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(57) ABSTRACT 

Disclosed are PEALD (plasma-enhanced atomic layer depo 
Sition) apparatus and PEALD method for manufacturing a 
Semiconductor device, the PEALD apparatus comprising: a 
housing including a reaction chamber in which a deposition 
reaction is performed; a rotary disk unit installed in the 
housing and provided with a plurality of Susceptors for 
receiving wafers thereon So as to move the wafers, a gas 
Spray unit mounted on the upper end of the housing above 
the rotary disk unit, and provided with first reactive gas 
Sprayers, Second reactive gas SprayerS and inert gas Sprayers 
on a lower Surface of a circular disk for Spraying respective 
gases into the housing, a gas feed unit connected to the gas 
Spray unit for Supplying first and Second reactive gases and 
a purge gas into the housing, a gas exhaust port formed 
around the rotary disk unit; and a plasma generator for 
generating plasma to excite the Second reactive gas. 
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ALDAPPARATUS AND ALD METHOD FOR 
MANUFACTURING SEMCONDUCTOR DEVICE 

0001. The present invention relates to an atomic layer 
deposition (hereinafter, referred to as “ALD) apparatus and 
method for manufacturing a Semiconductor device, and 
more particularly to an ALD apparatus and an ALD method 
for manufacturing a Semiconductor device, in which a gas 
feed unit has an improved Structure, thus enhancing the 
productivity of a depositing process, allowing gases to be 
uniformly Supplied into a reactor, achieving the depositing 
process at a low temperature, and improving the physio 
chemical properties of an obtained thin film. 

BACKGROUND OF THE INVENTION 

0002 Generally, various thin films are deposited on a 
Semiconductor Substrate by a Sputtering method, which is a 
physical deposition proceSS. However, when the Surface of 
the Substrate is stepped, a thin film deposited by the Sput 
tering method has low Step coverage. Accordingly, a chemi 
cal vapor deposition (hereinafter, referred to as “CVD') 
method using an organo-metallic precursor has been widely 
used. 

0003) Such a CVD method for depositing a thin film 
using a CVD apparatuS has excellent Step coverage of an 
obtained thin film and high productivity of the thin film 
deposition process. However, the CVD method has prob 
lems in that it requires a high temperature for depositing the 
thin film and has difficulty in finely controlling the thickness 
of the thin film to be several A. Further, two or more kinds 
of reactive gases are simultaneously Supplied into a reactor 
and chemically reacted with each other in a gaseous State, 
thus creating particles of contaminants. 

0004 Since semiconductor devices have been miniatur 
ized recently, the thickness of thin films required by the 
Semiconductor devices has decreased and it is necessary to 
finely control the thickness of the thin films. Particularly, in 
order to solve the above problems of the CVD method, there 
is proposed an ALD method, in which an atomic layer of an 
ultra-thin film is deposited to produce a dielectric layer of a 
Semiconductor device, a transparent conductive layer of an 
LCD, or a protective layer of an electroluminescent thin film 
display. 

0005. In the above ALD method, the thin film is obtained 
by repeating cycles, in which reactants are Separately 
injected into the reactor including a Substrate (wafer), and 
chemically absorbed onto the surface of the substrate in a 
Saturated State. 

0006. Hereinafter, the process and principle of the thin 
film deposition using the above ALD method will be 
described in detail. 

0007 FIGS. 1a to 1e are schematic views illustrating the 
ALD method, in which a thin film is obtained by repeating 
the ALD cycle twice. 

0008 First, a first reactive gas 12 is supplied onto the 
upper Surface of a wafer 10 Serving as a Semiconductor 
Substrate located within a rector. Here, the first reactive gas 
12 is chemically absorbed onto the upper surface of the 
wafer 10 until the reaction reaches a saturated state (FIGS. 
1a and 1b). 
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0009. When the reaction between the first reactive gas 12 
and the upper Surface of the wafer 10 reaches the saturated 
State, the exceSS amount of the first reactive gas 12 no longer 
reacts with the upper surface of the wafer 10. Under this 
condition, an inert gas (not shown) reacts with the excess 
amount of the first reactive gas 12, thereby allowing the 
exceSS amount of the first reactive gas 12 to be exhausted to 
the outside (FIG. 1c). 
0010. After the first reactive gas 12 is completely 
removed from the reactor, a Second reactive gas 14 is 
Supplied onto the upper Surface of the wafer 10, and then 
chemically absorbed onto the upper Surface of the wafer 10. 
Here, the first and Second reactive gases 12 and 14 are 
chemically reacted on the upper Surface of the wafer 10, 
thereby being formed into a desired thin film of an atomic 
layer (FIG. 1d). 
0011 When the reaction between the second reactive gas 
14 and the upper surface of the wafer 10 reaches a saturated 
State, the excess amount of the Second reactive gas 14 does 
not react with the upper surface of the wafer 10 any more. 
Under this condition, an inert gas (not shown) reacts with the 
exceSS amount of the Second reactive gas 12, thereby allow 
ing the exceSS amount of the Second reactive gas 12 to be 
exhausted to the outside (FIG. 1e). 
0012. The above-described steps shown in FIGS. 1a to 
1e form one cycle, and the thin film of the atomic layer with 
a desired thickness can be grown on the wafer 10 by 
repeating the cycle. 

0013 In order to alternately supply the reactive gases, 
which are fed onto and chemically react with the upper 
surface of the wafer 10, a valve control unit is generally 
used. 

