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chamber, an exhaust System for exhausting a gas from the 
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opening of the chamber provided for conveyance of an 
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the object is conveyed into the chamber and when the Second 
(30) Foreign Application Priority Data Valve is held opened, and wherein the exhaust System 

exhausts a gas Supplied from the Supply System, after the 
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LOAD-LOCK TECHNIQUE 

FIELD OF THE INVENTION AND RELATED 
ART 

0001. This invention relates to load-lock technique appli 
cable to production of various microdevices Such as, for 
example, Semiconductor chips (e.g., IC or LSI), display 
devices (e.g., liquid crystal panel), detecting elements (e.g., 
magnetic head), and image pickup devices (e.g. CCD). 
0002 The density and speed of a semiconductor inte 
grated circuit have been improved significantly and, with 
this trend, the linewidth of an integrated circuit pattern has 
been narrowed more and more. This forces further improve 
ments in the Semiconductor manufacturing method. AS 
regards exposure apparatuses used for forming a resist 
pattern in a lithographic process which is one of Semicon 
ductor manufacturing processes, those using vacuum ultra 
violet light (VUV light) such as KrF laser light (wavelength 
248 nm), ArF laser light (wavelength 193 nm) or F2 laser 
light (wavelength 157 nm) have been developed. Currently, 
EUV exposure apparatuses that use extreme ultraViolet light 
(EUV light) of a wavelength of about 10 nm, are being 
developed. Exposure apparatuses using electron beam are 
being developed on the other hand. 
0003) If the wavelength is short such as EUV light, 
X-rays or electron beam, the exposure light is attenuated in 
the atmosphere. In consideration of this, to avoid attenuation 
of exposure light, the exposure process is carried out in a 
Vacuum ambience or a reduced preSSure He ambience. 
0004. In process machines Such as Sputtering apparatus, 
carrying out a process in a vacuum ambience is common. 
Loading and unloading a Substrate to be processed, from the 
atmosphere into a process chamber (vacuum ambience), is 
carried out by way of a load-lock chamber (housing). 
0005. In exposure apparatuses as well, load-lock cham 
bers are used when a Substrate to be exposed is loaded into 
a vacuum ambience (exposure ambience). 
0006 Referring now to FIG. 5, the structure of a known 
type load-lock System will be explained. Load-lock chamber 
(housing) 101 is provided at a side of a main chamber 102 
in which an exposure process is to be carried out. There is 
an atmosphere side gate valve 104 at one side of the 
load-lock chamber 101, and a vacuum side gate valve 103 at 
the other side of the load-lock chamber. For evacuation to 
create a vacuum level in the chamber, there are an exhaust 
pipe 105, an exhaust valve 106 and a vacuum pump 107. 
Furthermore, for resuming an atmospheric pressure inside 
the chamber from the vacuum level, there are a gas Supply 
ing pipe 108 and a gas Supplying valve 109. 
0007 For loading a substrate 110 into the main chamber 
102 which is in vacuum State, the vacuum Side gate valve 
103, the exhaust valve 106 and the gas supply valve 109 are 
kept closed and, on the other hand, the atmosphere side gate 
valve 104 is opened. Then the Substrate 110 is introduced 
into the load-lock chamber 101. Subsequently, the atmo 
sphere side gate valve 104 is closed, and the exhaust valve 
106 is opened. Normally, the vacuum pump 107 is kept 
driven uninterruptedly. As regards the exhaust valve 106, 
generally, a butterfly valve is used. By opening the exhaust 
valve 106, the atmospheric gas inside the load-lock chamber 
101 is discharged outwardly. After the exhausting is com 
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pleted, the exhaust valve 106 is closed and the vacuum side 
gate valve 103 is opened, and the Substrate is introduced into 
the main chamber 102. After the Substrate is loaded, the 
vacuum side gate valve 103 is closed. 
0008 For unloading a processed substrate out of the main 
chamber 102, the load-loch chamber is exhausted and placed 
in vacuum state (all the valves and gate valves are kept 
closed), and thereafter the vacuum side gate valve 103 is 
opened. Then, the substrate 110 is unloaded and moved back 
into the load-lock chamber 110. After this, the vacuum side 
gate valve 103 is closed and, Subsequently, the gas Supply 
valve 109 is opened. The gas supply pipe 108 is communi 
cated with the atmosphere, Such that, by opening the gas 
supply valve 109, the inside of the load-lock chamber 101 
can be filled with atmosphere. After an atmospheric preSSure 
is reached, the atmosphere Side gate valve 104 is opened, 
and the substrate 110 is moved outwardly. 
0009. With the procedure described above, it is assured 
that a substrate 110 is conveyed between the atmosphere and 
the main chamber 102 without damaging the vacuum State 
inside the main chamber 102. 

