An element isolation structure is formed in an 
element isolation region on a p-type Silicon Semiconductor 
substrate by a so-called field shield element isolation 
method, thereby demarcating an element formation region. 
0115 More specifically, as shown in FIG. 1A, a silicon 
oxide film 2, a polysilicon film 3, and a silicon oxide film 4 
are formed on a p-type Silicon Semiconductor Substrate 1 to 
thicknesses of, e.g., about 50 nm, 200 nm, and 200 nm, 
respectively. A silicon nitride film 316 having a thickness of 
about 200 nm may be formed on the entire surface of the 
silicon oxide film 4 by CVD process. 
0116. As shown in FIG. 1B, the polysilicon film 3 and the 
silicon oxide film 4 (and the silicon nitride film 316) are 
patterned by photolithography and dry etching to Selectively 
remove these films, thereby demarcating an element forma 
tion region 21. 
0117. As shown in FIG. 1C, a silicon oxide film 23 is 
formed on the entire Surface to cover the silicon oxide film 
2, the left polysilicon film 3 and silicon oxide film 4 (and 
silicon nitride film 316). Thereafter, as shown in FIG. 1D, 
the entire surface of the silicon oxide film 23 is anisotropi 
cally dry-etched by, e.g., RIE to leave the Silicon oxide only 
on the side walls of the silicon oxide film 2, the polysilicon 
film 3, and the silicon oxide film 4 (and the silicon nitride 
film 316), thereby forming side wall protective films 5. With 
these processes, field Shield element isolation Structures 22 
each having a shield plate electrode consisting of a poly 
silicon film surrounded by the silicon oxide film are formed 
in field regions. 
0118. The surface of the silicon semiconductor substrate 
1 on each of the element formation regions 21 Separated 
from each other by the field shield element isolation struc 
tures 22 and demarcated relative to the field shield element 
isolation Structures 22 is thermally oxidized to form a gate 
oxide film 6 having a thickness of about 15 nm. A polysili 
con film 24 is formed on the entire surface including the field 
shield element isolation structures 22 by CVD. The poly 
Silicon film 24 must be deposited to a thickness for burying 
the field shield element isolation structures 22 in the poly 
silicon film 24. Considering that the height of the field shield 
element isolation structure 22 is about 450 nm, the polysili 
con film 24 is formed to a thickness of 500 to 1,000 nm. 
0119) As shown in FIG. 1E, the polysilicon film 24 is 
Subjected to Surface polishing, e.g., chemical mechanical 
polishing (CMP) to planarize the surface. As illustrated, 
planarization is performed while leaving the polysilicon film 
24 having a predetermined thickneSS on the field shield 
element isolation structures 22. CMP is a polishing method 
using a slurry of a predetermined chemical fluid and abra 
Sive. AS long as the initial thickness of the film to be polished 
is larger than the Step, CMP allows highly precise planariza 
tion by canceling even a step on the millimeter order to 
Suppress, e.g., the Surface Step to about 0.05 um. 
0120) As shown in FIG. 1F, a silicon oxide film 7 is 
deposited on the planarized Surface of the polysilicon film 
24 to a thickness of 100 to 300 nm. Before formation of the 
silicon oxide film 7, a silicide layer of a refractory metal 
Such as tungsten (W) may be formed on the planarized 
polysilicon film 24 to form a pclycide layer consisting of the 
polysilicon film 24 and the silicide layer. 
0121. As shown in FIG. 1G, the polysilicon film 24 and 
the silicon oxide film 7 are patterned by photolithography 
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and dry etching to form gate electrodes (gate wiring layers) 
8 each having a predetermined shape on the element for 
mation region 21 and field shield element isolation Struc 
tures 22 Such that the upper Surfaces of the gate electrodes 
8 are in almost the same plane, i.e., the upper Surfaces are 
almost flush with each other. 

0122). As shown in FIG. 1H, a silicon oxide film is 
deposited on the entire surface by CVD to cover the gate 
electrodes (gate wiring layers) 8 on the element formation 
region 21 and field Shield element isolation Structures 22. 
Next, the entire Surface of the silicon oxide film is aniso 
tropically dry-etched by, e.g., RIE to remove the gate oxide 
films 6 between the gate electrodes 8 in the element forma 
tion region 21. The silicon oxide film is left only on the side 
walls of the gate electrodes 8 to form side wall protective 
films 9. 

0123. As shown in FIG. II, a polysilicon film 25 doped 
with phosphorus (P) is deposited on the entire surface 
including the field shield element isolation structures 22 by 
CVD. At this time, the phosphorus (P) in the polysilicon film 
25 is diffused into the element formation region 21 of the 
p-type Silicon Semiconductor Substrate 1 on both Sides of the 
gate electrodes 8, So that each diffusion layer 10 Serving as 
the Source/drain of the MOS transistor is formed. 

0.124. As shown in FIG. 1J, using the silicon oxide films 
7 Serving as cap insulating films of the field Shield element 
isolation Structures 22 as Stoppers, the polysilicon film 25 is 
surface-polished by chemical mechanical polishing (CMP) 
until the Silicon oxide films 7 are exposed, thereby planariz 
ing the Surface. 
0.125 The only use of the polishing of the polysilicon 
film 25 may leave the film 25 to extend across the element 
formation region 21, resulting in connection between the 
diffusion layers 10. The polysilicon film 25 therefore must 
be separated to correspond to individual diffusion layers 10. 
Hence, as shown in FIG. 1K (a section taken along a line 
A-A in FIG. 1K corresponds to FIG. 1J), photolithography 
and dry etching are performed to Separate the planarized 
polysilicon film 25 on the field shield element isolation 
structures 22 in correspondence with the diffusion layers 10. 
The separation width of the polysilicon film 25 may be 
larger than the exposure limit in photolithography. At this 
time, the polysilicon film 25 is separated by the silicon oxide 
film 7 in units of diffusion layers 10 so that pad polysilicon 
films 11 are formed. Each pad polysilicon film 11 is elec 
trically connected to only one diffusion layer 10. Although 
not illustrated, insulating interlayers, contact holes, and 
metal wiring layers are formed Subsequently, thereby com 
pleting the MOS transistor. 

0.126 AS described above, in the method of manufactur 
ing the Semiconductor device according to the first embodi 
ment, the polysilicon film 24 is planarized by CMP and then 
patterned. 

0127. With this process, the polysilicon films 24 whose 
upper Surfaces are almost flush with each other are left on 
the element formation regions 21 and field Shield element 
isolation structures 22 to form the gate electrodes (gate 
wiring layers) 8. Thereafter, the polysilicon film 25 is 
formed and subjected to CMP. With this process, the pad 
polysilicon films 11 each electrically connected to the dif 
fusion layer 10 in the element formation region 21 are 
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formed to Self-align the gate electrodes (gate wiring layers) 
8. Therefore, the width of the gate electrode (gate wiring 
layer) 8 can be reduced to the exposure limit of, e.g., 
photolithography independently of the designed size of the 
pad polysilicon film 11, thus allowing micropatterning and 
high integration of the gate electrodes (gate wiring layers) 8. 

Second Embodiment 

0128. The second embodiment will be described next. As 
in the first embodiment, the structure of a MOS transistor 
and a manufacturing method therefore will be described 
together. The second embodiment is slightly different in the 
Surface polishing method. A detailed description of the same 
steps as in the first embodiment will be omitted. The same 
reference numerals as in the first embodiment denote the 
Same constituent elements in the Second embodiment, and a 
detailed description thereof will be omitted. 
0129. In the second embodiment, in steps shown in 
FIGS. 1E and 1F of the above-described first embodiment, 
to easily and properly control polishing of a polysilicon film 
24, Silicon oxide films 4 Serving as cap insulating films of 
field Shield element isolation Structures 22 are used as 
Stoppers. When the cap insulating film is formed as an 
multilayered insulating film consisting of the Silicon oxide 
film 4 and a silicon nitride film 316, the silicon nitride film 
316 is used as a stopper. 
0130. As shown in FIG. 2A, the polysilicon film 24 
deposited on the entire surface including the field shield 
element isolation Structures 22 is Surface-polished by, e.g., 
CMP until the silicon oxide films 4 of the field shield 
element isolation structures 22 are exposed (for the multi 
layered insulating film consisting of the Silicon oxide film 4 
and the silicon nitride film 316, until the silicon nitride film 
316 is exposed), thereby planarizing the Surface. 
0131. As shown in FIG. 2B, a polysilicon film 26 having 
a predetermined thickneSS is deposited on the exposed field 
Shield element isolation Structures 22 and the polysilicon 
film 24 by CVD, thereby burying the field shield element 
isolation structures 22 with the polysilicon films 24 and 26. 
0132 Asilicon oxide film 7 is deposited on the surface of 
the planarized polysilicon film 26 by CVD. As shown in 
FIG. 2C, the polysilicon films 24 and 26 and the silicon 
oxide film 7 are patterned by photolithography and dry 
etching to form gate electrodes (gate wiring layers) 8 each 
having a predetermined shape on an element formation 
region 21 and field Shield element isolation Structures 22 
Such that the upper Surfaces of the gate electrodes 8 are on 
almost the same plane, i.e., the upper Surfaces are almost 
flush with each other. 

0.133 Before formation of the silicon oxide film 7, a 
Silicide layer of a refractory metal Such as tungsten (W) may 
be formed on the planarized polysilicon film 26 by sputter 
ing to form a polycide layer consisting of the polysilicon 
film 26 and the Suicide layer. 
0134) To form the polycide layer, the multilayered insu 
lating film formed by Sequentially depositing the Silicon 
oxide film 4 and the silicon nitride film 316 is preferably 
used as the cap insulating film of the field Shield element 
isolation Structure 22. More specifically, when the Silicon 
oxide film 4 is exposed to the Surface of the cap insulating 
film, and the tungsten Silicide layer is formed immediately 
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above the Silicon oxide film 4, the tungsten Suicide layer is 
readily peeled. However, when the silicon nitride film 316 is 
exposed to the Surface of the cap insulating film, and the 
tungsten Silicide layer is formed immediately above the 
silicon nitride film 316, the contact area between the tung 
Sten Silicide layer and the oxide layer becomes Small. 
Peeling of the tungsten Silicide layer from the cap insulating 
film is prevented because of the tensile stress between the 
tungsten silicide layer and the silicon nitride film 316. In this 
case, a polycide gate having a high adhesion Strength 
between the polycide layer and the cap insulating film is 
formed. The Stresses of the respective materials are as 
follows in term of tensile stress. WSi: 1x10' (dyne/cm'), 
SiN: 1x10" (dyne/cm'), and SiO: 4x10° (dyne/cm?). 
0135). As shown in FIG. 2D, a silicon oxide film is 
deposited on the entire surface by CVD to cover the gate 
electrodes (gate wiring layers) 8 consisting of the polysili 
con films 24 and 26 on the element formation region 21 and 
the field shield element isolation structures 22. Next, the 
entire Surface of the Silicon oxide film is anisotropically 
dry-etched by, e.g., RIE to remove gate oxide films 6 
between the gate electrodes 8 in the element formation 
region 21. The silicon oxide film is left only on the side walls 
of the gate electrodes 8 to form side wall protective films 9. 
0136. A polysilicon film doped with phosphorus (P) is 
deposited on the entire Surface including the field Shield 
element isolation structures 22 by CVD. At this time, the 
phosphorus (P) in the polysilicon film is diffused into the 
element formation region 21 of the Silicon Semiconductor 
substrate 1 on both sides of the gate electrodes 8, so that each 
diffusion layer 10 serving as the source/drain of the MOS 
transistor is formed. 

0.137 Next, using the silicon oxide films 7 serving as cap 
insulating films of the gate electrodes (gate wiring layers) 8 
as Stoppers, the polysilicon film is Surface-polished by 
chemical mechanical polishing (CMP) until the silicon oxide 
films 7 are exposed, thereby planarizing the Surface. 
0.138. The only use of the polishing of the polysilicon 
film 25 may leave the film 25 to extend across the element 
formation region 21, resulting in connection between the 
diffusion layers 10. The polysilicon film 25 therefore must 
be separated to correspond to individual diffusion layers 10. 
Hence, photolithography and dry etching are performed to 
separate the planarized polysilicon film 25 on the field shield 
element isolation Structures 22 in correspondence with the 
diffusion layers 10. The separation width of the polysilicon 
film 25 may be larger than the exposure limit in photoli 
thography. At this time, the polysilicon film 25 is separated 
by the silicon oxide film 7 in units of diffusion layers 10 So 
that pad polysilicon films 11 are formed. Each pad polysili 
con film 11 is electrically connected to only one diffusion 
layer 10. 

0.139. In the second embodiment as well, the polysilicon 
films 24 whose upper Surfaces are almost flush with each 
other are left on the element formation regions 21 and field 
Shield element isolation Structures 22 to form the gate 
electrodes (gate wiring layers) 8, as in the first embodiment. 
Thereafter, the polysilicon film is formed and Subjected to 
CMP. With this process, the pad polysilicon films 11 each 
electrically connected to the diffusion layer 10 in the element 
formation region 21 are formed to Self-align the gate elec 
trodes (gate wiring layers) 8. Therefore, the width of the gate 
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electrode (gate wiring layer) 8 can be reduced to the expo 
Sure limit of, e.g., photolithography independently of the 
designed size of the pad polysilicon film 11, thus allowing 
micropatterning and high integration of the gate electrodes 
8 (gate wiring layers). 
0140. In the first and second embodiments, the element 
isolation Structure may be formed not as a field Shield 
element isolation structure by the field shield element iso 
lation method but as a field oxide film by so-called LOGOS. 
More specifically, as shown in FIG. 3, field oxide films 31 
are formed in the element isolation regions as element 
isolation Structures to demarcate the element formation 
region 21 Surrounded by the field oxide films 31. The gate 
electrodes (gate wiring layers) 8 are formed on the element 
formation region 21 and the field oxide films 31 in the 
above-described manner, thereby forming the pad polysili 
con films 11. 

Third Embodiment 

0.141. The third embodiment of the present invention will 
be described below. In the third embodiment, an example in 
which a Semiconductor device according to the present 
invention and a manufacturing method therefore are applied 
to a MOS transistor will be described, as in the first 
embodiment. In the third embodiment, the structure of the 
MOS transistor and steps in manufacturing the MOS tran 
sistor will be described together. FIGS. 4A to 4G are 
Schematic Sectional VieWS showing Steps in manufacturing 
the MOS transistor of the third embodiment. 

0142 First, p- and n-type wells are formed in the surface 
region of a p-type Silicon Semiconductor Substrate. 
0143 More specifically, as shown in FIG. 4A, the entire 
Surface of a p-type Silicon Semiconductor Substrate 41 is 
subjected to thermal oxidation to form a silicon oxide film 
(so-called preoxide film) 42 having a thickness of about 
1,000 to 5,000 A. A resist 43 is applied to the Surface of the 
silicon oxide film 42. The resist 43 at a portion where the 
n-type well is to be formed in the Silicon Semiconductor 
Substrate 41 is removed by photolithography to expose the 
Silicon oxide film 42. An n-type impurity, e.g., phosphorus 
(P) is ion-implanted into the Surface region of the Silicon 
Semiconductor Substrate 41 through the exposed portion of 
the silicon oxide film 42 at an acceleration energy of 100 to 
150 (keV) and a dose of 10° to 10' (cm). 
0144. As shown in FIG. 4B, the silicon oxide film 42 is 
dry-etched using the resist 43 as a mask to remove the 
Silicon oxide film 42 at a portion corresponding to the n-type 
well, thereby exposing the Surface of the Silicon Semicon 
ductor Substrate 41. The resist 43 is removed by, e.g., ashing. 
A resist 44 is applied to the entire Surface of the Silicon oxide 
film 42 including the exposed Surface of the Silicon Semi 
conductor substrate 41. The resist 44 at a portion where a 
p-type well is to be formed in the Silicon Semiconductor 
Substrate 41 is removed by photolithography to expose the 
Silicon oxide film 42. A p-type impurity, e.g., boron (B) is 
ion-implanted into the Surface region of the Silicon Semi 
conductor Substrate 41 through the exposed portion of the 
silicon oxide film 42 at an acceleration energy of 50 to 100 
(keV) and a dose of 10° to 10' (cm?). 
0145 As shown in FIG. 4C, the resist 44 is removed by, 
e.g., ashing. Next, the Silicon oxide film 42 is removed. At 
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this time, using the fact that a large portion of the Scribing 
line region of the Silicon Semiconductor Substrate 41 does 
not contribute to element formation, the silicon oxide film 42 
is Subjected to photolithography and then to dry etching Such 
that the silicon oxide film 42 is left on the scribing line 
region. The Silicon Semiconductor Substrate 41 is annealed at 
1,100 C. for 5 to 6 hours, thereby forming an n-type well 
45 and a p-type well 46 in the surface of the silicon 
Semiconductor Substrate 41. 

0146). As shown in FIG. 4D, field shield element isola 
tion Structures 47 are formed on the Silicon Semiconductor 
substrate 41 by a field shield element isolation method. 
0147 More specifically, a silicon oxide film 51, a poly 
silicon film 52, and a silicon oxide film 53 are sequentially 
formed on the entire Surface of the Silicon Semiconductor 
substrate 41 including the silicon oxide film 42 left in the 
Scribing line region. 

0148. The silicon oxide film 51, the polysilicon film 52, 
and the silicon oxide film 53 are patterned by photolithog 
raphy and dry etching to Selectively remove these films. At 
this time, the silicon oxide film 51, the polysilicon film 52, 
and the silicon oxide film 53 are left on the silicon semi 
conductor Substrate 41 to demarcate the element formation 
region. The silicon oxide film 51, the polysilicon film 52, 
and the silicon oxide film 53 are also left on the silicon oxide 
film 42. 