0014 FIG. 2 is a schematic cross-sectional view of a 
conventional ALD apparatus 20. Here, the movement of a 
wafer 24 is not shown. 

0015 The conventional ALD apparatus comprises a 
Vacuum chamber 20 as a reactor, a base 22, for mounting the 
wafer 24 thereon, while moving upward and downward 
within the vacuum chamber 20, a gas Suction port 26 
installed at one end of the vacuum chamber 20, a gas exhaust 
port 28 installed at the other end of the vacuum chamber 20, 
and a gas feed unit 30 connected to the gas Suction port 26. 
A heater is installed within the base 22. 

0016. Here, the gas feed unit 30 can comprise a first 
reactive gas container 32, a Second reactive gas container 34, 
and a purge gas container 36 containing an inert gas depend 
ing on the types of thin films to be formed. First, Second and 
third valves 37,38 and 39 for controlling the flow rate of the 
corresponding gases are provided in the respective contain 
ers 32, 34 and 36. 

0017. In order to perform the steps shown in FIGS. 1a to 
1e using the above ALD apparatus, a process cycle shown in 
FIG. 3 is carried out. 

0018 First, only the first valve 37 in the first reactive gas 
container 32 is opened So as to Supply a first reactive gas into 
the vacuum chamber 20. When the absorption of the first 
reactive gas onto the wafer 24 is completed, the first valve 
37 is closed and the third valve 39 is opened so as to supply 
a purge gas (inert gas) into the vacuum chamber 20. 
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0019. After the first reactive gas is completely removed, 
the third valve 39 is closed and the second valve 38 in the 
Second reactive gas container 34 is opened So as to Supply 
a second reactive gas into the vacuum chamber 20. When the 
reaction between the Second reactive gas and the wafer 24 is 
completed and a thin film is grown on the wafer 24, the 
second valve 38 is closed and the third valve 39 is re-opened 
So as to Supply the purge gas into the vacuum chamber 20. 
Thereby, one cycle of the ALD process is completed. The 
thin film with a desired thickness is formed on the wafer 24 
by repeating the cycle several times (FIG. 3). 
0020. The ALD process using the above conventional 
ALD apparatus is inevitably restricted by various require 
mentS. 

0021. That is, a step of chemically reacting the second 
reactive gas with the first reactive gas absorbed onto the 
wafer must be performed in the low temperature range in 
which the first reactive gas is not dissolved on the Substrate. 
In order to achieve the chemical reaction between the first 
and Second reactive gases in Such low temperatures, the 
Second reactive gas must have a high reactivity, thus being 
limited in terms of materials to be selected. 

0022. For example, the second reactive gas with a high 
reactivity, which is used to form a metallic oxide thin film 
Serving as a dielectric or electrode, is Selected from vapor, 
oZone, etc. The use of these materials as the Second reactive 
gas causes Some unwanted problems. 

0023 Water is absorbed onto the inner wall of the reac 
tion chamber and is not easily exhausted to the outside, thus 
lengthening the purging time and reducing the productivity 
of the ALD process. Further, water creates particles of 
contaminants, thereby deteriorating the uniformity and reli 
ability of the obtained thin film. In case that ozone is used 
as the Second reactive gas, Since oZone has a high reactivity, 
it is difficult to induce oZone into the reaction chamber. 

0024. Further, ammonia (NH) is mainly used as the 
Second reactive gas to form a metallic nitride thin film. 
Ammonia is easily absorbed onto other parts other than the 
Substrate within the reaction chamber, thus not being easily 
exhausted to the outside. In case that ammonia is not 
completely removed from the reaction chamber, ammonia 
reacts with a reactive gas of the next cycle, thus generating 
particles of a contaminant and increasing the amount of 
impurities in the thin film. 
0025) Moreover, with the ALD method, it is difficult to 
deposit a thin film made of a Single element Such as W, Al, 
Cu, Pt, Ir, Ru, etc. on the wafer. 
0026. Accordingly, in order to solve the above problems, 
there has been developed a plasma-enhanced ALD (herein 
after, referred to as “PEALD) method. 
0027. In the PEALD method, a second reactive gas 
excited by plasma is Supplied to a reaction chamber. 
0028 FIG. 3 is a graph illustrating gas supply in accor 
dance with respective Steps of the conventional ALD 
method. 

0029 First, a first reactive gas is supplied into the reac 
tion chamber provided with a wafer, and absorbed onto the 
Surface of the wafer. Then, a purge gas is Supplied into the 
reaction chamber to remove the residual first reactive gas 
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from the reaction chamber. Next, a Second reactive gas 
excited by plasma generated by a plasma generator is 
Supplied into the reaction chamber, and then acceleratedly 
reacts with the first reactive gas absorbed onto the Substrate. 
0030 Thereafter, the plasma generation by the plasma 
generator is stopped and the Supply of the Second reactive 
gas is stopped. Then, a purge gas is re-Supplied into the 
reaction chamber So that the purge gas reacts with the 
remaining amount of the Second reactive gas, thereby 
removing the remaining amount of the Second reactive gas 
from the reaction chamber. 

