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(57) Abstract: A method is provided for fabricating a Metal-
Oxide-Semiconductor Field-Effect Transistor (MOSFET,
200) on a semiconductor wafer. The method includes provid-
ing a substrate containing an epitaxial layer (201), forming a
gate oxide layer (203) on a surface of the epitaxial layer

20%
i

(201) by a first oxidization process, forming a polysilicon

gate (202) on the gate oxide layer (203) within a gate region,
forming a body region (205) in the epitaxial layer (201),
forming a source region (204) in the body region (205) of the
epitaxial layer (201), and oxidizing the source region (204) to

203

form oxide (207) in a gap between the polysilicon gate (202)
and the source region (204) on a surface of the source region
(204) by a second oxidization process.
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METAL-OXIDE-SEMICONDUCTOR FIELD-EFFECT TRANSISTOR (MOSFET)
AND METHOD FOR FABRICATING THE SAME

CROSS REFERENCE TO RELATED ART

[0001] This application claims the priority of Chinese patent application no.
201010564084.3, filed on November 29, 2010, the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field of semiconductor
manufacturing, and more particularly, to the Metal-Oxide-Semiconductor Field-Effect

Transistor (MOSFET) technologies.

BACKGROUND OF THE INVENTION

[0003] With the fast development of semiconductor manufacturing technologies and the
demands for faster computing speed, larger data storage, and more functions of
semiconductor devices, semiconductor wafer is developed to have higher component
density and higher integration degrees. This further creates higher and higher
requirements for the physical structures and manufacture processes of the semiconductor

wafer.

[0004] For example, to make a Metal-Oxide-Semiconductor Field Effect Transistor
(MOSFET), the conventional manufacturing process generally includes the followings:

forming a gate oxide layer on the surface of an epitaxial layer of a semiconductor wafer
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and a subsequent polysilicon layer on the gate oxide layer; forming a gate region pattern on
the surface of the polysilicon layer by sequentially performing: coating a photoresiston the
polysilicon layer, marking a gate region pattern in the photoresist, etching a polysilicon
gate and removing the photoresist and so on; forming a body region by means of ion
implantation and impurity driving-in; forming a source region in the body region; growing
a dielectric layer; forming a contact hole leading to the gate region and the source region in

the dielectric layer; and interconnecting metal wires to complete metallization.

[0005] However, the higher and higher requirements for the physical structures and
manufacturing processes of the MOSFET make the above conventional manufacturing
process less ideal. The disclosed methods and systems are directed to solve one or more

problems set forth above and other problems.

SUMMARY OF THE INVENTION

[0006] One aspect of the present disclosure includes a method for fabricating a
Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET) on a semiconductor wafer.
The method includes providing a substrate containing an epitaxial layer, forming a gate
oxide layer on a surface of the epitaxial layer by a first oxidization process, and forming a
polysilicon gate on the gate oxide layer within a gate region. The method also includes
forming a body region in the epitaxial layer, forming a source region in the body region of
the epitaxial layer, and oxidizing the source region to form oxide in a gap between the
polysilicon gate and the source region on a surface of the source region by a second

oxidization process.

[0007] Another aspect of the present disclosure includes a Metal-Oxide-Semiconductor
Field-Effect Transistor (MOSFET). The MOSFET includes a substrate containing an
epitaxial layer, a gate oxide layer formed on a surface of the epitaxial layer by a first
oxidization process, and a polysilicon gate formed on the gate oxide layer within a gate
region. The MOSFET also includes a body region formed in the epitaxial layer and a

source region formed in the body region of the epitaxial layer. Further, the source region
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is oxidized to form oxide in a gap between the polysilicon gate and the source region on a

surface of the source region by a second oxidization process.

[0008] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 shows a partial structural schematic diagram of a MOSFET by a

conventional manufacturing process;

[0010] Figure 2 illustrates an exemplary MOSFET by a manufacturing process

consistent with the disclosed embodiments; and

[0011] Figure 3 illustrates an exemplary MOSFET by a manufacturing process

consistent with the disclosed embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0012] 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.

[0013] Figure 1 shows a partial structural schematic diagram of a conventional MOSFET
100 fabricated by a conventional manufacturing process. As shown in Figure 1, the
conventional MOSFET 100 includes an epitaxial layer 101, a polysilicon gate 102, a gate

oxide layer 103, a source region 104, and a body region 105.

