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(57) ABSTRACT 

There is provided a method of forming an interlayer insu 
lating film having a dual-damascene Structure, a contact hole 
and a deep trench mask using an organic Silicon film. The 
shape of polysilane or the like is processed So that polysilane 
is used as an interlayer insulating film having a dual 
damascene Structure to control the shape and depth and 
prevent borderless etching which must be solved when a 
trench is formed. Polysilane and an insulating film are 
formed into a laminated Structure So as to be integrated with 
each other after a dry etching Step has been completed to 
easily form a contact hole having a high aspect ratio. The 
Surface of polysilane is Selectively formed into an insulating 
film So as to be used as a mask for use in a dry etching Step. 
Polysilane for use as an anti-reflective film or an etching 
mask is changed to an oxide film or a nitride film So that 
films are easily removed. Hence it follows that a device 
region and a device isolation region of a densely integrated 
circuit can be Smoothed, a Self-aligned contact hole and 
metallization trench can be formed with a Satisfactory manu 
facturing yield and the pattern of a gate electrode can be 
formed. 
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MANUFACTURING METHOD OF 
SEMCONDUCTOR DEVICES BY USING DRY 

ETCHING TECHNOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 11-066293, filed Mar. 12, 1999, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a manufacturing 
method of Semiconductor devices by using a dry etching 
technology. More particularly, the present invention relates 
to a method of forming an interlayer insulating film of a dual 
trench metallization using an organic Silicon film Such as 
polysilane, a method of forming a contact hole and a trench, 
a method of forming a deep trench and a method of 
removing an anti-reflection film. 
0003) When a process for manufacturing semiconductor 
devices each having a multilayered metallization is per 
formed, a step is frequently employed with which the pattern 
of a contact hole or the like is formed on a multilayered 
insulating film constituted by, for example, a Silicon oxide 
film, Silicon nitride film and the like, Such that a resist Serves 
as a mask. 

0004 Hitherto, when a selective etching step of the 
silicon oxide film and the silicon nitride film is performed by 
using dry etching technology Such as RIE (abbreviation of 
Reactive Ion etching), the Selective ratio (the ratio of etching 
Speeds) between the resist and the Silicon nitride film can be 
raised. The Selective etching can easily be performed. Since 
the etching Selective ratio between the resist and the Silicon 
nitride film cannot be raised, Selective etching of the Silicon 
nitride film using the resist as a mask cannot easily be 
performed. 

0005. In recent years, integration of miniature trench 
capacitors at a high density is required to manufacture large 
Scale Semiconductor memory devices. Therefore, formation 
of trenches each having a great depth as compared with the 
Size of the opening portion (hereinafter called a “high aspect 
ratio’) on a semiconductor Substrate by using the anisotropic 
dry etching is one of important techniques. 
0006 When the trenches each having a high aspect ratio 
are formed on a Semiconductor Substrate, also opening 
portions each having a high aspect ratio must be formed in 
an insulating film mask by using anisotropic dry etching. 
Hitherto, a resist mask has been employed to form the 
opening portions in the insulating film mask. To form 
opening portions each having a high aspect ratio, gas plasma 
excited by high power and high frequency radiation must be 
applied to the resist for a long time. 
0007. It leads to a fact that the opening portions in the 
resist are unevenly deformed. Therefore, a multiplicity of 
trenches each having a Smooth inner Surface and exhibiting 
Satisfactory accuracy cannot easily be formed in the Semi 
conductor Substrate with a high yield. 
0008. As the microfabrication technology progresses, the 
thickness of the resist must be reduced to raise the resolution 
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of lithography. Since So-called film thinning occurs when the 
dry etching is performed, the trenches cannot easily be 
formed. 

0009. A usual method of manufacturing semiconductor 
devices incorporates a Smoothing proceSS having the Steps of 
forming isolation trenches for isolating devices from one 
another are formed by using a Silicon nitride film, the pattern 
of which has been formed on a Semiconductor Substrate, as 
an etching mask; forming a thick Silicon oxide film for 
isolating the devices from each other Such that the isolation 
trenches are buried; and polishing the Surface Such that the 
Silicon nitride film serves as a stopper (a Suppression layer) 
So that the isolation trenches are buried with the oxide film 
and the device region is Smoothed. 
0010 Since a multiplicity of silicon nitride film stoppers 
present in portions in which device regions are present at 
high density, the process for Smoothing the device region 
using polishing of the Surface enables Satisfactory Smooth 
ing of the Surface to be performed Such that the isolation 
trenches are filled with the silicon oxide film. In the portions 
in which the device regions are present at a low density, the 
number of Silicon nitride film StopperS is insufficiently Small. 
Thus, the silicon oxide film is excessively polished in the 
Smoothing process. As a result, there arises a problem in that 
Smoothing and formation of the device regions cannot 
uniformly be performed over the overall surface of the 
wafer. 

0011. Therefore, a countermeasure is taken with which 
polysilicon film is deposited on the overall Surface, and then 
a Smoothing proceSS is performed and the polysilicon film is, 
as the etching mask, left in the low density portion. The 
Smoothing Step, however, Sometimes encounters a crack of 
the silicon oxide film in the low density portion. When the 
Silicon nitride film StopperS on the device region and the 
polysilicon mask are removed, there arises a problem in that 
the Silicon Substrate is Scooped out excessively. 
0012 Hitherto, a gate electrode has been formed by a 
method comprising the Steps of forming a Silicon nitride film 
on a metallic film for forming the gate electrode, forming a 
resist in a gate electrode formation region on the Silicon 
nitride film, using the resist as a mask to form a nitride film; 
and using the Silicon nitride film having a pattern formed 
after the resist mask has been Separated to machine the 
metallic film as the gate electrode. 
0013 If the surface of the wafer has an uneven portion, 
the projecting portions of the Surface of the wafer are 
excessively etched when the pattern of the Silicon nitride 
film is formed. As a result, the metallic film formed below 
the pattern is undesirably etched, causing a problem to arise 
in that a Satisfactory gate electrode formation cannot be 
performed. 

0014 When an etching process is performed to form a 
self-aligned contact (hereinafter abbreviated as a "SAC), 
opening of a contact hole in an interlayer insulating film for 
burying the Space between the gate electrode is performed. 
At this time, an edge line along which the upper Surface and 
the Side Surface of the gate electrode interSect is exposed in 
the lower portion of the opening portion of the contact hole. 
0015 Undesirable etching of the gate electrode during 
the etching proceSS for opening the contact hole in the 
interlayer insulating film constituted by the Silicon oxide 
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film must be prevented. Therefore, the gate electrode is 
usually coated with a silicon nitride film (an etching stopper) 
which has a high etching Selective ratio with respect to the 
Silicon oxide film. Although a Satisfactory high etching 
selective ratio of the silicon nitride film with respect to the 
oxide film can be obtained in a flat portion, the etching 
Selective ratio is lowered to about /3 or lower of the flat 
portion in the edge line portion. 

0016. Therefore, the edge line portion of the gate elec 
trode is undesirably etched when the contact hole is opened 
in the SAC formation Step. Thus, the gate metal is exposed 
to outside, causing short-circuit fault to occur when the 
metallization metal is buried in the contact hole. As a result, 
a fact is known that the SAC cannot easily be formed in the 
process for manufacturing E PROM in which the gate 
electrode has a high aspect ratio (the ratio of the length of the 
gate and the height of the gate). 
0.017. Since the microfabrication technology has pro 
ceeded in recent years, etching of the interlayer insulating 
film at a high aspect ratio is required frequently. A fact is 
known that when dry etching of the Silicon oxide film at a 
high aspect ratio is performed under condition that a high 
etching Selective ratio with respect to the Silicon nitride film 
is permitted, residues Such as fluorocarbon are left in the 
opening portion during the progreSS of the etching operation. 
Thus, etching is interrupted. 
0.018. As a technology for forming a multilayered met 
allization, double-trench metallization (called a "dual-dama 
scene structure” in this industrial field) is employed fre 
quently. When fabrication of the interlayer insulating film 
having the dual-damascene Structure is performed, minia 
turized dry etching process technology is required which is 
a combination of trench formation for burying two layered 
metallizations and contact hole formation for connecting the 
two layered metallizations to each other. 
0019 Hitherto, it is very difficult to control the depth of 
the trenches in the Surface of the wafer when the trenches are 
formed in the interlayer insulating film. To realize the 
control, a method has been employed with which a Silicon 
nitride film is inserted into the interlayer insulating film 
constituted by the silicon oxide film to use the silicon nitride 
film as the stopper for the dry etching. When the dual 
damascene Structure having a complicated shape is formed, 
the Stopper constituted by the Silicon nitride film is required 
to control the depth of the trench metallization of the upper 
layer after the contact hole has been formed. 
0020. In the foregoing case, the silicon nitride film hav 
ing a dielectric constant higher than that of the Silicon oxide 
film is contained adjacent to the metallization. Therefore, the 
Wiring capacitance is enlarged excessively, causing the 
operation Speed of the Semiconductor device to be reduced. 
When the trenches are formed, partial etching of the inter 
layer insulating film constituted by the Silicon oxide film 
occurs. Thus, ions are concentrated in the bottom corners of 
each trench, causing a shape called "trenching to be formed 
in the corners of each trench. Therefore, the wiring metal 
cannot easily be buried in the trench. 
0021 Hitherto, an LSI of a type having a structure that a 
DRAM (Dynamic Random Access Memory) and a logic are 
mixedly mounted on one chip is structured Such that the 
alignment margin (a fringe) in the logic portion is about 4 
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opening portion of the alignment margin in the DRAM 
owing to the difference in the design rule between the 
DRAM section and the logic section. 
0022. In an example case in which a contact hole is 
formed in an interlayer insulating film having the dual 
damascene Structure, the following Step is employed: a dry 
etching condition with which a high Selectivity with respect 
to the etching Stopper constituted by the Silicon nitride film 
on the lower trench metallization is used to form the contact 
hole in the interlayer insulating film constituted by the 
silicon oxide film. Then, the silicon nitride film is removed, 
and then the wiring metal is buried in the contact hole and 
trenches of the upper metallization. 
0023. In the logic section having a small alignment 
margin, a portion of the opening of the contact hole is 
Sometimes deviated to the outside of the Stopper constituted 
by the silicon nitride film which covers the lower trench 
metallization. Therefore, the interlayer insulating film con 
stituted by the silicon oxide film which buries the side 
Surface of the lower trench metallization easily encounters 
borderleSS etching which is cut during the Step of forming 
the contact hole. Therefore, there arises a problem in that a 
fault in burring and a short-circuit fault of the wiring metal 
OCC. 

0024 Hitherto, polysilane anti-reflective film is formed 
below the resist in the lithography step. When the resist is 
removed by performing Oashing after the pattern has been 
formed, a phenomenon undesirably occurs in that polysilane 
is oxidized. Thus, oxidized polysilane cannot easily be 
removed. 

BRIEF SUMMARY OF THE INVENTION 

0025 AS described above, the conventional manufactur 
ing method of Semiconductor devices by using dry etching 
technology Suffers from problems that etching at a high 
aspect ratio cannot easily be performed, Smoothing of the 
overall Surface of the wafer cannot easily be performed 
when the device region has Some deviation in density of 
devices, the Surface roughness causes defective fabrication 
when a miniaturized gate electrode is formed and short 
circuit fault easily occurs in the edge line portion of the gate 
electrode when the SAC contact hole is formed. 

0026. Moreover, there arises a problem in that etching is 
interrupted owing to residues produced in the dry etching 
Step when etching of an interlayer insulating film at a high 
aspect ratio is performed. Another problem arises in that a 
necessity for Stacking a Silicon nitride film to Serve as an 
etching Stopper to uniform the depths of the formed trenches 
and to prevent borderleSS etching reduces the operation 
Speed of the Semiconductor device. In addition, trenching 
occurring when the trenches are formed causes a fault in 
burying of the wiring metal. Since the alignment margin in 
the logic Section is too Small, borderleSS etching easily 
occurs when a mixed memory logic LSI is manufactured. 
Another problem arises in that polysilane for use to form the 
reflection preventing film for the resist cannot easily be 
removed. Thus, the conventional manufacturing method of 
Semiconductor devices by using dry etching technology 
suffers from a multiplicity of problems. 

0027. To overcome the above-mentioned problems, an 
object of the present invention is to provide a method of 
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forming a multilayered insulating film by using an organic 
polysilicon film made of, for example, polysilane, a remov 
ing method and a method of forming an etching mask. 
0028. The manufacturing method of semiconductor 
devices by using dry etching technology uses an organic 
Silicon film made of, for example, polysilane, which is able 
to easily form a Smooth Surface by a coating process and 
which can easily be dry-etched and Smoothed. The organic 
Silicon film is laminated with an insulating film Such as 
silicon oxide film or a silicon nitride film, a metallic film for 
use in metallization or the like. Alternatively, the organic 
Silicon film is formed on a Semiconductor Substrate Such that 
the organic Silicon film forms a portion of the foregoing 
element while using the obtained Structure as a Suppression 
layer or the like for improving the processing shape of the 
insulating film portion, the organic Silicon film is microfab 
ricated. Thus, a portion comprising an interlayer insulating 
film having a complicated dual-damascene Structure is 
formed. Then, for example, oxygen is introduced into the 
organic Silicon film So as to change the organic Silicon film 
into an insulating film constituted by an organic Silicon film 
oxide film and the like. Thus, a required constituting element 
of a Semiconductor device is provided. 
0029. For example, some of the organic silicon film, 
which has the Silicon and Silicon bonds as the main chain 
thereof, has anti-reflective property. The organic Silicon film 
cannot be, as it is, used as an insulating film of a Semicon 
ductor device. When a step of introducing oxygen or the like 
is performed, Such organic Silicon film can be employed as 
the insulating film of the Semiconductor device. 
0.030. As described above, according to the present 
invention, control of the shape and the depth of the metal 
lization trench, formation of a contact hole having a high 
aspect ratio, prevention of borderleSS etching and improve 
ment of problems occurring in a Smoothing Step which have 
been difficult for the conventional dry etching Step can be 
performed. Moreover, a new method of removing polysilane 
employed as an anti-reflective film is provided. 
0.031 Specifically, a manufacturing method of semicon 
ductor devices by using dry etching technology according to 
the present invention comprising the Steps of: forming a 
organic Silicon film on a Semiconductor Substrate; dry 
etching the organic Silicon film to form a portion which must 
be formed by the insulating film of the semiconductor device 
by using the organic Silicon film; and changing the organic 
Silicon film into an insulating film So that the portion of the 
Semiconductor device constituted by the insulating film is 
formed. 

0032. It is preferable that the organic silicon film has 
Silicon and Silicon bonding as a main chain thereof. 
0033. It is preferable that the method of manufacturing 
Semiconductor devices has a structure that at least any one 
of oxygen, nitrogen, hydrogen and carbon elements is intro 
duced into the organic Silicon film following dry etching of 
the organic Silicon film So that the organic Silicon film is 
changed to any one of organic Silicon oxide film, an inor 
ganic Silicon oxide film, a Silicon oxide film and a Silicon 
nitride film. 

0034. It is preferable that the step of introducing at least 
any one of oxygen, nitrogen, hydrogen and carbon elements 
into the organic Silicon film is performed by using any one 
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of a RIE method, an ashing method and an ion implanting 
method using ions of the elements or a mixture of the 
elements. 