0010 Japanese Laid-Open Patent Application, Publica 
tion No. 2001-102281 discloses an example of load-lock 
chamber that can be applied to a Semiconductor exposure 
apparatus or the like. 

0011. However, in the load-lock chamber structure such 
as described above, when the gas is exhausted to create a 
Vacuum level in place of the atmospheric pressure State, at 
the moment as the exhaust valve is opened the atmospheric 
air inside the chamber is exhausted rapidly. This causes 
adiabatic expansion of the air and, thus, the temperature 
decreases Suddenly. As a result of this, the moisture content 
contained in the atmosphere is frozen and adhered to the 
Substrate Surface, causing contamination of it. Simulta 
neously, Since heat is carried away from the Substrate, the 
temperature of the substrate is lowered. If the load-lock 
operation and operations following it are carried out while 
the Substrate temperature is low, the Substrate temperature 
gradually rises in accordance with the Surrounding tempera 
ture. Such temperature rise is a Serious factor for slowing 
down the production yield, particularly in a process (Such as 
lithographic process) where precise temperature control is 
required. 

0012 Generally, the inconveniences described above can 
be avoided by carrying out the vacuum exhausting slowly to 
provide a sufficient time for transmission of heat between the 
air and the Surrounding ambience. Load-lock Systems are 
incorporated into process machines Such as film forming 
apparatus and, in Such machines, the time required for the 
process itself is relatively long. Thus, there is a margin with 
respect to time that can be spent on Substrate loading and 
unloading by load-locking. Even if the vacuum exhausting 
takes time, it does not affect the throughput of the apparatus. 
0013 Among exposure apparatuses, those that are 
arranged to carry out the exposure process in a vacuum have 
already been used in practice Such as electron beam direct 
drawing apparatus, for example. Such apparatus have a very 
low throughput by nature, and the time necessary for loading 
and unloading a Substrate by load-locking does not raise a 
problem. However, EUV exposure apparatuses and the like 
are machines designed for mass production of MPUs or 
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memories, for example, and a very high throughput of an 
order of 100 pieces per hour is required. If the load-lock 
Structure is arranged for slow exhausting, although the 
inconveniences Such as Substrate contamination or tempera 
ture decrease could be avoided thereby, it needs a very long 
time for Substrate loading and unloading. This is a Serious 
factor for throughput decrease of the apparatus. Practically, 
therefore, the load-lock Structure Such as described above 
can not be applied to a machine Such as EUV exposure 
apparatus in which a large throughput is required. 

SUMMARY OF THE INVENTION 

0.014. It is accordingly an object of the present invention 
to provide load-lock technique by which high-speed vacuum 
exhausting is enabled while reducing or Suppressing con 
tamination or temperature decrease of an object to be loaded 
and/or unloaded. 

0.015. In accordance with an aspect of the present inven 
tion, there is provided a load-lock System, comprising: a 
chamber; an exhaust System for exhausting a gas from the 
inside of Said chamber; a heater; a first valve for opening/ 
closing an opening of Said chamber; a Supply System for 
Supplying a gas into Said chamber through Said heater and 
Said first valve; and a Second valve for opening/closing an 
opening of Said chamber provided for conveyance of an 
object: wherein Said Supply System Supplies a the gas before 
the object is conveyed into Said chamber and when said 
Second valve is held opened, and wherein Said exhaust 
System exhausts a gas Supplied from Said Supply System, 
after the conveyance of the object. 
0016. In accordance with another aspect of the present 
invention, there is provided a load-lock method, comprising: 
a first Step for Supply a gas into a chamber through a heater 
and a first valve which openS/closes an opening formed in 
the chamber; a Second step for closing the first valve after 
Said first Step; a third Step for conveying an object into the 
chamber through a Second Valve that openS/closes an open 
ing formed in the chamber; a fourth Step for closing the 
second valve after said third step; and a fifth step for 
exhausting a gas inside the chamber, after Said Second Step 
and also after said fourth Step. 
0017 Briefly, in accordance with the present invention, 
load-lock technique by which high-speed vacuum exhaust 
ing is enabled while reducing or Suppressing contamination 
or temperature decrease of an object to be loaded and/or 
unloaded, can be provided. 
0.018. These and other objects, features and advantages of 
the present invention will become more apparent upon a 
consideration of the following description of the preferred 
embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 is a schematic view for explaining a load 
lock System according to a first embodiment of the present 
invention. 

