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(57) ABSTRACT 

Disclosed herein is a device for cleaning a photomask, 
which prevents haze from being generated on a surface of 
the photomask during a photolithography process. The pho 
tomask is heat treated to remove residual ions on a surface 
thereof and to induce curing and oxidation of Cr and 
MoSiON layers, thereby preventing diffusion of the ions. 
Etching of Cr and MoSiON layers due to a cleaning process 
is Suppressed in order to significantly reduce a change in 
phase and transmissivity of optical properties of Cr and 
MOSiON. 
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DEVICE FOR CLEANING A PHOTOMASK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present invention is a divisional application of 
U.S. application Ser. No. 1 1/276,974 filed Mar. 20, 2006. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a cleaning device 
and method. More particularly, the present invention per 
tains to a device and a method of cleaning a photomask that 
prevent haze from being generated on a surface of the 
photomask during a photolithography process. 
0004 2. Description of the Related Art 
0005. In accordance with increased integration of semi 
conductor devices, wavelengths of exposure sources are 
becoming shorter and shorter in order to improve the reso 
lution of patterns. Accordingly, a haze, which is not formed 
in a conventional wavelength band, may occur. In a con 
ventional photolithography process at a wavelength above 
an I-line, exposing energy is relatively low, thus a phenom 
enon in which residual ions, such as SO, NO, PO, F, Cl, 
NH, Ca, and Mg, on a surface of a photomask cause an 
optical reaction does not occur. 
0006. However, at a light source of 248 nm or less, 
exposing energy is increased as a wavelength is shortened. 
Therefore, an optical reaction occurs between the residual 
ions on the Surface of the mask, and a growth defect called 
a haze is formed. 
0007. A conventional wet cleaning device and method is 
problematic in that it cannot completely remove Such haze. 

SUMMARY OF THE INVENTION 

0008 Accordingly, the present invention has been made 
keeping in mind the above problems occurring in the prior 
art, and an object of the present invention is to provide a 
device and a method of cleaning a photomask, in which heat 
treatment is conducted after a cleaning process in order to 
remove residual ions from the Surface of the mask, and 
consequently, haze is prevented and optical property 
changes to a phase shift mask are reduced. 
0009. In order to accomplish the above object, the present 
invention provides a device for cleaning a photomask. The 
device comprises a first cleaning unit for cleaning the 
photomask using acids to remove a polymer formed on the 
photomask, a second cleaning unit for cleaning the photo 
mask using bases, a heat treating unit for heat treating the 
photomask cleaned using the acids and bases, a cooling unit 
for cooling the heat treated high temperature photomask, 
and a robot arm for carrying the photomask. 
0010 Preferably, the heat treating unit is an electric 
heating furnace or a convection oven. 
0011. The present invention also provides a method of 
cleaning a photomask. The method comprises (a) conduct 
ing a first cleaning process using acids to remove a polymer 
formed on the photomask, (b) conducting a second cleaning 
process using heated hydrogen peroxide and OZone water, 
(c) conducting first heat treatment, (d) conducting a third 
cleaning process using bases, (e) conducting a fourth clean 
ing process using the heated hydrogen peroxide and oZone 
water, and (f) conducting second heat treatment. 
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0012 Preferably, acidic residual ions and ions that react 
with ammonia are activated, and the Surface of the mask is 
oxidized in step (c). 
0013 Preferably, ammonia is removed from the surface 
of the mask using a chemical reaction during the cleaning 
process using bases, and oxygen is applied on the Surface of 
the mask in steps (b) and (e). 
0014 Preferably, ions that react with ammonia are acti 
vated, basic residual ions are vaporized, and the Surface of 
the mask is oxidized in step (f). 
00.15 Preferably, the method further comprises conduct 
ing a rinsing process using ultrapure water after step (a). 
0016 Preferably, step (a) is conducted using an aqueous 
Solution including hydrogen peroxide mixed with one of a 
Sulfuric acid, a nitric acid, or a phosphoric acid, and the 
OZOne Water. 

