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(57) ABSTRACT 

A plasma processing apparatus for a very large area using a 
dual frequency is provided. The apparatus includes: a stage 
loading a Substrate to be subjected to an etching or deposition 
process; a reaction chamber detachably coupled with the 
stage and having a plasma Source region; a cover covering the 
reaction chamber; an assembly frame coupling the reaction 
chamber with the cover, first and second antenna Sources 
disposed in the plasma Source region, and having a plurality 
of antenna assemblies disposed in parallel, the plurality of 
antenna assemblies having a power Supply connected to one 
side thereof and a ground connected to the other side thereof; 
and a plurality of magnet assemblies disposed on both sides of 
each antenna assembly, wherein the first and second antenna 
Sources include m and m-1 antenna assemblies to which the 
same power is applied, respectively, and the antenna assem 
blies of the first antenna Source and the antenna assemblies of 
the second antenna source are alternately disposed; and 
wherein input power applied to the first antenna Source and 
input power applied to the secondantenna Source are different 
in magnitude and applied at the same time. Thereby, unifor 
mity of plasma is improved to the maximum extent, so that it 
is possible to obtain a higher plasma density. 

3 Claims, 14 Drawing Sheets 
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Fig 1A (Prior Art) 
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Fig 1B (Prior Art) 
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Fig 2 (Prior Art) 
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Fig 3 (Prior Art) 
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FIG 5 
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1. 

INDUCTIVELY COUPLEO PLASMA 
PROCESSINGAPPARATUS FORVERY 

LARGE AREAUSING DUAL FREQUENCY 

BACKGROUND OF THE INVENTION 

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

ratus for a very large area using a dual frequency, and more 
particularly, to a plasma processing apparatus for a very large 
area using a dual frequency, capable of improving plasma 
uniformity to the maximum extent to obtain a higher plasma 
density. 

2. Description of the Prior Art 
In general, an inductively coupled plasma (ICP) processing 

apparatus includes a spiral antenna installed at an upper outer 
portion of a reaction chamber, in which a plasma etching 
process is performed, with a dielectric Substance interposed 
therebetween. The ICP processing apparatus applies radio 
frequency (RF) induced power to the spiral antenna, induces 
an electric field in the reaction chamber, and thereby gener 
ates plasma. The ICP processing apparatus has a very simple 
structure compared to an electron cyclotron resonance (ECR) 
plasma processing apparatus or a helicon-wave excited 
plasma (HWEP) processing apparatus, and can generate the 
plasma over a large area in a relatively easy manner. For this 
reason, the ICP processing apparatus has been applied in 
various fields and research into ICP apparatuses is ongoing. 
The construction of a chamber in a conventional ICP pro 

cessing apparatus is illustrated in FIG. 1A and will be briefly 
described below. 
An antenna source 100' is disposed on the uppermost side 

centering around a chamber 300' in such a manner that the 
antenna source 100' is exposed to ambient air. A dielectric 
member 200' is interposed between the antenna source 100' 
and the chamber 300' so as to insulate the antenna source 100' 
from the chamber 300' while maintaining a vacuum state. 
Further, an etching target 400' is placed below the chamber 
3OO. 

A spiral antenna Source used for the chamber of the con 
ventional ICP processing apparatus is illustrated in FIG. 1B. 

However, as the Volume and Surface area of the etching 
target 400' increase. Such a spiral antenna Source causes vari 
ous problems. 

First, if the chamber has a large area, the dielectric member 
for maintaining the vacuum state between the antenna Source 
and the chamber considerably increases in size and thickness. 
Hence, the cost of production increases, and efficiency is 
lowered due to an increased distance between the antenna 
Source and plasma. 

In addition, because the reaction chamber has a large area, 
the antenna Source also increases in length. Thus, loss of 
applied power due to resistance of the antenna increases, and 
an etch rate is lowered due to non-uniformity of the plasma 

Moreover, when a power Supply capable of applying power 
at a frequency of 13.56MHz, is used, a standing wave effect 
(two wave pulses having the same amplitude and frequency 
and propagating in opposite directions interfere to form 
standing waves) may occurata halfwavelength portion of the 
antenna source, so that the area of the chamber can no more be 
enlarged. 

