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(57) ABSTRACT 

In a method for forming a device isolation region of an STI 
structure in a semiconductor device, a surface protecting 
oxide ?lm is formed on the surface of a trench by a thermal 

oxidation. Thereafter, a ?rst silicon oxide ?lm is deposited 
on the Whole surface to ?ll up the trench and to cover the 

silicon nitride ?lm on the principal surface of the silicon 
substrate, and then, by using the silicon nitride ?lm as a 
stopper, a ?rst CMP process is carried so that the ?rst silicon 
oxide ?lm remains in the trench. Thereafter, the silicon 
nitride ?lm is removed, and a HTO ?lm is formed on the pad 
oxide ?lm covering the principal surface of the silicon 
substrate. Then, a second silicon oxide ?lm is formed, and 
furthermore, a second CMP process is carried out to the 
extent that the principal surface of the silicon substrate is not 
exposed. Finally, a Wet etching is carried so that the device 
isolation region of the STI structure is formed With no 
deterioration of the electric characteristics. 
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METHOD FOR FORMING A SHALLOW TRENCH 
ISOLATION STRUCTURE IN A SEMICONDUCTOR 

DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
fabricating a semiconductor device, and more speci?cally to 
a method for forming a device isolation region of an STI 
(shalloW trench isolation) structure in a semiconductor 
device. 

[0002] With a recent elevated integration density in semi 
conductor devices, it has become indispensable to reduce a 
device isolation region. Therefore, it has begun to adopt an 
STI structure in the device isolation region, in place of a 
LOCOS (local oxidation of silicon) structure. In the STI 
structure of the device isolation region, after a trench is 
formed, an insulating ?lm is formed on the Whole surface, 
and then, the insulating ?lm is etched back so that the 
insulating ?lm remains in only the trench. HoWever, When 
the insulating ?lm is etched back, a recess is formed in the 
neighborhood of the trench because a step difference is 
generated betWeen the surface of a semiconductor substrate 
and the remaining insulating ?lm ?lled in the trench. 
Because of this recess, a problem has been encountered in 
Which an etching residue of a gate electrode forming mate 
rial is generated along an upper edge of the trench, and an 
inverse narroW Width effect occurs. 

[0003] A typical countermeasure for solving this problem 
is disclosed in Japanese Patent Application Pre-examination 
Publication No. JP-A-10-050882. 

[0004] NoW, the typical countermeasure Will be described 
With reference to FIGS. 7A to 7D, Which are diagrammatic 
sectional vieWs illustrating the method disclosed in the 
above mentioned Japanese patent publication for forming 
the device isolation region of the STI structure in the 
semiconductor device. 

[0005] On a principal surface of a silicon substrate 301, a 
pad oxide ?lm 302 is formed by a thermal oxidation, and 
then, a silicon nitride ?lm 321 is deposited on the Whole 
surface by a CVD (chemical vapor deposition) process. A 
patterned photoresist ?lm 322 is formed on a surface of the 
silicon nitride ?lm 321. By using the patterned photoresist 
?lm 322 as a mask, the silicon nitride ?lm 321, the pad oxide 
?lm 302 and the silicon substrate 301 are etched in the 
named order by an anisotropic etching, so that a trench 303 
is formed on the principal surface of the silicon substrate 
301, as shoWn in FIG. 7A. 

[0006] Thereafter, the patterned photoresist ?lm 322 is 
removed, and then, a silicon oxide based insulating ?lm is 
formed on the Whole surface. Furthermore, a ?rst CMP 
(chemical mechanical polish) process is carried out by using 
the silicon nitride ?lm 321 as a stopper, so that there remains 
an insulting ?lm 305 having the shape ?lling up the trench 
303, as shoWn in FIG. 7B. 

[0007] Then, the silicon nitride ?lm 321 is selectively 
removed as shoWn in FIG. 7C. 

[0008] Succeedingly, a second CMP process is carried out 
using the silicon substrate 301 as a stopper, so that the pad 
oxide ?lm 302 is removed and the insulting ?lm 305 is 
partially removed, With the result that there remains an 

Jul. 26, 2001 

insulting ?lm 305A having the shape ?lling up the trench 
303, as shoWn in FIG. 7D. Thus, a device isolation region 
313 of the STI structure is formed. 

[0009] According to the device isolation region forming 
method disclosed in the above mentioned Japanese patent 
publication, an upper surface of the insulting ?lm 305A and 
an upper surface of the silicon substrate 301 are substantially 
coplanar With each other at an upper end of the groove 303, 
so that the generation of the above mentioned recess is 
avoided. As a, result, the etching residue of the gate elec 
trode forming material along the upper edge of the trench 
and the inverse narroW Width effect can be prevented. 

[0010] In the device isolation region forming method 
disclosed in the above mentioned Japanese patent publica 
tion, hoWever, since the second CMP process is carried out 
using the silicon substrate 301 as the stopper, the principal 
surface of the silicon substrate in active regions is exposed 
to the CMP process. As a result, the active region is 
contaminated With metallic ions contained in a slurry used in 
the CMP process, so that another problem is encountered in 
Which the metallic ions give an adverse in?uence to the 
electrical characteristics of semiconductor circuit compo 
nents formed at the principal surface of the silicon substrate. 
Furthermore, since the principal surface of the silicon sub 
strate in the active regions becomes rough, it is necessary to 
carry out an additional planariZation step for repairing the 
surface roughness. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Accordingly, it is an object of the present invention 
to provide a method for fabricating a semiconductor device, 
Which has overcome the above mentioned problems of the 
prior art. 

[0012] Another object of the present invention is to pro 
vide a method for forming a device isolation region of the 
STI structure in a semiconductor device, Without deteriorat 
ing the electric characteristics and With requiring no addi 
tional planariZation step. 

[0013] The above and other objects of the present inven 
tion are achieved in accordance With the present invention 
by a method for forming a device isolation region of a 
shalloW trench isolation structure in a semiconductor device, 
the method including the steps of: 

[0014] forming a pad oxide ?lm and a silicon nitride ?lm 
on a principal surface of a silicon substrate in the named 
order, and forming a trench Which penetrates through the pad 
oxide ?lm and a silicon nitride ?lm and extends from the 
principal surface of the silicon substrate into a body of the 
silicon substrate; 

[0015] carrying out a second thermal oxidation to form a 
surface protecting oxide ?lm on a surface of the trench; 

[0016] depositing a ?rst silicon oxide ?lm on the Whole 
surface to ?ll up the trench and to cover the silicon nitride 
?lm, and carrying out a ?rst chemical mechanical polishing 
for the ?rst silicon oxide ?lm until the silicon nitride ?lm is 
exposed; 

[0017] selectively removing the silicon nitride ?lm, and 
forming the principal surface of the silicon substrate a 
silicon oxide protection ?lm including the pad oxide ?lm 
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and having an increased ?lm thickness suf?cient to protect 
the principal surface of the silicon substrate in a later step; 

[0018] depositing a second silicon oxide ?lm on the Whole 
surface; 

[0019] carrying out a second chemical mechanical polish 
ing for planariZation, to remove at least a major portion of 
the second silicon oxide ?lm from the principal surface of 
the silicon substrate but to maintain the principal surface of 
the silicon substrate in an non-exposed condition; and 

[0020] carrying out a Wet etching until the principal sur 
face of the silicon substrate is exposed. 