0017 Preferably, steps (b) and (e) are conducted at 
40-100° Celsius. 
0018 Preferably, the heat treatment is conducted in a gas 
atmosphere which includes one or more selected from the 
group consisting of N., Ar. O., and He gases. 
0019 Preferably, step (d) is conducted using an aqueous 
Solution (SC-1) including ammonia water and hydrogen 
peroxide mixed with each other, and hydrogen water. 
0020 Preferably, the heat treatment is conducted at 
50-1000° Celsius for 5 min-5 hours. 
0021 Preferably, the heat treatment is conducted at 
50-4000 Celsius. 
0022. More preferably, the basic residual ions are ammo 
nia (NH). 
0023. Furthermore, the present invention provides a 
method of cleaning a photomask. The method comprises (a") 
conducting a first cleaning process using acids, (b') conduct 
ing first heat treatment to activate acidic residual ions, (c) 
conducting a rinsing process using ultrapure water to 
remove the activated acidic residual ions, and (d) conduct 
ing a second cleaning process using bases. 
0024 Preferably, the method further comprises step (e') 
of conducting second heat treatment in order to vaporize 
basic residual ions after step (d). 
0025 Preferably, the rinsing process is conducted using 
the ultrapure water after the cleaning process and the heat 
treatment. 

0026. Preferably, step (a) is conducted using an aqueous 
Solution including hydrogen peroxide mixed with one of a 
Sulfuric acid, a nitric acid, or a phosphoric acid, and OZone 
Water. 

0027 Preferably, the heat treatment is conducted in a gas 
atmosphere which includes one or more selected from a 
group consisting of N., Ar. O., and He gases. 
0028 Preferably, step (d) is conducted using an aqueous 
Solution (SC-1) including ammonia water and hydrogen 
peroxide mixed with each other, and hydrogen water. 
0029 Preferably, the heat treatment is conducted at 
50-1000° Celsius for 5 min-5 hours. 
0030 Preferably, the heat treatment is conducted at 
50-400° Celsius. 
0031 More preferably, the basic residual ions are ammo 
nia (NH) ions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The above and other objects, features and advan 
tages of the present invention will be more clearly under 
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stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 
0033 FIG. 1 illustrates a device for cleaning a photomask 
according to the present invention; 
0034 FIG. 2 is a flowchart showing a process of cleaning 
a photomask according to an embodiment of the present 
invention; and 
0035 FIG. 3 is a flowchart showing a process of cleaning 
a photomask according to another embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0036. Hereinafter, a detailed description will be given of 
the present invention, referring to the accompanying draw 
ings. 
0037 FIG. 1 illustrates a device for cleaning a photomask 
according to the present invention. 
0038. As shown in FIG. 1, the device for cleaning a 
photomask according to the present invention comprises a 
first cleaning unit 10, a second cleaning unit 20, a robot arm 
30, a heat treating unit 40, a cooling unit 50, and a photo 
mask carrier 60. 
0039. The first cleaning unit 10 cleans the photomask 
using acids to remove a polymer formed on the photomask. 
0040. Furthermore, the second cleaning unit 20 cleans the 
photomask using bases. 
0041 As well, the robot arm 30 carries the photomask. 
0.042 Additionally, the heat treating unit 40 heat treats 
the photomask, which was cleaned using the acids and 
bases. 
0043. In the present embodiment, illustrative, but, non 
limiting, examples of the heat treating unit include an 
electric heating furnace and a convection oven. 
0044 Additionally, the cooling unit 50 cools the heat 
treated high temperature photomask. 
0045. Further, the photomask carrier 60 stores and carries 
the photomask. 
0046. Hereinafter, a description will be given of a method 
of cleaning the photomask using the device for cleaning the 
photomask according to the present invention. 
0047 A method of cleaning a photomask according to an 
embodiment of the present invention will be described, 
referring to FIG. 2. 
0048 FIG. 2 is a flowchart showing a process of cleaning 
a photomask according to an embodiment of the present 
invention. 
0049. As shown in FIG. 2, a polymer formed on the 
photomask is removed using an aqueous solution, including 
hydrogen peroxide mixed with an acid, Such as a Sulfuric 
acid (H2SO), a nitric acid (HNO), or a phosphoric acid 
(HPO), and OZone water, in order to conduct a first 
cleaning process 100. Next, a first rinsing process 101 is 
conducted using ultrapure water at 50° Celsius or higher. 
0050. Subsequently, ammonia is removed from a surface 
and an inside of the mask using hydrogen peroxide and 
ozone water heated at 40-100° Celsius to conduct a second 
cleaning process 102. Oxygen is then applied to the Surface 
of the mask. Subsequently, a second rinsing process 103 is 
conducted using ultrapure water at 50° Celsius or higher. 
0051 First heat treatment 104 is then conducted in a gas 
atmosphere which includes one or more selected from N. 
O. Ar, and He in the electric heating furnace at 50-1000 
Celsius for 5 min-5 hours. Due to the first heat treatment, 
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ions that react with ammonia in the second cleaning process 
102 and acid-based residual ions, such as SO, NO, and 
PO, are activated, and the surface of the mask is oxidized. 
Accordingly, ammonia cannot permeate through the Surface 
of the mask during a cleaning process that uses tertiary 
bases. 
0.052 Subsequently, the residual ions activated by the 

