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(57) ABSTRACT 

The present invention provides a semiconductor device that 
reduces the junction leak current and achieves an improve 
ment in the reliability of the gate oxide ?lm by minimizing 
divot formation and the occurrence of a kink and a method of 
manufacturing such a semiconductor device. A pad oxide 
?lm and a silicon nitride ?lm are formed on an Si substrate 
and a groove-like trench is formed through photolithography 
and etching. The liner oxide of the trench are oxidized 
through oxidiZing/nitriding. Then, the trench is ?lled With an 
insulating ?lm, the insulating ?lm is planariZed and the sili 
con nitride ?lm and the pad oxide ?lm are removed. Next, a 
?eld area is formed and a transistor is formed by following 
speci?c steps. By forming a trench liner oxide ?lm contain 
ing nitrogen, stress is reduced. 

1 Claim, 12 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a structure of an element 
isolation region in a semiconductor device and a semicon 
ductor device manufacturing method. 

In a semiconductor device having silicon as its main 
constituent, an element isolation region (hereafter referred to 
as a ?eld area) is formed through the LOCOS (local oxida 
tion of silicon) method or the STI (shallow trench isolation) 
method to electrically isolate elements in the prior art. An 
area other than the ?eld area is referred to as an active area, 
and the elements are formed in the active area. When a ?eld 
area is formed through the LOCUS method, a bird’s beak is 
formed at an end of the ?eld area, reducing the size of the 
area that can be utilized as active area. With further miniatur 
ization of elements achieved in recent years, the width and 
the pitch of the active area have become smaller and the use 
of the LOCOS method to form the ?eld area is problematic. 
In contrast, the STI method, which by its nature creates 
hardly any bird’s beak, is considered to be a more viable 
method of ?eld area formation, achieving reduced conver 
sion difference. FIG. 7 illustrates the STI manufacturing 
method. As shown in FIG. 7(a), a groove referred to as a 
trench 7 is formed at a Si substrate 1. Then, as illustrated in 
FIG. 7(b), a trench liner oxide ?lm 71 is formed at the inside 
walls of the trench 7 and the trench is ?lled with an embed 
ded insulating ?lm 72 such as a CVD oxide ?lm to form a 
?eld area. 

However, when the ?eld area is formed by adopting the 
manufacturing method described above, a groove referred to 
as a divot 81, as shown in FIG. 8, is formed at the surface of 
the ?eld area near the boundary with the active area. As a 
result, the edge of the active area adjacent to the divot 81 
becomes exposed. FIG. 8 is an enlarged view of the area 
around the edge. When this area becomes exposed, numer 
ous problems arise with regard to the occurrence of stress 
which is to be detailed later. 

When a ?eld area is formed through the STI method, the 
embedded insulating ?lm 72 and the Si substrate 1 become 
expanded during the heat treatment performed after the 
trench is ?lled with the embedded insulating ?lm 72. Since 
the embedded insulating ?lm 72 and the Si substrate 1 have 
different coef?cients of expansion, stress occurs at their 
interface. In addition, stress also occurs at the interface of 
the trench liner oxide ?lm 71 formed through thermal oxida 
tion and the Si substrate 1 as a result of volumetric expansion 
caused by the oxygen atoms occupying space between the Si 
atoms. These stresses occur near the boundary of the active 
area and the ?eld area, and a particularly intense stress 
occurs at the edges of the active area. 