[0021] According to a ?rst feature of the present inven 
tion, the silicon oxide protection ?lm is formed by depos 
iting a high-temperature oxide ?lm on the Whole surface 
including a surface of the pad oxide ?lm. 

[0022] According to a second feature of the present inven 
tion, the silicon oxide protection ?lm is formed by carrying 
out a thermal oxidation to convert the pad oxide ?lm into a 
thermal oxide ?lm having an increased ?lm thickness. 

[0023] Speci?cally, according to the ?rst feature of the 
present invention, there is provided a method for forming a 
device isolation region of a shalloW trench isolation struc 
ture in a semiconductor device, the method including the 
steps of: 

[0024] forming a pad oxide ?lm on a principal surface of 
a silicon substrate by a ?rst thermal oxidation, depositing a 
silicon nitride ?lm on the Whole surface, and carrying out an 
anisotropic etching using a patterned photoresist ?lm formed 
on the silicon nitride ?lm as a mask, to selectively remove 
the silicon nitride ?lm and the pad oxide ?lm and to form a 
trench in the principal surface of the silicon substrate; 

[0025] carrying out a second thermal oxidation to form a 
surface protecting oxide ?lm on a surface of the trench; 

[0026] depositing a ?rst silicon oxide ?lm on the Whole 
surface to ?ll up the trench and to cover the silicon nitride 
?lm, and carrying out a ?rst chemical mechanical polishing 
for the ?rst silicon oxide ?lm until the silicon nitride ?lm is 
exposed; 

[0027] selectively removing the silicon nitride ?lm, depos 
iting a high-temperature oxide ?lm on the Whole surface, 
and then, depositing a second silicon oxide ?lm on the Whole 
surface; 

[0028] carrying out a second chemical mechanical polish 
ing for planariZation, to remove at least a major portion of 
the second silicon oxide ?lm from the principal surface of 
the silicon substrate but to maintain the principal surface of 
the silicon substrate in an non-exposed condition; and 

[0029] carrying out a Wet etching until the principal sur 
face of the silicon substrate is exposed. 

[0030] Preferably, the high-temperature oxide ?lm is 
formed by a loW pressure chemical vapor deposition pro 
cess. 

[0031] In a preferred variation, the ?rst silicon oxide ?lm 
is formed by a high-density plasma-enhanced chemical 
vapor deposition process. 
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[0032] In another preferred variation, each of the ?rst 
silicon oxide ?lm and the second silicon oxide ?lm is formed 
by a high-density plasma-enhanced chemical vapor deposi 
tion process. 

[0033] In still another preferred variation, the ?rst silicon 
oxide ?lm is formed by a high-density plasma-enhanced 
chemical vapor deposition process, and the second silicon 
oxide ?lm is formed by a sub-atmospheric chemical vapor 
deposition process using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm, and before the second chemical 
mechanical polishing, the second silicon oxide ?lm is heat 
treated in an oxygen atmosphere. 

[0034] In a further preferred variation, the ?rst silicon 
oxide ?lm is formed by a sub-atmospheric chemical vapor 
deposition process using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm, and after the ?rst chemical mechanical 
polishing but the selective removal of the silicon nitride ?lm, 
the ?rst silicon oxide ?lm is heat-treated in an oxygen 
atmosphere. In addition, the second silicon oxide ?lm is 
formed by a sub-atmospheric chemical vapor deposition 
process using {O3+TEOS } as a starting material, or alter 
natively by depositing and baking a hydrogenated inorganic 
SOG ?lm, and before the second chemical mechanical 
polishing, the second silicon oxide ?lm is heat-treated in an 
oxygen atmosphere. 

[0035] Speci?cally, according to the second feature of the 
present invention, there is provided a method for forming a 
device isolation region of a shalloW trench isolation struc 
ture in a semiconductor device, the method including the 
steps of: 

[0036] forming a pad oxide ?lm on a principal surface of 
a silicon substrate by a ?rst thermal oxidation, depositing a 
silicon nitride ?lm on the Whole surface, and carrying out an 
anisotropic etching using a patterned photoresist ?lm formed 
on the silicon nitride ?lm as a mask, to selectively remove 
the silicon nitride ?lm and the pad oxide ?lm and to form a 
trench in the principal surface of the silicon substrate; 

[0037] carrying out a second thermal oxidation to form a 
surface protecting oxide ?lm on a surface of the trench; 

[0038] depositing a ?rst silicon oxide ?lm on the Whole 
surface to ?ll up the trench and to cover the silicon nitride 
?lm, and carrying out a ?rst chemical mechanical polishing 
for the ?rst silicon oxide ?lm until the silicon nitride ?lm is 
exposed; 

[0039] selectively removing the silicon nitride ?lm, and 
carrying out a thermal oxidation to convert the pad oxide 
?lm into a thermal oxide ?lm having an increased ?lm 

thickness; 
[0040] depositing a second silicon oxide ?lm on the Whole 
surface; 

[0041] carrying out a second chemical mechanical polish 
ing for planariZation, to remove at least a major portion of 
the second silicon oxide ?lm from the principal surface of 
the silicon substrate but to maintain the principal surface of 
the silicon substrate in an non-exposed condition; and 

[0042] carrying out a Wet etching until the principal sur 
face of the silicon substrate is exposed. 
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[0043] In a preferred variation, the ?rst silicon oxide ?lm 
is formed by a high-density plasma-enhanced chemical 
vapor deposition process. 

[0044] In another preferred variation, each of the ?rst 
silicon oxide ?lm and the second silicon oxide ?lm is formed 
by a high-density plasma-enhanced chemical vapor deposi 
tion process. 

[0045] In still another preferred variation, the ?rst silicon 
oxide ?lm is formed by a high-density plasma-enhanced 
chemical vapor deposition process, and Wherein the second 
silicon oxide ?lm is formed by a sub-atmospheric chemical 
vapor deposition process using {O3+TEOS } as a starting 
material, or alternatively by depositing and baking a hydro 
genated inorganic SOG ?lm, and before the second chemical 
mechanical polishing, the second silicon oxide ?lm is heat 
treated in an oxygen atmosphere. 