first heat treatment 104 are removed by a third rinsing 
process 105. In the third rinsing process, ultrapure water at 
50° Celsius or higher is used. 
0053 Next, a third cleaning process 106 is conducted 
using an aqueous solution (SC-1) including ammonia water 
as a base and hydrogen peroxide mixed with each other and 
hydrogen water. A fourth rinsing process 107 is then con 
ducted using ultrapure water at 50° Celsius or higher. 
0054 Subsequently, a fourth cleaning process 108 is 
conducted using hydrogen peroxide and oZone water heated 
at 40-100° Celsius. As a result, during the third cleaning 
process 106 using the tertiary base, ammonia is removed 
from the Surface and the inside of the mask. Next, oxygen is 
applied on the surface of the mask. Subsequently, a fifth 
rinsing process 109 is conducted using ultrapure water at 50° 
Celsius or higher. 
0055 Subsequently, second heat treatment 110 is con 
ducted in a gas atmosphere which includes one or more 
selected from N. Ar. O., and He gases in the electric heating 
furnace at 50-1000° Celsius for 5 min-5 hours. Due to the 
second heat treatment, ions which remain on the Surface of 
the photomask and that react with ammonia in the fourth 
cleaning process 108 are activated. Additionally, ammonia 
(NH) as a basic residual ion is vaporized to oxidize the 
surface of the mask. The first and second heat treatments 
may be conducted in a convection oven, and it is preferable 
that the heat treating temperature be 50-400° Celsius. 
0056 Finally, a sixth rinsing process 111 is conducted 
using ultrapure water at 50° Celsius or higher. 
0057. A method of cleaning a photomask according to 
another embodiment of the present invention will be 
described with reference to FIG. 3. 
0.058 FIG. 3 is a flowchart showing a process of cleaning 
a photomask according to another embodiment of the 
present invention. 
0059. As shown in FIG. 3, a polymer formed on the 
photomask is removed using an aqueous solution including 
acids, Such as hydrogen peroxide mixed with a Sulfuric acid 
(HSO), a nitric acid (HNO), or a phosphoric acid 
(HPO), and oZone water in order to conduct a first cleaning 
process (S1). Next, a first rinsing process (S2) is conducted 
using ultrapure water at 50° Celsius or higher. 
0060 Subsequently, in order to activate the acidic 
residual ions, such as SO, NO, and PO, first heat treatment 
(S3) is conducted in a gas atmosphere which includes one or 
more selected from N, O, Ar, and He in an electric heating 
furnace at 50-1000° Celsius for 5 min-5 hours. 
0061. To remove the residual ions activated by the first 
heat treatment, a second rinsing process (S4) is conducted 
using ultrapure water at 50° Celsius or higher. 
0062 Next, a second cleaning process (S5) is conducted 
using an aqueous solution (SC-1) including ammonia water 
as a base and hydrogen peroxide mixed with each other and 
hydrogen water. A third rinsing process (S6) is then con 
ducted using ultrapure water at 50° Celsius or higher. 
0063 Subsequently, in order to vaporize ammonia (NH) 
as the basic residual ion remaining on the Surface of the 
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photomask, second heat treatment (S7) is conducted in a gas 
