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DESCRIPTION 

 

Title of Invention: TEMPERATURE CONTROL SYSTEM AND PLASMA PROCESSING 

SYSTEM 

 

Technical Field 

[0001] 

 Exemplary embodiments of the present disclosure relate to a temperature control 

system and a plasma processing system. 

 

Background Art 

[0002] 

 JP2001-44176A described below describes a plasma processing apparatus in which a 

temperature-controlled medium is circulated by a chiller unit through a flow path in a substrate 

support that supports a substrate to control a temperature of the substrate.  

 

Citation List 

Patent Documents 

[0003] 

 PTL 1: JP2001-44176A 

 

Summary of Invention 

Technical Problem 

[0004] 

 The disclosure provides a technique for reducing a size of a unit forming a temperature 

control system in a plasma processing system. 

Solution to Problem 

[0005] 

 In one exemplary embodiment, a temperature control system is provided. The 

temperature control system includes a first segment, a second segment, and a connector. The 

first segment includes a first temperature control circuit and a first case. The first t emperature 

control circuit includes a first heat exchanger configured to exchange heat with a first 

temperature-controlled medium. The first case accommodates the first temperature control 

circuit therein. The second segment includes a first tank, a first pump, and a second case. The 

first tank and the first pump are provided in a first circulation system configured to circulate 

the first temperature-controlled medium through a first flow path in a first member of the plasma 
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processing apparatus. The second case accommodates the first tank and the first pump therein. 

In the first circulation system, the first tank is connected between the first flow path and the 

first pump, and the first heat exchanger is connected between the first pump and the first flow 

path. The connector is a part of the first circulation system, is disposed between the first segment 

and the second segment, and is connected between the first pump and the heat exchanger.  

Advantageous Effects of Invention 

[0006] 

 According to one exemplary embodiment, a technique for reducing a size of a unit 

forming a temperature control system in a plasma processing system is provided.  

 

BRIEF DESCRIPTION OF DRAWINGS 

[0007] 

 [FIG. 1] FIG. 1 is a diagram illustrating an example of a configuration of a plasma 

processing system. 

 [FIG. 2] FIG. 2 is a diagram illustrating an example of a configuration of a capacitively-

coupled plasma processing apparatus. 

 [FIG. 3] FIG. 3 is a diagram schematically illustrating a temperature control system 

according to one exemplary embodiment. 

 [FIG. 4] FIG. 4 is a diagram schematically illustrating a temperature control system 

according to another exemplary embodiment. 

 [FIG. 5] FIG. 5 is a diagram schematically illustrating a temperature control system 

according to still another exemplary embodiment. 

 [FIG. 6] FIG. 6 is a cross-sectional view illustrating an upper electrode which is an 

example of a second member in a temperature control system according to still another 

exemplary embodiment. 

 [FIG. 7] FIG. 7 is a diagram schematically illustrating a temperature control system 

according to still another exemplary embodiment. 

 

Description of Embodiments 

[0008] 

 Hereinafter, various exemplary embodiments will be described in detail with reference 

to the drawings. Further, like reference numerals will be given to like or corresponding parts 

throughout the drawings. 

[0009] 

 FIG. 1 is a diagram illustrating an example of a configuration of a plasma processing 

system. In one embodiment, the plasma processing system includes a plasma processing 
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apparatus 1 and a controller 2. The plasma processing system is an example of a substrate 

processing system, and the plasma processing apparatus 1 is an example of the substrate 

processing apparatus. The plasma processing apparatus 1 includes a plasma processing chamber 

10, a substrate support 11, and a plasma generator 12. The plasma processing chamber 10 has 

a plasma processing space. The plasma processing chamber 10 has at least one gas supply port 

via which at least one processing gas is supplied into the plasma processing space, and at least 

one gas exhaust port via which the gas is exhausted from the plasma processing space. The gas 

supply port is connected to a gas supplier 20, which will be described later, and the gas exhaust 

port is connected to an exhaust system 40, which will be described later. The substrate support 

11 is disposed in the plasma processing space and has a substrate support surface for supporting 

a substrate. 