[0046] In a further preferred variation, the ?rst silicon 
oxide ?lm is formed by a sub-atmospheric chemical vapor 
deposition process using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm, and after the ?rst chemical mechanical 
polishing but the selective removal of the silicon nitride ?lm, 
the ?rst silicon oxide ?lm is heat-treated in an oxygen 
atmosphere, and Wherein the second silicon oxide ?lm is 
formed by a sub-atmospheric chemical vapor deposition 
process using {O3+TEOS} as a starting material, or alter 
natively by depositing and baking a hydrogenated inorganic 
SOG ?lm, and before the second chemical mechanical 
polishing, the second silicon oxide ?lm is heat-treated in an 
oxygen atmosphere. 

[0047] The above and other objects, features and advan 
tages of the present invention Will be apparent from the 
folloWing description of preferred embodiments of the 
invention With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIGS. 1A to 1E are diagrammatic sectional vieWs 
illustrating a ?rst variation of a ?rst embodiment of the 
method in accordance With the present invention for forming 
the device isolation region of the STI structure in the 
semiconductor device; 

[0049] FIGS. 2A to 2D are diagrammatic sectional vieWs 
illustrating an essential process of a second variation of the 
?rst embodiment of the method in accordance With the 
present invention for forming the device isolation region of 
the STI structure in the semiconductor device; 

[0050] FIGS. 3A to 3D are diagrammatic sectional vieWs 
illustrating an essential process of a third variation of the 
?rst embodiment of the method in accordance With the 
present invention for forming the device isolation region of 
the STI structure in the semiconductor device; 

[0051] FIGS. 4A to 4D are diagrammatic sectional vieWs 
illustrating an essential process of a ?rst variation of a 
second embodiment of the method in accordance With the 
present invention for forming the device isolation region of 
the STI structure in the semiconductor device; 

[0052] FIGS. 5A to 5D are diagrammatic sectional vieWs 
illustrating an essential process of a second variation of the 
second embodiment of the method in accordance With the 
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present invention for forming the device isolation region of 
the STI structure in the semiconductor device; 

[0053] FIGS. 6A and 6B are diagrammatic sectional 
vieWs illustrating an essential process of a third variation of 
the second embodiment of the method in accordance With 
the present invention for forming the device isolation region 
of the STI structure in the semiconductor device; and 

[0054] FIGS. 7A to 7D are diagrammatic sectional vieWs 
illustrating the typical prior art method for forming the 
device isolation region of the STI structure in the semicon 
ductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] NoW, embodiments of the method in accordance 
With the present invention for forming the device isolation 
region of the STI structure in the semiconductor device Will 
be described With reference to the accompanying draWings. 

[0056] A ?rst variation of a ?rst embodiment of the 
method in accordance With the present invention for forming 
the device isolation region of the STI structure in the 
semiconductor device Will be described With reference to 
FIGS. 1A to 1E, Which are diagrammatic sectional vieWs 
illustrating the ?rst variation of the ?rst embodiment. 

[0057] On a principal surface of a silicon substrate 101, a 
pad oxide ?lm 102 is formed by a thermal oxidation. This 
pad oxide ?lm 102 has a ?lm thickness of about 8 nm to 16 
nm. Then, a silicon nitride ?lm 121 having a ?lm thickness 
of about 50 nm to 200 nm is deposited on the Whole surface 
by a CVD process. The pad oxide ?lm 102 is provided for 
the purpose of relaxing a stress in various later steps 
including a heat treatment step, and also for the purpose of 
functioning as an etching stopper and of protecting the 
principal surface of the silicon substrate 101 Within the 
active regions When the silicon nitride ?lm 121 is removed 
by a Wet etching. 

[0058] Furthermore, a patterned photoresist ?lm 122 is 
formed on a surface of the silicon nitride ?lm 121. By using 
the patterned photoresist ?lm 122 as a mask, the silicon 
nitride ?lm 121 and the pad oxide ?lm 102 are etched in the 
named order by an anisotropic etching, and then, by using 
the patterned photoresist ?lm 122 as the mask, again, the 
silicon substrate 101 is taper-etched by an anisotropic etch 
ing using for example a mixed gas of Cl2+O2 (+HBr), so that 
a trench 103 is formed on the principal surface of the silicon 
substrate 101, as shoWn in FIG. 1A. A tapered angle, a 
minimum Width and a depth of the trench 103 thus formed 
are about 80 degrees to 85 degrees, about 0.1 pm to 0.25 pm, 
and about 150 nm to 500 nm, respectively. 

[0059] After the patterned photoresist ?lm 122 is 
removed, a surface protecting oxide ?lm 104A is formed on 
a surface of the trench 103 by a thermal oxidation. This 
surface protecting oxide ?lm 104A has a ?lm thickness of at 
least 30 nm, and preferably has a ?lm thickness of about 40 
nm. 

[0060] In this ?rst variation of the ?rst embodiment, the 
surface protecting oxide ?lm 104A is provided for the 
purpose of rounding an upper edge of the trench 103, and for 
the purpose of protecting the silicon substrate 101 at the 
surface of the trench 103 from an attack of a HD-PECVD 
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(high-density plasmas-enhanced chemical vapor deposition) 
process accompanied With a bias sputtering in a later step for 
forming a ?rst silicon oxide ?lm. For a suf?cient protection 
against the attack of the HD-PECVD, the ?lm thickness of 
the surface protecting oxide ?lm 104A is required to have at 
least 30 nm. HoWever, if the surface protecting oxide ?lm 
104A is too thick, another problem occurs in Which a bird’s 
beak becomes large at the upper edge of the groove 103, 
With the result that an area of the active region becomes 
smaller than an expected value, and therefore, a channel 
Width becomes smaller than an expected Width, and in 
addition, the stress increases. 

[0061] Thereafter, by the HD-PECVD process accompa 
nied With the bias sputtering, a ?rst silicon oxide ?lm (not 
shoWn) is deposited on the Whole surface to ?ll up the trench 
103 and to cover the surface of the silicon nitride ?lm 121. 
This ?rst silicon oxide ?lm has a nature near to that of a 
silicon oxide ?lm formed by a thermal oxidation. The 
HD-PECVD process can be exempli?ed by an ECR (elec 
tron cyclotron resonance)-PECVD, an ICP (inductively 
coupled plasma)-CVD, and a helicon Wave PECVD. Suc 
ceedingly, a ?rst CMP process is carried out by using the 
silicon nitride ?lm 121 as a stopper, so that there remains a 
(?rst) silicon oxide ?lm 105A ?lling up the trench 103 
formed in the silicon substrate 101 and a gap formed in the 
silicon nitride ?lm 121 in conjunction With the trench 103, 
as shoWn in FIG. 1B. 

