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APPARATUS AND METHOD FOR 
NCORPORATING COMPOSITION INTO 
SUBSTRATE USING NEUTRAL BEAMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 12/031,540 filed on Feb. 14, 2008 which 
claims priority to and the benefit of Korean Patent Applica 
tion No. 2008-001 2135, filed Feb. 11, 2008, the disclosure of 
which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to an apparatus and 
method for processing a Surface of a Substrate using neutral 
beams in order to improve characteristics of the Substrate, and 
more particularly, to an apparatus and method for processing 
a Surface of a Substrate using neutral beams, in which forma 
tion of an oxide layer and application of the neutral beams are 
repeatedly performed twice or more on the substrate to be 
processed, thereby increasing uniformity of the applied neu 
tral beams. 

BACKGROUND OF THE INVENTION 

0003. With high integration of semiconductor devices, the 
area of a memory cell is being reduced. This acts as a serious 
obstacle to increasing the integration of a non-volatile 
memory device having a plurality of cell transistors. 
0004 Thus, a silicon-oxide-nitride-oxide-silicon 
(SONOS) non-volatile memory device, which has a single 
gate electrode as in a metal oxide semiconductor field effect 
transistor (MOSFET) and can trap electric charges, has been 
proposed. The SONOS non-volatile memory device has 
advantages in that it can be easily fabricated and it can be 
easily integrated with a peripheral region or a logic region of 
an integrated circuit. 
0005 FIG. 1 is a cross-sectional view illustrating the 
structure of a conventional SONOS device. 

0006. As illustrated in FIG.1, the SONOS device includes 
a lower insulating layer 130, a charge storage layer 140, an 
upper insulating layer 150, and a gate electrode, which are 
sequentially staked on a Substrate 110 having an isolation 
layer 120. At this time, the lower and upper insulating layers 
130 and 150 are formed of a silicon oxide (SiO) layer using 
chemical vapor deposition, and the charge storage layer 140 is 
formed of a silicon nitride (SiNa) layer. 
0007. The SONOS device having this structure is a float 
ing trap memory device rather than a floating gate memory 
device that is a flash memory device, and performs a program 
operation in a manner Such that electric charges are stored in 
the charge storage layer 140, formed of a nitride layer, 
between the lower and upper insulating layers 130 and 150. 
0008. However, since the nitride layer used as the charge 
storage layer 140 has a too small trap site, many electric 
charges are not stored in the nitride layer. Therefore, the 
program operation for storing the electric charges in the trap 
site and the erase operation for eliminating the electric 
charges are reduced in speed. 
0009. Thus, in order to maximize performance of the non 
Volatile memory device, charge trap flash (CTF) technology, 
which makes use of a metal layer or a charge blocking layer 
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which has a high work function as the gate electrode and of a 
high-k dielectric layer, is employed. 
0010 For example, a tantalium-aluminium oxide-nitride 
oxide-silicon (TANOS) or silicon-aluminium oxide-nitride 
oxide-silicon (SANOS) non-volatile memory device, which 
makes use of a TaN layer as the gate electrode and an alumi 
num oxide layer as a high-k dielectric layer, has been pro 
posed. 

BRIEF SUMMARY OF THE INVENTION 

0011. The present invention provides an apparatus and 
method for processing a surface of a Substrate using neutral 
beams, in which the neutral beams are applied to an oxide 
layer twice or more so as to be uniformly applied to the 
substrate to be processed. 
0012. The present invention also provides an apparatus 
and method for processing a surface of a Substrate using 
neutral beams, in which the neutral beams are uniformly 
applied to an oxide layer, thereby performing efficient com 
position incorporation on a next-generation semiconductor 
device. 
0013 The present invention also provides an apparatus 
and method for processing a surface of a Substrate using 
neutral beams, in which the neutral beams having low energy 
are applied to an oxide layer formed on the substrate to be 
processed, thereby preventing the oxide layer from being 
etched, minimizing damage to the oxide layer, and preventing 
surface diffusion caused by post treatment such as heat treat 
ment. 

