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(57) Abstract: A metal-oxide-semiconductor (MOS) device is disclosed. The MOS device (20) includes a substrate, a well region
(200) formed in the substrate, and a gate (201) located on the substrate. The MOS device (20) also includes a first lightly-doped re-
gion (207) arranged in the well region (200) at a first side of the gate (201) and overlapping with the gate (201), and a second
lightly-doped region (208) arranged in the well region (200) at a second side of the gate (201) and overlapping with the gate (201).
Further, the MOS device (20) includes a first heavily-doped region (205) formed in the first lightly-doped region (207), and a second
heavily-doped region (206) formed in the second lightly-doped region (208). The MOS device (20) also includes a first high-low-
voltage gate oxide boundary (203) arranged between the first heavily-doped region (205) and the gate (201), and a second high-low-
voltage gate oxide boundary (204) arranged between the second heavily-doped region (206) and the gate (201). The gate (201) cov-
ers the first high-low-voltage gate oxide boundary (203) and the second high-low-voltage gate oxide boundary (204) at the first side
and the second side of the gate (201), respectively. A method is also disclosed.
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Description

Title of Invention: METAL-OXIDE-SEMICONDUCTOR (MOS)

[1]
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DEVICE AND METHOD FOR FABRICATING THE SAME

FIELD OF THE INVENTION

The present invention generally relates to the field of semiconductor manufacturing
and, more particularly, to the Metal-Oxide-Semiconductor (MOS) technologies.

BACKGROUND

A symmetrical high-voltage double-diffused drain device can be formed using the
conventional MOS high-voltage integrated circuit (IC) technology. FIG. 1 shows such
a MOS device 10. As shown in FIG. 1, MOS device 10 includes: a well region 100, a
gate 101, a gate oxide 102, high-low-voltage gate oxide boundaries 103 and 104 sym-
metrically arranged at each of the two sides of the gate 101, heavily-doped regions 105
and 106 symmetrically arranged in source and drain respectively, lightly-doped regions
107 and 108 symmetrically arranged in source and drain respectively, contact holes
109 and 110 symmetrically arranged in source and drain respectively, and symmetrical
shallow trench isolations 111 and 112.

The high-low-voltage gate oxide boundaries 103 and 104 are of an oxide-
nitride-oxide (O-N-O) structure, which are used to prevent a low voltage region from
being affected by the process of forming a high voltage region. For example, the high-
low-voltage gate oxide boundary 103 includes two portions located at two sides of the
heavily-doped region 105 horizontally , and a buffer oxide film 103a and a nitride film
103b vertically. The nitride film 103b is used to protect the low voltage region from
over-loss of field oxide film and affecting the yield while removing the gate oxide in
the low voltage region. The buffer oxide 103a is used for reducing the surface stress of
the wafer and buffering the growth of the subsequent nitride film 103b.

More specifically, if the distance between the contact hole 109 and the high-
low-voltage gate oxide boundary 103 at one side of the gate 101 is C, the width of the
high-low-voltage gate oxide boundary 103 at one side of the gate 101 is W, the
distance between the gate 101 and the high-low-voltage gate oxide boundary 103 at
one side of the gate 101 is S, and the width of the gate 101 is L, the device space (the
distance between the source and drain contact hole s 109 and 110) can be expressed as:
L4+2S+2W+2C.

Therefore, although the high-low-voltage gate oxide boundaries can protect the low
voltage region from being affected by the process for forming the high voltage region
during the fabricating process, the remaining high-low-voltage gate oxide boundaries

at the heavily-doped region 105 and 106 and each of the two sides of the gate 101 may
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take extra space of the MOS device. With such limitation from the remaining high-
low-voltage gate oxide boundaries, it may be difficult to narrow gaps between devices.
Thus, it may be difficult to manufacture more devices using the fixed-size wafers, to
increase the production efficiency and density of IC integration, or to reduce the cost.