At the edge of an area of intense stress, accelerated diffu 
sion of impurities occurs during the annealing process 
implemented after the impurity ion implantation and, as 
illustrated in FIG. 8, the impurity concentration at the edge 
becomes lowered compared to that around the center of the 
active area. If the edge becomes exposed as a result of divot 
formation, a parasitic transistor with a low threshold voltage 
is formed over the area with a low impurity concentration. In 
such a case, there will be a kink in the characteristics curve 
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2 
achieved by the transistor, as shown in FIG. 9. In FIG. 9, the 
vehicle axis represents the drain current Id and the horizontal 
axis represents the gate voltage Vg. If there is no parasitic 
transistor present, the transistor characteristics curve is free 
of any kink. The presence of a kink results in electrical char 
acteristics different from the design electrical 
characteristics, and thus, the transistor characteristics cannot 
be identi?ed. In addition, since parasitic transistors and 
kinks manifesting under these circumstances are not 
uniform, the transistor characteristics cannot be determined 
with uniformity during the production, which, in turn, 
results in inconsistency in transistor characteristics. 

Furthermore, occurrence of stress induces a dislocation, 
resulting in the formation of crystal defects. When the impu 
rity concentration is reduced, a depletion layer is more 
readily extended compared to the other areas, to lead to an 
increase in the junction leak current of via the crystal 
defects. 

An oxide ?lm is not formed at the Si substrate isotropi 
cally and the direction in which the oxide ?lm is formed 
varies depending upon the direction of the crystal. If the 
edge of the active area is exposed due to the formation of a 
divot, the thickness of the oxide ?lm formed at the surface 
along the vertical direction of the edge becomes different 
from the thickness of the oxide ?lm formed at the surface 
along the horizontal direction. The combination of this 
inconsistent oxide ?lm thickness and the stress occurring at 
the edge causes the thickness of a gate oxide ?lm 92 to 
become locally reduced over this area, as shown in FIG. 8. 
When the ?lm thickness is reduced, the reliability of the gate 
oxide ?lm 92 becomes an issue. In addition, the structure of 
this area is such that an electric ?eld tends to concentrate in 
the area in the ?rst place, and if the gate oxide ?lm 92 
becomes thinner over the area, more electric ?eld concen 
trates through a synergistic effect. An electric ?eld concen 
tration is considered to be one of the causes of kinks and is, 
therefore, not desirable. 

SUMMARY OF THE INVENTION 

An object of the present invention, which has been com 
pleted by addressing the problems discussed above, is to 
provide a semiconductor device through which the junction 
leak current can be reduced and the reliability of the gate 
oxide ?lm can be improved by minimizing divot formation 
and the occurrence of a kink, and a method of manufacturing 
the semiconductor device. 

In order to achieve the object described above, in a ?rst 
aspect of the present invention, a semiconductor device pro 
vided with a groove-like trench at the isolation region, with 
an oxide ?lm containing nitrogen used to constitute a liner 
oxide ?lm in the trench, is provided. By using an oxide ?lm 
containing nitrogen to constitute the liner oxide ?lm, the 
degree of distortion occurring in the structure within the 
oxide ?lm can be lessened. In addition, the compressive 
stress in the trench liner oxide ?lm, the stress at the edge of 
the active area and the tensile stress imparted to the Si sub 
strate are all reduced. Thus, the formation of crystal defects, 
the junction leak current and the occurrence of a kink are 
minimized. 

In a second aspect of the present invention, a semiconduc 
tor device provided with a groove-like trench located at an 
isolation region, with nitrogen contained in the composition 
of the surface of an isolation ?lm within the trench, is pro 
vided. Since the HF resistance is improved by adopting this 
structure, divots are less likely to be formed during the sub 
sequent HF process. 
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In a third aspect of the present invention, a semiconductor 
device provided With a groove-like trench located at an iso 
lation region, With nitrogen contained in the composition of 
the surface of an isolation ?lm Within the trench and also in 
the composition of the surface of an element formation area, 
is provided. Since stresses are reduced over a Wide range by 
adopting this structure, accelerated diffusion of impurities 
can be minimized, to ultimately prevent the formation of 
kinks. In addition, since the HF resistance is improved, div 
ots are less likely to be formed during the subsequent HF 
process. 