[0010] 

 The plasma generator 12 is configured to generate plasma from at least one processing 

gas supplied into the plasma processing space. The plasma formed in the plasma processing 

space may be capacitively coupled plasma (CCP), inductively coupled plasma (ICP), electron-

cyclotron-resonance plasma (ECR plasma), helicon wave plasma (HWP), surface wave plasma 

(SWP), or the like. Various types of plasma generators, including an alternating current (AC) 

plasma generator and a direct current (DC) plasma generator, may be used. In one embodiment, 

an AC signal (AC power) used by the AC plasma generator has a frequency within a range from 

100 kHz to 10 GHz. Accordingly, the AC signal includes a radio frequency (RF) signal and a 

microwave signal. In one embodiment, the RF signal has a frequency in a range of 100 kHz to 

150 MHz. 

[0011] 

 The controller 2 processes computer-executable instructions for instructing the plasma 

processing apparatus 1 to execute various steps described in the disclosure. The controller 2 

may be configured to control elements of the plasma processing apparatus 1 to execute the 

various steps described herein. In one embodiment, a portion or the entirety of the controller 2 

may be provided in the plasma processing apparatus 1. The controller 2 may include a processor 

2a1, a storage 2a2, and a communication interface 2a3. The controller 2 is implemented, for 

example, by a computer 2a. The processor 2a1 may be configured to read a program from the 

storage 2a2 and perform various control operations by executing the read program. The program 

may be stored in advance in the storage 2a2, or may be acquired via a medium when necessary. 

The acquired program is stored in the storage 2a2, read from the storage 2a2 by the processor 

2a1, and executed thereby. The medium may be any of various storage media readable by the 

computer 2a, or may be a communication line connected to the communication interface 2a3. 

The processor 2a1 may be a central processing unit (CPU). The storage 2a2 may include a 
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random access memory (RAM), a read only memory (ROM), a hard disk drive (HDD), a solid 

state drive (SSD), or a combination thereof. The communication interface 2a3 may 

communicate with the plasma processing apparatus 1 via a communication line such as a local 

area network (LAN). 

[0012] 

 Hereinafter, an example of a configuration of a capacitively-coupled plasma processing 

apparatus as an example of the plasma processing apparatus 1 will be described. FIG. 2 is a 

diagram illustrating the example of the configuration of the capacitively-coupled plasma 

processing apparatus. 

[0013] 

 The capacitively-coupled plasma processing apparatus 1 includes the plasma 

processing chamber 10, the gas supplier 20, a power source 30, and the exhaust system 40. The 

plasma processing apparatus 1 includes the substrate support 11 and a gas introduction unit. 

The gas introduction unit is configured to introduce at least one processing gas into the plasma 

processing chamber 10. The gas introduction unit includes a shower head 13. The substrate 

support 11 is disposed in the plasma processing chamber 10. The shower head 13 is disposed 

above the substrate support 11. In one embodiment, the shower head 13 forms at least a part of 

a ceiling of the plasma processing chamber 10. The plasma processing chamber 10 has a plasma 

processing space 10s defined by the shower head 13, a sidewall 10a of the plasma processing 

chamber 10, and the substrate support 11. The plasma processing chamber 10 is grounded. The 

shower head 13 and the substrate support 11 are electrically insulated from a housing of the 

plasma processing chamber 10. 

[0014] 

 The substrate support 11 includes a main body 111 and a ring assembly 112. The main 

body 111 has a central region 111a, which supports a substrate W, and an annular region 111b, 

which supports the ring assembly 112. A wafer is an example of the substrate W. The annular 

region 111b of the main body 111 surrounds the central region 111a of the main body 111 in a 

plan view. The substrate W is disposed on the central region 111a of the main body 111. The 

ring assembly 112 is disposed on the annular region 111b of the main body 111 to surround the 

substrate W on the central region 111a of the main body 111. Accordingly, the central region 

111a is also referred to as a substrate support surface for supporting the substrate W, and the 

annular region 111b is also referred to as a ring support surface for supporting the ring assembly 

112. 

[0015] 

 In one embodiment, the main body 111 includes a base 1110 and an electrostatic chuck 

1111. The base 1110 includes a conductive member. The conductive member of the base 1110 
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may function as a lower electrode. The electrostatic chuck 1111 is disposed on the base 1110. 

The electrostatic chuck 1111 includes a ceramic member 1111a, and an electrostatic electrode 

1111b disposed in the ceramic member 1111a. The ceramic member 1111a has the central region 

111a. In one embodiment, the ceramic member 1111a also has the annular region 111b. Another 

member that surrounds the electrostatic chuck 1111, such as an annular electrostatic chuck and 

an annular insulating member, may have the annular region 111b. In this case, the ring assembly 

112 may be disposed on the annular electrostatic chuck or the annular insulating member, or 

may be disposed on both the electrostatic chuck 1111 and the annular insulating member. At 

least one RF/DC electrode coupled to an RF power source 31 and/or a DC power source 32, 

which will be described later, may be disposed in the ceramic member 1111a. In this case, at 

least one RF/DC electrode functions as the lower electrode. When a bias RF signal and/or DC 

signal, which will be described later, is supplied to at least one RF/DC electrode, the RF/DC 

electrode is also referred to as a bias electrode. The conductive member of the base 1110 and at 

least one RF/DC electrode may function as a plurality of lower electrodes. The electrostatic 

electrode 1111b may function as the lower electrode. Accordingly, the substrate support 11 

includes at least one lower electrode. 

