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ATOMC LAYERETCHINGAPPARATUS AND 
ETCHING METHOD USING THE SAME 

CLAIM FOR PRIORITY 

0001. This application claims priority to Korean Patent 
Application No. 2010-11929 filed on Feb. 9, 2010 in the 
Korean Intellectual Property Office (KIPO), the entire con 
tents of which are hereby incorporated by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. Example embodiments of the present invention 
relate in general to the field of an atomic layer etching appa 
ratus and an etching method using the same, and more spe 
cifically, to an atomic layer etching apparatus using reactive 
radicals and neutral beams, and an etching method using the 
SaC. 

0004 2. Related Art 
0005. As high integration of semiconductor devices has 
been continuously needed, in recent times, design rules for 
semiconductor integration circuits have been further reduced 
so that critical dimensions of 0.25 um or less are required. 
Now, as etching equipment for implementing a nanometer 
sized semiconductor device, ion-enhanced etching equip 
ment Such as a high density plasma etcher, a reactive ion 
etcher, etc., are mainly used. However, since a large amount 
of ions for performing an etching process existin Such etching 
equipment and the ions collide with a semiconductor Sub 
strate or a specific material layer on the semiconductor Sub 
strate with hundreds eV of energy, physical and electrical 
damage to the semiconductor Substrate or the specific mate 
rial layer may occur. 
0006. Therefore, since the physical and electrical damage 
to the nanometer-sized semiconductor device caused by the 
ions decrease reliability of the device and further lower pro 
ductivity, developments of new concepts of semiconductor 
etching equipment and etching methods adaptable to higher 
integration of semiconductor devices and further reduction in 
design rules are still needed. 
0007 Meanwhile, in the case of an atomic layer etching 
process using atomic beams or neutral beams, which has 
recently been developed, since progression directions of the 
neutral radicals and neutral beams, which are diffused and 
emitted from plasma, coincide with each other, an effect on 
the radicals caused by the etching process must be substan 
tially considered, and a pattern line of an etched part may be 
substantially undercut due to the radicals. 

SUMMARY 

0008 Accordingly, example embodiments of the present 
invention provide an atomic layer etching apparatus capable 
of adsorbing reactive radicals to a layer to be etched, simul 
taneously removing a Surface material of the layer and the 
reactive radicals, and performing an atomic layer etching 
process. 
0009 Example embodiments of the present invention also 
provide an etching method using the atomic layer etching 
apparatus. 
00.10 Example embodiments of the present invention pro 
vide an atomic layer etching apparatus including: a reaction 
chamber including a stage on which a substrate to be etched is 
seated; a plasma generator including a plasma chamber con 
figured to Supply reactive radicals and neutral beams into the 
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reaction chamber and receive a source gas to generate plasma, 
an inductive coil configured to surround the exterior of the 
plasma chamber to generate an electric field, a grid assembly 
disposed at a lower part of the plasma chamber and including 
first, second and third grids for extracting ion beams, and a 
reflective body disposed under the grid assembly and config 
ured to Supply electrons to the ion beams to convert the ion 
beams into neutral beams; a shutter installed between the 
plasma generator and the reactive chamber and configured to 
adjust Supply of the neutral beams into the reaction chamber; 
a purge gas Supply part configured to Supply a purge gas into 
the reaction chamber, and a controller configured to control 
Supply of the Source gas, an etching gas and the purge gas, and 
opening/closing of the shutter. 
0011. In some example embodiments, the first, second and 
third grids of the grid assembly may be spaced apart a prede 
termined distance from each other, and the first grid may 
receive a positive Voltage, the second grid may receive a 
negative Voltage, and the third grid may receive a positive 
Voltage to extract and accelerate ion beams. 
0012 Example embodiments of the present invention also 
provide an etching method using an atomic layer etching 
apparatus, including: loading a Substrate, in which a layer to 
be etched is exposed, on a stage in a reaction chamber, reac 
tively supplying radicals generated from a plasma generator 
disposed at an upper part of the reaction chamber into the 
reaction chamber to adsorb the radicals to a surface of the 
exposed layer, Supplying a purge gas through a purge gas 
supply part installed at one side of the reaction chamber, and 
removing excessive radicals remaining after the adsorption; 
irradiating neutral beams generated from the plasma genera 
tor to the layer to which the radicals are adsorbed, and remov 
ing a surface material of the layer with the radicals; and 
Supplying a purge gas and removing etching byproducts gen 
erated by irradiation of the neutral beams. 
0013. In some example embodiments, the plasma genera 
tor may include a plasma chamber configured to receive a 
Source gas to generate plasma, an inductive coil configured to 
Surround the exterior of the plasma chamber to generate an 
electric field, a grid assembly disposed at a lower part of the 
plasma chamber and including first, second and third grids for 
extracting ion beams, and a reflective body disposed under the 
grid assembly and configured to Supply electrons to the ion 
beams to convert the ion beams into neutral beams. 