0149 Asilicon oxide film is formed on the entire surface 
to cover the left silicon oxide film 51, polysilicon film 52, 
and silicon oxide film 53. The entire Surface of the silicon 
oxide film is anisotropically dry-etched by, e.g., PIE to leave 
the silicon oxide only on the side walls of the silicon oxide 
film 51, the polysilicon film 52, and the silicon oxide film 53, 
thereby forming side wall protective films 54. With these 
processes, the field shield element isolation structures 47 
each having a shield plate electrode consisting of the poly 
silicon film 52 surrounded by the silicon oxide films 51 and 
53 and the side wall protective films 54 are formed in the 
element formation region. At the Same time, Step portions 48 
formed of the layers which constitute the field shield ele 
ment isolation structures 47 are formed on the silicon oxide 
films 42 in the Scribing line regions. Since the thickness of 
the step portion 48 almost equals that of the field shield 
element isolation Structure 47, the upper Surface of the Step 
portion 48 is formed at a level higher than that of the field 
shield element isolation structure 47 by the thickness of the 
silicon oxide film 42. 

0150. The exposed silicon semiconductor substrate 41 is 
subjected to thermal oxidation to form a gate oxide film 49 
having a thickness of about 50 to 200 A. 

0151. As shown in FIG. 4E, a polysilicon film 55 is 
formed on the entire Surface of the Silicon Semiconductor 
substrate 41 including the step portions 48 by, e.g., CVD. 
The polysilicon film 55 is surface-polished by, e.g., chemical 
mechanical polishing (CMP), thereby planarizing the Sur 
face. 

0152. As illustrated, polishing is performed using the step 
portions 48 as stoppers such that the polysilicon film 55 is 
almost flush with the silicon oxide films 51 of the step 
portions 48. Upon completion of polishing, the upper Sur 
faces of the Step portions 48 and the upper Surface of the 
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polysilicon film 55 form a planarized surface 56. In this case, 
CMP is used to planarize the polysilicon film 55. 
0153. However, the polishing method is not limited to 
CMP, and the polysilicon film 55 may be anisotropically 
etched by, e.g., RIE. In both CMP and anisotropic etching, 
the silicon oxide film 53 is only slightly etched upon etching 
because of the difference in etching rate between the Silicon 
oxide film 53 of the step portion 48 and the polysilicon film 
55. 

0154). As shown in FIG. 4F, a silicon oxide film 57 is 
deposited on the step portions 48 and the polysilicon film 55, 
i.e., on the planarized Surface 56 by, e.g., CVD. A resist is 
applied to the surface of the silicon oxide film 57, and a 
resist pattern having a predetermined shape is formed by 
photolithography. Before formation of the silicon oxide film 
57, a refractory metal such as tungsten (W) may be depos 
ited on the planarized Surface 56 by Sputtering to form a 
silicide layer on the polysilicon film 55. 
0155 The silicon oxide film 57 and the polysilicon film 
55 are dry-etched using the resist pattern as a mask to leave 
the silicon oxide film 57 and the polysilicon film 55 into a 
shape based on the predetermined pattern on the gate oxide 
film 49 between the field shield element isolation structures 
47 and on the field shield element formation regions 47. 
With this process, gate electrodes 61 and cap insulating films 
62 of the gate electrodes 61 are formed, as shown in FIGS. 
5 and 4G (sectional view taken along a line A-A in FIG. 5). 
The gate electrodes 61 and the cap insulating films 62 on the 
field shield element isolation structures 47 are almost flush 
with those on the gate oxide film 49 of the element formation 
region. 

0156 Asilicon oxide film is deposited to cover the gate 
electrodes 61 and the cap insulating films 62. The entire 
Surface of the Silicon oxide film is anisotropically etched to 
remove the gate oxide films 49 outside the gate electrode 61 
formation portion in the element formation region, and at the 
Same time, leave the Silicon oxide film only on the Side 
Surfaces of the gate electrodes 61 and the cap insulating 
films 62 to form side wall protective films 63. 
O157 An n-type impurity is ion-implanted into the Sur 
face region of the Silicon Semiconductor Substrate 41 on both 
Sides of the gate electrode 61 in the element formation 
region using the cap insulating film 62 as a mask, thereby 
forming a pair of impurity diffusion layerS 64. 

0158 Thereafter, insulating interlayers, contact holes (via 
holes), and various metal wiring layers are formed, thereby 
completing the MOS transistor. 
0159. As described above, in the method of manufactur 
ing the MOS transistor according to the third embodiment, 
the gate electrode 61 (and the cap insulating film 62) can be 
accurately formed into a predetermined shape. More spe 
cifically, the surfaces of the silicon oxide film 57 and 
polysilicon film 55 are planarized (into the planarized Sur 
face 56), and there are no steps left in the vicinity in 
photolithography for the resist applied to the planarized 
Surface 56. For this reason, a desired resist pattern can be 
formed without generating any thinned resist pattern due to 
Steps. In addition, the process margin in photolithography 
can increase to realize an increase in yield in the wafer 
process. Furthermore, since the polysilicon film 55 is formed 
as one layer, no foreign Substance Such as a residue upon 
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etching is mixed into the interface between the polysilicon 
films of a multilayered polysilicon film, thus facilitating the 
process in etching. 
0160 In addition, in anisotropic etching of the polysili 
con film 55, i.e., in formation of the gate electrode 61, since 
the polysilicon film 55 on the gate oxide film 49 has an 
almost uniform thickness, the gate oxide film 49 can be 
prevented from being partially overetched to expose the 
Surface of the Silicon Semiconductor Substrate 41. 

0.161 Furthermore, the silicon oxide film 42 used for 
formation of the n- and p-type wells 45 and 46 in the silicon 
Semiconductor Substrate 41 is left on the Scribing line region 
of the silicon semiconductor Substrate 41 after formation of 
the n- and p-type wells 45 and 46. When CMP is performed 
for the polysilicon film 55 using the scribing line region 
which does not normally contribute to formation of the 
semiconductor device, the polysilicon film 55 can be filled 
between the Scribing line regions in a Self-aligned manner. 
With this arrangement, the resist can be prevented from 
being thinned, So that the gate electrode 61 can be easily and 
properly patterned into a desired shape. 
0162. In the third embodiment, as an element isolation 
Structure for demarcating the element formation region on 
the silicon semiconductor Substrate 41, the field shield 
element isolation structure 47 is formed. However, the 
present invention is not limited to this. For example, a region 
where the silicon oxide film 42 is left to form the step portion 
48 may be used as a bonding pad region to which each wire 
is connected in place of the Scribing line region. 
0163 As shown in FIG. 6, a field oxide film 65 may be 
formed on the silicon semiconductor Substrate 41 by So 
called LOGOS as the element isolation structure. In this 
case, the polysilicon film 65 is formed in the scribing line 
region, and the field oxide film 57 is formed on the poly 
silicon film 65 and the silicon semiconductor substrate 41 by 
LOCOS. 

0164. In the forming process of the field oxide film 57, 
first, a Silicon oxide film (not shown) and a silicon nitride 
film (not shown) are sequentially deposited on the entire 
Surface the Silicon Semiconductor Substrate 41 including the 
polysilicon film 65 formed in the scribing line region. The 
Silicon nitride film formed in the element isolation region 
and the polysilicon film 65 is selectively removed therefrom. 
The remaining Silicon nitride film Serves as a mask to Subject 
the Silicon Semiconductor Substrate 41 to a thermal process 
in oxidization atmosphere for forming a field oxide film 57 
on the element isolation region of the Silicon Semiconductor 
substrate 41 as well as on the polysilicon film 65. The silicon 
nitride film and the silicon oxide film are then removed in 
turn. 

0.165 At this time, the step portions 48 are formed from 
the polysilicon film 65 and the field oxide film 57. There 
after, as in formation of the field shield element isolation 
Structure 47, the gate electrodes 61 and the cap Insulating 
films 62 on the gate electrodes are formed to be flush 
between those, on the field oxide film 57 in the element 
formation region and on the Silicon Semiconductor Substrate 
41. 

Modification 

0166 A modification of the third embodiment will be 
described. In the third embodiment, the Scribing line regions 
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are used to form the gate electrodes 61 whose upper Surfaces 
on the gate oxide film 49 are flush with those on the field 
Shield element isolation Structures of the Silicon Semicon 
ductor Substrate 41, as described above. In this modification, 
various upper wiring layers at the upper portion of the 
Semiconductor device are formed using Step portions in the 
vicinity thereof. FIGS. 7A to 7E are schematic sectional 
ViewS showing processes in forming a structure near the 
upper wiring layers. FIGS. 8A to 8C are schematic sectional 
ViewS showing processes in forming a structure near a 
memory capacitor in DRAM formation. 
0167 As shown in FIG. 7A, an insulating interlayer 101 
consisting of, e.g., a Silicon oxide film is deposited on a 
Semiconductor device Such as a MOS transistor by, e.g., 
CVD, and CMP is performed to planarize the surface. 
0168 Subsequently, a silicon oxide film 102 is deposited 
on the planarized insulating interlayer 101. The silicon oxide 
film 102 is subjected to photolithography and then to dry 
etching to leave the silicon oxide film 102 at portions 
Separated by a predetermined interval. Various upper wiring 
layers (to be described later) are formed at the portion 
between the silicon oxide films 102. 

0169. As shown in FIG. 7B, a conductive film 103 
consisting of, e.g., an aluminum alloy and a Silicon oxide 
film 104 are sequentially formed on the entire surface of the 
insulating interlayer 101 including the silicon oxide films 
102. The Silicon oxide film 104 and the conductive film 103 
are Subjected to photolithography and then to dry etching to 
leave the conductive film 103 and the silicon oxide film 104 
on the insulating interlayer 101, thereby patterning wiring 
layers 105 and cap insulating films 106 of the wiring layers 
105. At the same time, the conductive film 103 and the 
silicon oxide film 104 are also left on the silicon oxide films 
102. 

0170 As shown in FIG. 7C, a silicon oxide film is 
deposited on the entire Surface of the insulating interlayer 
101 including the silicon oxide films 102. The entire surface 
of the Silicon oxide film is anisotropically etched to leave the 
Silicon oxide film only on the Side Surfaces of the wiring 
layers 105 and the cap insulating films 106 and on the side 
Surfaces of the conductive films 103 and the silicon oxide 
films 104 on the silicon oxide films 102, thereby forming, on 
the insulating interlayer 101, side wall protective films 107 
each surrounding the conductive film 103 and the silicon 
oxide film 104. At the same time, step portions 108 are 
formed on the silicon oxide films 102. 

0171 As shown in FIG. 7D, a polysilicon film 109 is 
deposited on the entire surface of the polysilicon film 109 
including the step portions 108. The polysilicon film 109 is 
Surface-polished by, e.g., chemical mechanical polishing 
(CMP), thereby planarizing the surface. As illustrated, pol 
ishing is performed using the Step portions 108 as Stoppers 
such that the polysilicon film 109 is almost flush with the 
silicon oxide films 104 of the step portions 108. Upon 
completion of polishing, the upper Surfaces of the Step 
portions 108 and the upper surface of the polysilicon film 
109 form a planarized surface 110. In this case, CMP is used 
to planarize the polysilicon film 110. However, the polishing 
method is not limited to CMP, and the polysilicon film 109 
may be anisotropically etched by, e.g., RIE. Regardless of 
CMP and anisotropic etching, the silicon oxide film 104 is 
only slightly etched upon etching because of the difference 
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in etching rate between the silicon oxide film 104 of the step 
portion 108 and the polysilicon film 109. 
0172. As shown in FIG. 7E, a resist is applied to the 
surface of the polysilicon film 109, and a resist pattern 
having a predetermined shape is formed by photolithogra 
phy. The polysilicon film 109 is dry-etched using the resist 
pattern as a mask to leave the pclysilicon film 109 into a 
shape based on the predetermined pattern on the insulating 
interlayer 101 between the wiring layers 105 and on cap 
insulating films 106, thereby forming upper wiring layers 
111. 

0.173) In this modification, after the surface of the insu 
lating interlayer 101 is planarized, the silicon oxide film 102 
is patterned at a predetermined position on the insulating 
interlayer 101. However, the process is not limited to this. 
For example, when Step portions have already been formed 
on the insulating interlayer 101 when the insulating inter 
layer 101 is completed because of the underlying Structure, 
these Step portions may be positively used instead of form 
ing the step portions 108 by patterning the silicon oxide film 
102. The Step portions may be used as Stoppers to polish the 
polysilicon film 109 by, e.g., CMP. 

0.174 Assume that the semiconductor device formed in 
the underlying layer is, e.g., a constituent element of a 
DRAM, e.g., a transistor or a memory capacitor. To easily 
planarize the insulating interlayer 101 to be formed on the 
upper layer to form more precise upper wiring layers, the 
memory capacitor may be formed in the following manner. 
0.175. As shown in FIG. 8A, an insulating interlayer 121 
consisting of, e.g., a Silicon oxide film is deposited on the 
transistor of a DRAM (not shown) by, e.g., CVD. CMP is 
performed to planarize the Surface. 

0176). A contact hole 122 is formed in the planarized 
insulating interlayer 121 to expose the Surface of the impu 
rity diffusion layer of the transistor formed in the lower 
layer. 

0177. As shown in FIG. 8B, a polysilicon film 123 is 
deposited on the insulating interlayer 121 by, e.g., CVDSuch 
that the contact hole is filled. At this time, a relatively small 
recessed portion 123a is formed in the surface of the 
polysilicon film 123 due to the presence of the contact hole 
122 in the insulating interlayer 121. 
0.178 This recessed portion 123a may adversely affect 
the insulating interlayer 101 of the upper layer. To prevent 
this, as shown in FIG. BC, the polysilicon film 123 is 
polished by CMP to planarize the surface, Subsequently, a 
dielectric film 124 such as an ONO film and a polysilicon 
film 125 are Sequentially deposited on the planarized poly 
silicon film 123 by, e.g., CVD. The polysilicon film 125, the 
dielectric film 124, and the polysilicon film 123 are sub 
jected to photolithography and then to dry etching, thus 
completing a memory capacitor in which a storage node 
electrode consisting of the polysilicon film 123 opposes a 
cell plate electrode consisting of the polysilicon film 125 
through the dielectric film 124. 

0179. As shown in FIG. 8D, a silicon oxide film 126 is 
then deposited to cover the memory capacitor by, e.g. CVD 
with a film thickness predetermined by the total or more of 
thickness of the polysilicon film 123, dielectric film 124 and 
polysilicon film 125. 
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0180. Thereafter, as shown in FIG. BE, with using the 
polysilicon film 125 as a stopper, the silicon oxide film 126 
is polished by CMP to planarize the surface until the surface 
of the polysilicon film 125 is exposed. 
0181. In this modification, the upper wiring layer 111 can 
be properly patterned into a predetermined shape. More 
specifically, the Surface of the polysilicon film 109 is pla 
narized (into the planarized Surface 110), and there are no 
Steps left in the vicinity of the resist applied to the planarized 
surface 110 on photolithography process thereto. For this 
reason, a desired resist pattern can be formed without 
generating any thinned resist pattern due to Steps. In addi 
tion, the process margin in photolithography can increase to 
realize an increase in yield in the wafer process. Further 
more, since the polysilicon film 109 is formed as one layer, 
no foreign Substance Such as a residue upon etching is mixed 
into the interface between the polysilicon films of a multi 
layered polysilicon film 109, thus facilitating the process in 
etching. 

Fourth Embodiment 

0182. The fourth embodiment of the present invention 
will be described below. In the fourth embodiment, an 
example in which a Semiconductor device according to the 
present invention and a manufacturing method therefor are 
applied to a MOS transistor will be described, as in the third 
embodiment. In the fourth embodiment, the structure of the 
MOS transistor and steps in manufacturing the MOS tran 
sistor will be described together. FIGS. 9A to 9D are 
Schematic Sectional views showing Steps in manufacturing 
this MOS transistor. 

0183 As shown in FIG. 9A, one major surface of a 
silicon semiconductor substrate 71 is subjected to photoli 
thography and then to etching to form a groove portion 72 
having a predetermined depth in the major Surface. Abottom 
Surface 72a in the groove portion 72 corresponds to an 
element region where element isolation Structures and gate 
electrodes (both will be described later) are formed. 
0184 As shown in FIG.9B, field shield element isolation 
structures 85 are formed on the silicon semiconductor Sub 
strate 71 by a field shield element isolation method. 
0185. More specifically, a silicon oxide film 81, a poly 
silicon film 82, and a silicon oxide film 83 are sequentially 
formed on the entire Surface of the Silicon Semiconductor 
substrate 71 including the groove portion 72. 
0186 The silicon oxide film 81, the polysilicon film 82, 
and the silicon oxide film 83 are patterned by photolithog 
raphy and dry etching to Selectively remove these films. At 
this time, the silicon oxide film 81, the polysilicon film 82, 
and the silicon oxide film 83 are left on the bottom Surface 
72a in the groove portion 72, thereby demarcating the 
element formation region. At the same time, the Silicon 
oxide film 81, the polysilicon film 82, and the silicon oxide 
film 83 are also left in the vicinity of the groove portion 72 
on the silicon semiconductor Substrate 71. 