In order to solve these problems, the present applicant filed 
Korean Patent Application No. 2003-28849, titled “Induc 
tively Coupled Plasma Processing Apparatus Having Internal 
linear Antenna for Large Area Processing.” and No. 2004 
17227, titled “Inductively Coupled Plasma Apparatus. Using 
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2 
Magnetic Field.” The constructions of the inventions dis 
closed in these two patent applications will be briefly 
described below. 

First, as illustrated in FIG. 2, the inductively coupled 
plasma processing apparatus for a large area processing dis 
closed in Korean Patent Application No. 2003-28849 
includes a reaction chamber 10, a plurality of linear antennas 
32 that receive induced power, are horizontally arranged 
spaced apart from each other by a predetermined distance at 
an inner upper portion of the reaction chamber 10, and have 
adjacent first ends coupled to each other with a predetermined 
curvature at an outer portion of the reaction chamber 10, and 
at least one magnet 42 disposed adjacent to the linear anten 
nas 32 so as to generate a magnetic field perpendicular to an 
electric field generated by the linear antennas 32 in such a 
manner that electrons move along spiral trajectories. 

Here, the linear antennas 32 and the magnets 42 are 
enclosed by protective tubes 30 and 40 formed of quartz in 
order to prevent direct exposure to plasma, respectively. A 
reference number 20 indicates a stage on which a substrate to 
be etched (not shown) is loaded. 

Next, as illustrated in FIG. 3, the inductively coupled 
plasma apparatus using a magnetic field disclosed in Korean 
Patent Application No. 2004-17227 includes a reaction cham 
ber 110 provided with a stage 120 on which a substrate to be 
etched (not shown) is loaded, and at least one antenna Source 
4 having a plurality of antenna rods 410 and 420 that are 
alternately aligned in parallel, wherein the antenna rods 410 
and 420 are each provided thereabove with a plurality of 
magnets. 

Here, the antenna rods 410 and 420 and the magnets are 
also enclosed by protective tubes 130 and 140 formed of 
quartZ, respectively, in order to prevent direct exposure to 
plasma. 

Each antenna Source 4 is connected to an RF induced 
power section 7 on one side thereof and is grounded on the 
other side thereof. 

However, because the protective tubes for protection from 
the plasma are formed of quartz, they are easily corroded by 
corrosive gases. When the corrosion becomes serious, the 
tubes themselves are damaged and the vacuum state cannot be 
maintained. Such a situation can be very dangerous. 

Further, when the antenna rods and the magnets are 
replaced, they are separated from the wall of the reaction 
chamber one by one and then assembled again. As such, the 
replacement work requires much time and furthermore is not 
easy. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made to solve 
the above-mentioned problems occurring in the prior art, and 
an objective of the present invention is to provide a plasma 
processing apparatus for a very large area using a dual fre 
quency, in which input power at the dual frequency is used to 
improve plasma uniformity to the maximum extent, thereby 
obtaining a higher plasma density. 

In order to accomplish this objective, according to an 
aspect of the present invention, there is provided a plasma 
processing apparatus for a very large area. The apparatus 
comprises: a stage loading a Substrate to be subjected to an 
etching or deposition process; a reaction chamber detachably 
coupled with the stage and having a plasma Source region; a 
cover covering the reaction chamber, an assembly frame cou 
pling the reaction chamber with the cover, first and second 
antenna Sources disposed in the plasma Source region, and 
having a plurality of antenna assemblies disposed in parallel, 
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the plurality of antenna assemblies having a power Supply 
connected to one side thereof and a ground connected to the 
other side thereof, and a plurality of magnet assemblies dis 
posed on both sides of each antenna assembly, wherein the 
first and second antenna Sources include m and m-1 antenna 
assemblies to which the same power is applied, respectively, 
and the antenna assemblies of the first antenna Source and the 
antenna assemblies of the second antenna Source are alter 
nately disposed; and wherein input power applied to the first 
antenna Source and input power applied to the secondantenna 
Source are different in magnitude and applied at the same 
time. 