0031. Although the reactivity between the first and sec 
ond reactive gases is low, Since the Second reactive gas of the 
PEALD method is excited by plasma, the reaction between 
the first and Second reactive gases is easily achieved. How 
ever, in case that the plasma generator is turned on when the 
first reactive gas is Supplied into the reaction chamber, the 
first reactive gas is dissolved, thus contaminating the par 
ticles of the first reactive gas or deteriorating the Step 
coverage. Accordingly, the power Supply to the plasma 
generator is Synchronized with the gas Supply cycle, Such 
that the plasma generator is turned off when the first reactive 
gas is Supplied into the reaction chamber, and turned on 
when the Second reactive gas is Supplied into the reaction 
chamber. 

0032. In order to supply the first reactive gas and the 
Second reactive gas excited by plasma into the reaction 
chamber at a predetermined interval, the PEALD method 
employs a mode in which a plurality of valves are controlled 
by complicated StepS. Such a complicated mode shortens the 
Service life of the valves due to the frequent manipulation of 
the valves, and reduces the stability of the PEALD process 
due to the variation in the preSSure in the reaction chamber 
caused by the disparity in the amount of the reactive gases 
and the purge gas Supplied thereto. 
0033) That is, a PEALD apparatus used in the PEALD 
method comprises valves and a plasma System having a 
complicated Structure and shortens the Service life of the 
Valves and the plasma System due to frequent manipulation, 
thereby increasing the maintenance cost and lengthening the 
shutdown time. 

0034) Further, the PEALD apparatus provided with the 
plasma generator does not comprise a mass flow controller 
(MFC) for electronically controlling the flow rates of the 
reactive gases, and has Several problems Such as the delay in 
time and Speed required for manipulation of the valves. 
0035. Accordingly, since the flow rates of the reactive 
gases cannot be precisely controlled, the PEALD method 
has an unstable process. 

SUMMARY OF THE INVENTION 

0036) Therefore, the present invention is designed to 
Solve the above problems, and it is an object of the present 
invention to provide an ALD apparatus for Stably Supplying 
reactive gases, thus improving the uniformity and quality of 
an obtained thin film. 

0037. It is a further object of the present invention to 
provide an ALD apparatus for preventing frequent on/off 
manipulations of Valves or a plasma generator, thus prevent 
ing damage to the apparatus and reducing the maintenance 
time and the production cost. 
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0.038. It is another object of the present invention to 
provide an ALD apparatus for Simultaneously and continu 
ously Supplying all necessary gases, thus preventing time 
delay due to Valve manipulation and the variation in flow 
rates of the gases, increasing the Speed of an ALD process, 
improving the Stability of the ALD process, minimizing the 
on/off manipulation of the plasma generator, and preventing 
damage to the apparatus and the quality deterioration of an 
obtained thin film. 

0039. It is yet another object of the present invention to 
provide an ALD apparatus for Simultaneously depositing a 
thin film of an atomic layer on a plurality of Substrates, thus 
increasing the productivity of the ALD process. 
0040. In accordance with one aspect of the present inven 
tion, the above and other objects can be accomplished by the 
provision of a PEALD (plasma enhanced atomic layer 
deposition) apparatus comprising: a housing including a 
reaction chamber in which a deposition reaction is per 
formed; a rotary disk unit installed in the housing and 
provided with a plurality of Susceptors for receiving wafers 
thereon So as to move the wafers, a gas spray unit mounted 
on the upper end of the housing above the rotary disk unit, 
and provided with first reactive gas sprayers, Second reactive 
gas SprayerS and inert gas sprayerS on a lower Surface of a 
circular disk for Spraying respective gases into the housing; 
a gas feed unit connected to the gas spray unit for Supplying 
first and Second reactive gases and a purge gas into the 
housing, a gas exhaust port formed around the rotary disk 
unit, and a plasma generator for generating plasma to excite 
the Second reactive gas. 
0041) Preferably, the first reactive gas sprayers, the sec 
ond reactive gas SprayerS and the inert gas Sprayers of the 
gas Spray unit may be alternately arranged, and a purge gas 
exhaust port may be formed at the central portion of the gas 
Spray unit. Further, preferably, each sprayer of the first 
reactive gas sprayers, the Second reactive gas sprayerS and 
the inert gas sprayerS may be made of a bar-shaped member 
with a predetermined length corresponding to the size of the 
wafer, include through holes for Spraying the respective 
gases formed in the central portion thereof along a longitu 
dinal direction, and be opposite one another with respect to 
the center of the gas Spray unit. Moreover, preferably, the 
exciting of the Second reactive gas by plasma generated 
from the plasma generator may be performed at the outside 
or inside of the reactor. 

