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(57) ABSTRACT 

A plasma generating apparatus and method using a neutral 
beam, capable of readily generating plasma at the same gas 
flow rate by changing the structure of an ion gun, without a 
separate ignition device, are provided. The apparatus includes 
a plasma generating part formed of a quartz cup, a radio 
frequency (RF) applying antenna disposed at the periphery of 
the plasma generating part, a cooling water Supply part dis 
posed at the periphery of the plasma generating part, and an 
igniter in direct communication with the plasma generating 
part, wherein a gas for generating plasma is Supplied into the 
igniter, and the igniter has a higher local pressure than the 
plasma generating part at the same gas flow rate. The ion gun 
is also cheaper to manufacture since it does not require a 
separate power Supply. 

9 Claims, 4 Drawing Sheets 
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PLASMA GENERATINGAPPARATUS AND 
METHOD USING NEUTRAL BEAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a plasma generating appa 

ratus and method using a neutral beam, and more particularly, 
to a plasma generating apparatus and method capable of 
readily generating plasma without a separate ignition device 
using the same gas flow rate by varying an ion gun structure. 

2. Description of the Prior Art 
Plasma generating apparatuses are applied in various fields 

Such as Surface modification of metal or nonmetal material, 
cleaning processes of electronic components and semicon 
ductor wafers, thus playing an important role in high-tech 
industry. Almost all conventional industrial plasma generat 
ing apparatuses are vacuum plasma generating apparatuses 
maintaining a low pressure in the high vacuum range and 
generating plasma. However, since it is difficult to obtain high 
vacuum, a large-sized apparatus being required, attempts 
have recently been made to replace the vacuum plasma gen 
erating apparatus with an atmospheric pressure plasma gen 
erating apparatus for generating plasma at atmospheric pres 
SUC. 

The atmospheric pressure plasma generating apparatus 
includes a power terminal and a ground terminal spaced apart 
from each other, a dielectric layer installed at an inner Surface 
of at least one of the power terminal and the ground terminal, 
an intermediate dielectric body installed between the power 
and ground terminals to prevent arc discharge therebetween 
and enable generation of glow plasma, a discharge gap 
formed under the intermediate dielectric body, a gas intro 
duction path formed in the ground terminal, and a plurality of 
gas distribution orifices for making the gas introduction path 
in fluid communication with the discharge gap and uniformly 
Supplying a gas injected into the gas introduction path 16 to 
the discharge gap. 

In the atmospheric pressure plasma generating apparatus, 
when high-frequency power is applied to the power terminal, 
an electric field is formed between the power terminal and the 
ground terminal i.e., the discharge gap, and a gas injected into 
the discharge gap through the gas introduction gap is disso 
ciated by the electric field, thereby generating plasma. The 
generated plasma is used to modify, clean, or sterilize a Sur 
face of a target object passing thereunder. 

However, in order to initially ignite the injected gas, the 
atmospheric pressure plasma generating apparatus needs a 
very high firing Voltage. Since high-frequency power having 
a high firing Voltage is used, the apparatus may be unstable 
causing arcing rather than generating glow plasma. Such 
arcing may damage the target object. 

In order to solve this problem, for example, there is a 
well-known atmospheric pressure plasma generating appara 
tus including an igniter for igniting an injection gas in an 
initial process, thereby generating glow plasma with low 
power consumption, without using a high firing Voltage, and 
preventing damage of the target object during initial ignition. 

FIG. 1 is a schematic cross-sectional view of an atmo 
spheric pressure plasma generating apparatus including an 
igniter. 
As shown in FIG. 1, the atmospheric pressure plasma gen 

erating apparatus includes a power terminal 52 connected to 
a high frequency power Supply 50 and a ground terminal 54 
opposite to the power terminal 52, a dielectric body 56 
installed between the power terminal 52 and the ground ter 
minal 54 to generate glow plasma therebetween, a discharge 
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2 
gap 58 of predetermined size between the power terminal 52 
and the ground terminal 54 to discharge an injection gas, a gas 
introduction path 60 formed in the ground terminal 54 to 
Supply the injection gas to the discharge gap 58, a discharge 
probe 62 adjacent to the discharge gap 58 and installed at one 
side of the gas introduction path 60 to initially ignite the 
injection gas, and an igniter 64 connected to the discharge 
probe 62 and instantly generating a high Voltage to apply a 
discharge current to the discharge probe 62. 