0035) It is preferable that the step of introducing at least 
any one of oxygen, nitrogen, hydrogen and carbon elements 
into the organic Silicon film is performed by performing heat 
treatment in a gas atmosphere composed of the element or 
a mixture of the elements. 

0036. It is preferable that the portion constituted by the 
insulating film of the Semiconductor device is formed by at 
least any one of an interlayer insulating film between the 
Surface of the Semiconductor Substrate and a lower metal 
lization layer of a dual-damascene Structure, an insulating 
film for burying the Space between wiring metals formed in 
each metallization layer of the dual-damascene Structure and 
an interlayer insulating film between upper and lower met 
allization layers of the dual-damascene Structure. 
0037. It is preferable that the organic silicon film is 
laminated on the insulating film and the dry etching of the 
organic Silicon film is performed Such that the insulating film 
is employed as a Suppression layer of the dry etching. 
0038. It is preferable that the portion constituted by the 
insulating film of the Semiconductor device is formed by an 
interlayer insulating film including a contact hole of the 
dual-damascene Structure formed on the Semiconductor Sub 
Strate and a trench in each of the upper and lower metalli 
Zation layers of the dual-damascene Structure. 
0039. It is preferable that the step of forming the contact 
hole incorporates the Steps of coating the overall upper 
Surface of the lower metallization layer with the organic 
Silicon film; providing the contact hole which reaches the 
upper Surface of the wiring metal in the lower metallization 
layer for the organic Silicon film by Selectively dry-etching 
the organic Silicon film; and changing the organic Silicon 
film in which the contact hole has been formed into any one 
of an organic Silicon oxide film, an inorganic Silicon oxide 
film, a Silicon oxide film and a Silicon nitride film. 

0040. It is preferable that the lower metallization layer is 
constituted by a trench metallization buried in the insulating 
film of the Semiconductor Substrate, and the upper Surface of 
the insulating film Suppresses borderleSS etching when the 
contact hole is formed. 

0041. It is preferable that the step of forming the trench 
includes the Steps of coating the Overall upper Surface of the 
insulating film on the Semiconductor Substrate with the 
organic Silicon film; removing the portion of the organic 
silicon film in which the trench has been formed by selec 
tively dry-etching the organic Silicon film; and changing the 
organic Silicon film Subjected to the removal Step into an 
insulating film constituted by any one of an organic Silicon 
oxide film, an inorganic Silicon oxide film, a Silicon oxide 
film and a silicon nitride film. 

0042. It is preferable that the step of forming the inter 
layer insulating film includes the Steps of: forming the 
contact hole in the insulating film on the Semiconductor 
Substrate; coating the Overall Surface of the insulating film 
with the organic Silicon film Such that the contact hole is 
buried; removing a portion of the upper metallization layer 
including an opening portion of the contact hole in which the 
trench has been formed and the organic Silicon film in the 
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contact hole by Selectively dry-etching the organic Silicon 
film; and changing the organic Silicon film Subjected to the 
removal Step into an insulating film constituted by any one 
of an organic Silicon oxide film, an inorganic Silicon oxide 
film, a Silicon oxide film and a Silicon nitride film. 

0043. It is preferable that the manufacturing method of 
Semiconductor devices has a structure that the Step of 
removing the organic Silicon film is performed Such that the 
upper Surface of the insulating film on the Semiconductor 
Substrate controls the dry etching So that the organic Silicon 
film is selectively etched. 

0044) It is preferable that the step of forming the inter 
layer insulating film includes a Step of coating the overall 
upper Surface of a first insulating film on the Semiconductor 
substrate on which the lower metallization layer has been 
formed with the organic Silicon film, a first Selective dry 
etching Step of forming a contact hole which reaches the 
upper Surface of the metallization of the lower metallization 
layer, a step of changing the organic Silicon film having the 
contact hole into a Second insulating film constituted by any 
one of an organic Silicon oxide film, an inorganic Silicon 
oxide film, a Silicon oxide film and a Silicon nitride film, a 
Step of coating the overall upper Surface of the Second 
insulating film with the organic Silicon film, a Second 
Selective dry etching Step of forming a trench in the upper 
metallization layer connected to the contact hole formed on 
the Second insulating film by removing the organic Silicon 
film in the portion of the upper metallization layer including 
the opening portion of the contact hole on which the trench 
has been formed and the inside portion of the contact hole 
and a step of changing the organic Silicon film having the 
trench in the upper metallization layer into a third insulating 
film constituted by any one of an organic Silicon oxide film, 
an inorganic Silicon oxide film, a Silicon oxide film and a 
silicon nitride film. 

0.045. It is preferable that the manufacturing method of 
Semiconductor devices has a structure that the first insulating 
film Suppresses borderleSS etching occurring in the periphery 
of the lower metallization layer in the first dry etching Step, 
and the Second insulating film controls the Second Selective 
dry etching Step of forming the trench in the upper metal 
lization layer. 

0046. It is preferable that the step of forming the inter 
layer insulating film includes the Steps of: forming any one 
of a first organic Silicon oxide film, an inorganic Silicon 
oxide film and a Silicon oxide film on the insulating film on 
the Semiconductor Substrate on which the lower metalliza 
tion layer has been formed; forming a Stopper for dry etching 
constituted by an organic Silicon film on any one of the first 
organic Silicon oxide film, the inorganic Silicon oxide film or 
the Silicon oxide film, providing an opening portion for 
forming the contact hole which reaches the lower metalli 
Zation layer for the Stopper; forming any one of a Second 
organic Silicon oxide film, an inorganic Silicon oxide film or 
a Silicon oxide film Such that the Stopper having the opening 
portion is buried; forming an etching mask for forming a 
trench of the metallization layer to correspond to the open 
ing portion; and continuously and Selectively dry-etching 
any one of the first and Second organic Silicon oxide film, the 
incorporate silicon oxide film or the silicon oxide film by 
using the etching mask and the Stopper having the opening 
portion. 
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0047. It is preferable that a step is included in which the 
Stopper for dry etching constituted by the organic Silicon 
film is Subjected to the Step of continuously and Selectively 
dry-etching the first and Second organic Silicon oxide film, 
the inorganic Silicon oxide film or the Silicon oxide film and 
changed into an organic Silicon oxide film So as to be 
integrated as a portion of the interlayer insulating film. 

0048. The manufacturing method of semiconductor 
devices by using dry etching technology according to the 
present invention comprising: the Steps of forming an 
organic Silicon film having bondings of Silicon and Silicon as 
the main chains thereof on a Semiconductor Substrate and 
Selectively introducing any one of oxygen, nitrogen, hydro 
gen and carbon elements into at least the Surface of the 
organic Silicon film; forming a portion of the Semiconductor 
device constituted by insulating material by performing 
Selective dry etching Such that the Surface of the organic 
Silicon film is used as a mask, and introducing at least any 
one of oxygen, nitrogen, hydrogen and carbon elements into 
the organic Silicon film after the organic Silicon film has 
been dry-etched to integrate both of the surface of the 
organic Silicon film and the inside portion of the organic 
Silicon film as any one of an organic Silicon oxide film, an 
inorganic Silicon oxide film, a Silicon oxide film and a Silicon 
nitride film. 

0049. It is preferable that the manufacturing method of 
Semiconductor devices is structured to perform Selective dry 
etching Such that the Surface of the organic Silicon film is 
used as a mask to process the edge in the periphery of the 
opening portion of the mask to be rounded. 

0050. The manufacturing method of semiconductor 
devices by using dry etching technology according to the 
present invention comprising: the Steps of forming an 
organic Silicon film having bondings of Silicon and Silicon as 
the main chains thereof on a Semiconductor Substrate and 
Selectively introducing any one of oxygen, nitrogen, hydro 
gen and carbon elements into at least the Surface of the 
organic Silicon film; forming a portion of the Semiconductor 
device constituted by insulating material by performing 
Selective dry etching Such that the Surface of the organic 
Silicon film is used as a mask, introducing at least any one 
of oxygen, nitrogen, hydrogen and carbon elements into the 
organic Silicon film after the organic Silicon film has been 
dry-etched to make the Surface of the organic Silicon film 
and the inside portion of the organic Silicon film to be 
constituted by different type films which are an organic 
Silicon oxide film, an inorganic Silicon oxide film, a Silicon 
oxide film and a Silicon nitride film; and removing the mask 
by performing Selective etching of the Surface of the organic 
Silicon film and the inside portion of the organic Silicon film. 
0051. The manufacturing method of semiconductor 
devices by using dry etching technology according to the 
present invention comprises: the Steps of: using an organic 
silicon film to form an anti-reflective film for use in a 
photolithography Step on the upper Surface of the insulating 
film on a Semiconductor Substrate; introducing any one of 
oxygen, nitrogen, hydrogen and carbon elements into the 
organic Silicon film after the photolithography Step has been 
completed to constitute the anti-reflective film by any one of 
an organic Silicon oxide film, an inorganic Silicon oxide film, 
a Silicon oxide film and a Silicon nitride film; and integrating 
the anti-reflective film with the insulating film. 
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0.052 The manufacturing method of semiconductor 
devices by using dry etching technology according to the 
present invention comprises: the Steps of: using an organic 
silicon film to form an anti-reflective film for use in a 
photolithography Step on the upper Surface of the insulating 
film on a Semiconductor Substrate; introducing any one of 
oxygen, nitrogen, hydrogen and carbon elements into the 
organic Silicon film after the photolithography Step has been 
completed to constitute the anti-reflective film by any one of 
an organic Silicon oxide film, an inorganic Silicon oxide film, 
a Silicon oxide film and a Silicon nitride film; and removing 
the anti-reflective film by etching by using Selective etching 
of the anti-reflective film and the insulating film Subjected to 
the process. 

0.053 A manufacturing method of semiconductor devices 
by using dry etching technology according to the present 
invention comprises: the Steps of forming a thermal oxide 
film on a Semiconductor Substrate; forming a Silicon oxide 
film on the organic Silicon film by coating the thermal oxide 
film with an organic Silicon film; forming an opening portion 
which reaches the Surface of the Semiconductor Substrate on 
a multilayered film constituted by the silicon oxide film and 
the organic Silicon film; changing the organic Silicon film to 
a Silicon nitride film by introducing nitrogen into the organic 
Silicon film Subjected to the Step; and forming a trench on the 
Semiconductor Substrate by using a multilayered film con 
stituted by the silicon oxide film and the silicon nitride film 
as a mask. 

0054. A manufacturing method of semiconductor devices 
by using dry etching technology according to the present 
invention comprises: the Steps of coating a Semiconductor 
Substrate with an organic Silicon film to form the pattern of 
the organic Silicon film by using a resist as a mask Such that 
a device region on the Semiconductor Substrate is covered; 
and forming an isolation trench in the Semiconductor Sub 
Strate by using the organic Silicon film, the pattern of which 
has been formed, and the resist as masks and changing the 
organic Silicon film to a Silicon nitride film by introducing 
nitrogen into the organic Silicon film. 

0055. It is preferable that the manufacturing method of 
Semiconductor devices comprises the Steps of furthermore 
coating the overall upper Surface of the Semiconductor 
Substrate, on which the isolation trench has been formed, 
with the organic Silicon film Such that the isolation trench is 
buried; Smoothing the Surface of the organic Silicon film by 
using the Semiconductor as a Suppression layer; and chang 
ing the organic Silicon film into any one of a Silicon oxide 
film, an organic Silicon oxide film and an inorganic Silicon 
oxide film by introducing oxygen into the organic Silicon 
film with which the isolation trench is buried. 

0056. A manufacturing method of semiconductor devices 
by using dry etching technology according to the present 
invention comprises the Steps of: forming a gate insulating 
film on a Semiconductor Substrate and forming at least one 
metallic film on the gate insulating film; forming the pattern 
of the organic Silicon film in a region of the Semiconductor 
Substrate which has been covered with the mask and in 
which the gate electrode has been formed Such that a resist 
is used as a mask; forming the pattern of a gate electrode 
constituted by the metallic film in the region in which the 
gate electrode has been formed Such that the organic Silicon 
film, the pattern of which has been formed, and the resist are 
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used as masks, and changing the organic Silicon film, the 
pattern of which has been formed, into a nitride film by 
introducing nitrogen into the organic Silicon film. 
0057. A manufacturing method of semiconductor devices 
by using dry etching technology according to the present 
invention comprises the Steps of: forming a gate insulating 
film on a Semiconductor Substrate, forming at least one 
metallic film on the gate electrode insulating film and 
forming the pattern of a gate electrode constituted by the 
metallic film on a region of the Semiconductor Substrate 
which is covered with the metallic film and in which a gate 
electrode will be formed; covering the gate electrode with a 
Silicon nitride film and depositing a first insulating film on 
the Overall upper Surface of the Semiconductor Substrate 
Such that the gate electrode is buried; Smoothing the Surface 
of the first insulating film and coating the Surface of the 
Smoothed first insulating film with an organic Silicon film; 
forming a contact hole which reaches the first insulating film 
in the organic Silicon film by Selectively removing the 
organic Silicon film which covers adjacent to the gate 
electrode in which either of a source or a drain will be 
formed and a portion of the gate electrode adjacent to the 
Source or the drain by performing dry etching using a resist 
as a mask, a step of exposing the Silicon nitride film to the 
bottom portion of the contact hole by dry-etching the first 
insulating film by using the resist and the organic Silicon film 
as masks, in a Self-aligning manner, exposing the Surface of 
either of region on the Surface of the Semiconductor Sub 
Strate in which the Source will be formed or a region in 
which the drain will be formed; and integrating the organic 
Silicon film with the first insulating film and using the 
contact hole to connect metallizations by changing the 
organic Silicon film into a Second insulating film constituted 
by any one of an organic Silicon oxide film, an inorganic 
Silicon oxide film, a Silicon oxide film and a Silicon nitride 
film. 

0058 Amanufacturing method of semiconductor devices 
by using dry etching technology according to the present 
invention comprises the Steps of: forming a gate insulating 
film on a Semiconductor Substrate, forming at least one 
metallic film on the gate insulating film and forming the 
pattern of a gate electrode constituted by the metallic film in 
a region of the Semiconductor Substrate which is covered 
with the metallic film and in which the gate electrode will be 
formed; furthermore covering the first silicon oxide film by 
covering the gate electrode with a Silicon nitride film and 
depositing the gate electrode on the Silicon nitride film; 
forming a contact hole which reaches the first Silicon oxide 
film in the organic Silicon film by coating the overall upper 
Surface of the Semiconductor Substrate with the organic 
Silicon film and by Selectively removing the organic Silicon 
film which covers a region adjacent to the gate electrode in 
which a source or a drain will be formed and a portion of the 
gate electrode adjacent to the portion in which the Source or 
the drain will be formed by performing dry etching which 
uses a resist as a mask; removing the first Silicon oxide film 
exposed to the bottom surface of the contact hole by 
introducing oxygen into the organic Silicon film to change 
the organic Silicon film into a Second Silicon oxide film and 
by performing dry etching Such that the Second Silicon oxide 
film is used as a mask, and in a Self-alignment manner, 
exposing the Surface of the region which has been formed on 
the Semiconductor Substrate and in which the Source or the 
drain will be formed and using the contact hole for connect 
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ing metallizations by further removing the Silicon nitride 
film and gate insulating film exposed owing to removal of 
the first silicon oxide film. 