The disclosed methods and systems are directed to solve one or more problems set
forth above and other problems.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure includes a Metal-Oxide-Semiconductor (MOS)
device. The MOS device includes a substrate, a well region formed in the substrate,
and a gate located on the substrate. The MOS device also includes a first lightly-doped
region arranged in the well region at a first side of the gate and overlapping with the
gate, and a second lightly-doped region arranged in the well region at a second side of
the gate and overlapping with the gate. Further, the MOS device includes a first
heavily-doped region formed in the first lightly-doped region, and a second heavily-
doped region formed in the second lightly-doped region. The MOS device also
includes a first high-low-voltage gate oxide boundary arranged between the first
heavily-doped region and the gate, and a second high-low-voltage gate oxide boundary
arranged between the second heavily-doped region and the gate. The gate covers the
first high-low-voltage gate oxide boundary and the second high-low-voltage gate oxide
boundary at the first side and the second side of the gate, respectively.

Another aspect of the present disclosure includes a method for fabricating a Metal-
Oxide-Semiconductor (MOS) device on a semiconductor wafer. The method includes
providing a substrate including an epitaxial layer, forming a well region in the epitaxial
layer of the substrate, and forming a high-voltage region including a gate region using
a photoetching process. The method also includes forming a first high-low-voltage gate
oxide boundary and a second high-low-voltage gate oxide boundary on the well region
at a first side and a second side of the gate region, respectively. Further, the method
includes forming a gate oxide layer on the gate region, and forming a low-voltage
region including a first predetermined area for a first heavily-doped region and a
second predetermined area for a second heavily-doped region by etching and removing
the first high-low-voltage gate oxide boundary and the second high-low-voltage gate
oxide boundary at the first predetermined area and the second predetermined area, re-
spectively. The method also includes forming a gate at the gate region, wherein the
gate covers the first high-low-voltage gate oxide boundary and the second high-
low-voltage gate oxide boundary at the first side and the second side of the gate region,
respectively.

Other aspects of the present disclosure can be understood by those skilled in the art

in light of the description, the claims, and the drawings of the present disclosure.



WO 2012/083787 PCT/CN2011/083231

[17]

[18]
[19]

[20]

[21]

[22]

[23]

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional MOS device;

FIG. 2 shows an exemplary MOS device consistent with the disclosed embodiments;

FIG. 3 shows an exemplary process for fabricating the MOS device consistent with
the disclosed embodiments; and

FIGs. 4-9 illustrate corresponding stages of the MOS device during the fabricating
process consistent with the disclosed embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary embodiments of the invention,
which are illustrated in the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to refer to the same or like
parts.

FIG. 2 illustrates an exemplary metal-oxide-semiconductor (MOS) device 20
consistent with the disclosed embodiments. As shown in FIG. 2, the MOS device 20
includes a substrate (not numbered), a well region 200 formed in the substrate, a gate
oxide 202 located on the well region 200, and a gate 201 located on the gate oxide 202.
The MOS device 20 also includes a source region containing a source heavily-doped
region 205 and a source lightly-doped region 207, and a drain region containing a drain
heavily-doped region 206 and a drain lightly-doped region 208. Both the source region
and the drain region may be formed in the well region.

Further, the MOS device 20 includes shallow trench isolations (STIs) 211 and 212
which are used to isolate the source and drain regions of the MOS device 20. The STIs
211 and 212 may be respectively arranged at outer boundaries of the source lightly-
doped region 207 and the drain lightly-doped region 208 in the well region 200.

The lightly-doped regions (e.g., the source lightly-doped region 207 and the drain
lightly-doped region 208) may be formed in the well region 200. The source lightly-
doped region 207 and the drain lightly-doped region 208 are respectively arranged at
the two sides of the gate 201, and are partially overlapped with the gate oxide 202
below the gate 201. That is, the source lightly-doped region 207 may be formed at one
side of the gate 201 and overlapping with the gate 201, and the drain lightly-doped
region 208 may be formed at another side of the gate 201 and also overlapping with the
gate 201.