[0014] Due to corrosion of gate oxide layer 103, a gap 106 may be present between the
polysilicon gate 102 and the source region 104 at the edge of the gate region, where ideally
the gate oxide layer 103 should be present instead. In a subsequent vapor deposition

process, the gap 106 acts as a dielectric film and is filled with dielectric oxide generated in
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the vapor deposition process. Because the conductivity of the dielectric oxide filled in the
gap 106 in the vapor deposition process is much worse than that of the gate oxide
generated by thermal oxidation in the gate oxide layer 103, the gate oxide layer 103 at the
edge of the gate region may be prone to gate oxide breakdown, leading to malfunction of

the MOSFET 100.

[0015] Figure 2 illustrates a MOSFET 200 fabricated by a manufacturing process
consistent with the disclosed embodiments. To make MOSFET 200, a substrate (not
shown) is first provided on a semiconductor wafer. The substrate may include any
appropriate material for making double-gate structures. 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., carborundum, indium antimonide, lead telluride,
indium arsenide, indium phosphide, gallium arsenide orgallium 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. Other

materials may also be used.

[0016] The substrate includes an epitaxial layer 201 in any appropriate structure. For
example, the epitaxial layer 201may be an N'-N" structure formed on the substrate in the
semiconductor wafer. The thickness of the epitaxial layer 201 may be determined
according to the specific application of the device (i.e., MOSFET 200); and the epitaxial
layer 201 may be formed on the front surface or the back surface of the substrate.

[0017] After the substrate is provided and prepared, a gate oxide layer and a polysilicon
gate are formed on a surface of the epitaxial layer 201. Figure 2 shows a gate oxide layer
203 formed on the epitaxial layer 201 and a polysilicon gate 202 formed on the gate oxide
layer 203. The gate oxide layer203 may be formed by certain processes. For example,
the gate oxide layer 203 may be formed on the surface of the epitaxial layer 201 by a
thermal oxidization process. The formed gate oxide layer 203 may include at least silicon

oxide and may have a thickness of approximately 20-50 Angstrom.
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[0018] After forming the gate oxide layer 203, a polysilicon layer (e.g., the polysilicon
gate 202) may be formed by certain processes, such as placing the substrate with the gate
oxide layer 203 into a low pressure chemical vapor deposition (CVD) equipment, inletting
silane into a process chamber of the CVD equipment; and depositing a polysilicon layer in
a thickness of approximately 5000 Angstrom on the surface of the gate oxide layer 203
after the decomposition of the silane. The polysilicon may also be doped after the

deposition of the polysilicon.

[0019] Further, a photoresist layer may be formed on the polysilicon layer and a pattern
of a gate region may be formed in the photoresist layer by exposure and development.
The gate region (e.g., the polysilicon gate 202) is then formed by etching a portion of the
gate oxide layer and a portion of the polysilicon layer outside the pattern of the gate region
using the photoresist layer as a mask. For example, the polysilicon gate 202 may be

formed by an isotropic plasma etching process or a wet chemical corrosion process.

[0020] A body region 205 may be formed in the epitaxial layer 201 by ion implantation
or other appropriate processes. More particularly, the body region 205 may be formed on
a side of the polysilicon gate 202 by ion implantation and impurity driving-in. For
example, the body region 205 may be formed on each of two sides of the polysilicon gate

by ion implantation and impurity driving-in using the polysilicon gate as a mask.

[0021] After forming the body region 205, a source region 204 may be formed in the
body region 205. For example, the source region 204 may be formed by implanting
impurity into the body region 205. In certain embodiments, the epitaxial layer 201 may
be in an N'-N" doped structure, the source region 204 may be N'-doped, and the body
region 205 may be P"-doped. The P doped body region 205 may be formed using the
pattern of the gate region as a mask to implant boron ions and drive-in impurity. Other

configurations may also be used.

[0022] Further, after the source region 204 is formed (or after the polysilicon gate 202 is
formed), the semiconductor wafer is annealed. A nitrogen annealing process may be
employed for annealing the semiconductor wafer in an annealing furnace by inletting

nitrogen into the annealing furnace. The specific parameters for the annealing may be
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configured as: the temperature being about 800-900°C and the duration of the annealing
being about 14-16 minutes. A preferred approach is to anneal at a temperature of about

850°C for a duration of about 15 minutes.