0020 FIG. 2A is a schematic view for explaining a state 
in which a heated gas is blown, in the first embodiment of 
the present invention. 
0021 FIG. 2B is a schematic view for explaining a state 
in which a Substrate is placed inside the load-look chamber, 
in the first embodiment of the present invention. 
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0022 FIG. 2C is a schematic view for explaining a state 
in which a vacuum side gate valve is opened, in the first 
embodiment of the present invention. 
0023 FIG. 2D is a schematic view for explaining a state 
in which conveyance of the Substrate has been completed, in 
the first embodiment of the present invention. 
0024 FIG. 3 is a schematic view for explaining a load 
lock System according to a Second embodiment of the 
present invention. FIG. 2A is a schematic view for explain 
ing a State in which a heated gas is blown, in the first 
embodiment of the present invention. 
0025 FIG. 4A is a schematic view for explaining a state 
in which a heated gas is blown, in the Second embodiment 
of the present invention. 
0026 FIG. 4B is a schematic view for explaining a state 
in which a Substrate is being loaded, in the Second embodi 
ment of the present invention. 
0027 FIG. 4C is a schematic view for explaining a state 
in which Vacuum evacuation is being carried out, in the 
Second embodiment of the present invention. 
0028 FIG. 4D is a schematic view for explaining a state 
in which the Substrate is being loaded into the main chamber, 
in the Second embodiment of the present invention. 
0029 FIG. 5 is a schematic view of a known type 
load-lock System. 
0030 FIG. 6 is a schematic view, showing an example of 
eXposure apparatuS. 

0031 FIG. 7 is a flow chart for explaining the procedure 
of device manufacturing processes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032 Preferred embodiments of the present invention 
will now be described with reference to the attached draw 
ings and in relation to examples wherein the present inven 
tion is applied to an exposure apparatus. 

Embodiment 1 

0033 FIG. 1 illustrates a load-lock system according to 
a first embodiment of the present invention. The first 
embodiment is applied to an EUV (extreme ultraviolet) 
exposure apparatus wherein exposure is carried out in a 
Vacuum ambience. Denoted at 1 is the load-lock System of 
the present invention, and denoted at 2 is a main chamber 
which is used as an exposure chamber of the exposure 
apparatus. The main chamber is filled with a vacuum ambi 
ence or a particular ambience Such as reduced preSSure He, 
for example. The load-lock chamber 1 serves to enable 
loading a substrate 10 thereinto from the atmosphere without 
breaking the vacuum ambience or particular ambience, and 
also to assure unloading the Substrate 10, after being pro 
cessed inside the main chamber 2, outwardly. 
0034 Basically, the present invention is directed to a 
load-lock System, and it is not always necessary that the 
machine placed at the main chamber Side of the load-lock 
System is an exposure apparatus. It may be an etching 
apparatus, for example. The Structure of the load-lock Sys 
tem 1 will be described below in greater detail. 
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0035) Denoted at 16 is a load-lock chamber (housing) 
which is a major component of the load-lock System 1, and 
it is a vacuum chamber. Denoted at 3 is a vacuum side gate 
Valve that functions as an interface between the main 
chamber 2 and the load-lock chamber 16. As this gate valve 
3 is open, an opening defined in the Side wall of the 
load-lock chamber 16 through which a substrate can be 
conveyed. AS the gate valve 3 is closed, the chamber can be 
gas-tightly closed. Denoted at 4 is an atmosphere side gate 
Valve, and it serves to define an opening for conveyance of 
a Substrate 10 between the load-lock chamber 16 and the 
atmosphere (or an ambience different from that of the 
exposure apparatus). When the gate valve 4 is open, an 
opening is defined in the Side wall of the load-lock chamber 
16 through which the substrate 10 can be conveyed. When 
it is closed, on the other hand, the load-locking wall Surface 
is gas-tightly closed to prevent the atmosphere from entering 
into the load-lock chamber 16. 

