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DESCRIPTION 
 

Title of Invention 
SUBSTRATE PROCESSING DEVICE AND SUBSTRATE PROCESSING METHOD 

 

Technical Field 
[0001] 

 The present invention relates to a device and a 

method for cooling a substrate inside a vacuum cham ber. 

 

Background Art 
[0002] 

 There has been known a substrate processing system  

apparatus of either a cluster type or an in-line ty pe, 

which is provided with multiple processing chambers  in 

order to continuously perform multiple procedures o f film 

formation processing, etching processing, and the l ike on 

substrates.  The film formation processing and the etching 

processing generally take place under a high temper ature.  

Accordingly, in some cases, the substrate processin g system 

may be provided with a cooling chamber (hereinafter  also 

referred to as a substrate cooling device) for cool ing a 

substrate, having being subjected to the film forma tion 

processing or the etching processing, down to a 

predetermined temperature.  By conveying the substr ate 

after the film formation processing or the etching 

processing to the cooling chamber, and cooling the 

substrate in the cooling chamber, it is possible to  shorten 

waiting time until the substrate is cooled down to the 

predetermined temperature. 

[0003] 

 Patent Document 1 discloses an exemplary cooling 

chamber.  The cooling chamber described in Patent D ocument 

1 includes an upper cooling member provided to a ch amber 

inner wall and a lower cooling member provided to a  

substrate holder.  The cooling chamber can quickly cool the 
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substrate by sandwiching a top surface and a bottom  surface 

of the substrate between the upper cooling member a nd the 

lower cooling member. 

 

Citation List 
Patent Document 
[0004] 

 Patent Document 1: Japanese Patent Application Lai d-

Open No. Hei 10-107126 

 

Summary of Invention 
[0005] 

 The cooling chamber described in Patent Document 1  is 

maintained as a vacuum by using a vacuum pump in or der to 

prevent the substrate from oxidation and contaminat ion.  

Under vacuum, a substrate holder cooled at a low 

temperature functions like as a vacuum pump and ads orbs gas 

molecules such as water molecules onto its surface.   On the 

other hand, a substrate conveyed from the outside i nto the 

cooling chamber has a high temperature.  For this r eason, 

when the substrate approaches the substrate holder while 

being conveyed, the substrate imparts thermal energ y to the 

gas molecules adsorbed onto the substrate holder, w hereby 

part of the gas molecules are freed from the substr ate 

holder and released into a space in the vicinity of  the 

substrate.  As a result, the gas molecules could ad here 

onto a top surface of the substrate.  While the tec hnique 

of Patent Document 1 is applied to the case where t he high-

temperature substrate is mounted on the water-coole d 

substrate holder, the same phenomenon occurs also i n the 

case where a substrate at a room temperature (0°C t o 50°C) 

is mounted on a substrate holder cooled to -100°C o r below. 

[0006] 

 Even if the gas molecules adsorbed onto the substr ate 

holder are removed by cleaning the inside of the co oling 

chamber once, other gas molecules are brought from the 
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outside into the cooling chamber in the course of c onveying 

a substrate.  Accordingly, the gas molecules adsorb ed onto 

the substrate holder are increased again along with  

processing of multiple substrates. 

[0007] 

 The present invention has been made to solve the 

above-mentioned problems.  An object of the present  

invention is to provide a substrate processing devi ce and a 

substrate processing method for cooling a substrate , which 

are capable of conveying a substrate in a cleaner c ondition. 

[0008] 

 A first aspect of the present invention is a 

substrate processing device comprising: a chamber w ith 

inside capable of being evacuated; a substrate hold er 

provided inside the chamber and including a substra te 

mounting surface capable of cooling a substrate; a shield 

provided inside the chamber and including a side wa ll 

portion provided to surround a lateral side of the 

substrate mounting surface; and shield cooling unit  for 

cooling the shield. 

[0009] 

 According to the substrate processing device of th e 

present invention, the shield is cooled by the shie ld 

cooling unit and the shield is provided with the si de wall 

portion which surrounds the lateral part of the sub strate 

mounting surface.  Thus, it is possible to trap gas  

molecules, which are released from the substrate ho lder at 

the time of conveyance of the substrate, onto the s ide wall 

portion of the shield, and thus to reduce contamina tion of 

the substrate by the gas molecules. 

 

Brief Description of Drawings 
[0010] 

 Fig. 1 is a schematic configuration diagram showin g a 

substrate cooling device according to an embodiment  of the 

present invention. 
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 Fig. 2 is a cross-sectional view of a shield 

according to the embodiment of the present inventio n. 

 Fig. 3 is a schematic configuration diagram of a 

substrate processing system including the substrate  cooling 

device according to the embodiment of the present i nvention. 

 Fig. 4 is a schematic diagram showing an exemplary  

element configuration to perform cooling processing  by 

using the substrate cooling device according to the  

embodiment of the present invention. 

 Fig. 5 is a diagram showing a flowchart of a 

substrate cooling method according to the embodimen t of the 

present invention. 

 Fig. 6 is a diagram showing a detailed flowchart o f 

pre-cooling preparation according to the embodiment  of the 

present invention. 

 Fig. 7 is a diagram showing a detailed flowchart o f 

cooling processing according to the embodiment of t he 

present invention. 

 Fig. 8 is a diagram showing a detailed flowchart o f 

refresh processing according to the embodiment of t he 

present invention. 

 Fig. 9 is a schematic configuration diagram showin g a 

substrate cooling device according to an embodiment  of the 

present invention. 

 Fig. 10 is a cross-sectional view of a shield 

according to the embodiment of the present inventio n. 

 Fig. 11 is a schematic configuration diagram showi ng 

a substrate cooling device according to an embodime nt of 

the present invention. 

 

Description of Embodiments 
[0011] 

 Embodiments of the present invention will be 

described below with reference to the drawings.  It  is to 

be noted, however, that the present invention is no t 

limited only to these embodiments.  In the drawings  to be 
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described below, constituents having the same funct ions are 

denoted by the same reference numerals and duplicat e 

explanation thereof may be omitted as appropriate. 