In a fourth aspect of the present invention, a semiconduc 
tor device manufacturing method comprising a step in Which 
a pad oxide ?lm and a silicon nitride ?lm are formed on an Si 
substrate, a step in Which a groove-like trench is formed 
through photolithography and etching, a step in Which the 
liner oxide of the trench are oxidized by employing an 
oxidizing-nitriding method and a step in Which the trench is 
?lled With an insulating ?lm and then after planarization, the 
silicon nitride ?lm and the pad oxide ?lm are removed, is 
provided. By using an oxide ?lm containing nitrogen, the 
degree to Which the structure Within the oxide ?lm becomes 
distorted can be lessened, so that the compressive stress 
occurring inside the trench liner oxide ?lm, the stress occur 
ring at the edge of the active area and the tensile stress 
imparted to the Si substrate are reduced to minimize the 
occurrence of crystal defects formation, junction leak cur 
rent and the occurrence of a kink. 

In addition, in a ?fth aspect of the present invention, a 
semiconductor device manufacturing method comprising a 
step in Which a pad oxide ?lm and a silicon nitride ?lm are 
formed on an Si substrate, a step in Which a groove-like 
trench is formed through photolithography and etching, a 
step in Which the insideWalls of the trench are oxidized, a 
step in Which the trench is ?lled With an insulating ?lm and 
then after planarization, the silicon nitride ?lm and the pad 
oxide ?lm are removed and a step in Which after sacri?cial 
oxidation is implemented through oxidizing-nitriding, ion 
implantation is performed, is provided. Since the HF resis 
tance of the isolation ?lm is improved by employing this 
method, divot formation is minimized. In addition, in a sixth 
aspect of the present invention, by oxidizing the trench 
insideWalls through oxidizing-nitriding, the surface area at 
the boundary With the Si substrate is strengthened to further 
inhibit formation of divots. 

In a seventh aspect of the present invention, a semicon 
ductor device manufacturing method comprising a step in 
Which a pad oxide ?lm and a silicon nitride ?lm are formed 
on an Si substrate, a step in Which a groove-like trench is 
formed through photolithography and etching, a step in 
Which the insideWalls of the trench are oxidized by employ 
ing an oxidizing-nitriding method, a step in Which the trench 
is ?lled With an insulating ?lm and then after planarization, 
the silicon nitride ?lm and the pad oxide ?lm are removed 
and a step in Which gate oxidation is implemented through 
oxidizing-nitriding and ion implantation is performed, is 
provided. A high degree of HF resistance is achieved and 
also the entire manufacturing process is shortened in addi 
tion to achieving an improvement in the reliability of the 
gate oxide ?lm by employing this manufacturing method. 

In a eighth aspect of the present invention, a semiconduc 
tor device manufacturing method comprising a step in Which 
a pad oxide ?lm constituted of a TEOS-type CVD oxide ?lm 
is formed on an Si substrate, the pad oxide ?lm thus formed 
is annealed through the RTA method and then a silicon 
nitride ?lm is formed over the annealed pad oxide ?lm, a 
step in Which a groove-like trench is formed through photo 
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4 
lithography and etching, a step in Which the trench inside 
Walls are oxidized by employing an oxidizing-nitriding 
method, a step in Which the trench is ?lled With an insulating 
?lm and then the silicon nitride ?lm and the pad oxide ?lm 
are removed after planarization and a step in Which gate 
oxidation is implemented through oxidizing-nitriding and 
then ion implantation is performed, is provided. By using a 
CVD oxide ?lm With loW HF resistance to constitute the pad 
oxide ?lm, the pad oxide ?lm can be removed quickly, and 
since this results in a reduction in the quantity of embedded 
insulating ?lm that is removed, divot formation is mini 
mized. 