0036) Denoted at 5 is an exhaust pipe which is connected 
to a vacuum pump 7 through an exhaust valve 6. Normally, 
the vacuum pump 7 is held in driven State. AS the exhaust 
valve 6 is opened, the inside of the load-look chamber 16 is 
communicated with the vacuum pump 7, whereby the gas 
inside the load-lock chamber 16 is exhausted outwardly. 
Denoted at 8 is a gas Supply pipe for Supplying a gas into the 
load-lock chamber 16. There is a gas supply valve 9 for 
Supplying a gas and for Stopping the gas Supply. In this 
example, the tip end of the pipe 8 is open to the atmosphere, 
and the gas Supplied into the load-lock chamber 16 is an air. 
However, the pipe 8 may be connected to a gas Supply line 
So that any desired gases appropriate to the working condi 
tion, Such as dry air or dry nitrogen, for example, may be 
used. The pipe 8 Serves to Supply a gas (pressure) into the 
load-lock chamber 16 to turns the inside pressure back to the 
atmospheric pressure to thereby allow opening of the atmo 
Sphere side gate valve 4. 

0037 Denoted at 11 is a substrate table mounted inside 
the load-lock chamber, and this is a table on which a 
Substrate 10 is loaded, inside the load-lock chamber 16. The 
substrate table 11 has three pins. Since the contact to the 
substrate 10 is limited to these three points, contamination of 
the Substrate due to adhesion of particles can be Suppressed 
to a lowest level. Denoted at 12 is a hot or heated gas intake 
valve which is provided at the ceiling of the load-lock 
chamber 16. It functions to define an opening for Supplying 
a heated atmosphere into the load-lock chamber 16. When 
the heated gas Supply is to be stopped, the intake valve 12 
is closed, and the chamber is gas-tightly closed. AS will be 
described later, the opening of the intake valve 12 should be 
wide enough to prevent that it interferes with the flow of gas 
generated by a fan 14. To this end, the intake valve 12 should 
desirably have a similar structure as of the gate valve used 
for loading/unloading the substrate 10. However, a butterfly 
valve may be used therefor. Disposed above the intake valve 
12 is a filter 13. Above the filter 13, there are a fan 14 and 
a heater 15. The top of the heater 15 is open to the 
atmosphere. Thus, an atmospheric air is introduced from the 
outside in response to the operation of the fan 14, and it is 
heated by the heater 15. The heated air flows through the 
filter 13, and it flows into the load-lock chamber 16. The 
filter 13 is provided to prevent any particles from entering 
into the load-lock chamber 16. 
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0038. The operation of the load-lock system will now 
explained below, in Sequence. 
0039 FIG. 2A illustrates a state in which the atmosphere 
Side gate valve of the load-lock System is open. In this State, 
the load-lock System Stands by to loading of the Substrate 
from the atmosphere side. Here, the heated gas intake valve 
12 is held opened, and the fan 14 is being driven. The heater 
15 is being energized, Such that an atmospheric air heated to 
a high temperature by the heater 15 is flowing into the 
load-lock chamber 16 from the ceiling of the load-lock 
chamber 16. The heated atmospheric air flows outwardly 
through the opening of the atmosphere side gate valve 4. Just 
before the Substrate 10 is introduced into the load-lock 
chamber 16, the fan 14 and the heater 15 are stopped and the 
heated gas intake valve 12 is closed as well. By means of a 
conveyance robot (not shown) disposed in the atmosphere, 
the Substrate 10 is loaded into the load-lock chamber 16 and 
is placed on the Substrate table 11. FIG. 2B illustrates this 
Stage. 

0040. After this, the atmosphere side gate valve 4 is 
closed and, Subsequently, the exhaust valve 6 is opened, 
whereby the inside of the load-lock chamber 16 is evacu 
ated. 

