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(54) Method of manufacturing a transistor for a semiconductor device

ABSTRACT

The present invention relates to a semiconductor device. In a method of manufacturing a transistor for a semiconductor device,
the summary of the present invention comprises: a process of forming a trench isolation region and an active region on a
silicon substrate by means of a conventional trench isolation process; a process of forming a well region on the silicon
substrate by means of a conventional process of local ion implantation on the field; a process of partially etching a first oxide
film inside the trench isolation by means of wet etching; a process of forming a second oxide film by performing an oxidation
process; a process of ion implantation for optimization of the threshold voltage; a process of etching the second oxide film
by means of wet etching; and a process of forming conventional gate oxide film, gate electrode, source, and drain.

REPRESENTATIVE DRAWING
FIG. 3
SPECIFICATION

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a transistor according to the prior art.

FIG. 2 is a vertical cross-sectional view along the 2-2’ direction in FIG. 1.

FIG. 3 is a vertical cross-sectional view illustrating a transistor according to one embodiment of the present invention.
FIGS. 4a to 4c are the process cross-sectional views illustrating the sequence of manufacturing a transistor according to one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
THE OBJECT OF THE INVENTION
TECHNICAL FIELD RELATED TO THE INVENTION AND CONVENTIOANL TECHNOLOGY

The present invention relates to a semiconductor device and, more particularly, to a method of manufacturing a transistor
that can increase the channel width without increasing the chip area in a semiconductor device.

Generally, transistors have predetermined channel width and length. Such a channel width is closely related to the electric
current driving capability of the transistor. The wider the channel width becomes, the higher the electric current driving
capability becomes. However, increasing the channel width causes a problem that the area increases in terms of chip
integration. FIG. 1 is a plan view of a transistor according to the prior art. With reference to FIG. 1, it illustrates a plan view
comprising an isolation region 20, a source 20 [sic] and a drain 80 of a transistor, and a gate 60 between the source 20 and
the drain 80. Here, the width W of the channel formed at the lower part of the gate 60 is formed with the same width as that
of the source 70 and the drain 80. Also, an increase in the channel width immediately results in an increase in the chip area.
On another note, a vertical cross-sectional view in the 2-2' direction of FIG. 1 is shown in FIG. 2. With reference to FIG. 2,
it comprises: a channel region W directly formed on a silicon substrate 100 or formed inside a well formed on a silicon
substrate 100; an isolation region 20 for isolating the device; a gate oxide film 40 formed on top of channel width W; and a
gate electrode 60 formed thereon. When formed in a structure like this, a transistor is positioned on a surface that runs in
parallel with the silicon substrate 100 and, when the channel width W is increased to increase the current-driving amount of
a transistor, it immediately results in an increase in the size of the area. Since increasing the channel width immediately
results in an increase in the size of the area, Patent No. 5,115,289 registered in the U.S. presents, as disclosed therein, a
transistor structure to increase the channel width without increasing the area by vertically forming a part of the channel
width to thereby solve the problem that made it difficult to increase the channel width. Although not illustrated, a
manufacturing method to form such a transistor will now be briefly described here. After etching a silicon substrate with
the width of 0.1um and depth of 1um, the area where a channel will be formed is formed in such a way as to be wrapped up
with a silicon oxide film SiO2 and a silicon nitride film SiN. Next, after isolating the channel region from the substrate by
means of an oxidation process, the silicon nitride film and the silicon oxide film are removed; and the gate oxide film and
the gate
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are formed. Then, a transistor is manufactured by means of a conventional transistor formation process such as forming a
drain and a source, etc. Since the channel region is isolated from the silicon substrate by adopting a process of Silicon-On-
Insulator (“SOI”), as described earlier, the channel region must be completely isolated from the substrate by “bird’s beak”
during the oxidation process to form SOI. Accordingly, all the channel widths must be 0.1um. Consequently, it becomes
difficult to form a large-size pattern. Also, even though all the patterns are formed at 0.1pum or less, it causes a problem,
among others, that the channel region is lifted during the oxidation process. In addition, a process of wrapping the channel
region with a silicon nitride film is required to prevent oxidation of the channel region during the oxidation process for SOI,
which causes a problem that the process becomes complicated.

TECHNICAL PROBLEM TO BE SOLVED BY THE PRESENT INVENTION
It is the object of the present invention to provide a method of manufacturing a transistor for a semiconductor device that can
improve the electric current driving capability of a transistor by increasing the channel width without increasing the chip area
by vertically forming a part of the channel region.

It is another object of the present invention to provide a method of manufacturing a transistor for a semiconductor device that
can eliminate the problem of lifting in increasing the channel width without increasing the chip area.

It is yet another object of the present invention to provide a method of manufacturing a transistor for a semiconductor device
that can improve the characteristics of the isolation region without introducing any additional process by increasing the
channel width and, at the same time, adjusting the depth of the trench.

It is yet another object of the present invention to provide a method of manufacturing a transistor for a semiconductor device
that can increase the channel width and, at the same time, decrease the number of processes while forming an isolation region.