[0016] 

 The ring assembly 112 includes one or more annular members. In one embodiment, the 

one or more annular members include one or more edge rings and at least one cover ring. The 

edge ring is formed of a conductive material or an insulating material, and the cover ring is 

formed of an insulating material. 

[0017] 

 The substrate support 11 may include a temperature control module configured to 

adjust at least one of the electrostatic chuck 1111, the ring assembly 112, and the substrate to a 

target temperature. The temperature control module may include a heater, a heat transfer 

medium, a flow path 1110a, or a combination thereof. A heat transfer fluid, such as a brine or 

gas, flows through the flow path 1110a. In one embodiment, the flow path 1110a is formed in 

the base 1110, and one or more heaters are disposed in the ceramic member 1111a of the 

electrostatic chuck 1111. The substrate support 11 may include a heat transfer gas supplier 

configured to supply a heat transfer gas to a gap between a rear surface of the substrate W and 

the central region 111a. 

[0018] 

 The shower head 13 is configured to introduce at least one processing gas from the gas 

supplier 20 into the plasma processing space 10s. The shower head 13 has at least one gas 

supply port 13a, at least one gas diffusion chamber 13b, and a plurality of gas introduction ports 

13c. The processing gas supplied to the gas supply port 13a passes through the gas diffusion 
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chamber 13b and is introduced into the plasma processing space 10s from the plurality of gas 

introduction ports 13c. The shower head 13 includes at least one upper electrode. The gas 

introduction unit may include, in addition to the shower head 13, one or more side gas injectors 

(SGI) that are attached to one or more openings formed in the sidewall 10a.  

[0019] 

 The gas supplier 20 may include at least one gas source 21 and at least one flow rate 

controller 22. In one embodiment, the gas supplier 20 is configured to supply at least one 

processing gas from the respective corresponding gas sources 21 to the shower head 13 via the 

respective corresponding flow rate controllers 22. The flow rate controller 22 may include, for 

example, a mass flow controller or a pressure-controlled flow rate controller. Further, the gas 

supplier 20 may include at least one flow rate modulation device that modulates or pulses a 

flow rate of at least one processing gas. 

[0020] 

 The power source 30 includes the RF power source 31 coupled to the plasma processing 

chamber 10 via at least one impedance matching circuit. The RF power source 31 is configured 

to supply at least one RF signal (RF power) to at least one lower electrode and/or at least one 

upper electrode. Accordingly, plasma is formed from at least one processing gas supplied into 

the plasma processing space 10s. Accordingly, the RF power source 31 may function as at least 

a part of the plasma generator 12. Supplying the bias RF signal to at least one lower electrode 

can generate a bias potential in the substrate W to attract an ionic component in the formed 

plasma to the substrate W. 

[0021] 

 In one embodiment, the RF power source 31 includes a first RF generator 31a and a 

second RF generator 31b. The first RF generator 31a is coupled to at least one lower electrode 

and/or at least one upper electrode via at least one impedance matching circuit, and is 

configured to generate a source RF signal (source RF power) for plasma generation. In one 

embodiment, the source RF signal has a frequency within a range from 10 MHz to 150 MHz. 

In one embodiment, the first RF generator 31a may be configured to generate a plurality of 

source RF signals having different frequencies. The generated one or more source RF signals 

are supplied to at least one lower electrode and/or at least one upper electrode.  

[0022] 

 The second RF generator 31b is configured to be coupled to at least one lower electrode 

via at least one impedance matching circuit to generate the bias RF signal (bias RF power). A 

frequency of the bias RF signal may be the same as or different from a frequency of the source 

RF signal. In one embodiment, the bias RF signal has a frequency lower than the frequency of 

the source RF signal. In one embodiment, the bias RF signal has a frequency within a range 
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from 100 kHz to 60 MHz. In one embodiment, the second RF generator 31b may be configured 

to generate a plurality of bias RF signals having different frequencies. The generated one or 

more bias RF signals are supplied to at least one lower electrode. In various embodiments, at 

least one of the source RF signal and the bias RF signal may be pulsed.  

[0023] 

 The power source 30 may include the DC power source 32 coupled to the plasma 

processing chamber 10. The DC power source 32 includes a first DC generator 32a and a second 

DC generator 32b. In one embodiment, the first DC generator 32a is connected to at least one 

lower electrode and configured to generate a first DC signal. The generated first DC signal is 

applied to the at least one lower electrode. In one embodiment, the second DC generator 32b is 

connected to at least one upper electrode and configured to generate a second DC signal. The 

generated second DC signal is applied to the at least one upper electrode. 

