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(57) ABSTRACT 

A refrigerant Supply apparatus for Supplying a refrigerant to 
a target. The apparatus includes a tank which stores pure 
water as the refrigerant, a refrigerant Supply channel which 
Supplies the pure water to the target, an impurity removing 
unit which removes impurities of the pure water in the 
refrigerant Supply channel, and a valve which stops Supply 
of the pure water to the target and circulates the pure water 
in the refrigerant Supply channel. 

  

  

  

  

  

  



US 2006/0248919 A1 Patent Application Publication Nov. 9, 2006 Sheet 1 of 6 

N N R N 

  



US 2006/0248919 A1 

SnIWBWddy BunSOdXE WOH3 –– 

Patent Application Publication Nov. 9, 2006 Sheet 2 of 6 

  



US 2006/0248919 A1 

N N N N 
ZZZZZZZ2 

Patent Application Publication Nov. 9, 2006 Sheet 3 of 6 

    



US 2006/0248919 A1 Sheet 4 of 6 Nov. 9, 2006 Patent Application Publication 

D!=~C) ZZZZZZZZZZZZZZZZ ZØ, Ø Ø 
002 '00 || 

  



Patent Application Publication Nov. 9, 2006 Sheet 5 of 6 

F G. 5 
US 2006/0248919 A1 

CIRCUIT DESIGN - S1 MANEERE F-S3 

MASK FABRICATION -S2 

WAFER PROCESS 

ASSEMBLY 

NSPECTION 

SHIPPING 

S4 

S5 

S6 

S7 



Patent Application Publication Nov. 9, 2006 Sheet 6 of 6 

F. G. 6 

S11 

OXIDATION 

CVD 

ELECTRODE 
FORMATION 

ION MPLANTATION 

WAFER PROCESS 

S15 

S16 

S17 

S18 

S 19 

US 2006/0248919 A1 

  

    

  

  

  

  

  

  

  

  

  



US 2006/02489 19 A1 

REFRGERANT SUPPLY APPARATUS 

0001. This application is a continuation application of 
copending U.S. patent application Ser. No. 10/776,168, filed 
Feb. 12, 2004. 

FIELD OF THE INVENTION 

0002 The present invention relates to a refrigerant supply 
apparatus, and a device manufacturing apparatus including 
the same. 

BACKGROUND OF THE INVENTION 

0003. Among exposure apparatuses, one is available 
which has a wafer stage and a reticle stage for aligning a 
wafer and a reticle by moving them at a high speed, and 
which includes linear motors for driving the wafer stage and 
the reticle stage. According to another exposure apparatus, a 
reticle is fixed, and a pattern is sequentially transferred to a 
plurality of shot regions by stepping a wafer. In these 
exposure apparatuses, to cope with heat generated by the 
coils of the linear motors, a fluoride Solution is employed as 
a refrigerant. The refrigerant is Supplied to portions in the 
vicinities of the coils of the linear motors, thus cooling the 
coils. The fluoride solution is widely utilized as a cooling 
medium because, e.g., 1) it has excellent electrical insulating 
properties, 2) it is completely inactive and does not attack a 
structural material Such as a metal, plastic material, or 
rubber, and 3) it is incombustible. 
0004 Recently, the stage acceleration accompanying an 
increase in the process speed (throughput) increases more 
and more. As the sizes of the reticle and Substrate increase, 
the stage mass also increases. Accordingly, the driving force 
defined by <mass of moving body><acceleration> 
becomes very large. The amount of heat generated by the 
linear motor for driving the stage also increases. The envi 
ronmental influence of the generated heat is becoming 
apparent as an issue. 
0005 Conventionally, in the manufacturing process for a 
semiconductor element, e.g., an LSI or VLSI, formed to 
have a micropattern, a reduction projection exposure appa 
ratus is used, which reduces and projects a circuit pattern 
formed on a mask onto a Substrate coated with a photosen 
sitive agent, and exposes it. As the integration density of the 
semiconductor elements increases, the pattern feature size 
decreases more and more, and accordingly, high-accuracy 
alignment is required. Heat generated by the linear motor 
causes a temperature increase or fluctuation in the stage 
space or in the vicinity of the linear motor where a mirror 
and the optical axis of an interferometer used in measure 
ment for alignment are arranged. This decreases measure 
ment accuracy of the interferometer. 
0006 To suppress problems resulting from the heat gen 
erated by the linear motor, the amount of coolant increases 
rapidly. A fluoride solution widely used as the cooling 
medium has a smaller heat capacity and a larger specific 
gravity than those of water. Thus, the amount of coolant 
increases, and the load on equipment, such as a pump, 
increases accordingly. Also, equipment Such as a heat 
exchanger, a transport pump, and the like, to be used, 
increase in size, leading to a very large cooling system. 