However, FIG. 1 illustrates the atmospheric pressure 
plasma generatingapparatus merely including the igniter, and 
there is no disclosure of a plasma apparatus for layer-by-layer 
etching using a neutral beam. 

In order to perform layer-by-layer etching using a neutral 
beam, it is necessary to be able to turn the plasma on/off in 
real time. 

Nowadays, an ion gun generating neutral beam source 
plasma needs a pressure of about 10 Torr higher than a gas 
applied in an actual process in order to initially generate 
plasma, or includes an ignition device, e.g., an igniter having 
a separate power Supply Such as a microwave generator or a 
cold cathode. 

In addition, the ion gun has a wide range of applications in 
various industrial fields using plasma, and may be used as a 
neutral beam source next generation etching technology. 

However, inconventional technology, continuous variation 
ofagas pressure in generating plasma may produce contami 
nation, and there is need of a separate power supply for 
operating the ignition device, thereby increasing cost due to 
an additional neutral beam source. 

In addition, in order to generate plasma in the currently 
used ion gun, it is necessary to either vary the pressure by 
varying a gas flow rate, or install an ignition device requiring 
a separate power Supply. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a plasma 
generating apparatus and a plasma generating method using a 
neutral beam capable of readily generating plasma at the 
same gas flow rate by changing an ion gun structure, without 
a separate ignition device, thereby widening application 
fields of the ion gun. 
An aspect of the invention provides a plasma generating 

apparatus using a neutral beam, including a plasma generat 
ing part formed of a quartz cup, a radio frequency (RF) 
applying antenna disposed at the periphery of the plasma 
generating part, a cooling water Supply part disposed at the 
periphery of the plasma generating part, and an igniter in 
direct communication with the plasma generating part, 
wherein a gas for generating plasma is Supplied into the 
igniter, and the igniter has a higher local pressure than the 
plasma generating part at the same gas flow rate. 

Another aspect of the invention provides a plasma gener 
ating method using a neutral beam, including a first step of 
preparing a plasma gas source for using a neutral beam, a 
second step of Supplying the gas source to a first plasma 
generating part, and a third step of Supplying plasma gener 
ated from the first plasma generating part to a second plasma 
generating part, wherein the first plasma generating part is in 
direct communication with the second plasma generating 
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part, and in the third step, the plasma is Supplied to the second 
plasma generating part through a hole formed at the first 
plasma generating part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention will be more apparent from the following 
detailed description taken in conjunction with the accompa 
nying drawings, in which: 

FIG. 1 is a schematic cross-sectional view of an atmo 
spheric pressure plasma generating apparatus including a 
conventional igniter, 

FIG. 2 is a view of an etching apparatus using a neutral 
beam applied to the present invention; 

FIG. 3 is a view of a plasma generating apparatus using a 
neutral beam according to the present invention; and 

FIG. 4 is a flowchart for explaining a process of generating 
plasma in the plasma generating apparatus shown in FIG. 3. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, exemplary embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings. 

First, an etching apparatus using a neutral beam according 
to the present invention will be described in conjunction with 
FIG 2. 

FIG. 2 is a view of an etching apparatus using a neutral 
beam applied to the present invention. 

The neutral beam etching apparatus shown in FIG. 2 
includes an ion Source 100 for extracting and accelerating an 
ion beam 101 having a certain polarity, a plurality of induc 
tion coils 200 wound around the ion source 100, an electro 
magnet 300 for applying an magnetic field to the plurality of 
induction coils 200, a plurality of grids 400 disposed at an end 
of the ion source 100 and having a plurality of grid holes 410 
through which the ion beam 101 passes, a reflective body 500 
in close contact with the grids 400 and having a plurality of 
reflective plates 501 that correspond to the grid holes 410 and 
reflect the ion beam 101 passing through the grid holes 410 
and convert it into a neutral beam 102, and a stage for posi 
tioning a substrate 1000 to be etched in a path of the neutral 
beam 102. 
A retarding grid may be additionally installed between the 

reflective body 500 and the stage to control directionality and 
acceleration energy of the neutral beam 102. 