[0012] 

(First Embodiment) 

 Fig. 1 is a schematic configuration diagram showin g a 

substrate cooling device 100 of this embodiment, wh ich 

serves as a substrate processing device configured to cool 

a substrate.  The substrate cooling device 100 incl udes a 

chamber 101 and an exhaust chamber 119.  An upper w all 101a 

of the chamber 101 is detachably provided, so that 

maintenance work, cleaning, and the like can be per formed 

while detaching the upper wall 101a.  A gate valve 102 is 

openably and closably provided to a side wall 101b of the 

chamber 101, so that a substrate S can be conveyed into and 

out of the chamber 101 through the gate valve 102.  A 

substrate holder 103 having a substrate mounting su rface 

103a is provided inside the chamber 101.  The subst rate S 

can be mounted on the substrate mounting surface 10 3a. 

[0013] 

 The substrate holder 103 is provided with a rod-li ke 

lift pin 104 for supporting a bottom surface of the  

substrate S while penetrating the substrate mountin g 

surface 103a.  By using a lift pin drive mechanism 105, the 

lift pin 104 can be elevated or lowered along a nor mal 

direction of the substrate S or the substrate mount ing 

surface 103a.  In addition, the substrate holder 10 3 is 

provided with a mechanical chuck 106 for fixing an outer 

peripheral portion of a top surface of the substrat e S.  By 

using a mechanical chuck drive mechanism 107, the 

mechanical chuck 106 can be elevated and lowered al ong the 

normal direction of the substrate S or the substrat e 

mounting surface 103a.  Each of the lift pin drive 

mechanism 105 and the mechanical chuck drive mechan ism 107 

is arbitrary driving means such as a motor and an a ctuator.  

Expandable bellows 108 are provided between the lif t pin 
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104 and the lift pin drive mechanism 105, and betwe en the 

mechanical chuck 106 and the mechanical chuck drive  

mechanism 107, so that the lift pin 104 and the mec hanical 

chuck 106 can move while maintaining a hermetically  sealed 

state of the chamber 101. 

[0014] 

 In order to fix the substrate S, an electrostatic 

adsorption mechanism (ESC) configured to fix the su bstrate 

S to the substrate holder 103 by using an electrost atic 

force may be provided instead of the mechanical chu ck 106 

and the mechanical chuck drive mechanism 107. 

[0015] 

 A substrate holder cooling unit 109 (substrate hol der 

cooling means) provided outside the chamber 101 is 

connected to the substrate holder 103 via a substra te 

holder support column 110 that penetrates a lower w all 101c 

of the chamber 101.  The substrate S mounted on the  

substrate mounting surface 103a can be cooled by 

maintaining the substrate holder 103 at a low tempe rature 

by using the substrate holder cooling unit 109.  Th e 

substrate holder cooling unit 109 includes a not-

illustrated temperature measurement unit (such as a  

thermocouple) for measuring the temperature of the 

substrate holder 103.  The substrate holder 103 and  the 

substrate holder support column 110 are preferably formed 

by using highly heat conductive metal such as coppe r and 

aluminum. 

[0016] 

 A shield 111 is provided inside the chamber 101.  The 

shield 111 is provided to surround a lateral side o f the 

substrate holder 103 and to cover an upper side of the 

substrate holder 103.  In other words, the shield 1 11 is 

provided to surround a lateral side of the substrat e 

mounting surface 103a and to be opposed to the subs trate 

mounting surface 103a. 

[0017] 
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 A shield cooling unit 112 provided outside the 

chamber 101 is connected to the shield 111 via a sh ield 

support column 113 that penetrates the upper wall 1 01a of 

the chamber 101.  The shield 111 is maintained at a  low 

temperature by using the shield cooling unit 112.  

Accordingly, when gas molecules that are released f rom the 

substrate holder 103 in the course of conveying the  

substrate S reach a surface of the shield 111, it i s 

possible to trap the gas molecules, i.e., to hold t he gas 

molecules on the surface.  The shield cooling unit 112 

includes a not-illustrated temperature measurement unit 

(such as a thermocouple) for measuring the temperat ure of 

the shield 111.  The shield 111 and the shield supp ort 

column 113 are preferably formed by using highly he at 

conductive metal such as copper and aluminum. 

[0018] 

 Each of the substrate holder cooling unit 109 and the 

shield cooling unit 112 (shield cooling means) is c ooling 

means for performing the cooling in accordance with  an 

arbitrary method, which may be a cooling device (su ch as a 

Gifford-McMahon refrigerator and a Stirling refrige rator) 

that performs cooling by use of adiabatic expansion  of 

helium, or a device configured to perform cooling b y 

feeding a refrigerant such as low-temperature liqui d 

nitrogen supplied from outside as a refrigerant the rein.  

In this embodiment, the substrate holder cooling un it 109 

and the shield cooling unit 112 are provided as sep arate 

members.  Instead, these cooling units may be provi ded 

collectively as a single cooling unit. 

[0019] 

 An opening 114 for allowing passage of the substra te 

S is provided on a side surface of the shield 111 a t a 

portion opposed to the gate valve 102.  The substra te S 

conveyed from the outside of the chamber 101 is pas sed 

through the gate valve 102 and the opening 114 of t he 

shield 111, and is mounted on the substrate holder 103.  
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Meanwhile, the cooled substrate S is passed through  the 

opening 114 of the shield 111 and the gate valve 10 2, and 

is conveyed to the outside of the chamber 101.  In the 

meantime, a louver 115 is provided on the side surf ace of 

the shield 111 at a portion other than the opening 114 in 

order to cause the inside and the outside of the sh ield 111 

to communicate with each other. 

[0020] 

 A shield heater 116 is provided in the vicinity of  a 

surface on the inside of the shield 111, i.e., in t he 

vicinity of the surface of the shield 111 opposed t o the 

substrate holder 103.  Meanwhile, an in-chamber hea ter 117 

is provided in the vicinity of an inner side of a w all 

surface of the chamber 101, and an ex-chamber heate r 118 is 

provided in the vicinity of an outer side of the wa ll 

surface of the chamber 101.  The shield heater 116 and the 

in-chamber heater 117 are configured to remove the gas 

molecules adsorbed onto the shield 111 and the cham ber 101 

by imparting thermal energy thereto, which are pref erably 

heating means such as lamps that can achieve quick heating.  

On the other hand, the ex-chamber heater 118 is con figured 

to heat the chamber 101 itself, which is preferably  heating 

means such as a sheath heater that can heat a wide range to 

a high temperature.  Although the shield heater 116 , the 

in-chamber heater 117, and the ex-chamber heater 11 8 are 

only partially illustrated in Fig. 1, these heaters  are 

provided at given intervals so as to be able to 

homogeneously heat the corresponding surfaces. 