According to another aspect of the present invention, there 
is provided a plasma processing apparatus for a very large 
area. The apparatus comprises: a stage loading a substrate to 
be subjected to an etching or deposition process; a reaction 
chamber detachably coupled with the stage and having a 
plasma source region; a cover covering the reaction chamber, 
an assembly frame coupling the reaction chamber with the 
cover, first and second antenna Sources disposed in the 
plasma source region, and having a plurality of antenna 
assemblies disposed in parallel, the plurality of antenna 
assemblies having a power Supply connected to one side 
thereof and a ground connected to the other side thereof; and 
a plurality of magnet assemblies disposed on both sides of 
each antenna assembly, wherein the first and second antenna 
Sources include m and m-1 antenna assemblies to which the 
same power is applied, respectively, and the antenna assem 
blies of the first antenna Source and the antenna assemblies of 
the second antenna source are alternately disposed; and 
wherein a frequency applied to the first antenna source and a 
frequency applied to the second antenna source are different 
in magnitude and applied at the same time. 

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. 1A illustrates a structure of a chamber in a conven 
tional inductively coupled plasma (ICP) processing appara 
tus; 

FIG. 1B illustrates a schematic structure of an antenna 
Source in a conventional ICP processing apparatus; 

FIG. 2 is a perspective view illustrating the construction of 
an ICP processing apparatus for a large area disclosed in 
Korean Patent Application No. 2003-28849 filed by the 
present applicant; 

FIG.3 is a perspective view illustrating the construction of 
a plasma processing apparatus for a large area disclosed in 
Korean Patent Application No. 2004-17227 filed by the 
present applicant; 

FIG. 4 is a perspective view illustrating a module-type 
plasma processing apparatus for a very large area in accor 
dance with an exemplary embodiment of the present inven 
tion; 

FIG. 5 is a perspective view illustrating a structure of the 
antenna assembly of FIG. 4; 

FIG. 6 is an exploded perspective view illustrating a struc 
ture of the antenna assembly of FIG. 4; 

FIG. 7 is a perspective view illustrating an external struc 
ture of the antenna and magnet assemblies of FIG. 4; 

FIG. 8 is a perspective view illustrating a structure of an 
antenna or magnet assembly according to the present inven 
tion; 
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4 
FIG. 9 is a plan view illustrating the arrangement of 

antenna Sources and magnets; 
FIG. 10 is a plan view illustrating another arrangement of 

antenna Sources and magnets; 
FIG. 11 is a graph of plasma uniformity using a plasma 

processing apparatus according to the present invention; 
FIG. 12 is a graph of plasma density using a plasma pro 

cessing apparatus according to the present invention; and 
FIG. 13 is a graph of plasma uniformity in various circum 

stances using a plasma processing apparatus according to the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, exemplary embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings. In the following description and drawings, the 
same reference numerals are used to designate the same or 
similar components, and components will only be described 
OCC. 

Among the accompanying drawings, FIG. 4 illustrates an 
entire structure of a plasma processing apparatus for a very 
large area using a dual frequency in accordance with an 
exemplary embodiment of the present invention, and FIGS. 5 
to 8 each illustrate a structure of the antenna assembly of FIG. 
4. Herein, a magnet assembly has the same structure as an 
antenna assembly, except that a magnet is used instead of an 
antenna. 

First, a reaction chamber 1100 is provided with a stage 
1200 capable of loading a substrate (not shown) that will be 
Subjected to a plasma etching or deposition process. The stage 
1200 may be adapted to move up and down. As illustrated, the 
reaction chamber 1100 having antenna and magnet assem 
blies is adapted to be separated from the stage on which the 
substrate is loaded. Therefore, the reaction chamber 1100 is 
coupled with the stage only when actually used, and usually is 
separated from the stage. 