0014. In other words, the present invention is different 
from known ion incorporation in that the neutral beams are 
used within an energy range in which the oxide layer is hardly 
etched. An apparatus for this ion incorporation accelerates 
ionized dopants at a high speed, and thereby incorporates the 
accelerated dopants into a Surface of the Substrate. In a semi 
conductor fabrication process, the ion incorporation is to 
endow atomic ions having electrical characteristics with 
enough energy enough to penetrate the Surface of the Sub 
strate, and incoporate the atomic ions into the Substrate, i.e., 
the non-conductor, without change of the thickness of Sub 
Strate. 

0015. According to one aspect of the present invention, 
there is provided an apparatus for processing a surface of a 
Substrate using neutral beams, which is mounted in a plasma 
generating chamber. The apparatus includes: an ion beam 
generating gas inlet, which injects a gas for generating ion 
beams; an ion source, which generates the ion beams having 
a polarity from the gas introduced through the ion beam 
generating gas inlet; a grid assembly, which is installed on 
one end of the ion source: a reflector, which is aligned with the 
grid assembly and converts the ion beams to the neutral 
beams; and a stage, on which the Substrate is placed on a 
traveling path of the neutral beams. Formation of the oxide 
layer and application of the neutral beams are repeatedly 
performed on the Substrate so as to improve characteristics of 
the oxide layer. 
0016. Here, the characteristics of the oxide layer may be 
improved by processing the oxide layer using the neutral 
beams having a low energy below 100 eV such that there is 
almost no change in thickness of the oxide layer. 
0017. Further, the characteristics of the oxide layer may be 
improved by processing the oxide layer using the neutral 
beams having a low energy of 10 eV. 
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0018. Also, the gas introduced through the ion beam gen 
erating gas inlet may include one selected from the group 
consisting of nitrogen series, oxygen series, C, F, series, and 
fluorine series. 
0019. Meanwhile, the substrate may be formed of SiO, 
and electrical characteristics of a gate oxide layer may be 
improved by incorporation using the neutral beams. 
0020. Further, the substrate may be formed of a high-k 
material such as Al-O, Hf), TiO, ZrOYO, Ta-Os, BeO 
or La-Os, and electrical characteristics of the oxide layer may 
be improved by incorporation using the neutral beams. 
0021. In addition, one of a silicon-oxide-nitride-oxide 
silicon (SONOS) structure, a tantalium-aluminium oxide 
nitride-oxide-silicon (TANOS) structure and a silicon-alu 
minium oxide-nitride-oxide-silicon (SANOS) structure is 
formed on the substrate. 
0022. According to another aspect of the present inven 

