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(57) ABSTRACT 

A shallow trench isolation type semiconductor device is 
described, Which includes a trench having a ?eXure in a 
bottom thereof. The ?eXure has a step difference of about 
100 A or more, and is preferably made at a middle area. 
Conventionally, a gate insulating layer includes a thin (area 
of about 100 A or less and a thick area of about 200 A or 
more. On the basis of a bottom of a trench peripheral region, 
a middle part of the ?eXure may be concave or convex. 
Particularly, the foregoing device can effectively be applied 
to a self-aligned ?ash memory in Which a Width of a trench 
betWeen one active region and another is about 3 microme 
ters or less. 

[A Low Voltage Part _, L High Voltage Part =1 

141 

135 
133 

131 

105 
101 

10 

143 
135 
133 
131 

105 
103 

10 



Patent Application Publication Feb. 28, 2002 Sheet 1 0f 4 US 2002/0024111 A1 

Fig. 1 

L Low Voltage Part L, L High Voltage PartLJ 
F‘ '1 l“ l 

17 
l 

l W 11:13 

10 

Fig. 2 

L Low Voltage Part L] L High Voltage Part _] 
l‘ 'H‘ 'l 

D l l B I 

@[Efi 
E Fi % i t's / 21 

~-103‘ 103+ 

10 



Patent Application Publication Feb. 28, 2002 Sheet 2 0f 4 US 2002/0024111 A1 

Fig. 3 

L Low Voltage Part _, ,4 High Voltage Part _| 
1* 'II‘ I 

103 101 

l‘Ll LLI +103 

10-“ 10 

101 -* 

Fig. 4 

'4 Low Voltage Part _| [4 High Voltage Part =1 
F‘ ll‘ l 

V ~ 105 
105 |—| Ll pvma 
101 - 

10-’- 10 



Patent Application Publication Feb. 28, 2002 Sheet 3 0f 4 US 2002/0024111 A1 

Flg. 5 

L Low Voltage Part _, L High Voltage Part _, 
r‘ '1 I‘ '1 

137 
137 135 
135 133 

12? 105 
105 
101 103 

10 1O 

Flg. 6 

‘A Low Voltage Part _| [4 High Voltage Part _, 
F 'l I‘ *1 

135 
135 133 

1:? 105 
105 103 
101 

10 10 



Patent Application Publication Feb. 28, 2002 Sheet 4 0f 4 US 2002/0024111 A1 

Fig. '7 

[A Low Voltage Part _, L High Voltage Part _| 
I I!‘ 1 

141 143 
135 

135 133 
133 131 

131 105 
105 103 
101 

10 10 

Fig. 8 

10 a a al a 10 



US 2002/00241 1 1 A1 

SHALLOW TRENCH ISOLATION TYPE 
SEMICONDUCTOR DEVICE AND METHOD OF 

FORMING THE SAME 

[0001] This application relies for priority upon Korean 
Patent Application No. 2000-50419, ?led on Aug. 29, 2000, 
the contents of Which are herein incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention generally relates to a shalloW 
trench isolation type semiconductor device and a method of 
forming the same. More speci?cally, the present invention is 
directed to a shalloW trench isolation type semiconductor 
device in Which insulating layers differ in thickness accord 
ing to regions, and a method of forming the same. 

[0004] 2. Discussion of Related Art 

[0005] A common problem encountered in device isola 
tion in a high-density semiconductor device is a bird’s beak 
effect, Which occurs due to a lateral groWth of thermal 
silicon dioxide in the form of a bird’s beak under a SiN4 
protective layer. The bird’s beak is undesirable since it takes 
up needed area and has electrical ?eld effects that permit 
current leakage. A shalloW trench isolation (STI) technique 
for device isolation has been Widely used and avoids the 
problem of the bird’s beak effect. HoWever, to achieve 
superior device isolation results, the depth and Width of a 
trench must be increased. Since it is desirable to have 
semiconductor devices having small footprints for higher 
integration, the depth must be increased While the Width for 
insulation must be decreased. In a less than ideal scenario, 
a deep trench cannot be formed due to the decrease in the 
Width. 