0187 Asilicon oxide film is formed on the entire surface 
to cover the left silicon oxide film 81, polysilicon film 82, 
and silicon oxide film 83. The entire Surface of the silicon 
oxide film is anisotropically dry-etched by, e.g., PIE to leave 
the silicon oxide film only on the side walls of the silicon 
oxide films 81, the polysilicon films 82, and the silicon oxide 
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films 83, thereby forming side wall protective films 84. With 
these processes, field shield element isolation structures 85 
each having a shield plate electrode consisting of the poly 
silicon film 82 surrounded by the silicon oxide films 81 and 
83 and the side wall protective film 84 are formed in the 
element formation region on the bottom Surface 72a. At the 
same time, step portions 86 formed of the layers which 
constitute the field shield element isolation structures 85 are 
formed near the groove portion 72 on the Silicon Semicon 
ductor substrate 71. Since the height of the step portion 86 
from the Silicon Semiconductor Substrate 71 almost equals 
the thickness of the field shield element isolation structure 
85, the upper surface of the step portion 86 is formed at a 
level higher than that of the field shield element isolation 
structure 85 by the depth of the groove portion 72. 
0188 The exposed bottom surface 72a in the groove 
portion 72 is subjected to thermal oxidation to form a gate 
oxide film 87 having a thickness of about 50 to 200 A. 
0189 As shown in FIG. 9C, a polysilicon film 88 is 
deposited to fill the groove portion 72 and cover the entire 
Surface of the Silicon Semiconductor Substrate 71 including 
the step portions 86 by, e.g., CVD. The polysilicon film 88 
is Surface-polished by, e.g., chemical mechanical polishing 
(CMP), thereby planarizing the surface. As illustrated, pol 
ishing is performed using the Step portions 86 as Stoppers 
such that the polysilicon film 88 is almost flush with the 
silicon oxide films 83 of the step portions 86. Upon comple 
tion of polishing, the upper Surfaces of the Step portions 86 
and the upper surface of the polysilicon film 88 form a 
planarized surface 89. In this case, CMP is used to planarize 
the polysilicon film 88. However, the polishing method is 
not limited to CMP, and the polysilicon film 88 may be 
anisotropically etched by, e.g., RIE. Regardless of CMP and 
anisotropic etching, the Silicon oxide film 83 is only slightly 
etched upon etching because of the difference in etching rate 
between the silicon oxide film 83 of the field shield element 
isolation structure 85 and the polysilicon film 88. Therefore, 
the element isolation characteristics of the field shield ele 
ment isolation structure 85 are not affected. 

0190. As shown in FIG. 9D, a silicon oxide film 90 is 
deposited on the step portions 86 and the polysilicon film 89, 
i.e., on the planarized surface 89 by, e.g., CVD. Before 
formation of the silicon oxide film 90, a refractory metal 
Such as tungsten (W) may be deposited on the planarized 
surface 89 by sputtering to form a suicide layer on the 
polysilicon film 88. 
0191) A resist is then applied to the surface of the silicon 
oxide film 90, and a resist pattern having a predetermined 
shape is formed by photolithography. The silicon oxide film 
90 and the polysilicon film 88 are dry-etched using the resist 
pattern as a mask to leave the silicon oxide film 90 and the 
polysilicon film 88 into a shape based on the predetermined 
pattern on the gate oxide film 87 between the field shield 
element isolation structures 85 and on the field shield 
element isolation Structure 85, thereby forming gate elec 
trodes 91 and cap insulating films 92 of the gate electrodes 
91. When the silicide layer is formed, the gate electrodes 91 
are formed as polycide layers. The gate electrodes 91 and the 
cap insulating films 92 on the field shield element isolation 
structures 85 are almost flush with those on the gate oxide 
film 87 in the element formation region. 
0.192 Asilicon oxide film is deposited to cover the gate 
electrodes 91 and the cap insulating films 92. The entire 
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Surface of the Silicon oxide film is anisotropically etched to 
remove the gate oxide films 87 outside the gate electrode 91 
formation portion in the element formation region, and at the 
Same time, leave the Silicon oxide film only on the Side 
Surfaces of the gate electrodes 91 and the cap insulating 
films 92 to form side wall protective films 93. 
0193 An n-type impurity is ion-implanted into the Sur 
face region of the silicon semiconductor Substrate 71 on both 
sides of the gate electrode 91 in the element formation 
region using the cap insulating film 62 as a mask, thereby 
forming a pair of impurity diffusion layers 94. 

0194 Thereafter, insulating interlayers, contact holes (via 
holes), and various metal wiring layers are formed, thereby 
completing the MOS transistor. 

0.195 AS described above, in the method of manufactur 
ing the MOS transistor according to the fourth embodiment, 
the gate electrode 91 (and the cap insulating film 92) can be 
accurately formed into a predetermined shape. More spe 
cifically, the surfaces of the silicon oxide film 90 and 
polysilicon film 88 are planarized (into the planarized Sur 
face 89), and there are no steps left in the vicinity of the 
resist applied to the planarized surface 89 on photolithog 
raphy process thereto. For this reason, a desired resist 
pattern can be formed without generating any thinned resist 
pattern due to Steps. In addition, the process margin in 
photolithography can increase to realize an increase in yield 
in the wafer process. Furthermore, Since the polysilicon film 
88 is formed as one layer, no foreign Substance Such as a 
residue upon etching is mixed into the interface between the 
polysilicon films of a multilayered polysilicon film, thus 
facilitating the proceSS in etching. 

0196. In addition, in anisotropic etching of the polysili 
con film 88, i.e., in formation of the gate electrode 91, since 
the polysilicon film 88 on the gate oxide film 87 has an 
almost uniform thickness, the gate oxide film 87 can be 
prevented from being partially overetched to expose the 
Surface of the silicon semiconductor Substrate 71. 

0197) Furthermore, the surface of the silicon semicon 
ductor Substrate 71 around the groove portion 72 is used as 
a stopper for CMP to the polysilicon film 88. With this 
arrangement, the polysilicon film 88 can be filled in the 
groove portion in a Self-aligned manner. The resist can be 
prevented from being thinned, so that the gate electrode 91 
can be easily and properly patterned into a desired shape. 

Fifth Embodiment 

0198 A specific embodiment in which a method of 
manufacturing a Semiconductor device according to the 
present invention is applied to manufacture a MOS transistor 
having a gate length of about 0.5um will be described below 
in detail with reference to the accompanying drawings. 

0199 FIGS. 10A to 10K are schematic sectional views 
showing Steps in manufacturing the MOS transistor of the 
fifth embodiment. 

0200. As shown in FIG. 10A, field shield element iso 
lation Structures 203 are formed in field regions on, e.g., a 
p-type Silicon Semiconductor Substrate 201 by a So-called 
field Shield element isolation method, thereby demarcating 
an element formation region 202. 
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0201 More specifically, a silicon oxide film, a polysili 
con film, and a Silicon oxide film are Sequentially formed on 
the silicon semiconductor Substrate 201 to thicknesses of, 
e.g., 50 nm, 200 nm, and 200 nm, respectively. 
0202) The silicon oxide film, the polysilicon film, and the 
Silicon oxide film are patterned by photolithography and dry 
etching to Selectively remove these films, thereby demar 
cating the element formation region 202. 
0203 Asilicon oxide film is formed on the entire surface 
to cover the left Silicon oxide film, polysilicon film, and 
silicon oxide film. The entire Surface of the silicon oxide film 
is anisotropically dry-etched by, e.g., RIE to leave the Silicon 
oxide film only on the side walls of the silicon oxide films, 
the polysilicon films, and the Silicon oxide films, thereby 
forming side wall protective films. With these processes, the 
field shield element isolation structures 203 each having a 
polysilicon film 205 functioning as a shield plate electrode 
and Surrounded by silicon oxide films 204a and 204b and the 
side wall protective film 204c are formed in the field regions. 
0204. In this case, the field shield element isolation 
structure 203 is formed as an element isolation structure. 
However, in place of the field shield element isolation 
structure 203, a field oxide film may be formed in the field 
region by So-called LOGOS. 
0205 The surface of the silicon semiconductor substrate 
201 on each of the element formation regions 202 which are 
separated from each other by the field shield element iso 
lation structures 203 and demarcated relative to the field 
shield element isolation structures 203 is thermally oxidized 
to form a gate oxide film 206 having a thickness of about 15 

. 

0206. As shown in FIG. 10B, a polysilicon film 211 
doped with an impurity is formed on the entire Surface 
including the field shield element isolation structures 203 by 
CVD at a temperature of 580° C. The polysilicon film 211 
must be deposited to a thickness for burying the field shield 
element isolation structures 203 in the polysilicon film 211. 
Considering that the height of the field shield element 
isolation structure 203 is about 450 rim, the polysilicon film 
211 is formed to a thickness of about 600 nm. 

0207 As shown in FIG. 10G, the polysilicon film 211 is 
Surface-polished by, e.g., chemical mechanical polishing 
(CMP) at a rotation speed of 70 rpm and a pressure of 30 
mgf/cm2, thereby planarizing the Surface of the polysilicon 
film 21.1. As illustrated, plariarization is performed while 
leaving the polysilicon film 211 having a predetermined 
thickness on the field shield element isolation structures 203. 
CMP is a polishing method using a slurry of a predetermined 
chemical fluid arid abrasive. This method allows highly 
precise planarization by eliminating even a step on the 
millimeter order to Suppress, e.g., the Surface Step to about 
0.05um. 
0208. As shown in FIG. 10D, a silicon nitride film 212 is 
deposited on the planarized Surface of the polysilicon film 
211 to a thickness of about 200 rim by CVD at a temperature 
of 750° C. A silicon oxide film 213 is deposited on the 
silicon nitride film 212 to a thickness of about 250 rim by 
CVD at a temperature of 675°C. The silicon oxide film 213 
formed on the silicon nitride film 212 may be formed as a 
plasma-CVD silicon oxide film by plasma-CVD. Before 
formation of the silicon nitride film 212, a refractory metal 
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Such as tungsten (W) may be deposited on the polysilicon 
film 211 by sputtering to form a silicide layer. 
0209. As shown in FIG. 10E, a photoresist is applied to 
the surface of the silicon oxide film 213 and subjected to 
photolithography to form a mask 214 having a predeter 
mined pattern. The silicon nitride film 212 and the silicon 
oxide film 213 are anisotropically dry-etched using the mask 
214 to pattern these films into a predetermined electrode 
shape. More specifically, this dry etching is performed using 
a conventional parallel plate etching chamber and CF/Aras 
etching gases. The gas flow rate ratio is CF/Ar=120/8.00 
sccm, the pressure is 1.7 Torr, and the applied power is 750 
W. 

0210. The mask 214 is removed by ashing using, e.g., O. 
plasma. As shown in FIG. 10F, the silicon oxide films 213 
each having the electrode shape are used as masks to 
anisotropically dry-etch the polysilicon film 211, thereby 
patterning the polysilicon film 211 into an electrode shape. 

0211 Gate electrodes (gate wiring layers) 207 whose 
upper Surfaces are on the almost Same plane, i.e., almost 
flush with each other are formed into a predetermined 
electrode shape on the element formation region 202 and on 
the field shield element isolation structures 203. When the 
Silicide film is formed, the gate electrodes (gate wiring 
layers) 207 are formed as polycide films. More specifically, 
this dry etching is performed using a conventional parallel 
plate etching chamber and He/HBr/Cl as etching gases. The 
gas flow rate ratio is He/HBr/Cl=400/15/200 sccm, the 
pressure is 425 Torr, and the applied power is 225 W. 

0212. As shown in FIG. 10G, a silicon nitride film is 
deposited on the entire surface to a thickness of about 200 
rim by CVD at a temperature of 750° C. to cover the gate 
electrodes (gate wiring layers) 207 on the element formation 
region 202 and on the field shield element isolation struc 
tures 203. The entire Surface of the silicon nitride film is 
anisotropically dry-etched to leave the Silicon nitride film 
only on the Side walls of the gate electrodes (gate wiring 
layers) 207 and the silicon nitride films 212, thereby forming 
side wall protective films 208. More specifically, this dry 
etching is performed using a conventional parallel plate 
etching chamber and CF/Aras etching gases. The gas flow 
rate ratio is CF/Ar=120/800 sccm, the pressure is 1.7 Torr, 
and the applied power is 750 W. At this time, each gate 
electrode (gate wiring layer) 207 is covered with the silicon 
nitride film 212 and the side wall protective film 208. 
0213 The silicon oxide film 213 between the gate elec 
trodes 207 is removed by dry etching. 

0214. The silicon semiconductor Substrate 201 is cleaned 
using an acid Solution, e.g., HF Solution at a concentration 
of 0.5% for 30 seconds. Thereafter, the silicon semiconduc 
tor Substrate 201 is annealed using a conventional diffusion 
furnace in an Natmosphere at a temperature of 900 C. for 
30 minutes. At this time, as shown in FIG. 10H, the width 
of the silicon oxide film 213 on the silicon nitride film 212 
decreases by about 50 rim because of etching during clean 
ing and Shrinkage due to the thermal hysteresis of annealing. 
The gate oxide film 206 between the gate electrodes 207 in 
the element formation region202 is removed by cleaning the 
silicon semiconductor Substrate 201, so that the Surface 
portion of the silicon semiconductor Substrate 201 between 
the gate electrodes 207 in the element formation region 202 
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is exposed. When the silicon oxide film 213 is formed as a 
plasma-CVD silicon oxide film, the width of the plasma 
Silicon oxide film further decreases upon cleaning and 
annealing because of its large heat shrinkage coefficient. 

0215) A thin oxide film (thickness: about 10 to 20 A) is 
formed again between the gate electrodes 207 by annealing. 
The Silicon Semiconductor Substrate 201 is cleaned again to 
remove this oxide film. 

0216) As shown in FIG. 10I, a polysilicon film 215 
doped with an impurity is deposited on the entire Surface 
including the field shield element isolation structures 203 to 
a thickness of about 1,000 nm by CVD at a temperature of 
500° C. 

0217. As shown in FIG. 10J, using the silicon oxide 
films 213 as stoppers, the polysilicori film 215 is surface 
polished by, e.g., chemical mechanical polishing (CMP) at a 
rotation speed of 70 rpm and a pressure of 30 mgf/cm until 
the Silicon oxide films 213 are exposed, thereby planarizing 
the surface of the polysilicon film 215. At this time, the 
polysilicon film 215 is separated by the silicon oxide films 
213 at intervals of adjacent silicon oxide films 213, so that 
pad polysilicon films 210 whose separation widths almost 
equal the width of the silicon oxide film 213 are formed. 
0218. As shown in FIG. 10K, the pad polysilicon films 
210 are annealed to form diffusion layers 209 serving as the 
Source and drain of the MOS transistor on the Surface 
regions of the Silicon Semiconductor Substrate 201 contact 
ing the pad polysilicon films 210. More specifically, the 
impurity in the pad polysilicon films 210 is diffused into the 
Surface regions of the Silicon Semiconductor Substrate 201 
on both sides of the gate electrodes 207 in the element 
formation region 202 by annealing, thus forming the diffu 
sion layers 209. Use of such an impurity diffusion layer 
formation method based on solid-phase diffusion enables 
shallow junction formation of the diffusion layers 209. Each 
pad polysilicon film 210 is electrically connected to only one 
diffusion layer 209. 
0219) A BPSG (BoroPhosphoSilicate Glass) film 221 is 
formed on the entire Surface. A contact hole 222 is formed 
in the BPSG film 221 to expose the surface portion of the 
pad polysilicon film 210. 

0220) A polysilicon film is deposited on the BPSG film 
221 including the contact hole 222. The polysilicon film is 
patterned by photolithography and dry etching to form a 
wiring layer 223 such as a bit line which fills the contact hole 
222. The wiring layer 223 is electrically connected to the pad 
polysilicon film 210 through the contact hole 222. The pad 
polysilicon film 210 is also electrically connected to the 
diffusion layer 209 locating below. That is, the wiring layer 
223 is electrically connected to a predetermined diffusion 
layer 209 through the contact hole 222 (i.e., the polysilicon 
film in the contact hole 222) and the pad polysilicon film 
210. 

0221 Although not illustrated, insulating interlayers, 
contact holes, and wiring layers are formed in the post 
process, thereby completing the MOS transistor. 

0222 AS described above, in the method of manufactur 
ing the MOS transistor according to the fifth embodiment, 
when the pattern consisting of the Silicon nitride film 212, 
the Silicon oxide film 213, and the gate electrode (gate 
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wiring layer) 207 is formed such that the width almost 
equals the exposure limit value, the width of the Silicon 
oxide film 213 which has undergone cleaning and annealing 
is equal to or Smaller than the exposure limit value. There 
fore, the separation width of the pad polysilicon films 210 
which are separated by the silicon oxide films 213 into 
predetermined patterns are equal to or Smaller than the 
exposure limit value. 
0223) Even when the widths of the gate electrodes (gate 
wiring layers) 207 are reduced to the substantial exposure 
limit in photolithography, the polysilicon film 215 can be 
Separated without using photolithography to form, e.g., the 
pad polysilicon films 210 having a separation width equal to 
or Smaller than the exposure limit value. 
0224. When the silicon oxide film 213 on the silicon 
nitride film 212 is formed as a plasma-CVD silicon oxide 
film by plasma CVD, the separation width of the pad 
polysilicon film 210 to be formed later can be further 
reduced, So that the positional accuracy in formation of the 
contact hole 222 can be further relaxed. 

Modification 

0225. A modification of the fifth embodiment of the 
present invention will be described below. In this modifi 
cation, a method of manufacturing a MOS transistor will be 
described, as in the fifth embodiment. This modification is 
slightly different in the surface polishing method. FIGS. 
11A to 11H are schematic sectional views showing steps in 
manufacturing the MOS transistor according to the modifi 
cation. A detailed description of the same Steps as in the fifth 
embodiment will be omitted. The same reference numerals 
as in the MOS transistor of the fifth embodiment denote the 
Same constituent elements in this modification, and a 
detailed description thereof will be omitted. 
0226. In this modification, in the step shown in FIG. 10C 
of the above-described fifth embodiment, to easily and 
properly control polishing of the polysilicon film 211, the 
Silicon oxide films 204b Serving as cap insulating films of 
the field shield element isolation structures 203 are used as 
StopperS. 