tion, there is provided a method of processing a Surface of a 
Substrate using neutral beams. The method includes: (a) 
forming an oxide layer on the Substrate; and applying the 
neutral beams to the oxide layer to incorporate at least one of 
O, N and F elements into the oxide layer, wherein the neutral 
beams are generated through the steps of injecting a gas 
including at least one of O, N, C-F-(where X=1 to 4, y=2 to 
8) and NF for generating ion beams through an inlet into an 
ion Source; generating the ion beams having a polarity from 
the injected gas in the ion source; and converting the ion 
beams to neutral beams at least one of O, N and F elements. 
The step (a) and (b) may be repeated at least one time 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The above and other advantages of the present 
invention will become readily apparent by reference to the 
following detailed description when considered in conjunc 
tion with the accompanying drawings wherein: 
0024 FIG. 1 is a cross-sectional view illustrating the 
structure of a conventional silicon-oxide-nitride-oxide-sili 
con (SONOS) device; 
0025 FIG. 2 is a cutaway exploded perspective view of an 
apparatus for processing a Surface of a Substrate using neutral 
beams according to the present invention; 
0026 FIG.3 illustrates the state in which the apparatus for 
processing a Surface of a substrate using neutral beams illus 
trated in FIG. 2 is mounted in a plasma generating chamber; 
0027 FIG. 4 is a graph showing the results obtained by 
measuring a change in the depth profile of an oxide layer 
using secondary ion mass spectrometry (SMIS) after a target 
Substrate is Subjected to Surface treatment by the apparatus 
illustrated in FIG. 3; 
0028 FIG. 5 is a graph showing characteristics of a 
memory fabricated using the apparatus for processing a Sur 
face of a Substrate using neutral beams according to the 
present invention; 
0029 FIG. 6 illustrates a conventional process of process 
ing a Substrate using neutral beams; and 
0030 FIG. 7 is a schematic cross-sectional view illustrat 
ing a process of forming an oxide layer on a target Substrate 
and a process of applying neutral beams to the oxide layer 
using the apparatus for processing a surface of a substrate 
using neutral beams according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0031 Hereinafter, the present invention will be explained 
in detail with reference to the accompanying drawings. 
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0032 First, the configuration of an apparatus for imple 
menting a method of processing a Surface of a Substrate using 
neutral beams according to the present invention will be 
described with reference to the accompanying drawings. 
0033 FIG. 2 is a cutaway exploded perspective view of an 
apparatus for processing a Surface of a Substrate using neutral 
beams according to the present invention. FIG. 3 illustrates 
the state in which the apparatus for processing a Surface of a 
substrate using neutral beams illustrated in FIG. 2 is mounted 
in a plasma generating chamber. 
0034. The apparatus 10 for processing a surface of a sub 
strate using neutral beams according to the present invention 
includes an ion source 11, an induction coil 12, an electro 
magnet 13, a grid assembly 14, and a reflector 15. 
0035. Here, the ion source 11 may extract and accelerate 
ion beams 11a having a predetermined polarity, and the 
induction coil 12 is wound around the ion source 11. 
0036. The electromagnet 13 applies an electromagnetic 
field to the induction coil 12. The grid assembly 14 is located 
under the ion Source 11, and has three grids, each of which is 
provided with a plurality of grid holes 14a through which the 
ion beams 11a passes. 
0037. The reflector 15 is in close contact with the grid 
assembly 14, and has a plurality of reflecting plates 15a 
corresponding to the grid holes 14a of the grid assembly 14. 
The reflector 15 reflects the ion beams 11a, which pass 
through the grid holes 14a, onto the reflecting plates 15a, and 
converts the reflected ion beams to neutral beams 11b. 
0038 Further, the composition incorporatingapparatus 10 
includes a stage, on which a Substrate 16 to be processed 
(hereinafter, referred to as a “target substrate'), a wafer, may 
be positioned on a traveling path of the neutral beams 11b. 
0039 Preferably, a retarding grid is additionally installed 
between the reflector 15 and the stage so as to control direc 
tionality and accelerating energy of the neutral beams 11b. A 
diameter of the reflecting plate 15a may be constructed to be 
equal to or greater than a diameter of each grid hole 14a. 
0040. Further, the grid assembly 14 has a cylindrical 
shape, and is provided with protrusions along an outer cir 
cumferential edge of the bottom surface thereof. The reflector 
15 has a cylindrical shape, and is provided with protrusions, 
which may be inserted into the respective protrusions of the 