0059 A dry etching method according to the present 
invention comprises: a step of forming an organic Silicon 
film having main chains thereof constituted by bondings of 
Silicon and Silicon on a Semiconductor Substrate and forming 
a portion of the Semiconductor device constituted by insu 
lating material dry-etching at least the organic Silicon film; 
and a step of changing a portion of the organic Silicon film 
into an insulating film constituted by any one of an organic 
Silicon oxide film, an inorganic Silicon oxide film, a Silicon 
oxide film and a Silicon nitride film by processing the 
processed organic Silicon film by executing at least heat 
treatment which is performed in O, N, or H gas, heat 
treatment which is performed in O, N, or H. plasma or 
implantation of O, N, or H ions and heat treatment. 
0060 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0061 The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0.062 FIGS. 1A to 1F are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a first embodiment; 
0.063 FIGS. 2A to 2C are cross sectional views showing 
Steps for describing effects of the manufacturing method of 
Semiconductor devices according to the first embodiment; 

0064 FIGS. 3A and 3B are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a Second embodiment; 

0065 FIGS. 4A and 4B are cross sectional views show 
ing Steps for describing effects of the manufacturing method 
of Semiconductor devices according to the Second embodi 
ment, 

0.066 FIGS.5A to 5D are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a third embodiment; 
0067 FIG. 6A to 6I are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a fourth embodiment; 

0068 FIGS. 7A to 7C are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a fifth embodiment; 

0069 FIGS. 8A to 8C are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a sixth embodiment; 
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0070 FIGS. 9A to 9C are cross sectional views showing 
Steps of a manufacturing method of Semiconductor devices 
according to a Seventh embodiment; 
0071 FIGS. 10A to 10C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to an eighth embodiment; 
0072 FIGS. 11A to 11C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a ninth embodiment; 
0073 FIGS. 12A and 12B are cross sectional views 
showing Steps of a manufacturing method of Semiconductor 
devices according to a tenth embodiment; 
0074 FIGS. 13A to 13C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to an eleventh embodiment; 
0075 FIGS. 14A to 14C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a twelfth embodiment; 
0.076 FIGS. 15A to 15C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a thirteenth embodiment; 
0.077 FIGS. 16A to 16E are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a fourteenth embodiment; 
0078 FIGS. 17A to 17D are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a fifteenth embodiment; 
007.9 FIGS. 18A to 18E. are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a sixteenth embodiment; 
0080 FIGS. 19A to 19D are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a Seventeenth embodiment; 
0081 FIGS. 20A to 20O are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to an eighteenth embodiment; 
0082 FIGS. 21A to 21E are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a nineteenth embodiment; 
0.083 FIGS. 22A to 22C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a twentieth embodiment; 
0084 FIGS. 23A to 23C are cross sectional views show 
ing Steps of a manufacturing method of Semiconductor 
devices according to a twenty-first embodiment; and 
0085 FIG. 24 is a diagram showing a dry etching appa 
ratus for use in the manufacturing method of Semiconductor 
devices according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0086 Referring to the drawings, embodiments of the 
present invention will now be described. Referring to FIGS. 
1A to 1F and FIGS. 2A to 2C, a first embodiment of the 
present invention will now be described. FIGS. 1A to 1F are 
diagrams showing the Structure of an interlayer insulating 
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film having a contact hole which is required to constitute a 
dual-damascene structure. FIGS. 2A to 2C are diagrams 
showing a method of forming the dual-damascene Structure 
by performing dry etching and problems experienced with 
the method. 

0087. The interlayer insulating film for forming the dual 
damascene Structure is Subjected to first trench formation for 
forming a first trench metallization, Second trench formation 
for forming a Second trench metallization and formation of 
a contact hole for connecting the first and Second trench 
portions to each other. 
0088 As shown in FIG. 1A, an insulating film 2 is 
formed on a silicon substrate 1. To bury the first trench 
formed in the insulating film 2 a wiring metal 3 having the 
periphery coated with a silicon nitride film 4 is formed. The 
material of the insulating film 2 is usually a Silicon oxide 
film. The surface of the insulating film 2 is smoothed by 
CMP by using the silicon nitride film 4 as a stopper (a 
Suppression layer for use in a polishing step). Since the Step 
of forming the trench metallization in the first layer shown 
in FIG. 1A is not directly related to the first embodiment, the 
Step is omitted from description. 
0089. Then, an insulating film made of the same material 
as that of the Smoothed insulating film 2 is Stacked on the 
insulating film 2, as shown in FIG. 1B. Then, anisotropic 
etching is performed by RIE so that a contact hole 5 is 
formed. At this time, the silicon nitride film 4 serves as an 
etching stopper (a Suppression layer against etching). 
0090 Then, as shown in FIG. 1C, the overall surface is 
coated with polysilane 6. The thickness of the polysilane 6 
is made to be the Same as the Second trench. Since the 
polysilane 6 flows, the inside portion of the contact hole 5 
is buried with the polysilane 6. Moreover, the surface of the 
polysilane 6 is Sufficiently Smoothed in a coating Step So that 
the depth of the second trench is uniformed over the surface 
of the wafer. 

0.091 Then, a resist 7 is applied to form the second trench 
in the polysilane 6. To form the Second trench, an opening 
portion is formed. The resist 7 is used as a mask, the 
polysilane 6 is anisotropically etched by RIE under condi 
tion that the polysilane 6 has a high etching Selective ratio 
with respect to the insulating film 2. Thus, as shown in FIG. 
1D, the second trench 8 can be formed by using the 
insulating film 2 and the Silicon nitride film 4 as etching 
Stoppers, the formation being enabled without any exertion 
of an influence on the shape of the contact hole 5. 
0092. The RIE etching conditions were such that the 
preSSure in a chamber was 75 mTor, the high frequency 
power was 300 W and flux ratio of mixed gas Cl/O was 75 
Sccm/10 Scem. Under the foregoing conditions, a high 
etching selective ratio of about 100 was realized between the 
insulating film 2 constituted by a silicon oxide film (SiO2) 
and the polysilane 6. 
0093. The polysilane 6 can easily and precisely be aniso 
tropically etched by the RIE. Moreover, an etching selective 
ratio of about 50 can be realized with respect to the silicon 
nitride film 4. Therefore, the polysilane 6 which buries the 
inside portion of the contact hole 5 can completely be 
removed such that the silicon nitride film 4 is left. 

0094. Then, an Oashing step is performed to remove the 
resist 7. At this time, the trench of the silicon Substrate 1 is 
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raise to about 250 C. So that oxygen is introduced into the 
polysilane 6 owing to thermal diffusion. Therefore, the 
polysilane 6 is changed to a Silicon oxide film So as to be a 
portion of the insulating film 2. The silicon oxide film 
changed from the polysilane 6 has a crystal Structure near 
SiO, if the degree of oxidation is intense. Also from a 
Viewpoint of electrical properties, the Silicon oxide film can 
be considered as an insulating film constituted by SiO2. 
0095 Thus, the polysilane 6 is formed into a portion of 
the insulating film 2, as shown in FIG. 1E. Thus, the 
interlayer insulating film 2 having the dual-damascene Struc 
ture incorporating the contact hole 5 and the Second trench 
8 can precisely be formed. 
0096) Then, as shown in FIG. 1F, the silicon nitride film 
4 covering the upper portion of the wiring metal 3 is 
removed by the RIE etching conditions with respect to a 
silicon nitride film. The material of the wiring metal is 
deposited to bury the contact hole 5 and the second trench 
8. The material of the wiring metal may be Al-Cu or Cu. 
Then, the insulating film 2 is used as a stopper to remove a 
metallization removal portion 3a deposed excessively by the 
CMP. Thus, an excellent dual-damascene Structure having a 
shape which is controlled precisely can be formed. 
0097. Referring to FIGS. 2A to 2C, other important 
advantages of the method of forming the interlayer insulat 
ing film having the dual-damascene Structure will now be 
described. Referring to FIG. 2A, a situation in which 
misalignment of the etching mask takes place when the 
contact hole 5 of the insulating film 2 is formed will now be 
described. 

0098. If etching stoppers are unevenly distributed in the 
plane when the Surface of the insulating film made of SiO2 
and the like is smoothed by the CMP, the overall surface of 
the wafer cannot uniformly be smoothed. 
0099] Therefore, the step of forming the contact hole 5 
allowed to proceed to a state shown in FIG. 2A encounters 
a fact that the thickness of the insulating film 2 in a State 
before the contact hole is formed includes a Somewhat 
dispersion. 

0100. To form the contact hole 5, which is able to reliably 
reach the silicon nitride film 4 which covers the wiring metal 
3, in the insulating film encountered dispersion in the 
thickness, excessive anisotropic RIE must be performed to 
realize a thickness larger than a predetermined thickness by 
20% to 30%. 

0101 If the etching mask encounters misalignment, the 
Silicon nitride film 4 cannot serve as the etching Stopper in 
the misaligned portion. Therefore, excessive etching occurs 
as shown in FIG. 2A, causing a fault in wiring. The 
above-mentioned excessive etching occurring in the bottom 
of the contact hole is called “borderless etching”. 
0102 Hitherto, the interlayer insulating film having the 
dual-damascene Structure has been performed Such that the 
thickness of the insulating film 2 is the thickness shown in 
FIG. 1E. Moreover, the contact hole 5 is formed by the 
anisotropic RIE until the silicon nitride film 4 is exposed to 
the outside. Then, the second trench 8 is formed by the 
anisotropic RIE. 

0103) Therefore, the thickness of the insulating film 2 
when the contact hole 5 is formed is enlarged excessively. 
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Thus, the anisotropic RIE which must be carried out exces 
Sively is performed in a large quantity. Since anisotropic RIE 
is furthermore performed when the second trench 8 is 
formed, the borderleSS etching is Subjected to two times of 
anisotropic RIE operations. As a result, occurrence of the 
borderleSS etching is a critical problem which must be 
Solved when the Step of forming the interlayer insulating 
film having the dual-damascene Structure is performed. 

0104. In the first embodiment, the second trench 8 is 
formed by using the polysilane 6. Therefore, the thickness of 
the insulating film 2 when the contact hole 5 is formed is 
small. Hence it follows that borderless etching of the insu 
lating film 2 shown in FIG. 2A can be prevented. Since the 
insulating film 2 is formed by using the polysilane which can 
easily be fabricated and a high etching Selective ratio is 
realized with respect to the insulating film 2, there is no 
apprehension that borderleSS etching further proceeds in the 
anisotropic RIE for removing the polysilane in the contact 
hole 5, as shown in FIG. 2B. 

0105 Then, as shown in FIG. 2C, O. ashing is per 
formed to remove the resist 7 and oxidation of the polysilane 
6 are Simultaneously be performed. Then, the wiring metal 
is buried and Smoothing is performed So that dual-dama 
Scene Structure free of excessive borderleSS etching is 
formed. 

0106 The organic silicon having the main chains thereof 
which are the bondings of Silicon and Silicon cannot be 
employed as the material of the interlayer insulating film as 
it is. If O is introduced into the material by using a method 
Such as Oashing, the organic Silicon Such as polysilane is 
changed to an insulating material near SiO2 from electrical 
and mechanical viewpoints. Therefore, the changed material 
can be used to form a required interlayer insulating film. 

0107 The first embodiment is effective as a method of 
manufacturing a mixed memory logic LSI incorporating a 
DRAM Section and a logic Section are mounted on one chip. 
Since the alignment margin in the logic Section is Smaller 
than that in the memory Section as described above, border 
leSS etching easily occurs in the logic Section. When the 
Structure according to the first embodiment is employed, the 
mixed memory logic LSI can be manufactured at a high 
manufacturing yield. 

0108) Referring to FIGS. 3A, 3B, 4A and 4B, a second 
embodiment of the present invention will now be described. 
As shown in FIG. 3A, a trench metallization in the first layer 
is formed in the insulating film 2. The silicon nitride film 4 
is used as a Stopper to perform a Smoothing Step, and the 
overall surface is coated with the polysilane 6. The resist 7 
and the anisotropic RIE are employed to form the contact 
hole 5 in the polysilane 6. Then, the resist 7 is removed by 
performing Oashing. Simultaneously, the polysilane 6 is 
changed to the insulating film 2 constituted by the Silicon 
oxide film. Thus, the shape of the insulating film 2 shown in 
FIG. 1B according to the first embodiment is formed. The 
foregoing insulating film 2 is used to perform the Steps 
following the step shown in FIG. 1. 
0109 Asituation in which misalignment has occurs when 
the resist mask 7 for the contact hole 5 is formed by the 
method according to the Second embodiment is shown in 
FIGS. 4A and 4.B. In the second embodiment, the contact 
hole 5 is formed in the polysilane 6 if the misalignment 
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shown in FIG. 4A occurs. Therefore, a satisfactorily high 
etching Selective ratio can be realized with respect to the 
insulating film 2. Thus, the insulating film 2 Serves as the 
etching Stopper So that the controllability of the anisotropic 
RIE is improved. As a result, borderleSS etching can be 
prevented. 

0110. Then, as shown in FIG. 4B, the Oashing step is 
performed to remove the resist 7. Simultaneously, the pol 
ySilane 6 is changed to the Silicon oxide film to make the 
Silicon oxide film to be a portion of the insulating film 2. 
Then, the Silicon nitride film 4 covering the upper portion of 
the silicon nitride film 4 is removed. As a result, the steps for 
forming the dual-damascene Structure following the Step 
shown in FIG. 2C according to the first embodiment can be 
employed. 

0111 FIG. 4B shows a characteristic that any borderless 
etching as shown in FIG. 2C does not occur. Although the 
area of connection between the wiring metal for burying the 
contact hole 5 and the wiring metal 3 in the first layer is 
reduced, the defective wiring due to borderleSS etching can 
Significantly be prevented. 

0.112. When the structure according to the second 
embodiment is employed, the deterioration in the manufac 
turing yield of the logic Section of the mixed memory logic 
LSI owing to the borderleSS etching can significantly be 
Suppressed. 

0113 Although the second embodiment has been 
described as a method of forming the contact hole 5 having 
the dual-damascene Structure, the present invention is not 
limited to the foregoing description. The Structure may be 
applied to formation of a contact hole having a usual 
multilayered metallization. 

0114) Referring to FIGS. 5A to 5D, a third embodiment 
of the present invention will now be described. The third 
embodiment is different from the second embodiment in the 
insulating film 2 shown in FIG. 3A is constituted by 
polysilane 6. 

0115. As shown in FIG. 5A, the silicon substrate 1 is 
coated with the polysilane 6. Since the silicon Substrate 1 has 
been Subjected to a wafer process, a variety of elements of 
the Semiconductor device have been mounted. Therefore, 
the Surface of the Silicon Substrate 1 usually has complicated 
Step differences. 

0.116) Since the polysilane 6 flows, the step differences 
are buried by coating. Moreover, any Surface polishing is not 
required because the overall Surface of the wafer has Satis 
factory flatness to permit execution of the dry etching 
proceSS. 

0117 Then, the resist (not shown) is used as a mask to 
perform the anisotropic RIE to form the first trench in the 
polysilane 6. AS described above, the polysilane can easily 
be subjected to the anisotropic RIE and the surface of the 
polysilane is flat. Therefore, any etching Stopper is not 
required to form the first groove having uniform depths from 
a viewpoint of practical use can be formed by only control 
ling the conditions of the RIE process. 