[0021] 

 The exhaust chamber 119 is connected to the chambe r 

101 such that internal spaces thereof can communica te with 

each other.  The exhaust chamber 119 is provided wi th an 

exhaust pump 120 as an exhaust unit which can evacu ate the 

inside of the chamber 101.  Arbitrary exhaust means  such as 

a dry pump and a turbomolecular pump can be used as  the 

exhaust pump 120 depending on the required degree o f vacuum.  
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These pumps may also be used in combination.  Moreo ver, an 

in-shield vacuum gauge 121 for measuring a pressure  inside 

the shield 111, i.e., in a space defined by the shi eld 111 

is provided to the chamber 101, while an in-chamber  vacuum 

gauge 122 for measuring a pressure inside the exhau st 

chamber 119 is provided to the exhaust chamber 119.  

[0022] 

 Furthermore, in order to cool the substrate S 

efficiently, the substrate cooling device 100 is pr ovided 

with a cooling gas introduction unit 123 for introd ucing a 

cooling gas between the bottom surface of the subst rate S 

and the substrate mounting surface 103a.  The cooli ng gas 

introduction unit 123 is connected to a gas line 12 4 which 

is a pipe for allowing passage of the cooling gas.  The gas 

line 124 penetrates the chamber 101 and the substra te 

holder 103, and opens to a space between the bottom  surface 

of the substrate S and the substrate mounting surfa ce 103a.  

As for the cooling gas to be introduced from the co oling 

gas introduction unit 123, He, Ar, and a mixed gas 

containing at least one of the above substances can  be used.  

The substrate S can be cooled quickly and homogeneo usly as 

a consequence of spreading the cooling gas over the  bottom 

surface of the substrate S.  The gas line 124 is al so 

connected to the exhaust pump 120, so that the used  cooling 

gas can be discharged by driving the exhaust pump 1 20.  The 

gas line 124 includes a not-illustrated variable va lve with 

which a route and a flow rate can be changed.  Alth ough Fig. 

1 illustrates only one system of the gas line 124, two 

systems of gas lines, namely, a gas line 124 for 

introducing the cooling gas from the cooling gas 

introduction unit 123 and a gas line 124 for discha rging 

the cooling gas may be separately provided.  The co oling 

gas introduction unit 123 preferably includes gas f low rate 

adjusting means such as a mass flow controller (MFC ) and an 

automatic pressure controller (APC).  Note that the  cooling 

gas introduction unit 123 does not always have to b e 



 
10  

provided.  As a matter of course, the substrate S c an also 

be cooled by mounting the substrate S directly on t he 

cooled substrate mounting surface 103a without usin g the 

coolant gas described above. 

[0023] 

 A gas line heater 125 is provided in the vicinity of 

the gas line 124.  By heating the gas line 124 with  the gas 

line heater 125, the gas molecules adsorbed onto an  inner 

surface of the gas line can be efficiently removed.   In Fig. 

1, the gas line heater 125 is provided only at a ce rtain 

part of the gas line 124.  Instead, the gas line he ater 125 

may be provided at the entire gas line 124.  While 

arbitrary heating means is applicable to the gas li ne 

heater 125, it is possible to use a ribbon heater, for 

example. 

[0024] 

 Fig. 2 is a cross-sectional view of the shield 111  

included in the substrate cooling device 100 of thi s 

embodiment.  The shield 111 includes: a side wall p ortion 

111a which surrounds a lateral side of the substrat e S or 

the substrate mounting surface 103a; an upper wall portion 

111b which covers an upper side of the substrate S or the 

substrate mounting surface 103a; and a skirt wall p ortion 

111c which is located below the lateral side of the  

substrate S or the substrate mounting surface 103a and 

surrounds a lateral side of the substrate holder 10 3.  In 

other words, the side wall portion 111a extends alo ng an 

end surface of the substrate S or the substrate mou nting 

surface 103a, the upper wall portion 111b is provid ed 

opposite to the substrate S or the substrate mounti ng 

surface 103a, and the skirt wall portion 111c exten ds along 

a side surface of the substrate holder 103.  The si de wall 

portion 111a and the skirt wall portion 111c are pr ovided 

substantially parallel to a normal line of the subs trate S 

or the substrate mounting surface 103a, and the upp er wall 

portion 111b is provided substantially parallel to the 
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substrate S or the substrate mounting surface 103a.   In 

this embodiment, the side wall portion 111a, the up per wall 

portion 111b, and the skirt wall portion 111c are f ormed as 

an integrated member.  However, a configuration in which 

members that are formed separately are connected to  one 

another is also acceptable. 

[0025] 

 While the inside of the chamber 101 is evacuated t o 

form a vacuum and the substrate holder 103 is coole d, the 

substrate holder 103 functions as a vacuum pump whi ch 

adsorbs gas molecules P (inclusive of particulates that 

behave like a gas) such as water molecules in the s pace.  

Fig. 2 illustrates the gas molecules P that are ads orbed 

onto a top surface of the substrate holder 103.  In  this 

state, the substrate S conveyed from the outside of  the 

substrate cooling device 100 has a temperature high er by 

several hundred degrees relative to the cooled subs trate 

holder 103.  For this reason, when the substrate S from the 

outside is brought close to the substrate mounting surface 

103a of the substrate holder 103 in order to mount the 

substrate S thereon, thermal energy is imparted fro m the 

substrate S to the gas molecules P adsorbed onto th e top 

surface of the substrate holder 103, whereby the ga s 

molecules P are released from the top surface of th e 

substrate holder 103. 

[0026] 

 In general, functional elements are provided on th e 

top surface (i.e., the surface on the opposite side  from 

the substrate holder 103) of the substrate S.  Acco rdingly, 

adsorption of the gas molecules P onto the top surf ace of 

the substrate S is more problematic in light of 

contamination than adsorption of the gas molecules P onto 

the bottom surface (i.e., the surface opposed to th e 

substrate holder 103) of the substrate S.  Each of the gas 

molecules P released from the substrate holder 103 to the 

space maintained as a vacuum travels in a substanti ally 
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straight line in the space as indicated with a dash ed line 

A in Fig 2.  For this reason, when the cooled shiel d 111 is 

not provided around the substrate holder 103 as in the 

conventional case, the gas molecules P are once ads orbed 

onto an inner wall and the like of the chamber 101,  then 

are desorbed (released) therefrom with a certain 

probability, and reach the top surface of the subst rate S 

to serve as a contamination source.  On the other h and, 

since the cooled shield 111 is provided around the 

substrate holder in the substrate cooling device 10 0 of 

this embodiment, each gas molecule P released from the top 

surface of the substrate holder 103 travels in a 

substantially straight line and collides with the s ide wall 

portion 111a and gets trapped on the side wall port ion 111a.  