atmosphere which includes one or more selected from N. 
Ar, O, and He gases in an electric heating furnace at 
50-1000° Celsius for 5 min-5 hours. The first and second 
heat treatments may be conducted in a convection oven, and 
it is preferable that the heat treating temperature be 50-400° 
Celsius. 
0064. Finally, a fourth rinsing process (S8) is conducted 
using ultrapure water at 50° Celsius or higher. 
0065. In the present invention, when the heat treatment is 
conducted using oxygen (O) gas, ammonia (NH) ions 
present on the Surface of the photomask are dissociated by 
heat at an early step in the heat treatment, thus being 
desorbed from the photomask. During the heat treatment, a 
phase change of Cr and blocking (MoSiON) films is pre 
vented. Furthermore, due to oxidation, the ammonia (NH) 
ions remaining on the photomask cannot be diffused outside 
during exposure of a wafer, and the residual ions are 
activated. Due to a phase change and oxidation of the 
MoSiON layer, the ammonia (NH) ions included in the 
SC-1 do not diffuse into the Cr and MoSiON layers during 
a cleaning process using bases. 
0066. If the heat treatment is conducted using Ngas, the 
change in phase and transmissivity of optical properties of 
the MoSiON layer is controlled by nitrification (MoSiN) of 
MoSi. Additionally, acidic residual ions are activated and the 
ammonia ions are vaporized. As well, if Ar or He gas is used, 
the residual ions on the Surface of the mask are activated and 
the ammonia ions are vaporized without oxidation or nitri 
fication of MoSiON. 
0067. As described above, the present invention provides 
a device and a method for cleaning a photomask, in which 
the photomask is heat treated to remove residual ions on a 
Surface thereof and to induce curing and oxidation of Crand 
MoSiON layers, thereby diffusion of the ions is prevented. 
0068 Additionally, the present invention provides a 
device and a method of cleaning a photomask, in which 
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etching of Cr and MoSiON layers due to a cleaning process 
is Suppressed so as to significantly reduce a change in phase 
and transmissivity of the optical properties of Cr and 
MOSiON. 
0069. 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 device for cleaning a photomask, comprising: 
a first cleaning unit for cleaning the photomask using an 

acid in order to remove a polymer formed on the 
photomask: 

a second cleaning unit for cleaning the photomask using 
a base; 

a heat treating unit for heat treating the photomask 
cleaned using the acids and bases; 

a cooling unit for cooling the heat-treated photomask, 
which is at a high temperature; and 

a robot arm for carrying the photomask between said 
units. 

2. The device as set forth in claim 1, wherein the heat 
treating unit is an electric heating furnace or a convection 
OW. 

3. The device as set forth in claim 1, wherein the acid is 
selected from the group consisting of sulfuric acid, nitric 
acid, and phosphoric acid. 

4. The device as set forth in claim 1, wherein the heat 
treatment unit uses a gas atmosphere which includes one or 
more gases selected from a group consisting of N. Ar. O. 
and He. 