[0062] Succeedingly, the silicon nitride ?lm 121 is selec 
tively removed by a Wet etching (using for example a hot 
phosphoric acid) or alternatively a dry etching. Furthermore, 
a high-temperature oxide ?lm (abbreviated to “HTO ?lm” in 
this speci?cation) 107A having a desired ?lm thickness is 
formed on the Whole surface by a LPCVD (loW pressure 
CVD) process using a mixed gas of {SiH4+N2O} or 
{SiH2Cl2+N2O}. The ?lm thickness of the HTO ?lm 107A 
is suf?cient if a total ?lm thickness of the HTO ?lm 107A 
and the pad oxide ?lm 102 becomes at least 30 nm, because 
this HTO ?lm 107A is provided for the same purpose as that 
of the provision of the surface protecting oxide ?lm 104A. 
Thereafter, a second silicon oxide ?lm 108A is formed on 
the Whole surface by the HD-PECVD process, as shoWn in 
FIG. 1C. 

[0063] In this condition, a second CMP process is carried 
out for planariZation so that for example, a silicon oxide ?lm 
108AA, a HTO ?lm 107AA and a silicon oxide ?lm 105AA 
remain as shoWn in FIG. 1D. This CMP process is prefer 
ably stopped in a condition in Which the principal surface of 
the silicon substrate 101 is completely covered With the pad 
oxide ?lm 102 (or a remaining portion of the pad oxide ?lm 
102), namely, in a condition in Which the principal surface 
of the silicon substrate 101 is maintained in an non-exposed 
condition. The reason for this is that a Wet etching to be 
carried out in a next step can be carried out With a desired 
degree of precision. In the course of the second CMP 
process, the thickness of the ?lm remaining on the principal 
surface of the silicon substrate 101 can be measured by an 
electrostatic capacitance method or an optical measurement. 

[0064] Thereafter, a Wet etching is carried out using a 
buffered hydro?uoric acid or a diluted hydro?uoric acid 
until the principal surface of the silicon substrate 101 is 
exposed. Thus, a device isolation region 113A of the STI 
structure composed of the trench 103 ?lled up With the 
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surface protecting oxide ?lm 104AA and the silicon oxide 
?lm 105AB is formed as shoWn in FIG. 1E. 

[0065] In the above mentioned ?rst variation of the ?rst 
embodiment of the method in accordance With the present 
invention for forming the device isolation region of the STI 
structure in the semiconductor device, since the principal 
surface of the silicon substrate 101 is exposed by the Wet 
etching carried out after the second CMP process, the active 
region is prevented from being contaminated in the CMP 
process, and the roughing of the surface is avoided, and 
furthermore, an additional planariZation step is no longer 
required. Furthermore, since it is easy to control a step 
difference betWeen the principal surface of the silicon sub 
strate 101 and the upper surface of the surface protecting 
oxide ?lm 104AA and the silicon oxide ?lm 105AB in the 
device isolation region 113, to a value not greater than 20 
nm, it is also easy to prevent occurrence of the inverse 
narroW Width effect and to avoid residues of the gate 
electrode forming material along the trench upper edge in 
the gate electrode forming process. 

[0066] NoW, a second variation of the ?rst embodiment of 
the method in accordance With the present invention for 
forming the device isolation region of the STI structure in 
the semiconductor device Will be described With reference to 
FIGS. 2A to 2D, Which are diagrammatic sectional vieWs 
illustrating an essential process of the second variation of the 
?rst embodiment. 

[0067] Similarly to the ?rst variation of the ?rst embodi 
ment, a pad oxide ?lm 102 is formed on a principal surface 
of a silicon substrate 101 by a thermal oxidation. This pad 
oxide ?lm 102 has a ?lm thickness of about 8 nm to 16 nm. 

Then, a silicon nitride ?lm (not shoWn) having a ?lm 
thickness of about 50 nm to 200 nm is deposited on the 
Whole surface by a CVD process. Furthermore, a patterned 
photoresist ?lm (not shoWn) is formed on a surface of the 
silicon nitride ?lm, and then, by using the patterned photo 
resist ?lm as a mask, the silicon nitride ?lm, the pad oxide 
?lm 102 and the silicon substrate 101 are etched in the 
named order by an anisotropic etching so that a tapered 
trench 103 is formed on the principal surface of the silicon 
substrate 101. After the patterned photoresist ?lm is 
removed, a surface protecting oxide ?lm 104B is formed on 
a surface of the trench 103 by a thermal oxidation. This 
surface protecting oxide ?lm 104B has a ?lm thickness of at 
least 30 nm, and preferably has a ?lm thickness of about 40 
nm. 

[0068] Furthermore, similarly to the ?rst variation of the 
?rst embodiment, by a HD-PECVD process accompanied 
With a bias sputtering, a ?rst silicon oxide ?lm (not shoWn) 
is deposited on the Whole surface to ?ll up the trench 103 and 
to cover the surface of the silicon nitride ?lm. Succeedingly, 
a ?rst CMP process is carried out by using the silicon nitride 
?lm as a stopper, so that there remains a silicon oxide ?lm 
105B ?lling up the trench 103 formed in the silicon substrate 
101 and a gap formed in the silicon nitride ?lm in conjunc 
tion With the trench. Thereafter, the silicon nitride ?lm is 
selectively removed, and then, an HTO ?lm 107B having a 
desired ?lm thickness is formed on the Whole surface by a 
LPCVD process. The ?lm thickness of the HTO ?lm 107B 
is suf?cient if a total ?lm thickness of the HTO ?lm 107B 
and the pad oxide ?lm 102 becomes at least 30 nm. 

[0069] Thereafter, by a ?lm deposition process different 
from the process in the ?rst variation of the ?rst embodi 
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ment, a second silicon oxide ?lm 109B is formed on the 
Whole surface as shoWn in FIG. 2A. This second silicon 
oxide ?lm 109B is formed by a sub-atmospheric CVD (for 
example, 2.7><104 Pa and 400 degrees Celsius to 500 degrees 
Celsius) using {O3 (oZone)+TEOS (tetraethylorthosilicate)} 
as a starting material, or alternatively by depositing and 
baking a hydrogenated inorganic SOG (spin on glass) ?lm. 
The hydrogenated inorganic SOG ?lm is a carbon-free SOG 
?lm, and has an extremely small baking volume shrinkage, 
differently from the other inorganic SOG ?lms. The hydro 
genated inorganic SOG ?lm can be formed by using 
(HSiO3/2)n as a starting material. 

[0070] Succeedingly, a heat treatment is carried out in an 
oxygen atmosphere at a temperature of 800 degrees Celsius 
to 1000 degrees Celsius, so that the silicon oxide ?lm 109B 
is converted into a densi?ed silicon oxide ?lm 109BA, as 
shoWn in FIG. 2B. This treatment is required for the purpose 
of reducing a difference in a polishing rate betWeen the 
underlying silicon oxide ?lm and the second silicon oxide 
?lm in a second CMP process carried out in a later step. In 
addition, the total ?lm thickness of the HTO ?lm 107B and 
the pad oxide ?lm 102 is set to be at least 30 nm, for the 
purpose of preventing impurity including moisture from 
immersing from the second silicon oxide ?lm to the prin 
cipal surface of the silicon substrate 101 in the active regions 
in the process of the heat treatment. 