This configuration makes it possible to reduce the gas 

molecules P to be adsorbed onto the top surface of the 

substrate S and to serve as a contamination source.  

[0027] 

 Here, a description will be given of a cosine law.   

It has been known that, when the gas molecules P tr apped on 

the inner wall of the chamber 101 and the shield 11 1 are 

released, traveling directions of the gas molecules  P 

exhibit stochastic distribution generally called th e cosine 

law.  According to the cosine law, the flight in th e normal 

direction of the trapping surface has the highest 

probability.  According to the cosine law, since th e normal 

line of the side wall portion 111a is parallel to t he 

substrate mounting surface 103a in the case of this  

embodiment, the highest proportion of the gas molec ules P 

fly in the direction parallel to the substrate moun ting 

surface 103a after desorption of the gas molecules P 

trapped on the side wall portion 111a.  In other wo rds, 

after desorption of the gas molecules P trapped on the side 

wall portion 111a, it is less likely that the gas m olecules 

P fly toward a film deposition surface (the top sur face) of 

the substrate S. 
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[0028] 

 As indicated with a dashed line B in Fig. 2, among  

the gas molecules P there may also be one which is not 

trapped on the side wall portion 111a or is once tr apped 

thereon but is desorbed thereafter.  In this case, such a 

gas molecule P is desorbed from the side wall porti on 111a 

in accordance with the above-described cosine law.  

Therefore, the gas molecule P may fly in the normal  

direction of the side wall portion 111a with a high  

probability or fly either in a direction toward the  

substrate mounting surface 103a or in a direction a way from 

the substrate mounting surface 103a with a probabil ity 

lower than the aforementioned probability.  The gas  

molecule P flying in the normal direction of the si de wall 

portion 111a travels in a substantially straight li ne and 

collides with an opposite end of the side wall port ion 111a, 

thereby being trapped on the side wall portion 111a  again.  

Meanwhile, the gas molecule P flying in the directi on away 

from the substrate mounting surface 103a travels in  a 

substantially straight line and collides with the u pper 

wall portion 111b provided at a position opposed to  the 

substrate mounting surface 103a, thereby getting tr apped on 

the upper wall portion 111b.  As a result, the majo rity of 

the gas molecules P are trapped on the side wall po rtion 

111a or the upper wall portion 111b whereby the num ber of 

the gas molecules P that are likely to reach the to p 

surface of the substrate S (i.e., the gas molecules  P 

desorbed from the side wall portion 111a and flying  toward 

the substrate mounting surface 103a) is significant ly 

reduced.  Accordingly, since the upper wall portion  111b is 

provided in addition to the side wall portion 111a together 

as the shield 111 in this embodiment, it is possibl e to 

trap the gas molecules P more reliably than in the case of 

providing only the side wall portion 111a, and thus  to 

further reduce the gas molecules to be adsorbed ont o the 

top surface of the substrate S. 
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[0029] 

 Furthermore, the skirt wall portion 111c of the 

shield 111 is provided between the substrate holder  103 and 

the inner wall of the chamber 101, and surrounds th e side 

surface of the substrate holder 103.  Since it is v ery 

costly to cool the entire chamber 101, the chamber 101 

itself is not cooled in this embodiment.  According ly, the 

inner wall of the chamber 101 has a higher temperat ure 

relative to the substrate holder 103.  For this rea son, 

when the cooled shield 111 is not provided around t he 

substrate holder 103 as in the conventional case, t he heat 

is transferred from the inner wall of the chamber 1 01 to 

the substrate holder 103 by way of radiation, and 

temperature distribution of the substrate holder 10 3 

becomes unstable or non-uniform.  On the other hand , in the 

substrate cooling device 100 of this embodiment, th e skirt 

wall portion 111c of the cooled shield 111 is provi ded 

between the substrate holder 103 and the inner wall  of the 

chamber 101.  Accordingly, it is easy to suppress t he heat 

transfer from the inner wall of the chamber 101 to the 

substrate holder 103, and to stabilize and homogeni ze in-

plane temperature distribution of the substrate mou nting 

surface 103a of the substrate holder 103.  The skir t wall 

portion 111c does not always have to entirely surro und the 

substrate holder 103 in its height direction.  The skirt 

wall portion 111c can improve the temperature distr ibution 

of the substrate holder 103 just by surrounding at least 

part in the height direction of the substrate holde r 103.  

Meanwhile, in order to further improve the temperat ure 

distribution of the substrate holder 103 while supp ressing 

the thermal transfer between the shield 111 and the  

substrate holder 103, it is preferable to operate t he 

substrate holder cooling unit 109 and the shield co oling 

unit 112 in such a way as to make the temperature o f the 

substrate holder 103 substantially equal to the tem perature 

of the shield 111. 
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[0030] 

 The louver 115 is provided such that part of the s ide 

wall portion 111a and part of the skirt wall portio n 111c 

of the shield 111 project in a plate-like fashion o bliquely 

from a plane of the side wall portion 111a and of t he skirt 

wall portion 111c.  A base end of the louver 115 in cludes 

openings.  This configuration makes it possible to achieve 

an effect of causing the shield 111 maintained at a  low 

temperature to trap the gas molecules, and to disch arge the 

gas molecules gasified in refresh processing to be 

described later from the inside to the outside of t he 

shield 111 through the louver 115.  Furthermore, th e louver 

115 is obliquely provided such that an angle define d 

between a plane including the louver 115 and the pl ane 

including the side wall portion 111a and the skirt wall 

portion 111c forms an acute angle on a plane side i ncluding 

the upper wall portion 111b.  According to the abov e-

described cosine law, even when the gas molecules a re 

desorbed by the louver 115, the gas molecules are l ess 

likely to be directed toward the top surface of the  

substrate S but are more likely to be directed towa rd the 

upper wall portion 111b.  Note that in Fig. 1, the opening 

114 and the louver 115 are each formed at part of t he side 

wall portion 111a, and that the upper wall portion 111b, 

the side wall portion 111a, and the skirt wall port ion 111c 

are formed as a continuous member. 