[0024] 

 In various embodiments, the first and second DC signals may be pulsed. In this case, a 

sequence of voltage pulses is applied to at least one lower electrode and/or at least one upper 

electrode. The voltage pulses may each have a rectangular, trapezoidal, or triangular pulse 

waveform or a combination thereof. In one embodiment, a waveform generator that generates 

the sequence of the voltage pulses from a DC signal is connected between the first DC generator 

32a and at least one lower electrode. Accordingly, the first DC generator 32a and the waveform 

generator form a voltage pulse generator. When the second DC generator 32b and the waveform 

generator form a voltage pulse generator, the voltage pulse generator is connected to at least 

one upper electrode. The voltage pulse may have a positive polarity or a negative polarity. The 

sequence of the voltage pulses may include one or more positive voltage pulses and one or more 

negative voltage pulses in one cycle. The first and second DC generators 32a and 32b may be 

provided in addition to the RF power source 31, and the first DC generator 32a may be provided 

instead of the second RF generator 31b. 

[0025] 

 The exhaust system 40 may be connected to, for example, a gas exhaust port 10e 

provided at a bottom portion of the plasma processing chamber 10. The exhaust system 40 may 

include a pressure adjusting valve and a vacuum pump. The pressure adjusting valve adjusts a 

pressure in the plasma processing space 10s. The vacuum pump may include a turbo molecular 

pump, a dry pump, or a combination thereof. 

[0026] 

 Hereinafter, temperature control systems according to various exemplary embodiments 

that may be adopted in the plasma processing system will be described.  

[0027] 
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[First Embodiment] 

[0028] 

 FIG. 3 is a diagram schematically illustrating a temperature control system according 

to one exemplary embodiment. In FIG. 3, arrows indicate flows of a temperature-controlled 

medium M1 (first temperature-controlled medium) or the like. The temperature-controlled 

medium M1 may be a coolant such as a brine. FIG. 3 illustrates a configuration of a temperature 

control system TS1 in a plasma processing system 100. In the plasma processing system 100, 

the plasma processing apparatus 1 includes a first member 110. The first member 110 may be, 

for example, the substrate support 11 for supporting the substrate W. 

[0029] 

 As illustrated in FIG. 3, the temperature control system TS1 includes a first segment 

41, a second segment 42, and a connector 43. The first segment 41 includes a temperature 

control circuit 51 (first temperature control circuit) and a case 41c (first case). The temperature 

control circuit 51 is configured to adjust a temperature of the temperature-controlled medium 

M1 to, for example, a first temperature T1. The temperature control circuit 51 may include an 

apparatus for adjusting the temperature of the temperature-controlled medium M1, and may 

include, for example, a heat exchanger 51a (first heat exchanger). The temperature control 

circuit 51 is accommodated in the case 41c. In one embodiment, the temperature control circuit 

51 may be a refrigeration circuit. The heat exchanger 51a may be an evaporator. 

[0030] 

 The second segment 42 includes a circulator 61 (first circulator) and a case 42c (second 

case). The circulator 61 is a part of a first circulation system. The circulator 61 is accommodated 

in the case 42c different from the case 41c. The first circulation system is configured to circulate 

the temperature-controlled medium M1 through a first flow path (for example, the flow path 

1110a) in the first member 110. The circulator 61 may include a tank 61a (first tank) in which 

the temperature-controlled medium M1 is stored, and a pump 61b (first pump) for circulating 

the temperature-controlled medium M1. In the first circulation system, the tank 61a is 

connected between one end (outlet) of the first flow path and the pump 61b, and the heat 

exchanger 51a is connected between a pump 62b and the other end (inlet) of the first flow path. 

The second segment 42 may further include a heater 61c. The heater 61c is provided in the tank 

61a to heat the temperature-controlled medium M1. The heater 61c is connected to a heater 

power source 61d, and generates heat by the power from the heater power source 61d.  

[0031] 

 The connector 43 connects the temperature control circuit 51 and the circulator 61 to 

allow the temperature-controlled medium M1 to flow therebetween. The connector 43 is a part 

of the first circulation system and is connected between the pump 61b and the heat exchanger 
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51a. The connector 43 is disposed between the first segment 41 and the second segment 42. The 

connector 43 may be a joint that connects a pipe extending from the first segment 41 and a pipe 

extending from the second segment to each other. The connector 43 may connect a pipe 

extending from the pump 61b and a pipe extending from a three-way valve 51b to be described 

later to each other. 