[0023] As previously explained, a gap may appear between the source region 204 and
the polysilicon gate 202 along the edge of the gate oxide layer 203. To eliminate the
potential impact of the gap, the source region 204 is oxidized to form oxide 207 in the gap
between the polysilicon gate 202 and the source region 204 on the surface of the source

region 204.

[0024] As previously described, the gate oxide layer 203 is formed by a thermal oxide
growth process. Thus, in order to ensure or maintain approximate electric properties
between the oxide 207 formed on the source region 204 and the gate oxide layer 203, the
thermal oxide growth process (i.e., the same type of oxidization process forming the gate
oxide layer 203) is also used to oxidize the source region 204. More specifically,
hydrogen and oxygen may be inlet into an oxidation chamber for about 14-16 minutes,
preferably about 15 minutes. In certain embodiments, the oxide 207 formed on the
surface of the source region may be 1-3 times as thick as the gate oxide layer 203, and the
thickness of the oxide 207 may also be controlled by controlling the doping concentration

of the source region 204.

[0025] That is, as shown in Figure 2, the gap between the edge of the polysilicon gate
202 and the source region 204 is filled with the oxide 207 formed on the surface of the
source region 204, and the thickness of the gate oxide layer 203 at the edge of the gate
region is increased, so that the possibility of the breakdown of the gate oxide layer 203 at
the edge of the gate region is reduced, and the service life of the MOSFET 200 may be

extended.

[0026] Additionally or optionally, before forming the gate oxide layer 203 and the
polysilicon layer 202, a conduction protective region for device protection and isolation
may be formed in the substrate or the semiconductor wafer. To form the conduction
protective region, an oxide protective layer may be first formed on the surface of the

epitaxial layer 201 of the semiconductor wafer substrate. A pattern of the conduction
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protective region may then be formed in the oxide protective layer by photolithography.
Further, a well region (i.e., the conduction protective region) is formed by performing ion
implantation and impurity driving-in in the epitaxial layer 201 using the conduction
protective layer (the conduction protective region pattern) as a mask. Afterwards, the

oxide protective layer is removed.

[0027] The oxide protective layer may be obtained through oxidation reaction of silicon
by inletting oxygen into a high-temperature process chamber to let the oxygen react with
silicon. The oxide protective layer mainly acts as an oxide-shielding layer to control the
scope and depth for implanting the impurity during the ion implantation, to prevent the
surface of the epitaxial layer 201 from being contaminated, and to prevent the

semiconductor wafer or substrate from excessive damage during the ion implantation.

[0028] Further, after removing the oxide protective layer and before forming the gate
oxide layer and the polysilicon layer, a plurality of active regions may be defined in the
substrate to form a plurality of semiconductor devices. To define the plurality of active
regions, the surface of the epitaxial layer 201 of the substrate may be first oxidized to form
an oxide layer on the surface of the epitaxial layer 201. A pattern of the active regions
may then be formed in the oxide layer on the surface of the epitaxial layer 201 by
photolithography, and the plurality of active regions may be formed using the pattern of the
active regions as a mask. Afterwards, the oxide layer is removed by corrosion. Other

steps may also be included.

[0029] Further, after forming the source region 204 and the oxide 207, other structures
may also be formed to complete fabricating the MOSFET 200. Figure 3 illustrates an
exemplary MOSFET 200 after additional structures are fabricated consistent with the

disclosed embodiments.

[0030] More specifically, as shown in Figure 3, a dielectric layer 208 may be first
formed on the surface of the epitaxial layer 201 of the semiconductor wafer substrate.
Further, contact holes 209 may be formed in the dielectric layer 208 and the contact holes
209 may respectively lead to the gate region 202 and the source region 204. The contact

holes are then metalized (e.g., filled with metal material) to obtain a gate (or gate electrode)
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and a source (or source electrode) of the MOSFET 200. A drain (or drain electrode) 210
is also formed on the back surface of the semiconductor wafer substrate to form the

MOSFET 200. Other structures may also be included.

[0031] By using the disclosed methods and devices/systems, the gap between the edge of
the polysilicon gate and the source region is filled with the oxide formed on the surface of
the source region. The thickness of the gate oxide layer at the edge of the gate region is
increased, so that the possibility of the breakdown of the gate oxide layer at the edge of the
gate region is reduced and the service life of the formed MOSFET is extended.