[0071] Thereafter, similarly to the ?rst variation of the ?rst 
embodiment, a second CMP process is carried out so that for 
example a silicon oxide ?lm 109BB, a HTO ?lm 107BA and 
a silicon oxide ?lm 105BA remain as shoWn in FIG. 2C. 

[0072] Then, similarly to the ?rst variation of the ?rst 
embodiment, a Wet etching is carried out using a buffered 
hydro?uoric acid or a diluted hydro?uoric acid until the 
principal surface of the silicon substrate 101 is exposed. 
Thus, a device isolation region 113B of the STI structure 
composed of the trench 103 ?lled up With the surface 
protecting oxide ?lm 104BA and the silicon oxide ?lm 
105BB is formed as shoWn in FIG. 2D. 

[0073] Thus, the above mentioned second variation of the 
?rst embodiment can exert an advantage similarly to that 
obtained in the ?rst variation of the ?rst embodiment. 

[0074] NoW, a third variation of the ?rst embodiment of 
the method in accordance With the present invention for 
forming the device isolation region of the STI structure in 
the semiconductor device Will be described With reference to 
FIGS. 3A to 3D, Which are diagrammatic sectional vieWs 
illustrating an essential process of the third variation of the 
?rst embodiment. 

[0075] Similarly to the ?rst and second variations of the 
?rst embodiment, a pad oxide ?lm 102 is formed on a 
principal surface of a silicon substrate 101 by a thermal 
oxidation, and then, a silicon nitride ?lm 121 is deposited on 
the Whole surface by a CVD process. Furthermore, a pat 
terned photoresist ?lm (not shoWn) is formed on a surface of 
the silicon nitride ?lm 121, and then, by using the patterned 
photoresist ?lm as a mask, the silicon nitride ?lm 121, the 
pad oxide ?lm 102 and the silicon substrate 101 are etched 
in the named order by an anisotropic etching so that a 
tapered trench 103 is formed on the principal surface of the 
silicon substrate 101. After the patterned photoresist ?lm is 
removed, a surface protecting oxide ?lm 104C is formed on 
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a surface of the trench 103 by a thermal oxidation. This 
surface protecting oxide ?lm 104B has a ?lm thickness of at 
least 30 nm, and preferably has a ?lm thickness of about 40 
nm. 

[0076] Thereafter, differently from the ?rst and second 
variations of the ?rst embodiment, a ?rst silicon oxide ?lm 
106 is formed on the Whole surface to ?ll up the trench 103 
and to cover the surface of the silicon nitride ?lm 121, as 
shoWn in FIG. 3A, by a sub-atmospheric CVD using 
{O3+TEOS} as a starting material, or alternatively by 
depositing and baking a hydrogenated inorganic SOG ?lm. 

[0077] Succeedingly, a ?rst CMP process is carried out by 
using the silicon nitride ?lm 121 as a stopper, so that, as 
shoWn in FIG. 3B, there remains a (?rst) silicon oxide ?lm 
106C ?lling up the trench 103 formed in the silicon substrate 
101 and a gap formed in the silicon nitride ?lm 121 in 
conjunction With the trench. Then, a heat treatment is carried 
out in an oxygen atmosphere at a temperature of 800 degrees 
Celsius to 1000 degrees Celsius, so that the silicon oxide 
?lm 106C is converted into a densi?ed silicon oxide ?lm 
106CA, as shoWn in FIG. 3C. 

[0078] Thereafter, the silicon nitride ?lm 121 is selectively 
removed, and then, an HTO ?lm 107C having a desired ?lm 
thickness is formed on the Whole surface by a LPCVD 
process. The desired ?lm thickness of the HTO ?lm 107B is 
suf?cient if a total ?lm thickness of the HTO ?lm 107C and 
the pad oxide ?lm 102 becomes at least 30 nm. Furthermore, 
similarly to the second variation of the ?rst embodiment, a 
second silicon oxide ?lm 109C is formed on the Whole 
surface as shoWn in FIG. 3D. The condition shoWn in FIG. 
3D substantially corresponds to the condition shoWn FIG. 
2A, and thereafter, the process is carried out similarly to the 
second variation of the ?rst embodiment until the device 
isolation region of the STI structure is formed. 

[0079] Thus, the above mentioned third variation of the 
?rst embodiment can exert an advantage similarly to that 
obtained in the ?rst and second variations of the ?rst 
embodiment. 

[0080] The above mentioned ?rst embodiment is charac 
teriZed in that after the ?rst CMP process, the ?rst silicon 
oxide ?lm remains in the trench, and after the silicon nitride 
?lm is removed, the HTO ?lm is formed on the Whole 
surface. HoWever, the method in accordance With the present 
invention is not limited to this procedure, as Will be seen 
from the folloWing: 

[0081] NoW, a ?rst variation of a second embodiment of 
the method in accordance With the present invention for 
forming the device isolation region of the STI structure in 
the semiconductor device Will be described With reference to 
FIGS. 4A to 4D, Which are diagrammatic sectional vieWs 
illustrating the ?rst variation of the second embodiment. 

[0082] On a principal surface of a silicon substrate 201, a 
pad oxide ?lm 202 is formed by a thermal oxidation. This 
pad oxide ?lm 202 has a ?lm thickness of about 8 nm to 16 
nm. Then, a silicon nitride ?lm (not shoWn) having a ?lm 
thickness of about 50 nm to 200 nm is deposited on the 
Whole surface by a CVD process. Furthermore, a patterned 
photoresist ?lm (not shoWn) is formed on a surface of the 
silicon nitride ?lm. By using the patterned photoresist ?lm 
as a mask, the silicon nitride ?lm and the pad oxide ?lm 202 
are etched in the named order by an anisotropic etching, and 
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then, by using the patterned photoresist ?lm as the mask, 
again, the silicon substrate 201 is taper-etched by an aniso 
tropic etching using for example a mixed gas of Cl2+O2 
(+HBr), so that a trench 203 is formed on the principal 
surface of the silicon substrate 201. A tapered angle, a 
minimum Width and a depth of the trench 203 are about 80 
degrees to 85 degrees, about 0.1 pm to 0.25 pm, and about 
150 nm to 500 nm, respectively. After the patterned photo 
resist ?lm is removed, a surface protecting oxide ?lm 204A 
is formed on a surface of the trench 203 by a thermal 
oxidation. This surface protecting oxide ?lm 204A has a ?lm 
thickness of at least 30 nm, and preferably has a ?lm 
thickness of about 40 nm. 