[0006] When a high voltage is applied, the component at 
Which a high voltage is applied must have a structure that is 
able to Withstand the high voltage. Typically, a gate insu 
lating layer formed at the part Where the high voltage is 
applied is made thicker than the gate insulating layer formed 
at others. 

[0007] FIG. 1 is an exemplary cross-sectional vieW shoW 
ing the difference in thickness of a gate insulating layer at a 
loW voltage part of cell and peripheral regions compared to 
a gate insulating layer at a high voltage part of the peripheral 
region. FIG. 1 also shoWs an eXemplary formation of a 
self-aligned trench in each region of a ?ash memory device 
in Which the gate insulating layers differ in thickness. At the 
peripheral region Where the gate insulating layer 13 is 
thickly formed, a trench 17 for device isolation is shalloWly 
formed, Which increases the probability that insulation for 
device isolation Will not be suf?cient. 

[0008] FIG. 1 includes gate insulating layers 11 and 13 
Which differ in thickness according to each region of a 
substrate 10. Conventionally, the thickness of the gate 
insulating layer 11 formed at a loW voltage part of cell and 
peripheral regions is about 70 A to about 80 A and the 
thickness of the gate insulating layer 13 formed at a high 
voltage part of the peripheral region is about 250 A to about 
350 A. A polysilicon layer 15 for forming a part of a 
self-aligned ?oating gate is stacked on the gate insulating 
layers 11 and 13. Based upon the STI technique, device 
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isolation is then carried out. In other Words, an etch-stop 
layer made of silicon nitride is deposited. Preferably, a high 
temperature oXide (HTO) layer is then deposited for pat 
terning the etch-stop layer, and an anti-re?ection coating 
(ARC) layer is additionally deposited. 

[0009] Through photoresist coating, eXposure using a 
device isolation mask pattern, and development, a trench 
pattern for device isolation is formed. Subsequently, upper 
layers are sequentially etched to be removed. A patterned 
upper layer can serve as an etching mask to a loWer layer. 
Generally, the etch-stop layer is patterned and the photore 
sist pattern is removed by ashing and stripping techniques. 
The polysilicon layer 15, the gate insulating layers 11 and 
13, and the substrate silicon layer 10 are etched to form a 
trench. In the etching process to form the trench, separately 
etching the gate insulating layer and the substrate causes 
problems due to shifting of the etching apparatus. Thus, the 
process is carried out in one etching apparatus (i.e., “in 
situ”). It takes a great deal of time to etch a gate insulating 
layer at a part Where the gate insulating layer is thickly 
formed. With a conventional silicon oXide layer and silicon 
etchant for forming a trench, a depth difference (A) of about 
180 A to about 500 A is observed in a substrate trench Where 
the gate insulating layer is thickly formed. Naturally, the 
depth difference (A) varies according to the type of etchant 
used. 

[0010] Preferably, after thinly stacking a sideWall oXide 
layer and a silicon nitride liner, the trench is ?lled With a 
CVD oXide layer. To complete the trench isolation layer 17, 
a chemical mechanical planariZation (CMP) process for 
removing the stacked CVD oXide layer on a region eXcept 
the trench, a Wet etching process to remove an etch-stop 
layer made of silicon nitride, and a cleaning process are then 
performed. HoWever, Where the gate insulation layer is 
thickly formed, a thickness of the isolation layer 17 has a 
depth difference (A) as great as a depth of the trench. This 
is disadvantageous, since if the isolation layer 17 becomes 
thin at a transistor peripheral region to Which a high voltage 
is applied, device isolation can be incomplete. 

[0011] Therefore, a need eXists for a shalloW trench iso 
lation type semiconductor device and a method of forming 
the same, Which can complement a trench isolation layer 
Whose thickness in a silicon substrate is not suf?cient. A 
need also eXists for a shalloW trench isolation type semi 
conductor device and a method of forming the same Which 
can complement incomplete device isolation caused by a 
trench isolation layer Whose thickness in a silicon substrate 
is not sufficient in certain regions due to a thicker gate 
insulating layer. Additionally, a need eXists for a shalloW 
trench isolation type semiconductor device and a method of 
forming the same Which can complement a device isolation 
layer Whose thickness is not suf?cient Without causing an 
aligning problem. 