0014. In other example embodiments, in supplying the 
reactive radicals, electric power may not be supplied to the 
grid assembly. 
0015. In still other example embodiments, in irradiating 
the neutral beams and removing the Surface material of the 
layer to be etched and the radicals, the first grid of the grid 
assembly may receive a positive Voltage, the second grid may 
receive a negative Voltage, and the third grid may receive a 
positive Voltage. 
0016. In yet other example embodiments, in irradiating the 
neutral beams and removing the Surface material of the layer 
to be etched and the radicals, the voltages applied to the 
second and third grids may be adjusted to control acceleration 
energy of the neutral beams such that sputtering is not gen 
erated from the surface of the layer to be etched. 
0017. In yet other example embodiments, in irradiating the 
neutral beams and removing the Surface material of the layer 
to be etched and the radicals, ion beams may be extracted 
from an ionic material in plasma through the grid assembly, 
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and converted into neutral beams by the reflective body dis 
posed on a progression path of the extracted ion beams and 
then irradiated. 
0018. In yet other example embodiments, the purge gas 
may be nitrogen gas. 

BRIEF DESCRIPTION OF DRAWINGS 

0019. Example embodiments of the present invention will 
become more apparent by describing in detail example 
embodiments of the present invention with reference to the 
accompanying drawings, in which: 
0020 FIG. 1 is a conceptual view of an atomic layer etch 
ing apparatus in accordance with an example embodiment of 
the present invention; 
0021 FIG. 2 is a conceptual view of an ion source of the 
atomic layer etching apparatus in accordance with an 
example embodiment of the present invention; and 
0022 FIGS.3 to 7 are views illustrating an etching method 
using anatomic layeretchingapparatus in accordance with an 
example embodiment of the present invention. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

0023 Example embodiments of the present invention are 
disclosed herein. However, specific structural and functional 
details disclosed herein are merely representative for pur 
poses of describing example embodiments of the present 
invention, however, example embodiments of the present 
invention may be embodied in many alternate forms and 
should not be construed as limited to example embodiments 
of the present invention set forth herein. 
0024. Accordingly, while the invention is susceptible to 
various modifications and alternative forms, specific embodi 
ments thereof are shown by way of example in the drawings 
and will herein be described in detail. It should be understood, 
however, that there is no intent to limit the invention to the 
particular forms disclosed, but on the contrary, the invention 
is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention. 
0025. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of the present 
invention. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed items. 
0026. It will be understood that when an element is 
referred to as being “connected' or “coupled to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
or “directly coupled to another element, there are no inter 
vening elements present. Other words used to describe the 
relationship between elements should be interpreted in a like 
fashion (i.e., “between versus “directly between.” “adja 
cent versus “directly adjacent, etc.). 
0027. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a,” “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises.” 
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“comprising.” “includes” and/or "including, when used 
herein, specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 