SUMMARY OF THE INVENTION 

0007. The present invention has been made in view of the 
above situation, and has as its object to provide a refrigerant 
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Supply apparatus which contributes to, e.g., downsizing of a 
cooling system, and a device manufacturing apparatus 
including Such a refrigerant Supply apparatus. 
0008. The present invention according to its first aspect 
relates to a refrigerant Supply apparatus, which Supplies a 
refrigerant to a cooling target, comprising a refrigerant 
Supply channel through which pure water (e.g., the resistiv 
ity of the pure water is preferably 1 M or more, and/or the 
dissolved oxygen amount is preferably 1 mg or less per liter) 
as the refrigerant is Supplied to the cooling target, and an 
impurity removing unit disposed in an impurity removing 
channel, which is a channel different from the refrigerant 
Supply channel. 
0009. According to a preferred embodiment of the 
present invention, preferably, the apparatus further com 
prises a pure water tank which stores the pure water. 
Preferably, an upstream side of the refrigerant Supply chan 
nel is connected to the pure water tank, and the impurity 
removing channel circulates the pure water through the pure 
water tank. 

0010. According to a preferred embodiment of the 
present invention, a lower portion of the pure water tank 
preferably has a tapered shape. 
0011. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises an oxygen removing mechanism which removes 
dissolved oxygen in the pure water by Supplying an inert gas 
into the pure water tank. For example, the oxygen removing 
mechanism Supplies the inert gas into the pure water in the 
pure water tank. 
0012. According to a preferred embodiment of the 
present invention, the impurity removing unit preferably 
includes at least one of an ion exchange resin, active carbon, 
a filtration film, a reverse osmosis film, a distillation unit, 
and a deaeration film. 

0013. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a germicidal lamp which sterilizes the pure water. 
0014. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a sensor which measures a purity of the pure water, 
and a valve which stops supply of the pure water to the 
cooling target when the purity of the pure water does not 
satisfy a predetermined standard. 
00.15 According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a first pump provided to the refrigerant Supply chan 
nel, and a second pump provided to the impurity removing 
channel. The first and second pumps are preferably con 
trolled independently of each other, such that the first pump 
is stopped when the purity of the pure water does not satisfy 
the predetermined standard, and that the second pump is 
stopped when the purity of the pure water satisfies the 
predetermined standard. 
0016. According to a preferred embodiment of the 
present invention, the sensor preferably includes a resistivity 
sensor and/or a dissolved oxygen sensor. 
0017 According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a temperature adjustment unit which adjusts a tem 
perature of the pure water. 
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0018. The present invention according to its second 
aspect relates to a device manufacturing apparatus compris 
ing the refrigerant Supply apparatus described above as part 
of a cooling apparatus. 
0019. The present invention according to its third aspect 
relates to an exposure apparatus comprising the refrigerant 
Supply apparatus described above as part of a cooling 
apparatus. 

