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APPARATUS TO TREAT A SUBSTRATE AND 
METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the priority of Korean 
Patent Application No. 2005-0090693, ?led on Sep. 28, 
2005, in the Korean Intellectual Property O?ice, the disclo 
sure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present general inventive concept relates to an 
apparatus to treat a substrate and a method of treating the 
substrate, and more particularly, to an apparatus to treat a 
substrate and a method of treating a substrate Which uses a 
cation beam and a negatively charged beam alternately 
extracted from a plasma. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] A semiconductor Wafer or a substrate for display 
devices (hereinafter, referred as a substrate) is manufactured 
by performing processes of repeatedly depositing and etch 
ing thin ?lms on the substrate. Generally, a process of 
etching an insulating layer can be performed With an ion 
beam extracted from a plasma and having a directivity. The 
process using the plasma has advantages of an anisotropic 
etching characteristic and a high etching e?iciency. 

[0006] In the process of etching the insulating layer using 
the ion beam, the ion beam having the directivity is formed 
by a potential difference of an electrical property of the ion. 
Thus, the ion beam is incident to the insulating layer and 
etches the insulating layer While maintaining its directivity. 

[0007] HoWever, a current path is not formed in the 
insulating layer, so that electric charges of the incident ion 
beam become charged up in the insulating layer. Then, the 
electric charges destroy the insulation and damage the 
substrate, causing a defective etching knoWn as undercut. 

[0008] To solve this problem, the ion beam is converted 
into a neutral beam, or electric charges With opposite polar 
ity to the electric charges accumulated in the substrate are 
supplied for charge compensation. 

[0009] These conventional solutions to such charge build 
up are described as folloWs. 

[0010] One conventional method of converting an ion 
beam into a neutral beam is extracting an electron from an 
electron gun or an electron extractor to be incident to a 
course of a cation. Accordingly, the electron collides With 
the cation to cause an energy transfer, and the cation is 
neutraliZed. When the cation collides With the electron, 
Which has a comparatively small mass, the cation does not 
change its course. 

[0011] Another conventional method of converting an ion 
beam into a neutral beam is that an ion beam passes through 
a neutraliZer. The ion beam With directivity collides With a 
re?ector in the neutraliZer at a small incident angle and is 
re?ected at the same angle. The charge exchange is gener 
ated during the collision, thereby neutraliZing the ion beam. 
Further, the angle of re?ection is constant, so that the ion 
beam has directivity. 
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[0012] The conventional method of providing an electric 
charge With an opposite polarity includes providing an 
electron directly to the substrate Where a cation beam is 
incident using an electron supply such as an electron gun. In 
this conventional method, a positive charge accumulated by 
the cation beam is counterbalanced by a negative charge 
from the electron. 

[0013] HoWever, these conventional methods have the 
folloWing problems. 
[0014] First, in the conventional method of neutralizing 
the cation beam using the electron, an electron supply is 
necessary in addition to an ion beam extractor. Further, the 
collision is generated from the circumference of the cation 
beam to the center thereof, so that the cation beam may not 
properly be neutraliZed in the center. 

[0015] Second, in the conventional method of neutralizing 
the ion beam using a re?ector, an energy of a neutral particle 
decreases by the collision. Further, the re?ector may be 
heat-transformed, deposited With polymer, arched, etc., due 
to the collision, and the ion beam may easily lose directivity 
according to an intensity of illumination of the re?ector. 

[0016] Third, in the conventional method of providing an 
electric charge With the opposite polarity, a device that 
directs the electron gun toWard the substrate or supplies the 
electron With directivity using a magnetic ?eld may become 
complicated. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, it is an aspect of the present general 
inventive concept to provide an apparatus to treat a substrate 
having a simple a structure and to destroy less insulation in 
an insulating layer to be treated. 

[0018] Another aspect of the present general inventive 
concept is to provide a method of treating a substrate using 
an apparatus to treat a substrate having a simple a structure 
and to destroy less insulation in an insulating layer to be 
treated. 

[0019] Additional aspects and advantages of the present 
general inventive concept Will be set forth in part in the 
description Which folloWs and, in part, Will be obvious from 
the description, or may be learned by practice of the general 
inventive concept. 