The heavily-doped regions (e.g., source heavily-doped region 205 and drain heavily-
doped region 206) are located respectively at the two sides of the gate 201, and high-
low-voltage gate oxide boundaries 203 and 204 are arranged at each side of the source
heavily-doped region 205 and the drain heavily-doped region 206, respectively. The
MOS device 20 also includes a contact hole 209 extending to the source heavily-doped
region 205 and a contact hole 210 extending to the drain heavily-doped region 206.
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In certain embodiments, the high-low-voltage gate oxide boundaries 203 and 204 are
located below the gate 201. In other words, the gate 201 may cover the high-
low-voltage gate oxide boundaries 203 and 204 at the corresponding sides of the gate
201. Further, the MOS device 20 includes side walls 213 and 214 located respectively
at the two sides of the gate 201. The side wall 213 may be located above the high-
low-voltage gate oxide boundary 203 and overlapping with the high-low-voltage gate
oxide boundary 203; and the side wall 214 may be located above the high-low-voltage
gate oxide boundary 204 and overlapping with the high-low-voltage gate oxide
boundary 204.

More particularly, the high-low-voltage gate oxide boundaries 203 and 204 may be
located entirely or partly below the gate 201 and overlapping with the gate 201. When
there are side walls 213 and 214 arranged respectively at the two sides of the gate 201,
the high-low-voltage gate oxide boundaries 203 and 204 may be located entirely or
partly below the gate 201 and the side walls 213 and 214 and overlapping with the gate
201 and the side walls 213 and 214. The high-low-voltage gate oxide boundaries 203
and 204 may be arranged symmetrically along the gate 201.

If the distance between the contact hole 209 and the high-low-voltage gate oxide
boundary 203 at one side of the gate 201 is C; the width of the high-low-voltage gate
oxide boundary 203 at one side of the gate 201 is W; the length of the overlapped
region between the gate 201 and the high-low-voltage gate oxide boundary 203 at one
side of the gate 201 is O; and the width of the gate 201 is L, the device space (the
distance between the source and the drain contact hole 209 and 210) is then
L+2W-20+2C. Thus, the device space of the MOS device 20 is less than that of the
conventional MOS device 10.

Further, the length O of the overlapped region between the gate 201 and the high-
low-voltage gate oxide boundary 203 at one side of the gate 201 can be determined
based on the deviation of photoetching and aligning in the fabricating process. For
example, when the fabricating process uses the 0.18um technology, the length O may
be determined as not less than 0.3um. For a high voltage device, because the length of
the gate, the length of the source lightly-doped region, and the length of the drain
lightly-doped region may be relatively large, the high-low-voltage gate oxide
boundaries left after forming the heavily-doped regions 207 and 208 can be easily
arranged below the gate 201 and the side walls 213 and 214 if the length O is not less
than 0.3um. That is, the length O may be determined as sufficiently greater than the
deviation of photoetching and aligning in the fabricating process to ensure a certain
portion of the high-low-voltage gate oxide boundaries remaining after forming the
heavily-doped regions 207 and 208.

The high-low-voltage gate oxide boundary 203 may further include a buffer oxide
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layer 203a and a nitride layer 203b arranged in a vertical direction (or other directions).
The buffer oxide layer 203a may be formed on the surface of the semiconductor
substrate, the nitride layer 203b may be formed on the buffer oxide 203a, and the gate
oxide 202 may be formed on the nitride 203b. Similarly, the high-low-voltage gate
oxide boundary 204 may have the same structure as the high-low-voltage gate oxide
boundary 203.

The source heavily-doped region 205 may be formed at the source lightly-doped
region 207 and the drain heavily-doped region 206 may be formed at the drain lightly-
doped region 208. The area of the source heavily-doped region 205 and the drain
heavily-doped region 206 may be determined based on particular device applications.
The high-low-voltage gate oxide boundaries 203 and 204 may be used to surround the
heavily-doped regions 205 and 206, and the size of the overlapped region between the
high-low-voltage gate oxide boundary 203 (or 204) and the gate 201 is smaller than the
size of the overlapped region between the lightly-doped region 207 (or 208) and the
gate 201. The difference between these two is represented as E, which is greater than
zero so as to protect the gate oxide 202 from being affected.