In an ninth aspect of the present invention, a semiconduc 
tor device manufacturing method comprising a step in Which 
a pad oxide ?lm constituted of a TEOS-type CVD oxide ?lm 
is formed on an Si substrate, the pad oxide ?lm thus formed 
is annealed through the RTA method and then a silicon 
nitride ?lm is formed over the annealed pad oxide ?lm, a 
step in Which photolithography and etching are performed 
and a sacri?cial LOCOS is formed through oxidizing 
nitriding, a step in Which a groove-like trench is formed 
Within the LOCOS area, through etching, a step in Which the 
trench insideWalls are oxidized by employing an oxidizing 
nitriding method, a step in Which the trench is ?lled With an 
insulating ?lm and then the silicon nitride ?lm and the pad 
oxide ?lm are removed after planarization and a step in 
Which gate oxidation is implemented through oxidizing 
nitriding and then ion implementation is performed, is pro 
vided. Since the oxide ?lm containing nitrogen remains as 
part of the LOCOS, the HF resistance is improved to mini 
mize divot formation. Furthermore, through the formation of 
the LOCOS, the corners of the edges of the active area 
become rounded to prevent a reduction in the thickness of 
the gate oxide ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features of the invention and the 
concomitant advantages Will be better understood and appre 
ciated by persons skilled in the ?eld to Which the invention 
pertains in vieW of the folloWing description given in con 
junction With the accompanying draWings Which illustrate 
preferred embodiments. 

FIG. 1 presents sectional vieWs of the semiconductor 
manufacturing steps in a ?rst embodiment of the present 
invention; 

FIG. 2 presents sectional vieWs of the semiconductor 
manufacturing steps in a second embodiment of the present 
invention; 

FIG. 3 presents sectional vieWs of the semiconductor 
manufacturing steps in a third embodiment of the present 
invention; 

FIG. 4 presents sectional vieWs of the semiconductor 
manufacturing steps in a fourth embodiment of the present 
invention; 

FIG. 5 presents sectional vieWs of the semiconductor 
manufacturing steps in a ?fth embodiment of the present 
invention; 

FIG. 6 presents sectional vieWs of the semiconductor 
manufacturing steps in a sixth embodiment of the present 
invention; 

FIG. 7 illustrates the trench structure; 
FIG. 8 is an enlarged vieW of the area around the edge of 

an active area; and 

FIG. 9 is the transistor characteristics curve resulting from 
the formation of a parasitic transistor. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following is a detailed explanation of the preferred 
embodiments of the present invention, given in reference to 
the drawings. FIG. 1 presents sectional vieWs of the semi 
conductor device manufacturing steps in the ?rst embodi 
ment of the present invention. 
1) First, as illustrated in FIG. 1(a), a pad oxide ?lm 3 is 
formed to a thickness of l00*300 angstroms on an Si 
substrate 1 in a Wet O2 atmosphere at 850 degrees centi 
grade. Over the pad oxide ?lm 3 thus formed, an Si3N4 
?lm 5 is formed to a thickness of l500*2000 angstroms 
through LPCVD (loW pressure CVD). 

2) Next, a photolithography process is performed and the 
Si3N4 ?lm 5 is etched through the RIE (reactive ion 
etching) method. With a resist applied, the Si substrate 1 is 
etched by using the Si3N4 ?lm 5 as a mask and the resist 
is removed to form a trench 7. 

3) As shoWn in FIG. 1(b), a trench liner oxide ?lm 9 is 
formed to a thickness of 300 angstroms by employing the 
RTA (rapid thermal anneal) method in Which oxidizing/ 
nitriding is performed by ?rst implementing oxidation in 
an O2 atmosphere at l050~ll50 degrees centigrade, 
implementing nitriding in an NH3 atmosphere at 
950~l050 degrees centigrade and implementing reoxida 
tion in an N2O atmosphere at l050~l 150 degrees centi 
grade. 

4) As illustrated in FIG. 1(c), the trench is ?lled With a CVD 
oxide ?lm 11. 

5) As illustrated in FIG. 1(d), the CVD oxide ?lm 11 under 
goes CMP (chemical-mechanical polishing) for planariza 
tion. 

6) As illustrated in FIG. 1(e), a ?eld area is formed by 
removing the Si3N4 ?lm 5 and the pad oxide ?lm 3. 