0041 Generally, if evacuation is carried out rapidly from 
the State of normal temperature and atmospheric pressure, 
due to adiabatic expansion of the air, the moisture content 
contained in the air is frozen and falls as water drops onto 
the Substrate, causing contamination of the Substrate. Fur 
thermore, heat is carried away from the Substrate to cause 
temperature decease and, thus, contraction of the Substrate. 
This adversely affects the registration precision in the expo 
Sure apparatus (exposure chamber 2), or it necessitates 
time-consuming temperature adjustment of the Substrate in 
the exposure apparatus. In consideration of this, in conven 
tional load-lock Systems, the opening degree of the exhaust 
Valve has to be controlled to perform the vacuum exhausting 
slowly. In the load-lock system 1 of this embodiment, as 
compared there with, there is no Such necessity and the 
exhausting can be done at high Speed. This is because, by 
Supplying airs heated to high temperature from the outside 
when the load-lock chamber 16 is open to the atmosphere, 
the gas (air) originally contained inside the chamber is 
replaced by the high-temperature gas and because the tem 
perature of the chamber inner wall is raised by the heated air, 
Such that, even by rapid vacuum evacuation, the gas tem 
perature does not decrease to the temperature that causes 
freeze of moisture content. If desired, the fan 14, the heater 
15 and/or the heated gas intake valve 12, for example, may 
be controlled So that the Substrate temperature is maintained 
at a temperature Suited for the process to be carried out 
inside the exposure apparatus (exposure chamber 2). 
0042. By monitoring the vacuum level by use of a 
Vacuum gauge disposed inside the load-lock chamber 16, 
whether vacuum evacuation has been completed or not is 
checked. If a predetermined vacuum level is reached, the 
exhaust valve 6 is closed and Vacuum evacuation is discon 
tinued. After this, the vacuum side gate valve 13 is opened, 
Such that as shown in FIG. 2C the main chamber 2 and the 
load-lock chamber 15 are communicated with each other. 
There is a conveyance robot (not shown) provided inside the 
main chamber 2, that operates to convey the substrate 10 
into the main chamber. After this, the vacuum side gate valve 
3 is closed as shown in FIG. 2D. 
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0.043 With the procedure described above, the sequence 
for loading the substrate 10 into the main chamber 2 from 
the atmosphere side is completed. 
0044) The sequence for unloading the substrate 10 from 
the main chamber 2 may be essentially the same that in 
conventional load-lock Systems, and description thereof will 
be omitted here. 

Embodiment 2 

004.5 FIG. 3 illustrates a load-lock system according to 
a Second embodiment of the present invention. The Second 
embodiment is applied to an exposure apparatus Such as 
EUV (extreme ultraviolet) exposure apparatus wherein 
exposure is carried out in a vacuum ambience or a particular 
ambience such as reduced pressure He. FIG. 3 is a plan view 
of the exposure apparatus, as Seen from the above. Structural 
components having Similar functions as those of the first 
embodiment are denoted by corresponding reference numer 
als. Denoted in the drawing at 1 is the load-lock System, and 
denoted at 2 is a main chamber that defines a place where the 
exposure process is to be carried out. 
0046) Denoted at 16 is a load-lock chamber which is a 
major component of the load-lock System 1. Denoted at 3 is 
a vacuum side gate valve, and denoted at 4 is an atmosphere 
Side gate valve. These valves function to define an opening 
for passage of a substrate 10 between the load-lock chamber 
16 and the main chamber 2 or between the atmosphere and 
the load-lock chamber 12, or to gas-tightly close the cham 
ber. 

0047 Denoted at 5 is an exhaust pipe, and denoted at 7 
is a vacuum pump 7, for exhausting the load-lock chamber 
16. Denoted at 8 is a gas Supply pipe, and denoted at 9 is a 
gas supply valve. The pipe 8 and the valve 9 serve to turn the 
inside pressure of the load-lock chamber 16 back to the 
atmospheric pressure, from the vacuum level. The Supplied 
gas Supplied is an air. However, the gas Supplying pipe 8 
may be connected to a gas Supply line So that dry air or dry 
nitrogen, for example, may be Supplied. 
0.048 Denoted in the drawing at 10 is a substrate which 
is a Subject to be conveyed into the main chamber 12 and to 
be exposed there. Denoted at 17 are pins provided at three 
locations in the load-lock System 1, and a Substrate is placed 
on these pins. Such pin Structure is used to decrease the 
contact area with the Substrate to thereby reduce adhesion of 
particles to the bottom face of the substrate. Denoted at 20 
is a hot air generator which operates to intake an outside gas 
(air) and to blow it outwardly after heating the same. As will 
be described later, this hot air generator Serves to blow an air 
heated to high temperature toward the load-lock System 1. 
Inside the generator 20, there are a fan 14, a heater 15 and 
a filter 13. By rotation of the fan 14, a flow of airs is 
generated, and the airs are then heated by the heater to a high 
temperature. The heated air flows through the filter 13, and 
then the air is discharged outwardly from a blower outlet 
port of the generator 20. The blower outlet port of the 
generator 20 is Set at Such angle that the heated air can be 
blown into the load-lock chamber 16. 