grid assembly 14, along an outer circumferential edge of the 
top surface thereof. 
0041 Furthermore, the reflecting plates 15a are inclined 
to the direction, in which the ion beams 11a travel straight 
through the grid holes 14a, at a predetermined angle, Such that 
the ion beams 11a are reflected from the reflecting plates 15a. 
0042. Here, the reflecting plates 15a of the reflector 15 
may be arranged to be inclined to the central axis of the 
reflector 15 at a predetermined angle or to be parallel to the 
central axis of the reflector 15. The protrusions of the reflector 
15, which are formed along the outer circumferential edge of 
the top surface of the reflector 15, may be constructed to be 
inclined at a predetermined angle. 
0043. According to the present invention, the ion source 
11 includes various types of ion sources. The reflector 15 is 
formed of a semiconductor Substrate, a silicon dioxide or 
metal Substrate, or a graphite Substrate. Each ion beam 11a, 
which is incident through the grid holes 14a of the grid 
assembly 14, may be constructed at an incident angle from 5 
to 15 degrees. 
0044. In the present invention, the ion source 11 may 
generate the ion beams 11a, and the reflector 15 is installed 
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between the ion source 11 and the stage on which the target 
substrate 16, the wafer, is placed, so as to reflect the ion beams 
11a having a predetermined incident angle. Thereby, the neu 
tral beams 11b may be obtained. 
0045. The term “neutral beam’ in the present invention 
means a beam in an electrically neutral state, which is artifi 
cially produced to control directivity and energy thereof. In 
this regard, directivity and energy of ion beam are controlled 
in a grid while a controlled ion accepts an electron in a 
reflection plate to produce an electrically neutral beam. The 
electrically neutral beam is irradiated to a substrate to proceed 
various processes. 
0046 Positive ions are extracted from a high-density 
plasma source using a three-grid system, and the positive ions 
being deficient in electrons receive electrons via an ion-elec 
tron charge exchange collision phenomenon in the reflection 
plate which is inclined at an angle of about 5, resulting in a 
formation of an neutral beams in an electrically neutral state 
(US Publication Patent No. 2002060201). The grid system 
may be included two grids or three grids, and the three-grids 
system is currently used because the three-grid system is 
excellent in an aspect of beam flux with respect to energy. 
0047 Properties of the ion beams extracted are settled by 
applying a Voltage in the three-grid system as follow: 
0048 a positive voltage is applied to first grid (accelera 
tion grid), which determines the energy of the beam; 
0049 a negative Voltage is applied to second grid (exrac 
tion grid), which controls the beam optic by electric field; and 
0050 a third grid is in a state of ground. 
0051. In process of conventional semi-conductors, HDP 
(High Density Plasma) is typically used foretching process of 
micro-pattern. During the etching process, high density ions 
having energy from a few tens to a few hundreds eV are 
irradiated to a substrate for an anistropic etching (Kin P. 
Cheung. Plsma Charging Damage, Springer-Verlag London 
Berlin Heidelberg, 2000). 
0052. However, when such high density ions are irradiated 
to the Substrate, there are not only electric and physical dam 
ages but also other complex problems such as loading prob 
lem, stringer, sidewall residue and the like by reactive radicals 
and a fixed sheath geometry. 
0053 Although such damages in the conventional semi 
conductor devices can be controlled by methods such as 
annealing or removal of Surface layer, it is expected that the 
methods may not remove the damages in the future semicon 
ductor devices because of thermal weakness and very-thin 
layer. 
0054 Therefore, a neutral beam is qualified as the best 
way to solve such problems. 
0055. The ion-electron charge exchange collision used in 
the present invention is a neutralizing method by interaction 
between ion particles and Solid Surface. 
0056. In order to neutralize an ion, it is required a binding 
with an electron, in which is physically impossible that anion 
solely bonds with an electron for neutralization. Therefore, in 
the ion-electron charge exchange collision, three body 
recombination method using a Surface acting as a medium is 
used to neutralizing an ion. 
0057. In other words, in case of the two body recombina 
tion method, one body is formed from two body as in the 
following reaction equation (i), in which energy and momen 
tum are not preserved in a gas state: 
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0.058 However, in the three body recombination method, 
most of positive ions having 10-1000 V of energy are neu 
tralized in surface by a very rapid three body neutralization 
reaction as in the following reaction equation (ii): 