Meanwhile, the reflective plates 501 may have a space 
equal to or larger than the diameter of the grid holes 401. In 
addition, the grids 400 may have a cylindrical shape with a 
projection formed along a periphery of their rear end, and the 
reflective body 500 may have a cylindrical shape with a 
projection formed at its front end that can be inserted into the 
projection of the grids 400. 

In addition, the plurality of reflective plates 501 are 
inclined with respect to the ion beam 101 so that the ion beam 
101 passing through the grid holes 401 is reflected by the 
reflective plates 501. The reflective plates 501 may be 
inclined by a certain angle with respect to a centerline of the 
reflective body 500, or may be parallel to the centerline of the 
reflective body 500. In addition, the height of the projection 
formed along the periphery of the reflective body 500 may be 
inclined by a certain angle. 

In FIG. 2, the ion source 100 may be any of various ion 
Sources but is preferably an inductively coupled plasma 
source. The reflective body 500 may be formed of a semicon 
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4 
ductor Substrate, a silicon dioxide Substrate, or a metal Sub 
strate. The angle between the ion beam 101 and the surface of 
the reflective plates 501 of the reflective body 500 may be in 
the range of 5° to 15°. 
As shown in FIG. 2, the reflective body 500 for reflecting 

the ion beam 101 at an appropriate angle is installed between 
the ion source 100 and the stage on which the substrate 1000 
to be etched is mounted, thereby readily obtaining the neutral 
beam 102 using a simple method. In addition, since the neu 
tral beam 102 is used as an etching source, an etching process 
of a nanometer semiconductor device can be readily per 
formed without electrical or physical damage of the substrate 
1000 caused by an ion beam, and therefore, a large sized 
substrate can also be readily etched. 

Further, according to the structure shown in FIG. 2, the 
grids 400 formed at the rear end of the ion source 100 are in 
close contact with the reflective body 500 to prevent leakage 
of the ion beam 101, thereby remarkably reducing contami 
nation. Therefore, flux of the neutral beam 102 can be dra 
matically increased, and space occupied by the reflective 
body 500 can be reduced, thereby yielding a compact and 
inexpensive etching apparatus. 
The constitution of a plasma generating apparatus of the 

present invention will now be described in conjunction with 
FIG. 3. 

In addition, like reference numerals designate like ele 
ments throughout the specification. 

FIG.3 is a view of a plasma generatingapparatus 700 using 
a neutral beam according to the present invention. 

In FIG. 3, a plasma generating part 701 is formed of a 
quartz cup and generates plasma, an RF applying antenna 702 
is disposed at a periphery of the plasma generating part 701 
and applies a radio frequency so that plasma can be Smoothly 
generated from the plasma generating part 701, and a cooling 
pipe 703 is disposed at the periphery of the plasma generating 
part 701 to cool the plasma generating part 701. 

In addition, an igniter 704 in direct communication with 
the plasma generating part 701 has a Volume Smaller than a 
main quartz cup of the plasma generating part 701 and a local 
pressure higher than the plasma generating part 701 at the 
same gas flow rate, thereby facilitating generation of plasma 
from the plasma generating part 701. 

That is, it is possible to locally increase gas pressure by 
installing the igniter 704 formed of a quartz cup in the ion gun 
formed of quartz, without changing the gas flow rate and 
without a separate power Supply. It was confirmed that the ion 
gun according to the present invention readily generates 
plasma even at a pressure of 10 Torr. 
The igniter 704 according to the present invention is 

formed of a small Volume of quartz cup connected to the ion 
gun, i.e., the plasma generating part 701. Since a hole 709 
having a diameter of 0.5 mm-2 mm is disposed between the 
main cup of the ion gun and the Small cup of the igniter 704. 
the igniter 704 can have a locally high pressure at the same gas 
flow rate. 