0020. The present invention according to its fourth aspect 
relates to a device manufacturing apparatus comprising a 
driving section which generates heat, a refrigerant Supply 
channel through which pure water as a refrigerant is Sup 
plied to a cooling section that cools the driving section, a 
sensor which is disposed in the refrigerant Supply channel 
and measures the purity of the pure water, and a controller 
which controls Supply of the pure water to the cooling 
section on the basis of the purity of the pure water measured 
by the sensor. 
0021 According to a preferred embodiment of the 
present invention, the controller preferably stops Supply of 
the pure water to the cooling section when the purity of the 
pure water does not satisfy a predetermined standard. 
0022. According to a preferred embodiment of the 
present invention, the sensor preferably includes a resistivity 
sensor and/or a dissolved oxygen sensor. 
0023. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises an impurity removing unit which removes impurities 
in the pure water. 
0024. According to a preferred embodiment of the 
present invention, the impurity removing unit can be dis 
posed in an impurity removing channel which is a channel 
different from the refrigerant supply channel. 
0025. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a first pump provided to the refrigerant Supply chan 
nel, and a second pump provided to the impurity removing 
channel. The first and second pumps are preferably con 
trolled independently of each other, such that the first pump 
is stopped when the purity of the pure water does not satisfy 
the predetermined standard, and that the second pump is 
stopped when the purity of the pure water satisfies the 
predetermined standard. 
0026. According to a preferred embodiment of the 
present invention, the impurity removing unit can be dis 
posed in a branch channel of the refrigerant removing 
channel. 

0027 According to a preferred embodiment of the 
present invention, the impurity removing unit preferably 
includes at least one of an ion exchange resin, active carbon, 
a filtration film, a reverse osmosis film, a distillation unit, 
and a deaeration film. 

0028. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a germicidal lamp which sterilizes the pure water. 
0029. According to a preferred embodiment of the 
present invention, preferably, the apparatus further com 
prises a pure water tank which stores the pure water, and an 
upstream side of the refrigerant Supply channel is connected 
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to the pure water tank. A lower portion of the pure water tank 
preferably has a tapered shape. 

0030. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises an oxygen removing mechanism which removes 
dissolved oxygen in the pure water by Supplying an inert gas 
into the pure water tank. 
0031. According to a preferred embodiment of the 
present invention, the oxygen removing mechanism prefer 
ably supplies the inert gas into the pure water in the pure 
water tank. 

0032. According to a preferred embodiment of the 
present invention, the apparatus preferably further com 
prises a temperature adjustment unit which adjusts a tem 
perature of the pure water. 

0033 According to a preferred embodiment of the 
present invention, for example, the apparatus can be formed 
as an eXposure apparatus. 

0034. The present invention according to its fifth aspect 
relates to a device manufacturing method including a step of 
processing a Substrate using the device manufacturing appa 
ratus described above. 

0035. The present invention according to its sixth aspect 
relates to a device manufacturing method including steps of 
transferring a pattern to a Substrate with a device manufac 
turing apparatus formed as the exposure apparatus described 
above, and developing the Substrate. 

0036). Other features and advantages of the present inven 
tion will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the 
description, serve to explain the principles of the invention. 

0038 FIG. 1 is a diagram showing the schematic 
arrangement of a pure water Supply apparatus (refrigerant 
Supply apparatus) according to the first embodiment of the 
present invention; 

0039 FIG. 2 is a diagram showing the schematic 
arrangement of a pure water Supply apparatus (refrigerant 
Supply apparatus) according to the second embodiment of 
the present invention; 

0040 FIG. 3 is a diagram schematically showing a 
modification of the refrigerant Supply apparatus; 

0041 FIG. 4 is a view schematically showing an expo 
Sure apparatus as an example of a device manufacturing 
apparatus; 

0.042 FIG. 5 is a flow chart showing the flow of an 
overall semiconductor device manufacturing process; and 

0.043 FIG. 6 is a flow chart showing the detailed flow of 
a wafer process. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0044) The preferred embodiments of the present inven 
tion will be described. 

