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(57) Abstract: Disclosed is a substrate process-
ing apparatus and method. The substrate pro-
cessing apparatus includes a chamber (10) pro-
viding an internal space, in which a process is
carried out onto a substrate; a gas supply unit
(40) supplying a source gas to the internal
space; a coil (16) generating an electric field in
the internal space to generate plasma from the
source gas; and an adjustment ring (50) dis-
posed on a flow path of the plasma toward a
support member to adjust the flow of the plas-
ma. The chamber (10) includes a process cham-
ber (12), in which the support member is pro-
vided and the process is carried out by the plas-
ma; and a generation chamber (14), in which the
plasma is generated by the coil (16), provided
on the upper surtace of the process chamber
(12), and the adjustment ring (50) is installed at
the lower end of the generation chamber (14).
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Description

SUBSTRATE PROCESSING APPARATUS AND METHOD

Technical Field

The present invention relates to a substrate processing apparatus and method, and
more particularly to a substrate processing apparatus and method, in which the flow of

plasma is controllable.

Background Art

A semiconductor device has many layers on a silicon substrate, and these layers are
formed on the silicon substrate by a deposition process. Such a deposition process has
several important issues, and these issues are essential to evaluation of deposited films
and selection of deposition methods.

The first issue is the quality of deposited films. The quality means a composition, a
contamination level, a defect density, and mechanical and electrical properties of the
deposited films. The compositions of the films are varied according to deposition
conditions, and are important to obtain a specific composition.

The second issue is the uniform thickness of the deposited films throughout a wafer.
Particularly, the thickness of a film deposited on the upper surface of a nonplanar
pattern having steps is important. Whether or not the thickness of the deposited film is
uniform is determined through a step coverage, which is defined by a value obtained
by dividing the minimum thickness of the film deposited on a stepped portion by the
thickness of the film deposited on the upper surface of the pattern.

Another issue relating to deposition is space filling. This filling includes gap filling,
in which gaps between metal lines are filled with an insulating film including an oxide
film. The gaps are provided to physically and electrically insulate the metal lines from

each other.
Disclosure of Invention

Technical Problem

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a substrate processing apparatus and
method, in which process uniformity on the front surface of a substrate is increased.

It is another object of the present invention to provide a substrate processing
apparatus and method, in which a film having a uniform thickness is deposited on a
substrate.

It is a further object of the present invention to provide a substrate processing
apparatus and method, in which the performance of a semiconductor device is

improved.
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Technical Solution

In accordance with an aspect of the present invention, the above and other objects
can be accomplished by the provision of a substrate processing apparatus comprising a
chamber providing an internal space, in which a process is carried out onto a substrate;
a gas supply unit supplying a source gas to the internal space; a coil generating an
electric field in the internal space to generate plasma from the source gas; and an ad-
justment ring disposed on a flow path of the plasma toward a support member to adjust
the flow of the plasma.

The chamber may include a process chamber, in which the support member is
provided and the process is carried out by the plasma; and a generation chamber, in
which the plasma is generated by the coil, provided on the upper surface of the process
chamber, and the adjustment ring may be installed at the lower end of the generation
chamber.

The adjustment ring may include a ring plate, the outer circumferential surface of
which contacts the inner wall surface of the chamber, provided with an opening formed
through the center of the ring plate; and an interception plate installed at the opening to
intercept the plasma moving through the opening.

The opening may have a first radius; and the interception plate may be formed in an
arc shape having an outer diameter being approximately equal to the first radius and an
inner diameter being smaller than the first radius.

The adjustment ring may include a ring plate, the outer circumferential surface of
which contacts the inner wall surface of the chamber, provided with an opening formed
through the center of the ring plate; and a plurality of interception plates installed at the
opening to intercept the plasma moving through the opening.

In accordance with another aspect of the present invention, there is provided a
substrate processing method, in which a substrate is processed using plasma,
comprising selectively intercepting a flow path of the plasma toward the substrate.
Advantageous Effects

The substrate processing apparatus and method in accordance with the present
invention increases process uniformity on the front surface of a substrate. Further, the
substrate processing apparatus and method allows a film having a uniform thickness to

be deposited on the substrate.

Brief Description of Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a view schematically illustrating a substrate processing apparatus in ac-
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cordance with the present invention;
FIG. 2 is a plan view illustrating an adjustment ring of FIG. 1;

FIG. 3 is a thickness distribution chart of a film illustrating a process result in case
that the adjustment ring is not used; and

FIG. 4 is a thickness distribution chart of a film illustrating a process result in case
that the adjustment ring is used.