When the hole 709 has a diameter of 0.5 mm or less, gas 
Supplied from the igniter 704 to the plasma generating part 
701 cannot flow smoothly, and when the hole 709 has a 
diameter of 2 mm or more, the effect of installation of the 
igniter 704 is remarkably reduced. The hole 709 preferably 
has a diameter of 1 mm. 
Due to the local gas pressure difference, the plasma is first 

generated from the Small quartz cup, the igniter 704. Ions and 
electrons generated in the plasma are readily accelerated by 
external power to facilitate generation of plasma from the 
main cup, the plasma generating part 701. 
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That is, as shown in FIG.3, the small volume of quartz cup, 
i.e., the igniter 704 is disposed on the main cup plasma gen 
erating part 701. The plasma generated from the igniter 704 
passes through the hole 709 formed at a lower part of the 
igniter 704 to be Supplied into the main cup plasma generating 
part 701. 

In FIG. 3, reference numeral 705 designates an injection 
port of a plasma gas source for generating a neutral beam, and 
reference numeral 706 designates a gas Supply pipe for Sup 
plying gas injected through the gas injection port 705 into the 
Small Volume of quartz cup, i.e., the igniter 704. 

Reference numeral 707 designates a cooling water injec 
tion port for Supplying cooling water into a cooling pipe 703 
to cool the plasma generating part 701, and reference numeral 
708 designates a cooling water Supply pipe for Supplying the 
cooling water Supplied through the cooling water injection 
port 707 into the cooling pipe 703. In addition, a regulation 
valve may be installed in the cooling pipe 703 or the gas 
Supply pipe 706 to adjust the Supply of cooling water or gas. 

In FIG. 3, reference numeral 710 designates an electro 
magnetic interference (EMI) filter for blocking electromag 
netic waves generated in the plasma generating apparatus 700 
according to the present invention. 

Generation of plasma in the plasma generating apparatus 
700 shown in FIG. 3 will be described below with reference to 
FIG. 4. 

FIG. 4 is a flowchart for explaining a process of generating 
plasma in the plasma generating apparatus 700 shown in FIG. 
3. 

First, when gas is injected through the plasma gas source 
injection port 705 for generating a neutral beam (S10), the gas 
is supplied into the small volume of quartz cup, i.e., the igniter 
704 via the gas supply pipe 706 (S20). 

Next, the igniter 704 generates first plasma using the 
plasma gas source, and the plasma gas generated by the 
igniter 704 is Supplied into the main cup plasma generating 
part 701 via the hole 709 formed in the lower part of the 
igniter 704 (S30). 

Plasma is generated from the gas Supplied into the main 
cup plasma generating part 701, by the RF applying antenna 
702, similar to in a conventional plasma treatment apparatus 
(S40). 

Then, processes of supplying cooling water, blocking elec 
tromagnetic waves, and so on are performed like in the con 
ventional plasma treatment apparatus. These processes will 
not be described herein. 

Therefore, a plasma generating apparatus using an ion gun 
according to the present invention can readily generate 
plasma, even at a pressure of 10 Torr. 
As can be seen from the foregoing, the plasma generating 

apparatus and method using a neutral beam according to the 
present invention can reduce instability of process conditions, 
since there is no need to vary a gas flow rate or install an 
ignition device having a separate power Supply, when the 
structure of the conventional ion gun is changed. In addition, 
since the igniter is formed of the same material as the ion gun, 
it is possible to prevent contamination during plasma genera 
tion. Further, since a separate power Supply is not necessary, 
manufacturing cost of the ion gun can be reduced. 

Furthermore, using the ion gun widely employed in a semi 
conductor and Surface treatment process requiring plasma, it 
is possible to apply the apparatus and method of the present 
invention to processes requiring accurate plasma generation 
Such as layer-by-layer etching using a neutral beam. 