[0083] Thereafter, by a HD-PECVD process accompanied 
With a bias sputtering, a ?rst silicon oxide ?lm (not shoWn) 
is deposited on the Whole surface to ?ll up the trench 203 and 
to cover the surface of the silicon nitride ?lm. Succeedingly, 
a ?rst CMP process is carried out by using the silicon nitride 
?lm as a stopper, so that there remains a silicon oxide ?lm 
205A ?lling up the trench 203 formed in the silicon substrate 
201 and a gap formed in the silicon nitride ?lm in conjunc 
tion With the trench 203. Then, the silicon nitride ?lm is 
selectively removed by a Wet etching (using for example a 
hot phosphoric acid) or alternatively a dry etching, as shoWn 
in FIG. 4A. 

[0084] Thereafter, differently from the ?rst embodiment, a 
thermal oxidation is carried out so that the pad oxide ?lm 
202 is converted into a thermal oxide ?lm 212A having an 
increased ?lm thickness of at least 30 nm. Furthermore, 
similarly to the ?rst variation of the ?rst embodiment, a 
second silicon oxide ?lm 208A is formed on the Whole 
surface by a HD-PECVD process, as shoWn in FIG. 4B. 

[0085] Then, similarly to the ?rst variation of the ?rst 
embodiment, a second CMP process is carried out so that for 
example, a silicon oxide ?lm 208AA and a silicon oxide ?lm 
205AA remain as shoWn in FIG. 4C. Similarly to the ?rst 
variation of the ?rst embodiment, this CMP process is 
preferably stopped in a condition in Which the principal 
surface of the silicon substrate 201 is covered With the 
thermal oxide ?lm 212A (or a remaining portion of the 
thermal oxide ?lm 212A), namely, in a condition in Which 
the principal surface of the silicon substrate 201 is main 
tained in an non-exposed condition. In the course of the 
second CMP process, the thickness of the ?lm remaining on 
the principal surface of the silicon substrate 201 can be 
measured by an electrostatic capacitance method or an 
optical measurement. 

[0086] Thereafter, similarly to the ?rst variation of the ?rst 
embodiment, a Wet etching is carried out using a buffered 
hydro?uoric acid or a diluted hydro?uoric acid until the 
principal surface of the silicon substrate 201 is exposed. 
Thus, a device isolation region 213A of the STI structure 
composed of the trench ?lled up With the surface protecting 
oxide ?lm 204AA and the silicon oxide ?lm 205AB is 
formed as shoWn in FIG. 4E. 

[0087] Thus, the above mentioned ?rst variation of the 
second embodiment can exert an advantage similarly to that 
obtained in the ?rst variation of the ?rst embodiment. 

[0088] NoW, a second variation of the second embodiment 
of the method in accordance With the present invention for 
forming the device isolation region of the STI structure in 
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the semiconductor device Will be described With reference to 
Figs. 5A to 5D, Which are diagrammatic sectional vieWs 
illustrating an essential process of the second variation of the 
second embodiment. 

[0089] Similarly to the ?rst variation of the second 
embodiment, a pad oxide ?lm 202 is formed on a principal 
surface of a silicon substrate 201 by a thermal oxidation. 
This pad oxide ?lm 202 has a ?lm thickness of about 8 nm 
to 16 nm. Then, a silicon nitride ?lm (not shoWn) having a 
?lm thickness of about 50 nm to 200 nm is deposited on the 
Whole surface by a CVD process. Furthermore, a patterned 
photoresist ?lm (not shoWn) is formed on a surface of the 
silicon nitride ?lm. By using the patterned photoresist ?lm 
as a mask, the silicon nitride ?lm, the pad oxide ?lm 202 and 
the silicon substrate 201 are etched in the named order by an 
anisotropic etching, so that a tapered trench 203 is formed on 
the principal surface of the silicon substrate 201. After the 
patterned photoresist ?lm is removed, a surface protecting 
oxide ?lm 204B is formed on a surface of the trench 203 by 
a thermal oxidation. This surface protecting oxide ?lm 204B 
has a ?lm thickness of at least 30 nm, and preferably has a 
?lm thickness of about 40 nm. 

[0090] Thereafter, similarly to the ?rst variation of the 
second embodiment, by a HD-PECVD process accompanied 
With a bias sputtering, a ?rst silicon oxide ?lm (not shoWn) 
is deposited on the Whole surface to ?ll up the trench 203 and 
to cover the surface of the silicon nitride ?lm. Succeedingly, 
a ?rst CMP process is carried out by using the silicon nitride 
?lm as a stopper, so that there remains a silicon oxide ?lm 
205B ?lling up the trench 203 formed in the silicon substrate 
201 and a gap formed in the silicon nitride ?lm in conjunc 
tion With the trench 203. Then, the silicon nitride ?lm is 
selectively removed. 
[0091] Thereafter, similarly to the ?rst variation of the 
second embodiment, a thermal oxidation is carried out so 
that the pad oxide ?lm 202 is converted into a thermal oxide 
?lm 212B having an increased ?lm thickness of at least 30 
nm. Then, similarly to the second variation of the ?rst 
embodiment, a second silicon oxide ?lm 209B is formed on 
the Whole surface as shoWn in FIG. 5A, by a sub-atmo 
spheric CVD using {O3+TEOS} as a starting material, or 
alternatively by depositing and baking a hydrogenated inor 
ganic SOG ?lm. The hydrogenated inorganic SOG ?lm is a 
carbon-free SOG ?lm, and has an extremely small baking 
volume shrinkage, differently from the other inorganic SOG 
?lms. The hydrogenated inorganic SOG ?lm can be formed 
by using (HSiO3/2)n as a starting material. 
[0092] Succeedingly, a heat treatment is carried out in an 
oxygen atmosphere at a temperature of 800 degrees Celsius 
to 1000 degrees Celsius, so that the silicon oxide ?lm 209B 
is converted into a densi?ed silicon oxide ?lm 209BA, as 
shoWn in FIG. 5B. This treatment is required for the purpose 
of reducing a difference in a polishing rate betWeen the 
underlying silicon oxide ?lm and the second silicon oxide 
?lm in a second CMP process carried out in a later step. In 
addition, the ?lm thickness of the thermal oxide ?lm 212B 
is set to be at least 30 nm, for the purpose of preventing 
impurity including moisture from immersing from the sec 
ond silicon oxide ?lm to the principal surface of the silicon 
substrate 201 in the active regions in the process of the heat 
treatment. 

[0093] Thereafter, similarly to the ?rst variation of the 
second embodiment, a second CMP process is carried out so 
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that for example a silicon oxide ?lm 209BB and a silicon 
oxide ?lm 205BA remain as shoWn in FIG. SC. 