0227 More specifically, as shown in FIG. 11A, the 
polysilicon film 211 deposited on the entire Surface includ 
ing the field shield element isolation structures 203 is 
surface-polished by, e.g., CMP until the surfaces of the 
silicon oxide films 204b on the field shield element isolation 
Structures 203 are exposed, thereby planarizing the Surface. 
0228) As shown in FIG. 11B, a polysilicon film 231 
doped with an impurity is deposited on the exposed field 
shield element isolation structures 203 and the polysilicon 
film 211 to a thickness of about 200 nm by CVD at a 
temperature of 580 C., thereby burying the field shield 
element isolation structures 203 in the polysilicon films 211 
and 231. 

0229. The silicon nitride film 212 is deposited on the 
surface of the polysilicon film 231 to a thickness of about 
200 nm by CVD at a temperature of 750° C. The silicon 
oxide film 213 is deposited on the silicon nitride film 212 to 
a thickness of about 250 nm by CVD at a temperature of 
675 C. The silicon oxide film 213 formed on the silicon 
nitride film 212 may be formed as a plasma-CVD silicon 
oxide film by plasma CVD. 
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0230. As shown in FIG. 11C, a photoresist is applied to 
the surface of the silicon oxide film 213 and subjected to 
photolithography to form the mask 214 having a predeter 
mined pattern. The silicon nitride film 212 and the silicon 
oxide film 213 are anisotropically dry-etched using the mask 
214 to pattern these films into a predetermined electrode 
shape. More specifically, this dry etching is performed using 
a conventional parallel plate etching chamber and CF/Aras 
etching gases. The gas flow rate ratio is CF/Ar=120/800 
sccm, the pressure is 1.7 Torr, and the applied power is 750 
W. 

0231. The mask 214 is removed by ashing using, e.g., O. 
plasma. As shown in FIG. 11D, the silicon oxide films 213 
each having the electrode shape are used as masks to 
anisotropically dry-etch the polysilicon films 211 and 231, 
thereby patterning these films into an electrode shape. The 
gate electrodes (gate wiring layers) 207 whose upper Sur 
faces are on the almost same plane, i.e., almost flush with 
each other are formed into a predetermined electrode shape 
on the element formation region 202 and on the field shield 
element isolation structures 203. More specifically, this dry 
etching is performed using a conventional parallel plate 
etching chamber and He/HBr/Cl as etching gases. The gas 
flow rate ratio is He/HBr/Cl=400/15/200 sccm, the pressure 
is 425 Torr, and the applied power is 225 W. 

0232. As shown in FIG. 11E, a silicon nitride film is 
deposited on the entire surface to a thickness of about 200 
nm by CVD at a temperature of 750° C. to cover the gate 
electrodes (gate wiring layers) 207 on the element formation 
region 202 and on the field shield element isolation struc 
tures 203. The entire Surface of the silicon nitride film is 
anisotropically dry-etched to leave the Silicon nitride film 
only on the Side walls of the gate electrodes (gate wiring 
layers) 207 and the silicon nitride films 212, thereby forming 
the side wall protective films 208. More specifically, this dry 
etching is performed using a conventional parallel plate 
etching chamber and CF/Aras etching gases. The gas flow 
rate ratio is CF/Ar=120/800 sccm, the pressure is 1.7 Torr, 
and the applied power is 750 W. At this time, each gate 
electrode (gate wiring layer) 207 is covered with the silicon 
nitride film 212 and the side wall protective film 208. 

0233. The silicon oxide film 213 between the gate elec 
trodes 207 is removed by dry etching. 

0234. The silicon semiconductor Substrate 201 is cleaned 
using an acid Solution, e.g., HF Solution at a concentration 
of 0.5% for 30 seconds. Thereafter, the silicon semiconduc 
tor Substrate 201 is annealed using a conventional diffusion 
furnace in an Natmosphere at a temperature of 900° C. for 
30 minutes. At this time, as shown in FIG. 11F, the width 
of the silicon oxide film 213 on the silicon nitride film 212 
decreases by about 50 nm because of etching during clean 
ing and Shrinkage due to the thermal hysteresis of annealing. 
The gate oxide film 206 between the gate electrodes 207 in 
the element formation region202 is removed by cleaning the 
silicon semiconductor Substrate 201, so that the Surface 
portion of the silicon semiconductor Substrate 201 between 
the gate electrodes 207 in the element formation region 202 
is exposed. When the silicon oxide film 213 is formed as a 
plasma-CVD silicon oxide film, the width of the plasma 
Silicon oxide film further decreases upon cleaning and 
annealing because of its large heat shrinkage coefficient. 
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0235) A thin oxide film (thickness: about 10 to 20 A) is 
formed again between the gate electrodes 207 by annealing. 
The Silicon Semiconductor Substrate 201 is cleaned again to 
remove this oxide film. 

0236. As shown in FIG. 11G, the polysilicon film 215 
doped with an impurity is deposited on the entire Surface 
including the field shield element isolation structures 203 to 
a thickness of about 1,000 nm by CVD at a temperature of 
500° C. 

0237 As shown in FIG. 11H, using the silicon oxide 
films 213 as stoppers, the polysilicon film 215 is surface 
polished by, e.g., chemical mechanical polishing (CMP) at a 
rotation speed of 70 rpm and a pressure of 30 mgf/cm until 
the Silicon oxide films 213 are exposed, thereby planarizing 
the surface of the polysilicon film 215. At this time, the 
polysilicon film 215 is separated by the silicon oxide films 
213 at intervals of adjacent silicon oxide films 213, so that 
the pad polysilicon films 210 whose separation widths 
almost equal the width of the silicon oxide film 213 are 
formed. 

0238. As in the fifth embodiment, the diffusion layers 209 
serving as the source and drain of the MOS transistor are 
formed. The BPSG film 221 is formed, and the contact hole 
222 is formed in the BPSG film 221 to expose the surface 
portion of the pad polysilicon film 210. A polysilicon film is 
deposited on the BPSG film 221 including the contact hole 
222. The polysilicon film is patterned by photolithography 
and dry etching to form the wiring layer 223 Such as a bit 
line which fills the contact hole 222. Thereafter, insulating 
interlayers, contact holes, and wiring layers are formed in 
the post process, thereby completing the MOS transistor. 
0239). In the modification of the method of manufacturing 
the MOS transistor according to the fifth embodiment, when 
the pattern consisting of the Silicon nitride film 212, the 
Silicon oxide film 213, and the gate electrode (gate wiring 
layer) 207 is formed such that the width almost equals the 
exposure limit value, the width of the silicon oxide film 213 
which has undergone cleaning and annealing is equal to or 
Smaller than the exposure limit value. Therefore, the Sepa 
ration width of the pad polysilicon films 210 which are 
separated by the silicon oxide films 213 into predetermined 
patterns are equal to or Smaller than the exposure limit value. 
0240 Even when the widths of the gate electrodes (gate 
wiring layers) 207 are reduced to the substantial exposure 
limit in photolithography, the polysilicon film 215 can be 
Separated without using photolithography to form, e.g., the 
pad polysilicon films 210 having a separation width equal to 
or Smaller than the exposure limit value. 
0241 When the silicon oxide film 213 on the silicon 
nitride film 212 is formed as a plasma-CVD silicon oxide 
film by plasma CVD, the separation width of the pad 
polysilicon film 210 to be formed later can be further 
reduced, So that the positional accuracy in formation of the 
contact hole 222 can be further relaxed. 

Sixth Embodiment 

0242 A semiconductor device according to the sixth 
embodiment and a manufacturing method therefor will be 
described below. In this case, an EEPROM as one of 
nonvolatile Semiconductor memories will be exemplified as 
a semiconductor device. FIG. 12 is a schematic plan view 

Nov. 3, 2005 

showing the structure of an EEPROM according to the sixth 
embodiment. FIGS. 13, 14, and 15 are schematic sectional 
views taken along lines A-A', B-B', and C-C in FIG. 12, 
respectively. 
0243 This EEPROM comprises floating gate electrodes 
303 independently electrically floating in element formation 
regions demarcated by field Shield element isolation Struc 
tures 302 on a p-type silicon semiconductor substrate 301, 
strip-shaped control gate electrodes 305 formed to be almost 
perpendicular to the field Shield element isolation Structures 
302 and oppose the one-row floating gate electrodes 303 
through strip-shaped dielectric films 304, pairs of impurity 
diffusion layers 306 formed in the surface regions of the 
silicon semiconductor Substrate 301 on both sides of the 
respective control gate electrodes 305 in the element for 
mation regions, leading-out electrodes 309 filled between 
adjacent control gate electrodes 305 through cap insulating 
films 318 and side wall protective films 319 which cover the 
floating gate electrodes 303, the dielectric films 304, and the 
control gate electrodes 305, and connected to the impurity 
diffusion layers 306, and strip-shaped bit lines 310 almost 
parallel to the field shield element isolation structures 302 
and electrically connected to one (drain diffusion layer) of 
the impurity diffusion layers 306 through the extraction 
electrode 309. In FIG. 12, a region enclosed by a circle D 
corresponds to a memory cell. 

0244 As shown in FIGS. 14 and 15, in the field shield 
element isolation structure 302, a polysilicon film 312 
Serving as a shield plate electrode and a cap insulating film 
313 of the shield plate electrode are patterned into a strip 
shape. Thermal oxide films 314 are formed on the side 
Surface portions of the polysilicon film 312, and the poly 
Silicon film 312 Serving as a Shield plate electrode is 
surrounded by the thermal oxide film 311, the cap insulating 
film 313, and the thermal oxide films 314. 
0245. The floating gate electrodes 303 are formed of 
polysilicon films each patterned on a tunnel oxide film 315 
formed in the element formation region, and electrically 
disconnected from each other. As shown in FIG. 13, the 
floating gate electrodes 303 are arranged at an almost equal 
interval on the element formation regions through the inter 
mediary of the impurity diffusion layers 306. In addition, as 
shown in FIG. 15, the floating gate electrodes 303 are filled 
between the field shield element isolation structure 302 and 
oppose the polysilicon films 312 across the thin thermal 
oxide films 314. 

0246. As shown in FIG. 15, the surfaces of the field 
Shield element isolation Structures 302 and the floating gate 
electrodes 303 are planarized. That is, the upper surfaces of 
the field shield element isolation structures 302 and the 
upper Surfaces of the floating gate electrodes 303 have 
almost the same plane (planarized Surface 316). 
0247 The dielectric film 304 is formed of an ONO film 
which has a three-layer Structure of an oxide film, a nitride 
film, and an oxide film. The control gate electrode 305 is 
formed of, e.g., an n-type polysilicon film. The dielectric 
films 304 and the control gate electrodes 305 are formed into 
almost the same Strip shape on the planarized Surface 316 
including the upper Surfaces of the floating gate electrodes 
303 in the row direction. Each floating gate electrode 303 
and the corresponding control gate electrode 305 are capaci 
tively coupled through the dielectric film 3.04. 
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0248. A cap insulating film 318 is formed on the control 
gate electrode 305. Side wall protective films 319 are formed 
on the side surfaces of the floating gate electrode 303, the 
dielectric film 304, and the control gate electrode 305. The 
floating gate electrode 303, the dielectric film 304, and the 
control gate electrode 305 are surrounded by the tunnel 
oxide film 315, the cap insulating film 318, and the side wall 
protective films 319. 

0249. As shown in FIG. 13, the leading-out electrode 309 
is filled between the floating gate electrodes 303, the dielec 
tric films 304, and the control gate electrodes 305 through 
the cap insulating film 318 in the element formation region. 
In addition, as shown in FIG. 13, the leading-out electrode 
309 is filled between the field shield element isolation 
structures 302 with the thermal oxide film 314 intervened. 
Each leading-out electrode 309 is electrically connected to 
one impurity diffusion layer 306 in the lower layer. 
0250) An insulating interlayer 317 is formed on the entire 
surface of the silicon semiconductor Substrate 301 including 
the field shield element isolation structures 302 and the 
upper surfaces of the control gate electrodes 305. Contact 
holes 320 are formed in the insulating interlayer 317 to 
expose a part of the Surface of each leading-out electrode 
309 connected to one impurity diffusion layer 306 serving as 
a drain diffusion layer. 
0251 An underlayer 321 having a two-layer structure of 
TiN/Ti is formed on the insulating interlayer 317 including 
the contact holes 320 by sputtering. The strip-shaped bit 
lines 310 consisting of an aluminum alloy are filled in the 
contact holes 320 and extend on the insulating interlayer 317 
through the underlayer 321. 

0252) The write/erase operation of this EEPROM will be 
described below. 

0253) The capacitances of the tunnel oxide film 315, the 
dielectric film 304, and the field shield element isolation 
Structure 302 are represented by C, C, and C (Ct=C+ 
C2+C), respectively. The potentials of the floating gate 
electrode 303, the control gate electrode 305, and the 
polysilicon film 312 of the field shield element isolation 
structure 302 are represented by Vfg, Vcg, and Vfs, respec 
tively. When charges in the floating gate electrode 303 are 
represented by Q, the following relation holds: 

0254 The write operation will be described first. In a 
write mode, the floating gate electrode 303 is discharged to 
lower the threshold value. Normally, the polysilicon film 
312 of the field shield element isolation structure 302 is used 
as a shield plate electrode fixed at 0 (V). In the write mode, 
however, the polysilicon film 312 is used as a write elec 
trode. More specifically, Vcg may be fixed at 0 (V), and Vfs 
may be set at a high negative potential. At this time, the 
following relation holds on the basis of equation (1): 

0255 therefore, 

= -5 Vig + (Ct f Cs)(Of Ct) 

Nov. 3, 2005 

0256 To generate a Fowler-Nordheim tunnel current, a 
voltage of at least 10 (MV/cm) must be applied to the 
thermal oxide film 314 of the field shield element isolation 
Structure 302. When the thermal oxide film 314 is about 20 
(nm) thick, 

Vfg-Vfs220 (V) 

0257 Therefore, by setting Vfs at a negative potential of 
-20(V) or less, charges are removed from the floating gate 
electrode 303. 

0258. The erase operation will be described next. In an 
erase mode, the floating gate electrode 303 is charged to 
raise the threshold value. In a normal erase mode, as the first 
erase method, Vcg is set at a high positive potential (about 
13 (V)), and Vfs is fixed at 0 (V). On the basis of equation 
(1), the following relation holds: 

0259 Charges corresponding to Q=-3.64Ct are stored in 
the floating gate electrode 303. 
0260. As the second erase method, by setting Vcg at a 
high potential (about 13 V), and Vfs at a high negative 
potential (about -20 V), charges are Stored in the floating 
gate electrode 303 through the thermal oxide film 314. 
0261) A method of manufacturing the EEPROM having 
the above structure will be described below. FIGS. 16A, 
17A, 18A, 19A, 20A, and 21A are plan views showing steps 
in manufacturing the EEPROM. FIGS. 16B, 17B, 18B, 19B, 
20E, and 21B are sectional views taken along lines A-A in 
these plan views, respectively, and FIGS. 16C, 17C, 18C, 
19C, 20O, and 21C are sectional views taken along lines 
B-B' in these plan views, respectively. The same reference 
numerals as in FIGS. 12 to 15 denote the same members 
throughout these drawings, and a detailed description 
thereof will be omitted. 

0262. As shown in FIGS. 16A to 16C, the surface of the 
p-type silicon semiconductor substrate 301 is thermally 
oxidized to form the thermal oxide film 311. The polysilicon 
film 312 and the cap insulating film 313 are sequentially 
deposited on the thermal oxide film 311 by CVD. The cap 
insulating film 313, the polysilicon film 312, and the thermal 
oxide film 311 are subjected to photolithography and then to 
dry etching to leave the cap insulating films 313, the 
polysilicon films 312, and the thermal oxide film 311 into a 
Strip shape. 

0263. As shown in FIGS. 17A to 17C, the side surfaces 
of the polysilicon film 312 are thermally oxidized to form 
the thermal oxide films 314, thereby completing the field 
shield element isolation structure 302 surrounded by the 
thermal oxide film 311, the cap insulating film 313, and the 
thermal oxide films 314. Instead of forming the thermal 
oxide film 314, a silicon oxide film may be deposited on the 
entire Surface of the thermal oxide film 311 to cover the 
polysilicon film 312 and the cap insulating film 313. By 
anisotropically etching the entire Surfaces of the Silicon 
oxide film and the thermal oxide film 311, the silicon oxide 
film may be left on the side surfaces of the polysilicon film 
312 and the cap insulating film 313. 
0264. As shown in FIGS. 18A to 18C, the surfaces of the 
silicon semiconductor Substrate 301 between the field 
shield-element isolation structures 302 are thermally oxi 
dized to form the tunnel oxide films 315. A polysilicon film 
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322 is deposited on the entire Surface including the field 
shield element isolation structures 302 to fill between the 
field shield element isolation structures 302. The polysilicon 
film 322 is Surface-polished by, e.g., chemical mechanical 
polishing (CMP) using the cap insulating films 313 of the 
field shield element isolation structures 302 as stoppers. At 
this time, the polysilicon film 322 is patterned to be filled 
between the adjacent field shield element isolation Structures 
302 and to be separated by the field shield element isolation 
structures 302. 

0265). As shown in FIGS. 19A to 19C, an ONO film 
having a three-layer Structure of an oxide film, a nitride film, 
and an oxide film, a polysilicon film, and a Silicon oxide film 
are Sequentially deposited on the cap insulating films 313 
and the polysilicon films 322, i.e., on the planarized Surface 
316. Before formation of the silicon oxide film, a refractory 
metal may be deposited on the polysilicon film by Sputtering 
to form a Suicide layer. 
0266 The silicon oxide film, the polysilicon film, the 
ONO film, the polysilicon film 322, and the tunnel oxide 
film 315, are subjected to photolithography and then to dry 
etching. The Silicon oxide film, the polysilicon film, and the 
ONO film are patterned into a strip shape to be almost 
perpendicular to the field Shield element isolation Structures 
302, thereby forming the dielectric films 304, the control 
gate electrodes 305, and the cap insulating films 318 of the 
control gate electrodes 305. At the same time, the polysili 
con films 322 and the tunnel oxide films 315 between the 
adjacent control gate electrodes 305 are removed to form the 
floating gate electrodes 303 which are independently capaci 
tively coupled to the control gate electrodes 305 through the 
dielectric films 304 in the element formation regions. When 
the silicide layer is formed, the control gate electrode 305 is 
formed as a polycide film. 