0118. The step of covering the wiring metal 3, the step of 
burying the Silicon nitride film 4 and the Step of removing 
exceSS wiring metal and Silicon nitride film left on the 
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polysilane 6 are combined So that the first trench metalliza 
tion shown in FIG. 5A is formed. 

0119) As shown in FIG. 5A, the polysilane 6 is changed 
to the Silicon oxide film in the Step of removing the resist 
(not shown) for use to form the first trench by Oashing. To 
describe the difference from the second embodiment, the 
Silicon oxide film is illustrated as the polysilane 6. 
0120) Then, as shown in FIG. 5B, the wiring metal 3 
covered with the insulating film 2 constituted by the silicon 
oxide film and the silicon nitride film 4 is coated with the 
polysilane 6. Then, the pattern of the resist 7 is formed to 
align the opening position of the contact hole. 

0121 Then, as shown in FIG. 5C, the resist 7 is used as 
a mask to form the contact hole 5, which reaches the Silicon 
nitride film 4, in the polysilane 6. The resist 7 is removed by 
Oashing. Simultaneously, the polysilane 6 is changed to the 
insulating film 2 constituted by the Silicon oxide film. 
Moreover, the silicon nitride film 4 on the wiring metal 3 is 
removed. Thus, as shown in FIG. 5D, all of the structures of 
the insulating film 2 shown in FIG. 3B according to the 
Second embodiment can be formed by using polysilane 6 as 
the material. 

0.122 Since the polysilane 6 changed to the insulating 
film 2 has the material properties similar to those of the 
integrated insulating film 2, the manufacturing proceSS fol 
lowing the process shown in FIG. 1C according to the first 
embodiment can be employed. 

0123 The merit of the third embodiment obtainable from 
formation of the first trench metallization shown in FIG. 5A 
with polysilane lies in that a flat surface constituted by the 
polysilane can be obtained if the Surface of the Silicon 
substrate 1 has step differences. The conventional method 
with which the insulating film 2 is deposited cannot prevent 
formation of a stepped portion also on the Surface of the 
insulating film 2. Therefore, the first trench having a uniform 
width and depth cannot be formed. 
0.124. When the insulating film 2 is deposited thick and 
the surface is smoothed by performing CMP, the shape of the 
first trench can be improved. However, the problem of 
uneven density of the StopperS for use in the polishing Step 
remains to be solved. Therefore, the overall Surface of the 
wafer cannot easily be Smoothed in ordinary cases. When 
the polysilane 6 is applied, the foregoing problem can 
considerably easily be prevented. As a matter of course, the 
third embodiment attains a similar effect of preventing 
borderless etching to that obtainable from the second 
embodiment. 

0.125 A fourth embodiment of the present invention will 
now be described with reference to FIGS. 6A to 6I. Hith 
erto, formation of a contact hole having a high aspect ratio 
or formation of a trench encounterS film thinning of the resist 
which is used as the mask for the anisotropic RIE Step. AS 
a result, there arises a problem the thickness of the residual 
film of the resist is excessively reduced to Serve as the mask. 
0.126 To prevent the foregoing problem, a method may 
be employed which has the Steps of: forming a reversed 
pattern of the opening portion of the contact hole; changing 
the Surface of the polysilane existing in the outer portion of 
the exposed opening portion to the insulating film consti 
tuted by the silicon oxide film by performing O RIE or 
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implantation of O ions, opening the polysilane by using the 
insulating film as a mask. Thus, a Satisfactory contact hole 
and the trench can be formed. 

0127. That is, as shown in FIG. 6A, the surface of the 
first trench metallization constituted by the insulating film 2 
on the silicon Substrate 1 and the wiring metal 3 covered 
with the silicon nitride film 4 is coated with the polysilane 
6. Then, the pattern of the resist 7 is formed to cover the 
portion in which the contact hole will be formed. 

0128. Then, the resist 7 is used as a mask to introduce O. 
ions into the surface of the polysilane 6 by using an O RIE 
machine as indicated with an arrow shown in FIG. 6A. 
Then, Oashing is performed to remove the resist 7. Thus, 
as shown in FIG. 6B, the insulating film 2 constituted by the 
Silicon oxide film is formed on the Surface of the polysilane 
6. The ashing of the resist 7 is performed minimally in 
quantity to prevent change of the Surface of the polysilane 6 
covered with the lower portion of the resist 7 to the silicon 
oxide film. 

0129. Since the etching selective ratio of the polysilane 6 
with respect to the insulating film 2 can be raised as 
described above, the resist 7 is removed and the anisotropic 
RIE Step is performed by using the insulating film 2 as a 
mask as shown in FIG. 6G. Thus, the contact hole 5 can be 
formed in the polysilane 6 by using the silicon nitride film 
4 as the etching Stopper. 

0130. Then, treatment similar to the Oashing step is 
performed in the same chamber in which RIE has been 
performed so that O ions are introduced from the inner 
Surface of the contact hole 5 opened in the polysilane 6. AS 
a result, the overall body of the polysilane 6 can be changed 
to the insulating film constituted by the silicon oxide film. 
0131 Thus, as shown in FIG. 6D, both of the insulating 
film 2 for use to form the first trench and the insulating film 
for performing formation of the contact hole 5 and used as 
the etching mask can be formed as the integrated insulating 
film 2 constituted by the silicon oxide film. 
0.132. At this time, the edge of the periphery of the 
opening portion of the insulating film 2a used as the mask 
is rounded by the anisotropic RIE. When rounding is exces 
Sively occurs to raise a problem in the Structure, the insu 
lating film 2a is required to be removed by CMP, as shown 
in FIG. 6D. 

0133) Note that attention must be focused on a fact that 
the rounded portion of the edge adjacent to the opening 
portion has an effect of Smoothing the burying Step when the 
wiring metal is buried in the contact hole when the contact 
hole of the insulating film 2 shown in FIG. 6D has a high 
aspect ratio. 

0134) Then, as shown in FIG. 6E, the overall surface is 
coated with the polysilane 6 Such that the contact hole is 
buried. Then, reversed patterning is performed to cover the 
opening portion of the Second trench by using the resist 7. 
The resist 7 is used as a mask to introduce oxygen into the 
surface of the polysilane 6 by using the ORIE machine. 

0135) Then, the steps shown in FIGS. 6B and 6C are 
repeated as shown in FIGS. 6F and 6G so that a treatment 
Similar to the O2 ashing is continuously performed in the 
Same chamber. The insulating film 2 completely constituted 
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by the Silicon oxide film and having the dual-damascene 
Structure can be formed on the Silicon Substrate 1, as shown 
in FIG. 6H. 

0136. Then, as shown in FIG. 6I, the silicon nitride film 
4 on the upper portion of the wiring metal 3 is removed, and 
the wiring metal is depth to bury the contact hole 5 and the 
second trench 8. The wiring metal may be Al-Cu or Cu. 
Then, the wiring metal removal portion 3a which has 
excessively be deposited is removed by CMP by using the 
insulating film 2 as a Stopper. Thus, an excellent dual 
damascene Structure having a shape which is precisely 
controlled can be formed. 

0.137 When the anisotropic RIE results in excessive 
rounded edge adjacent to the opening portion of the insu 
lating film a used as the etching mask to cause a problem in 
term of the structure to arise, the CMP step is furthermore 
performed to remove the insulating film removal portion 2a 
by polishing. 

0138 When the second trench 8 shown in FIG. 6H has 
a high aspect ratio, attention must be focused on the fact that 
the insulating film removal portion 2a generated adjacent to 
the opening portion when the wiring metal is buried in the 
Second trench 8 and shown in FIG. 6 has the effect of 
Smoothing the burying Step. 

0139 Referring to FIGS. 7A to 7C, a fifth embodiment 
of the present invention will now be described. Referring to 
FIG. 7A, the step until the overall surface is coated with the 
polysilane 6 Such that the contact hole is buried is similar to 
that according to the fourth embodiment shown in FIG. 6E. 
0140. In the fourth embodiment, the resist 7 is formed by 
performing reversed patterning Such that the opening portion 
of the second trench 8 of the polysilane 6 is covered. The 
fifth embodiment is structured Such that the overall Surface 
is coated with the polysilane 6. Then, the resist 7 is used to 
open the formation position of the second trench 8 by 
performing a usual patterning. 
0141 Since the insulating film 2 can be formed by using 
the polysilane 6 which can easily be fabricated, the film 
thinning of the resist mask can be reduced during the 
anisotropic RIE step. Therefore, as shown in FIG. 7B, the 
resist 7 can be used as the etching mask to perform the 
formation of the second trench 8 and remove the polysilane 
with which the contact hole 5 is filled. 

0142. As shown in FIG. 7C, the polysilane 6 is changed 
to the insulating film 2 constituted by the silicon oxide film 
simultaneously with the step of removing the resist 7 by O. 
ashing. Thus, the interlayer insulating film 2 having the 
dual-damascene Structure on the Silicon Substrate 1 can be 
formed into the insulating film constituted by an integrated 
silicon oxide film. 

0143 Since the anisotropic RIE enables the rounded 
portion generated at the edge adjacent to the opening portion 
of the resist 7 to be removed together with the resist 7, the 
foregoing method has a merit when the rounded portion is 
undesirable as the processed shape. When the step of bury 
ing the material of the metallization shown in FIG. 1F is 
added to be performed Successively, a dual-damascene 
Structure can be formed. 

0144. In the first to fifth embodiments, the RIE using the 
O plasma or implantation of O ions is employed to form 
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the insulating film constituted by the silicon oxide film. The 
method is not limited to the foregoing methods. 
0145 Alternatively, any one of the following methods 
may be employed: thermal oxidation which is performed in 
an O atmosphere, ashing which uses O3 plasma, irradiation 
with ultraViolet rays and dipping opening portions into 
Section in which Sulfuric acid and hydrogen peroxide are 
mixed. Also the method enables polysilane to be changed to 
the insulating film constituted by the Silicon oxide film. 
0146 The organic silicon film such as polysilane, can be 
changed to an insulating film in various Stages owing to the 
degree of oxidation which include: an organic Silicon oxide 
film in which carbon is left in the oxide film; an inorganic 
silicon oxide film from which carbon has been removed, 
which has a crystal Structure having irregularity as compared 
with SiO2 and which contains OH groups, and a Silicon 
oxide film subjected to further heat treatment to have the 
crystal structure similar to that of SiO. 
0147 For example, the trench metallization in the first 
layer and the contact hole are formed by using organic 
Silicon oxide film. Then, organic Silicon is applied to form 
the Second trench to performing ashing in a gas composed of 
only O. In this case, carbon may be left in organic Silicon 
by controlling the temperature. Alternatively, heat treatment 
may be performed in an atmosphere of mixed gas of O and 
CO to change the organic Silicon constituting the Second 
trench to an organic Silicon oxide film having a dielectric 
constant Similar to that of the organic Silicon oxide film. 
0.148 When organic silicon film such as polysilane, is 
Subjected to heat treatment which is performed in a mixed 
gas atmosphere of O and CO or when the organic Silicon 
is subjected to RIE using CO or when implantation of CO 
ions is performed, the organic Silicon oxide film having a 
dielectric constant Similar to that of the organic Silicon oxide 
film can be formed. 

0149 When organic silicon film such as polysilane, is 
Subjected to ashing using a gas containing only H2 or a 
mixed gas of H and O of when RIE, implantation of ions 
or heat treatment is performed, the inorganic Silicon oxide 
film can be formed. 

0150. When the organic silicon such as polysilane, is 
Subjected heat treatment in a mixed gas atmosphere of N 
and O or when ashing, RIE or implantation of ions is 
performed by using the foregoing gas, the Silicon oxide 
nitride film or a silicon nitride film can be formed. 

0151. The silicon oxide film, the silicon oxide nitride film 
and Silicon nitride film may be employed to a dry etching 
process of the contact hole and the trench according to the 
present invention. 

0152 Referring to FIGS. 8A to 8C, a sixth embodiment 
of the present invention will now be described. As shown in 
FIG. 8A, the sixth embodiment is structured Such that 
formation of the interlayer insulating film having the dual 
damascene Structure is performed by using an organic sili 
con oxide film 2b until the step of formation of the trench 
metallization in the first layer and the contact hole. Since the 
organic Silicon oxide film 2b is formed by a method similar 
to that at the third embodiment described with reference to 
FIGS. 5A to 5D, detailed description of the method is 
omitted. 
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0153. As shown in FIG. 8A, the surface of the organic 
silicon oxide film 2b is coated with the polysilane 6 to bury 
the contact hole. The resist 7 is used to open the portion in 
which the second trench will be formed. Then, as shown in 
FIG. 8B, the resist 7 is used as the etching mask to perform 
anisotropic RIE so as to form the second trench 8 in the 
polysilane 6. Then, the polysilane 6 with which the contact 
hole 5 is filled is removed until the silicon nitride film 4 is 
exposed to the outside. 
0154) Then, as shown in FIG. 8, ashing is performed by 
using a mixed gas of O and CO2 to remove the resist 7. 
Simultaneously, change is caused to occur Such that the 
polysilane 6 has a dielectric constant which is the Same as 
the organic Silicon oxide film 2b So as to be portion of the 
organic Silicon oxide film 2b. Thus, an interlayer insulating 
film having the dual-damascene Structure, the Overall body 
of which is made of the organic Silicon oxide film, can be 
formed. 

0155 Referring to FIGS. 9A to 9C, a seventh embodi 
ment of the present invention will now be described. In the 
seventh embodiment, the overall body of the interlayer 
insulating film having the dual-damascene Structure is 
formed by using the organic Silicon oxide film 2b Such that 
the polysilane 6a Serving as the etching Stopper for forming 
the Second trench is buried. 

0156. As shown in FIG. 9A, an opening portion is 
previously formed in the etching Stopper constituted by the 
polysilane 6a So as to also used as the etching mask for 
forming the contact hole. Moreover, the Surface of the 
organic Silicon oxide film 2b is coated with the polysilane 6 
as the anti-reflective film. The resist 7 is used to form the 
opening portion in the region in which the Second trench will 
be formed. 

0157. Then, as shown in FIG. 9B, RIE is performed to 
remove the anti-reflective film constituted by the polysilane 
6. Then, the RIE conditions for the organic silicon oxide film 
2b are employed to perform anisotropic etching to reach the 
silicon nitride film 4. Thus, only one RIE operation enables 
the contact hole 5 and the second trench 8 to be formed. 

0158. At this time, the anisotropic etching is performed 
under the RIE conditions that the flow ratio of mixed gas 
CFs/CO/AR/O, is 10/50/200/8 sccm, the pressure is 40 
mTorr, the high frequency electric power of 1400 W is 
applied. Thus, the etching Selective ratio of the polysilane 6 
with respect to the organic Silicon oxide film can be made to 
be 10 or higher. Therefore, the polysilane 6 can be used as 
the etching mask for the contact hole 5 and the etching 
stopper when the second trench 8 is formed. 
0159. Then, as shown in FIG. 9C, the silicon nitride film 
4 covering the upper portion of the wiring metal 3 is 
removed, and then a mixed gas of O and CO2 is used to 
perform ashing so that the resist 7 is removed. Simulta 
neously, the polysilane 6 and polysilane 6a are changed to 
have the same dielectric constant as that of the organic 
Silicon oxide film 2b as the portion of the organic Silicon 
oxide film 2b. Thus, the interlayer insulating film having the 
dual-damascene Structure, the overall body of which is made 
of the integrated organic Silicon oxide film, can be formed. 
0160 In the seventh embodiment, the organic silicon 
oxide film 2b must be formed to bury the polysilane 6a. That 
is, oxidation of the polysilane 6a during the process for 
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forming the organic Silicon oxide film 2b must be prevented. 
To prevent oxidation of the polysilane 6a, for example, a 
method may be employed with which an intermediate pro 
ceSS is performed Such that the Surface of the polysilane 6a 
is covered with a thin plasma SiO2 film and a barrier against 
introduction of O is formed. 