0028. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0029. Hereinafter, example embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings. For the purpose of the entire under 
standing in description of the present invention, like numbers 
refer to like elements throughout the description of the fig 
ures, and detailed description thereof will not be repeated. 
0030 FIG. 1 is a conceptual view of an atomic layer etch 
ing apparatus in accordance with an example embodiment of 
the present invention, and FIG. 2 is a conceptual view of an 
ion source of the atomic layer etching apparatus in accor 
dance with an example embodiment of the present invention. 
0031 Referring to FIGS. 1 and 2, an atomic layer etching 
apparatus in accordance with an example embodiment of the 
present invention includes a reaction chamber 80 including a 
stage 50 on which a substrate 51 is seated to be etched, a 
plasma generator 10 for generating neutral beams and reac 
tive radicals, a shutter 20 for adjusting supply of the neutral 
beams and radicals into the reaction chamber 80, and a con 
troller 40 for controlling Supply of a source gas and a purge 
gas and controlling opening/closing of the shutter 20. 
0032. A purge gas supply pipe 70 is connected to one side 
of an upper part of a sidewall of the reaction chamber 80 to 
Supply a purge gas thereinto, and Supply of the purge gas is 
controlled by a purge gas Supply valve 71 installed at the 
purge gas Supply pipe 70. In addition, a process gas discharge 
port 72 is installed at one side of a lower part of the sidewall 
of the reaction chamber 80 to discharge the purge gas, exces 
sive radicals, or etching byproducts. Further, a discharge 
pump 30, for example, a turbo molecular pump, is installed at 
a lower end of the reaction chamber 80 to maintain a high 
vacuum pressure in the reaction chamber 80. 
0033. A source gas supply pipe 60 is connected to an upper 
part of the plasma generator 10 to Supply a source gas, and 
Supply of the Source gas is controlled by a source gas Supply 
valve 61 installed at the source gas supply pipe 60. In addi 
tion, the shutter 20 is installed at the lowermost end of the 
plasma generator 10, and connected to a shutter Switch 21 to 
control opening/closing of the shutter 20. 
0034) Further, the plasma generator 10 includes a plasma 
chamber 11 for receiving a source gas through the source gas 
Supply pipe 60 and generating plasma, an inductive coil 12 
Surrounding the exterior of the plasma chamber 11 to generate 
an electric field, a grid assembly 13 disposed at a lower part of 
the plasma chamber 11 and constituted by first, second and 
third grids 13a, 13b and 13c to extract ion beams, and a 
reflective body 14 disposed under the grid assembly 13 to 
Supply electrons to the ion beams and convert the ion beams 
into neutral beams. 
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0035. A high positive (+) voltage of tens to hundreds of 
volts (V) is applied to the uppermost first grid 13a of the grid 
assembly 13, a relatively lower positive (+) voltage than that 
of the first grid 13a is applied to the lowermost third grid 13c 
so that high ion energy cannot be acquired during a neutral 
ization process, and a Voltage of 0 V is applied to the second 
grid 13b by ground. 
0036. The first, second and third grids 13a, 13b and 13c of 
the grid assembly 13 act as electrically insulated ion extrac 
tion electrodes and are spaced apart a predetermined distance 
from each other. Thereason for constituting the grid assembly 
13 by the plurality of grids as described above is to adjust 
characteristics Such as energy of extracted ion beams, etc. For 
example, the first grid 13a receives a positive (+) Voltage to 
extract and accelerate ions in plasma to extraction beams, the 
second grid 13b receives a negative (-) voltage to decelerate 
the extracted ion beams, and the third grid 13c receives a 
positive (+) Voltage to concentrate and accelerate the ion 
beams. 
0037. In addition, while the first, second and third grids 
13a, 13b and 13c are not shown in the figures, each grid has a 
porous disc shape in which a plurality of through-holes are 
vertically formed. 
0038. Further, the reflective body 14 is disposed on a pro 
gression path of the ion beams. Therefore, the ion beams 
collide with the reflective body 14 and are reflected there 
from, and electrons are provided to the ion beams while 
colliding with the reflective body 14 to convert the ion beams 
into neutral beams. 
0039. Meanwhile, a supply amount, a supply time, an 
opening/closing time, etc., of the source gas Supply valve 61, 
the purge gas supply valve 71 and the shutter switch 21 are 
generally controlled by the controller 40. 
0040 FIGS.3 to 7 are views illustrating an etching method 
using anatomic layeretchingapparatus in accordance with an 
example embodiment of the present invention, which will be 
described with operation of the atomic layer etching appara 