0267 As shown in FIGS. 20A to 20O, a silicon oxide 
film is deposited on the entire Surface of the Silicon Semi 
conductor Substrate 301 including the cap insulating films 
318. The entire Surface of the silicon oxide film is aniso 
tropically etched to leave the silicon oxide film on the side 
surfaces of the tunnel oxide films 315, the floating gate 
electrodes 303, the dielectric films 304, the control gate 
electrodes 305, and the cap insulating films 318, thereby 
forming the side wall protective films 319. 
0268. After an undoped polysilicon film is deposited on 
the entire surface by CVD, the polysilicon film is surface 
polished by CMP to expose the surfaces of the control gate 
electrodes 305. At this time, the independent leading-out 
electrodes 309 which are filled between the adjacent side 
wall protective films 319 and the cap insulating films 318 on 
the silicon semiconductor Substrate 301 in the element 
formation regions are formed. 

0269 Arsenic (AS) is ion-implanted into the silicon semi 
conductor Substrate 301 through the extraction electrodes 
309 at an acceleration energy of 75 key and a dose of 10' 
cm°. The silicon semiconductor substrate 301 is annealed at 
900 C. to diffuse the arsenic in the surface regions of the 
silicon semiconductor Substrate 301, thereby forming the 
impurity diffusion layers 306 serving as the source/drain 
diffusion layers. 
0270. As shown in FIGS. 21A to 21C, the insulating 
interlayer 317 is deposited on the entire surface by CVD. 
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The contact holes 320 are formed to expose part of the 
surfaces of the leading-out electrodes 309 connected to the 
impurity diffusion layers 306 serving as drain diffusion 
layers. 

0271 The underlayer 321 having a two-layer structure of 
TiN/Ti is formed on the surface of the insulating interlayer 
317 including the inner walls of the contact holes 320. 
Subsequently, an aluminum alloy film is formed by Sputter 
ing and Subjected to photolithography and then to dry 
etching. With this process, the bit lines 310 which are filled 
in the contact holes 320 and extend along the insulating 
interlayer 317 on the underlayer 321 are formed. 
0272. Thereafter, various upper wiring layers and via 
holes are formed, thus completing the EEPROM. 
0273. As described above, in the semiconductor device 
according the Sixth embodiment and the manufacturing 
method therefore, the floating gate electrode 303 filled 
between the adjacent field shield element isolation Structures 
302 opposes the polysilicon film 312 buried in the field 
shield element isolation structure 302 and serving as a shield 
plate electrode through the intermediary of the thermal oxide 
film 314 as the side wall protective film of the polysilicon 
film 312. In addition, the control gate electrode 305 is 
formed on floating gate electrode 303 through the interme 
diary of the dielectric film 304. When the polysilicon film 
312 is to serve as a shield plate electrode, the potential of the 
polysilicon film 312 is set at 0 V, and the silicon semicon 
ductor substrate 301 at a portion corresponding to the field 
shield element isolation structure 302 is fixed at 0 (V), so 
that element isolation is attained. However, a voltage of 0 V 
or less can be applied to the polysilicon film 312. When a 
predetermined negative Voltage is applied to the polysilicon 
film 312 to make a tunnel current flow between the poly 
silicon film 312 and the floating gate electrode 303 through 
the thermal oxide film 314, the polysilicon film 312 can be 
used not only as a shield plate electrode but also as a 
write/erase electrode. 

0274. In addition, since the deposited polysilicon film 
322 is surface-polished using the thermal oxide films 311 of 
the field shield element isolation structures 302 as stoppers, 
e.g., the floating gate electrodes 303 which are properly 
separated by the thermal oxide films 311 of the field shield 
element isolation structures 302 are formed in a self-aligned 

C. 

Seventh Embodiment 

0275. The seventh embodiment of the present invention 
will be described next. In the seventh embodiment, an 
example in which a Semiconductor device according to the 
present invention and a manufacturing method therefore are 
applied to a CMOS transistor will be described. In the 
Seventh embodiment, the structure of the CMOS transistor 
and steps in manufacturing the CMOS transistor will be 
described together. FIGS. 22A to 22M are schematic sec 
tional views showing steps in manufacturing this CMOS 
transistor. 

0276 Field shield element isolation structures 422 are 
formed in the element isolation regions on a p-type Silicon 
semiconductor Substrate 401 by a so-called field shield 
element isolation method, thereby demarcating an element 
formation region. 
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0277 More specifically, as shown in FIG.22A, a silicon 
oxide film 402, a polysilicon film 403, and a silicon oxide 
film 404 are sequentially formed on the p-type silicon 
semiconductor substrate 401 to thicknesses of, e.g., about 50 
nm, 200 nm, and 200 nm, respectively. A silicon nitride film 
(not shown) may be formed on the entire surface of the 
silicon oxide film 404 by CVD. 

0278. As shown in FIG. 22B, the silicon oxide film 402, 
the polysilicon film 403, and the silicon oxide film 404 (and 
the Silicon nitride film) are patterned by photolithography 
and dry etching to Selectively remove these films. 

0279. As shown in FIG.22C, a silicon oxide film 423 is 
formed on the entire Surface to cover the left silicon oxide 
films 402, polysilicon films 403, and silicon oxide films 404 
(and the silicon nitride films). 
0280. As shown in FIG. 22D, the entire surface of the 
Silicon oxide film 423 is anisotropically dry-etched by, e.g., 
RIE to leave the silicon oxide only on the side walls of the 
silicon oxide films 402, the polysilicon films 403, and the 
silicon oxide films 404 (and the silicon nitride films), 
thereby forming side wall protective films 405. With these 
processes, the field Shield element isolation Structures 422 
each having a shield plate electrode consisting of the poly 
silicon film Surrounded by the silicon oxide films are formed 
in the field regions. 

0281. As shown in FIG. 22E, the surface of the silicon 
semiconductor Substrate 401 on each of element formation 
regions 421 which are separated by the field shield element 
isolation structures 422 and demarcated relative to the field 
shield element isolation structures 422 is thermally oxidized 
to form a gate oxide film 406 having a thickness of about 15 
nm. A polysilicon film 423 is formed on the entire surface 
including the field shield element isolation structures 422 by 
CVD. The polysilicon film 423 must be deposited to a 
thickness for burying the field shield element isolation 
structures 422 in the polysilicon film 423. Considering that 
the height of the field shield element isolation structure 422 
is about 450 rim, the polysilicon film 423 is formed to a 
thickness of about 500 to 1,000 rim. 

0282. As shown in FIG. 22F, the polysilicon film 423 
deposited on the entire Surface including the field Shield 
element isolation Structures 422 is Surface-polished by, e.g., 
CMP until the Silicon oxide films 404 of the field shield 
element isolation structures 422 are exposed (for a multi 
layered insulating film consisting of the Silicon oxide film 
404 and the silicon nitride film, until the silicon nitride film 
is exposed), thereby planarizing the Surface. At this time, an 
alkali Solution based on a Silica powder and amine is 
preferably used as a slurry for CMP of the polysilicon film 
423. 

0283) A polysilicon film 424 is deposited on the field 
Shield element isolation Structures 422 exposed upon pla 
narization and on the polysilicon film 423 to a thickness of 
about 50 to 150 rim by CVD to bury the field shield element 
isolation structures 422 with the polysilicon films 423 and 
424. 

0284 Asilicide film of a refractory metal such as tung 
sten (W) may be formed on the planarized polysilicon film 
424 by Sputtering to form a polycide layer consisting of the 
polysilicon film 424 and the Suicide film. 
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0285). As shown in FIG. 22G, the polysilicon films 423 
and 424 are patterned by photolithography and dry etching 
to form strip-shaped gate electrodes (gate wiring layers) 407. 
The gate electrodes (gate wiring layers) 407 are formed at 
almost the same level acroSS the element formation region 
421 and the field shield element isolation structures 422. On 
the element formation region 421, the gate electrode is 
constituted by the polysilicon films 423 and 424. On the field 
Shield element isolation Structure 422, the gate wiring layer 
is constituted by the polysilicon film 424. 
0286 As shown in FIG. 22H, the silicon semiconductor 
substrate 401 is doped with an n-type impurity. More 
Specifically, using the gate electrode 407 as a mask, arsenic 
(AS) is ion-implanted into the Surface regions of the Silicon 
semiconductor Substrate 401 on both sides of the gate 
electrode 407 in the element formation region 421, thereby 
forming each diffusion layer 410 Serving as the Source/drain 
of an NMOS transistor. 

0287. As shown in FIG. 22, a silicon oxide film 408 is 
deposited on the entire surface by CVD to a thickness 
sufficient to bury the gate electrode 407. Using as stoppers 
with the gate electrode 407 on the element formation region 
421 and the gate wiring layers 407 (i.e., the polysilicon films 
424) on the field shield element isolation structures 422 as 
stoppers, the Surface of the silicon oxide film 408 is pla 
narized by CMP until the gate electrode (gate wiring layer) 
407 is exposed. At this time, an alkali solution based on a 
Silica powder and KOH or ammonia is preferably used as a 
slurry for CMP of the silicon oxide film 408. 
0288 As shown in FIG. 22.J., the upper surfaces of the 
gate electrodes (gate wiring layers) 407 are thermally oxi 
dized to form gate oxide films 409 on the upper surfaces of 
the gate electrodes (gate wiring layers) 407. A polysilicon 
film 411 is deposited on the entire Surface including the gate 
oxide films 409 to a thickness of about 50 to 250 nm by 
CVD. The polysilicon film 411 is patterned by photolithog 
raphy and dry etching to leave the polysilicon film 411 into 
a predetermined shape including the gate oxide film 409. 
0289. As shown in FIG.22K, a photoresist 431 is applied 
to the entire Surface and patterned by photolithography. The 
photoresist 431 is left into a predetermined shape on the gate 
oxide film 409 on the field shield element isolation structure 
422 to have almost the same width as that of the gate oxide 
film 409, and on the polysilicon film 411 on the element 
formation region 421 to also have almost the same width as 
that of the gate oxide film 409. 
0290 The entire surface is doped with a p-type impurity 
using the photoresist 431 as a mask. More specifically, boron 
(B) is ion-implanted into the polysilicon film 411 to form 
each diffusion layer 412 Serving as the Source/drain of a 
PMOS transistor in the polysilicon film 411 except a portion 
immediately below the photoresist 431 on the polysilicon 
film 411. 

0291. As shown in FIG. 22L, the photoresist 431 is 
removed by, e.g., ashing. A BPSG (BoroPhosphoSilicate 
Glass) film 413 is -formed on the entire surface to bury the 
polysilicon film 411. The BPSG film 413 is reflowed by 
annealing to planarize the Surface. 

0292. As shown in FIG. 22M, the BPSG film 413 is 
patterned to form a contact hole 414 extending through the 
BPSG film 413 to expose a part of the surface of one 
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diffusion layer 412 in the polysilicon film 411. In addition, 
the BPSG film 413, the other diffusion layer 412 in the 
polysilicon film 411, the silicon oxide film 408, and the gate 
oxide film 406 are patterned to form a contact hole 415 
extending through the BPSG film 413, the other diffusion 
layer 412 in the polysilicon film 411, the silicon oxide film 
408, and the gate oxide film 406 to expose a part of the 
surface of one diffusion layer 410 formed in the surface 
region of the silicon semiconductor Substrate 401. 
0293 An aluminum alloy film is formed on the entire 
surface including the contact holes 414 and 415 by sputter 
ing. The aluminum alloy film is patterned to form a metal 
wiring layer 416 which is filled in the contact hole 414, 
electrically connected to one diffusion layer 412 in the 
polysilicon film 411, and connected to a power Supply 
terminal Vdd, and a metal wiring layer 417 which is filled in 
the contact hole 415, electrically connected to the other 
diffusion layer 412 in the polysilicon film 411 and the other 
diffusion layer 410 formed in the silicon semiconductor 
substrate 401, and connected to an output terminal Vout, 
thereby completing the CMOS transistor. 
0294 As described above, the CMOS transistor of the 
seventh embodiment is constituted by the NMOS transistor 
and the PMOS transistor which share the gate electrode 407. 
The NMOS transistor is constituted by the gate electrode 
407 and the pair of diffusion layers 410. The PMOS tran 
sistor is constituted by the gate electrode 407 and the 
polysilicon film 411 formed on the silicon oxide film 408 
which buries the gate electrode (gate wiring layer) 407 to 
expose the surface of the gate oxide film 409 on the gate 
electrode 407 and has a planarized surface. The pair of 
diffusion layers 412 are formed in the polysilicon film 411 
on both sides of the gate electrode 407. The metal wiring 
layer 416 which is to be connected to the power supply 
terminal Vdd is connected to the diffusion layer 410 serving 
as the drain of the NMOS transistor and the diffusion layer 
412 serving as the drain of the PMOS transistor. In addition, 
the metal wiring layer 417 which is to be connected to the 
output terminal Vout is connected to the diffusion layer 412 
serving as the source of the PMOS transistor. The common 
gate electrode (gate wiring layer) 407 is connected to an 
input terminal \Tin, and the diffusion layer 410 serving as the 
Source of the NMOS transistor is connected to a ground 
terminal VSS. 

0295). According to the seventh embodiment, the PMOS 
transistor which has one thin polysilicon film and shares the 
gate electrode 407 with the NMOS transistor is formed on 
the planarized NMOS transistor. Therefore, a flat semicon 
ductor device having a CMOS structure which has a small 
occupied area and enables further integration is realized 
without using any Special Semiconductor Substrate Such as 
an SOI structure. 

0296. In the seventh embodiment, the field shield element 
isolation Structures 422 is formed as an element isolation 
structure. However, in place of the field shield element 
isolation structures 422, a field oxide film 432 may be 
formed by so-called LOCOS (Local Oxidation of Silicon), 
as shown in FIG. 23. 

First Modification 

0297. The first modification of the CMOS transistor 
according to the seventh embodiment will be described 
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below. In the first modification, a MOS transistor having a 
two-layer Structure will be exemplified as a Semiconductor 
device. This MOS transistor having a two-layer structure has 
almost the same structure as that of the CMOS transistor of 
the seventh embodiment. However, this MOS transistor is 
different in that two MOS transistors are of the same 
conductivity type. FIG. 24 is a schematic sectional view 
showing the MOS transistor having the two-layer structure 
of the first modification. The same reference numerals as in 
the CMOS transistor of the Seventh embodiment denote the 
Same constituent elements in this modification, and a 
detailed description thereof will be omitted. 

0298 The MOS transistor having a two-layer structure 
according to the first modification is constituted by upper 
and lower NMOS transistors which share the gate electrode 
407. The lower NMOS transistor has the gate electrode (gate 
wiring layer) 407 and the pair of diffusion layers 410, as in 
the seventh embodiment. The upper NMOS transistor is 
constituted by the gate electrode 407 and the polysilicon film 
411 formed on the silicon oxide film 408 which buries the 
gate electrode 407 to expose the gate oxide film 409 on the 
gate electrode 407 and has a planarized Surface. An n-type 
impurity Such as phosphorus (P) is ion-implanted into the 
polysilicon film 411 on both sides of the gate electrode 407 
to form a pair of diffusion layers 433. The metal wiring layer 
416 to be connected to the power supply terminal Vdd is 
connected to the diffusion layer 410 serving as the drain of 
the lower NMOS transistor and the diffusion layer 433 
serving as the drain of the upper NMOS transistor. In 
addition, the metal wiring layer 417 to be connected to the 
output terminal Vout is connected to the diffusion layer 410 
serving as the source of the lower NMOS transistor and the 
diffusion layer 433 serving as the source of the upper NMOS 
transistor. The common gate electrode 407 is connected to 
the input terminal Vin, and the diffusion layer 410 serving as 
the Source of the lower NMOS transistor is connected to the 
ground terminal VSS. 

0299. According to the first modification, as in the sev 
enth embodiment, the upper NMOS transistor which has one 
thin polysilicon film and shares the gate electrode 407 with 
the NMOS transistor is formed on the planarized lower 
NMOS transistor. Therefore, a flat semiconductor device 
having a two-layer MOS structure which has a small occu 
pied area and enables further integration is realized without 
using any special Semiconductor Substrate Such as an SOI 
Structure. 

Second Modification 

0300. The second modification of the CMOS transistor 
according to the seventh embodiment will be described 
below. In the second modification, a MOS transistor having 
a two-layer Structure will be exemplified as a Semiconductor 
device. This MOS transistor having a two-layer structure has 
almost the same structure as that of the CMOS transistor of 
the seventh embodiment. However, this MOS transistor is 
different in that each of two MOS transistors has a gate 
electrode. The structure of the CMOS transistor and a 
method of manufacturing the CMOS transistor will be 
described together. FIGS.22A to 22F and FIGS. 25A to 25J 
are schematic sectional views showing the MOS transistor 
having the two-layer Structure of the Second modification. 
The same reference numerals as in the CMOS transistor of 
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the Seventh embodiment denote the same constituent ele 
ments in this modification, and a detailed description thereof 
will be omitted. 

0301) With processes shown in FIGS. 22A to 22F 
described in the seventh embodiment, the polysilicon film 
423 is surface-polished by CMP to planarize the surface. The 
polysilicon film 424 is deposited on the polysilicon film 423 
and on the field shield element isolation structures 422 
exposed upon planarization. 