0.161 The thin SiO film is removed from the surface of 
the polysilane 6a in the step show in FIG. 9B., Therefore, 
change of the polysilane 6a to a portion of the organic 
silicon oxide film in the step shown in FIG. 9C is not 
obstructed. 

0162. In the seventh embodiment, the material of the 
interlayer insulating film is organic Silicon oxide film. Note 
that the material is not limited to the organic Silicon oxide 
film. When the inorganic silicon oxide film or silicon oxide 
film is employed as the material of the interlayer insulating 
film, the polysilane 6a is Similarly employed as the etching 
Stopper and the etching mask. 

0163 At this time, polysilane is employed as the anti 
reflective film 6. Note that the material is not limited to 
polysilane. For example, an organic anti-reflective film may 
be employed. When the organic anti-reflective film is 
employed, also the anti-reflective film can be removed when 
the resist 7 is removed by ashing. 

0164 Referring to FIGS. 10A to 10C, an eighth embodi 
ment of the present invention will now be described. In the 
eighth embodiment, the polysilane is changed to the Silicon 
nitride film So as to be used as a mask when a contact hole 
having a high aspect ratio is formed. 

0165. As shown in FIG. 10A, the trench metallization in 
the first layer is formed by using the insulating film 2. Then, 
the insulating film 2 is again deposited on the first trench 
metallization to bury the first trench metallization with the 
thick insulating film 2 So that the Surface is Smoothed. Then, 
the polysilane 6 is applied, and then the pattern of the resist 
7 for forming the opening portion of the contact hole having 
the high aspect ratio is formed. The polysilane 6 is an 
anti-reflective film in an exposing Step in the lithography 
process for opening the resist 7. 

0166 Then, the resist 7 is used as the etching mask when 
the contact hole 5 is formed in the insulating film 2 by 
anisotropic RIE. Thus, the silicon nitride film 4 covering the 
wiring metal 3 is exposed to the outside. At this time, the 
Silicon nitride film 4 Serves as a Stopper for use in the 
anisotropic RIE Step. 

0167. Then, as shown in FIG. 10B, the resist 7 is 
removed by Nashing. Simultaneously, the anti-reflective 
film constituted by the polysilane 6 is changed to the Silicon 
nitride film 4. The silicon nitride film 4 and the silicon 
nitride film 4 covering the wiring metal 3. are removed by 
hot phosphoric acid etching or by CDE (Chemical Dry 
Etching). Thus, as shown in FIG. 10C, the contact hole 5 
having a high aspect ratio to reach the wiring metal 3 in the 
first layer can be formed. 

0.168. The eight embodiment is characterized in that the 
anti-reflective film constituted by the polysilane 6, which is 
left on the surface and which cannot therefore easily be 
removed by the O2 ashing for removing the resist 7, is 
changed to the Silicon nitride film Simultaneously with 
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removal of the resist 7 by performing Nashing. Thus, the 
removal can easily be performed by wet etching or the CDE. 

0169. Referring to FIGS. 11A to 11C, a ninth embodi 
ment of the present invention will now be described. The 
ninth embodiment is a modification of the eighth embodi 
ment, in which a contact hole having a high aspect ratio is 
formed to directly reach the silicon Substrate 1. 

0170 As shown in FIG. 11A, a thick insulating film 2 is 
directly formed on the silicon substrate 1. Then, an anti 
reflective film constituted by the polysilane 6 is applied. 
Then, the pattern of a resist 7 having an opening portion of 
the contact hole is formed on the anti-reflective film. 

0171 The resist 7 is used as the etching mask to perform 
anisotropic RIE to form the contact hole 5 which reaches the 
Surface of the silicon Substrate 1. Then, as shown in FIG. 
11B, Nashing is performed to remove the resist 7. Simul 
taneously, the anti-reflective film constituted by the polysi 
lane 6 is changed to the Silicon nitride film 4. 

0172 The anti-reflective film changed to the silicon 
nitride film 4 is removed by a hot phosphoric acid treatment. 
Thus, the contact hole having a high aspect ratio which 
reaches the Surface of the silicon Substrate shown in FIG. 
11C can be formed. 

0173 Referring to FIGS. 12A and 12B, a tenth embodi 
ment of the present invention will now be described. The 
tenth embodiment is different from the eighth embodiment 
in that the anti-reflective film constituted by the polysilane 
6 is made to be a portion of the insulating film 2 after the 
contact hole 5 has been formed. 

0.174 As shown in FIG. 12A, a thick insulating film 2 is 
directly formed on the silicon Substrate 1. Then, the anti 
reflective film constituted by the polysilane 6 is applied. 
Then, the pattern of the resist 7 having an opening portion 
of the contact hole is formed on the anti-reflective film. 

0.175. The resist 7 is used as the etching mask to perform 
anisotropic RIE to open the contact hole 5 which reaches the 
Surface of the silicon Substrate 1. Then, as shown in FIG. 
12B, Oashing is performed to remove the resist 7. Simul 
taneously, the polysilane 6 is changed to the Silicon oxide 
film. Thus, the anti-reflective film can be formed to be a 
portion of the insulating film 2. 

0176). In the tenth embodiment, the insulating film 2 
which is first formed on the silicon Substrate 1 is the 
insulating film obtained by oxidizing the polysilane. Thus, 
the contact hole which reaches the Silicon Substrate 1 as 
shown in FIG. 12B can be formed as the insulating film 
constituted by an integrated Silicon oxide film including the 
anti-reflective film. 

0177. When a silicon nitride film changed from the 
polysilane is employed as the insulating film 2 which is 
formed on the silicon Substrate 1 and the resist 7 is removed 
by Nashing, the polysilane 6 employed as the anti-reflec 
tive film is changed to the silicon nitride film. Therefore, the 
contact hole can be formed as the insulating film constituted 
by the integrated Silicon nitride film including the anti 
reflective film. 

0.178 Although the tenth embodiment has been described 
about formation of the contact hole which reaches the silicon 
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Substrate 1, the contact hole for the trench metallization in 
the first layer can be formed by a similar process. 
0179 Referring to FIGS. 13A to 13C, an eleventh 
embodiment of the present invention will now be described. 
As shown in FIG. 13A, the thick insulating film 2 is formed 
on the silicon Substrate 1. Then, an anti-reflective film 
constituted by the polysilane 6 is applied. Then, the pattern 
of the resist 7 having the opening portion of the contact hole 
is formed. Then, the resist 7 is used as a mask when the 
anisotropic RIE is performed to open the polysilane 6. Then, 
as shown in FIG. 13B, Nashing is performed to remove the 
resist 7. Simultaneously, the polysilane 6 is changed to the 
silicon nitride film. 

0180. Then, as shown in FIG. 13C, the silicon nitride 
film 4 is used as the mask when the anisotropic RIE is 
performed to form the contact hole having a high aspect ratio 
which reaches the silicon Substrate 1. 

0181. When a resist mask is directly used to form the 
contact hole having the high aspect ratio by the anisotropic 
RIE, the film thinning of the resist mask occurs. On the other 
hand, the eleventh embodiment in which the silicon nitride 
film 4 is used as the mask when the anisotropic RIE is 
performed enables a high etching Selective ratio to be 
realized with respect to the insulating film 2 constituted by 
SiO or the like. Therefore, the problem of the film thinning 
can be prevented. 
0182. The silicon nitride film 4 on the insulating film 2 
shown in FIG. 13C may be removed by the hot phosphoric 
acid. Alternatively, the insulating film 2 may be integrated 
with a portion of the insulating film 2 as a Silicon nitride film 
changed from polysilane. The rounded portion formed adja 
cent to the opening portion of the Silicon nitride film 4 
enables the wiring metal to Smoothly be buried in the contact 
hole 5. 

0183) Referring to FIGS. 14A to 14C, a twelfth embodi 
ment of the present invention will now be described. As 
shown in FIG. 14A, the insulating film 2 constituted by the 
thick silicon oxide film is formed on the silicon Substrate 1. 
Then, the anti-reflective film constituted by the polysilane 6 
is applied to the Surface of the insulating film 2. The resist 
7 is used to form a reversed pattern of the resist 7 such that 
the opening portion of the contact hole is covered. Then, RIE 
using N is performed to change the exposed Surface of the 
silicon nitride film 4 is changed to the silicon nitride film 4, 
and then the resist 7 is removed. 

0184 Then, as shown in FIG. 14B, the silicon nitride 
film 4 is used as a mask to perform the anisotropic RIE to 
open the contact hole, which reaches the Silicon Substrate 1, 
in the insulating film 2 constituted by the polysilane 6 and 
the silicon oxide film. 

0185. Then, a treatment similar to the Oashing step is 
performed to change the polysilane 6 to the Silicon oxide 
film. Thus, the polysilane 6 is integrated as a portion of the 
insulating film 2, as shown in FIG. 14C. 
0186 Then, hot phosphoric acid is used to remove the 
Silicon nitride film 4 employed as the mask So that a contact 
hole having a high aspect ratio which reaches the Silicon 
substrate 1 is formed in the insulating film 2 constituted by 
the silicon oxide film. Also the twelfth embodiment employs 
the Silicon nitride film as the etching mask for forming the 
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contact hole having the high aspect ratio. Therefore, the 
problem of the film thinning can be prevented. 

0187. Referring to FIGS. 15A to 15C, a thirteenth 
embodiment of the present invention will now be described. 
As shown in FIG. 15A, a thick organic silicon oxide film 2b 
is formed on the silicon Substrate 1. Then, the anti-reflective 
film constituted by the polysilane 6 and the resist 7 having 
an opened portion for forming the contact hole 5 are 
provided. Then, the resist 7 is used as the mask when the 
anisotropic RIE is performed to form the contact hole which 
reaches the silicon Substrate 1. Then, as shown in FIG. 15B, 
Oashing is performed to remove the resist 7. 
0188 In the Oashing step, the polysilane 6 is changed 
to the insulating film 2 constituted by the silicon oxide film. 
At this time, only the insulating film 2 constituted by the 
Silicon oxide film changed from the polysilane 6 can easily 
be removed by using dilute hydrofluoric acid as shown in 
FIG. 15C because the portion between the organic silicon 
oxide film 2b and the insulating film 2 constituted by the 
Silicon oxide film has etching Selectivity with respect to 
dilute hydrofluoric acid. 

0189 In the eleventh to thirteenth embodiments, the 
contact hole which reaches the Silicon Substrate 1 is formed. 
As a matter of course, the contact hole for the trench 
metallization in the first layer can Similarly be formed. 
0190. In the first to thirteenth embodiment, the method 
has mainly be described with which the organic silicon film 
is employed in the interlayer insulating film having the 
dual-damascene Structure and the fabricated portion of the 
contact hole. The present invention is not limited to this. The 
organic Silicon film Such as polysilane, can widely be 
applied to a manufacturing method of Semiconductor 
devices by using dry etching technology. The foregoing face 
will now be described as the following embodiments. 
0191 Referring to FIGS. 16A to 16E, a fourteenth 
embodiment will now be described. The fourteenth embodi 
ment is structured Such that the device isolation region and 
the device region are Smoothed by using polysilane. 

0.192 As shown in FIG. 16A, the silicon Substrate 1 is 
coated with the polysilane 6 to form the pattern of the resist 
7 such that the device region for forming a MOS (Metal 
Oxide-Semiconductor) transistor is covered. Then, a mixed 
gas of Cl, the flow rate of which is 75 Sccm, and O2, the 
flow rate of which is 10 ScCm is used to perform anisotropic 
RIE by using the resist 7 as a mask as shown in FIG. 16B 
under conditions that the pressure is 75 mTorr and the high 
frequency electric power is 300 W. Thus, the polysilane 6 
and the Silicon Substrate 1 are etched. 

0193 Then, as shown in FIG. 16C, Nashing is per 
formed to remove the resist 7. Simultaneously, the polysi 
lane 6 is changed to the Silicon nitride film 4. Then, as shown 
in FIG. 16D, the overall surface is coated with the polysi 
lane 6 Such that the isolation trench for isolating devices 
formed in the silicon Substrate 1 is buried. 

0194 Since the polysilane 6 flows, the surface of the 
polysilane 6 is smoothed owing to coating. Moreover, CMP 
is performed to remove the excessive polysilane 6 on the 
silicon nitride film 4 by using the silicon nitride film 4 as the 
Stopper. Thus, the opening portion of the isolation trench is 
filled with the polysilane 6 so as to be smoothed. 
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0195 Then, as shown in FIG.16E, a treatment similar to 
Oashing is performed So that the polysilane 6 with which 
the isolation trench is filled is changed to the insulating film 
2 constituted by the silicon oxide film. Although the fore 
going embodiment has the Structure that the polysilane is 
employed to bury the isolation trench, the present invention 
is not limited to this. Also an organic Silicon oxide film or an 
inorganic Silicon oxide film which can be formed by coating 
can be used to bury the isolation trench. 
0196. As described before, the conventional step of form 
ing the isolation trench has been performed by thick depos 
iting the insulating film constituted by SiO2 which cannot 
easily be processed as compared with polysilane. Then, the 
Surface of the insulating film having a great uneven Surface 
along the isolation trench is smoothed by CMP by using the 
Silicon nitride film constituted by SiN. as the Stopper. 
Therefore, there arises a problem according to the distribu 
tion of density of the device regions covered with the 
Stoppers. That is, polishing proceeds excessively in a field 
region in which stopperS are distributed at a low density and 
thus the Surface is formed into a concave shape. 

0197). On the other hand, the fourteenth embodiment has 
the Structure that polysilane which can easily be polished is 
applied as a Substitute for SiO2. Therefore, the Surface can 
be Smoothed from the initial Stage. Since only polysilane in 
the form of a thin film left on the silicon nitride film in a 
small quantity is required to be removed by CMP, the 
surface Smoothness realized after CMP has been completed 
can considerably be improved as compared with the con 
ventional method. 

0198 Referring to FIGS. 17A to 17D, a fifteenth 
embodiment of the present invention will now be described. 
The fifteenth embodiment has the structure that the polysi 
lane according to the present invention is employed in a 
portion which is formed between gate electrodes of a MOS 
transistor formed on the silicon substrate 1 and in which dry 
etching of SAC is performed to form the contact hole which 
reaches the Source/drain diffusion layer 9 in a Self-alignment 

C. 

0199 As shown in FIG. 17A, a gate oxide film 10 is 
formed on the silicon Substrate 1 on which the Source/drain 
diffusion layer 9 of the MOS transistor is formed. Then, 
polysilicon 11, tungsten 12 and the Silicon nitride film 4 are 
stacked on the gate oxide film 10. Then, a pattern is formed 
so that the gate electrode of the MOS transistor is formed 
Such that the portion around the gate electrode is covered 
with the silicon nitride film 4. 