Further, with respect to the high-low-voltage gate oxide boundary 203 (or 204), the
nitride layer 203b may be a nitride film used to protect the low voltage region of the
MOS device 20 from over-loss of field oxide film (oxide between the STIs 211 and
212) and affecting the yield while removing the gate oxide 202 in the low voltage
region. The buffer oxide layer 203a may be used for buffering the growth of the
subsequent nitride layer 203b to reduce the surface stress of the substrate wafer.

The gate oxide 202 may be formed after the process of photoetching the high voltage
region of the MOS device 20. In the step of photoetching the low voltage region, the
remaining nitride layer 203b, buffer oxide 203a, and the gate oxide 202 above the
nitride layer 203b need to be removed, in order to form the source heavily-doped
region 205 and the drain heavily-doped region 206, respectively, at the low voltage
region by the subsequent processes. However, because of the deviation of photoetching
and aligning, not all the remaining nitride layer 203b and buffer oxide 203a are
removed. Thus, there are still nitride layer 203b, buffer oxide 203a, and gate oxide 202
remained at each of the two sides of the finally formed heavily-doped regions 205 and
206. Therefore, high-low-voltage gate oxide boundaries 203 and 204 remain at each of
the two sides of the heavily-doped regions 205 and 206.

Because the high-low-voltage gate oxide boundaries 203 and 204 at each side of the
gate 201 are located below the gate 201, such high-low-voltage gate oxide boundaries
203 and 204 do not take extra space of the MOS device 20. Thus, the device space can
be effectively reduced and more devices can be manufactured by using the fixed-size

wafer. That is, the distance between the source heavily-doped region 205 and the drain
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heavily-doped region 206 is determined based on the overlapping between the gate 201
and the source and drain high-low-voltage gate oxide boundaries 203 and 204 so as to
reduce this distance (or device space).

[33] Further, because the high-low-voltage gate oxide boundaries 203 and 204 at each
side of the gate 201 are located below the gate 201, parasitic capacitance of overlapped
regions of the gate 201 can be effectively reduced, and latency of the MOS device 20
in switching operation can also be effectively reduced. Such arrangement can also
reduce the vertical electric field of the MOS device 20, increase the migration rate of
the current carrier, and reduce the drain current. Furthermore, such arrangement can
reduce the resistance of the drift region and increase the drive current of the device
while the size of the drifting region is reduced.

[34] FIG.3 illustrates an exemplary process for fabricating the MOS device 20 consistent
with the disclosed embodiments. To fabricate the MOS device 20, a semiconductor
substrate may be provided and prepared. The substrate may include any appropriate
material for making a MOS device.

[35] For example, the substrate may include a semiconductor structure, e.g., silicon,
silicon germanium (SiGe) with a monocrystalline, polycrystalline, or amorphous
structure. The substrate may also include a hybrid semiconductor structure, e.g., car-
borundum, indium antimonide, lead telluride, indium arsenide, indium phosphide,
gallium arsenide or gallium antimonide, alloy semiconductor, or a combination
thereof. Further, the substrate may include a silicon-on-insulator (SOI) structure. In
addition, the substrate may also include other materials, such as a multi-layered
structure of epitaxial layer or buried layer.

[36] The substrate may also include an epitaxial layer, and a well region is formed in the
epitaxial layer of the substrate. Shallow trench isolations (STIs) may also be formed in
the well region to isolate the source and drain regions of the MOS device, and the
source lightly-doped region and the drain lightly-doped region are further formed in
the well region.