0302) As shown in FIG. 25A, a silicon oxide film 441 
Serving as a cap insulating film is deposited on the polysili 
con film 424 by CVD. 
0303 As shown in FIG. 25B, the polysilicon films 423 
and 424 and the silicon oxide film 441 are patterned by 
photolithography and dry etching to form the Strip-shaped 
gate electrodes (gate wiring layers) 407 and cap insulating 
films 442 of the gate electrodes (gate wiring layers) 407. The 
gate electrodes (gate wiring layers) 407 and the cap insu 
lating films 442 are formed at almost the same levels, 
respectively, over the element formation region 421 and the 
field shield element isolation structures 422. On the element 
formation region 421, the gate electrode 407 is constituted 
by the polysilicon films 423 and 424. On the field shield 
element isolation structure 422, the gate wiring layer 407 is 
constituted by the polysilicon film 424. 
0304. As shown in FIG. 25C, the silicon semiconductor 
substrate 401 is doped with an n-type impurity. More 
Specifically, using the cap insulating film 442 as a mask, 
arsenic (AS) is ion-implanted into the Surface regions of the 
silicon semiconductor substrate 401 on both sides of the gate 
electrode 407 in the element formation region 421 to form 
relatively lightly doped n-type diffusion region 443. 

0305 As shown in FIG. 25D, a silicon oxide film is 
deposited on the entire Surface including the field Shield 
element isolation structures 422 by CVD. The entire surface 
of the Silicon oxide film is anisotropically etched to leave the 
Silicon oxide film only on the Side Surfaces of the gate 
electrodes (gate wiring layers) 407 and the cap insulating 
films 442, thereby forming side walls 444. 

0306 Next, the silicon semiconductor substrate 401 is 
doped with an n-type impurity. More specifically, using the 
cap insulating film 442 and the Side walls 444 as masks, 
arsenic (AS) is ion-implanted into the Surface regions of the 
silicon semiconductor Substrate 401 on both sides of the side 
walls 444 in the element formation region 421 to form 
relatively heavily doped n-type diffusion regions 445. At 
this time, the n-type diffusion regions 443 are joined to the 
n"-type diffusion regions 445 to form impurity diffusion 
layers 446 each having an LDD (Lightly Doped Drain) 
Structure. 

0307 As shown in FIG. 25E, the silicon oxide film 408 
is deposited on the entire surface by CVD to a thickness for 
burying the cap insulating films 442. The Surface of the 
silicon oxide film 408 is planarized by CMP until the cap 
insulating films 442 on the element formation region 421 
and on the field shield element isolation structures 422 are 
exposed. 

0308) As shown in FIG. 25F, the polysilicon film 411 is 
deposited to a thickness of about 50 to 250 nm by CVD. The 
polysilicon film 411 is patterned by photolithography and 
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dry etching to leave the polysilicon film 411 into a prede 
termined shape including the cap insulating film 442. 
0309 As shown in FIG. 25G, the upper surface of the 
polysilicon film 411 is thermally oxidized to form a gate 
oxide film 447 on the upper surface of the silicon oxide film 
441. A polysilicon film and a Silicon oxide film are Sequen 
tially deposited on the entire surface by CVD to cover the 
polysilicon film 411 and the gate oxide film 447. The 
polysilicon film and the Silicon oxide film are patterned by 
photolithography and dry etching to form a gate electrode 
448 and a cap insulating film 449 of the gate electrode 448. 
0310. As shown in FIG. 25H, the polysilicon film 411 is 
doped with a p-type impurity. More specifically, using the 
cap insulating film 449 as a mask, boron (B) is ion 
implanted into the Surface regions of the polysilicon film 411 
on both sides of the gate electrode 448 to form relatively 
lightly doped p-type diffusion regions 450. 
0311. As shown in FIG. 25, a silicon oxide film is 
deposited on the entire surface by CVD. The entire surface 
of the Silicon oxide film is anisotropically etched to leave the 
Silicon oxide film only on the Side Surfaces of the gate 
electrode 448 and the cap insulating film 449, thereby 
forming side walls 451. 
0312 Next, the polysilicon film 411 is doped with a 
p-type impurity. More specifically, using the cap insulating 
film 449 and the side walls 451 as masks, boron (B) is 
ion-implanted into the Surface regions of the polysilicon film 
411 on both sides of the side walls 451 to form relatively 
heavily doped p-type diffusion regions 452. At this time, 
the p-type diffusion regions 450 are joined to the p-type 
diffusion regions 452 to form impurity diffusion layers 453 
each having an LDD Structure. 
0313 As shown in FIG. 25.J., the BPSG (BoroPhospho 
Silicate Glass) film 413 is formed on the entire surface to 
bury the polysilicon film 411 and the cap insulating film 449. 
The BPSG film 413 is reflowed by annealing to planarize the 
Surface. 

0314. The BPSG film 413 is patterned to form the contact 
hole 414 extending through the BPSG film 413 and the gate 
oxide film 447 to expose a part of the surface of one impurity 
diffusion layer 453 in the polysilicon film 411. In addition, 
the BPSG film 413, the gate oxide film 447, the polysilicon 
film 411 (the other diffusion layer 453), the silicon oxide 
film 408, and the gate oxide film 406 are patterned to form 
the contact hole 415 to expose part of the surface of one 
impurity diffusion layer 446 formed in the surface region of 
the silicon semiconductor Substrate 401. 

0315. An aluminum alloy film is formed on the entire 
surface including the contact holes 414 and 415 by sputter 
ing. The aluminum alloy film is patterned to form the metal 
wiring layer 416 which is filled in the contact hole 414, 
electrically connected to one impurity diffusion layer 453 in 
the polysilicon film 411, and connected to the power Supply 
terminal Vdd, and the metal wiring layer 417 which is filled 
in the contact hole 415, electrically connected to the other 
impurity diffusion layer 453 in the polysilicon film 411 and 
one impurity diffusion layer 446 formed in the silicon 
Semiconductor Substrate 401, and connected to the output 
terminal Vout, thereby completing the CMOS transistor. 
0316. According to the second modification, the upper 
PMOS transistor which has one thin polysilicon film 411 and 
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the gate electrode 448 is formed on the planarized lower 
NMOS transistor. Therefore, a flat semiconductor device 
having a two-layer MOS structure which has a small occu 
pied area and enables further integration is realized without 
using any special Semiconductor Substrate Such as an SOI 
Structure. 

0317. According to the second modification, each of the 
impurity diffusion layers 446 and 453 serving as the sources/ 
drains of the NMOS and PMOS transistors can be formed to 
have an LDD structure. Therefore, the breakdown voltage 
can be largely raised. 

Eighth Embodiment 
0318. The eighth embodiment of the present invention 
will be described next. In the eighth embodiment, an 
example in which the present invention is applied to a MOS 
transistor having a pad polysilicon film functioning as an 
leading-out electrode will be described, as in the first 
embodiment. In the eighth embodiment, the structure of the 
MOS transistor and a method of manufacturing the MOS 
transistor will be described together. FIGS. 26A to 26H are 
Schematic Sectional views showing Steps in manufacturing 
the MOS transistor. 

0319. As shown in FIG. 26A, a gate insulating film 511 
(thickness: about 10 nm) and a polysilicon film 512 (first 
conductive film) (thickness: about 150 to 300 nm) serving as 
an etching Stopper film are deposited on a Silicon Semicon 
ductor substrate 510. Thereafter, a photoresist film FR1 is 
formed on the polysilicon film 512 to form element isolation 
regions Rto and cover element formation regions Rtr. Etch 
ing is performed using the photoresist film FR1 as a mask to 
remove the polysilicon film 512 and the gate insulating film 
511. The semiconductor Substrate 510 is further etched to 
form groove portions 510a each having a predetermined 
depth (about 500 nm). At this time, the etching conditions 
are Set Such that an angle 0 between the Surface of the 
semiconductor Substrate 510 and the side Surface of the 
groove portion 510a is close to 90° (within the range of 
about 800 to 100°). 
0320. As shown in FIG. 26B, the photoresist films FR1 
are removed by, e.g., ashing. A diffusion prevention film 514 
having a thickness of about 20 nm and consisting of a Silicon 
oxide film (e.g., a thermal oxide film, a silane-based P1920 
film, or a TEOS-based P1920 film) having a thickness 
smaller than the depth of the groove portion 510a is depos 
ited by low-pressure CVD. In addition, an isolation insulat 
ing film 515 consisting of a silicon oxide film having a 
thickness (e.g., about 800 to 1,000 nm) larger than the depth 
of the groove portion 510a is deposited on the diffusion 
prevention film 514 to bury the groove portions 510a with 
the isolation insulating film 515. The isolation insulating 
film 515 consists of, e.g., a silane-based BPSG film or a 
TEOS-based BPSG film having reflow properties. However, 
not only the BPSG film but also a PSG film, a BSG film, or 
a Silicon oxide film containing arsenic may be used. Alter 
natively, the reflow properties may be obtained by deposit 
ing a Silicon oxide film and ion-implanting an impurity in the 
silicon oxide film. 

0321. As shown in FIG. 26B, since the aspect ratio of the 
groove portion 510a is high in the narrow element isolation 
region Rto, voids 519 are apt to be generated in the isolation 
insulating film 515 at a high probability. 
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0322. As one of the characteristic features of the eighth 
embodiment, annealing is performed in the Step shown in 
FIG. 26Cat, e.g.,850° C. for about 30 minutes to reflow the 
isolation insulating film 515, thereby eliminating the voids 
519. 

0323. As shown in FIG. 26D, e.g., chemical mechanical 
polishing (CMP) is performed using the polysilicon films 
512 as stoppers to planarize the isolation insulating film 515. 
The upper Surface formed at this time on the Silicon Semi 
conductor substrate 510 will be referred to as a planarized 
Surface P. More specifically, the isolation insulating films 
515 and the diffusion prevention films 514 in the element 
formation regions Rtr are completely removed to expose the 
surfaces of the polysilicon films 512. At this time, element 
isolation structures 515a are formed by the isolation insu 
lating films 515 which are filled in the groove portions 510a. 

0324. As shown in FIG. 26E, a polysilicon film 513 
Serving as the Second conductive film and having a thickness 
of about 100 to 200 nm and a silicon oxide film 520 serving 
as a cap insulating film of a gate electrode are Sequentially 
deposited on the planarized surface P. Photoresist films FR2 
are formed on the silicon oxide film 520 to cover regions 
where a gate electrode or the like is to be formed. 

0325 As shown in FIG. 26F, the two polysilicon films 
512 and 513 and the silicon oxide film 520 are etched using 
the photoresist films FR2 as masks to pattern gate electrodes 
521 each having a cap insulating film 520a and consisting of 
a lower layer 512a and an upper layer 513a. At this time, the 
upper Surface of the cap insulating film 520a on the gate 
electrode 521 on the element formation region Rtr (on the 
gate insulating film 511) is almost flush with the upper 
Surface of the cap insulating film 520a on the gate electrode 
521 on the element isolation structure 515a. 

0326. As shown in FIG. 26G, the photoresist films FR2 
are removed by, e.g., ashing. A Silicon oxide film is depos 
ited on the entire Surface to cover the gate electrodes 521. 
The entire Surface is anisotropically etched to leave the 
Silicon oxide film on the Side Surfaces of the gate electrodes 
521, thereby forming side walls 522. 

0327. An impurity of a conductivity type opposite to that 
of the silicon semiconductor substrate 510 is ion-implanted 
into the Surface regions of the Silicon Semiconductor Sub 
strate 510 on both sides of the gate electrode 521 using the 
gate electrode 521 as a mask (i.e., using the cap insulating 
film 520a as a mask) to form a pair of diffusion layers 523 
Serving as a Source and drain. 

0328. As shown in FIG. 26H, a polysilicon film is 
deposited on the entire Surface to a thickness for burying the 
gate electrode 521. The polysilicon film is polished by CMP 
using the cap insulating film 520a as a Stopper to planarize 
the polysilicon film, thereby forming pad polysilicon films 
524 which are filled between the adjacent gate electrodes 
521 with the side walls 522 intervened and function as the 
leading-out electrodes of the diffusion layers 523. As a 
method of forming the pair of diffusion layers 523, the 
polysilicon film may be doped with an impurity. After the 
pad polysilicon films 524 are formed, the pad polysilicon 
film 524 may be subjected to annealing to diffuse the 
impurity into the silicon semiconductor Substrate 510 to 
form the diffusion layers 523. 
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0329. Thereafter, various wiring layers connected to the 
pad polysilicon films 524, insulating interlayerS for burying 
the wiring layers, and the like are formed, thereby complet 
ing the MOS transistor. 
0330. In the eighth embodiment, even if the interval 
between the element isolation regions Rto becomes Small, 
and the aspect ratio of the groove portion 510a becomes high 
to generate the void 519 in the isolation insulating film 515, 
such void 519 can be eliminated by reflowing the isolation 
insulating film 515. Particularly, in the eighth embodiment, 
the gate insulating film 511 and the polysilicon film 512 are 
formed before formation of the element isolation structure 
515a. For this reason, the Surface of the silicon semicon 
ductor Substrate 510 is not exposed before deposition of the 
isolation insulating film 515 having the reflow properties. 
Therefore, the transistor characteristics do not vary due to 
diffusion of an impurity Such as boron or phosphorus con 
tained in the isolation insulating film 515. In addition, since 
the underlayer has no steps in patterning the gate electrode 
521, a fine pattern can be stably formed. 
0331 In the eighth embodiment, the upper layer 513a on 
the gate electrode 521 is formed of the polysilicon film 513. 
However, the upper layer 513a may be formed of a silicide 
film of, e.g., WSi or TiSi, or a multilayered film of a barrier 
metal such as TiN and a refractory metal film of, e.g., W to 
lower the resistance. 

0332. In the eighth embodiment, the diffusion prevention 
film 514 is formed immediately below the isolation insulat 
ing film 515, although the diffusion prevention film 514 need 
not always be formed. However, when the diffusion preven 
tion film 514 is formed, the impurity in the isolation insu 
lating film 515 can be properly prevented from being 
diffused into the silicon semiconductor Substrate 510, So that 
the reliability of the MOS transistor formed in the element 
formation region Rtr can be increased. 
0333. The step of reflowing the isolation insulating film 
515 may be performed after completion of the planarization 
proceSS. 

Ninth Embodiment 

0334. A semiconductor device according to the ninth 
embodiment and a manufacturing method therefor will be 
described below. In this case, an EEPROM as one of 
nonvolatile Semiconductor memories will be exemplified as 
a semiconductor device. FIG. 27 is a schematic plan view 
showing the structure of an EEPROM according to the ninth 
embodiment. FIGS. 28, 29, and 30 are schematic sectional 
views taken along lines A-A', B-B', and C-C in FIG. 27, 
respectively. 

0335). This EEPROM comprises floating gate electrodes 
603 independently electrically floating in element formation 
regions Surrounded by field Shield element isolation Struc 
tures 602 on a p-type silicon semiconductor substrate 601, 
strip-shaped control gate electrodes 605 formed to be almost 
perpendicular to the field Shield element isolation Structures 
602 and oppose the one-row floating gate electrodes 603 
through strip-shaped dielectric films 604, pairs of impurity 
diffusion layers 606 formed in the surface regions of the 
silicon semiconductor Substrate 601 on both sides of the 
respective control gate electrodes 605 in the element for 
mation regions, leading-out electrodes 609 filled between 
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adjacent control gate electrodes 605 through cap insulating 
films 618 and side wall protective films 619 which cover the 
floating gate electrodes 603, the dielectric films 604, and the 
control gate electrodes 605, and connected to the impurity 
diffusion layers 606, and band-shaped bit lines 610 almost 
parallel to the field shield element isolation structures 602 
and electrically connected to one (drain diffusion layer) of 
the impurity diffusion layers 606 through the leading-out 
electrode 609. In FIG. 27, a region enclosed by a circle D 
corresponds to a memory cell. 

0336. As shown in FIGS. 29 and 30, in the field shield 
element isolation structure 602, a polysilicon film 612 
Serving as a shield plate electrode and a cap insulating film 
613 of the shield plate electrode are patterned into a strip 
shape Such that they are coupled at almost the center. 
Thermal oxide films 614 are formed on the side Surface 
portions of the polysilicon film 612, and the polysilicon film 
612 Serving as a shield plate electrode is Surrounded by the 
thermal oxide film 611, the cap insulating film 613, and the 
thermal oxide films 614. 

0337 The floating gate electrodes 603 are formed of 
polysilicon films each patterned on a tunnel oxide film 615 
formed in the element formation region, and electrically 
disconnected from each other. As shown in FIG. 28, the 
floating gate electrodes 603 are arranged at an almost equal 
interval over the impurity diffusion layers 606 on the ele 
ment formation regions. In addition, as shown in FIG. 30, 
the floating gate electrodes 603 are filled between the field 
Shield element isolation Structure 602 and oppose the poly 
silicon films 612 with the thin thermal oxide films 614 
intervened. 

0338. As shown in FIG. 30, the surfaces of the field 
Shield element isolation Structures 602 and the floating gate 
electrodes 603 are planarized. That is, the upper surfaces of 
the field shield element isolation structures 602 and the 
upper Surfaces of the floating gate electrodes 603 are formed 
on almost the same plane (planarized Surface 616). 
0339) The dielectric film 604 is formed of an ONO film 
which has a three-layer Structure of an oxide film, a nitride 
film, and an oxide film. The control gate electrode 605 is 
formed of, e.g., an n-type polysilicon film. The dielectric 
films 604 and the control gate electrodes 605 are formed into 
almost the same Strip shape on the planarized Surface 616 
including the floating gate electrodes 603 in the row direc 
tion. Each floating gate electrode 603 and the corresponding 
control gate electrode 605 are capacitively coupled through 
the dielectric film 604. 