0042. In accordance with another aspect of the present 
invention, there is provided a PEALD method using the 
present PEALD apparatus, comprising the steps of: (a) 
mounting a plurality of wafers to be deposited with a thin 
film on Susceptors of a rotary disk unit; (b) maintaining a 
deposition temperature by controlling the temperature in the 
housing; (c) vertically moving the rotary disk unit to a 
position corresponding to a gas spray unit; (d) rotating the 
rotary disk unit; and (e) depositing the thin film on the upper 
Surfaces of the wafers by Spraying a first reactive gas, a 
Second reactive gas excited by plasma and an inert gas 
through Spray holes of the gas spray unit. 
0.043 Preferably, the rotary disk unit may have a rota 
tional speed of 5 rpm-100 rpm, and the inside of the housing 
may be maintained Such that it has a pressure of 10 
mTorr-100 Torr and a temperature of 25 C-500° C. 
Further, preferably, the first reactive gas may be one Selected 
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from the group consisting of Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, 
Nb, Ru, Ba, La, Hf, Ta, Ir, Pb, Bi, W, and their compounds. 
Moreover, preferably, the Second reactive gas may comprise 
hydrogen gas So as to deposit a unit-element thin film on the 
wafers, one Selected from the group consisting of N and 
NH, gases so as to deposit a nitride thin film on the wafers, 
one Selected from the group consisting of oxygen and N2O 
gases So as to deposit an oxide thin film on the wafers, and 
one Selected from the group consisting of methane, ethane, 
and propane gases So as to deposit a carbide thin film on the 
wafers, and the Second reactive gas may be exited by plasma 
and then Supplied into the reactor. 
0044) Preferably, the PEALD method may further com 
prise an in-situ plasma-processing Step after the above Step 
(e). A gas for using at the in-situ plasma-processing step is 
one Selected from the group consisting of Ar, N, O and H2. 
0045. Further, the PEALD method may further comprise 
the Step of clearing the wafers with a clearing gas excited by 
plasma So as to remove particles or foreign Substances from 
the Surfaces of the wafers, prior to the Step (e), or the in-situ 
clearing Step of removing the thin film deposited on the 
inside of the reactor using the plasma System. 
0046 Additional features and advantages of the present 
invention are described in, and will be apparent from, the 
following Detailed Description of the Invention and the 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 The above and other objects, features and advan 
tages of the present invention will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 

0048 FIGS. 1a to 1e are schematic views illustrating an 
ALD method; 

0049 FIG. 2 is a schematic cross-sectional view of a 
conventional ALD apparatus; 
0050 FIG. 3 is a graph illustrating flow rates of gases in 
accordance with respective steps of a conventional PEALD 
method; 

0051 FIG. 4 is a schematic view of an ALD apparatus in 
accordance with the present invention; 
0.052 FIG. 5 is a schematic view of a rotary disk unit of 
the ALD apparatus of FIG. 4; 
0053 FIG. 6 is a schematic view of a gas spray unit of 
the ALD apparatus of FIG. 4; 

0054 FIG. 7 is an assembled schematic view of the 
rotary disk unit and the gas Spray unit in an operating State 
of the ALD apparatus of FIG. 4; 

0055 FIG. 8 is a flow chart of an ALD process in 
accordance with the present invention; 
0056 FIG. 9 is a graph illustrating flow rates of gases in 
accordance with respective Steps of the ALD process in 
accordance with the present invention; 
0057 FIGS. 10a to 10d are plan views of the rotary disk 
unit of FIG. 5 during the ALD process in accordance with 
the present invention; 
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0.058 FIG. 11 is a plan view of a gas spray unit of the 
ALD apparatus in accordance with another embodiment or 
the present invention; and 
0059 FIG. 12 is a schematic view of an electric show 
erhead connected to an electronic spray arm shown in FIG. 
11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0060. Now, preferred embodiments of the present inven 
tion will be described in detail with reference to the annexed 
drawings. 

0061 <PEALD apparatus.> 
0.062 FIG. 4 is a schematic view of a PEALD apparatus 
in accordance with the present invention. The PEALD 
apparatus comprises a housing 100, a rotary disk unit 120, 
a disk driving unit 126, a gas spray unit 140, a gas feed unit 
160, a plasma system 180, and a gas exhaust port 190. The 
housing 100 provides a Space of a predetermined size in 
which a deposition reaction is induced. The rotary disk unit 
120 is rotatably installed within the housing 100 and 
includes a plurality of wafer SusceptorS 122 for receiving 
wafers 124. The disk driving unit 126 serves to drive the 
rotary disk unit 120. The gas spray unit 140 is mounted on 
the upper part of the housing 100 So that the gas spray unit 
140 is located above the rotary disk unit 120, and serves to 
uniformly Supply reactive or purge gases through Spray 
holes 147 of arms 144, 145 and 146 serving as gas sprayers. 
The gas feed unit 160 is connected to the gas spray unit 140, 
and Serves to feed the reactive or purge gases to the arms 
144, 145 and 146. The plasma system 180 serves to generate 
plasma for exciting one reactive gas. The gas exhaust port 
190 is formed such that the gases are exhausted from the 
lower part of the housing 100 to the outside through a gap 
surrounding the rotary disk unit 120. 
0063 FIG. 5 is a plan view of the rotary disk unit 120 in 
FIG. 4. The rotary disk unit 120 is located below the gas 
spray unit 140, and provided with a plurality of wafer 
SusceptorS 122 for receiving waferS 124. For example, 4 
wafer SusceptorS 122 may be fixed to the upper Surface of 
the rotary disk unit 120. More specifically, the rotary disk 
unit 120 includes the plural wafer susceptors 122 fixed to the 
upper surface of the rotary disk unit 120, the disk driving 
unit 126 located at the central portion of the rotary disk unit 
120 for inducing the vertical and rotary movements of the 
rotary disk unit 120, and a heater installed within the rotary 
disk unit 120. 

0064. The rotation of the rotary disk unit 120 serves to 
uniformly feed the reactive gases to the entire Surface of the 
waferS 124, and to control a cycle for Supplying various 
reactive gases and removing the remaining gases after the 
reaction formerly controlled by complicated manipulation 
using a plurality of valves in a conventional PEALD appa 
ratuS. 