[37] Further, a high voltage region may be formed using a photoetching process (S301).
The high voltage region includes a gate region. To form the high voltage region, a
drain high-low-voltage gate oxide boundary and a source high-low-voltage gate oxide
boundary may be formed on the surface of the well region in the epitaxial layer of the
substrate. The locations of the high-low-voltage gate oxide boundaries may be prede-
termined based on the gate region. Further, the distance between the drain high-
low-voltage gate oxide boundary and the source high-low-voltage gate oxide boundary
may be also determined in a way such that the distance between a predetermined
source heavily-doped region and a predetermined drain heavily-doped region can be

formed by subsequent processes in accordance with the sum of a predetermined width
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of a gate and a predetermined distance between side walls at two sides of the gate.

More specifically, to form the drain high-low-voltage gate oxide boundary and the
source high-low-voltage gate oxide boundary, a block oxide may first be formed on the
well region in the epitaxial layer of the substrate wafer. FIG. 4 shows a corresponding
MOS device 20 after forming the block oxide.

As shown in FIG.4, MOS device 20 in the fabricating process has well region 200;
STIs 211 and 212; source lightly-doped region 207; drain lightly-doped region 208;
and buffer oxide layer 203a. The buffer oxide layer 203a may be formed by a high
temperature oxidation process or a CVD process and may be used for buffering the
growth of the nitride layer to be formed by a subsequent process to reduce the surface
stress of the substrate wafer. Further, the distance between the STI 211 and the STI
212 of the MOS device 20 may be determined based on the reduced distance between
the drain high-low-voltage gate oxide boundary and the source high-low-voltage gate
oxide boundary. Thus, the size of the source lightly-doped region 207 and the size of
the drain lightly-doped region 208 may also be reduced.

After forming the block oxide layer, a nitride layer is formed on the block oxide.
FIG. 5 shows the corresponding MOS device 20 after forming the nitride layer. As
shown in FIG. 5, the nitride layer 203b is formed on the block oxide layer 203a. The
nitride layer 203b may be used for protecting the low voltage region from extra loss of
field oxide film (the oxide between the STIs 211 and 212) during the high voltage
region processes to increase the yield of the device.

After forming the nitride layer, the nitride layer and the block oxide layer in the high
voltage region are etched and removed, and the remaining nitride and block oxide
together form the source high-low-voltage gate oxide boundary and the drain high-
low-voltage gate oxide boundary. FIG. 6 shows the corresponding MOS device 20
after removing the nitride layer and the block oxide layer in the high voltage region.

As shown in FIG.6, a photoresist mask 215 may be used to etch away the nitride
layer and the block oxide layer in the high voltage region. A source high-low-voltage
gate oxide boundary 203 and a drain high-low-voltage gate oxide boundary 204 are
formed by the remaining nitride layer and the block oxide layer after removing the
nitride layer and the block oxide layer in the high voltage region. The distance between
the source high-low-voltage gate oxide boundary 203 and the drain high-low-voltage
gate oxide boundary 204 may be determined based on the reduced length of the
overlapped regions between the high-low-voltage gate oxide boundaries and the gate
(or gate region).

Returning to FIG. 3, after the high voltage region is formed by the photoetching
process (S301), a gate oxide is formed on the surface of the substrate (S302). FIG. 7

shows a gate oxide layer 202 formed on the surface of the substrate (also covering the
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high-low-voltage gate oxide boundaries). The gate oxide 202 can be formed by a high
temperature oxidation process.

Further, a low voltage region is formed by photoetching (S303). To form the low
voltage region, the high-low-voltage gate oxide boundaries at a predetermined area for
a source heavily-doped region and a predetermined area for a drain heavily-doped
region are etched and removed respectively. In other words, the low-voltage region
includes the predetermined area for the source heavily-doped region and the prede-
termined area for the drain heavily-doped region. FIG. 8 shows the corresponding
MOS device 20 after removing portions of the high-low-voltage gate oxide boundaries
in the low voltage region.