0340. A cap insulating film 618 is formed on the control 
gate electrode 605. Side wall protective films 619 are formed 
on the side surfaces of the floating gate electrode 603, the 
dielectric film 604, and the control gate electrode 605. 
0341 The floating gate electrode 603, the dielectric film 
604, and the control gate electrode 605 are surrounded by 
the tunnel oxide film 615, the cap insulating film 618, and 
the side wall protective films 619. 
0342. As shown in FIG.28, the leading-out electrode 609 
is filled between the floating gate electrodes 603, the dielec 
tric films 604, and the control gate electrodes 605 with the 
thermal oxide film 619 intervened in the element formation 
region. In addition, as shown in FIG. 29, the extraction 
electrode 609 is filled between the field shield element 
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isolation structures 602 with the thermal oxide film 614 
intervened. Each extraction electrode 609 is electrically 
connected to one impurity diffusion layer 606 in the lower 
layer. 

0343 An insulating interlayer 617 is formed on the entire 
surface of the silicon semiconductor Substrate 601 including 
the field shield element isolation structures 602 and the 
upper surfaces of the control gate electrodes 605. Contact 
holes 620 are formed in the insulating interlayer 617 to 
expose a part of the Surface of each leading-out electrode 
609 connected to one impurity diffusion layer 606 serving as 
a drain diffusion layer. 
0344) An underlayer 621 having a two-layer structure of 
TiN/Ti is formed on the insulating interlayer 617 including 
the contact holes 620. The strip-shaped bit lines 610 con 
Sisting of an aluminum alloy are filled in the contact holes 
620 and extend over the insulating interlayer 617 along the 
underlayer 621. 
0345 The write/erase operation of this EEPROM will be 
described below. 

0346) The capacitances of the tunnel oxide film 615, the 
dielectric film 604, and the field shield element isolation 
Structure 602 are represented by C, C, and C (Ct=C+ 
C+C), respectively. The potentials of the floating gate 
electrode 603, the control gate electrode 605, and the 
polysilicon film 612 of the field shield element isolation 
structure 602 are represented by Vfg, Vcg, and Vfs, respec 
tively. When charges in the floating gate electrode 603 are 
represented by Q, the following relation holds: 

0347 The write operation will be described first. In a 
write mode, the floating gate electrode 603 is discharged to 
lower the threshold value. Normally, the polysilicon film 
612 of the field shield element isolation structure 602 is used 
as a shield plate electrode fixed at 0 (V). In the write mode, 
however, the polysilicon film 612 is used as a write elec 
trode. More specifically, Vcg may be fixed at 0 (v), and Vfs 
may be set at a high negative potential. At this time, the 
following relation holds on the basis of equation (1): 

0348 therefore, 

Vfig - Vfs = -(C + C). Vig ( C3 (2) 

= -5 Vfg+ (Ct f Cs). (Of Ct) 

0349 To generate a Fowler-Nordheim tunnel current, a 
voltage of at least 10 (MV/cm) must be applied to the 
thermal oxide film 614 of the field shield element isolation 
structure 602. When the thermal oxide film 614 is about 20 
(nm) thick, 

Vfg-Vfs220 (V) 

0350. Therefore, by setting Vfs at a negative potential of 
-20(V) or less, charges are removed from the floating gate 
electrode 603. 

0351. The erase operation will be described next. In an 
erase mode, the floating gate electrode 603 is charged to 
raise the threshold value. In a normal erase mode, as the first 
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erase method, Vcg is set at a high positive potential (about 
13 (V)), arid Vfs is fixed at 0 (V). On the basis of equation 
(1), the following relation holds: 

Ct. Vfg=2Cs. Vfs+Q (3) 

0352 Charges corresponding to Q=-3.64Ct are stored in 
the floating gate electrode 603. 

0353 As the second erase method, by setting Vcg at a 
high potential (about 13 V), and Vfs at a high negative 
potential (-20 (V)), charges are stored in the floating gate 
electrode 603 through the thermal oxide film 614. 

0354) A method of manufacturing the EEPROM having 
the above structure will be described below. FIGS. 31A, 
32A, 33A, 34A, 35A, and 36A are plan views showing steps 
in manufacturing the EEPROM. FIGS.31B,32B,33B,34B, 
35B, and 36B are sectional views taken along lines A-A in 
these plan views, respectively, and FIGS. 31C, 32C, 33C, 
34C, 35C, and 36C are sectional views taken along lines 
B-B' in these plan views, respectively. The same reference 
numerals as in FIGS. 27 to 30 denote the same members 
throughout these drawings, and a detailed description 
thereof will be omitted. 

0355 As shown in FIGS. 31A to 31C, the surface of the 
p-type silicon semiconductor substrate 601 is thermally 
oxidized to form the thermal oxide film 611. The polysilicon 
film 612 and the cap insulating film 613 are sequentially 
deposited on the thermal oxide film 611 by CVD. The cap 
insulating film 613, the polysilicon film 612, and the thermal 
oxide film 611 are subjected to photolithography and then to 
dry etching to leave the cap insulating films 613, the 
polysilicon films 612, and the thermal oxide film 611 into a 
Strip shape Such that they are coupled at almost the center. 

0356. As shown in FIGS. 32A to 32C, the side surfaces 
of the polysilicon film 612 are thermally oxidized to form 
the thermal oxide films 614, thereby completing the field 
shield element isolation structure 602 Surrounded by the 
thermal oxide film 611, the cap insulating film 613, and the 
thermal oxide films 614 to demarcate the element active 
region. Instead of forming the thermal oxide film 614, a 
Silicon oxide film may be deposited on the entire Surface of 
the thermal oxide film 611 to cover the polysilicon film 612 
and the cap insulating film 613. By anisotropically etching 
the entire Surfaces of the silicon oxide film and the thermal 
oxide film 611, the silicon oxide film may be left on the side 
Surfaces of the polysilicon film 612 and the cap insulating 
film 613. 

0357. As shown in FIGS. 33A to 33C, the surfaces of the 
silicon semiconductor Substrate 601 between the field shield 
element isolation structures 602 are thermally oxidized to 
form the tunnel oxide films 615. A polysilicon film 622 is 
deposited on the entire Surface including the field Shield 
element isolation structures 602 to fill between the field 
shield element isolation structures 602. The polysilicon film 
622 is Surface-polished by, e.g., chemical mechanical pol 
ishing (CMP) using the cap insulating films 613 of the field 
shield element isolation structures 602 as stoppers. At this 
time, the polysilicon film 622 is patterned to fill between the 
adjacent field shield element isolation structures 602 and to 
be separated by the field shield element isolation structures 
602. The polysilicon film 622 becomes the floating gate 
electrodes 603 later. 
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0358) As shown in FIGS. 34A to 34C, an ONO film 
having a three-layer Structure of an oxide film, a nitride film, 
and an oxide film, a polysilicon film, and a Silicon oxide film 
are Sequentially deposited on the field Shield element isola 
tion structures 602, the cap insulating films 613, and the 
polysilicon films 622, i.e., on the planarized Surface 616. 
Before formation of the silicon oxide film, a refractory metal 
may be deposited on the polysilicon film by Sputtering to 
form a Suicide layer. 
0359 The silicon oxide film, the polysilicon film, the 
ONO film, the polysilicon film 622, and the tunnel oxide 
film 615, are subjected to photolithography and then to dry 
etching. The Silicon oxide film, the polysilicon film, and the 
ONO film are patterned into a strip shape to be almost 
perpendicular to the field Shield element isolation Structures 
602, thereby forming the dielectric films 604, the control 
gate electrodes 605, and the cap insulating films 618 of the 
control gate electrodes 605. At the same time, the polysili 
con films 622 and the tunnel oxide films 615 between the 
adjacent control gate electrodes 605 are removed to form the 
floating gate electrodes 603 which are independently capaci 
tively coupled to the control gate electrodes 605 through the 
dielectric films 604 in the element formation regions. When 
the silicide layer is formed, the control gate electrode 605 is 
formed as a polycide film. 

0360. As shown in FIGS. 35A to 35C, a silicon oxide 
film is deposited on the entire Surface of the Silicon Semi 
conductor Substrate 601 including the cap insulating films 
618. The entire Surface of the silicon oxide film is aniso 
tropically etched to leave the silicon oxide film on the side 
surfaces of the tunnel oxide films 615, the floating gate 
electrodes 603, the dielectric films 604, the control gate 
electrodes 605, and the cap insulating films 618, thereby 
forming the side wall protective films 619. 
0361. After an undoped polysilicon film is deposited on 
the entire surface by CVD, the polysilicon film is surface 
polished by CMP to expose the surfaces of the control gate 
electrodes 605. At this time, the independent leading-out 
electrodes 609 which are filled between the adjacent side 
wail protective films 619 and the cap insulating films 618 on 
the silicon semiconductor Substrate 601 in the element 
formation regions are formed. 

0362 Arsenic (AS) is ion-implanted into the silicon semi 
conductor Substrate 601 through the extraction electrodes 
609 at an acceleration energy of 75 key and a dose of 101''' 
cm? The silicon semiconductor substrate 601 is annealed at 
900 C. to diffuse the arsenic in the surface regions of the 
silicon semiconductor Substrate 601, thereby forming the 
impurity diffusion layers 606 serving as the source/drain 
diffusion layers. 
0363 As shown in FIGS. 36A to 36C, the insulating 
interlayer 617 is deposited on the entire surface by CVD. 
The contact holes 620 are formed to expose part of the 
Surfaces of the extraction electrodes 609 connected to the 
impurity diffusion layers 606 serving as drain diffusion 
layers. 

0364. The underlayer 621 having a two-layer structure of 
TiN/Ti is formed on the surface of the insulating interlayer 
617 including the inner walls of the contact holes 620 by 
Sputtering. Subsequently, an aluminum alloy film is formed 
by Sputtering and Subjected to photolithography and then to 

29 
Nov. 3, 2005 

dry-etching. With this process, the bit lines 610 which are 
filled in the contact holes 620 and extend along the insulat 
ing interlayer 617 on the underlayer 621 are formed. 
0365. Thereafter, various upper wiring layers and via 
holes are formed, thus completing the EEPROM. 
0366 As described above, in the semiconductor device 
according the ninth embodiment and the manufacturing 
method therefore, the floating gate electrode 603 filled 
between the adjacent field shield element isolation Structures 
602 opposes the polysilicon film 612 buried in the field 
shield element isolation structure 602 and serving as a shield 
plate electrode through the thermal oxide film 614 as the side 
wall protective film of the polysilicon film 612. In addition, 
the control gate electrode 605 is formed on floating gate 
electrode 603 with the dielectric film 604 intervened. When 
the polysilicon film 612 is to serve as a shield plate elec 
trode, the potential of the polysilicon film 612 is set at 0 V, 
and the silicon semiconductor Substrate 601 at a portion 
corresponding to the field Shield element isolation Structure 
602 is fixed at 0 (V), so that element isolation is attained. 
However, a voltage of 0 V or less can be applied to the 
polysilicon film 612. When a predetermined negative volt 
age is applied to the polysilicon film 612 to make a tunnel 
current flow between the polysilicon film 612 and the 
floating gate electrode 603 through the thermal oxide film 
614, the polysilicon film 612 can be used not only as a shield 
plate electrode but also as a write/erase electrode. 
0367. In addition, since the deposited polysilicon film 
622 is surface-polished using the thermal oxide films 611 of 
the field shield element isolation structures 602 as stoppers, 
e.g., the floating gate electrodes 603 which are properly 
separated by the thermal oxide films 611 of the field shield 
element isolation Structures 602 are formed in a Self-aligned 

C. 

10th Embodiment 

0368. The 10th embodiment will be described first. In the 
10th embodiment, an example in which the present inven 
tion is applied to a MOS transistor will be described. In the 
10th embodiment, the structure of the MOS transistor and a 
manufacturing method therefore will be described together. 
FIGS. 37A to 37J are schematic sectional views showing 
Steps in manufacturing the MOS transistor. 
0369. An element isolation structure is formed in an 
element isolation region on a p-type Silicon Semiconductor 
substrate by a so-called field shield element isolation 
method, thereby demarcating an element formation region. 
0370 More specifically, as shown in FIG. 37A, a silicon 
oxide film 702, a polysilicon film 703, and a silicon oxide 
film 704 are formed on a p-type silicon semiconductor 
substrate 701 to thicknesses of, e.g., about 50 nm, 200 nm, 
and 200 nm, respectively. A Silicon nitride film having a 
thickness of about 200 rim may be formed on the entire 
surface of the silicon oxide film 704 by CVD. 
0371. As shown in FIG. 37B, the polysilicon film 703 
and the silicon oxide film 704 (and the silicon nitride film) 
are patterned by photolithography and dry etching to Selec 
tively remove these films, thereby demarcating an element 
formation region 721. 
0372. As shown in FIG. 37C, a silicon oxide film is 
formed on the entire Surface to cover the silicon oxide film 
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702, and the left polysilicon film 703 and silicon oxide film 
704 (and silicon nitride film). Thereafter, the entire surface 
of a silicon oxide film 723 is anisotropically dry-etched by, 
e.g., RIE to leave the silicon oxide only on the side walls of 
the silicon oxide film 702, the polysilicon film 703, and the 
silicon oxide film 704 (and the silicon nitride film), thereby 
forming side wall protective films 705. With these processes, 
field shield element isolation structures 722 each having a 
Shield plate electrode consisting of a polysilicon film Sur 
rounded by the silicon oxide film are formed in field regions. 

0373). As shown in FIG. 37D, the surface of the silicon 
semiconductor Substrate 701 on each of the element forma 
tion regions 721 separated from each other by the field shield 
element isolation Structures 722 and demarcated relative to 
the field shield element isolation structures 722 is thermally 
oxidized to form a gate oxide film 706 having a thickness of 
about 15 nm. A polysilicon film 723 is formed on the entire 
Surface including the field shield element isolation Structures 
722 by CVD. The polysilicon film 723 must be deposited to 
a thickness larger than that of the field Shield element 
isolation structure 722. Such that the field shield element 
isolation structures 722 are buried in the polysilicon film 
723. 

0374. As shown in FIG. 37E, the polysilicon film 723 is 
Subjected to Surface polishing, e.g., chemical mechanical 
polishing (CMP) to planarize the Surface. In this case, as 
illustrated, planarization is performed by polishing the poly 
Silicon film 723 using the Surfaces of the field Shield element 
isolation Structures 722 as StopperS until the Surfaces are 
exposed. CMP is a polishing method using a slurry of a 
predetermined chemical fluid and abrasive. AS long as the 
initial thickness of the film to be polished is larger than the 
Step, CMP allows highly precise planarization by canceling 
even a step on the millimeter order to Suppress, e.g., the 
surface step to about 0.05 um. 

0375. As shown in FIG.37F, a titanium nitride film (TiN 
film) 724 Serving as an underlayer is formed on the Surfaces 
of the planarized polysilicon film 723 and the field shield 
element isolation structures 722 to a thickness of about 20 
nm by Sputtering. A Silicide film of a refractory metal, e.g., 
a tungsten silicide film (WSi film) 725 is formed on the TiN 
film 724 to a thickness of about 150 nm by sputtering. In 
addition, a silicon oxide film 726 is formed on the WSi film 
725 to a thickness of about 300 nm by CVD. Since the 
Surfaces of the field shield element isolation structures 722 
(silicon oxide films or silicon nitride films) have poor 
adhesion properties to the WSi film 725, the WSi film 725 
cannot be directly deposited on the field shield element 
isolation structures 722. In the 10th embodiment, the TiN 
film 724 is formed between the Surfaces of the field shield 
element isolation structure 722 and the WSi film 725. With 
this arrangement, the WSi film 725 can be formed with good 
adhesion properties. 

0376. As shown in FIG. 37G, the polysilicon film 723, 
the TiN film 724, the WSi film 725, and the silicon oxide 
film 726 are patterned by photolithography and dry etching 
to form gate electrodes (gate wiring layers) 708 each having 
a predetermined shape on the element formation region 721 
and field shield element isolation structures 722. Such that the 
upper surfaces of the gate electrodes 708 are on almost the 
Same plane, i.e., the upper Surfaces are almost flush with 
each other. 
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0377 As shown in FIG. 37H, a silicon oxide film is 
deposited on the entire surface by CVD to cover the gate 
electrodes (gate wiring layers) 708 on the element formation 
region 721 and field shield element isolation structures 722. 
Next, the entire Surface of the silicon oxide film is aniso 
tropically dry-etched by, e.g., RIE to leave the Silicon oxide 
film only on the side walls of the gate electrodes 708, 
thereby forming side wall protective films 709. 
0378. An n-type impurity such as phosphorus (P) or 
arsenic (AS) is ion-implanted into the element formation 
region 721 using the silicon oxide film 726 and the side wall 
protective films 709 as masks to form a pair of impurity 
diffusion layerS Serving as the Source and drain. Insulating 
interlayers, various metal wiring layers, and the like are 
formed, thereby completing the MOS transistor. 
0379. After the side wall protective films 709 are formed, 
pad polysilicon films Serving as the Source and drain may be 
formed, as in the Second embodiment. In this case, even by 
micropatterning the gate electrodes (gate wiring layers) 708 
to the exposure limit in photolithography, the pad polysili 
con films can be properly formed. 
0380 More specifically, after the gate oxide film 706 
between the gate electrodes 708 in the element formation 
region 721 is removed in formation of the side wall protec 
tive films 709, a polysilicon film 727 doped with phosphorus 
(P) is deposited on the entire surface including the field 
shield element isolation structures 722 by CVD, as shown in 
FIG.38A. At this time, the phosphorus (P) in the polysilicon 
film 727 is diffused into the element formation region 721 of 
the p-type silicon semiconductor Substrate 701 on both sides 
of the gate electrodes 708, so that each diffusion layer 731 
serving as the source/drain of the MOS transistor is formed. 
0381. As shown in FIG. 38B, using the silicon oxide 
films 726 serving as cap insulating films of the field shield 
element isolation Structures 722 as Stoppers, the polysilicon 
film 727 is Surface-polished by, e.g., chemical mechanical 
polishing (CMP) until the silicon oxide films 726 are 
exposed, thereby planarizing the Surface. 
0382 Photolithography and dry etching are performed to 
separate the planarized polysilicon film 727 over the field 
Shield element isolation Structures 722 in correspondence 
with the diffusion layers 731. The separation width of the 
polysilicon film 727 may be larger than the exposure limit in 
photolithography. At this time, the polysilicon film 727 is 
separated by the silicon oxide film 704 in units of diffusion 
layers 731 So that pad polysilicon films 711 are formed. Each 
pad polysilicon film 711 is electrically connected to only one 
diffusion layer 731. 
0383 Although not illustrated, insulating interlayers, 
contact holes, and metal wiring layers are formed Subse 
quently, thereby completing the MOS transistor. 
0384 As described above, in the manufacturing process 
of the Semiconductor device according to the tenth embodi 
ment, the WSi film 725 is formed with intermediary of the 
TiN film 724 on the surfaces of the planarized field shield 
element isolation structure 722 and the polysilicon film 723. 
The WSi film 725 can be formed with good adhesion 
properties. In addition, impurity diffusion is Suppressed by 
the TN film 724. 