SUMMARY OF THE INVENTION 

[0012] According to an aspect of the present invention, a 
shalloW trench isolation type semiconductor device is pro 
vided Wherein a ?eXure With a step difference is made at a 
bottom of a trench. Speci?cally, a shalloW trench isolation 
type semiconductor device is provided including at least tWo 
regions Where gate insulating layers differ in thickness; and 
a silicon substrate With at least one ?eXure trench having a 
step difference. 
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[0013] At least in a partial region of the semiconductor 
device, a gate insulating layer is deposited at a thickness of 
about 200 A or more. Conventionally, the gate insulating 
layer has a thin region of about 100 A or less and a thick 
region of about 200 A or more. If a step difference of the gate 
insulating layer is about 100 A, the step difference of about 
100 A Will remain in an etching process Without an etching 
selectivity With respect to a silicon oxide layer and a silicon 
layer. The step difference can be expanded to, for example, 
about 500 

[0014] Even though it is preferable that the ?exure is made 
in a middle area betWeen active and inactive regions, the 
?exure may lean toWard the active region. At a bottom of a 
trench peripheral area, the ?exure may be concave and 
convex. In addition, a plurality of ?exures may be made 
therein. 

[0015] A typical example of an aspect of the present 
invention can be shoWn in a ?ash memory that has a thick 
gate oxide layer of about 300 A or more in a peripheral 
region, and a thin gate oxide layer of about 80 A or less in 
a loW voltage part of cell and peripheral regions. Particu 
larly, the typical example is shoWn in a self-aligned ?ash 
memory Wherein a polysilicon layer to form a part of a 
?oating gate and a trench etching mask are sequentially 
deposited on a gate insulating layer. The present invention is 
particularly effective in cases Where a Width of a trench 
betWeen one active region and another is 3 micrometers or 
less at a region having a thick gate oxide layer. 

[0016] A method according to the present invention 
includes the steps of making a ?exure to have a gate oxide 
layer Whose thickness is different from that of an adjacent 
gate oxide layer, forming an etching mask pattern to expose 
the gate oxide layer at a trench area including the ?exure, 
and anisotropically etching the gate oxide layer and a silicon 
substrate to form a trench. 

[0017] Speci?cally, a method of forming a shalloW trench 
isolation type semiconductor device according to an aspect 
of the present invention comprises the steps of: forming a 
gate oxide layer, so that a ?exure is different from adjacent 
parts in thickness, the ?exure being a part of a trench area 
on a substrate; forming an etching mask pattern to expose 
the gate oxide layer in the trench area; and anisotropically 
and sequentially etching the gate oxide layer and a silicon 
substrate to form a trench, the gate oxide layer being located 
on the substrate Where the etching mask pattern is formed. 

[0018] The step of anisotropically etching the gate oxide 
layer and the silicon substrate comprises tWo steps: etching 
the gate oxide layer to expose the silicon substrate on the 
basis of a thin or thick gate oxide area, and etching the 
silicon substrate. In at least one of the tWo steps, an etchant 
having a loW etching selectivity is used. To completely 
remove the gate oxide layer at a thick gate oxide area, the 
silicon substrate is etched in a thin gate oxide area as much 
as a predetermined thickness according to a kind of etchant. 
Alternatively, one etchant is used in the tWo steps. 

[0019] These and other aspects, features, and advantages 
of the present invention Will be described or become appar 
ent from the folloWing detailed description of preferred 
embodiments, Which is to be read in connection With the 
accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is an exemplary cross-sectional vieW shoW 
ing the difference in thickness of a gate insulating layer at a 
loW voltage part of cell and peripheral regions compared to 
a gate insulating layer at a high voltage part of the peripheral 
region. 
[0021] FIG. 2 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein gate insulating layers that differ 
in thickness are formed. 

[0022] FIG. 3 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein the gate insulating layers are 
etched. 

[0023] FIG. 4 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein a polysilicon layer is stacked 
along thin and thick regions of the gate insulating layers. 

[0024] FIG. 5 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein an etch-stop layer, an oxide layer 
and an anti-re?ection coating layer are preferably sequen 
tially deposited on the polysilicon layers. 