As shown in FIG. 8, a photoresist mask 215 may be used to etch and remove the
high-low-voltage gate oxide boundaries in the low voltage region. After the low
voltage region is photoetched, the source heavily-doped region and drain heavily-
doped region are formed at the etched region by subsequent processes. Because of the
deviation of photoetching and aligning, not all the remaining nitride 203b and buffer
oxide 203a are removed, and thus high-low-voltage gate oxide boundaries remain on
each of the two sides of the finally formed heavily-doped regions. The remaining high-
low-voltage gate oxide boundaries are considered as the high-low-voltage gate oxide
boundaries as well, which are overlapped or covered by the gate region.

Further, a gate and side walls of the gate are formed on the gate oxide between the
predetermined source heavily-doped region and the predetermined drain heavily-doped
region (S304). FIG. 9 shows the corresponding MOS device 20 after forming the gate
and side walls.

As shown in FIG.9, the gate 201 and the side walls 213 and 214 are arranged
between the source high-low-voltage gate oxide boundary 203 and the drain high-
low-voltage gate oxide boundary 204. More particularly, the gate 201 and side wall
213 may cover the source high-low-voltage gate oxide boundary 203 at the gate side
after being etched, and gate 201 and side wall 214 may also cover drain high-
low-voltage gate oxide boundary 204 at the gate side after being etched such that the
device space may be reduced.

Furthermore, the source heavily-doped region 205 and the drain heavily-doped
region 206 are formed and a dielectric layer may also be formed on the surface of the
substrate. Contact holes may then be formed in the dielectric layer to extend to the
source region and drain region and metal linking is used to form the drain and source
and so on.

Further, because the high-low-voltage gate oxide boundaries 203 and 204 at each
side of the gate 201 are located below the gate 201, parasitic capacitance of overlapped

regions of the gate 201 can be effectively reduced, and latency of the MOS device 20
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in switching operation can also be effectively reduced. Such arrangement can also
reduce the vertical electric field of the MOS device 20, increase the migration rate of
the current carrier, and reduce the drain current. Furthermore, such arrangement can
also reduce the resistance of drift regions and increase the drive current of the device
while the size of the drifting region is reduced

By using the disclosed methods and devices/systems, the high-low-voltage gate
oxide boundaries near each side of the gate can be located below the gate, so that high-
low-voltage gate oxide boundaries do not taking extra space of the MOS device. Thus,
the device space can be effectively reduced and more devices can be manufactured in
the semiconductor wafer of a fixed size and, moreover, the production efficiency and
the density of IC integration can be effectively increased and the cost can be ef-
fectively reduced.

Further, after moving the high-low-voltage gate oxide boundaries under the gate,
parasitic capacitance of overlapped regions of the gate can be effectively reduced, and
the latency of the MOS device in switching operation can also be effectively reduced.
Further, placing high-low-voltage gate oxide boundaries below the gate can also
reduce the vertical electric field of the MOS device, increase the migration rate of the
current carrier, and reduce the drain current. Furthermore, placing high-low-voltage
gate oxide boundaries below the gate can also reduce the resistance of drift regions and
increase the drive current of the device while the size of the drifting region is reduced.

It is understood that the disclosed embodiments may be applied to any appropriate
semiconductor device manufacturing processes. Various alternations, modifications, or
equivalents to the technical solutions of the disclosed embodiments can be obvious to
those skilled in the art.
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Claims
1. A Metal-Oxide-Semiconductor (MOS) device, comprising:

a substrate;

a well region formed in the substrate;

a gate located on the substrate;

a first lightly-doped region arranged in the well region at a first side of
the gate and overlapping with the gate;

a second lightly-doped region arranged in the well region at a second
side of the gate and overlapping with the gate;

a first heavily-doped region formed in the first lightly-doped region;

a second heavily-doped region formed in the second lightly-doped
region;

a first high-low-voltage gate oxide boundary arranged between the first
heavily-doped region and the gate; and

a second high-low-voltage gate oxide boundary arranged between the
second heavily-doped region and the gate,

wherein the gate covers the first high-low-voltage gate oxide boundary
and the second high-low-voltage gate oxide boundary at the first side
and the second side of the gate , respectively .