Further, the reaction chamber 1100 may be additionally 
provided with an exhaust line connected with a vacuum pump 
(not shown) at a bottom or a sidewall thereof. 
The stage 1200 can be connected with a bias power supply 

so as to apply bias power to the stage 1200. In addition, the 
stage 1200 may be additionally provided with a bias voltage 
measurement unit (not shown) capable of measuring bias 
voltage applied to the stage 1200. 

Meanwhile, the reaction chamber 1100 has a cover 1900, a 
lower portion of which is a plasma Source region for gener 
ating plasma and is provided with an antenna Source. In the 
antenna Source, antenna assemblies 1400 are disposed in 
parallel and horizontally spaced apart from each other. 

In addition, magnet assemblies 1500 are each disposed on 
both sides of each of the antenna assemblies 1400. 

Antenna rods 1410 are assembled into an assembly frame 
1800 of the cover 1900 and the reaction chamber 1100 with 
assembly cases 1430 made of Teflon(R) interposed therebe 
tween. To be specific, as illustrated in FIGS. 5 to 8, each 
antenna rod 1410 is inserted into through holes 1431 formed 
at both longitudinal ends of the assembly case 1430, and each 
antennarod 1410 is accommodated in a recess 1432 formed in 
each assembly case 1430 in a longitudinal direction. 

Further, the antenna rods 1410 are surrounded by resin 
pipes 1420, respectively, with vacuum spaces formed ther 
ebetween. As illustrated in FIGS. 6 and 8, a vacuum state of 
each vacuum space is maintained by installing a connector 
1710 and an O-ring 1720 for sealing between each antenna 
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rod 1410 and each resin pipe 1420 and between each magnet 
1510 and each resin pipe outside the reaction chamber 1100. 
The resin pipes are made of a Teflon R) material, such as 

polytetrafluoroethylene (PTFE), perfluoroalkoxy (PFA), 
fluoroethylenepropylene (FEP), or polyvinylidene fluoride 5 
(PVDF). 

In addition, the recesses 1432 of the assembly cases 1430 
are covered with quartz windows 1433, respectively. Because 
the quartz, windows 1433 are opposite to the stage 1200, they 
are installed in order to protect the antenna rods 1410 against 
plasma. 

Meanwhile, each magnet assembly 1500 has the same 
structure as each antenna assembly 1400. 
To be more specific, each magnet assembly 1500 includes 

an assembly case 1530 that is formed with through holes at 
both longitudinal ends thereof and in which a recess 1532 is 
formed in a longitudinal direction, a quartz window covering 
the recess 1532 of the assembly case 1530, a magnet 1510 
inserted into the through holes of the assembly case 1530, and 
a resin pipe installed around the magnet 1510 with a vacuum 
space formed therebetween. The magnet assemblies 1500 
pass through the reaction chamber 1100. 
As illustrated in FIG. 7, the magnet assemblies 1500 are 

disposed above the antenna assemblies 1400. The magnets 
1510 are permanent magnets having an N pole and an Spole. 
The magnets 1510 are disposed above the antenna assemblies 
1400 so that the magnetic field is applied to the antenna 
SOUC. 

Because the N-pole and S-pole are alternately disposed, the 
direction of the magnetic field between the N-pole and S-pole 
permanent magnets is perpendicular to the direction of the 
electric field, so that electrons follow a helical trajectory 
within the magnetic and electric fields. 

The spiral motion of the electrons increases the length of 
each electron's trajectory and thus increases probability of 
collision, i.e., collision frequency, between electrons and neu 
trons. As the collision probability between electrons and neu 
trons increases due to the helical motion of the electrons 
caused by the magnetic field, ion density increases and mobil 
ity of the electrons decreases. Thereby, electron loss 
decreases. 