[0031] 

 Fig. 3 is a schematic configuration diagram of a 

substrate processing system 1 including the substra te 

cooling device 100 of this embodiment.  The substra te 

processing system 1 is a cluster-type system which includes 

multiple substrate processing chambers 2, a load-lo ck 

chamber 4, and the substrate cooling device 100 of this 

embodiment.  The multiple substrate processing cham bers 2 

may be configured to perform the same processing on  the 

substrate S, or to perform different processing fro m one 
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another.  The multiple substrate processing chamber s 2, the 

load-lock chamber 4, and the substrate cooling devi ce 100 

are connected to one another via conveyance chamber s 3, and 

openable and closable gate valves are provided at 

respective junctions.  A conveyance robot 7 is inst alled in 

each conveyance chamber 3.  By driving the conveyan ce 

robots 7, the substrate S is conveyed to and from t he 

substrate processing chambers 2, the load-lock cham ber 4, 

and the substrate cooling device 100 in accordance with 

predetermined processing order.  Each of the substr ate 

processing chambers 2, the conveyance chambers 3, a nd the 

substrate cooling device 100 is provided with an ex haust 

pump, so that the substrate S can be conveyed to an d from 

these chambers while keeping the chambers in vacuum .  An 

autoloader 5 for supplying the substrate S is provi ded 

outside the load-lock chamber 4.  The autoloader 5 is 

configured to take substrates one by one out of ext ernal 

cassettes 6 located in an airy side and containing multiple 

substrates, and to put the substrates into the load -lock 

chamber 4. 

[0032] 

 Fig. 4 is a schematic diagram showing a configurat ion 

of an exemplary MTJ (magnetic tunnel junction) elem ent 900 

for which cooling processing is performed by using the 

substrate cooling device 100 of this embodiment.  T he MTJ 

element is used in an MRAM (magnetic random access memory), 

a magnetic sensor, and the like. 

[0033] 

 The MTJ element 900 is a perpendicular magnetizati on-

type element (a p-MTJ element).  The MTJ element 90 0 

includes a substrate 901, and moreover, a bottom el ectrode 

902, a buffer layer (a Ta layer) 903, a free layer (a CoFeB 

layer) 904, and a tunnel barrier layer (a MgO layer ) 905 

are provided thereon in this order.  Provided furth er in 

the order listed below on this MTJ element 900 are:  a 

reference layer formed by stacking a CoFeB layer 90 6, an 
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orientation separating layer (a Ta layer) 907, a fi rst 

laminated body 908, a non-magnetic intermediate lay er (a Ru 

layer) 909, and a second laminated body 910; a cap layer 

formed by stacking a Ru layer 911 and a Ta layer 91 2; and 

an top electrode 913.  The MTJ element 900 is not l imited 

to the above-described configuration.  It is possib le to 

use a configuration subjected to arbitrary changes 

including, an increase or decrease in the number of  layers, 

changes in materials constituting the respective la yers, 

vertical inversion of the stacking order of the lay ers, and 

the like within a scope that does not impair functi ons of 

the perpendicular magnetization-type element. 

[0034] 

 The cooling processing by using the substrate cool ing 

device 100 of this embodiment is preferably conduct ed after 

the tunnel barrier layer (the MgO layer) 905 is for med on 

the free layer (the CoFeB layer) 904 and before the  CoFeB 

layer 906 of the reference layer is formed on the t unnel 

barrier layer (the MgO layer) 905.  By performing t he 

cooling processing at this timing by use of the sub strate 

cooling device 100, it is possible to improve a 

characteristic of the tunnel barrier layer 905 by t he 

cooling and to suppress contamination of a top surf ace of 

the tunnel barrier layer 905 (i.e., an interface be tween 

the tunnel barrier layer 905 and the CoFeB layer 90 6) 

during the cooling.  The cooling processing by use of the 

substrate cooling device 100 may be performed at an y other 

arbitrary timing or at multiple timings. 

[0035] 

 An object to which the substrate cooling device 10 0 

of this embodiment is to be applied is not limited to the 

MTJ element 900 of Fig. 4.  The substrate cooling d evice 

100 is suitably applicable to an arbitrary substrat e or 

element which undergoes the cooling processing in v acuum. 

[0036] 

 According to the substrate cooling device 100 of t his 
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embodiment, the side wall portion 111a of the coole d shield 

111 surrounds the lateral side of the substrate S o r the 

substrate mounting surface 103a.  Thus, it is possi ble to 

trap the gas molecules that are released when the s ubstrate 

S approaches the substrate holder 103, and to reduc e the 

contamination of the top surface of the substrate S  by the 

gas molecules.  Moreover, the upper wall portion 11 1b of 

the cooled shield 111 covers the upper side of the 

substrate S or the substrate mounting surface 103a.   Thus, 

it is possible to trap the gas molecules, which are  not 

trapped by the side wall portion 111a and are desor bed 

therefrom, with a high probability and to further r educe 

the contamination of the top surface of the substra te S by 

the gas molecules.  Furthermore, the skirt wall por tion 

111c of the cooled shield 111 is located below the lateral 

side of the substrate S or the substrate mounting s urface 

103a and surrounds the lateral side of the substrat e holder 

103.  Thus, it is possible to reduce the heat trans fer 

between the inner wall of the chamber 101 and the s ubstrate 

holder 103 by the radiation, and to stabilize and 

homogenize heat distribution of the substrate holde r 103. 

[0037] 

 In addition, the shield heater 116 is provided in the 

vicinity of the surface on the inside of the shield  111.  

Meanwhile, the in-chamber heater 117 is provided in  the 

vicinity of the inner side of the wall surface of t he 

chamber 101.  Accordingly, it is possible to impart  thermal 

energy from the shield heater 116 and the in-chambe r heater 

117 to the gas molecules adsorbed onto the shield 1 11 and 

the chamber 101, and to remove the gas molecules th erefrom. 

[0038] 

 Fig. 5 is a diagram showing a flowchart of a 

substrate cooling method using the substrate coolin g device 

100 of this embodiment.  The substrate cooling meth od 

described below is controlled by a not-illustrated control 

device included in the substrate cooling device 100 .  First, 
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in the state where the substrate S is not located i n the 

chamber 101, the substrate cooling device 100 perfo rms pre-

cooling preparation (step S1).  After completion of  the 

pre-cooling preparation, the substrate cooling devi ce 100 

conveys the substrate S into the chamber 101 and pe rforms 

the cooling processing (step S2).  After completion  of the 

cooling processing, the substrate cooling device 10 0 

terminates the substrate cooling method if a predet ermined 

termination condition is achieved (YES in step S3).   The 

predetermined termination condition can be arbitrar ily 

determined, and examples thereof include conditions  such 

as: that a termination instruction is inputted by a  user; 

that processing of a predetermined number of substr ates is 

completed; that there are no more substrates S to b e 

processed next; and so forth. 