0059. Such ion-neutral charge exchange collision method 
is distinguished into a single grid structure, and a structure of 
grid and reflection plate according to its structure. In the 
single grid structure, the extraction and neutralization of ions 
is simultaneously achieved by using a single grid. In the 
structure of grid and reflection plate used in the present inven 
tion, each of extraction and neutralization of ions are sepa 
rately achieved by using the grid and the reflection plate. 
0060. The ion-neutral charge exchange collision method 
includes process that incidentions are collided with the sur 
face of a material and then reflected. The process may be 
explained by three of “incoming process”, “collision process” 
and “reflection process” as follow: 
0061. When an ion is close to the surface of a material, an 
electron is overlapped prior to the collision between atomic 
nuclei, resulting in a charge exchange. 
0062. Further, an auger process is occurred in this process. 
Then, an electron is excited by the collision between incident 
ions or neutralized ions with the atomic nuclei. The incident 
ions are reflected and reacted again with an electron. 
0063. Further, when outgoing particles are ions, an attach 
ment of an electron on the surface is occurred. The attached 
electron includes a secondary electron or auger electron hav 
ingalow energy which is generated in the collision (Rabalais, 
J. W., Principles and Applications of Ion Scattering Spec 
trometry. Surace Chemical and Structural Analysis, John 
Wiley and Sons, Inc., New Jersey (2003)). 
0064. Such neutralizing process is mainly occurred in a 
range of from about 1 eV to about 500 eV (Rabalais, J. W., 
Principles and Applications of Ion Scattering Spectrometry. 
Surace Chemical and Structural Analysis, John Wiley and 
Sons, Inc., New Jersey (2003)). 
0065. When an energy of the incidentions is higher than 1 
kV, the particles move faster than a time required for the 
charge exchange, and collided with the atomic nuclei, result 
ing in Sputtering or implatation. 
0066. In order words, according to the present invention, 
the neutral beams are used as an ion incorporation source for 
processing a surface of the Substrate, so that electrical char 
acteristics can be improved in a next generation device Such 
as a tantalium-aluminium oxide-nitride-oxide-silicon 
(TANOS) device, a silicon-aluminium oxide-nitride-oxide 
silicon (SANOS) device, etc. without causing electrical and 
physical damages to the target Substrate 16 due to the ion 
beam as in the prior art. 
0067 SONOS, TANOS, and SANOS are the next genera 
tion of a flash memory structure to improve problems of the 
conventional floatin gate (FG). 
0068 ATANOS device includes TaN (TiN may be used as 
a gate electrode)—Al-O (a blocking oxide layer)—SiN (a 
charge trapping layer)—SiO (a tunnel oxide layer)—Si (a 
substrate) structure, and TANOS means a combination of the 
first letter of the each of the above thin layers. SONOS 
includes poly-Si as a gate electrode, and SiO, as an oxide. 
SANOS includes poly-Siasa gate electrode, SiO, as an oxide 
and Al-O as a blocking oxide layer (Chin-Yuan Lu et al. 
Non-volatile memory technology—Today and Tomorrow, 
Proceedings of 13" IPFA 2006, Singapore). 
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0069 SONOS, SANOS, and TANOS structures having a 
gate-a blocking oxide-a charge trapping layer-a tunnel oxide 
layer-a substrate are evolved in order to solve the problems of 
the conventional floatin gate in a nonvolatile flash memory. 
0070. To this end, the composition incorporating appara 
tus of FIG. 3 includes a plasma generating chamber, three 
grids that sequentially overlap each other, and a reflector. 
Here, the ion beams are accelerated by applying a positive 
Voltage to the first grid, the uppermost grid, of the three grids, 
which is adjacent to the plasma generating chamber, and an 
optical axis of each beam is adjusted by applying a negative 
Voltage to the second grid, the intermediate grid. Further, the 
third grid, the lowermost grid, and the reflector are grounded 
to convert the extracted ion beams to the neutral beams, so 
that the electrical damage to the target Substrate is minimized. 
0071. Further, in the present invention, an available gas 
includes nitrogen series, oxygen series, C.F. series, fluorine 
series, and so on. The target substrate 16 is formed of high 
dielectric constant materials, i.e. high-k materials, such as 
Al2O, Hf), TiO, ZrOYO, Ta-Os, and La-Os including 
SiO. 
0072 According to the present invention, the grid assem 
bly and the reflector 15, which are located under the ion 
Source 11, are in close contact with each other, so that the ion 
beams 11 a can be prevented from being leaked in an undes 
ired direction, thus remarkably reducing contamination. 
Thereby, neutron flux of the neutral beams 11b may be con 
siderably increased. Further, since a space occupied by the 
reflector 15 may be reduced. As a result, the composition 
incorporating apparatus 10 may be made Small and inexpen 
sive. 