0049) Denoted at 21 is a conveyance robot in the atmo 
Sphere, and it functions to convey a Substrate to the load 
lock System from outside the apparatus. 
0050. The operation of the load-lock system of this 
embodiment will be explained in Sequence. 
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0051. The sequence for loading a substrate into the main 
chamber 2 is as follows. 

0.052 Here, it is assumed that FIG. 3 shows the initial 
state. While the inside of the load-lock chamber 16 is kept 
at the atmospheric pressure, the atmosphere side gate valve 
4 is opened. At the Same time as the gate valve 4 is opened, 
the hot air generator 20 is energized to generate and blow a 
hot air toward the load-lock chamber 16. FIG. 4A shows this 
State. 

0053. The hot air generated from the generator 20 flows 
into the load-lock chamber 16 through the opening of the 
atmosphere Side gate valve 4. Then, after being turned back 
inside the chamber, it flows outwardly of the chamber. 
Arrows in FIG. 4A illustrate the flow of heated air. The hot 
air pushes the air originally contained in the chamber 16, 
Such that the inside of the chamber is replaced by a high 
temperature air. The hot air generator 20 includes a filter 13 
as described above and, therefore, the amount of particles 
entering into the chamber is low. 
0054 Simultaneously, the substrate 10 is picked up from 
a Substrate cassette or the like by means of the conveyance 
robot 21, and it is conveyed to the load-lock chamber 16. 
Just before the Substrate 10 is loaded into the load-lock 
chamber 16 (before it moves across the flow of hot air), the 
operation of the hot air generator 20 is interrupted to Stop the 
flow of hot air. Subsequently, the conveyance robot 21 
places the substrate 10 on the pins 17 inside the load-lock 
chamber 6 (FIG. 4B). Then, the hand of the conveyance 
robot 21 is retracted and, thereafter, the atmosphere side gate 
valve 4 is closed. 

0055. After the gate valve 4 is closed, the exhaust valve 
6 is opened, and airs inside the load-lock chamber 16 are 
exhausted (FIG. 4C). 
0056 Generally, if vacuum evacuation is carried out 
rapidly from the State of normal temperature and atmo 
Spheric preSSure, due to adiabatic expansion of the air, the 
moisture content contained in the air is frozen and falls as 
water drops onto the Substrate, causing contamination of the 
Substrate. Furthermore, heat is carried away from the Sub 
Strate to cause temperature decease and, thus, contraction of 
the Substrate. This adversely affects the registration preci 
Sion in the exposure apparatus (exposure chamber 2), or it 
necessitates time-consuming temperature adjustment of the 
Substrate in the exposure apparatus. In consideration of this, 
in conventional load-lock Systems, the opening degree of the 
exhaust valve has to be controlled to perform the vacuum 
exhausting slowly. In the load-lock system 1 of this embodi 
ment, as compared there with, there is no Such necessity and 
the exhausting can be done at high Speed. This is because, 
by means of the hot air generator 20, airs heated to a high 
temperature are Supplied continuously while the load-lock 
chamber 16 is kept opened to the atmosphere, the gas (air) 
originally contained inside the chamber is replaced by the 
high-temperature gas and because the temperature of the 
chamber inner wall is raised by the heated air, Such that, 
even by rapid vacuum evacuation, the gas temperature does 
not decrease to the temperature that causes freeze of mois 
ture content and, additionally, a decrease of the Substrate 
temperature is Suppressed. If desired, the fan 14 and/or the 
heater 15, for example, may be controlled so that the 
Substrate temperature is maintained at a temperature Suited 
for the process to be carried out inside the exposure appa 
ratus (exposure chamber 2). 
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0057 By monitoring the vacuum level by use of a 
Vacuum gauge disposed inside the load-lock chamber 16, 
whether vacuum evacuation has been completed or not is 
checked. If a predetermined vacuum level is reached, the 
exhaust valve 6 is closed and Vacuum evacuation is discon 
tinued. After this, the vacuum side gate valve 13 is opened, 
Such that the main chamber 2 and the load-lock chamber 16 
are communicated with each other. There is a conveyance 
robot (not shown) provided inside the main chamber 2, that 
operates to convey the substrate 10 into the main chamber 
(FIG. 4D). 
0.058 After this, the vacuum side gate valve 3 is closed. 
0059. With the procedure described above, the sequence 
for loading the substrate 10 into the main chamber 2 from 
the atmosphere side is completed. 
0060. The sequence for unloading the substrate 10 from 
the main chamber 2 may be essentially the same that in 
conventional load-lock Systems. 
0061 AS described, in accordance with the structure of 
this embodiment, a hot air generator 20 is added outside the 
load-lock System, by which load-lock technique that enables 
high-Speed exhausting while reducing moisture content 
freezing and Substrate temperature decrease is accom 
plished. 