[0039] 

 Moreover, if the predetermined termination conditi on 

is yet to be achieved (NO in step S3) and a predete rmined 

number (such as 10 to 20) of substrates counted fro m a 

point after execution of the previous refresh proce ssing 

(or from the start of the substrate cooling method if the 

refresh processing is yet to be performed) have bee n 

subjected to the cooling processing (YES in step S4 ), then 

the substrate cooling device 100 performs the refre sh 

processing (step S5).  The refresh processing may i nstead 

be performed when an execution instruction is input ted by 

the user, or after a lapse of a predetermined time period 

from the execution of the previous refresh processi ng (or 

from the start of the substrate cooling method if t he 

refresh processing is yet to be performed).  Note t hat the 

refresh processing will be described in detail by u sing Fig. 

8. 

[0040] 

 If the predetermined number of substrates are yet to 

be subjected to the cooling processing (NO in step S4) or 

after completion of the refresh processing (step S5 ), the 
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substrate cooling device 100 conveys the next subst rate S 

into the chamber 101 and repeats the cooling proces sing 

(step S2). 

[0041] 

 Fig. 6 is a diagram showing a detailed flowchart o f 

the pre-cooling preparation (step S1) of this embod iment.  

First, in the state where the substrate S is not lo cated in 

the chamber 101, the substrate cooling device 100 s tarts 

operation of the exhaust pump 120 (step S11).  The 

substrate cooling device 100 keeps the exhaust pump  120 in 

operation until all the cooling processing is compl eted, 

and thus maintains the state of vacuum inside the c hamber 

101.  After the chamber 101 reaches a predetermined  degree 

of vacuum, i.e., a predetermined pressure, the subs trate 

cooling device 100 operates the shield heater 116, the in-

chamber heater 117, and the ex-chamber heater 118, and then 

stops these heaters after a lapse of a predetermine d time 

period (step S12).  Thus, it is possible to gasify the gas 

molecules and the like adsorbed onto the inner wall  of the 

chamber 101 and the shield 111, to discharge the ga s 

molecules from the exhaust pump 120, and thereby to  reduce 

contamination of the substrate S that would occur i n the 

cooling processing.  Thereafter, the substrate cool ing 

device 100 starts operation of the substrate holder  cooling 

unit 109 and the shield cooling unit 112 (step S13) .  The 

substrate cooling device 100 terminates the pre-coo ling 

preparation after each of the substrate holder 103 and the 

shield 111 is cooled to a predetermined temperature . 

[0042] 

 Fig. 7 is a diagram showing a detailed flowchart o f 

the cooling processing (step S2) of this embodiment .  First, 

the substrate cooling device 100 opens the gate val ve 102 

and conveys the substrate S from the outside into t he 

substrate cooling device 100 (step S21).  In this 

embodiment, the conveyance of the substrate S is ca rried 

out by the conveyance robot 7 in the conveyance cha mber 3 
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connected to the substrate cooling device 100.  Ins tead, 

the conveyance robot 7 to convey the substrate S ma y be 

provided inside the substrate cooling device 100.  In this 

case, the lift pin 104 of the substrate holder 103 is in a 

state elevated by the lift pin drive mechanism 105,  and the 

conveyance robot 7 disposes the substrate S on the elevated 

lift pin 104.  Then, the substrate cooling device 1 00 

closes the gate valve 102. 

[0043] 

 Thereafter, the substrate cooling device 100 lower s 

the lift pin 104 by using the lift pin drive mechan ism 105.  

Thus, the substrate S is mounted on the substrate m ounting 

surface of the substrate holder 103 which is in the  cooled 

state, and the substrate S is fixed by lowering the  

mechanical chuck 106 with the mechanical chuck driv e 

mechanism 107 (step S22).  In this case, when the s ubstrate 

S approaches the substrate mounting surface 103a (w hen a 

clearance between the substrate S and the substrate  

mounting surface 103a reaches a distance in a range  of 

about 10 mm to 20 mm, for example) during the lower ing of 

the lift pin 104, it is preferable to stop the lift  pin 104 

once and to resume the lowering of the lift pin 104  after a 

lapse of a predetermined time period.  In this way,  it is 

possible to prevent the substrate S from causing a 

deformation or a crack as a consequence of bringing  the 

substrate S into sudden contact with the substrate holder 

103.  Note that the shield 111 needs to be at least  in the 

cooled state when the substrate S is mounted on the  

substrate mounting surface 103a of the substrate ho lder 103.  

Naturally, it is preferable that the shield 111 be cooled 

when the substrate S is conveyed into the substrate  cooling 

device 100. 

[0044] 

 After the substrate S is fixed to the substrate 

mounting surface 103a, the substrate cooling device  100 

introduces the cooling gas from the cooling gas 
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introduction unit 123 into the space between the su bstrate 

S and the substrate mounting surface 103a, and stan ds by 

until the cooling of the substrate S is completed ( step 

S23).  The completion of the cooling of the substra te S may 

be determined based on a lapse of a predetermined t ime 

period, or by providing the substrate cooling devic e 100 

with an arbitrary temperature measurement unit and thereby 

measuring the temperature of the substrate S.  Ther eafter, 

the introduction of the cooling gas is stopped and the 

cooling gas is discharged from the space between th e 

substrate S and the substrate mounting surface 103a  by 

using the exhaust pump 120. 

[0045] 

 After the completion of the cooling of the substra te 

S, the substrate S on the substrate holder 103 is d etached 

therefrom by elevating the mechanical chuck 106 by using 

the mechanical chuck drive mechanism 107 and elevat ing the 

lift pin 104 by using the lift pin drive mechanism 105 

(step S24).  The substrate cooling device 100 opens  the 

gate valve 102, and conveys the substrate S to the outside 

of the substrate cooling device 100 (step S25).  As  with 

step S21, the conveyance of the substrate S is carr ied out 

by the conveyance robot 7 in the conveyance chamber  3 

connected to the substrate cooling device 100.  The n, the 

substrate cooling device 100 closes the gate valve 102 and 

terminates the cooling processing.  When the coolin g 

processing is subsequently performed on the next su bstrate 

S, the next substrate S may be conveyed into the su bstrate 

cooling device 100 before closing the gate valve 10 2. 