[0020] The foregoing and/or other aspects and utilities of 
the present general inventive concept may be achieved by 
providing an apparatus to treat a substrate comprising a 
vacuum chamber including a plasma space Where a plasma 
is generated and a treating space Where a substrate is treated, 
an extract electrode disposed betWeen the plasma space and 
the treating space, a poWer supply to provide poWer to the 
extract electrode, and a controller to control the poWer 
supply so that a cation beam and a negative charge beam are 
alternately extracted from the plasma in the plasma space 
and provided to the treating space. 

[0021] The negative charge beam may comprise at least 
one of an electron beam and an anion beam. 

[0022] The extract electrode may comprise a plurality of 
grids. 
[0023] The plurality of the grids may be arranged parallel 
With each other. 
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[0024] The controller may control the poWer supply to 
supply different voltages to the plurality of the grids respec 
tively. 
[0025] The controller may control the poWer supply to 
supply a ground voltage to the grid Which contacts the 
treating space. 

[0026] The apparatus to treat the substrate may further 
comprise ammeters to measure current values in each of the 
grids and to transmit the current values to the controller. 

[0027] The controller may control the poWer supply so 
that the cation beam is extracted for a same time as the 
negative charge beam. 

[0028] The controller may control the poWer supply so 
that the cation beam provided to the treating space has the 
same amount of an electric charge as the negative charge 
beam provided to the treating space. 

[0029] The apparatus to treat the substrate may further 
comprise an ammeter to measure a current value in the 
substrate to be treated and to transmit the current value to the 
controller. 

[0030] The apparatus to treat the substrate further com 
prises a table disposed under the treating space and on Which 
the substrate to be treated is seated. 

[0031] The apparatus to treat the substrate may further 
comprise a coil disposed outside the vacuum chamber to 
generate an induced-coupled plasma to the plasma space and 
a plasma forming poWer supply to provide poWer to the coil. 

[0032] The apparatus to treat the substrate may further 
comprise an impedance matching unit disposed betWeen the 
coil and the poWer supply. 

[0033] The apparatus to treat the substrate may further 
comprise the reactant gas supply to supply a reactant gas to 
the plasma space. 

[0034] The foregoing and/or other aspects and utilities of 
the present general inventive concept may also be achieved 
by providing a method of treating a substrate comprising 
placing a substrate including an exposed insulating layer to 
be treated on a table inside a vacuum chamber, generating a 
plasma in a plasma space adjacent to the table, and extract 
ing a cation beam and a negative charge beam alternately 
from the plasma to be provided to the substrate to be treated. 

[0035] In the extracting of the negative charge beam, the 
negative charge beam may comprise at least one of an 
electron beam and an anion beam. 

[0036] In the extracting of the cation beam, the cation 
beam may be extracted for substantially a same period of 
time as the negative charge beam. 

[0037] In the extracting of the cation beam, the cation 
beam may substantially have the same amount of an electric 
charge as the negative charge beam Which is provided to the 
substrate to be treated. 

[0038] The extracting of the cation beam and negative 
charge beam is performed by disposing an extract electrode 
betWeen the substrate to be treated and the plasma space. 

[0039] The foregoing and/or other aspects and utilities of 
the present general inventive concept may also be achieved 
by providing an extract electrode apparatus to neutraliZe a 
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cation beam and a negative charge beam usable in an 
apparatus to treat a substrate using a plasma, comprising one 
or more grids sequentially arranged betWeen the substrate 
and the plasma in the apparatus to treat a substrate and a 
controller to control voltages supplied to each of the one or 
more grids to extract the cation beam and the negative 
charge beam alternately from the plasma and provide the 
extracted cation beam and the negative charge beam alter 
nately into a space betWeen the extract electrode and the 
substrate. 

[0040] The foregoing and/or other aspects and utilities of 
the present general inventive concept may also be achieved 
by providing a plasma etching apparatus to treat a substrate, 
comprising a chamber to supply a plasma, an extract elec 
trode provided in the chamber, including a ?rst grid layer, a 
second grid layer, and a third grid layer each provided in a 
same shape and in parallel and vertically arranged and 
having through holes de?ned therein, and a controller to 
control voltages provided to each of the ?rst, second, and 
third grids to prevent an accumulation of charges on a 
substrate Within the chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] These and/or other aspects and advantages of the 
present general inventive concept Will become apparent and 
more readily appreciated from the folloWing description of 
the embodiments, taken in conjunction With the accompa 
nying drawings of Which: 

[0042] FIG. 1 is a sectional vieW illustrating an apparatus 
to treat a substrate according to an exemplary embodiment 
of the present general inventive concept; 