0045 According to the preferred embodiments of the 
present invention, pure water is used as a cooling medium 
for a cooling system in a device manufacturing apparatus, 
Such as a semiconductor exposure apparatus, so that equip 
ment (e.g., a pump, refrigerant temperature adjustment unit, 
flow channel, and the like) that constitute the cooling system 
are made compact, and the entire cooling system is made 
compact. As water has a heat recovering ability almost twice 
that of fluoride solution, the heat recovery amount can be 
increased without increasing the flow rate of the cooling 
medium. 

0046) Water can rot equipment when it is left for a long 
period of time, and may corrode a metal, or the like. As 
water does not have electrical insulating properties, it causes 
short circuiting in electronic equipments. In view of this, 
according to the preferred embodiments of the present 
invention, not general tap water or industrial water, but pure 
water is used as the cooling medium. The purity (quality) of 
the pure water can be improved by an impurity removing 
unit. Supply of the pure water to a cooling target (e.g., a 
driving section Such as a linear motor) can be stopped by a 
controller (e.g., a valve and its control unit) when the pure 
water does not have a predetermined purity. The purity of 
pure water can be measured by a sensor as, e.g., a resistivity 
and/or a dissolved oxygen amount. For example, the purity 
of the pure water is preferably 1 M.cm or more in resistivity, 
and/or the dissolved oxygen amount is preferably 1 mg or 
less per liter. When the purity (water quality) of the pure 
water is managed, corrosion of the metal, or the like, can be 
prevented, and electrical insulating properties can be 
ensured. 

0047. When the refrigerant supply apparatus according to 
the present invention is applied to a device manufacturing 
apparatus, for example, a driving section Such as a linear 
motor can be cooled highly efficiently, so that the entire 
apparatus can be made compact. 
0.048 When the refrigerant supply apparatus according to 
the present invention is applied to an exposure apparatus, for 
example, fluctuation of the stage space due to heat generated 
by a coil is suppressed, and the alignment accuracy of the 
stage in the exposure process is improved, so that the 
overlay accuracy and line width accuracy can be improved. 
Also, since the influence of heat generated by the coil, which 
increases as the stage acceleration increases, is Suppressed, 
the throughput can be increased, and an exposure process 
with higher accuracy and higher productivity than in the 
prior art can be performed. 

First Embodiment 

0049 FIG. 1 is a schematic diagram of a pure water 
Supply system (refrigerant Supply system) according to the 
first embodiment of the present invention. A pure water 
supply system 100 of this embodiment has a channel (pure 
water Supply channel) 4 through which pure water is Sup 
plied, a return channel (pure water return channel) 3, a 
channel (impurity removing channel) 5 through which impu 
rities in the pure water are removed, and a storage tank 10. 
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0050. The pure water supplied from the storage tank 10 
flows in the pure water Supply channel 4 through a pump 16, 
is heated to a predetermined temperature by a heater 9 
disposed in the pure water Supply channel 4, and is then 
Supplied to a cooling target in the exposure apparatus, to 
cool the cooling target. The cooling target can be exempli 
fied by, e.g., a linear motor, a wafer chuck, or the like. 
0051. A dissolved oxygen meter 1a and resistivity meter 
2a are connected to the pure water Supply channel 4. The 
dissolved oxygen meter 1a and resistivity meter 2a measure 
the dissolved oxygen value and resistivity value, respec 
tively, of the pure water. The measurement results are sent 
to a controller 30. If the dissolved oxygen value and resis 
tivity value respectively satisfy their regulated values (e.g., 
the dissolved oxygen value should be 1 mg or less per liter, 
and the resistivity should be 1 MS2 cm or more), the 
controller 30 opens a flow channel selector valve 20 to the 
exposure apparatus, so that the pure water is Supplied to the 
exposure apparatus. If either one of the dissolved oxygen 
value and resistivity value does not satisfy its regulated 
value, the controller 30 controls the valve 20 to stop supply 
of the pure water to the exposure apparatus, and returns the 
pure water to the tank 10 through an internal circulation 
channel 22 (this state will be referred to as internal circu 
lation hereinafter). In other words, the quality of the pure 
water to be supplied to the exposure apparatus is managed 
by the controller 30. 
0.052 The pure water return channel 3 is provided with a 
check valve 21. The check valve 21 prevents the pure water 
from flowing reversely into the exposure apparatus when the 
valve 20 is switched to internal circulation. 