[0046] 

 Fig. 8 is a diagram showing a detailed flowchart o f 

the refresh processing (step S5) of this embodiment .  As 

the cooling processing of the substrates S is perfo rmed 

several times, the gas molecules are brought little  by 

little from the outside into the substrate cooling device 

100, and the gas molecules adsorbed onto the substr ate 



 
23  

holder 103 and the shield 111 are gradually increas ed.  As 

a consequence, the substrates S face a growing risk  of 

contamination by desorption of the adsorbed gas mol ecules.  

For this reason, every time the substrate cooling d evice 

100 performs a prescribed number of times of the co oling 

processing on the substrates S, the substrate cooli ng 

device 100 performs the refresh processing to opera te the 

shield heater 116 provided in an internal space of the 

shield 111 and thus to gasify and remove the gas mo lecules.  

First, in the state where the substrate S is not lo cated in 

the chamber 101, the substrate cooling device 100 o perates 

the shield heater 116 (step S51).  In this embodime nt, the 

shield heater 116 is operated for several seconds a nd is 

then stopped.  Thus, the shield heater 116 can gasi fy the 

gas molecules, which are adsorbed onto the substrat e holder 

103 and the inner wall of the shield 111, by impart ing 

thermal energy to the gas molecules, and discharge the gas 

molecules to the outside of the shield 111 through the 

louver 115.  The gas molecules are further discharg ed from 

the exhaust pump 120 to the outside of the substrat e 

cooling device 100.  After the shield heater 116 is  

operated and stopped, the temperatures of the subst rate 

holder 103 and the shield 111 and the degree of vac uum 

inside the chamber 101 are checked.  The refresh pr ocessing 

is terminated when the temperatures and the degree of 

vacuum reach prescribed values, respectively (step S52). 

[0047] 

 In this embodiment, the control device included in  

the substrate cooling device 100 performs the contr ol of 

start and end of each of the steps shown in the flo wcharts 

of Figs. 5 to 8.  Instead, the substrate cooling de vice 100 

may be controlled by a control device provided sepa rately 

from the substrate cooling device 100.  Meanwhile, a user 

may expressly instruct the substrate cooling device  100 to 

start and end part or all of the steps.  Alternativ ely, the 

user may execute part or all of the steps by himsel f or 



 
24  

herself. 

[0048] 

(Second Embodiment) 

 Fig. 9 is a schematic configuration diagram showin g a 

substrate cooling device 200 of this embodiment, wh ich 

serves as the substrate processing device configure d to 

cool a substrate.  The only different feature of th e 

substrate cooling device 200 from the substrate coo ling 

device 100 of the first embodiment is a configurati on of a 

shield 211.  The rest of the configuration of the s ubstrate 

cooling device 200 remains the same. 

[0049] 

 Fig. 10 is a cross-sectional view of the shield 21 1 

included in the substrate cooling device 200 of thi s 

embodiment.  The shield 211 includes: a side wall p ortion 

211a which surrounds the lateral side of the substr ate S or 

the substrate mounting surface 103a; an upper wall portion 

211b which covers the upper side of the substrate S  or the 

substrate mounting surface 103a; and a skirt wall p ortion 

211c which is located below the lateral side of the  

substrate S or the substrate mounting surface 103a and 

surrounds the lateral side of the substrate holder 103.  A 

difference from the shield 111 according to the fir st 

embodiment is that the side wall portion 211a is ob liquely 

provided.  Specifically, when an angle formed by th e side 

wall portion 211a relative to a normal direction C of the 

substrate S or the substrate mounting surface 103a is 

defined as D (assuming that D is equal to 0° with r espect 

to the normal line of the substrate S or the substr ate 

mounting surface 103a, and a direction away from th e 

substrate S or the substrate mounting surface 103a is 

defined as a positive direction), the side wall por tion 

211a is inclined in such a way as to satisfy 0°<D<9 0°.  In 

other words, in the shield 211, a range from an out er 

peripheral part of the upper wall portion 211b to t he side 

wall portion 211a is provided in a continuously (i. e., 
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smoothly) inclined manner, and a diameter of the si de wall 

portion 211a is made smaller than a diameter of the  outer 

peripheral part of the upper wall portion 211b.  Fo r this 

reason, a plane including the upper wall portion 21 1b and a 

plane including the side wall portion 211a form an acute 

angle on the substrate holder side.  In this embodi ment, 

the skirt wall portion 211c is provided flush with the side 

wall portion 211a.  As a consequence, the skirt wal l 

portion 211c is inclined as with the side wall port ion 211a. 

[0050] 

 According to the cosine law, by inclining the side  

wall portion 211a of the shield 211, the gas molecu les to 

be desorbed from the side wall portion 211a are mos t 

probable to fly in the normal direction of the side  wall 

portion 211a.  Specifically, the side wall portion 211a is 

provided such that, when the gas molecules trapped on the 

side wall portion 211a are released, the gas molecu les are 

most probably directed to a direction to approach t he upper 

wall portion 211b, i.e., a direction away from the 

substrate mounting surface 103a.  For this reason, when the 

gas molecules are desorbed from the side wall porti on 211a, 

the probability that the gas molecules are directed  toward 

the top surface of the substrate S is further reduc ed, 

while the probability of the gas molecules to be di rected 

toward the upper wall portion 211b is increased.  A s a 

consequence, the probability that the gas molecules  are 

trapped on the upper wall portion 211b is increased .  Thus, 

it is possible to further reduce the contamination of the 

top surface of the substrate S by the gas molecules . 

[0051] 

 A louver 215 is provided such that part of the sid e 

wall portion 211a and the skirt wall portion 211c, which 

are inclined, project in a plate-like fashion obliq uely 

from a plane of the side wall portion 211a and of t he skirt 

wall portion 211c.  A base end of the louver 215 in cludes 

openings.  The louver 215 is obliquely provided wit h an 
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acute angle formed with a direction from the side w all 

portion 211a and the skirt wall portion 211c toward  the 

upper wall portion 211b.  According to the above-de scribed 

configuration, even when the gas molecules are deso rbed by 

the louver 215, the gas molecules are less likely t o be 

directed toward the top surface of the substrate S but are 

more likely to be directed toward the upper wall po rtion 

211b. 