[0025] FIG. 6 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein a photoresist pattern is removed. 

[0026] FIG. 7 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein the gate insulating layers and a 
silicon substrate are preferably sequentially etched. 

[0027] FIG. 8 depicts exemplary cross-sectional vieWs 
comparing a deep trench Without a ?exure, and a trench With 
a ?exure made at a bottom thereof according to an aspect of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0028] A system according to the present invention pro 
vides a neW and improved shalloW trench isolation type 
semiconductor device and a method of forming the same. In 
particular, a shalloW trench isolation type semiconductor 
device according to the present invention solves the problem 
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of incomplete device isolation caused by a trench isolation 
layer Whose thickness in a silicon substrate is not su?icient 
due to a thick gate insulating layer. 

[0029] FIG. 2 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein gate insulating layers that differ 
in thickness are formed. Referring to FIG. 2, on a substrate 
10, a thick gate oxide layer 103 is formed to a thickness of 
about 300 A. To form gate insulating layers that differ in 
thickness at each region, a photoresist pattern 21 is formed 
Which exposes a region (such as a loW voltage part of cell 
and peripheral regions) Where a thin gate oxide layer Will be 
formed. In the loW voltage part of the cell and peripheral 
regions excluding the regions Where the trench is formed, 
photoresist remains on a middle area (C) of a trench Width 
(B). In the high voltage part of the peripheral region to Which 
a high voltage is applied, the photoresist is removed on a 
middle area of a trench Width 

[0030] For alignment convenience, it is preferable that a 
Width of a middle area (C) or is about less than half that 
of a Width of a trench Which is to be formed later. For 
example, if the trench Width is about 1.6 micrometers, a 
suitable value for patterning is about 0.3 to about 0.8 
micrometers. To make a ?exure in the middle area enhances 
an alignment margin. For example, in a transistor to Which 
a high voltage is applied, if a concave ?exure is made at a 
part that is bounded on an active region that must endure a 
high voltage, a gate insulating layer is thinly formed on the 
active region in case of misalignment. Thus, insulation 
breakdoWn may occur. 

[0031] FIG. 3 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein the gate insulating layers are 
etched. 

[0032] Referring to FIG. 3, using the photoresist pattern 
21 shoWn in FIG. 2 as an etching mask, a thin gate oxide 
layer 103‘ is etched. Therefore, in a loW voltage area of cell 
and peripheral regions, a gate insulating layer remains only 
at a middle area of a trench. On the contrary, in a peripheral 
high voltage area to Which a high voltage is applied, the gate 
insulating layer is removed only at a middle area. The 
photoresist pattern 21 is then removed using ashing and 
stripping techniques. Conventionally, after a cleaning pro 
cess, a thin gate insulating layer 101 is formed in a region 
Where a substrate silicon layer undergoes exposure. The gate 
insulating layer 101 is a thermal oxide layer that is formed 
to a thickness of about 80 A. A part of the substrate is 
additionally oxidiZed in a region Where a thick gate insu 
lating layer remains, so that a thick gate insulating layer 103 
has a thickness of about 350 A. 

[0033] FIG. 4 is an exemplary cross-sectional shoWing a 
step of performing self-aligned trench device isolation at a 
loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory vieW according to an aspect of 
the present invention, Wherein a polysilicon layer is stacked 
along thin and thick regions of the gate insulating layers. 

[0034] Referring to FIG. 4, by a self-aligned process, a 
polysilicon layer 105 is stacked on an entire surface of a 
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substrate 10 Where a thin gate insulating layer 101 and a 
thick gate insulating layer 103 are formed. Athickness of the 
polysilicon layer 105 ois about 300 A to about 1000 A; 
preferably about 500 A. The polysilicon layer 105 is pref 
erably conformally stacked along thin and thick regions of 
the gate insulating layers. 

[0035] FIG. 5 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein an etch-stop layer, an oxide layer 
and an anti-re?ection coating layer are preferably sequen 
tially deposited on the polysilicon layers. 