[0032] 

 In one embodiment, the first segment 41 is disposed on a floor Fc. The second segment 

42 is disposed on a floor Fb different from the floor Fc. The floor Fc may be a floor below the 

floor Fb. The floor Fb may be the same floor as, or different from, a floor Fa on which the 

plasma processing apparatus 1 is disposed. In an example, the floor Fb is a floor between the 

floor Fc and the floor Fa on which the plasma processing apparatus 1 is disposed.  

[0033] 

 In one embodiment, the first segment may include, in addition to the heat exchanger 

51a, the three-way valve 51b, a recuperator 51c, a compressor 51d, a cascade condenser 51e, 

an expansion valve 51f, a compressor 51g, a condenser 51h, and an expansion valve 51i. 

[0034] 

 A first port of the three-way valve 51b is connected to the connector 43 through a pipe. 

A second port of the three-way valve 51b is connected to an inlet of the heat exchanger 51a for 

the temperature-controlled medium M1. A pipe extending from a third port of the three-way 

valve 51b joins a pipe that connects an outlet of the heat exchanger 51a for the temperature-

controlled medium M1 and an inlet of the first flow path to each other.  

[0035] 

 The heat exchanger 51a is configured to adjust the temperature of the temperature-

controlled medium M1 by heat exchange between the temperature-controlled medium M1 and 

a temperature-controlled medium Ma. The heat exchanger 51a, the recuperator 51c, the 

compressor 51d, the cascade condenser 51e, and the expansion valve 51f form a circuit for 

circulating the temperature-controlled medium Ma through the heat exchanger 51a. An outlet 

of the heat exchanger 51a for the temperature-controlled medium Ma is connected to a first 

inlet of the recuperator 51c. A first outlet of the recuperator 51c is connected to an inlet of the 

cascade condenser 51e for the temperature-controlled medium Ma via the compressor 51d. An 

outlet of the cascade condenser 51e for the temperature-controlled medium Ma is connected to 

a second inlet of the recuperator 51c. A second outlet of the recuperator 51c is connected to an 

inlet of the heat exchanger 51a for the temperature-controlled medium Ma via the expansion 

valve 51f. 

[0036] 

 The cascade condenser 51e is configured to adjust the temperature of the temperature-



10 

controlled medium Ma by heat exchange between the temperature-controlled medium Ma and 

a temperature-controlled medium Mb. The cascade condenser 51e, the compressor 51g, the 

condenser 51h, and the expansion valve 51i form a circuit for circulating the temperature-

controlled medium Mb through the cascade condenser 51e. An outlet of the cascade condenser 

51e for the temperature-controlled medium Mb is connected to an inlet of the condenser 51h 

for the temperature-controlled medium Mb via the compressor 51g. An outlet of the condenser 

51h for the temperature-controlled medium Mb is connected to an inlet of the cascade condenser 

51e for the temperature-controlled medium Mb via the expansion valve 51i. The condenser 51h 

is configured to adjust a temperature of the temperature-controlled medium Mb by heat 

exchange between the temperature-controlled medium Mb and a temperature-controlled 

medium Mc. 

[0037] 

 In the temperature control system TS1, after the temperature of the temperature-

controlled medium M1 is adjusted to, for example, the first temperature T1 by the temperature 

control circuit 51 of the first segment 41, the temperature-controlled medium M1 is supplied to 

the first flow path (for example, the flow path 1110a) in the first member 110. When the 

temperature-controlled medium M1 cools the first member 110, the temperature of the 

temperature-controlled medium M1 increases from the first temperature T1 by ΔT1. The 

temperature-controlled medium M1 whose temperature has increased by ΔT1 is returned to the 

temperature control circuit 51 by the circulator 61 of the second segment 42. Then, after the 

temperature of the temperature-controlled medium M1 is adjusted to the first temperature T1 

by the temperature control circuit 51, the temperature-controlled medium M1 is supplied again 

to the first flow path (for example, the flow path 1110a) in the first member 110.  

[0038] 

 In the temperature control system TS1, the second segment 42 forming a part of the 

first circulation system is separated from the first segment 41 that includes the temperature 

control circuit 51. Accordingly, it is possible to reduce a size of a unit forming the temperature 

control system TS1. In the temperature control system TS1, the second segment 42 can be 

disposed on the floor Fb different from the floor Fc on which the first segment 41 is disposed. 

Accordingly, it is possible to reduce an arrangement area of the unit of the temperature control 

system TS1 on the floor Fc. In an example, the arrangement area of the temperature control 

system TS1 on the floor Fc can be reduced to 60% or less, 50% or less, or 40% or less of an 

arrangement area of a temperature control system in the related art. 