tus in accordance with an exemplary embodiment of the 
present invention shown in FIGS. 1 and 2. 
0041 Referring to FIG. 3, first, a substrate 51, in which a 
layer 100 to be etched is exposed, is seated on a stage 50 of an 
atomic layer etching apparatus in accordance with an exem 
plary embodiment of the present invention. 
0042. Here, an etching mask 110 is formed on the sub 
strate 51 to be etched to expose a portion of the substrate 51. 
0043. The layer 100 may be formed of single crystal sili 
con or polysilicon, or may be a semiconductor Substrate 
including at least silicon. The layer 100 may beformed on the 
semiconductor Substrate to a predetermined thickness. 
0044) The etching mask 110 may beformed of photoresist, 
but the present invention is not limited thereto. That is, the 
etching mask 110 may be formed of a material that does not 
react with or adsorb the reactive radicals, unlike the layer 100. 
In addition, the etching mask 110 may be formed by typical 
photolithography and etching processes. 
0045. After seating the substrate 51 on the stage 50, a 
controller 40 controls a Source gas Supply valve 61 to open so 
that a source gas is Supplied into a plasma generator 10 
through a source gas Supply pipe 40. 
0046 When the source gas is supplied into the plasma 
generator 10, electric power is applied to an inductive coil 
Surrounding the exterior of the plasma chamber 11 to generate 
plasma in the plasma chamber 11. Here, a plurality of ions and 
electrons and reactive radicals exist in the plasma. 
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0047. When plasma is generated, a shutter 20 is opened so 
that the reactive radicals are injected into a reaction chamber 
80. Here, an ionic material is also injected into the reaction 
chamber 80 together with the reactive radicals. 
0048 Meanwhile, since the radical has a relatively larger 
weight than the ionic material, the radical can be more rapidly 
lowered than the ionic material. In addition, the ionic material 
receives electrons from a reflective body 14 to be converted to 
a neutral material. 
0049 Further, electric power is not applied to a grid 
assembly 13 of the plasma generator 10 to prevent accelera 
tion of the ion. This serves to prevent acceleration of the ionic 
material having a positive (+) polarity during injection into 
the reaction chamber 80. 
0050. This is because the layer 100 may be etched when 
the ionic material is accelerated and neutralized by the reflec 
tive body 14. 
0051 Referring to FIG. 4, reactive radicals 120 injected 
into the reaction chamber 80 are adsorbed onto the layer 100 
of the substrate 51. Here, the reactive radicals 120 react with 
a material of the layer 100 to cover the uppermost part of the 
layer 100 in a form similar to atomic layer deposition. 
0052. When the reactive radicals 120 are adsorbed onto an 
upper part of the layer 100, the shutter 20 is closed to block 
supply of the reactive radicals into the reaction chamber 80 
from the plasma generator 10. 
0053 Next, a purge gas is supplied into the reaction cham 
ber 80 through a purge gas Supply pipe 70 to discharge a purge 
gas through a process gas discharge port 72 under control of 
the controller 40. Here, the purge gas may use an inert gas, for 
example, nitrogen (N) gas. In addition, the purge gas is 
discharged through the process gas discharge port 72 together 
with excessive reactive radicals remaining after adsorption 
onto the layer 100. 
0054 Referring to FIG. 5, the shutter 20 of the plasma 
generator 10 is opened and neutral beams are irradiated 
toward the layer 100 onto which the reactive radicals are 
adsorbed. 
0055. Here, electric power is applied to the grid assembly 
13 installed at a lower part of the plasma chamber 11 to extract 
and accelerate the ionic material to extraction beams, and the 
ion beams receive electrons and are converted into neutral 
beams by the reflective body 14. Here, a first grid 13a of the 
grid assembly 13 receives a positive (+) Voltage, a second grid 
13.b receives a negative (-) voltage and a third grid 13c 
receives a positive (+) Voltage. 
0056 Describing extraction of the ion beams and genera 
tion of the neutral beams, first, an ionic material existing in 
plasma in the plasma chamber 11 is extracted and accelerated 
through the first grid 13a, to which a positive (+) Voltage is 
applied, to be extracted as ion beams, and the extracted ion 
beams are decelerated through the second grid 13b, to which 
a negative (-) voltage is applied. In addition, the decelerated 
ion beams are concenrated and accelerated through the third 
grid 13c, to which a positive (+) Voltage is applied. 
0057. Further, the ion beams accelerated through the grid 
assembly 13 collide with the reflective body 14 to be 
reflected. The ion beams that have collided with the reflective 
body 14 acquire electrons to be neutralized by the reflective 
body 14. Therefore, the ion beams are converted into neutral 
beams. 