0065 FIG. 6 is a plan view of the gas spray unit 140 in 
FIG. 4. The gas spray unit 140 includes eight arms for 
forming a thin film using two gases. 
0.066 First, the eight arms, Serving as gas sprayers, are 
installed on the lower Surface of a disk 142 mounted on the 
upper part of the housing 100. Two arms 144, which are 
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shown vertically on the FIG. 6, serve to spray a first reactive 
gas, and two arms 145 shown horizontally in perpendicular 
to the arms 144 Serve to Spray a Second reactive gas. Four 
arms 146, which are interposed between the arms 144 and 
145, Serve to Spray a purge gas. A purge gas exhaust port 149 
for preventing the mixing of the first and Second reactive 
gases is formed at the central portion of the disk 142. 
0067. A plurality of the spray holes 147 of a predeter 
mined size are formed on each of the arms 144, 145, 146 So 
that the Spray holes 147 are spaced apart each other by a 
predetermined distance. The arms 144, 145 and 146, and the 
purge gas exhaust port 149 are connected to the gas feed unit 
160 by connection pipes, respectively. 
0068 The purge gas exhaust port 149 is formed along the 
entire circumference of the disk 142, and Serves to induce 
the reactive gases to be exhausted to the outside and to flow 
uniformly. 

0069. The gas spray unit 140 located at the upper end of 
the PEALD apparatus is mounted on the upper part of the 
housing 100, and includes a plurality of gas sprayers (not 
shown) for spraying the first reactive gas, the Second reac 
tive gas, and an inert gas. 
0070 The gas spray unit 140 is located at the upper end 
of the PEALD apparatus. The arms 144, 145 and 146 for 
respectively spraying the first and Second reactive gases and 
the inert gas are alternately arranged on the disk 142, thus 
preventing the first and Second reactive gases from being 
mixed and allowing the remaining amount of the first and 
Second reactive gases to be effectively removed from the 
upper Surfaces of the wafers. 
0071. In this embodiment of the present invention, the 
total number of the arms 144, 145 and 146 is eight, and the 
arms 144, 145 and 146 are installed Such that the arms 144, 
145 and 146 are respectively opposed to each other with 
respect to the center of the disk 142. As shown in FIG. 6, 
each of the arms 144, 145 and 146 is made of a bar-shaped 
member having a predetermined length corresponding to the 
size of the wafer, as shown in the FIG. 6. 
0072 The plasma system 180 for generating plasma to 
excite the Second reactive gas is installed at the outside of 
the housing 100. In order to convert the second reactive gas 
into a plasma State, the Second reactive gas passes through 
the plasma system 180 at the connection pipe for the second 
reactive gas. Thereafter, the Second reactive gas in the 
plasma State is sprayed onto the wafer through the Second 
reactive gas spray arms 145. 
0073 Here, the second reactive gas may be converted 
into the plasma State between the Second reactive gas 
spraying arms 145 and the wafer. Further, the arms 144, 145 
and 146 need not be formed in a bar shape, but may be 
formed in other shapes suitable for a PEALD process, for 
example, a funnel shape. 

0074 FIG. 7 is an assembled schematic view of the 
rotary disk unit 120 and the gas spray unit 140 in an 
operating State of the PEALD apparatus of the present 
invention. Here, the arms 144, 145 and 146 are formed So 
that the sizes of the arms 144, 145 and 146 correspond to the 
sizes of the wafers, and four wafers are mounted at respec 
tive areas on the disk 142 for the convenience of the PEALD 
proceSS. 
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0075). In FIG. 4, the gas feed unit 160 includes the first 
reactive gas container 161 and the Second reactive gas 
container 162 and the purge gas container 163 depending on 
the types of the desired thin films to be deposited on the 
wafers. The gas feed unit 160 further includes valves 164, 
165 and 166 for controlling the flow rate of the gas on the 
respective containers 161, 162 and 163. The plasma system 
180 is located between the second reactive gas container 162 
and the gas spray unit 140. 
0076) <PEALD process.> 
0.077 Hereinafter, a process using the above PEALD in 
accordance with the present invention will be described in 
detail. 

0078 FIG. 8 is a flow chart of the PEALD process in 
accordance with the present invention. 
0079 First, wafers to be deposited with a thin film are 
transferred into a housing Serving as a reactor, and mounted 
on respective wafer Susceptors. Then, a temperature in the 
reactor is controlled So that a deposition temperature is 
maintained. The rotary disk unit 120 moves such that the 
SusceptorS having the waferS mounted thereon are located at 
optimal positions, and then is rotated at a predetermined 
Speed. 
0080. Thereafter, a deposition step is performed by Sup 
plying a first reactive gas, a Second reactive gas excited by 
plasma, and an inert gas Simultaneously to the upper Surface 
of the wafers, thus allowing a thin film to be deposited 
thereon. Then, the Supply of the first and Second reactive 
gases and the inert gas is stopped, and the upper Surfaces of 
the wafers are purged. The waferS having thin film deposited 
thereon are transferred to the outside and loaded outdoors. 
Here, preferably, the rotational Speed of the rotary disk unit 
120 is in the range of 1 rpm-100 rpm so that the thin film 
deposited on the upper Surfaces of the waferS has a uniform 
thickness. That is, in case that the rotational Speed of the 
rotary disk unit 120 is too high, it is difficult to allow the gas 
to be absorbed onto the wafer to a Saturated State, thus 
decreasing the uniformity in the thickness of the obtained 
thin film. On the other hand, in case that the rotational Speed 
of the rotary disk unit 120 is too low, the obtained thin film 
has a uniform thickness, but the gases are unnecessarily 
wasted. Further, in this case, the exceSS gases are absorbed 
onto neighboring wafers, thus lowering the quality of the 
deposited thin film and contaminating the reactor. Accord 
ingly, the inside of the housing 100 adapted as the reactor is 
maintained so that it has a pressure of 10 mTorr-100 Torr 
and a temperature of 20° C.-500° C. 
0081. In accordance with another embodiment of the 
present invention, after a thin film is formed on a Substrate 
(i.e., a wafer) using the above PEALD apparatus, an in-situ 
plasma procedure can be performed. This plasma procedure 
is a step of processing the Surface of the thin film, and Serves 
to decrease defects and improve the quality of the thin film. 
For Such plasma procedure, a gas Such as Oxygen, argon, 
nitrogen, hydrogen, etc., which is excited by the plasma 
System, is used. 
0082 FIGS. 10a to 10d are plan views of the rotary disk 
unit 120 during the PEALD process in accordance with the 
present invention. FIG. 9 is a graph illustrating flow rates of 
gases in accordance with respective Steps of the PEALD 
process of a first wafer in accordance with the present 
invention. 
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0083) Four wafers 124a, 124b, 124c and 124d are posi 
tioned on the rotary disk unit 120, and the gases are sprayed 
onto the four wafers 124a, 124b, 124c and 124d via respec 
tive arms. Now, the PEALD process for the first wafer 124a 
as a representative wafer shown by hatched lines will be 
described. 