While this invention has been described with reference to 
exemplary embodiments thereof, it will be clear to those of 
ordinary skill in the art to which the invention pertains that 
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6 
various modifications may be made to the described embodi 
ments without departing from the spirit and scope of the 
invention as defined in the appended claims and their equiva 
lents. 
What is claimed is: 
1. A plasma generating apparatus using a neutral beam 

applied to etching atomic layers, comprising: 
a plasma generating part formed of a quartz cup and gen 

erating plasma; 
a radio frequency (RF) applying antenna disposed at the 

periphery of the plasma generating part; 
a cooling water Supply part disposed at the periphery of the 

plasma generating part; and 
an igniter in direct communication with the plasma gener 

ating part; 
wherein the igniter has a higher local pressure than a local 

pressure of the plasma generating part at the same gas 
flow rate, 

wherein the plasma generating apparatus is configured to 
Support a substrate below the plasma generating part 
allowing generated plasma to etch the Substrate, 

wherein the igniter does not have a separate power Supply, 
the igniter being configured to generate plasma in 
response to a RF signal generated from the RF applying 
antenna, the igniter being disposed on the plasma gen 
erating part, 

wherein a gas for generating plasma is Supplied into the 
igniter in a direction Substantially perpendicular to a 
Surface of the Substrate, the plasma generated by the 
igniter being Supplied to the plasma generating part in 
the direction substantially perpendicular to the surface 
of the substrate from an upper region of the plasma 
generating part to a lower region of the plasma generat 
ing part, 

wherein the etching process is an etching of atomic layers. 
2. The plasma generating apparatus according to claim 1, 

wherein the igniter is formed of quartz cup, and the igniter has 
a smaller Volume thana Volume of the plasma generating part. 

3. The plasma generating apparatus according to claim 2, 
wherein the igniter has a hole in communication with the 
plasma generating part. 

4. The plasma generating apparatus according to claim 3, 
wherein the hole has a diameter of about 0.5 mm-2 mm. 

5. A plasma generating method using a neutral beam 
applied to etching atomic layers, comprising: 

preparing a plasma gas source for using a neutral beam; 
Supplying the gas source to a first plasma generating part; 

and 
Supplying plasma generated from the first plasma generat 

ing part to a second plasma generating part, 
wherein a substrate to be etched is disposed below the 

Second plasma generating part, 
wherein the first plasma generating part is in direct com 

munication with the second plasma generating part, and 
the plasma is Supplied from the first plasma generating 
part to the second plasma generating part through a hole 
formed at the first plasma generating part, 

wherein the first plasma generating part does not have a 
separate power Supply and generates plasma in response 
to a radio frequency (RF) signal generated from a radio 
frequency (RF) applying antenna, the first plasma gen 
erating part being disposed on the second plasma gen 
erating part, the gas source being Supplied into the first 
plasma generating part in a direction Substantially per 
pendicular to a Surface of the Substrate so that the gas is 
Supplied, in a direction Substantially perpendicular to 
the Surface of the Substrate, from an upper region of the 
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second plasma generating part to a lower region of the 
Second plasma generating part, 

wherein electromagnetic waves are blocked by an electro 
magnetic interference (EMI) filter, 

wherein the first plasma generating part is disposed on the 
Second plasma generating part, 

wherein the plasma generated from the second plasma 
generating part performs an etching process on the Sub 
strate, wherein the etching process is an etching of 
atomic layers. 

6. The plasma generating method according to claim 5. 
wherein the first plasma generating part includes an igniter 
formed of a quartz cup, and the igniter has a Smaller Volume 
than a Volume of the second plasma generating part. 

8 
7. The plasma generating method according to claim 6. 

wherein the hole has a diameter of about 0.5 mm-2 mm. 

8. The plasma generating method according to claim 7. 
wherein the igniter has a higher local pressure than a local 
pressure of the second plasma generating part at the same gas 
flow rate. 

9. The plasma generating apparatus according to claim 4. 
further comprising: 

an electromagnetic interference (EMI) filter for blocking 
electromagnetic waves generated in the plasma generat 
ing apparatus. 