0200. Then, the insulating film 2 made of, for example, 
SiO, is deposited on the overall surface of the silicon sub 
Strate 1 on which the gate electrode has been formed. Then, 
CMP is performed to smooth the surface of the insulating 
film 2. Then, polysilane 6 is further applied to the smoothed 
insulating film 2, and then the pattern of resist 7 having an 
opening portion in which a Self-aligned contact hole will be 
formed is formed. 

0201 Then, as shown in FIG. 17B, polysilane 6 serving 
as a mask is opened by anisotropic RIE. Then, as shown in 
FIG. 17C, the self-aligned contact hole 13 is formed by 
anisotropic RIE to reach the etching Stopper constituted by 
the silicon nitride film 4 which covers the portion around the 
gate electrode. 
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0202 At this time, the etching selective ratio of the 
Silicon nitride film 4 covering the portion around the gate 
electrode with respect to the insulating film 2 is lowered in 
the edge line portion of the gate electrode exposed to the 
inside portion of the self-aligned contact hole 13. Therefore, 
the corner of the edge line portion of the silicon nitride film 
4 is, as shown in FIG. 17C, cut owing to the anisotropic RIE 
of the self-aligned contact hole 13. 

0203 Since cutting of the corners of the gate electrode is 
protected by the Silicon nitride film 4 in the uppermost layer 
of the gate electrode, there arises no problem when the depth 
of etching of the insulating film 2, which cannot easily be 
fabricated as compared with the polysilane 6, is Small. 

0204 That is, the fifteenth embodiment has the structure 
that the thickness of the insulating film 2 is reduced to Stack 
the polysilane 6 on the insulating film 2. Thus, the depth of 
etching of the insulating film 2 can be minimized until the 
edge line portion of the gate electrode is exposed. 

0205. In the fifteenth embodiment, as shown in FIG. 
17D, Oashing is performed to remove the resist 7. Simul 
taneously, the polysilane 6 is changed to be the Silicon oxide 
film which forms a portion of the insulating film 2. Then, the 
silicon nitride film 4 and the gate oxide film 10 covering the 
Source/drain diffusion layer 9 are removed. Then, wiring 
metal is buried in the self-aligned contact hole 13. Thus, a 
SAC connected to the source/drain diffusion layer 9 is 
formed. 

0206 When the thickness of the insulating film 2 shown 
in FIG. 17A is enlarged to the total thickness of the 
insulating film 2 and the polysilane 6 as employed by the 
conventional technology, further intense anisotropic RIE is 
required to etch the insulating film 2 as compared with the 
anisotropic RIE required to etch the polysilane 6. Therefore, 
the amount of cutting of the edge line portion of the gate 
electrode is enlarged. If tungsten 12 of the gate electrode is 
exposed, the gate electrode and the Source/drain diffusion 
layer 9 are short-circuited in the Step of burying the wiring 
metal in the Self-aligned contact hole 13. 

0207. That is, the fifteenth embodiment is characterized 
in that the insulating film 2 and the polysilane 6 are Stacked; 
and the polysilane 6 is changed to be a portion of the 
insulating film 2 to Substantially reduce the amount of 
fabrication of the insulating film 2 by the anisotropic RIE so 
as to prevent Short circuit between the gate electrode and the 
Source/drain diffusion layer 9 So that the manufacturing 
yield of the Semiconductor devices is improved. 

0208 Referring to FIGS. 18A to 18E, a sixteenth 
embodiment of the present invention will now be described. 
As shown in FIG. 18A, a gate oxide film 10 is formed on 
the Silicon Substrate 1 having the Source/drain diffusion layer 
9. The pattern of a gate electrode having the laminated 
polysilicon 11, tungsten 12 and the Silicon nitride film 4 is 
formed. Then, the portion around the gate electrode is coated 
with the silicon nitride film 4. The foregoing steps are the 
same as those shown in FIG. 17A. 

0209. Then, as shown in FIG. 18B, the surface of the 
Silicon nitride film 4 covering the gate electrode is covered 
with a silicon oxide film 10a. Then, the polysilane 6 is thick 
applied to the Overall upper Surface of the Silicon Substrate 
1Subjected to the foregoing Step. The Sixteen embodiment 
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is characterized in that the insulating film in which the gate 
electrode is buried is substantially constituted by the pol 
ySilane 6. 
0210. The pattern of the opening portion in the resist 7 is 
formed at the position at which the Self-aligned contact hole 
13 will be formed. The resist 7 is used as a mask to open the 
self-aligned contact hole 13 in the thick polysilane film 6. 
Since the polysilane 6 can easily be removed by anisotropic 
RIE, the silicon oxide film 10a covering the gate electrode 
Serves as a stopper to completely prevent erosion of the edge 
line portion of the gate electrode and improve the manufac 
turing yield of the Semiconductor devices. 
0211) Then, as shown in FIG. 18C, the polysilane 6 is 
changed to the Silicon oxide film Simultaneously with 
removal of the resist 7 by performing Oashing. 
0212. Then, as shown in FIG. 18D, the silicon oxide film 
10a covering the gate electrode is removed by etching. To 
maximally prevent erosion of the edge line portion of the 
Silicon nitride film 4 covering the gate electrode, the Silicon 
oxide film is etched under the RIE conditions with which the 
Selective ratio with respect to the Silicon nitride film can be 
raised. Since a Satisfactorily high etching Selective ratio can 
be realized between the insulating film 2 changed from the 
polysilane 6 and the Silicon oxide film 10a covering the gate 
electrode, only the silicon oxide film 10a can be removed by 
etching. 

0213) Then, as shown in FIG. 18E, anisotropic RIE is 
performed to remove the silicon nitride film 4 covering the 
Source/drain diffusion layer 9 and the gate oxide film 10. At 
this time, the Silicon nitride film 4 covering the edge line 
portion of the gate electrode is Somewhat eroded. Since the 
amount of dry etching is very Small, there is no apprehension 
that the short circuit occurs between the gate electrode and 
the source/drain diffusion layer 9. 
0214) Referring to FIGS. 19A to 19D, a seventeenth 
embodiment of the present invention will now be described. 
The seventeenth embodiment is a modification of the six 
teenth embodiment. As shown in FIG. 19A, the gate elec 
trode on the Silicon Substrate 1 Subjected to the Step shown 
in FIG. 18A is covered with a thicker oxide film 10b. As 
shown in FIG. 19B, anisotropic RIE is performed to carry 
out etching back so that an oxide film 10b of the gate 
sidewall is formed. 

0215. Then, as shown in FIG. 19C, a thick polysilane 6 
is applied to form the pattern of the resist 7 having an 
opening corresponding to the Self-aligned contact will be 
established. The resist 7 is used as a mask when the 
anisotropic RIE is performed to form the Self-aligned con 
tact hole 13 in the polysilane 6. Since the oxide film 10b of 
the gate Sidewall Serves as an etching Stopper in the aniso 
tropic RIE Step of the polysilane, erosion of the edge line 
portion of the gate electrode can be prevented. 

0216) Then, Oashing is performed to remove the resist 
7. Simultaneously, the polysilane 6 is changed to the insu 
lating film 2 constituted by the silicon oxide film. The 
following Steps Similar to the Steps following the Step shown 
in FIG. 18C are performed so that a SAC connected to the 
Source/drain diffusion layer 9 is formed. 
0217. A step has been described with which the thick 
oxide film 10b covering the gate is etched back to be the 
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oxide film 10b of the gate sidewall shown in FIG. 19B. The 
etching back is not always required. If the etching conditions 
are optimized, a similar effect can be obtained when the 
thick oxide film 10b is employed as it is. 
0218. Referring to FIGS. 20A to 20O, an eighteenth 
embodiment of the present invention will now be described. 
In the eighteenth embodiment, polysilane is used to form the 
trench. As shown in FIG. 20A, the insulating film 2 con 
stituted by the silicon oxide film is formed on the silicon 
substrate 1. Then, the surface of the insulating film 2 is 
coated with the polysilane 6. 
0219. The resist 7 is opened at the position on the 
polysilane 6 at which the metallization trench will be 
formed. The resist 7 is used as a mask to form the trench 8 
by performing anisotropic RIE, as shown in FIG.20B. Since 
the etching Selective ratio of the polysilane 6 with respect to 
the insulating film 2 constituted by the silicon oxide film is 
very high, the insulating film 2 Serves as the Stopper in the. 
anisotropic RIE Step. As a result, the depth of the Second 
trench 8 can be uniformed. 

0220) Then, as shown in FIG. 20O, O, ashing is per 
formed to remove the resist 7. Simultaneously, the polysi 
lane 6 is changed to a portion of the insulating film 2 
constituted by the silicon oxide film. As described above, the 
polysilane 6 can be Smoothed by coating. If the anisotropic 
RIE conditions are controlled, the etching Stopper consti 
tuted by the insulating film 2 is not always required to form 
the trench 8 in the polysilane 6. 
0221. In general, a furthermore precise trench metalliza 
tion in the first layer is required. If an aspect ratio (the ratio 
of the width of the metallization and the height of the same) 
higher than a predetermined value is required, a furthermore 
Satisfactory result can be realized when the insulating film 2 
is employed as the etching Stopper as described in the 
eighteenth embodiment. 
0222 Although the eighteenth embodiment has the struc 
ture that the Silicon oxide film is employed as the etching 
Stopper, a similar effect can be obtained when an organic 
Silicon oxide film or an inorganic Silicon oxide film is 
employed. When the type of the polysilane 6 is selected to 
correspond to the base material, a furthermore Satisfactory 
result can be obtained. 

0223 Referring to FIGS. 21A to 21E, a nineteenth 
embodiment of the present invention will now be described. 
In the nineteenth embodiment, a method of forming an 
opening portion in the insulating film mask having a high 
aspect ratio for use to form a deep Silicon trench in the 
silicon Substrate will now be described. 

0224). As shown in FIG. 21A, a thermal oxide film 10 
Serving as an etching Stopper is formed on the Silicon 
substrate 1. Then, the polysilane 6 which is a lower layer is 
formed on the thermal oxide film 10. Then, an insulating 
film 2 constituted by, for example, a Silicon oxide film, is 
deposited on the polysilane 6 which is the lower layer. Then, 
the polysilane 6a which is an upper layer and which Serves 
as an etching Stopper is again applied. Thus, a reversed 
pattern of the resist 7 is formed to cover the position at which 
the deep trench will be formed. The resist 7 is used as a mask 
when N RIE or implantation of N ions is performed so that 
the exposed Surface of the polysilane 6a which is the upper 
layer is changed to the Silicon nitride film 4a. 
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0225. After the resist 7 has been removed, the silicon 
nitride film 4a is used as a mask when anisotropic RIE is 
performed under conditions that the flow rate ratio of Cl/O 
is 75/10 sccm, the pressure is 75 mTorr and the applied high 
frequency electric power is 300 W with which the etching 
Selective ratio of the polysilane is high with respect to the 
silicon nitride film. Thus, the polysilane 6a which is the 
upper layer and which Serves as the anti-reflective film is 
opened. 

0226. Then, anisotropic RIE of the silicon nitride film 4a 
is performed under conditions that the flow rate ratio of 
CF/CO/Aris 10/50/200 sccm, the pressure is 40 mTorr and 
the applied high frequency electric power is 1400 W with 
which a high etching Selective ratio of the insulating film 2 
constituted by the silicon oxide film with respect to the 
silicon nitride film 4a can be realized. Thus, a trench 14a 
which reaches the lower polysilane 6 is formed, as shown in 
FIG 21B. 

0227 Since a required etching selective ratio with respect 
to the polysilane 6 can be realized, the lower polysilane 6 
Serves as the etching Stopper. Thus, the trench 14a can be 
formed with a satisfactory controllability. 
0228. Then, conditions under which a high etching selec 
tive ratio of the lower polysilane 6 with respect to the silicon 
nitride film 4a and the thermal oxide film 10 can be realized 
are employed to form the trench 14b such that the thermal 
oxide film 10 is used as an etching stopper, as shown in FIG. 
21C. 

0229. Then, conditions under which a high etching selec 
tive ratio of the thermal oxide film 10 with respect to the 
Silicon nitride film can be realized are employed to remove 
the thermal oxide film 10, as shown in FIG. 21D. At this 
time, the Surface of the Silicon Substrate 1 Serves as a stopper 
to form the trench 14c which reaches the Surface of the 
silicon with a satisfactory controllability. 
0230 Finally, as shown in FIG. 21E, heat treatment is 
performed in a Natmosphere to change the upper and lower 
polysilane portions 6a and 6 into Silicon nitride films 4a and 
4. Thus, a deep trench mask 14 can be formed in which a 
trench having a high aspect ratio is formed in the insulating 
film 2 vertically sandwiched by the silicon nitride films 4a 
and 4 through the silicon thermal oxide film 10. Note that the 
final process may be performed before the thermal oxide 
film 10 is removed. The upper silicon nitride film 4a may be 
removed. 

0231. The method of forming the deep trench mask 
according to the nineteenth embodiment is characterized in 
that the proceSS is controlled Several times by the etching 
Stopper during the anisotropic RIE Step. The method enables 
the trench process of the etching mask to a depth which has 
been impossible for the conventional technology to be 
performed with a Satisfactory accuracy. 

0232. As an alternative to the heat treatment which is 
performed finally in the N2 atmosphere, the continuous 
process is performed in a conditions in which N radicals are 
increased by changing the anisotropic RIE conditions to 
conditions that the flow rate of N is 100 sccm, the pressure 
is 150 mTorr and the applied high frequency electric power 
is 100W. Thus, the polysilane portions 6a and 6 are changed 
to the Silicon nitride films. In the foregoing case, the number 
of processing StepS can be reduced. 
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0233 Referring to FIGS. 22A to 22C, a twentieth 
embodiment of the present invention will now be described. 
As shown in FIG.22A, the thermal oxide film 10 serving as 
the etching Stopper is formed on the Silicon Substrate 1. 
Then, the lower polysilane 6 is applied, and the insulating 
film 2 constituted by the silicon oxide film is deposited. 
Then, the upper polysilane 6a Serving as the anti-reflective 
film is applied So that the pattern of the resist 7 having an 
opening corresponding to the portion in which the trench 
will be formed is formed. Then, the resist 7 is used as the 
etching mask So that the upper polysilane 6a which Serves as 
the anti-reflective film is opened. 
0234. Then, as shown in FIG. 22B, Nashing is per 
formed to remove the resist 7. Simultaneously, the upper 
polysilane 6a is changed to the Silicon nitride film 4a. The 
Silicon nitride film 4a is used as a mask when the anisotropic 
RIE step is performed to form the trench 14a which reaches 
the lower polysilane 6. 
0235. Then, as shown in FIG. 22C, the conditions under 
which the anisotropic RIE is performed are changed to form 
the trench 14b in the lower polysilane 6 such that the thermal 
oxide film 10 is used as the etching Stopper. Then, a proceSS 
Similar to the Nashing is performed to change the lower 
polysilane 6 into the silicon nitride film. Finally, the thermal 
oxide film 10 is removed so that the deep trench mask which 
reaches the Surface of the silicon Substrate 1 is formed. Note 
that the Nashing Step may be performed after the thermal 
oxide film 10 has been removed. 