[0039] 

 Since the temperature control system TS1 is divided into the first segment 41 and the 

second segment 42, a degree of freedom of a design thereof is high. Since the second segment 
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42 can be disposed immediately below the plasma processing apparatus 1, the temperature 

control system TS1 can shorten a hose (pipe) that connects the second segment 42 and the 

plasma processing apparatus 1, and is also excellent in temperature control efficiency. Further, 

when an abnormality occurs in either the first segment 41 or the second segment 42, only the 

segment in which the abnormality has occurred can be replaced. Therefore, recovery work 

during the abnormality is shortened. 

[0040] 

[Second Embodiment] 

[0041] 

 Next, another exemplary embodiment will be described. FIG. 4 is a diagram 

schematically illustrating a temperature control system according to another exemplary 

embodiment. In FIG. 4, arrows indicate flows of the temperature-controlled medium M1, a 

temperature-controlled medium M2 (a second temperature-controlled medium), or the like. The 

temperature-controlled medium M2 may be a coolant such as a brine. The temperature-

controlled medium M2 may be the same coolant as the temperature-controlled medium M1. 

FIG. 4 illustrates a configuration of a temperature control system TS2 in a plasma processing 

system 100B. In the plasma processing system 100B, the plasma processing apparatus 1 

includes the first member 110. The first member 110 may be, for example, the substrate support 

11 for supporting the substrate W. Hereinafter, the plasma processing system 100B will be 

described from the viewpoint of differences from the plasma processing system 100.  

[0042] 

 The temperature control system TS2 includes the first segment 41, a second segment 

42B, and the connector 43. The first segment 41 and the connector 43 are similar to the first 

segment 41 and the connector 43 of the temperature control system TS1, respectively. 

[0043] 

 The temperature control system TS2 may further include a switcher 70. The switcher 

70 may be configured to switch, between the temperature-controlled medium M1 and the 

temperature-controlled medium M2, a temperature-controlled medium circulating through the 

first flow path (for example, the flow path 1110a). In one embodiment, the switcher 70 may 

include valves 71 to 74. Each of the valves 71 to 74 is, for example, an opening/closing valve. 

The valve 71 is connected between the outlet of the heat exchanger 51a for the temperature-

controlled medium M1 and the inlet of the first flow path. The valve 72 is connected between 

an outlet of the first flow path and the tank 61a. 

[0044] 

 In the temperature control system TS2, the second segment 42B is different from the 

second segment 42 of the temperature control system TS1 in that the second segment 42B 
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further includes a temperature control circuit 52 (second temperature control circuit) and a 

circulator 62 (second circulator). In the temperature control system TS2, the second segment 

42B may further include a three-way valve 52b. The three-way valve 52b is accommodated in 

the case 42c. 

[0045] 

 The temperature control circuit 52 is configured to adjust a temperature of the 

temperature-controlled medium M2 to, for example, a second temperature T2. The temperature 

control circuit 52 may include an apparatus for adjusting the temperature of the temperature-

controlled medium M2, and may include, for example, a heat exchanger 52a (second heat 

exchanger). The second temperature T2 may be higher than the first temperature T1. The heat 

exchanger 52a is configured to adjust the temperature of the temperature-controlled medium 

M2 by heat exchange between the temperature-controlled medium M2 and a temperature-

controlled medium Md. In one embodiment, the heat exchanger 52a may be a condenser.  

[0046] 

 The circulator 62 is a part of a second circulation system. The circulator 62, together 

with the circulator 61 and the temperature control circuit 52, is accommodated in the case 42c. 

The second circulation system is configured to circulate the temperature-controlled medium 

M2, which is adjusted to the second temperature T2, through the first flow path (for example, 

the flow path 1110a). The circulator 62 may include a tank 62a (second tank) in which the 

temperature-controlled medium M2 is stored, and the pump 62b (second pump) for circulating 

the temperature-controlled medium M2. 

[0047] 

 In the second circulation system, the tank 62a is connected between the outlet of the 

first flow path and the pump 62b, and the heat exchanger 52a is connected between the pump 

62b and the inlet of the first flow path. An outlet of the heat exchanger 52a for the temperature-

controlled medium M2 may be connected to the inlet of the first flow path via the valve 73. The 

outlet of the first flow path may be connected to the tank 62a via the valve 74. In one 

embodiment, the pump 62b may be connected to an inlet of the heat exchanger 52a for the 

temperature-controlled medium M2 and a first port of the three-way valve 52b. The outlet of 

the heat exchanger 52a for the temperature-controlled medium M2 may be connected to a 

second port of the three-way valve 52b. A third port of the three-way valve 52b may be 

connected to the inlet of the first flow path. 