0073. The ion beams may be accelerated by voltage appli 
cation. The grid assembly having the plurality of grid holes 
through which the ion beams can pass is disclosed in Korean 
Patent No. 0380660, granted to the present applicant, and so 
the description thereof will be omitted. 
0074. Now, a method of processing the target substrate, 
the wafer, using the composition incorporating apparatus 
illustrated in FIG. 3 will be described. 

0075. A gas for generating the ion beams is injected 
through an ion beam generating gas inlet, which is not shown. 
Then, the ion gas, which is injected through the ion beam 
generating gas inlet, is generated to the ion beams having a 
polarity by the ion source 11. The generated ion beams 11 
pass through the grid assembly 14 and the reflector 15, and 
then are converted to the neutral beams. The neutral beams are 
applied to the target Substrate 16, and process the target wafer 
16. 

0076 FIG. 4 is a graph showing the results obtained by 
measuring a change in the depth profile of an oxide layer 
using secondary ion mass spectrometry (SMIS) after a target 
Substrate is subjected to Surface treatment by the composition 
incorporating apparatus illustrated in FIG.3. Here, Al-O was 
processed by the neutral beams having low energy, and then a 
depth profile was measured using the SIMS. As a result, it 
could be found that the neutral beam processing of Al2O. 
formed Al F bonds to thereby improve characteristics of the 
oxide layer. 
0077. Further, in the apparatus for processing a surface of 
a Substrate using neutral beams according to the present 
invention, in order to improve the characteristics of the oxide 
layer, i.e., the target layer deposited on the target Substrate, 
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neutral beams having a low energy below 100 eV are used 
Such that there is almost no change in thickness of the oxide 
layer. 
(0078 Preferably, the oxide layer of the target substrate is 
processed by neutral beams having an energy of 10 eV. So as 
to minimize electrical damage to the oxide layer. 
007.9 FIG. 5 is a graph showing characteristics of a 
memory device fabricated using an apparatus for processing 
a Surface of a Substrate using neutral beams according to the 
present invention. As shown in FIG. 5, neutral beams are 
applied to the oxide layer deposited on the target Substrate 
using the apparatus for processing a Surface of a substrate 
using neutral beams according to the present invention. 
0080. The C-V characteristics of the MOS devices 
described above were also measured, and the results are 
shown in Figure. The C-V characteristics of the MOS devices 
showed a hystesis curve (related to the memory window 
characteristics) within the voltage range of -15-15V, due to 
the charge trapping between SiN. and Al-O in the ONA 
layers. As shown in the C-V hysteresis curve, the MOS device 
fabricated with the F-neutral-beam-treated ONA layer 
showed the widest memory window characteristics due to the 
increase in its charge-trapping characteristics. When the C-V 
characteristics of the MOS device fabricated with the F-neu 
tral-beam-treated ONA layer were compared with those of 
the MOS device fabraicated with the untreated ONA layer, 
the charge-trapping characteristics related to electron trap 
pling were found to have been significantly improved for the 
MOS devicefabricated with the F-neutral-beam-treated ONA 
layer. This is believed to be related to the effective electron 
blocking by the Al—F layer formed on the surface of the 
Al2O3 without causing any charge-related damage. In the 
case of the C-V characteristics of the MOS device fabricated 
with the F-ion-beam-treated ONA layer, the memory window 
was also improved compared with that of the MOS device 
fabricated with the untreated ONA layer, due to the Al—F 
layer formed on the Al-O. The memory window, however, 
was narrower than that of the MOS device fabricated with the 
F-neutral-beam-treated ONA layer. Moreover, the improve 
ment of the memory window was related to hole trapping 
rather than to electron trappling, which might be due to the 
positive-charge-related damage during the F ion bombard 
ment. The charge-related damage to the ONA layer during the 
Fion beam treatment needs to be investigated in detail, but the 
significant differences in the characteristics of the MOS 
device due to the charging of the ONA layer were confirmed 
by measuring the C-V characteristics of the MOS devices, 
and a significant improvement of the memory characteristics 
of the MOS device fabricated with the F-neutral-beam 
treated ONA layer was observed. 
I0081. At this time, the neutral beams are applied to the 
oxide layer with a low energy of 10 eV or less such that the 
oxide layer deposited on the target Substrate does not undergo 
electrical damage, i.e. Such that the oxide layer deposited on 
the target Substrate is not etched, thereby incorporating the 
composition into the target Substrate. 
0082 In this case, it will be seen from FIG. 5 that charac 
teristics of the memory device including the oxide layer is 
improved. 
I0083 FIG. 6 illustrates a conventional process of process 
inga Substrate using neutral beams. As illustrated in FIG. 6, in 
the conventional process of processing a target Substrate 
using neutral beams, the neutral beam is applied only to the 
top surface of the oxide layer, and thus neutral ionic species 
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incorporated to the target substrate are diffused to the outside 
of the oxide layer through post treatment Such as heat treat 
ment. 