0236. The Step of changing the dry etching conditions 
according to the twentieth embodiment may be performed 
by the method according to the nineteenth embodiment. 
Since each layer Serves as the etching Stopper, an etching 
mask exhibiting a Satisfactory controllability and having a 
high aspect ratio can be formed Similarly to the nineteenth 
embodiment. 

0237 Referring to FIGS. 23A to 23C, a twenty-first 
embodiment will now be described. The twenty-first 
embodiment is structured Such that the pattern of the gate 
electrode of the MOS transistor is formed on the silicon 
Substrate 1 by using the polysilane 6. 
0238. As shown in FIG. 23A, a gate insulating film 
constituted by the thermal oxide film 10 is formed on the 
surface of the silicon Substrate 1. Then, a film composed of 
the polysilicon 11 and tungsten 12 is, as the material of the 
gate electrode, formed on the gate insulating film. Then, the 
overall surface of the film is coated with the polysilane 6. 
Then, the pattern of the resist 7 is formed to cover the 
portion in which the gate electrode will be formed. 
0239). Then, as shown in FIG.23B, the resist 7 is used as 
the etching mask when the anisotropic RIE Step is performed 
So that the pattern of a laminated film composed of the 
polysilicon 11, the tungsten 12 and the polysilane 6 is 
formed as the gate electrode. 
0240 Then, as shown in FIG. 23C, Nashing is per 
formed to remove the resist 7. Simultaneously, the polysi 
lane 6, the pattern of which has been formed on the 
uppermost layer of the gate electrode, is changed to the 
Silicon nitride film 4. The gate electrode having the Silicon 
nitride film 4 is used as the mask of the gate electrode to 
form the source/drain diffusion layer 9 in a self-aligned 
manner by performing implantation of ions and hydrogen. 
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As a result, a MOS transistor on the silicon Substrate can be 
obtained. Note that the polysilicon 11 and the tungsten 12 of 
the gate electrode is made to be tungsten Silicide owing to 
the heat treatment. 

0241 The conventional technology requires two steps of 
processes with which the resist is used as a mask to form the 
pattern of the Silicon nitride film and the patterns oftungsten 
and polysilicon are formed by using the Silicon nitride film 
as the mask to form the pattern of a laminated film composed 
of polysilicon, tungsten and the Silicon nitride film as the 
gate electrode. 
0242. In the twenty-first embodiment, the conditions 
under which the polysilane 6 is etched are such that the flow 
rate ratio of Cl/O is 75 sccm/10 sccm, the pressure is 75 
mTorr and the applied high frequency electric power is 300 
W. Under the foregoing conditions, the patterns of the 
tungsten 12 and the polysilicon 11 can simultaneously be 
formed. As a result, the number of processing Steps can be 
reduced and the gate electrode can be fabricated with 
satisfactory controllability. Note that the formation of the 
tungsten Silicide may be performed first to Simultaneously 
form the patterns of the polysilicon layer and the tungsten 
Silicide. 

0243 The structure of a dry etching machine to perform 
the RIE and the ashing Step in each embodiment is shown in 
FIG. 24. The dry etching machine incorporates a vacuum 
chamber 15, a subject 16 Such as silicon wafer, which must 
be processed, a retaining frame 17 on which the subject 16 
is placed, an opposite electrode 18, a gas introducing pipe 
19, an exhaust opening 20, a high-frequency-wave Source 21 
and a magnet 22. 
0244. The retaining frame 17 has a regulating mechanism 
to be capable of controlling the temperature of the Subject 16 
which must be processed. The gas introducing pipe 19 is 
connected to the upper inner wall of the vacuum chamber 15 
Serving as the opposite electrode 18. Gas is introduced into 
the vacuum chamber 15 through the gas introducing pipe 19. 
The valve at the exhaust opening 20 is operated to adjust the 
preSSure. 

0245. After the pressure has been stabilized, high fre 
quency waves are applied from the high-frequency-wave 
Source 21 under the retaining frame 17 So that plasma is 
generated in the vacuum chamber 15. The magnet 22 is 
joined to the vacuum chamber 15 to form a dense magnetic 
field in the vacuum. Simultaneously, anisotropic character 
istic is imparted to ions in the plasma to etch the Subject 16 
which must be processed. 
0246 The dry etching machine shown in FIG. 29 is a 
magnetron RIE machine. Alternatively, another dry etching 
machine may be employed which is exemplified by a 
machine using ECR (Electron Cycroton Resonance), helicon 
or inductance coupled type plasma. 
0247 Finally, a method of forming an organic silicon film 
by performing a coating Step using polysilane and the like 
will now be described. Initially, an organic Silicon com 
pound (generally called “organic silicon' in the claims) 
having the main chains, which are bondings of Silicon and 
Silicon, is dissolved in organic Solvent So that material of the 
Solution is prepared. 
0248. The organic silicon compound having the main 
chains which are bondings of Silicon and Silicon is exem 
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plified by polysilane expressed by a general formula 
(SiRR), where R11 and R12 is each a hydrogen atom or 
Substituted or non-Substituted aliphatic hydrocarbon or aro 
matic hydrocarbon or the like having 1 to 20 carbon atoms. 

0249 Polysilane may be in the form of a single polymer 
resist a copolymer. Alternatively, polysilane may have a 
Structure that two or more types of polysilane materials are 
bonded to one another through an oxygen atom, a nitrogen 
atoms, a fatty acid group or an aromatic group. The organic 
Silicon compound is exemplified by the following chemical 
formulas 1-1 to 1-114): 
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0250 where m and n are positive integers. 

0251 Although the weight average molecular weight of 
each compound is not limited, it is preferable that a range 
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from 200 to 100,000 is satisfied. The reason for this will now 
be described. If the molecular weight is smaller than 200, the 
organic silicon film is dissolved by the solvent for the resist. 
If the molecular weight is larger than 100,000, dissolution in 
organic Selective cannot Satisfactorily be performed. Thus, 
formation of the material of the Solution cannot easily be 
performed. 

0252) The organic silicon compound is not limited to one 
type. A plurality of types of compounds may be mixed. To 
improve preservation Stability if necessary, addition of the 
following materials is permitted: thermal polarization 
inhibitor, an adhesion enhancing agent for improving adhe 
Sion to the Silicon insulating film, ultraViolet absorbing dye 
which is effective to prevent reflected light from the silicon 
insulating film into the resist film, a polymer Such as 
poly Sulfon or polybenzimidazole, for absorbing ultraViolet 
rays, a Substance showing conductivity owing to a conduc 
tive Substance, light or heat or a crosslinking material for 
crosslinking the organic Silicon compound. 

0253) The conductive substance is exemplified by 
organic Sulfonic acid, organic carboxylic acid, polyalcohol, 
polythiol (for example, iodine or bromine), SbF5, PFs, BFs 
and SnRs. 

0254 The Substance showing the conductive owing to the 
energy of light or heat is exemplified by carbon cluster (Cso 
or C7), cyanoanthracene, dicyanoanthracene, triph 
enylpyryum, tetrafluoroborate, tetracyanoquinodimethane, 
tetracyanoethylene, futhalimidotriphrate, perchloropentacy 
clododecanel dicyanobenzen, benzotrynyl, trichloromethyl 
triazine, benzoilperoxide, benzophenon tetra carboxylic acid 
and t-butylperoxide. The substance is exemplified by the 
following compounds: 
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0255 The crosslinking material is exemplified by an 
organic Silicon compound having a multiple bond and an 
acrylic unsaturated compound. The Solvent may be a polar 
organic Solvent or a non-polar organic Solvent. Specifically, 
the solvent is exemplified by ethyl lactate (EL), ethyl-3- 
ethoxy propionate (EEP), propylene glycol monomethyl 
ether acetate (PGMEA), propylene glycol monomethylether 
(PGME), ketone Such as cyclohexane, 2-heptane, 3-heptane, 
acetylacetone or cyclopentanone, ester Such as propylene 
glycol monoethyl ether acetate, ethylcelloSolve acetate, 
methylcelloSolve acetate, methyl-3-methoxypropionate, 
ethyl-3-methoxypropionate, methyl-3-ethoxypropionate, 
methyl pyruvate or ethyl pyruvate, ether Such as diethylene 
glycol dimethylether or propyleneglycol dimethylether, gly 
col ester derivative Such as methyl lactate or ethylglycolate. 
Note that the Solvent is not limited to the foregoing mate 
rials. 

0256 The coating material is prepared by the foregoing 
method. Then, the Surface of the Silicon insulating film is 
coated with the material of the Solution by a Spin coating 
method or the like. Then, the temperature is raised to 
Vaporize the Solvent So that the organic Silicon film is 
formed. A glass transition temperature with which a Satis 
factory etching Selective ratio with respect to the resist can 
be realized is required in the foregoing State. If the Satis 
factory etching Selective ratio with respect to the resist 
cannot be realized, the coated film is furthermore heated or 
irradiated with energy beams So crosslink the coated film. 
0257 The energy beam is exemplified by ultraviolet rays, 
X-rays, electron beams and ion beams. When, heating and 
irradiation with the energy beam are simultaneously per 
formed, the crosslinking reaction is quickened. Thus, the 
glass transition temperature can Significantly be raised in a 
practical range of process duration. 
0258 Note that heating or irradiation with the energy 
beam Sometimes causes bondings between Silicon and Sili 
con which are the main chains in the organic Silicon com 
pound to be broken. Thus, bonding with oxygen causes 
oxidation to easily occur, thus resulting in reduction in the 
etching Selective ratio between the resist and the organic 
Silicon film. In the foregoing case, it is preferable that 
heating and irradiation with the energy beam are performed 
in an atmosphere in which the concentration of oxygen is 
lower than that in the air. 

0259. The present invention is not limited to the descrip 
tion about the embodiments. In the foregoing description, 
the Structure has been formed Such that the insulating film 
mainly constituted by the Silicon oxide film and polysilane 
are Stacked to change the polysilane to the Silicon oxide film 
or the silicon nitride film. If similar methods are combined 
with each other, the insulating film constituted by the Silicon 
nitride film and polysilane are Stacked to change polysilane 
to the silicon oxide film or the silicon nitride film So as to be 
a portion of the insulating film constituted by the Silicon 
nitride film. Alternatively, polysilane may be changed to the 
Silicon oxide film So as to be removed from the insulating 
film constituted by the silicon nitride film. 
0260. In the first to sixth embodiments, the dry etching 
processing method is employed with which the interlayer 
film having the dual-damascene Structure is formed by using 
polysilane. The present invention is not limited to the 
interlayer film having the dual-damascene Structure. AS a 
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matter of course, the foregoing method may be applied to a 
usual multiple trench metallization. Moreover, a variety of 
modification may be permitted within the Scope of the 
present invention. 
0261). In the device manufacturing process, the organic 
Silicon film of the polysilicon group and the insulating film 
are Stacked each other and oxygen, nitrogen or hydrogen are 
introduced into the organic Silicon film to be changed as a 
portion of the insulating film as Stated above. 
0262. In this case, a thin interlayer film containing the 
constituent organic Silicon Sometimes remains little at the 
interface between the organic Silicon film and the insulating 
film. 

0263. Relating to the present invention, however, there 
occurs no problem concerning to the manufactured device 
operation caused by the existence of Such a thin and little 
remaining interface film. 
0264. As described above, the manufacturing method of 
Semiconductor devices by using dry etching technology 
according to the present invention has the Structure that the 
organic Silicon film constituted by polysilane and the like is 
used to form the insulating film of the Semiconductor device 
or a portion of the same by dry etching. The portion 
constituted by the organic Silicon film is changed to an oxide 
or a nitride So that the portion constituted by the organic 
Silicon film is integrated with the insulating film of the 
Semiconductor device or a portion of the Same. If a similar 
method is employed, removal of the anti-reflective film 
which has been difficult for the conventional technology can 
easily be performed. 

0265. The surface region of the organic silicon film is 
Selectively changed to an oxide or a nitride, and then dry 
etching is performed by using the oxide or the nitride. Then, 
the process is performed Such that the organic Silicon film is 
made to be a portion of the insulating film. A contact hole or 
the like having a higher aspect ratio as compared with that 
of the conventional resist mask can be formed. 

0266 When the dry etching method structured by com 
bining the foregoing organic Silicon films is applied, forma 
tion of the contact hole in the interlayer insulating film 
having the dual-damascene Structure, the metallization 
trench and the dual-damascene Structure metallization, 
which has been difficult, can be facilitated. Moreover, the 
etching mask incorporating the insulating film, having a 
high aspect ratio and required to form a deep trench in the 
Silicon Substrate can be formed. 

0267 Moreover, the present invention may widely be 
applied to the Smoothing process of device region and the 
device isolation region, formation of a SAC and patterning 
of a precise gate electrode which are important factors to 
manufacture dense Semiconductor integrated circuit at a 
Satisfactorily high yield. 

0268 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
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What is claimed is: 
1. A manufacturing method of Semiconductor devices by 

using dry etching technology comprising the Steps of: 

forming an organic Silicon film on a Semiconductor Sub 
Strate, 

dry-etching the organic Silicon film to form a portion 
which is predetermined to be constituted by the insu 
lating film of the Semiconductor device by using the 
organic Silicon film; and changing the organic Silicon 
film into an insulating film So that the portion of the 
Semiconductor device constituted by the insulating film 
is formed. 

2. A manufacturing method of Semiconductor devices 
according to claim 1, wherein the organic Silicon film has 
bondings of Silicon and Silicon as main chains thereof. 

3. A manufacturing method of Semiconductor devices 
according to claim 1, wherein at least any one of oxygen, 
nitrogen, hydrogen and carbon elements is introduced into 
the organic Silicon film following dry etching of the organic 
Silicon film So that the organic Silicon film is changed to any 
one of organic Silicon oxide film, an inorganic Silicon oxide 
film, a Silicon oxide film, a Silicon nitride film and a Silicon 
oxynitride film. 

4. A manufacturing method of Semiconductor devices 
according to claim 3, wherein the Step of introducing at least 
any one of oxygen, nitrogen, hydrogen and carbon elements 
into the organic Silicon film is performed by using any one 
of a reactive ion etching method, an ashing method and an 
ion implanting method using ions of the elements or a 
mixture of the elements. 

5. A manufacturing method of Semiconductor devices 
according to claim 3, wherein the Step of introducing at least 
any one of oxygen, nitrogen, hydrogen and carbon elements 
into the organic Silicon film is performed by performing heat 
treatment in a gas atmosphere composed of the element or 
a mixture of the elements. 

6. A manufacturing method of Semiconductor devices 
according to claim 1, wherein the portion constituted by the 
insulating film of the Semiconductor device is formed by at 
least any one of an interlayer insulating film between the 
Surface of the Semiconductor Substrate and a lower metal 
lization layer of a dual-damascene Structure, an insulating 
film for burying the Space between wiring metals formed in 
each metallization layer of the dual-damascene Structure and 
an interlayer insulating film between upper and lower met 
allization layers of the dual-damascene Structure. 

7. A manufacturing method of Semiconductor devices 
according to claim 6, wherein the organic Silicon film is 
laminated on the insulating film and the insulating film is 
employed as a Suppression layer of the dry etching. 

8. A manufacturing method of Semiconductor devices 
according to claim 1, wherein the portion constituted by the 
insulating film of the Semiconductor device is formed by an 
interlayer insulating film including a contact hole of the 
dual-damascene Structure formed on the Semiconductor Sub 
Strate and a trench in each of the upper and lower metalli 
Zation layers of the dual-damascene Structure. 