[0048] 

 The second segment 42B may further include a heater 62c. The heater 62c is provided 

in the tank 62a to heat the temperature-controlled medium M2. The heater 62c is connected to 

a heater power source 62d, and generates heat by the power from the heater power source 62d. 
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[0049] 

 In the temperature control system TS2, after the temperature of the temperature-

controlled medium M2 is adjusted to, for example, the second temperature T2 by the 

temperature control circuit 52 of the second segment 42B, the temperature-controlled medium 

M2 is supplied to the first flow path (for example, the flow path 1110a) in the first member 110. 

When the temperature-controlled medium M2 cools the first member 110, the temperature of 

the temperature-controlled medium M2 increases from the second temperature T2 by ΔT2. The 

temperature-controlled medium M2 whose temperature has increased by ΔT2 is returned to the 

temperature control circuit 52 by the circulator 62 of the second segment 42B. Then, after the 

temperature of the temperature-controlled medium M2 is adjusted to the second temperature T2 

by the temperature control circuit 52, the temperature-controlled medium M2 is supplied again 

to the first flow path (for example, the flow path 1110a) in the first member 110.  

[0050] 

 The switcher 70 may be configured to switch the temperature-controlled medium, 

which is supplied to the first flow path, from the temperature-controlled medium M1 to the 

temperature-controlled medium M2 or from the temperature-controlled medium M2 to the 

temperature-controlled medium M1. Alternatively, the switcher 70 may be configured to supply, 

to the first flow path, a temperature-controlled medium which is acquired by mixing the 

temperature-controlled medium M1 and the temperature-controlled medium M2 at a designated 

ratio. In this case, the temperature-controlled medium M1 and the temperature-controlled 

medium M2 may be the same temperature-controlled medium. 

[0051] 

 In the temperature control system TS2, the second segment 42B is separated from the 

first segment 41, similarly to the temperature control system TS1. Accordingly, it is possible to 

reduce a size of a unit forming the temperature control system TS2. Similar to the temperature 

control system TS1, the temperature control system TS2 can dispose the second segment 42B 

on the floor Fb different from the floor Fc on which the first segment 41 is disposed. 

Accordingly, similar to the temperature control system TS1, the temperature control system 

TS2 can reduce an arrangement area of the unit of the temperature control system TS2 on the 

floor Fc. Similar to the temperature control system TS1, the temperature control system TS2 

can improve a degree of freedom of a design, improve temperature control efficiency, and 

shorten recovery work during an abnormality. 

[0052] 

[Third Embodiment] 

[0053] 

 Next, still another exemplary embodiment will be described. FIG. 5 is a diagram 
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schematically illustrating a temperature control system according to still another exemplary 

embodiment. In FIG. 5, arrows indicate flows of the temperature-controlled medium M1, the 

temperature-controlled medium M2, a temperature-controlled medium M3 (a third temperature-

controlled medium), or the like. The temperature-controlled medium M3 may be a coolant such 

as a brine. The temperature-controlled medium M3 may be the same coolant as the temperature-

controlled medium M1 or the temperature-controlled medium M2. 

[0054] 

 FIG. 5 illustrates a configuration of a temperature control system TS3 in a plasma 

processing system 100C. In the plasma processing system 100C, the plasma processing 

apparatus 1 includes the first member 110 and a second member 120. The first member 110 

may be, for example, the substrate support 11 for supporting the substrate W. The second 

member 120 may be an upper electrode of the plasma processing apparatus 1. Hereinafter, the 

plasma processing system 100C will be described from the viewpoint of differences from the 

plasma processing system 100B. 

[0055] 

 FIG. 6 is a cross-sectional view illustrating an upper electrode which is an example of 

the second member in a temperature control system according to still another exemplary 

embodiment. As illustrated in FIG. 6, the second member 120 may be an upper electrode 

provided in the shower head 13. The upper electrode has a flow path 130a therein. In one 

embodiment, the flow path 130a is a second flow path in the second member 120. The upper 

electrode may include a ceiling plate 131 and a support 132. The ceiling plate 131 defines the 

plasma processing space 10s from above. The support 132 is provided on the ceiling plate 131. 

The support 132 has the flow path 130a and at least one gas diffusion chamber 13b therein. The 

ceiling plate 131 and the support 132 have a plurality of gas introduction ports 13c. The flow 

path 130a may be provided in the support 132. 

[0056] 

 As illustrated in FIG. 5, the temperature control system TS3 includes the first segment 

41, a second segment 42C, and the connector 43. The first segment 41 and the connector 43 are 

similar to the first segment 41 and the connector 43 of the temperature control system TS2, 

respectively. 