0.062 FIG. 6 shows an exposure apparatus for device 
manufacture, to which a load-lock System Substrate as 
described hereinbefore can be applied. 
0.063. This exposure apparatus is to be used for manu 
facture of microdevices having a fine pattern formed 
thereon, Such as Semiconductor devices (semiconductor 
integrated circuits, for example), micromachines, or thin 
film magnetic heads, for example. In this exposure appara 
tus, exposure light (which may include Visible light, ultra 
Violet light, EUV light, X-ray, electron beam, and charged 
particle beam, for example) as an exposure energy Supplied 
from a light Source 161 illuminates a reticle R (original), and 
light from the reticle R is projected onto a Semiconductor 
wafer W (Substrate) through a projection System having a 
projection lens 162 (which may include refractive lens, 
reflective lens, catadioptric lens System, and charged particle 
lens, for example), whereby a desired pattern is produced on 
the Substrate. 

0064. The exposure apparatus includes a base table 151 
having a guide 152 and a linear motor stator 121 fixed 
thereto. The linear motor stator 121 has a multiple-phase 
electromagnetic coil, while a linear motor movable element 
111 includes a permanent magnet group. The linear motor 
movable portion 111 is connected as a movable portion 153 
to a movable guide 154 (stage), and through the drive of the 
linear motor M1, the movable guide 154 can be moved in a 
direction of a normal to the sheet of the drawing. The 
movable portion 153 is supported by a static bearing 155, 
taking the upper Surface of the base table 151 as a reference, 
and also by a Static bearing 156, taking the Side Surface of 
the guide 152 as a reference. 
0065. A movable stage 157 which is a stage member 
disposed to straddle the movable guide 154 is supported by 
a static bearing 158. This movable stage 157 is driven by a 
similar linear motor M2, so that the movable stage 157 
moves leftwardly and rightwardly as viewed in the drawing, 
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while taking the movable guide 154 as a reference. The 
motion of the movable stage 157 is measured by means of 
an interferometer 160 and a mirror 159 which is fixed to the 
movable stage 159. 

0066 A wafer (substrate) W is held on a chuck which is 
mounted on the movable stage 157, and a pattern of the 
reticle R is transferred in a reduced scale onto different 
regions on the wafer W by means of the light source 161 and 
the projection optical System 162, in accordance with a 
Step-and-repeat method or a step-and-Scan method. 
0067. It should be noted that the load-lock system of the 
present invention can be Similarly applied also to an expo 
Sure apparatus in which, without using a mask, a circuit 
pattern is directly drawn on a Semiconductor wafer to expose 
a resist thereon. 