0084. First, the initial location of the rotary disk unit 120 
loaded with wafers 124a-124d is the angle of 0 degree. At 
this time, the first wafer 124a and the third wafer 124c are 
positioned where the first reactive gas Sprayers are located, 
thus reacting with the first reactive gas (FIG. 10a). 
0085. When the rotary disk unit 120 is rotated from an 
angle of 0 degree to reach to an angle of 45 degrees, then the 
first and third wafers 124a and 124c are positioned where the 
inert gas Sprayers are located, thus allowing the exceSS 
amount of the first reactive gas on the upper Surfaces of the 
first and third wafers 124a and 124c to be removed (FIG. 
10b). 
0086) Subsequently, when the rotary disk unit 120 is 
rotated from an angle of 45 degrees to reach to an angle of 
90 degrees in clockwise sense. Then the first and third 
wafers 124a and 124c are positioned where the second 
reactive gas sprayers are located, thus reacting with the 
second reactive gas excited by plasma (FIG. 10c). 
0087 Next, the rotary disk unit 120 is rotated from an 
angle of 90 degrees to reach to an angle of 135 degrees. 
Then, the first and third wafers 124a and 124c are positioned 
where the inert gas sprayers are located, thus allowing the 
exceSS amount of the Second reactive gas on the upper 
Surfaces of the first and third wafers 124a and 124c to be 
removed by such inert gas (FIG. 10d). 
0088. In this way, as the rotary disk unit 120 rotates, the 

first reactive gas and the Second reactive gas excited by 
plasma are alternately Supplied to the first and third wafers 
124a and 124c. 

0089. Further, in the same manner as for the first and third 
waferS 124a and 124c, the first reactive gas and the Second 
reactive gas excited by plasma are alternately Supplied to the 
Second and fourth wafers 124b and 124d. 

0090 When the first, second, third and fourth wafers 
124a, 124b, 124c and 124d are rotated by an angle of 135 
degrees in the above-described manner, one cycle of the 
PEALD process is completed. A thin film with a desired 
thickness can be deposited on the first, Second, third and 
fourth wafers 124a, 124b, 124c and 124d by repeating the 
above cycle. 

0091. In the present PEALD process, a stable and uni 
form thin film with an adjustably fine thickness can be 
obtained by controlling the rotational Speed of the rotary 
disk unit, the amount of the Supplied gases, and the number 
of repetitions of the cycle. 

0092. In addition, before the thin film is deposited on the 
wafers 124a, 124b, 124c and 124d, a clearing step can be 
performed. More specifically, after the wafers 124a, 124b, 
124c and 124d are placed on the rotary disk units 120, a 
clearing gas excited by plasma is Supplied into the reactor, 
thus removing particles or foreign Substances from the upper 
Surfaces of the wafers 124a, 124b, 124c and 124d. Further, 
an in-situ clearing Step may be performed by Supplying the 
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clearing gas excited by plasma into the reactor, after remov 
ing the wafers 124a, 124b, 124c and 124d from the reactor. 
0093. In the PEALD process of the present invention, 
Since the first reactive gas and the Second reactive gas 
excited by plasma are simultaneously Supplied to the reactor, 
these gases may be mixed due to the diffusion of gases, thus 
causing the reaction of these gases. Accordingly, in order to 
SuppreSS the reaction of the gases while allowing the thin 
film of an atomic layer to be deposited on the Surface of the 
wafer, an electronic showerhead can be installed in the 
PEALD apparatus So that the Second reactive gas can be 
imparted with energy only in a certain area. 
0094 FIGS. 11 and 12 illustrate another embodiment of 
the present invention. 
0.095 Arms 152 for an electronic showerhead 150 are 
installed on both Sides of the Second reactive gas spray arms 
145 of the disk 142, and electronic exhaust holes 154 of a 
predetermined size are formed on the electronic shower 
arms 152 so that the electronic exhaust holes 154 are spaced 
apart each other The electronic shower arms 152 are con 
nected to an external electronic generator 156. 
0096) The electronic showerhead 150 continuously dis 
charges electrons through the electronic exhaust holes 154 
during the deposition of the thin film, thus converting the 
Second reactive gas into neutrons before the Second reactive 
gas excited by plasma is mixed with the first reactive gas. 
Therefore, Since the Second reactive gas has lost its energy, 
even when the Second reactive gas is mixed with the first 
reactive gas, the reaction between the first and Second 
reactive gases does not occur. Accordingly, it is possible to 
realize thin films of atomic layers under controlled gas 
reactions. 