0053. In this manner, in the pure water supply apparatus 
100, if either one of the dissolved oxygen value and resis 
tivity value does not satisfy its regulated value (e.g., the 
dissolved oxygen value should be 1 mg or less per liter, and 
the resistivity should be 1 M. cm or more), the pure water is 
circulated in the pure water supply apparatus 100. The pure 
water is Supplied to the exposure apparatus only after its 
dissolved oxygen value and resistivity value satisfy their 
regulated values. When the pure water is circulated in the 
pure water supply apparatus 100, the temperature of the pure 
water can also be managed. 
0054) A temperature sensor 6a is provided to the outlet of 
the heater 9. A controller 7a controls the heater 9 on the basis 
of the measurement result of the temperature sensor 6a, so 
that the pure water is heated to a predetermined temperature. 

0055 When the temperature of the pure water increases 
as it cools the cooling target in the exposure apparatus, the 
pure water is cooled to the predetermined temperature by a 
cooler 8 disposed in the pure water return channel 3. A 
temperature sensor 6b is provided to the outlet of the cooler 
8. A controller 7b controls the cooler 8 on the basis of the 
measurement result of the temperature sensor 6b, so that the 
pure water is cooled to the predetermined temperature. After 
flowing through the cooler 8, the pure water returns to the 
storage tank 10 through the pure water return channel 3. The 
bottom of the storage tank 10 is tapered so that no liquid 
reservoir or the like is formed after the pure water is drained 
completely. 

0056 Part of the pure water stored in the storage tank 10 
is sent to the impurity removing channel 5 by a pump 17 for 
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the purpose of maintaining the water quality. A filtration film 
11 for removing dust such as particles, an ion exchange resin 
12 for removing ions in the pure water, a deaeration film 13 
for removing any dissolved gas in the pure water by using 
a vacuum pump 15, and an activated carbon filter 14 for 
removing any organic Substance in the pure water are 
provided to the impurity removing channel 5. The resultant 
impurity removing unit removes impurities in the pure 
water. The storage tank 10 has a germicidal lamp 18 which 
can sterilize microbes. The impurity removing unit may 
have only some of the filtration film 11, ion exchange resin 
12, deaeration film 13, and activated carbon filter 14 
described above, or may have at least one of, e.g., a reverse 
osmosis film and distillation unit, in addition to or in place 
of them. 

0057. In place of the deaeration film 13, nitrogen may be 
charged in the space in the storage tank 10 or in the pure 
water in the storage tank 10, so that dissolved oxygen in the 
pure water may be removed. 
0.058 A dissolved oxygen meter lb and resistivity meter 
2b provided to the impurity removing channel 5 can manage 
the performance and service life of the ion exchange resin 12 
and deaeration film 13. 