CONSTRUCTION AND OPERATION OF THE PRESENT INVENTION

According to the technical ideas of the present invention to achieve the objects described above, the method of manufacturing
a transistor for a semiconductor device comprises: a process of forming a trench isolation region and an active region on a
silicon substrate by means of a conventional trench isolation process; a process of forming a well region on the silicon
substrate by means of a conventional process of local ion implantation on the field; a process of partially etching a first oxide
film inside the trench isolation by means of wet etching; a process of forming a second oxide film by performing an oxidation
process; a process of ion implantation for optimization of the threshold voltage; a process of etching the second oxide film
by means of wet etching; and a process of forming conventional gate oxide film, gate electrode, source, and drain.

Hereinunder, a preferred embodiment of the present invention will be explained in detail with reference to the attached
drawings. For starters, in assigning referential symbols to indicate the constitutive elements of respective drawings, it should
be noted that, even in cases where they are indicated on different drawings, insofar as they are identical constitutive elements,
they are to have the same symbols to the extent possible.

FIG. 3 is a vertical cross-sectional view illustrating a transistor according to one embodiment of the present invention. With
reference to FIG. 3, isolation regions 21a are formed on a silicon substrate 101 and gates are formed between the isolation
regions 21a. Here, a gate oxide film 41 is formed on the area where the silicon substrate is higher by a predetermined height
relative to the upper part of the isolation region 21a; and a gate electrode 61 is formed on the upper part thereof. Accordingly,
the channel width is raised by a predetermined height relative to the isolation region 21a and for a curve by as much as the
height, thereby increasing the channel width. In doing so, there will not be any change in the chip area.

FIGS. 4a to 4c are the cross-sectional views of the fabrication process, and as such they illustrate the sequence of
manufacturing a transistor according to one embodiment of the present invention. With reference to FIG. 4a, a trench isolation
region 21 is formed on a silicon substrate 101 by means of a conventional trench isolation process and a well region is formed
on a conventional Local Implantation on Field LIF process. With reference to FIG. 4b, the oxide film 21a inside the trench
isolation in the region desired to increase the channel width is etched by 10nm - 200nm by means of a wet etching process.
Also, the sacrificial oxide film is sacrificed by 10nm - 30nm to allow the channel region in the angular part to become a more
curved surface, thereby increasing the channel width W. Then, ion implantation to optimize the threshold voltage of the
transistor is performed for 3.0 x 10'/em? - 2.0 x 10'?/cm? and, after that, the sacrificial film is etched by wet etching.
Accordingly, it is shown that the oxide film 21a filled in the isolation region is formed underneath the silicon substrate 101.
With reference to FIG. 4c¢, after the process described above is performed, a transistor is formed by means of a gate oxide 41
formation process and a source and drain formation process.

Meanwhile, by means of the processes described above, only a few processes are added to the conventional trench isolation
process to increase the channel width of a transistor, which increases the electric current driving capability without increasing
the area. Also, such a manufacturing process makes it possible to obtain stable isolation characteristics while increasing the
channel width of a transistor by adjusting the depth of the oxide film in the trench. Meanwhile, the purpose of making the
angular part of the channel become a more curved surface by means of the sacrificial oxide film is to mitigate the hump effect
in the sub-threshold region during an operation of the transistor.

EFFECT OF THE INVENTION
The present invention described above has an effect of increasing the channel width of a transistor without increasing the
chip area and obtaining stable isolation characteristics by adjusting the trench depth as a result thereof.

While the present invention has been described with examples focused on the drawings, it will be apparent to those skilled
in the art that various changes and modifications may be made without departing from the scope of the technical ideas of
the present invention.
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(57) What is claimed is

Claim 1
A method of manufacturing a transistor for a semiconductor device comprising:

a process of forming a trench isolation region and an active region on a silicon substrate by means of a conventional
trench isolation process;

a process of forming a well region on the silicon substrate by means of a conventional process of localized ion
implantation on the field;

a process of partially etching a first oxide film inside the trench isolation by means of wet etching;
a process of forming a second oxide film by performing an oxidation process;
a process of ion implantation for optimization of the threshold voltage;
a process of etching the second oxide film by means of wet etching; and
a process of forming conventional gate oxide film, gate electrode, source, and drain.
Claim 2

A method of manufacturing a transistor for a semiconductor device, according to claim 1, wherein
the post-etching thickness of the first oxide film is formed at 10nm - 200nm.

Claim 3
A method of manufacturing a transistor for a semiconductor device, according to claim 1, wherein
the thickness of the second oxide film is formed at 10nm - 30nm.

Claim 4

A method of manufacturing a transistor for a semiconductor device, according to claim 1, wherein
the impurity in the ion implantation is boron fluoride being ion implanted in the concentration of 3.0 x 10'! - 2.0 x
10'2 per unit area at 40 KeV - 60 KeV.

DRAWINGS

FIG. 1
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FIG. 2
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FIG. 4b

FIG. 4c
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