0097) <Embodiments of PEALD process.> 
0098. The PEALD process of the present invention 
achieved by the PEALD apparatus comprises several 
examples, Such as unit element thin film deposition, oxide 
thin film deposition, nitride thin film deposition, carbide thin 
film deposition, etc. 
0099 Here, the first reactive gas is one selected from the 
group consisting of Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, Ru, 
Ba, La, Hf, Ta, Ir, Pb, Bi, W, and their compounds. The 
Second reactive gas varies depending on the types of the thin 
film to be deposited, Such as Single element, carbide, nitride 
and oxide. 

0100 Unit Element Thin Film Deposition 
0101. In case that a thin film of a unit element is depos 
ited on a wafer, hydrogen gas is used as the Second reactive 
gas. The hydrogen gas activated by plasma reduces the first 
reactive gas absorbed into the upper Surface of the wafer, 
thereby allowing an atomic layer of unit element to be 
deposited on the wafer. 
0102). Oxide Thin Film Deposition 
0103) In case that an oxide thin film is deposited on a 
wafer, hydrogen, NO or their compound gas is used as the 
Second reactive gas. The Second reactive gas excited by 
plasma is Supplied to the wafer, and the Supplied Second 
reactive gas converts the first reactive gas absorbed onto the 
upper Surface of the wafer into an oxide layer, thereby 
allowing an oxide thin film to be deposited on the wafer. 
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0104) Nitride Thin Film Deposition 
0105. In case that a nitride thin film is deposited on a 
wafer, nitrogen or ammonia gas is used as the Second 
reactive gas. The Second reactive gas excited by plasma is 
Supplied to the wafer, and the Supplied Second reactive gas 
converts the first reactive gas absorbed onto the upper 
Surface of the wafer into a nitride layer, thereby allowing a 
nitride thin film to be deposited on the wafer. 
0106 Carbide Thin Film Deposition 
0107. In case that a carbide thin film is deposited on a 
wafer, hydrocarbon gas Such as methane, ethane, propane, 
etc. is used as the Second reactive gas. The Second reactive 
gas excited by plasma is Supplied to the wafer, and the 
Supplied Second reactive gas converts the first reactive gas 
absorbed onto the upper Surface of the wafer into a carbide 
layer, thereby allowing a carbide thin film to be deposited on 
the wafer. 

0108). Three Component Thin Film Deposition 
0109. In case that a thin film of three components is 
deposited on a wafer, the gas spray unit includes first gas 
Sprayers, Second gas Sprayers, third gas Sprayers, and inert 
gas Sprayers arranged alternately on a disk, instead of gas 
Spray unit of eight arms. In order to deposit the thin film of 
three components on the wafer, the first and third reactive 
gases are respectively Selected from the group consisting of 
Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, Ru, Ba, La, Hf, Ta, Ir, 
Pb, Bi, W, and their compounds, and gas excited by plasma 
is used as the Second reactive gas. 
0110. In order to maintain the stable plasma state of the 
Second reactive gas, when the Second reactive gas is Sup 
plied to the wafer, one or more gases Selected from the group 
consisting of He, N, and Argases may be mixed with the 
Second reactive gas. 
0111. In this embodiment, the first reactive gas and the 
Second reactive gas excited by plasma are always Supplied 
to the wafers at a constant amount during the PEALD 
process. Further, with the rotation of the disk, the first 
reactive gas, the purge gas, the Second reactive gas excited 
by plasma, the purge gas, the third reactive gas, and the 
purge gas are Sequentially Supplied to the Surfaces of the 
wafers. 

0112 AS apparent from the above description, the present 
invention provides a PEALD apparatus comprising a plu 
rality of gas sprayers arranged radially and a rotary disk 
having wafers loaded thereon and located below the gas 
Sprayers, in which reactive gases are Supplied Simulta 
neously to the wafers not by controlling valves of a gas 
Supply line but by rotating the rotary disk, thereby control 
ling the repetition number of the cycle of a thin film 
deposition process according to the rotational Speed of the 
rotary disk. Accordingly, the PEALD apparatus of the 
present invention is advantageous in Solving Such problems 
as System instability, difficulty in adjusting the thickness of 
the thin film to be obtained, and increase in the production 
cost due to the short service life of the valves in an 
conventional PEALD apparatus for depositing a thin film 
using valve control means, and improves the quality of the 
thin film obtained. 

0113. The PEALD apparatus of the present invention 
controls reactive gases and a purge gas to be Supplied into 
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a reactor at a constant Speed and a precise flow rate, thus 
ensuring the stability in the PEALD process. 

0114. The PEALD apparatus of the present invention 
Simultaneously Supplies all reactive gases to the reactor 
during the atomic layer deposition process, thereby prevent 
ing the degradation of Stability resulting from the variations 
of a pressure occurring when the gases are Sequentially 
Supplied to the reactor by the conventional valve control 
CS. 