0059) The pump 17 can be operated independently of the 
pump 16 that Supplies the pure water to the exposure 
apparatus. Hence, the pump 17 can adjust the amount of 
water flowing through the impurity removing channel 5 in 
accordance with the quality of the pure water. For example, 
if the quality of the water to be supplied to the exposure 
apparatus is equal to or more than the regulated value, 
operation of the pump 17 may be stopped, so that power 
saving can be achieved. 
0060 Alternatively, the pump 17 need not be disposed, 
but the channel may be branched at the outlet of the pump 
16 into the pure water Supply channel 4 and impurity 
removing channel 5, so that only one pump is used. In this 
case, the outlet of the impurity removing channel 5 is not 
connected to the tank 10, but can be connected to the pure 
water supply channel 4, as shown in FIG. 3, so that the pure 
water flowing through the impurity removing channel 5 can 
be supplied to the exposure apparatus directly. 
0061 Typically, the respective units disposed in the 
impurity removing channel 5 are sufficient as far as they can 
process pure water having a flow rate Smaller than that of the 
pure water to be supplied to the exposure apparatus. Hence, 
even if the apparatus increases in size due to the presence of 
the impurity removing channel 5, the size increase may be 
within an allowable range. More specifically, when the 
impurity removing channel 5 is provided independently of 
the pure water Supply channel 4 and an impurity removing 
unit is disposed in the impurity removing channel 5, the pure 
water Supply apparatus 100 can be made compact. 

Second Embodiment 

0062 FIG. 2 is a schematic diagram of a pure water 
Supply system according to the second embodiment of the 
present invention. A pure water supply system 200 of this 
embodiment has a pure water Supply channel 4, pure water 
return channel 3, and storage tank 10. 
0063. The pure water supplied from the storage tank 10 
flows in the pure water Supply channel 4 through a pump 16, 
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is heated to a predetermined temperature by a heater 9 
disposed in the pure water Supply channel 4, and is then 
Supplied to a cooling target in the exposure apparatus, to 
cool the cooling target. The cooling target can be exempli 
fied by, e.g., a linear motor, a wafer chuck, or the like. 
0064. A dissolved oxygen meter 1a and resistivity meter 
2a are connected to the pure water Supply channel 4. The 
dissolved oxygen meter 1a and resistivity meter 2a measure 
the dissolved oxygen value and resistivity value, respec 
tively, of the pure water. The measurement results are sent 
to a controller 30. If the dissolved oxygen value and resis 
tivity value respectively satisfy their regulated values (e.g., 
the dissolved oxygen value should be 1 mg or less per liter, 
and the resistivity should be 1 M.cm or more), the controller 
30 opens a flow channel selector valve 20 to the exposure 
apparatus, so that the pure water is Supplied to the exposure 
apparatus. If either one of the dissolved oxygen value and 
resistivity value does not satisfy its regulated value, the 
controller 30 controls the valve 20 to stop supply of the pure 
water to the exposure apparatus, and returns the pure water 
to the tank 10 through an internal circulation channel 22 
(internal circulation). In other words, the quality of the pure 
water to be supplied to the exposure apparatus is managed 
by the controller 30. 
0065. The pure water return channel 3 is provided with a 
check valve 21. The check valve 21 prevents the pure water 
from flowing reversely into the exposure apparatus when the 
valve 20 is switched to internal circulation. 

0066. In this manner, in the pure water supply apparatus 
200, if either one of the dissolved oxygen value and resis 
tivity value does not satisfy its regulated value (e.g., the 
dissolved oxygen value should be 1 mg or less per liter, and 
the resistivity should be 1 MS2.cm or more), the pure water 
is circulated in the pure water supply apparatus 200. The 
pure water is Supplied to the exposure apparatus only after 
its dissolved oxygen value and resistivity value satisfy their 
specified values. When the pure water is circulated in the 
pure water supply apparatus 200, the temperature of the pure 
water can also be managed. 
0067. A temperature sensor 6a is provided to the outlet of 
the heater 9. A controller 7a controls the heater 9 on the basis 
of the measurement result of the temperature sensor 6a, so 
that the pure water is heated to a predetermined temperature. 