The MOS device according to claim 1, wherein:

a distance between the first heavily-doped region and the second
heavily-doped region is predetermined based on the overlapping
between the gate and the first and second high-low-voltage gate oxide
boundaries so as to reduce the distance.

The MOS device according to claim 1, wherein:

the first lightly-doped region is a source lightly-doped region;

the first heavily-doped region is a source heavily-doped region;

the first high-low-voltage gate oxide boundary is a source high-
low-voltage gate oxide boundary;

the second lightly-doped region is a drain lightly-doped region;

the second heavily-doped region is a drain heavily-doped region; and
the second high-low-voltage gate oxide boundary is a drain high-
low-voltage gate oxide boundary.

The MOS device according to claim 1, wherein:

the gate includes a gate oxide arranged on the well region and side
walls surrounding the gate at the first side and the second side.

The MOS device according to claim 1, wherein:

10
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[Claim 8]

[Claim 9]

[Claim 10]
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each of the first and second high-low-voltage gate oxide boundaries
includes a buffer oxide layer and a nitride layer formed on the buffer
oxide layer.

The MOS device according to claim 1, further including:

a first contact hole extending to the first heavily-doped region; and

a second contact hole extending to the second heavily-doped region.
The MOS device according to claim 7, further including:

shallow trench isolations formed in the well region, wherein the first
lightly-doped region and the second lightly-doped region are located
between the shallow trench isolations.

A method for fabricating a Metal-Oxide-Semiconductor (MOS) device
on a semiconductor wafer, comprising:

providing a substrate including an epitaxial layer;

forming a well region in the epitaxial layer of the substrate;

forming a high-voltage region including a gate region using a pho-
toetching process;

forming a first high-low-voltage gate oxide boundary and a second
high-low-voltage gate oxide boundary on the well region at a first side
and a second side of the gate region, respectively;

forming a gate oxide layer on the gate region;

forming a low-voltage region including a first predetermined area for a
first heavily-doped region and a second predetermined area for a
second heavily-doped region by etching and removing the first high-
low-voltage gate oxide boundary and the second high-low-voltage gate
oxide boundary at the first predetermined area and the second prede-
termined area, respectively;

forming a gate at the gate region, wherein the gate covers the first high-
low-voltage gate oxide boundary and the second high-low-voltage gate
oxide boundary at the first side and the second side of the gate region ,
respectively .

The method according to claim 8, before forming the high-voltage
region, further including:

forming a first lightly-doped region in the well region at the first side of
the gate region and overlapping with the gate region; and

forming a second lightly-doped region in the well region at the second
side of the gate region and overlapping with the gate region;

The method according to claim 9, further including:

forming the first heavily-doped region in the first lightly-doped region;
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forming the second heavily-doped region in the first lightly-doped
region;

wherein a distance between the first heavily-doped region and the
second heavily-doped region is predetermined based on the overlapping
between the gate region and the first and second high-low-voltage gate
oxide boundaries so as to reduce the distance.

The method according to claim 10, wherein:

the first lightly-doped region is a source lightly-doped region;

the first heavily-doped region is a source heavily-doped region;

the first high-low-voltage gate oxide boundary is a source high-
low-voltage gate oxide boundary;

the second lightly-doped region is a drain lightly-doped region;

the second heavily-doped region is a drain heavily-doped region; and
the second high-low-voltage gate oxide boundary is a drain high-
low-voltage gate oxide boundary.

The method according to claim 8, wherein forming the high-voltage
region further includes:

forming a block oxide layer on the well region in the epitaxial layer;
forming a nitride layer on the block oxide layer;

forming a high-voltage region photoresist pattern on the nitride layer;
etching away the nitride layer and the block oxide in the high voltage
region using the photoresist pattern as a mask; and

using the remaining nitride layer and block oxide layer to form the first
high-low-voltage gate oxide boundary and the second high-low-voltage
gate oxide boundary.

The method according to claim 10, further including:

forming side walls on the gate oxide in the gate region.

forming a first contact hole extending to the first heavily-doped region;
and

forming a second contact hole extending to the second heavily-doped

region.
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