[0043] FIG. 2 is a perspective vieW illustrating a grid in 
the apparatus of FIG. 1 to treat the substrate according to an 
exemplary embodiment of the present general inventive 
concept; 

[0044] FIG. 3 is a graph illustrating a voltage Which is 
applied to the grid in the apparatus of FIG. 1; 

[0045] FIG. 4 is a graph illustrating potentials of a cation 
beam and an anion beam in the apparatus of FIG. 1; and 

[0046] FIG. 5 is a How chart illustrating a method of 
treating a substrate according to an exemplary embodiment 
of the present general inventive concept. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] Reference Will noW be made in detail to the 
embodiments of the present general inventive concept, 
examples of Which are illustrated in the accompanying 
draWings, Wherein like reference numerals refer to like 
elements throughout. The embodiments are described beloW 
in order to explain the present general inventive concept by 
referring to the ?gures. 

[0048] FIG. 1 is a sectional vieW illustrating an apparatus 
1 to treat a substrate 100 according to an exemplary embodi 
ment of the present general inventive concept. 

[0049] The apparatus 1 to treat the substrate 100 com 
prises a vacuum chamber 10 having a treating space 31 and 
a plasma space 32 formed therein, a table 21 on Which the 
substrate 100 to be treated is placed, an extract electrode 41 
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to extract a cation beam and a negative charge beam from 
plasma, and a coil 81 and a plasma forming power supply 82 
Which form the plasma. The extract electrode 41 is con 
nected to a poWer supply 51, and electric poWer supplied to 
the extract electrode 41 by the poWer supply 51 is controlled 
by a controller 71. 

[0050] The vacuum chamber 10 comprises the extract 
electrode 41, the treating space 31 Where the substrate 100 
is treated, and the plasma space 32 Where the plasma is 
formed and keeps the spaces 31 and 32 in a vacuum state and 
at a constant temperature. A reactant gas supply 11 is 
provided in an upper lateral side of the vacuum chamber 10, 
and a reactant gas to form the plasma ?oWs therefrom. The 
reactant gas may comprise CFx, Ar, 02, SP6, etc. 

[0051] An exhaust hole 12 is formed in a loWer part ofthe 
vacuum chamber 10 to discharge a by-product or the like 
generated during a reaction Within the vacuum chamber 10. 
The vacuum chamber 10 may further comprise a vacuum 
pump (not illustrated) connected to the exhaust hole 12. 

[0052] The table 21 Where the substrate 100 to be treated 
is placed is disposed in the loWer part of the vacuum 
chamber 10. A portion of an insulating layer of the substrate 
100 is exposed to be etched and another portion thereof is 
covered With a photoresist layer so as not to be etched. 

[0053] The treating space 31 is disposed above the table 
21 and the plasma space 32 is formed in an upper part of the 
treating space 31 across the extract electrode 41. 

[0054] The extract electrode 41 is disposed betWeen the 
treating space 31 and the plasma space 32. The extract 
electrode 41 comprises three grids 41a, 41b and 410. Three 
grids 41a, 41b and 410 are disposed parallel With each other. 
As illustrated in FIG. 2, each of the grids 41a, 41b and 410 
has a rectangular plate having a plurality of through holes 42 
provided therein, Which are disposed in roWs. A shape of the 
grids 41a, 41b and 410 and an arrangement of the through 
holes 42 may be modi?ed as necessary. 

[0055] The extract electrode 41 is supplied With an electric 
poWer from the poWer supply 51 and alternately transmits 
the cation beam and the negative charge beam to the treating 
space 31. The grids 41a, 41b and 410 each are connected to 
independent electric poWer units 51a, 51b and 510 to be 
independently supplied With the electric poWer. 

[0056] Ammeters 61a, 61b and 610 each are connected 
betWeen the grids 41a, 41b and 410 and the independent 
electric poWer units 51a, 51b and 510 to measure current 
values Which substantially How in the grids 41a, 41b and 
410. MeanWhile, the substrate 100 is connected to an amme 
ter 61d as Well to measure a charge accumulation in the 
substrate 100. 