[0036] Referring to FIG. 5, an etch-stop layer 131, an 
oxide layer 133 of high temperature, and an anti-re?ection 
coating (ARC) layer 135 are preferably sequentially depos 
ited on a polysilicon layer 105. Using a conventional expo 
sure process, a photoresist pattern 137 is formed to expose 
a trench area. Using the photoresist pattern 137 as an etching 
mask, the ARC layer 135, the oxide layer 133, and the 
etch-stop layer are preferably sequentially etched to form a 
pattern thereof. 

[0037] FIG. 6 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein a photoresist pattern is removed. 

[0038] Referring to FIG. 6, the photoresist pattern 137 is 
removed using ashing and stripping techniques. Using pat 
terns of an etch-stop layer 131, an oxide layer 133 of high 
temperature, and an ARC layer as an etching mask, the 
polysilicon layer 105 is etched to expose gate insulating 
layers 101 and 103 that each have a ?exure in a trench area. 
That is, a gate insulating layer having a concave ?exure is 
formed in a trench area of a high voltage part of a peripheral 
region, and a gate insulating layer having a convex ?exure 
is formed in a trench area of a loW voltage part of cell and 
peripheral regions. 
[0039] In the step of FIG. 6, it is preferable to perform an 
ion implantation process for device isolation. In the ion 
implantation process, impurity ions opposite to substrate 
ions are complementarily implanted to prevent electrical 
leakage caused by PN junction at a loWer part of a trench. 
The process is performed not to an entire surface of a 
substrate, but to a trench area of a high voltage part of a 
peripheral region or a middle area of the trench. In place of 
a conventional ion implantation mask for device isolation at 
a high voltage part of a peripheral region, an ion implanta 
tion mask is formed of photoresist in the step of FIG. 6. 
Then, a trench area of the high voltage part opens up and ion 
implantation for device isolation is performed. 

[0040] FIG. 7 is an exemplary cross-sectional vieW shoW 
ing a step of performing self-aligned trench device isolation 
at a loW voltage part in cell and peripheral regions and a high 
voltage part of the peripheral region during the formation of 
a NAND-type ?ash memory according to an aspect of the 
present invention, Wherein the gate insulating layers and a 
silicon substrate are preferably sequentially etched. 

[0041] Referring to FIG. 7, gate insulating layers and the 
silicon substrate are sequentially etched. Preferably, the 
process of etching the thick gate insulating layer 103 and a 
layer of the silicon substrate 10 are sequentially performed. 



US 2002/00241 1 1 A1 

At the thin gate insulating layer 101, the thin gate insulating 
layer 101 is completely removed and, in the process of 
removing the insulating layer, the silicon substrate is etched 
to a depth of about 500 A. Then, the silicon substrate is 
additionally etched about 2000 A to about 2500 A. From the 
part Where a thin gate insulating layer is formed, trenches 
141 and 1430 are formed having a depth about 2500 A to 
about 3000 A. Since the trench 143 in the peripheral region 
is Wider than the trench 141, the depth of the trench 143 may 
be greater due to a Loading Effect, in Which an etching rate 
is increased When a pattern density is decreased. 

[0042] In the peripheral region to Which a high voltage is 
applied, a middle part of the trench Width has the same depth 
in the silicon substrate as the loW voltage part of the 
peripheral region. It is found that a path a charge carrier must 
pass to cause an electrical leakage betWeen devices is 
identical to that in the case of a deep trench Without a ?eXure 
at the bottom thereof. On the other hand, a trench in the loW 
voltage part of the cell and peripheral regions also has a 
conveX ?eXure at the bottom of the trench. Accordingly, 
compared With a deep trench Without a ?eXure, the trench of 
the loW voltage part has an effect to make the path of 
electrical leakage tWo times longer than a ?eXure step 
difference. That is, an effect of the shalloW trench isolation 
is enhanced. For eXample, in a ?ash memory device, given 
a same trench depth in a loW voltage part and a high voltage 
part of the cell, a trench depth in a loW voltage part of the 
cell and peripheral regions is relatively suf?cient for device 
isolation compared With the trench depth in a high voltage 
part of the peripheral region. Accordingly, although it is not 
necessary to apply a trench having a middle concave ?eXure 
in a loW voltage part of the cell and peripheral regions, 
applying such a trench is preferable since device isolation is 
enhanced. 