Best Mode for Carrying out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
more detail with reference to FIGS. 1 to 4. The embodiments of the present invention
may be variously modified, and the scope and spirit of the present invention is not
limited to the embodiments, which will be described below. These embodiments are
provided to those skilled in the art only for illustrative purposes. Therefore, shapes of
respective elements shown in the drawings may be exaggerated for a better under-
standing of the present invention.

Although a deposition apparatus will be exemplarily described below, the present
invention may be applied to various processes.

FIG. 1 is a view schematically illustrating a substrate processing apparatus in ac-
cordance with the present invention.

The substrate processing apparatus includes a chamber 10 providing an internal
space, in which a process is carried out onto a substrate. The chamber 10 is divided
into a process chamber 12 and a generation chamber 14. The process is carried out
onto the substrate in the process chamber 12, and plasma is generated from a source
gas supplied from a gas supply unit 40, which will be described later, in the generation
chamber 14.

A support plate 20 is installed in the process chamber 12, and the substrate is
mounted on the support plate 20. The substrate is put into the process chamber 12
through a gate 12a formed at one side of the process chamber 12, and the substrate put
into the process chamber 12 is mounted on the support plate 20. Further, the support
plate 20 may be an electrostatic chuck (E-chuck), and a separate helium (He) rear
cooling system (not shown) to precisely control the temperature of a wafer mounted on
the support plate 20 may be provided.

A coil 16 connected to an RF generator is provided on the outer surface of the
generation chamber 14. When high frequency current flows in the coil 16, the current
is converted into a magnetic field by the coil 16, and plasma is generated from the
source gas supplied into the chamber 10 using the magnetic field.

A supply hole 14a is formed through the upper wall of the generation chamber 14,
and a supply line 42 is connected to the supply hole 14a. The supply line 42 supplies
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the source gas to the inside of the chamber 10 through the supply hole 14a. The supply
line 42 is opened and closed through a value 42a provided in the supply line 42. A
diffusion plate 44 is connected to the upper wall of the generation chamber 14, and a
buffering space 46 is formed between the diffusion plate 44 and the upper wall of the
generation chamber 14. The source gas supplied through the supply line 42 fills the
buffering space 46, and is diffused to the inside of the generation chamber 14 through
diffusion holes formed through the diffusion plate 44.

An exhaust line 36 is connected to one side of the process chamber 12, and a pump
36a is connected to the exhaust line 36. The plasma and by-products generated in the
chamber 10 are exhausted to the outside of the chamber 10 through the exhaust line 36,
and the pump 36a serves to forcibly exhaust the plasma and the by-products. The
plasma and the by-products in the chamber 10 are supplied to the exhaust line 36
through a plurality of exhaust holes formed through an exhaust plate 30.

FIG. 2 is a plan view illustrating an adjustment ring 50 of FIG. 1. The substrate
processing apparatus further includes the adjustment ring 50. The plasma is generated
in the generation chamber 14, moves to the process chamber 12, and is supplied to the
substrate mounted on the support plate 20 in the process chamber 12. Here, the ad-
justment ring 50 is installed at the lower end of the generation chamber 14 (or the
upper end of the process chamber 12), and adjusts the flow of the plasma toward the
process chamber 12.

As shown in FIG. 2, the adjustment ring 50 includes a ring plate 52, and an in-
terception plate 54. The ring plate 52 has a ring shape having an outer diameter (radius
= R), and an opening (radius =r) is formed through the center of the ring plate 52. The
outer circumferential surface of the ring plate 52 is fixed to the inner wall surface of
the chamber 10 (the lower end of the generation chamber 14 or the upper end of the
process chamber 12).

The interception plate 54 is protruded from the inner surface of the ring plate 52
toward the center of the ring plate 52, and is installed at the opening of the ring plate
52. The interception plate 54 partially closes the opening of the ring plate 52, which is
a flow path of the plasma, and thus partially blocks the flow of the plasma. It is
preferable that the interception plate 54 has an arc shape having an outer diameter
(radius=r), an inner diameter (radius=r;), and a central angle, which is larger than
0°and smaller than 360°. In case that the central angle of the interception plate 54 is 0°,
the interception plate 54 is not present, and the adjustment ring 50 is symmetric with
respect to the center thereof and thus the plasma is symmetric with respect to the center
of the adjustment ring 50. On the other hand, in case that the central angle of the in-
terception plate 54 is 360°, the adjustment ring 50 is symmetric with respect to the

center thereof and thus the plasma is symmetric with respect to the center of the ad-
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justment ring 50. Therefore, in order to form the asymmetric flow of the plasma, it is
preferable that the central angle of the interception plate 54 is set to be larger than 0°
and smaller than 360°.