7) Subsequently, a transistor is formed by implementing spe 
ci?c steps. 
In this embodiment, the trench liner oxide ?lm 9 is an 

oxide-nitride ?lm that contains nitrogen. In an oxide ?lm 
containing a speci?c quantity of nitrogen, the degree to 
Which its internal structure becomes distorted can be less 
ened. As a result, compressive stress occurring in the trench 
liner oxide ?lm 9 is reduced, and the stress-occurring at the 
edge of the active area and the tensile stress imparted to the 
Si substrate 1 are also reduced. Consequently, since the 
occurrence of crystal defects formation in the Si substrate 
near the trench liner oxide is inhibited, the junction leak 
current is reduced. In addition, since accelerated diffusion of 
impurities in the vicinity of the sideWalls is minimized dur 
ing the subsequent ion implantation and activation, a para 
sitic transistor is less likely to form and, ultimately, the 
occurrence of a kink is minimized. Furthermore, the HF 
resistance of the trench liner oxide 9 containing nitrogen is 
improved. Thus, since the degree to Which the edge becomes 
corroded during the subsequent HF process is reduced, divot 
formation is minimized. 

FIG. 2 presents sectional vieWs of the semiconductor 
manufacturing steps in the second embodiment of the 
present invention. A trench is formed as in the steps 
explained in (l) and (2) in the ?rst embodiment. Then, as 
illustrated in FIG. 2(a), a trench liner oxide ?lm 29 is formed 
through thermal oxidation implemented in a dry 02 atmo 
sphere at 950~l050 degrees centigrade. Subsequently, steps 
similar to the steps (4)~(6) in the ?rst embodiment are 
implemented. Those steps are illustrated in FIGS. 2(b), (c) 
and (d). 

Next, as illustrated in FIG. 2(e), a sacri?cial oxide ?lm 28 
is formed through oxidizing/nitriding performed under simi 
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6 
lar conditions to those adopted in the trench oxide ?lm for 
mation in the ?rst embodiment, ion implantation is imple 
mented to determine the threshold voltage of the transistor 
and activation annealing is performed. Then, transistor for 
mation is implemented by performing speci?c steps such as 
gate electrode formation. 

In this embodiment, an oxide-nitride ?lm is formed in the 
active area on the Si substrate 1. As explained earlier, in an 
oxide ?lm containing a speci?c quantity of nitrogen, the 
degree to Which its internal structure becomes distorted can 
be lessened and, as a result, the stress occurring near the 
surface of the Si substrate 1 is reduced. Thus, accelerated 
diffusion of impurities is minimized during the subsequent 
ion implantation and activation to inhibit formation of a 
parasitic transistor and the occurrence of a kink. In addition, 
since a ?lm containing nitrogen is formed at the surface of 
the CVD oxide ?lm 11 during the sacri?cial oxidation 
process, the HF resistance is improved compared to that of a 
standard CVD oxide ?lm. Since this reduces the degree of 
corrosion of the CVD oxide ?lm 11 occurring during the 
subsequent HF process, divot formed is minimized. 

FIG. 3 presents sectional vieWs of the semiconductor 
device manufacturing steps in the third embodiment of the 
present invention. In this embodiment, a ?eld area is formed 
by implementing steps similar to the steps (l)*(6) in the ?rst 
embodiment. Since the manufacturing steps performed to 
form the ?eld area are the same as those presented in FIG. 1, 
their illustration is omitted in FIG. 3. FIG. 3(a) corresponds 
to FIG. 1(e). Namely, the trench liner oxide ?lm 9 in the 
third embodiment, too, is formed through oxidizing/ 
nitriding implemented under conditions similar to those 
under Which the trench liner oxide ?lm 9 in the ?rst embodi 
ment is formed. 