0385) The gate electrodes (gate wiring layers) 708 are 
formed on the element formation region 721 and the field 
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shield element isolation structures 722, to have the TiN film 
724 and the WSi film 725 left thereon with their upper 
Surfaces being almost flush with each other. The polysilicon 
film is then formed and subjected to CMP polishing process 
to form the pad polysilicon film 711 electrically connected 
to the diffusion layers 731 in the element formation region 
721 in Self-alignment manner with respect to the gate 
electrodes (gate wiring layers) 708. Therefore the width of 
the gate electrodes (gate wiring layers) 708 can be reduced 
to exposure limit of, e.g. photolithography independently of 
the designed size of the pad polysilicon film 711, thus 
allowing micropatterning and high integration of the gate 
electrodes (gate wiring layers) 708. 
What is claimed as new and desired to be protected by 

Letters Patent of the United States is: 
1. A Semiconductor device comprising: 
non-LOCOS insulating device isolation blocks for demar 

cating an element formation region on a Semiconductor 
Substrate, said non-LOCOS insulating device isolation 
block being formed by burying a first conductive film 
in a first insulating film; 

Second conductive films filled, with intermediary of Sec 
ond insulating films, between adjacent ones of Said 
non-LOCOS insulating device isolation blocks on said 
Semiconductor Substrate, capacitively coupled to Said 
first conductive film through a Side Surface portion of 
Said first insulating film, and Separated into an island 
shape in said element formation region; and 

a third conductive film patterned into a Strip shape on Said 
Second conductive film through a third insulating film 
and capacitively coupled to Said Second conductive 
film. 

2. A device according to claim 1, wherein Said non 
LOCOS insulating device isolation blocks are patterned into 
a Strip shape, and Said third conductive film is formed to be 
Substantially perpendicular to Said non-LOCOS insulating 
device isolation blockS. 

3. A device according to claim 1, wherein an upper Surface 
of said second conductive film is substantially flush with 
upper Surfaces of Said non-LOCOS insulating device isola 
tion blocks. 

4. A device according to claim 1, wherein Said device 
comprises a pair of impurity diffusion layerS formed in 
Surface regions of Said Semiconductor Substrate on both 
Sides of Said Second conductive film in Said element forma 
tion region, and 

a fourth conductive film patterned into a Strip shape to be 
Substantially perpendicular to Said third conductive 
film; and 

one of Said impurity diffusion layerS is electrically con 
nected to said fourth conductive film. 

5. A device according to claim 1, wherein Said third 
conductive film is formed of a polysilicon film, and a Silicide 
layer of a refractory metal is formed on Said third conductive 
film. 

6. A device according to claim 1, wherein Said non 
LOCOS insulating device isolation block is a trench type 
element isolation Structure. 

7. A Semiconductor device comprising: 
non-LOCOS insulating device isolation blocks for demar 

cating an element formation region on a Semiconductor 
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Substrate, said non-LOCOS insulating device isolation 
block being formed by burying a first conductive film 
in a first insulating film; 

a second conductive film filled, with intermediary of 
Second insulating films, between adjacent ones of Said 
non-LOCOS insulating device isolation blocks on said 
Semiconductor Substrate, and capacitively coupled to 
Said first conductive film through a side Surface portion 
of Said first insulating film. 

8. A device according to claim 7, wherein Said Second 
conductive film is a floating gate Separated into an island 
shape in Said element formation region. 

9. A device according to claim 7, further comprising a 
third conductive film patterned into a Strip shape on Said 
second conductive film with intermediary of a third insu 
lating film and capacitively coupled to Said Second conduc 
tive film. 

10. A device according to claim 7, wherein Said non 
LOCOS insulating device isolation blocks are patterned into 
a Strip shape, and Said third conductive film is formed to be 
Substantially perpendicular to Said non-LOCOS insulating 
device isolation blockS. 

11. A device according to claim 7, wherein an upper 
Surface of Said Second conductive film is Substantially flush 
with upper surfaces of said non-LOCOS insulating device 
isolation blockS. 

12. A device according to claim 7, wherein Said device 
comprises a pair of impurity diffusion layerS formed in 
Surface regions of Said semiconductor Substrate on both 
Sides of Said Second conductive film in Said element forma 
tion region, and 

a fourth conductive film patterned into a Strip shape to be 
Substantially perpendicular to Said third conductive 
film; and 

one of Said impurity diffusion layerS is electrically con 
nected to said fourth conductive film. 

13. A device according to claim 7, wherein said third 
conductive film is formed of a polysilicon film, and a Silicide 
layer of a refractory metal is formed on Said third conductive 
film. 

14. A device according to claim 7, wherein Said non 
LOCOS insulating device isolation block is a trench type 
element isolation Structure. 

15. A Semiconductor device comprising: 
a Semiconductor region where a pair of first diffusion 

layers of a predetermined conductivity type are formed 
on Surface regions, 

a first layer having a conductive film patterned on Said 
Semiconductor region with a first insulating film inter 
vened, said first diffusion layers being formed on left 
and right Sides of Said conductive film, a Second 
insulating film formed on an upper Surface of Said 
conductive film, a third insulating film covering Side 
Surfaces of Said conductive film and Said Second insu 
lating film and planarized Such that an upper Surface of 
Said third insulating film and an upper Surface of Said 
Second insulating film are formed on Substantially the 
Same plane; and 

a Second layer patterned on Said third insulating film 
including Said upper Surface of Said Second insulating 
film, in which a pair of Second diffusion layers of a 
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predetermined conductivity type are formed in regions 
on both sides of Said Second insulating film Such that a 
region between Said Second diffusion layerS opposes 
Said conductive film through Said Second insulating 
film. 

16. A device according to claim 15, wherein said third 
insulating film is planarized by chemical mechanical pol 
ishing. 

17. A device according to claim 15, wherein Said Semi 
conductor region is a region on a Semiconductor Substrate. 

18. A device according to claim 15, wherein said first and 
Second diffusion layers are of conductivity types different 
from each other. 

19. A device according to claim 15, wherein said first and 
Second diffusion layerS have the same conductivity type. 

20. A device according to claim 15, further comprising a 
Step structure on Said Semiconductor region, Said Step struc 
ture being formed in Said third insulating film and planarized 
Such that an upper Surface of Said Step structure and Said 
upper Surface of Said third insulating film are on Substan 
tially the same plane. 

21. A device according to claim 15, wherein a step 
Structure is formed on Said Semiconductor region, and an 
upper portion of another conductive film having Said Second 
insulating film on an upper Surface is patterned on Said Step 
Structure, and 

Said Step structure and Said another conductive film are 
formed in Said third insulating film and planarized Such 
that Said upper Surface of Said Second insulating film 
and Said upper Surface of Said third insulating film are 
on Substantially the same plane. 

22. A device according to claim 21, wherein Said upper 
Surface of Said third insulating film is planarized by chemi 
cal mechanical polishing. 

23. A device according to claim 21, wherein Said Step 
structure is a non-LOCOS insulating device isolation block 
for demarcating an element formation region as a conductive 
film formation portion on Said Semiconductor region. 

24. A device according to claim 15, further comprising a 
Silicide film consisting of a refractory metal on a Surface of 
Said first insulating film. 

25. A Semiconductor device comprising: 
a first insulating film filled in a groove formed in a 

Semiconductor Substrate; 

first conductive films patterned, with intermediary of a 
Second insulating film, on at least a first insulating film 
nonformation region of Said Semiconductor Substrate 
over Said first insulating film nonformation region and 
Said first insulating film; 

a third insulating film covering Said first conductive film; 
a pair of diffusion layerS formed in Surface regions of Said 

semiconductor Substrate on both sides of said first 
conductive film; and 

a second conductive film filled, with intermediary of said 
third insulating film, between adjacent ones of Said first 
conductive films and connected to Said diffusion layer, 

wherein upper Surfaces of Said first conductive films are 
planarized acroSS Said nonformation region and Said 
first insulating film on Substantially the same plane, and 
an upper Surface of Said third insulating film and an 
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upper Surface of Said Second conductive film are pla 
narized on Substantially the same plane. 

26. A device according to claim 25, wherein Said upper 
Surfaces of Said first conductive films and Said Second 
conductive film are planarized by chemical mechanical 
polishing. 

27. A device according to claim 25, wherein Said first and 
Second conductive films are formed of Silicon films. 

28. A device according to claim 25, wherein said first 
insulating film filled in the groove is a non-LOCOS insu 
lating device isolation block for demarcating an element 
active region on Said Semiconductor Substrate. 

29. A device according to claim 25, further comprising a 
diffusion prevention film covering at least an inner wall 
Surface of the groove, and wherein Said first insulating film 
is filled in the groove with intermediary of said diffusion 
prevention film. 

30. A semiconductor device in which a transistor having 
a gate, a Source, and a drain is formed in an element active 
region on a Semiconductor Substrate, comprising: 

a non-LOCOS insulating device isolation block formed 
by filling a first insulating film in a groove formed in 
Said Semiconductor Substrate to demarcate Said element 
active region on Said Semiconductor Substrate; 

a Second insulating film covering Said gate; and 
a leading-out electrode filled, with intermediary of Said 

Second insulating film, between adjacent ones of Said 
gates, having an upper Surface which is planarized to be 
on Substantially the same plane as that of an upper 
Surface of Said Second insulating film, and connected to 
Said Source or drain. 

31. A device according to claim 30, wherein Said leading 
out electrode is planarized by chemical mechanical polish 
Ing. 

32. A device according to claim 30, wherein Said gate is 
formed acroSS Said element active region and Said first 
insulating film. 

33. A device according to claim 30, wherein Said leading 
out electrode is planarized by chemical mechanical polish 
Ing. 

34. A device according to claim 30, wherein Said gate and 
Said leading-out electrode are formed of Silicon films. 

35. A device according to claim 30, further comprising a 
diffusion prevention film covering at least an inner wall 
Surface of the groove, and wherein Said first insulating film 
is filled in the groove with intermediary of said diffusion 
prevention film. 

36. A device according to claim 30, wherein Said non 
LOCOS insulating device isolation block is a trench type 
element isolation Structure. 

37. A semiconductor device in which first and second 
transistors are Stacked, 

wherein Said first transistor has a first gate patterned on a 
Semiconductor Substrate with intermediary of a first 
gate insulating film, and first Source and drain formed 
in Surface regions of Said Semiconductor Substrate on 
both sides of Said first gate, 

an insulating interlayer having an upper Surface is formed 
to cover Said first gate, and 

Said Second transistor includes a conductive film patterned 
on Said insulating interlayer, and has a Second gate 
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patterned on Said conductive film through a Second gate 
insulating film and Second Source and drain formed in 
Said conductive film on both Sides of Said Second gate. 

38. A device according to claim 37, wherein said insu 
lating interlayer is planarized by chemical mechanical pol 
ishing. 

39. A device according to claim 37, wherein said first 
Source and Said first drain have a conductivity type different 
from that of Said Second Source and Said Second drain. 

40. A device according to claim 37, wherein said first 
Source and Said first drain have the same conductivity type 
as that of Said Second Source and Said Second drain. 

41. A device according to claim 37, wherein Said conduc 
tive film is formed of a silicon film. 

42. A device according to claim 37, further comprising a 
Suicide layer of a refractory metal formed on Surfaces of Said 
first and Second gates. 

43. A device according to claim 37, further comprising a 
Step structure formed on Said Semiconductor Substrate, 

Said Step structure being formed in Said insulating inter 
layer and planarized Such that an upper Surface of Said 
Step Structure and an upper Surface of Said insulating 
interlayer are on Substantially the same plane. 

44. A device according to claim 43, wherein Said insu 
lating interlayer is planarized by chemical mechanical pol 
ishing. 

45. A device according to claim 37, wherein a step 
Structure is formed on Said Semiconductor Substrate, an 
upper portion of another first gate is patterned on Said step 
Structure, and 

Said Step Structure and Said another first gate are formed 
in Said insulating interlayer and planarized Such that an 
upper Surface of Said another first gate and Said upper 
Surface of Said insulating interlayer are on Substantially 
the same plane. 

46. A device according to claim 45, wherein Said insu 
lating interlayer is planarized by chemical mechanical pol 
ishing. 

47. A device according to claim 45, wherein Said Step 
structure is a non-LOCOS insulating device isolation block 
for demarcating an element active region where Said first 
transistor is formed on Said Semiconductor Substrate. 

48. A device according to claim 37, further comprising a 
first Side wall formed on a side Surface of Said first gate of 
Said first transistor, and 

wherein each of Said first Source and drain is constituted 
by a first lightly doped diffusion layer formed in said 
Semiconductor Substrate near a lower portion of Said 
first side wall, and a first heavily doped diffusion layer 
formed in Said Semiconductor Substrate to be joined to 
said first lightly doped diffusion layer. 

49. A device according to claim 37, further comprising a 
Second Side wall formed on a side Surface of Said Second 
gate of Said Second transistor, and 

wherein each of Said Second Source and drain is consti 
tuted by a second lightly doped diffusion layer formed 
in Said conductive film near a lower portion of Said 
Second Side wall, and a Second heavily doped diffusion 
layer formed in Said conductive film to be joined to Said 
Second lightly doped diffusion layer. 

50. A device according to claim 37, further comprising a 
cap insulating film formed on Said first gate, and wherein 
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Said conductive film is formed on planarized Surfaces of Said 
insulating interlayer and Said cap insulating film. 

51. A Semiconductor device comprising: 
a Semiconductor Substrate; 

an insulating film formed on Said Semiconductor Substrate 
and having an opening for exposing a part of a Surface 
of Said Semiconductor Substrate; 

a lower electrode patterned on Said insulating film to bury 
the opening and having a planarized upper Surface; 

an upper electrode patterned on Said lower electrode with 
intermediary of a dielectric film and capacitively 
coupled to Said lower electrode, 

wherein another insulating film is formed to bury sides of 
Said lower electrode, Said dielectric film and Said upper 
electrode, Said another insulating film being planarized 
to have a top Surface flushed with the top Surface of Said 
upper electrode. 

52. A device according to claim 51, wherein Said upper 
Surfaces of Said lower electrode and Said insulating film is 
planarized by chemical mechanical polishing. 

53. A Semiconductor device having a transistor with a 
gate, a Source, and a drain formed in an element active 
region demarcated by element isolation Structures on a 
Semiconductor Substrate, comprising: 

at least two gate Structures each including Said gate 
covered with insulating film and formed on Said ele 
ment active region to extend over Said element isolation 
Structures, and 

a leading-out electrode filled between adjacent ones of 
Said gate Structures, 

wherein upper Surfaces of Said gate Structures are pla 
narized at Substantially the same level over Said ele 
ment isolation Structures and Said element active 
region, and upper Surfaces of Said insulating films and 
an upper Surface of Said leading-out electrode are 
planarized at Substantially the same level. 

54. A device according to claim 53, wherein Said upper 
Surfaces of Said gates, Said upper Surfaces of Said insulating 
films, and Said upper Surface of Said leading-out electrode 
are planarized by chemical mechanical polishing. 

55. A device according to claim 53, wherein said element 
isolation Structure is a field Shield element isolation Structure 
which has a shield plate electrode patterned with interme 
diary of a shield gate insulating film and a cap insulating film 
covering Said shield plate electrode and fixes a portion of 
Said Semiconductor Substrate positioned below Said shield 
plate electrode to a predetermined potential. 

56. A device according to claim 53, wherein upper Sur 
faces of cap insulating films formed on Said gates and the 
upper Surface of Said leading-out electrode are planarized at 
Substantially the same level. 

57. A device according to claim 53, wherein said element 
isolation Structure is a trench type element isolation Struc 
ture. 

58. A Semiconductor device comprising: 

a first Step structure portion made of a Silicon film formed 
at a predetermined level from a Surface of a Semicon 
ductor Substrate; 
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a Second step Structure portions respectively formed on 
Said first Step Structure portion and on Said Semicon 
ductor Substrate, said Second Step structure portion on 
Said Semiconductor Substrate Serving as a field oxide 
film for demarcating element active regions, and 

conductive films patterned in Said element active region to 
span over at least Said Second Step structure portion on 
Said Semiconductor Substrate, 

wherein upper Surfaces of Said conductive films are 
planarized at Substantially the same level. 
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59. A device according to claim 58, wherein said upper 
Surfaces of Said conductive films are planarized by a chemi 
cal mechanical polishing process. 

60. A device according to claim 58, wherein each of said 
conductive films constitutes an element of gate Structure of 
a transistor. 

61. A device according to claim 58, wherein Said first Step 
Structure portion is formed on a Scribing line region of Said 
Semiconductor Substrate. 