9. A manufacturing method of Semiconductor devices 
according to claim 8, wherein 

the Step of forming the contact hole incorporates the Steps 
of: 
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coating the Overall upper Surface of the lower metalli 
Zation layer with the organic Silicon film, 

providing the contact hole which reaches the upper 
Surface of the wiring metal in the lower metallization 
layer for the organic Silicon film by Selectively 
dry-etching the organic Silicon film and 

changing the organic Silicon film in which the contact 
hole has been formed into any one of an organic 
Silicon oxide film, an inorganic Silicon oxide film, a 
Silicon oxide film, a Silicon nitride film and a Silicon 
oxynitride film. 

10. A manufacturing method of Semiconductor devices 
according to claim 9, wherein the lower metallization layer 
is constituted by a trench metallization buried in the insu 
lating film of the Semiconductor Substrate, and the upper 
Surface of the insulating film Suppresses borderleSS etching 
when the contact hole is formed. 

11. A manufacturing method of Semiconductor devices 
according to claim 8, wherein 

the Step of forming the trench includes the Steps of: 
coating the overall upper Surface of the insulating film 
on the Semiconductor Substrate with the organic 
Silicon film, 

removing the portion of the organic Silicon film in 
which the trench has been formed by selectively 
dry-etching the organic Silicon film and 

changing the organic Silicon film Subjected to the 
removal Step into an insulating film constituted by 
any one of an organic Silicon oxide film, an inorganic 
Silicon oxide film, a Silicon oxide film, a Silicon 
nitride film and a silicon oxynitride film. 

12. A manufacturing method of Semiconductor devices 
according to claim 8, wherein the Step of forming the 
interlayer insulating film includes the Steps of 

forming the contact hole in the insulating film on the 
Semiconductor Substrate, 

coating the overall upper Surface of the insulating film 
with the organic Silicon film Such that the contact hole 
is buried, 

removing a portion of the upper metallization layer 
including an opening portion of the contact hole in 
which the trench has been formed and the organic 
silicon film in the contact hole by selectively dry 
etching the organic Silicon film and 

changing the organic Silicon film Subjected to the removal 
Step into an insulating film constituted by any one of an 
organic Silicon oxide film, an inorganic Silicon oxide 
film, a Silicon oxide film, a Silicon nitride film and a 
silicon oxynitride film. 

13. A manufacturing method of Semiconductor devices 
according to claim 12, wherein the Step of removing the 
organic Silicon film is performed Such that the upper Surface 
of the insulating film on the Semiconductor Substrate con 
trols the dry etching So that the organic Silicon film is 
Selectively etched. 

14. A manufacturing method of Semiconductor devices 
according to claim 8, wherein the Step of forming the 
interlayer insulating film includes: 
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Step of coating the overall upper Surface of a first 
insulating film on the Semiconductor Substrate on 
which the lower metallization layer has been formed 
with the organic Silicon film, 

a first Selective dry etching Step of forming a contact hole 
which reaches the upper Surface of the metallization of 
the lower metallization layer, 

a step of changing the organic Silicon film having the 
contact hole into a Second insulating film constituted by 
any one of an organic Silicon oxide film, an inorganic 
Silicon oxide film, a Silicon oxide film, a Silicon nitride 
film and a Silicon oxynitride film, 

a step of coating the overall upper Surface of the Second 
insulating film with the organic Silicon film, 

a Second Selective dry etching Step of forming a trench in 
the upper metallization layer connected to the contact 
hole formed on the Second insulating film by removing 
the organic Silicon film in the portion of the upper 
metallization layer including the opening portion of the 
contact hole on which the trench has been formed and 
the inside portion of the contact hole and 

a step of changing the organic Silicon film having the 
trench in the upper metallization layer into a third 
insulating film constituted by any one of an organic 
Silicon oxide film, an inorganic Silicon oxide film, a 
Silicon oxide film, a Silicon nitride film and a Silicon 
oxynitride film. 

15. A manufacturing method of Semiconductor devices 
according to claim 14, wherein the first insulating film 
Suppresses borderleSS etching occurring in the periphery of 
the lower metallization layer in the first dry etching Step, and 
the Second insulating film controls the Second Selective dry 
etching Step of forming the trench in the upper metallization 
layer. 

16. A manufacturing method of Semiconductor devices 
according to claim 8, wherein the Step of forming the 
interlayer insulating film includes the Steps of: 

forming any one of a first organic Silicon oxide film, an 
inorganic Silicon oxide film and a Silicon oxide film on 
the insulating film on the Semiconductor Substrate on 
which the lower metallization layer has been formed, 

forming a stopper for dry etching constituted by an 
organic Silicon film on any one of the first organic 
Silicon oxide film, the inorganic Silicon oxide film and 
the silicon oxide film, 

providing an opening portion for forming the contact hole 
which reaches the lower metallization layer for the 
Stopper, 

forming any one of a Second organic Silicon oxide film, an 
inorganic Silicon oxide film and a Silicon oxide film 
Such that the Stopper having the opening portion is 
buried, 

forming an etching mask for forming a trench of the 
metallization layer to correspond to the opening por 
tion, and 

continuously and Selectively dry-etching any one of the 
first and Second organic Silicon oxide film, the incor 
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porate silicon oxide film and the silicon oxide film by 
using the etching mask and the Stopper having the 
opening portion. 

17. A manufacturing method of Semiconductor devices 
according to claim 16, wherein a step is included in which 
the Stopper for dry etching constituted by the organic Silicon 
film is Subjected to the Step of continuously and Selectively 
dry-etching any one of the first and Second organic Silicon 
oxide film, the inorganic Silicon oxide film and the Silicon 
oxide film and changed into an organic Silicon oxide film So 
as to be integrated as a portion of the interlayer insulating 
film. 

18. A manufacturing method of Semiconductor devices by 
using dry etching technology, comprising the Steps of: 

forming an organic Silicon film having bondings of Silicon 
and Silicon as the main chains thereof on a Semicon 
ductor Substrate and Selectively introducing any one of 
Oxygen, nitrogen, hydrogen and carbon elements into at 
least the Surface of the organic Silicon film, 

forming a portion of the Semiconductor device constituted 
by insulating material by performing Selective dry 
etching Such that the Surface of the organic Silicon film 
is used as a mask, and 

introducing at least any one of oxygen, nitrogen, hydro 
gen and carbon elements into the organic Silicon film 
after the organic Silicon film has been dry-etched to 
integrate both of the Surface of the organic Silicon film 
and the inside portion of the organic Silicon film as any 
one of an organic silicon oxide film, an inorganic 
Silicon oxide film, a Silicon oxide film, a Silicon nitride 
film and a silicon oxynitride film. 

19. A manufacturing method of Semiconductor devices 
according to claim 18, wherein Selective dry etching is 
performed Such that the Surface of the organic Silicon film is 
used as a mask to process the edge in the periphery of the 
opening portion of the mask to be rounded. 

20. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

forming an organic Silicon film having bondings of Silicon 
and Silicon as the main chains thereof on a Semicon 
ductor Substrate and Selectively introducing any one of 
Oxygen, nitrogen, hydrogen and carbon elements into at 
least the Surface of the organic Silicon film; 

forming a portion of the Semiconductor device constituted 
by insulating material by performing Selective dry 
etching Such that the Surface of the organic Silicon film 
is used as a mask, 

introducing at least any one of oxygen, nitrogen, hydro 
gen and carbon elements into the organic Silicon film 
after the organic Silicon film has been dry-etched to 
make the Surface of the organic Silicon film and the 
inside portion of the organic Silicon film to be consti 
tuted by different type films which are an organic 
Silicon oxide film, an inorganic Silicon oxide film, a 
Silicon oxide film, a Silicon nitride film and a Silicon 
Oxynitride film; and 

removing the mask by performing Selective etching of the 
Surface of the organic Silicon film and the inside portion 
of the organic Silicon film. 

21. A manufacturing method of Semiconductor devices by 
using dry etching technology, comprising the Steps of: 
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using an organic Silicon film to form an anti-reflective film 
for use in a photolithography Step on the upper Surface 
of the insulating film on a Semiconductor Substrate; 

introducing any one of oxygen, nitrogen, hydrogen and 
carbon elements into the organic Silicon film after the 
photolithography Step has been completed to constitute 
the anti-reflective film by any one of an organic Silicon 
oxide film, an inorganic Silicon oxide film, a Silicon 
oxide film, a Silicon nitride film and a Silicon oxynitride 
film; and 

integrating the anti-reflective film and the insulating film 
with each other. 

22. A manufacturing method of Semiconductor devices by 
using dry etching technology, comprising the Steps of: 

using an organic Silicon film to form an anti-reflective film 
for use in a photolithography Step on the upper Surface 
of the insulating film on a Semiconductor Substrate; 

introducing any one of oxygen, nitrogen, hydrogen and 
carbon elements into the organic Silicon film after the 
photolithography Step has been completed to constitute 
the anti-reflective film by any one of an organic Silicon 
oxide film, an inorganic Silicon oxide film, a Silicon 
oxide film, a Silicon nitride film and a Silicon oxynitride 
film; and 

removing the anti-reflective film by etching by using 
selective etching of the anti-reflective film and the 
insulating film Subjected to the process. 

23. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

forming a thermal oxide film on a Semiconductor Sub 
Strate, 

forming a Silicon oxide film on the organic Silicon film by 
coating the thermal oxide film with an organic Silicon 
film; 

forming an opening portion which reaches the Surface of 
the Semiconductor Substrate on a multilayered film 
constituted by the Silicon oxide film and the organic 
silicon film; 

changing the organic Silicon film to a Silicon nitride film 
by introducing nitrogen into the organic Silicon film 
Subjected to the Step; and 

forming a trench on the Semiconductor Substrate by using 
a multilayered film constituted by the silicon oxide film 
and the Silicon nitride film, as a mask. 

24. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

coating a Semiconductor Substrate with an organic Silicon 
film and forming the pattern of the organic Silicon film 
by using a resist as a mask Such that a device region on 
the Semiconductor Substrate is covered; and 

forming an isolation trench in the Semiconductor Substrate 
by using the organic Silicon film, the pattern of which 
has been formed, and the resist as masks and changing 
the organic Silicon film to a Silicon nitride film by 
introducing nitrogen into the organic Silicon film. 

25. A manufacturing method of Semiconductor devices 
according to claim 24, further comprises the Steps of: 
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furthermore coating the overall upper Surface of the 
Semiconductor Substrate, on which the isolation trench 
has been formed, with the organic Silicon film Such that 
the isolation trench is buried; 

Smoothing the Surface of the organic Silicon film by using 
the Semiconductor as a Suppression layer, and 

changing the organic Silicon film into any one of a Silicon 
Oxide film, an organic Silicon oxide film and an inor 
ganic Silicon oxide film by introducing oxygen into the 
organic Silicon film with which the isolation trench is 
buried. 

26. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

forming a gate insulating film on a Semiconductor Sub 
Strate and forming at least one metallic film on the gate 
insulating film; 

forming the pattern of the organic Silicon film in a region 
of the semiconductor Substrate which has been covered 
with the mask and in which the gate electrode has been 
formed Such that a resist is used as a mask, 

forming the pattern of a gate electrode constituted by the 
metallic film in the region in which the gate electrode 
has been formed Such that the organic Silicon film, the 
pattern of which has been formed, and the resist are 
used as masks, and 

changing the organic Silicon film, the pattern of which has 
been formed, into a nitride film by introducing nitrogen 
into the organic Silicon film. 

27. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

forming a gate insulating film on a Semiconductor Sub 
Strate, forming at least one metallic film on the gate 
electrode insulating film and forming the pattern of a 
gate electrode constituted by the metallic film on a 
region of the Semiconductor SubStrate which is covered 
with the metallic film and in which a gate electrode will 
be formed; 

covering the gate electrode with a Silicon nitride film and 
depositing a first insulating film on the overall upper 
Surface of the Semiconductor Substrate Such that the 
gate electrode is buried; 

Smoothing the Surface of the first insulating film and 
coating the Surface of the Smoothed first insulating film 
with an organic Silicon film; 

forming a contact hole which reaches the first insulating 
film in the organic Silicon film by Selectively removing 
the organic Silicon film which covers a region adjacent 
to the gate electrode in which either of a Source or a 
drain will be formed and a portion of the gate electrode 
adjacent to the Source or the drain by performing dry 
etching using a resist as a mask, 

exposing the Silicon nitride film to the bottom portion of 
the contact hole by dry-etching the first insulating film 
by using the resist and the organic Silicon film as 
masks, 

in a Self-aligning manner, exposing the Surface of either of 
region on the Surface of the Semiconductor Substrate in 
which the source will be formed or a region in which 
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the drain will be formed by removing the silicon nitride 
film and the gate insulation film by further etching, and 

integrating the organic Silicon film with the first insulating 
film and using the contact hole to connect metalliza 
tions by changing the organic Silicon film into a Second 
insulating film constituted by any one of an organic 
Silicon oxide film, an inorganic Silicon oxide film, a 
Silicon oxide film, a Silicon nitride film and a Silicon 
oxynitride film. 

28. A manufacturing method of Semiconductor devices by 
using dry etching technology comprising the Steps of: 

forming a gate insulating film on a Semiconductor Sub 
Strate, forming at least one metallic film on the gate 
insulating film and forming the pattern of a gate elec 
trode constituted by the metallic film in a region of the 
semiconductor Substrate which is covered with the 
metallic film and in which the gate electrode will be 
formed; 

furthermore covering the first silicon oxide film by cov 
ering the gate electrode with a Silicon nitride film and 
depositing the gate electrode on the Silicon nitride film; 

forming a contact hole which reaches the first Silicon 
oxide film in the organic Silicon film by coating the 
overall upper Surface of the Semiconductor Substrate 
with the organic Silicon film and by Selectively remov 
ing the organic Silicon film which covers a region 
adjacent to the gate electrode in which a Source or a 
drain will be formed and a portion of the gate electrode 
adjacent to the portion in which the Source or the drain 
will be formed by performing dry etching which uses a 
resist as a mask, 
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removing the first Silicon oxide film exposed to the 
bottom Surface of the contact hole by introducing 
Oxygen into the organic Silicon film to change the 
organic Silicon film into a Second Silicon oxide film and 
by performing dry etching Such that the Second Silicon 
Oxide film is used as a mask, and 

in a Self-alignment manner, exposing the Surface of the 
region which has been formed on the Semiconductor 
Substrate and in which the Source or the drain will be 
formed and using the contact hole for connecting 
metallizations by further removing the Silicon nitride 
film and gate insulating film exposed owing to removal 
of the first silicon oxide film. 

29. A dry etching method comprising the Steps of 

forming an organic Silicon film having main chains 
thereof constituted by bondings of Silicon and Silicon 
on a Semiconductor Substrate and forming a portion of 
the Semiconductor device constituted by insulating 
material by dry-etching at least the organic Silicon film; 
and 

changing a portion of the organic Silicon film into an 
insulating film constituted by any one of an organic 
Silicon oxide film, an inorganic Silicon oxide film, a 
Silicon oxide film, a Silicon nitride film and a Silicon 
Oxynitride film by processing the processed organic 
Silicon film by executing at least heat treatment which 
is performed in O, N, or H gas, heat treatment which 
is performed in O, N, or H2 plasma or implantation of 
O, N, or H ions and heat treatment. 