Next, as illustrated in FIG. 3(b), a sacri?cial oxide ?lm 28 
is formed through oxidizing/nitriding performed under con 
ditions similar to those under Which the trench oxide ?lm 9 
in the ?rst embodiment is formed, ion implantation is imple 
mented to determine the threshold voltage of the transistor 
and then activation annealing is implemented. Then, a tran 
sistor is formed by implementing speci?c steps such as gate 
electrode formation. 

This embodiment, in Which the trench linear oxide ?lm 9 
and the sacri?cial oxide ?lm 28 are both constituted of an 
oxide-nitride ?lm, incorporates the ?rst embodiment and the 
second embodiment. As a result, advantages achieved in the 
tWo embodiments are realized. In particular, through the 
stress reducing effect explained earlier, accelerated diffusion 
of impurities is suppressed over a larger range. In addition, 
since both the trench liner oxide ?lm 9 and the sacri?cial 
oxide ?lm 28 achieves an improvement in HF resistance, 
divot formation is prevented during subsequent HF pro 
cesses even more effectively. 

FIG. 4 presents sectional vieWs of the semiconductor 
device manufacturing steps in the fourth embodiment of the 
present invention. In this embodiment, a ?eld area is formed 
by implementing steps similar to the steps (l)~(6) in the ?rst 
embodiment. Since the manufacturing steps performed to 
form the ?eld area are the same as those presented in FIG. 1, 
their illustration is omitted in FIG. 4. FIG. 4(a) corresponds 
to FIG. 1(e). Namely, the trench liner oxide ?lm 9 in the 
fourth embodiment, too, is formed through oxidizing/ 
nitriding implemented under conditions similar to those 
under Which the trench liner oxide ?lm 9 in the ?rst embodi 
ment is formed. 

Next, as illustrated in FIG. 4(b), a gate oxide ?lm 48 is 
formed through oxidizing/nitriding performed under condi 
tions similar to those under Which the trench oxide ?lm 9 in 
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the ?rst embodiment is formed, ion implantation is imple 
mented to determine the threshold voltage of the transistor 
and then activation annealing is implemented. Then, a tran 
sistor is formed by implementing speci?c steps. 

It has been reported that through the reoxidation imple 
mented during an oxidizing/nitriding process, the degree to 
Which the thickness of a gate oxide ?lm becomes reduced at 
an edge of a LOCOS is lessened. Since a similar effect is 
expected to manifest in a trench structure, the fourth 
embodiment, in Which the gate oxide ?lm 48 is formed 
through oxidiZing/nitriding, achieves an advantage of 
improved reliability of the gate oxide ?lm 48 in addition to 
the advantages of the third embodiment. In the manufactur 
ing method in the prior art, sacri?cial oxidation is imple 
mented after a ?eld oxide ?lm is formed, ion implantation 
for determining the transistor threshold voltage is performed 
and the ions are activated, then the sacri?cial oxide ?lm is 
removed and then electrodes are formed after gate oxidation 
is performed to form a transistor. HoWever, a in the fourth 
embodiment, the ion implantation for determining the tran 
sistors threshold voltage is performed over the gate oxide 
?lm 48 Without implementing the sacri?cial oxidation step. 
Thus, the number of manufacturing steps is reduced to save 
time and loWer production costs, While achieving the advan 
tage of improved HF resistance. 

FIG. 5 represents sectional vieWs of the semiconductor 
device manufacturing steps in the ?fth embodiment of the 
present invention. 
1) First, as illustrated in FIG. 5(a), a pad oxide ?lm 53 con 

stituted of a TEOS (tetra-ethyl-or‘tho-silicate) type CVD 
oxide ?lm is formed to a thickness of l00~500 angstroms 
on a Si substrate 1. Then, the pad oxide ?lm 53 is annealed 
in an N 2 atmosphere through the RTA method preferably 
at a temperature equal to the temperature at Which the 
trench oxide ?lm is formed, i.e., in the temperature rate of 
approximately l000~l050 degrees centigrade, to harden 
and tighten the CVD oxide ?lm. Next, a Si3N4 ?lm 5 is 
formed to a thickness of l500~2000 angstroms through 
LPCVD. 