Third Embodiment 

0068 Next, an embodiment of a device manufacturing 
method which uses an exposure apparatus described above, 
will be explained. 
0069 FIG. 7 is a flow chart for explaining the overall 
procedure for Semiconductor manufacture. Step 1 is a design 
process for designing a circuit of a Semiconductor device. 
Step 2 is a proceSS for making a mask on the basis of the 
circuit pattern design. Step 3 is a process for preparing a 
wafer by using a material Such as Silicon. Step 4 is a wafer 
process which is called a pre-process wherein, by using the 
thus prepared mask and wafer, a circuit is formed on the 
wafer in practice, in accordance with lithography. Step 5 
Subsequent to this is an assembling Step which is called a 
post-process wherein the wafer having been processed at 
Step 4 is formed into Semiconductor chips. This Step includes 
an assembling (dicing and bonding) process and a packaging 
(chip Sealing) process. Step 6 is an inspection step wherein 
an operation check, a durability check an So on, for the 
Semiconductor devices produced by Step 5, are carried out. 
With these processes, Semiconductor devices are produced, 
and they are shipped (Step 7). 
0070 More specifically, the wafer process at step 4 
described above includes: (1) an oxidation process for 
oxidizing the surface of a wafer; (ii) a CVD process for 
forming an insulating film on the wafer Surface; (iii) an 
electrode forming process for forming electrodes upon the 
wafer by vapor deposition: (iv) an ion implanting process for 
implanting ions to the wafer, (v) a resist process for applying 
a resist (photosensitive material) to the wafer; (vi) an 
exposure proceSS for printing, by exposure, the circuit 
pattern of the mask on the wafer through the exposure 
apparatus described above; (vii) a developing process for 
developing the exposed wafer; (viii) an etching process for 
removing portions other than the developed resist image; 
and (ix) a resist separation process for separating the resist 
material remaining on the wafer after being Subjected to the 
etching process. By repeating these processes, circuit pat 
terns are Superposedly formed on the wafer. 

0.071) While the invention has been described with ref 
erence to the Structures disclosed herein, it is not confined to 
the details Set forth and this application is intended to cover 
Such modifications or changes as may come within the 
purposes of the improvements or the Scope of the following 
claims. 
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0.072 This application claims priority from Japanese 
Patent Application No. 2003-393670 filed Nov. 25, 2003, for 
which is hereby incorporated by reference. 
What is claimed is: 

1. A load-lock System, comprising: 
a chamber; 
an exhaust System for exhausting a gas from the inside of 

Said chamber; 
a heater; 
a first valve for opening/closing an opening of Said 

chamber; 
a Supply System for Supplying a gas into Said chamber 

through Said heater and Said first valve; and 
a Second valve for opening/closing an opening of Said 
chamber provided for conveyance of an object; 

wherein Said Supply System Supplies a the gas before the 
object is conveyed into Said chamber and when Said 
Second valve is held opened, and wherein Said exhaust 
System exhausts a gas Supplied from Said Supply Sys 
tem, after the conveyance of the object. 

2. A load-lock System according to claim 1, wherein Said 
first valve is provided at a top of Said chamber. 

3. A load-lock System according to claim 1, wherein Said 
Supply System Stops the gas Supply prior to the conveyance 
of the object into said chamber. 

4. A load-lock System according to claim 1, wherein one 
and the same valve is provided to function as Said first and 
Second valves. 

5. A load-lock System according to claim 1, further 
comprising a filter, wherein Said Supply System Supplies the 
gas into Said chamber through Said filter. 

6. A device manufacturing apparatus including a load 
lock System as recited in claim 1. 

7. A device manufacturing method including a proceSS 
that uses a device manufacturing apparatus as recited in 
claim 6. 
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8. An exposure apparatus including a load-lock System as 
recited in claim 1. 

9. A device manufacturing method, comprising the Steps 
of: 

transferring a pattern to a Substrate by use of an exposure 
apparatus as recited in claim 8; and 

developing the Substrate having the pattern transferred 
thereto. 

10. A load-lock method, comprising: 
a first Step for Supply a gas into a chamber through a 

heater and a first valve which openS/closes an opening 
formed in the chamber; 

a Second step for closing the first valve after Said first Step; 

a third step for conveying an object into the chamber 
through a Second valve that openS/closes an opening 
formed in the chamber; 

a fourth Step for closing the Second valve after said third 
Step; and 

a fifth Step for exhausting a gas inside the chamber, after 
Said Second step and also after Said fourth Step. 

11. A method according to claim 10, wherein Said first Step 
is carried out when the Second valve is held opened. 

12. A method according to claim 10, wherein one and the 
same valve is used as the first and Second valves, and 
wherein Said Second and fourth Steps comprise the same 
process to be carried out after Said first Step and also after 
Said third Step. 

13. A method according to claim 10, wherein said first 
Step is completed before, in Said third Step, the object is 
conveyed into the chamber. 

14. A method according to claim 10, wherein the gas is 
Supplied into the chamber through a filter. 