[0094] Then, similarly to the ?rst variation of the second 
embodiment, a Wet etching is carried out using a buffered 
hydro?uoric acid or a diluted hydro?uoric acid until the 
principal surface of the silicon substrate 201 is exposed. 
Thus, a device isolation region 213B of the STI structure 
composed of the trench ?lled up With the surface protecting 
oxide ?lm 204BA and the silicon oxide ?lm 205BB is 
formed as shoWn in FIG. 5D. 

[0095] Thus, the above mentioned second variation of the 
second embodiment can exert an advantage similarly to that 
obtained in the ?rst variation of the second embodiment. 

[0096] NoW, a third variation of the second embodiment of 
the method in accordance With the present invention for 
forming the device isolation region of the STI structure in 
the semiconductor device Will be described With reference to 
FIGS. 6A and 6B, Which are diagrammatic sectional vieWs 
illustrating an essential process of the third variation of the 
second embodiment. 

[0097] Similarly to the ?rst and second variations of the 
second embodiment, a pad oxide ?lm 202 is formed on a 
principal surface of a silicon substrate 201 by a thermal 
oxidation, and then, a silicon nitride ?lm (not shoWn) is 
deposited on the Whole surface by a CVD process. Further 
more, a patterned photoresist ?lm (not shoWn) is formed on 
a surface of the silicon nitride ?lm, and then, by using the 
patterned photoresist ?lm as a mask, the silicon nitride ?lm, 
the pad oxide ?lm 202 and the silicon substrate 201 are 
etched in the named order by an anisotropic etching so that 
a tapered trench 203 is formed on the principal surface of the 
silicon substrate 201. After the patterned photoresist ?lm is 
removed, a surface protecting oxide ?lm 204C is formed on 
a surface of the trench 103 by a thermal oxidation. This 
surface protecting oxide ?lm 204C has a ?lm thickness of at 
least 30 nm, and preferably has a ?lm thickness of about 40 
nm. 

[0098] Thereafter, similarly to the third variation of the 
?rst embodiment, a ?rst silicon oxide ?lm (not shoWn) is 
formed on the Whole surface to ?ll up the trench 203 and to 
cover the surface of the silicon nitride ?lm, by a sub 
atmospheric CVD using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm. 

[0099] Succeedingly, a ?rst CMP process is carried out by 
using the silicon nitride ?lm as a stopper, so that there 
remains a (?rst) silicon oxide ?lm 206C ?lling up the trench 
203 formed in the silicon substrate 201 and a gap formed in 
the silicon nitride ?lm in conjunction With the trench. Then, 
similarly to the third variation of the ?rst embodiment, the 
silicon nitride ?lm is selectively removed, as shoWn in FIG. 
6A. 

[0100] Succeedingly, similarly to the ?rst and second 
versions of the second embodiment, a thermal oxidation is 
carried out so that the pad oxide ?lm 202 is converted into 
a thermal oxide ?lm 212B having an increased ?lm thick 
ness of at least 30 nm. At the same time, the silicon oxide 
?lm 206c is converted into a densi?ed silicon oxide ?lm 
206CA, as shoWn in FIG. 6B. The condition shoWn in FIG. 
6B substantially corresponds to the condition shoWn FIG. 
5A excluding the second silicon oxide ?lm 209B, and 
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thereafter, the process is carried out similarly to the second 
variation of the second embodiment until the device isola 
tion region of the STI structure is formed. 

[0101] Thus, the above mentioned third variation of the 
second embodiment can exert an advantage similarly to that 
obtained in the ?rst and second variations of the second 
embodiment. 

[0102] As seen from the above, in the method in accor 
dance With the present invention, after the pad oxide ?lm 
and the silicon nitride ?lm are formed on the principal 
surface of the silicon substrate, the trench is formed, and 
then, the surface protecting oxide ?lm is formed on the 
principal surface of the trench by the thermal oxidation. 
Furthermore, the ?rst silicon oxide ?lm is deposited on the 
Whole surface to ?ll up the trench, and then, by using the 
silicon nitride ?lm as a stopper, the ?rst CMP process is 
carried out to remove the ?rst silicon oxide ?lm. Thereafter, 
the silicon nitride ?lm is removed, and the HTO ?lm is 
formed, or alternatively, the thermal oxidation is carried out 
again, so as to increase the ?lm thickness of the oxide ?lm 
on the principal surface of the silicon substrate. Then, the 
second silicon oxide ?lm is formed, and furthermore, a 
second CMP process is carried out for planariZation to the 
extent that the principal surface of the silicon substrate is not 
exposed. Finally, the Wet etching (for example using the 
hydro?uoric acid based etching liquid) is carried so that the 
device isolation region of the STI structure is formed. 

[0103] Accordingly, the device isolation region of the STI 
structure minimiZing the deterioration of the electric char 
acteristics (such as the increase of the inverse narroW Width 
effect) can be formed With no necessity of adding a neW 
planariZation step for the principal surface of the silicon 
substrate in the active regions. For example, it becomes easy 
to avoid etching residues of the gate electrode forming 
material along the trench upper edge in the gate electrode 
forming process. 

[0104] The invention has thus been shoWn and described 
With reference to the speci?c embodiments. HoWever, it 
should be noted that the present invention is in no Way 
limited to the details of the illustrated structures but changes 
and modi?cations may be made Within the scope of the 
appended claims. 

1. A method for forming a device isolation region of a 
shalloW trench isolation structure in a semiconductor device, 
the method including the steps of: 

forming a pad oxide ?lm and a silicon nitride ?lm on a 
principal surface of a silicon substrate in the named 
order, and forming a trench Which penetrates through 
said pad oxide ?lm and a silicon nitride ?lm and 
extends from said principal surface of said silicon 
substrate into a body of said silicon substrate; 

carrying out a second thermal oxidation to form a surface 
protecting oxide ?lm on a surface of said trench; 

depositing a ?rst silicon oxide ?lm on the Whole surface 
to ?ll up said trench and to cover said silicon nitride 
?lm, and carrying out a ?rst chemical mechanical 
polishing for said ?rst silicon oxide ?lm until said 
silicon nitride ?lm is exposed; 

selectively removing said silicon nitride ?lm, and forming 
said principal surface of said silicon substrate a silicon 
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oxide protection ?lm including said pad oxide ?lm and 
having an increased ?lm thickness sufficient to protect 
said principal surface of said silicon substrate in a later 
step; 

depositing a second silicon oxide ?lm on the Whole 
surface; 

carrying out a second chemical mechanical polishing for 
planariZation, to remove at least a major portion of said 
second silicon oxide ?lm from said principal surface of 
said silicon substrate but to maintain said principal 
surface of said silicon substrate in an non-exposed 
condition; and 

carrying out a Wet etching until said principal surface of 
said silicon substrate is exposed. 