Meanwhile, the assembly frame 1800 on which the antenna 
assemblies 1400 and the magnet assemblies 1500 are 
mounted can be installed so as to freely move in the longitu 
dinal direction of the cover 1900. With this construction, it is 
possible to replace only the assembly frame 1800 by another 
frame on which the antenna assemblies 1400 and the magnet 
assemblies 1500 having different specifications and numbers 
are mounted, so that the assembly frame 1800 can be easily 
reconstructed. 
As illustrated in FIG. 9, the antenna source includes the 

plurality of antenna assemblies 1400 connected in parallel. 
Further, two comb-type antenna Sources are alternately dis 
posed opposite to each other. To this end, the left-hand 
antenna Source is set to have mantenna assemblies, and the 
right-hand antenna Source coupled is set to have m-1 antenna 
assemblies. Thereby, the antenna assemblies of the right 
hand antenna Source are alternately inserted between the 
antenna assemblies of the left-hand antenna source. Here, the 
expressions left-hand and right-hand are merely used to 
facilitate easy understanding of, and not to limit, the configu 
ration being described. 

It is also possible to set the numbers of antenna assemblies 
of the left-hand and right-handantenna Sources to m-1 and m, 
respectively, and alternately dispose the antenna assemblies 
of the left-hand and right-hand antenna sources. 
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6 
Further, as illustrated in FIG. 10, in order to generate 

plasma exceeding an ordinarily used area, the numbers of the 
left-hand and right-hand antenna assemblies linearly 
increase. In this case, it is possible to obtain a high uniformity 
of plasma. 
One side of the antenna sources is connected to RF induced 

power supplies 1700a and 1700b respectively, and the other 
side is grounded. 

Here, the RF induced power supply 1700a connected to the 
left-hand antenna Source, and the RF induced power Supply 
1700b connected to the right-handantenna source each apply 
different powers, and preferably, the input power having a 
frequency of 2 MHZ and 13.56MHz, respectively, at the same 
time. 

More preferably, the input power having a frequency of 2 
MHZ is applied to the antenna Source having m antenna 
assemblies, and the input power having a frequency of 13.56 
MHZ is applied to the antenna Source having m-1 antenna 
assemblies. 

In this manner, because a dual frequency where left- and 
right-hand frequencies are different from each other is used, it 
is possible to obtain better plasma uniformity than the prior 
art. 

Embodiment 1 

In the plasma processing apparatus of the present invention 
as illustrated in FIG. 9, input power having a frequency of 
13.56 MHz applied by the RF induced power supply 1700b 
connected to the right-handantenna source was fixed to 5 kW. 
input power having a frequency of 2 MHZ applied by the RF 
induced power supply 1700a connected to the left-hand 
antenna source increased from 200 W to 900 W, and unifor 
mity of plasma was measured. The results are shown in the 
graph of FIG. 11. 
As shown in FIG. 11, a high plasma uniformity of about 8% 

on average, and of maximum 6.9% was obtained. 

Embodiment 2 

In the plasma processing apparatus of the present invention 
as illustrated in FIG. 9, input power having a frequency of 
13.56 MHz applied by the RF induced power supply 1700b 
connected to the right-handantenna source was fixed to 4kW 
and 5 kW, input power having a frequency of 2 MHZ applied 
by the RF induced power supply 1700a connected to the 
left-hand antenna Source was increased, and plasma density 
was measured. The results are shown in the graph of FIG. 12. 
As shown in FIG. 12, a high plasma density of 2.5x10''/ 

cm maximum was obtained according to the input power. 

Embodiment 3 

In the plasma processing apparatus of the present invention 
as illustrated in FIG.9, an input power of 200 Whaving a dual 
frequency as in Table 1 below was applied by the RF induced 
power supply 1700b connected to the right-hand antenna 
source, and the RF induced power supply 1700a connected to 
the left-hand antenna Source, and then uniformity of plasma 
was measured. The results are shown in the graph of FIG. 13. 
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TABLE 1. 