However, in case that the flow of the plasma is symmetric with respect to the center
of the adjustment ring 50 (or the center of the substrate), there is a difference between
the flow rate of plasma supplied to the central portion of the substrate and the flow rate
of plasma supplied to the edge portion of the substrate, and thus process uniformity
between the central portion and the edge portion of the substrate is improved through
the above method. Therefore, the central angle of the adjustment ring 50 may be 0° (or
360°).

FIG. 3 is a thickness distribution chart of a film illustrating a process result in case
that the adjustment ring is not used, and FIG. 4 is a thickness distribution chart of a
film illustrating a process result in case that the adjustment ring is used. In each of
these drawings, a bar shown at the right side is a reference bar illustrating a brightness
distribution according to the thickness of the film.

The distribution chart shown in FIG. 3 may be caused by various reasons. For
example, the thickness distribution of the film, as shown in FIG. 3, may be obtained
due to the non-uniformity of the temperature distribution of the support plate 20 (or the
temperature characteristics of a heater (not shown) installed in the support plate 20).
Here, in order to decrease the thickness of the film at a region A to improve the
uniformity, the interception plate 54 is provided at a position corresponding to the
region A. That is, as shown in FIG. 1, the adjustment ring 50 is installed on the inner
wall surface of the chamber 10, and the adjustment ring 50 includes the interception
plate 54 having a shape corresponding to the region A. The interception plate 54
blocks the flow of the plasma generated in the generation chamber 14, which moves
toward the process chamber 12 (particularly, toward the region A). Therefore, the
amount (or the density) of the plasma reaching the region A is reduced, and thereby the
thickness of the film deposited at the region A can be decreased. As shown in FIG. 4, it
was proven that the thickness of the film at the region corresponding to the interception
plate 54 is decreased.

After the thickness distribution of the film without the adjustment ring 50 is
measured, in order to decrease the thickness of the film at a specific region, the in-
terception plate 54 corresponding to the specific region is processed by the above
method, thereby being capable of decreasing the thickness of the film at the specific
region and improving the uniformity of the film. In case that the above method is re-
peatedly carried out, the uniformity of the film can be highly improved. Further, a
plurality of specific regions may be present, and thereby a plurality of interception

plates 54 may be used.
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Although this embodiment illustrates the interception plate 54 having an arc shape,
since the shape of the interception plate 54 is determined by the shape of the above-
described specific region (for example, the region A), the interception plate 54 may
have various shapes.

Industrial Applicability

The substrate processing apparatus and method in accordance with the present
invention increases process uniformity on the front surface of a substrate. Further, the
substrate processing apparatus and method allows a film having a uniform thickness to
be deposited on the substrate.

Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

A substrate processing apparatus comprising:

a chamber providing an internal space, in which a process is carried out onto a
substrate;

a gas supply unit supplying a source gas to the internal space;

a coil generating an electric field in the internal space to generate plasma from
the source gas; and

an adjustment ring disposed on a flow path of the plasma toward a support
member to adjust the flow of the plasma.

The apparatus according to claim 1, wherein the chamber includes:

a process chamber, in which the support member is provided and the process is
carried out by the plasma; and

a generation chamber, in which the plasma is generated by the coil, provided on
the upper surface of the process chamber; and

the adjustment ring is installed at the lower end of the generation chamber.

The apparatus according to claim 1, wherein the adjustment ring includes:

a ring plate, the outer circumferential surface of which contacts the inner wall
surface of the chamber, provided with an opening formed through the center of
the ring plate; and

an interception plate installed at the opening to intercept the plasma moving
through the opening.

The apparatus according to claim 1, wherein:

the opening has a first radius; and

the interception plate is formed in an arc shape having an outer diameter being
approximately equal to the first radius, an inner diameter being smaller than the
first radius, and a central angle being larger than 0°and smaller than 360°.

The apparatus according to claim 1, wherein the adjustment ring includes:

a ring plate, the outer circumferential surface of which contacts the inner wall
surface of the chamber, provided with an opening formed through the center of
the ring plate; and

a plurality of interception plates installed at the opening to intercept the plasma
moving through the opening.

A substrate processing method, in which a substrate is processed using plasma,
comprising selectively intercepting a flow path of the plasma toward the

substrate.
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