2) A photolithography process is performed and the Si3N4 
?lm 5 is etched through the RIE method. With a resist 
applied, the Si substrate 1 is etched by using the Si3N4 
?lm 5 as a mask and the resist is removed to form a trench 
7. 

3) As shoWn in FIG. 5(b), a trench liner oxide ?lm 9 is 
formed to a thickness of 300 angstroms by employing the 
RTA method implemented under conditions similar to 
those under Which the trench oxide ?lm is formed in the 
?rst embodiment. 

4) As illustrated in FIG. 5(c), the trench is ?lled With the 
CVD oxide ?lm 

5) Next, CMP is performed for planariZation. 
6) As illustrated in FIG. 5(d), a ?eld area is formed by 

removing the Si3N4 ?lm 5 and the pad oxide ?lm 53. 
7) As illustrated in FIG. 5(e), a gate oxide ?lm 48 is formed 

through oxidizing/nitriding implemented under condi 
tions similar to those under Which the trench oxide ?lm 9 
is formed in the ?rst embodiment, an ion implementation 
for determining the transistor threshold voltage is per 
formed and activation annealing is performed. Then, tran 
sistor formation is performed by folloWing speci?c steps. 
In this embodiment, a CVD oxide ?lm With loWer HF 

resistance compared to that of a thermal oxide ?lm is used to 
constitute the pad oxide ?lm 53 and, as a result, the HF 
process is implemented at a higher rate to achieve a reduc 
tion in the length of time required for removing the pad 
oxide ?lm 53. In addition, since this results in a reduction in 
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8 
the degree to Which the CVD oxide ?lm 11 is corroded When 
the pad oxide ?lm 53 is removed, divot formation is mini 
miZed. 

FIG. 6 presents sectional vieWs of the semiconductor 
device manufacturing steps in the sixth embodiment of the 
present invention. In this embodiment, after the ?rst step in 
the ?fth embodiment, a photolithography process is imple 
mented and the Si3N4 ?lm 5 is etched through the RIE 
method. Then, as illustrated in FIG. 6(a), a sacri?cial 
LOCOS 68 is formed to a thickness of approximately 
l00~500 angstroms through oxidiZing/nitriding imple 
mented under conditions similar to those under Which the 
trench linear oxide ?lm 9 in the ?rst embodiment is formed. 

Next, a photolithography process is implemented, and as 
illustrated in FIG. 6(b), a trench 7 is formed through etching 
over a speci?c area in the LOCOS 68 that has been formed. 
Then, a trench liner oxide ?lm 9 is formed by employing the 
RTA method, to a thickness of 300 angstroms through 
oxidizing/nitriding implemented under conditions similar to 
those under Which the trench liner oxide ?lm 9 is formed in 
the ?rst embodiment. 

Next, the trench is ?lled With a CVD oxide ?lm 11 and, as 
illustrated in FIG. 6(c), CMP is performed for planariZation. 
As illustrated in FIG. 6(d), the S3N4 ?lm 5 and the pad 
oxide ?lm 53 are removed to form a ?eld area. As shoWn in 
FIG. 6(e), a gate oxide ?lm 48 is formed through oxidiZing/ 
nitriding as in the ?fth embodiment, ion implementation is 
implemented to determine the transistor threshold voltage 
and activation annealing is performed. Then, speci?c steps 
are implemented to form a transistor. 

During this process, the trench 7 may be formed after the 
sacri?cial LOCOS 68 is formed by using the S3N4 ?lm 5 as 
a mask Without implementing the photolithography process. 
In such a case, since the photolithography process is 
skipped, the manufacturing method is simpli?ed. 