0084 Thus, the neutral ionic species are lost by the dif 
fused amount. Simultaneously, the neutral beams are not 
uniformly applied to the overall target Substrate, so that a 
uniform oxide layer cannot be formed. 
0085 FIG. 7 is a schematic cross-sectional view illustrat 
ing a process of forming an oxide layer on a target Substrate, 
and a process of applying neutral beams to the oxide layer 
using an apparatus for processing a Surface of a substrate 
using neutral beams according to the present invention. As 
illustrated in FIG. 7, both the process of forming the oxide 
layer on the target Substrate and the process of applying 
neutral beams to the oxide layer are performed at least twice. 
I0086 More specifically, as illustrated in FIG. 7, the pro 
cess of depositing a predetermined amount of Al-O to form 
a thin oxide layer and the process of applying neutral beams 
to the oxide layer are repeated. Then, when heat treatment is 
performed, the remaining amount of Al-O is deposited. 
These processes are performed at least twice when the thick 
ness of the oxide layer reaches the half of a desired thickness 
or at a desired position of the oxide layer. 
0087 Thus, when the oxide layer is processed twice or 
more as in the present invention, the neutral ionic species can 
be uniformly distributed throughout the oxide layer after post 
treatment Such as heat treatment. 
0088 As described above, an apparatus and method for 
processing a Surface of a substrate using neutral beams 
according to the present invention can improve equipment 
and process technology that may be generally used for a 
next-generation semiconductor device Such as a tantalium 
aluminium oxide-nitride-oxide-silicon (TANOS) device, a 
silicon-oxide-nitride-oxide-silicon (SONOS) device, and so 
O. 

0089. Further, in the apparatus and method for processing 
a Surface of a Substrate using neutral beams according to the 
present invention, the Surface treatment is repeatedly per 
formed on the oxide layer of the semiconductor device using 
ions, which are generated from the composition incorporat 
ing apparatus, i.e. the neutral beam generator so as to have a 
low energy of 10 eV or less, so that electrical damage to the 
oxide layer can be minimized. In order words, the ions of O, 
N, F, or so on are incorporated into the oxide layer, so that 
electrical characteristics of the oxide layer can be improved. 
0090. In this manner, the present invention is directed to 
improve the electrical characteristics of the oxide layer using 
the neutral beams. At this time, the use of the neutral beams 
can prevent electrical damage to the oxide layer, which may 
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occur in an existing method using plasma, so that the charac 
teristics of the oxide layer can be improved. Particularly, 
when the neutral beams are applied to a gate oxide layer of the 
semiconductor device, the electrical characteristics of the 
oxide layer may be prevented from being degraded by plasma 
damage, which may occur in the existing method. 
0091 Although the exemplary embodiments of the 
present invention have been described, it is understood that 
the present invention should not be limited to these exemplary 
embodiments but various changes and modifications can be 
made by one ordinary skilled in the art within the spirit and 
Scope of the present invention as hereinafter claimed. 
What is claimed is: 
1. A method of processing a surface of a Substrate using 

neutral beams, comprising the steps of 
(a) forming an oxide layer on the Substrate; 
(b) applying the neutral beams to the oxide layer to incor 

porate at least one of O, N and F elements into the oxide 
layer; and 

wherein the neutral beams are generated through the steps 
of: 

injecting a gas including at least one of O2, N2, C-F- 
(where X=1 to 4, y=2 to 8) and NF for generating ion 
beams through an inlet into an ion source; 

generating the ion beams having a polarity from the 
injected gas in the ion source; and 

converting the ion beams into the neutral beams containing 
at least one of O, N and F elements. 

2. The method of claim 1, wherein the step (a) and (b) are 
repeated at least one time. 

3. The method of claim 1, wherein the substrate is formed 
of SiO. 

4. The method of claim 1, wherein the substrate is formed 
of Al2O, Hf), TiO, ZrOYO, Ta-Os, BeO or LaO. 

5. The method of claim 4, wherein one of a SONOS (sili 
con-oxide-nitride-oxide-silicon) structure, a TANOS (tanta 
lium-aluminium oxide-nitride-oxide-silicon) structure, or a 
SANOS (silicon-aluminium oxide-nitride-oxide-silicon) 
structure is formed on the substrate. 

6. The method of claim 1, wherein the neutral beams have 
an energy below 100 eV. 

7. The method of claim 1, wherein the neutral beams have 
the energy of 10 eV 

8. The method of claim3, wherein one of a SONOS (sili 
con-oxide-nitride-oxide-silicon) structure, a TANOS (tanta 
lium-aluminium oxide-nitride-oxide-silicon) structure, or a 
SANOS (silicon-aluminium oxide-nitride-oxide-silicon) 
structure is formed on the substrate. 
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