Left-hand Antenna Source 
Three Antenna Assemblies 

Right-hand Antenna Source 

Frequency Input Power Frequency Input Power 
(MHz) (W) (MHz) (W) 

A. 13.56 2OO 2 2OO 
B 13.56 2OO 13.56 2OO 
C 13.56 2OO 27.12 2OO 
D 13.56 2OO 40.68 2OO 
E 2 2OO 13.56 2OO 

As a result of the simulation of Embodiment 3, the best 
result among the five examples was example E, in which the 
input voltage having a frequency of 2 MHZ was used for the 
left-hand antenna Source (three antenna assemblies), and 
simultaneously the input Voltage having a frequency of 13.56 
MHZ was used for the right-handantenna Source (two antenna 
assemblies). 

In FIG. 13, it was found that example E had high plasma 
uniformity as electron density was shown to be flat. 

General operation of the plasma processing apparatus of 
the present invention will be described below. 
By applying power to the antenna assemblies 1400 

arranged in the reaction chamber 1100 in parallel, and dis 
charging plasma, the Substrate (not shown) disposed on the 
stage 1200 is etched. 

Meanwhile, because a path along which RF power travels 
approximately corresponds to the width, the antenna Source 
may be completely free of the standing wave effect. 

This type of antenna source can be very efficiently used for 
plasma discharge over a larger Surface area than is conven 
tionally feasible. 
As can be seen from the foregoing, the dual-frequency 

input power is used, and thereby plasma uniformity is 
improved to the maximum extent. Accordingly, a higher 
plasma density can be obtained. 

Especially, in a process of fabricating semiconductor 
devices as well as large-sized flat panel displays, uniform 
plasma can be formed over a large area. 

Further, because the diameter of a silicon wafer has 
increased to 300 mm, and the area of a panel display substrate 
is increasing, it is considered that a dry etching apparatus will 
play a significant role in the production of thin film transistor 
(TFT) liquid crystal displays. In this respect, the present 
invention is predicted to have a great ripple effect. 
The quartz window is additionally provided, and the resin 

pipe made of Teflon R is interposed between the quartz win 
dow and the antenna rod. Thereby, the vacuum state of the 
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8 
vacuum space can be maintained by the resin pipe even when 
the quartz, window is damaged by corrosive gases, so that the 
plasma processing apparatus can continuously maintain its 
function. 

In addition, as the antenna assemblies and the magnet 
assemblies are constructed in a module or drawer type, they 
can be conveniently replaced and easily maintained. 

Although exemplary embodiments of the present invention 
have been described 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 defined by the appended 
claims and their equivalents. 
What is claimed is: 
1. A plasma processing apparatus for a very large area, the 

apparatus comprising: 
a stage loading a Substrate to be subjected to an etching or 

deposition process; 
a reaction chamber detachably coupled with the stage and 

having a plasma Source region; 
a cover covering the reaction chamber; 
an assembly frame coupling the reaction chamber with the 

cover, 
first and second antenna Sources disposed in the plasma 

Source region, and each source having a plurality of 
antenna assemblies disposed in parallel, the plurality of 
antenna assemblies having a power Supply connected to 
one side thereof and a ground connected to the other side 
thereof; 

a plurality of magnet assemblies disposed on both sides of 
each antenna assembly; and 

a first power supply, connected to the first antenna source, 
for applying a first power having a first frequency to the 
first antenna Source, and a second power Supply, con 
nected to the second antenna Source, for applying a 
second power having a second frequency to the second 
antenna Source, the first frequency and the second fre 
quency being different in magnitude with each other, 

wherein the first and second antenna Sources comprise m 
and m-1 antenna assemblies, respectively, and the 
antenna assemblies of the first antenna Source and the 
antenna assemblies of the second antenna Source are 
alternately disposed. 

2. The apparatus according to claim 1, wherein each of the 
first power Supply and the second power Supply is a radio 
frequency (RF) induced power Supply. 

3. The apparatus according to claim 2, wherein the first 
frequency is 2 MHZ and the second frequency is 13.56 MHz. 

k k k k k 