[0052] 

(Third Embodiment) 

 Fig. 11 is a schematic configuration diagram showi ng 

a substrate cooling device 300 of this embodiment, which 

serves as the substrate processing device configure d to 

cool a substrate.  The only different feature of th e 

substrate cooling device 300 from the substrate coo ling 

device 100 of the first embodiment is a configurati on of a 

shield 311.  The rest of the configuration of the s ubstrate 

cooling device 300 remains the same. 

[0053] 

 In the substrate cooling device 300, the shield 31 1 

can be elevated and lowered along the normal direct ion of 

the substrate S or the substrate mounting surface 1 03a by a 

shield drive mechanism 326.  The shield drive mecha nism 326 

is arbitrary driving means such as a motor and an a ctuator.  

An expandable bellows 327 is provided between the s hield 

311 and the shield drive mechanism 326 so that the shield 

311 can move while maintaining the hermetically sea led 

state of the chamber 101. 

[0054] 

 Unlike the first embodiment, the shield 311 is not  

provided with the opening 114 or the louver 115.  A t the 

time of conveyance of the substrate S, the shield 3 11 

without the opening 114 is moved upward (i.e., in a  

direction away from the substrate S or the substrat e 

mounting surface 103a) so that the substrate S can be 

conveyed.  In the meantime, at the time of the refr esh 
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processing, the shield 311 without the louver 115 i s moved 

upward so that the gas molecules released from the top 

surface of the substrate holder 103 can be discharg ed.  As 

described above, since the shield drive mechanism 3 26 that 

can elevate and lower the shield 311 is provided in  this 

embodiment, it is possible to simplify the configur ation of 

the shield 311.  Moreover, since the opening 114 an d the 

louver 115 are not provided, it is possible to furt her 

reduce the probability of contamination of the top surface 

of the substrate S by invasion of the gas molecules  from 

the outside to the inside of the shield 311 during the 

cooling. 

[0055] 

 When the substrate S is cooled by using the substr ate 

cooling device 300, the substrate cooling device 30 0 first 

elevates the shield 311 by using the shield drive m echanism 

326, and then moves the substrate S to a position l ocated 

above the substrate mounting surface 103a and out o f 

contact with the substrate mounting surface 103a.  

Thereafter, the shield 311 is lowered by using the shield 

drive mechanism 326, and then the substrate S is mo unted on 

the substrate mounting surface 103a.  In this state , the 

substrate cooling device 300 stands by for a predet ermined 

time period to cool the substrate.  As described ab ove, by 

lowering the shield 311 before the substrate S come s into 

contact with the substrate mounting surface 103a, t he 

shield 311 can trap the gas molecules which are rel eased 

from the substrate holder 103 when the substrate S is 

lowered. 

[0056] 

 The present invention is not limited to the above-

described embodiments but various changes are possi ble 

within the scope not departing from the gist of the  present 

invention.  The embodiments have been described abo ve as 

being related to the substrate cooling device and t he 

substrate cooling method for the substrate provided  with 
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the MTJ element.  However, the object to which the present 

invention is to be applied is not limited to a spec ific 

element.  The present invention can be used as the 

substrate cooling device and the substrate cooling method 

configured to perform cooling of an arbitrary subst rate in 

vacuum. 

[0057] 

 The embodiments have been described above on the 

assumption that the direction of the gravity repres ents the 

vertical direction.  However, the directions to con figure 

the device are arbitrary.  When the substrate cooli ng 

device according to each of the above-described emb odiments 

is installed by tilting the device at 90° (i.e., wh en the 

top surface of the substrate S is fixed in alignmen t with 

the direction of the gravity), the vertical directi on in 

each of the above-described embodiments should be r ead as a 

direction perpendicular to the direction of the gra vity. 
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CLAIMS 
 

[Claim 1] 

 A substrate processing device comprising: 

 a chamber with inside capable of being evacuated; 

 a substrate holder provided inside the chamber and  

including a substrate mounting surface capable of c ooling a 

substrate; 

 a shield provided inside the chamber and including  a 

side wall portion provided to surround a lateral si de of 

the substrate mounting surface; and 

 shield cooling unit for cooling the shield. 

 

[Claim 2] 

 The substrate processing device according to claim  1, 

wherein the shield further comprises an upper wall portion 

opposed to the substrate mounting surface. 

 

[Claim 3] 

 The substrate processing device according to claim  1, 

wherein the side wall portion is provided such that , when a 

gas molecule trapped on the side wall portion is re leased, 

a probability of the gas molecule desorbed from the  side 

wall portion and to be directed to a direction to r ecede 

from the substrate mounting surface becomes highest . 

 

[Claim 4] 

 The substrate processing device according to claim  1, 

wherein the shield further comprises a skirt wall p ortion 

to surround a lateral part of the substrate holder.  

 

[Claim 5] 

 The substrate processing device according to claim  1, 

further comprising: 

 a heater located on the substrate holder side of t he 

shield. 
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[Claim 6] 

 A method of cooling the substrate by using the 

substrate processing device according to claim 1, 

comprising the steps of: 

 mounting the substrate on the substrate mounting 

surface; and 

 cooling the substrate in a state where the substra te 

holder and the shield are cooled. 

 

[Claim 7] 

 A method of performing maintenance of the substrat e 

processing device according to claim 5, comprising the step 

of: 

 operating the heater in a state where the substrat e 

is not located in the chamber. 

 

[Claim 8] 

 The method according to claim 7, wherein the step of 

operating the heater is performed between the step of 

cooling a first substrate by using the substrate pr ocessing 

device according to claim 1 and the step of cooling  a 

second substrate by using the substrate processing device 

according to claim 1. 

 

[Claim 9] 

 The substrate processing device according to claim  1, 

further comprising: 

 a shield drive mechanism configured to elevate and  

lower the shield along a normal direction of the su bstrate 

mounting surface. 

 

[Claim 10] 

 A method of cooling the substrate by using the 

substrate processing device according to claim 9, 

comprising the steps of: 
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 moving the substrate to a position located above t he 

substrate mounting surface but not in contact with the 

substrate mounting surface in a state where the shi eld is 

elevated by using the shield drive mechanism; 

 lowering the shield by using the shield drive 

mechanism; 

 mounting the substrate on the substrate mounting 

surface; and 

 cooling the substrate in a state where the substra te 

holder and the shield are cooled. 