In this embodiment, since the remaining portion of the 
LOCOS 68 formed as a sacri?ce constitutes an oxide ?lm 
containing nitrogen, Which acthieves a higher degree of HF 
resistance compared to a standard CVD oxide ?lm, divot 
formation is inhibited even more effectively compared to the 
?fth embodiment. In addition, through the formation of the 
LOCOS 68, the corners of the edges of the active area are 
rounded to prevent a reduction in the ?lm thickness of the 
gate oxide ?lm 48. 

While the invention has been particularly shoWn and 
described With respect to preferred embodiments of the 
semiconductor device and the semiconductor device manu 
facturing method according to the present invention by refer 
ring to the attached draWings, the present invention is not 
limited to these examples and it Will be understood by those 
skilled in the art that various changes in form and detail may 
be made therein Without departing from the spirit, scope and 
teaching of the invention. 
As explained in detail above, according to the present 

invention, a semiconductor device that achieves a reduction 
in junction leak current and an improvement in the reliability 
of the gate oxide ?lm by minimiZing divot formation and the 
occurrence of a kink, and a method of manufacturing this 
semiconductor device are provided. 
The entire disclosure of Japanese Patent Application No. 

11-317024 ?led on Nov. 8, 1999 including speci?cation, 
claims, draWings and summary is incorporated herein by 
reference in its entirety. 
What is claimed is: 
[1. A method of fabricating a semiconductor device, the 

method comprising: 
providing a substrate; 
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forming a pad oxide ?lm and a silicon nitride ?lm over the 
substrate; 

forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step, an nitriding step and another oxidizing step; and 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate.] 

[2. A method of fabricating a semiconductor device, the 
method comprising: 

providing a substrate; 
forming a pad oxide ?lm and a silicon nitride ?lm over the 

substrate; 
forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step; 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate; 

forming a sacri?cial oxide layer by performing an oxidiz 
ing step, a nitriding step and another oxidizing step; and 

performing an ion implantation step 
[3. A method of fabricating a semiconductor device, the 

method comprising: 
providing a substrate; 
forming a pad oxide ?lm and a silicon nitride ?lm over the 

substrate; 
forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step, an nitriding step and another oxidizing step; and 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate; and 

forming a sacri?cial oxide layer by performing an oxidiz 
ing step, a nitriding step and another oxidizing step 

[4. A method of fabricating a semiconductor device, the 
method comprising: 

providing a substrate; 
forming a pad oxide ?lm and a silicon nitride ?lm over the 

substrate; 
forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step, an nitriding step and another oxidizing step; and 

30 

35 

40 

10 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate; and 

forming a gate oxide by an oxidizing step, a nitriding step 
and another oxidizing step 

[5. A method of fabricating a semiconductor device, the 
method comprising: 

providing a substrate; 
chemical vapor depositing a TEOS pad oxide ?lm over the 

substrate and annealing the pad oxide ?lm by a rapid 
thermal anneal step 

forming a silicon nitride ?lm over the pad oxide; 

forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step, an nitriding step and another oxidizing step; and 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate; and 

forming gate oxide layer by performing an oxidizing step, 
a nitriding step and another oxidizing step 

6. A method of fabricating a semiconductor device, the 
method comprising: 

providing a substrate; 
chemical vapor depositing a TEOS pad oxide ?lm over the 

substrate and annealing the pad oxide ?lm by a rapid 
thermal anneal step: 

forming a silicon nitride ?lm over the pad oxide; 

etching the silicon nilride?lm a?er performing a photo 
lilhographic process; 

forming a sacri?cial local oxidation of silicon layer by an 
oxidizing step [, a nitriding step and another oxidizing 
step] and a nitriding step; 

forming a trench; 
forming a liner oxide at least in the trench by an oxidizing 

step, a nitriding step and another oxidizing step; and 
substantially ?lling the trench With an insulating ?lm, per 

forming a planarizing step to remove the pad oxide and 
the silicon nitride ?lm that are over the substrate; and 

forming gate oxide layer by performing an oxidizing step, 
a nitriding step and another oxidizing step. 

* * * * * 