0115 The PEALD apparatus of the present invention 
Simultaneously Supplies all reactive gases into the reactor 
during the atomic layer deposition process, thereby prevent 
ing the delay of the process time caused by the limited Speed 
and delay of the valve manipulation and ensuring increased 
proceSS Speed. 

0116. The PEALD apparatus of the present invention 
continuously generates plasma for exciting the Second reac 
tive gases, thereby preventing the decrease in the Service life 
of a plasma System and the instability of the plasma System 
caused by the frequent power ON/OFF manipulation of the 
conventional plasma System. 
0117 The PEALD apparatus of the present invention 
Simultaneously deposits a thin film on each of the plural 
wafers, thereby overcoming problems caused by a conven 
tional ALD method having low productivity. 
0118. The PEALD apparatus of the present invention 
performs an in-Situ plasma procedure on the waferS having 
thin films deposited thereon, thereby improving the physio 
chemical properties of the deposited thin film of an atomic 
layer. 
0119) Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various modifi 
cations, additions and Substitutions are possible, without 
departing from the Scope and Spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 

1. A PEALD (plasma enhanced atomic layer deposition) 
apparatus comprising: 

a housing including a reaction chamber in which a depo 
Sition reaction is performed; 

a rotary disk unit installed in the housing and provided 
with a plurality of SusceptorS for receiving wafers 
thereon So as to move the wafers, 

a gas spray unit mounted on the upper end of the housing 
above the rotary disk unit, and provided with first 
reactive gas Sprayers, Second reactive gas SprayerS and 
inert gas sprayerS on a lower Surface of a circular disk 
for Spraying respective gases into the housing; 

a gas feed unit connected to the gas spray unit for 
Supplying first and Second reactive gases and a purge 
gas into the housing, 

a gas exhaust port formed around the rotary disk unit; and 
a plasma generator for generating plasma to excite the 

Second reactive gas. 
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2. The PEALD apparatus as set forth in claim 1, 
wherein the first reactive gas sprayers, the Second reactive 

gas sprayers and the inert gas sprayers of the gas spray 
unit are alternately arranged, and a purge gas exhaust 
port is formed at the central portion of the gas spray 
unit. 

3. The PEALD apparatus as set forth in claim 1, 
wherein each sprayer of the first reactive gas sprayers, the 

Second reactive gas SprayerS and the inert gas Sprayers 
is made of a bar-shaped member with a predetermined 
length corresponding to the Size of the wafer, includes 
through holes for Spraying the respective gases formed 
in the central portion thereof along a longitudinal 
direction, and is opposite one another with respect to 
the center of the gas spray unit. 

4. The PEALD apparatus as set forth in claim 1, 
wherein the exciting of the Second reactive gas by plasma 

generated from the plasma generator is performed at 
the outside or inside of the reactor. 

5. The PEALD apparatus as set forth in claim 1, further 
comprising electronic showerhead including arm installed at 
both sides of each of the Second reactive gas sprayers. 

6. A PEALD (plasma enhanced atomic layer deposition) 
method using the PEALD apparatus of claim 1, comprising 
the Steps of: 

(a) mounting a plurality of wafers to be deposited with a 
thin film on Susceptors of a rotary disk unit; 

(b) maintaining a deposition temperature by controlling 
the temperature in the housing; 

(c) vertically moving the rotary disk unit to a position 
corresponding to a gas Spray unit; 

(d) rotating the rotary disk unit; and 
(e) depositing the thin film on the upper Surfaces of the 

wafers by Spraying a first reactive gas, a Second reac 
tive gas excited by plasma and an inert gas through 
Spray holes of the gas spray unit. 

7. The PEALD method as set forth in claim 6, 

wherein the rotary disk unit has a rotational Speed of 5 
rpm-100 rpm, and the inside of the housing is main 
tained such that it has a pressure of 10 mTorr-100 Torr 
and a temperature of 25°C.-500° C. 

8. The PEALD method as set forth in claim 6, 

wherein the first reactive gas is one Selected from the 
group consisting of Al, Si, Ti, Ga, Ge, Co, Sr, Y, Zr, Nb, 
Ru, Ba, La, Hf, Ta, Ir, Pb, Bi, W, and their compounds. 

9. The PEALD method as set forth in claim 6, wherein: 
the Second reactive gas comprises hydrogen gas So as to 

deposit a unit element thin film on the wafers, one 
Selected from the group consisting of N and NH gases 
So as to deposit a nitride thin film on the wafers, one 
Selected from the group consisting of oxygen and NO 
gases So as to deposit an oxide thin film on the wafers, 
and one Selected from the group consisting of methane, 
ethane, and propane gases So as to deposit a carbide 
thin film on the wafers; and 

the Second reactive gas is exited by plasma and then 
Supplied into the reactor. 
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10. The PEALD method as set forth in claim 6, further 
comprising an in-situ plasma-processing Step after the Step 
(e). 

11. The PEALD method as set forth in claim 10, 
wherein a gas for using at the in-situ plasma-processing 

Step is one Selected from the group consisting of Ar, N., 
O and H2. 

12. The PEALD method as set forth in claim 7, further 
comprising the Step of clearing the wafers with a clearing 
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gas excited by plasma So as to remove particles or foreign 
Substances from the Surfaces of the wafers, prior to the Step 
(e). 

13. The PEALD method as set forth in claim 7, further 
comprising an in-Situ clearing Step of removing the thin film 
deposited on the inside of the reactor using the plasma 
System. 