0058. Furthermore, acceleration energy of the neutral 
beams is adjusted Such that sputtering is not generated from 
the surface of the layer 100. For example, voltages of the 
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second grid 13b and the third grid 13c are adjusted such that 
the acceleration energy of the neutral beams is about 50 eV or 
less. 
0059 Referring to FIG. 6, when the neutral beams are 
irradiated to the layer 100, a material of the layer 100 
adsorbed to the reactive radicals is detached and etched to be 
removed. 
0060 Next, the shutter 20 of the plasma generator 10 is 
closed to block irradiation of the neutral beams to the sub 
strate 51, and a purge gas is Supplied into the reaction cham 
ber 80 through the purge gas supply pipe 70 to discharge the 
purge gas through the process gas discharge port 72 under 
control of the controller 40. Here, the purge gas is discharged 
with etching byproducts by etching of the layer 100, i.e., the 
material of the layer 100 adsorbed to the reactive radicals 
floating in the reaction chamber 80. 
0061 Referring to FIG. 7, when the purge gas and the 
etching byproducts are discharged, an atomic layer etching 
process of the layer to be etched is completed. 
0062. As described above, according to the present inven 

tion, unlike a conventional atomic layeretching method using 
an etching gas, the reactive radicals are adsorbed to the layer 
to be etched, and the surface material of the layer and the 
reactive radicals can be simultaneously removed using neu 
tral beams to perform the atomic layer etching process. 
0063. Therefore, it is possible to perform the atomic layer 
etching process of various material layers, on which the con 
ventional atomic layer etching process could not be per 
formed. 
0064. While the example embodiments of the present 
invention and their advantages have been described in detail, 
it should be understood that various changes, Substitutions 
and alterations may be made herein without departing from 
the scope of the invention. 
What is claimed is: 
1. An atomic layer etching apparatus comprising: 
a reaction chamber including a stage on which a substrate 

to be etched is seated; 
a plasma generator including a plasma chamber configured 

to Supply reactive radicals and neutral beams into the 
reaction chamber and receive a source gas to generate 
plasma, an inductive coil configured to Surround the 
exterior of the plasma chamber to generate an electric 
field, a grid assembly disposed at a lower part of the 
plasma chamber and including first, second and third 
grids for extracting ion beams, and a reflective body 
disposed under the grid assembly and configured to Sup 
ply electrons to the ion beams to convert the ion beams 
into neutral beams; 

a shutter installed between the plasma generator and the 
reactive chamber and configured to adjust Supply of the 
neutral beams into the reaction chamber; 

a purge gas Supply part configured to Supply a purge gas 
into the reaction chamber, and 

a controller configured to control Supply of the Source gas, 
an etching gas and the purge gas, and opening/closing of 
the shutter. 

2. The atomic layer etching apparatus according to claim 1, 
wherein the first, second and third grids of the grid assembly 
are spaced apart a predetermined distance from each other, 
and 
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the first grid receives a positive Voltage, the second grid 
receives a negative Voltage, and the third grid receives a 
positive Voltage to extract and accelerate ion beams. 

3. An etching method using an atomic layer etching appa 
ratus, the method comprising: 

loading a Substrate, in which a layer to be etched is 
exposed, on a stage in a reaction chamber; 

reactively Supplying radicals generated from a plasma gen 
erator disposed at an upper part of the reaction chamber 
into the reaction chamber to adsorb the radicals to a 
Surface of the exposed layer; 

Supplying a purge gas through a purge gas Supply part 
installed at one side of the reaction chamber, and remov 
ing excessive radicals remaining after the adsorption; 

irradiating neutral beams generated from the plasma gen 
erator to the layer to which the radicals are adsorbed, and 
removing a surface material of the layer with the radi 
cals; and 

Supplying a purge gas and removing etching byproducts 
generated by irradiation of the neutral beams. 

4. The etching method according to claim 3, wherein the 
plasma generator comprises: 

a plasma chamber configured to receive a source gas to 
generate plasma, an inductive coil configured to Sur 
round the exterior of the plasma chamber to generate an 
electric field, a grid assembly disposed at a lower part of 
the plasma chamber and including first, second and third 
grids for extracting ion beams, and a reflective body 
disposed under the grid assembly and configured to Sup 
ply electrons to the ion beams to convert the ion beams 
into neutral beams. 

5. The etching method according to claim 4, wherein, in 
Supplying the reactive radicals, electric power is not supplied 
to the grid assembly. 

6. The etching method according to claim 4, wherein, in 
irradiating the neutral beams and removing the Surface mate 
rial of the layer to be etched and the radicals, 

the first grid of the grid assembly receives a positive volt 
age, the second grid receives a negative Voltage, and the 
third grid receives a positive Voltage. 

7. The etching method according to claim 4, wherein, in 
irradiating the neutral beams and removing the Surface mate 
rial of the layer to be etched and the radicals, 

the Voltages applied to the second and third grids are 
adjusted to control acceleration energy of the neutral 
beams such that sputtering is not generated from the 
surface of the layer to be etched. 

8. The etching method according to claim 4, wherein in 
irradiating the neutral beams and removing the Surface mate 
rial of the layer to be etched and the radicals, 

ion beams are extracted from an ionic material in plasma 
through the grid assembly, and converted into neutral 
beams by the reflective body disposed on a progression 
path of the extracted ion beams and then irradiated. 

9. The etching method according to claim 3, wherein the 
purge gas is nitrogen gas. 
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