2. Amethod claimed in claim 1 Wherein said silicon oxide 
protection ?lm is formed by depositing a high-temperature 
oxide ?lm on the Whole surface including a surface of said 
pad oxide ?lm. 

3. Amethod claimed in claim 1 Wherein said silicon oxide 
protection ?lm is formed by carrying out a thermal oxidation 
to convert said pad oxide ?lm into a thermal oxide ?lm 
having an increased ?lm thickness. 

4. A method for forming a device isolation region of a 
shalloW trench isolation structure in a semiconductor device, 
the method including the steps of: 

forming a pad oxide ?lm on a principal surface of a silicon 
substrate by a ?rst thermal oxidation, depositing a 
silicon nitride ?lm on the Whole surface, and carrying 
out an anisotropic etching using a patterned photoresist 
?lm formed on said silicon nitride ?lm as a mask, to 
selectively remove said silicon nitride ?lm and said pad 
oxide ?lm and to form a trench in said principal surface 
of said silicon substrate; 

carrying out a second thermal oxidation to form a surface 
protecting oxide ?lm on a surface of said trench; 

depositing a ?rst silicon oxide ?lm on the Whole surface 
to ?ll up said trench and to cover said silicon nitride 
?lm, and carrying out a ?rst chemical mechanical 
polishing for said ?rst silicon oxide ?lm until said 
silicon nitride ?lm is exposed; 

selectively removing said silicon nitride ?lm, depositing 
a high-temperature oxide ?lm on the Whole surface, 
and then, depositing a second silicon oxide ?lm on the 
Whole surface; 

carrying out a second chemical mechanical polishing for 
planariZation, to remove at least a major portion of said 
second silicon oxide ?lm from said principal surface of 
said silicon substrate but to maintain said principal 
surface of said silicon substrate in an non-exposed 
condition; and 

carrying out a Wet etching until said principal surface of 
said silicon substrate is exposed. 

5. A method claimed in claim 4 Wherein said high 
temperature oxide ?lm is formed by a loW pressure chemical 
vapor deposition process. 

6. A method claimed in claim 4 Wherein said ?rst silicon 
oxide ?lm is formed by a high-density plasma-enhanced 
chemical vapor deposition process. 

Jul. 26, 2001 

7. A method claimed in claim 4 Wherein each of said ?rst 
silicon oxide ?lm and said second silicon oxide ?lm is 
formed by a high-density plasma-enhanced chemical vapor 
deposition process. 

8. A method claimed in claim 4 Wherein said ?rst silicon 
oxide ?lm is formed by a high-density plasma-enhanced 
chemical vapor deposition process, and Wherein said second 
silicon oxide ?lm is formed by a sub-atmospheric chemical 
vapor deposition process using {O3+TEOS} as a starting 
material, or alternatively by depositing and baking a hydro 
genated inorganic SOG ?lm, and before said second chemi 
cal mechanical polishing, said second silicon oxide ?lm is 
heat-treated in an oxygen atmosphere. 

9. A method claimed in claim 4 Wherein said ?rst silicon 
oxide ?lm is formed by a sub-atmospheric chemical vapor 
deposition process using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm, and after said ?rst chemical mechanical 
polishing but the selective removal of said silicon nitride 
?lm, said ?rst silicon oxide ?lm is heat-treated in an oxygen 
atmosphere, and Wherein said second silicon oxide ?lm is 
formed by a sub-atmospheric chemical vapor deposition 
process using {O3+TEOS} as a starting material, or alter 
natively by depositing and baking a hydrogenated inorganic 
SOG ?lm, and before said second chemical mechanical 
polishing, said second silicon oxide ?lm is heat-treated in an 
oxygen atmosphere. 

10. A method for forming a device isolation region of a 
shalloW trench isolation structure in a semiconductor device, 
the method including the steps of: 

forming a pad oxide ?lm on a principal surface of a silicon 
substrate by a ?rst thermal oxidation, depositing a 
silicon nitride ?lm on the Whole surface, and carrying 
out an anisotropic etching using a patterned photoresist 
?lm formed on said silicon nitride ?lm as a mask, to 
selectively remove said silicon nitride ?lm and said pad 
oxide ?lm and to form a trench in said principal surface 
of said silicon substrate; 

carrying out a second thermal oxidation to form a surface 
protecting oxide ?lm on a surface of said trench; 

depositing a ?rst silicon oxide ?lm on the Whole surface 
to ?ll up said trench and to cover said silicon nitride 
?lm, and carrying out a ?rst chemical mechanical 
polishing for said ?rst silicon oxide ?lm until said 
silicon nitride ?lm is exposed; 

selectively removing said silicon nitride ?lm, and carry 
ing out a thermal oxidation to convert said pad oxide 
?lm into a thermal oxide ?lm having an increased ?lm 

thickness; 
depositing a second silicon oxide ?lm on the Whole 

surface; 
carrying out a second chemical mechanical polishing for 

planariZation, to remove at least a major portion of said 
second silicon oxide ?lm from said principal surface of 
said silicon substrate but to maintain said principal 
surface of said silicon substrate in an non-exposed 
condition; and 

carrying out a Wet etching until said principal surface of 
said silicon substrate is exposed. 

11. A method claimed in claim 10 Wherein said ?rst 
silicon oxide ?lm is formed by a high-density plasma 
enhanced chemical vapor deposition process. 
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12. A method claimed in claim 10 wherein each of said 
?rst silicon oxide ?lm and said second silicon oXide ?lm is 
formed by a high-density plasma-enhanced chemical vapor 
deposition process. 

13. A method claimed in claim 10 Wherein said ?rst 
silicon oXide ?lm is formed by a high-density plasma 
enhanced chemical vapor deposition process, and Wherein 
said second silicon oXide ?lm is formed by a sub-atmo 
spheric chemical vapor deposition process using {03+ 
TEOS} as a starting material, or alternatively by depositing 
and baking a hydrogenated inorganic SOG ?lm, and before 
said second chemical mechanical polishing, said second 
silicon oXide ?lm is heat-treated in an oXygen atmosphere. 

14. A method claimed in claim 10 Wherein said ?rst 
silicon oXide ?lm is formed by a sub-atmospheric chemical 
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vapor deposition process using {O3+TEOS} as a starting 
material, or alternatively by depositing and baking a hydro 
genated inorganic SOG ?lm, and after said ?rst chemical 
mechanical polishing but the selective removal of said 
silicon nitride ?lm, said ?rst silicon oXide ?lm is heat-treated 
in an oXygen atmosphere, and Wherein said second silicon 
oXide ?lm is formed by a sub-atmospheric chemical vapor 
deposition process using {O3+TEOS} as a starting material, 
or alternatively by depositing and baking a hydrogenated 
inorganic SOG ?lm, and before said second chemical 
mechanical polishing, said second silicon oXide ?lm is 
heat-treated in an oXygen atmosphere. 