[0057] The controller 71 controls the electric poWer Which 
the poWer supply 51 provides to the extract electrode 41. The 
controller 71 alternately extracts a cation beam and a nega 
tive charge beam from plasma in the plasma space 32 to 
control the electric poWer, thereby transmitting the cation 
beam and negative charge beam to the treating space 31. The 
controller 71 controls the poWer supply 51 by feedback of 
the current values measured by each of the ammeters 61a, 
61b, 61c and 61d so as not to generate a charge accumulation 
in the substrate 100. 
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[0058] The coil 81 is disposed outside the vacuum cham 
ber 10 to correspond to the plasma space 32 and is connected 
to the plasma forming poWer supply 82. The plasma forming 
poWer supply 82 supplies high-frequency electric poWer to 
the coil 81, and a frequency of the high-frequency electric 
poWer may be in a range of several kHZ to hundreds of MHZ. 
Induced-coupled plasma is formed in the plasma space 32 as 
the plasma forming poWer supply 82 supplies the electric 
poWer. An impedance matching unit 83 is provided betWeen 
the coil 81 and the plasma forming poWer supply 82. 

[0059] The apparatus 1 to treat the substrate extracts the 
cation beam and the negative charge beam alternately from 
the plasma in the plasma space 32. The extract electrode 41 
selectively extracts the cation beam and/ or the negative 
charge beam using a relation betWeen energies of the beams 
and a potential of the extract electrode 41. This method is 
disclosed in page 61 to 64 of“THE PHYSICS AND TECH 
NOLOGY OF ION SOURCES”, Second edition, by Ian G. 
BroWn. 

[0060] Hereinafter, a method of extracting a cation beam 
and a negative charge beam from plasma, according to an 
embodiment of the present general inventive concept, Will 
be described With reference to FIGS. 3 and 4. 

[0061] The negative charge beam according to the present 
embodiment of FIGS. 3 and 4 is an anion beam and/or an 
electron beam Which can neutraliZe the cation beam. Here 
inbeloW, a negative charge beam Will be described With an 
anion beam as an example. 

[0062] FIG. 3 is a graph illustrating a voltage applied to 
each of the grids 41a, 41b, and 410 in the apparatus of FIG. 
1, and FIG. 4 is a graph illustrating potentials of the cation 
beam and the anion beam in the apparatus of FIG. 1 
according to the embodiment of FIGS. 3 and 4. 

[0063] FIG. 3 illustrates that the voltages provided to each 
of the grids 41a, 41b and 410 have different patterns. The 
voltages provided to the ?rst grid 41a and the second grid 
41b each form a rectangular Wave Which vary at a constant 
period and alternate With respect to each other. The third grid 
410 is provided With a ground voltage regardless of time. 

[0064] In the present exemplary embodiment, When the 
?rst grid 41a has a loW potential and the second grid 41b has 
a high potential, the anion beam is extracted. In contrast, 
When the ?rst grid 41a has a high potential and the second 
grid 41b has a loW potential, the cation beam is extracted. 
The anion beam is extracted Within the same time period as 
the cation beam. Frequencies of the ?rst grid 41a and the 
second grid 41b may be in a range of 1 Hz and hundreds of 
kHZ. 

[0065] The controller 71 controls the poWer supply 51 so 
that the electric poWers provided to each of the grids 41a, 
41b and 410 have the patterns illustrated in FIG. 3, respec 
tively. In this method, the controller 71 may modify the 
patterns of the electric poWers based on the current values 
measured by the ammeters 61a, 61b, 61c and 61d. 

[0066] In the present embodiment, the voltages provided 
to the ?rst grid 41a and the second grid 41b may form a sine 
Wave, a triangular Wave, etc., in addition to the rectangular 
Wave. 

[0067] FIG. 4 illustrates potentials of the cation beam and 
the anion beam With respect to a vertical direction Z in the 
vacuum chamber 10. 
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[0068] The potential of the cation beam rapidly decreases 
between the ?rst grid 41a and the second grid 41b, and 
slowly increases betWeen the second grid 41b and the third 
grid 410. The potential of the anion beam rapidly increases 
betWeen the ?rst grid 41a and the second grid 41b, and 
sloWly decreases betWeen the second grid 41b and the third 
grid 410. 

[0069] The apparatus 1 to treat the substrate according to 
the exemplary embodiment of FIG. 1 may be modi?ed. For 
example, in another embodiment, the number of grids may 
be one or more. 

[0070] Hereinafter, a method of treating a substrate 100 
using the apparatus of FIG. 1 to treat the substrate 100 
according to an embodiment of the present general inventive 
concept Will be described With reference to FIG. 5. FIG. 5 
is a How chart illustrating a method of treating a substrate 
according to an exemplary embodiment of the present 
general inventive concept. 