0068. When the temperature of the pure water increases 
as it cools the cooling target in the exposure apparatus, the 
pure water is cooled to the predetermined temperature by a 
cooler 8 disposed in the pure water return channel 3. A 
temperature sensor 6b is provided to the outlet of the cooler 
8. A controller 7b controls the cooler 8 on the basis of the 
measurement result of the temperature sensor 6b, so that the 
pure water is cooled to the predetermined temperature. After 
flowing through the cooler 8, the pure water returns to the 
storage tank 10 through the pure water return channel 3. The 
bottom of the storage tank 10 is tapered so that no liquid 
reservoir or the like is formed after the pure water is drained 
completely. 

0069. A filtration film 11 for removing dust such as 
particles, an ion exchange resin 12 for removing ions in the 
pure water, a deaeration film 13 for removing any dissolved 
gas in the pure water by using a vacuum pump 15, and an 
activated carbon filter 14 for removing any organic Sub 
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stance in the pure water are provided to the pure water 
Supply channel 4. The resultant impurity removing unit 
removes impurities in the pure water. The storage tank 10 
has a germicidal lamp 18 which can sterilize microbes. The 
impurity removing unit may have only some of the filtration 
film 11, ion exchange resin 12, deaeration film 13, and 
activated carbon filter 14 described above, or may have at 
least one of, e.g., a reverse osmosis film and distillation unit, 
in addition to or in place of them. 
0070. In place of the deaeration film 13, nitrogen may be 
charged in the space in the storage tank 10 or in the pure 
water in the storage tank 10, so that dissolved oxygen in the 
pure water may be removed. 
0071. The filtration film 11, ion exchange resin 12, 
deaeration film 13, and activated carbon filter 14 need not be 
disposed in the pure water Supply channel 4, but can be set 
to form an impurity removing channel 5 parallel to the pure 
water Supply channel 4. In this case, typically, the respective 
units disposed in the impurity removing channel 5 are 
Sufficient as far as they can process pure water having a flow 
rate smaller than that of the pure water to be supplied to the 
exposure apparatus. Hence, even if the pure water Supply 
apparatus increases in size due to the presence of the 
respective units, the size increase may be within an allow 
able range. 
Application 
0072 An exposure apparatus as an example of a device 
manufacturing apparatus in which the pure water Supply 
apparatus described above is incorporated will be described. 
FIG. 4 is a view schematically showing the exposure 
apparatus. This exposure apparatus has a reticle stage (not 
shown), a linear motor 400 as a driving section for the reticle 
stage, a wafer stage (not shown), a linear motor 500 as a 
driving section for the wafer stage, a projection optical 
system (not shown), a reticle illumination system, and the 
like. In this exposure apparatus, a reticle pattern is trans 
ferred onto a wafer with a slit beam while moving a reticle 
held by the reticle stage and a wafer held by the wafer stage 
relative to each other. Such an exposure apparatus is called 
a scanning exposure apparatus. The pure water Supply 
apparatus described above can be applied not only to a 
scanning exposure apparatus, but also to an exposure appa 
ratus of a type called a stepper and to other types of exposure 
apparatuses. In the stepper, generally, with the reticle being 
fixed, a reticle pattern is sequentially transferred to a plu 
rality of shot regions while stepping the wafer. 
0073. The application shown in FIG. 4 has a pure water 
supply apparatus 100 (200) which supplies a cooling 
medium (pure water) to the linear motor 400 for driving the 
reticle stage, and a pure water supply apparatus 100 (200) 
which Supplies the cooling medium (pure water) to the linear 
motor 500 for driving the wafer stage. 
0074 The linear motors 400 and 500 respectively have 
cores 420 and 520 and coils 410 and 510 wound on the cores 
420 and 520. The pure water supplied from the pure water 
supply apparatus 100 (200) absorbs heat of the coils 410 and 
510 while it circulates through circulation flow channels 430 
and 530 including refrigerant flow channels formed in the 
cores 420 and 520. 