[0043] Subsequently, the folloWing STI processes are con 
ventionally performed. In other Words, a thermal oXide layer 
of a sideWall and a nitride liner are formed. The trench is 
then ?lled With a CVD oXide layer. Remaining CVD oXide 
layer is removed using a CMP technique. Generally, an 
oXide layer of high temperature is also removed. Addition 
ally, an etch-stop layer pattern used as an etching mask is 
removed as Well using a Wet etching process. 

[0044] As explained above, When a trench lacks suf?cient 
depth in shalloW trench isolation, a depth of the trench can 
be lengthened in a middle area thereof according to an aspect 
of the present invention. Therefore, it is possible to enhance 
shalloW trench isolation. 

[0045] FIG. 8 depicts exemplary cross-sectional vieWs 
comparing a deep trench Without a ?eXure 800, and a trench 
With a ?eXure made at a bottom thereof 805 according to an 
aspect of the present invention. FIG. 8 illustrates the fact 
that there is no distance difference of a leakage path in a deep 
trench Without a ?eXure and another trench With a ?eXure 
made at a bottom thereof, even though a Width of the trench 
805 is less than a Width of the trench 800. 

[0046] Although illustrative embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the 
present invention is not limited to those precise embodi 
ments, and that various other changes and modi?cations 
may be affected therein by one skilled in the art Without 
departing from the scope or spirit of the present invention. 
All such changes and modi?cations are intended to be 
included Within the scope of the invention as de?ned by the 
appended claims. 

Feb. 28, 2002 

What is claimed is: 
1. A shalloW trench isolation type semiconductor device 

including: 

at least tWo regions Where gate insulating layers differ in 
thickness; and 

a silicon substrate With at least one ?eXure trench having 
a step difference. 

2. The device as claimed in claim 1, Wherein there is a 
thickness difference of about 100 A or more betWeen the at 
least tWo regions. 

3. The device as claimed in claim 2, Wherein the ?eXure 
trench is formed at a region Where a gate insulating layer has 
a thickness of about 200 A or more, out of the at least tWo 
regions. 

4. The device as claimed in claim 1, Wherein the silicon 
substrate is conveX in a middle area of the ?eXure trench. 

5. The device as claimed in claim 1, Wherein the silicon 
substrate is conveX in one of a loWer voltage part and a 
higher voltage part, Wherein the respective ?eXure trenches 
are contacted With an active region. 

6. The device as claimed in claim 1, Wherein the step 
difference has a range of about 100 A to about 500 

7. A shalloW trench isolation type ?ash memory device 
including a ?eXure trench With a ?eXure having a step 
difference of about 100 A to about 500 A in a bottom 
thereof. 

8. The device as claimed in claim 7, Wherein the trench is 
formed at a high voltage part of a peripheral region. 

9. The device as claimed in claim 7, Wherein the ?eXure 
trench is formed using a self-aligned process to pattern a 
polysilicon layer in a state that the polysilicon layer being a 
part of a ?oating gate is formed on a gate insulating layer. 

10. The device as claimed in claim 7, Wherein a Width of 
the ?eXure trench is about 3 micrometers or less betWeen one 
active region and another, in the high voltage part of the 
peripheral region. 

11. The device as claimed in claim 10, Wherein a silicon 
substrate is concave in a middle area of the ?eXure trench. 

12. A method of forming a shalloW trench isolation type 
semiconductor device comprising the steps of: 

forming a gate oXide layer, so that a ?eXure is different 
from adjacent parts in thickness, the ?eXure being a part 
of a trench area on a substrate; 

forming an etching mask pattern to eXpose the gate oXide 
layer in the trench area; and 

anisotropically and sequentially etching the gate oXide 
layer and a silicon substrate to form a trench, the gate 
oXide layer being located on the substrate Where the 
etching mask pattern is formed. 

13. The method of claim 12, Wherein the step of aniso 
tropically and sequentially etching the gate oXide layer and 
the silicon substrate is performed by one etchant. 

14. The method of claim 12 further comprising a step of 
stacking a polysilicon layer betWeen the steps of forming the 
gate oXide layer and forming the etching mask pattern. 

15. The method of claim 12, Wherein the semiconductor 
device is a ?ash memory. 

* * * * * 