[0071] First, the substrate 100 to be treated is placed on the 
table 21 (Operation S100). One portion of the insulating 
layer of the substrate 100 is exposed to be etched, and 
another portion of the insulating layer not to be etched is 
covered With a photoresist layer. The insulating layer com 
prises silicon nitride or silicon oxide, and Wiring made of 
metal may be disposed thereunder. The substrate 100 may be 
a semiconductor Wafer or a substrate usable in display 

devices, such as a liquid crystal display (LCD) device, a 
plasma display panel (PDP) device and an organic light 
emitting diode (OLED) device. 

[0072] After the substrate 100 is placed on the table 21, a 
temperature and a pressure inside the vacuum chamber 10 
are adjusted. 

[0073] Then, a high-frequency electric poWer is applied to 
the coil 81 through the plasma forming poWer supply 82 
While a reactant gas is supplied into the vacuum chamber 10 
through the reactant gas supply 11. Accordingly, the plasma 
is formed from the reactant gas by an inductive coupling in 
the plasma space 32 (Operation S200). The plasma com 
prises the cation beam and either the anion or the electron 
beam as the negative charge beam. 

[0074] When the plasma is formed, the cation beam and 
the negative charge beam are alternately extracted by adjust 
ing the voltages applied to each of the grids 41a, 41b and 410 
of the ?rst extract electrode 41 to be transmitted to the 
treating space 31 (Operation S300). The negative charge 
beam may be the anion beam and/ or the electron beam and 
has substantially the same amount of an electric charge as 
the cation beam. 

[0075] The cation beam and the negative charge beam 
provided to the treating space 31 are incident to the substrate 
100 to etch the exposed insulating layer (Operation S400). 
In this process, the cation beam and the negative charge 
beam are neutraliZed, thereby not accumulating electric 
charges in the insulating layer. Thus, a destruction or detrac 
tion of a quality of the insulation layer is reduced. 

[0076] As described above, an apparatus to treat a sub 
strate according to an embodiment of the present general 
inventive concept, Which can use a plurality of plasma 
spaces, and extract electrodes to prevent charge accumula 
tion in an insulating layer Without a neutraliZer or the like, 
is provided. 
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[0077] Although a feW embodiments of the present gen 
eral inventive concept have been shoWn and described, it 
Will be appreciated by those skilled in the art that changes 
may be made in these embodiments Without departing from 
the principles and spirit of the general inventive concept, the 
scope of Which is de?ned in the appended claims and their 
equivalents. 

What is claimed is: 
1. An apparatus to treat a substrate, comprising: 

a vacuum chamber including a plasma space Where a 
plasma is generated and a treating space Where a 
substrate is treated; 

an extract electrode disposed betWeen the plasma space 
and the treating space; 

a poWer supply to provide poWer to the extract electrode; 
and 

a controller to control the poWer supply so that a cation 
beam and a negative charge beam are alternately 
extracted from the plasma in the plasma space and 
provided to the treating space. 

2. The apparatus to treat the substrate according to claim 
1, Wherein the negative charge beam comprises at least one 
of an electron beam and an anion beam. 

3. The apparatus to treat the substrate according to claim 
1, Wherein the extract electrode comprises a plurality of 
grids. 

4. The apparatus to treat the substrate according to claim 
3, Wherein the plurality of the grids are arranged parallel 
With each other. 

5. The apparatus to treat the substrate according to claim 
3, Wherein the controller controls the poWer supply to supply 
di?cerent voltages to the plurality of the grids respectively. 

6. The apparatus to treat the substrate according to claim 
3, Wherein the controller controls the poWer supply to supply 
a ground voltage to the grid Which contacts the treating 
space. 

7. The apparatus to treat the substrate according to claim 
3, further comprising ammeters to measure current values in 
each of the grids and to transmit the current values to the 
controller. 

8. The apparatus to treat the substrate according to claim 
1, Wherein the controller controls the poWer supply so that 
the cation beam is extracted for a same period of time as the 
negative charge beam. 

9. The apparatus to treat the substrate according to claim 
1, Wherein the controller controls the poWer supply so that 
the cation beam provided to the treating space has the same 
amount of an electric charge as the negative charge beam 
provided to the treating space. 