0075) The pure water supply apparatus 100 (200) 
described above can be applied to a device manufacturing 
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apparatus other than the exposure apparatus, e.g., a CVD 
apparatus, an etching apparatus, and the like. In this case, the 
cooling target is, e.g., a wafer chuck in the apparatus. 
Device Manufacturing Method 
0076 A semiconductor device manufacturing process 
utilizing the above exposure apparatus will be described. 
FIG. 5 is a flow chart showing the flow of an overall 
semiconductor device manufacturing process. In step 1 
(circuit design), the circuit of a semiconductor device is 
designed. In step 2 (mask fabrication), a mask is fabricated 
based on the designed circuit pattern. In step 3 (wafer 
manufacture), a wafer is manufactured using a material Such 
as silicon. In step 4 (wafer process), called a preprocess, an 
actual circuit is formed on the wafer by lithography using the 
mask and wafer described above. In step 5 (assembly) called 
a post-process, a semiconductor chip is formed from the 
wafer fabricated in step 4. This step includes processes Such 
as assembly (dicing and bonding) and packaging (chip 
encapsulation). In step 6 (inspection), inspections including 
an operation check test and a durability test of the semicon 
ductor device fabricated in step 5 are performed. A semi 
conductor device is completed with these processes, and is 
shipped (step 7). 
0.077 FIG. 6 is a flow chart showing the detailed flow of 
the wafer process described above. In step 11 (oxidation), 
the surface of the wafer is oxidized. In step 12 (CVD), an 
insulating film is formed on the wafer surface. In step 13 
(electrode formation), an electrode is formed on the wafer by 
deposition. In step 14 (ion implantation), ions are implanted 
into the wafer. In step 15 (resist process), a photosensitive 
agent is applied to the wafer. In step 16 (exposure), the 
circuit pattern is transferred to the wafer by the exposure 
apparatus described above. In step 17 (development), the 
exposed wafer is developed. In step 18 (etching), portions 
other than the developed resist image are etched. In step 19 
(resist removal), any unnecessary resist remaining after 
etching is removed. By repeating these steps, a multilayered 
structure of circuit patterns is formed on the wafer. 
0078. According to the present invention, a refrigerant 
Supply apparatus which contributes to downsizing of, e.g., a 
cooling system, and a device manufacturing apparatus 
including Such a refrigerant Supply apparatus can be pro 
vided. 

0079. As many apparently widely different embodiments 
of the present invention can be made without departing from 
the spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the claims. 

1-32. (canceled) 
33. A refrigerant Supply apparatus for Supplying a refrig 

erant to a target, the apparatus comprising: 
a tank which stores pure water as the refrigerant; 
a refrigerant Supply channel which Supplies the pure water 

to the target; 
an impurity removing unit which removes impurities of 

the pure water in said refrigerant Supply channel; and 
a valve which stops supply of the pure water to the target 

and circulates the pure water in said refrigerant Supply 
channel. 
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34. The apparatus according to claim 33, further com 
prising: 

a sensor which measures a purity of the pure water, and 
a controller which controls said valve on the basis of 

output of said sensor. 
35. The apparatus according to claim 33, wherein said 

impurity removing unit is disposed in an impurity removing 
channel different from said refrigerant Supply channel. 

36. The apparatus according to claim 35, further com 
prising: 

a first pump which sends the pure water in said tank to the 
refrigerant Supply channel; 

a second pump which sends the pure water in said tank to 
the impurity removing channel; and 

a sensor which measures a purity of the pure water, 
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wherein said first and second pumps are independently 
operated. 

37. The apparatus according to claim 33, further com 
prising a temperature adjustment unit which adjusts a tem 
perature of the pure water. 

38. A device manufacturing apparatus comprising: 
a refrigerant Supply apparatus as recited in claim 33. 
39. An exposure apparatus comprising: 
a refrigerant Supply apparatus as recited in claim 33. 
40. A device manufacturing method including steps of 
transferring a pattern to a substrate with the exposure 

apparatus according to claim 39; and 
developing the Substrate. 

k k k k k 