[0032] It is understood that the disclosed embodiments may be applied to any
appropriate semiconductor device manufacturing processes and can also be extended to the
manufacturing of multi-gate structures or multi-device chips. 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 method for fabricating a Metal-Oxide-Semiconductor Field-Effect Transistor

(MOSFET) on a semiconductor wafer, comprising:
providing a substrate containing an epitaxial layer;

forming a gate oxide layer on a surface of the epitaxial layer by a first oxidization

process;
forming a polysilicon gate on the gate oxide layer within a gate region;
forming a body region in the epitaxial layer;
forming a source region in the body region of the epitaxial layer; and

oxidizing the source region to form oxide in a gap between the polysilicon gate and

the source region on a surface of the source region by a second oxidization process.

2. The method according to claiml, wherein, after forming the source region and

before oxidizing the source region, the method further includes:

annealing the semiconductor wafer.

3. The method according to claim 2, wherein the annealing includes:

annealing the semiconductor wafer at an annealing temperature of about

800°C-900°C for an annealing duration of about 14-16 minutes.

4. The method according to claim1, wherein:

the first oxidization process and the second oxidization process are of a same type to
maintain approximate electric properties between the formed oxide on the source region

and the gate oxide layer.
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5. The method according to claim 4, wherein:

the formed oxide on the surface of the source region is 1-3 times as thick as the gate
oxide layer such that a thickness of the gate oxide layer at an edge of the gate region is

increased.

6. The method according to claim 4, wherein:

the second oxidization process is a thermal oxide growth process with a duration of

14-16 minutes.

7. The method according to claim 1, wherein:

the body region is formed on each of two sides of the polysilicon gate by ion

implantation and impurity driving-in before forming the source region.

8. The method according to claim 1, before forming the gate oxide layer and the

polysilicon gate, further including:

forming an oxide protective layer on the surface of the epitaxial layer of the

semiconductor wafer;

forming a pattern of a conduction protective region in the oxide protective layer by

photolithography;

forming a well region as the conduction protective region by performing ion
implantation and impurity driving-in using the pattern of the conduction protective region

as a mask; and

removing the oxide protective layer.

9. The method according to claim 8, further including:

oxidizing the surface of the epitaxial layer to form an oxide layer;

10
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forming a pattern of a plurality of active regions in the oxide layer on the surface of

the epitaxial layer by photolithography;

forming the plurality of active regions for forming a plurality of semiconductor

devices using the pattern of the plurality of active regions as a mask; and

5 removing the oxide layer by corrosion.

10.  The method according to claim 1, further including:
forming a dielectric layer on the surface of the epitaxial layer;

forming contact holes in the dielectric layer respectively leading to the gate region

10  and the source region;
metalizing the contact holes to obtain a gate and a source; and

forming a drain on a back surface of the semiconductor wafer.

11. A Metal-Oxide-Semiconductor ~ Field-Effect Transistor (MOSFET),

15  comprising:
a substrate containing an epitaxial layer;

a gate oxide layer formed on a surface of the epitaxial layer by a first oxidization

process;
a polysilicon gate formed on the gate oxide layer within a gate region;
20 a body region formed in the epitaxial layer; and
a source region formed in the body region of the epitaxial layer,

wherein the source region is oxidized to form oxide in a gap between the polysilicon
gate and the source region on a surface of the source region by a second oxidization

Process.

25

11
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12. The MOSFET according to claim 11, wherein:

the first oxidization process and the second oxidization process are of a same type to
maintain approximate electric properties between the formed oxide on the source region

and the gate oxide layer.

13.  The MOSFET according to claim 12, wherein:

the formed oxide on the surface of the source region is 1-3 times as thick as the gate
oxide layer such that a thickness of the gate oxide layer at an edge of the gate region is

increased.
10
14. The MOSFET according to claim 12, wherein:

the second oxidization process is a thermal oxide growth process with a duration of

14-16 minutes.

15 15.  The MOSFET according to claim 11, wherein:

the body region is formed on each of two sides of the polysilicon gate by ion

implantation and impurity driving-in before forming the source region.

16.  The MOSFET according to claim 11, further including:
20 a dielectric layer formed on the surface of the epitaxial layer;

contact holes formed in the dielectric layer respectively leading to the gate region and

the source region;
a gate and a source obtained by metalizing the contact holes; and

a drain formed on a back surface of the semiconductor wafer.

12
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