10. The apparatus to treat the substrate according to claim 
1, further comprising an ammeter to measure a current value 
in the substrate to be treated and to transmit the current value 
to the controller. 

11. The apparatus to treat the substrate according to claim 
1, further comprising a table disposed under the treating 
space and on Which the substrate to be treated is seated. 

12. The apparatus to treat the substrate according to claim 
1, further comprising: 

a coil disposed outside the vacuum chamber to generate 
an induced-coupled plasma to the plasma space; and 
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a plasma forming power supply to provide power to the 
coil. 

13. The apparatus to treat the substrate according to claim 
12, further comprising an impedance matching unit disposed 
betWeen the coil and the poWer supply. 

14. The apparatus to treat the substrate according to claim 
1, further comprising a reactant gas supply to supply a 
reactant gas to the plasma space. 

15. An extract electrode apparatus to neutraliZe a cation 
beam and a negative charge beam usable in an apparatus to 
treat a substrate using a plasma, comprising: 

one or more grids sequentially arranged betWeen the 
substrate and the plasma in the apparatus to treat a 
substrate; and 

a controller to control voltages supplied to each of the one 
or more grids to extract the cation beam and the 
negative charge beam alternately from the plasma and 
provide the extracted cation beam and the negative 
charge beam alternately into a space betWeen the 
extract electrode and the substrate. 

16. The extract electrode apparatus of claim 15, Wherein 
the controller comprises: 

one or more ammeters to measure currents in each respec 

tive grid and to provide the measured results to the 
controller such that the controller controls the voltages 
to each of the grids to prevent charge accumulation in 
the substrate. 

17. The extract electrode apparatus of claim 16, Wherein 
the controller further comprises: 

a substrate ammeter to measure charge accumulation in 
the substrate and to provide the measured results to the 
controller such that the controller controls the voltages 
to each of the grids to prevent charge accumulation in 
the substrate. 

18. The extract electrode apparatus of claim 16, Wherein 
the controller comprises: 

one or more independent poWer units to provide a respec 
tive one of the voltages to each respective grid based on 
the currents measured by the respective one of the 
ammeters. 

19. The extract electrode apparatus of claim 15, Wherein 
each of the grids has through holes de?ned therein 

20. The extract electrode apparatus of claim 15, Wherein 
the one or more grids comprise: 

a ?rst grid furthest from the substrate; 

a second grid provided betWeen the ?rst grid and the 
substrate; and 

a third grid provided betWeen the second grid and the 
substrate. 
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21. A plasma etching apparatus to treat a substrate, 
comprising: 

a chamber to supply a plasma; 

an extract electrode provided in the chamber, including a 
?rst grid layer, a second grid layer, and a third grid layer 
each provided in a same shape and in parallel and 
vertically arranged and having through holes de?ned 
therein; and 

a controller to control voltages provided to each of the 
?rst, second, and third grids to prevent an accumulation 
of charges on a substrate Within the chamber. 

22. The apparatus of claim 21, further comprising a table 
provided in the chamber to support the substrate to be 
treated. 

23. The apparatus of claim 21, Wherein the controller 
comprises a measuring device to measure a charge on the 
substrate and controls the voltage based on the measured 
charge. 

24. The apparatus of claim 21, Wherein the controller 
controls the extract electrode to alternately extract a cation 
beam and a negative charge beam. 

25. A method of treating a substrate comprising: 

placing a substrate including an exposed insulating layer 
to be treated on a table inside a vacuum chamber; 

generating a plasma in a plasma space adjacent to the 
table; and 

extracting a cation beam and a negative charge beam 
alternately from the plasma to be provided to the 
substrate to be treated. 

26. The method of treating the substrate according to 
claim 25, Wherein in the extracting of the negative charge 
beam, the negative charge beam comprises at least one of an 
electron beam and an anion beam. 

27. The method of treating the substrate according to 
claim 25, Wherein in the extracting of the cation, the cation 
beam is extracted for substantially a same time as the 
negative charge beam. 

28. The method of treating the substrate according to 
claim 25, Wherein in the extracting of the cation, the cation 
beam has substantially the same amount of an electric charge 
as the negative charge beam Which is provided to the 
substrate to be treated. 

29. The method of treating the substrate according to 
claim 25, Wherein the extracting of the cation beam and 
negative charged beam, is performed by disposing an extract 
electrode betWeen the substrate to be treated and the plasma 
space. 