[0057] 

 In the temperature control system TS3, the second segment 42C is different from the 

second segment 42B of the temperature control system TS2 in that the second segment 42C 

further includes a temperature control circuit 53 (third temperature control circui t) and a 

circulator 63 (third circulator). In the temperature control system TS3, the second segment 42C 

may further include a three-way valve 53b. The three-way valve 53b is accommodated in the 
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case 42c. 

[0058] 

 The temperature control circuit 53 may include an apparatus for adjusting a 

temperature of the temperature-controlled medium M3, and may include, for example, a heat 

exchanger 53a (third heat exchanger). The heat exchanger 53a is configured to adjust the 

temperature of the temperature-controlled medium M3 by heat exchange between the 

temperature-controlled medium M3 and a temperature-controlled medium Me. In one 

embodiment, the heat exchanger 53a may be a condenser. 

[0059] 

 The circulator 63 is a part of a third circulation system. The circulator 63, together with 

the circulator 61, the temperature control circuit 52, the circulator 62, and the temperature 

control circuit 53, is accommodated in the case 42c. The third circulation system is configured 

to circulate the temperature-controlled medium M3, which is adjusted to a third temperature 

T3, through the second flow path (for example, the flow path 130a) in the second member 120 

different from the first member 110. The circulator 63 may include a tank 63a (third tank) in 

which the temperature-controlled medium M3 is stored, and a pump 63b (third pump) for 

circulating the temperature-controlled medium M3. 

[0060] 

 In the third circulation system, the tank 63a is connected between an outlet of the 

second flow path and the pump 63b, and the heat exchanger 53a is connected between the pump 

63b and an inlet of the second flow path. An outlet of the heat exchanger 53a for the 

temperature-controlled medium M3 is connected to the inlet of the second flow path. The outlet 

of the second flow path is connected to the tank 63a. In one embodiment, the pump 63b may be 

connected to an inlet of the heat exchanger 53a for the temperature-controlled medium M3 and 

a first port of the three-way valve 53b. The outlet of the heat exchanger 53a for the temperature-

controlled medium M3 may be connected to a second port of the three-way valve 53b. A third 

port of the three-way valve 53b may be connected to the inlet of the second flow path. 

[0061] 

 The second segment 42C may further include a heater 63c. The heater 63c is provided 

in the tank 63a to heat the temperature-controlled medium M3. The heater 63c is connected to 

a heater power source 63d, and generates heat by the power from the heater power source 63d. 

[0062] 

 In the temperature control system TS3, after the temperature of the temperature-

controlled medium M3 is adjusted to, for example, the third temperature T3 by the temperature 

control circuit 53 of the second segment 42C, the temperature-controlled medium M3 is 

supplied to the flow path (for example, the flow path 130a) in the second member 120. When 
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the temperature-controlled medium M3 cools the second member 120, the temperature of the 

temperature-controlled medium M3 increases from the third temperature T3 by ΔT3. The 

temperature-controlled medium M3 whose temperature has increased by ΔT3 is returned to the 

temperature control circuit 53 by the circulator 63 of the second segment 42C. Then, after the 

temperature of the temperature-controlled medium M3 is adjusted to the third temperature T3 

by the temperature control circuit 53, the temperature-controlled medium M3 is supplied again 

to the second flow path (for example, the flow path 130a) in the second member 120.  

[0063] 

 In the temperature control system TS3, the second segment 42C is separated from the 

first segment 41, similarly to the temperature control system TS1 and the temperature control 

system TS2. Accordingly, it is possible to reduce a size of a unit forming the temperature control 

system TS3. Similar to the temperature control system TS1 and the temperature control system 

TS2, the temperature control system TS3 can dispose the second segment 42C on the floor Fb 

different from the floor Fc on which the first segment 41 is disposed. Accordingly, similar to 

the temperature control system TS1 and the temperature control system TS2, the temperature 

control system TS3 can reduce an arrangement area of the unit of the temperature control system 

TS3 on the floor Fc. Similar to the temperature control system TS1 and the temperature control 

system TS2, the temperature control system TS3 can improve a degree of freedom of a design, 

improve temperature control efficiency, and shorten recovery work during an abnormality.  

[0064] 

[Fourth Embodiment] 

[0065] 

 Next, still another exemplary embodiment will be described. FIG. 7 is a diagram 

schematically illustrating a temperature control system according to still another exemplary 

embodiment. FIG. 7 illustrates a configuration of a temperature control system TS4 in a plasma 

processing system 100D. Hereinafter, the plasma processing system 100D will be described 

from the viewpoint of differences from the plasma processing system 100C. 

[0066] 

 A second segment 42D of the temperature control system TS4 is different from the 

second segment 42C in that the second segment 42D does not include the temperature control 

circuit 52 and the circulator 62. The plasma processing system 100D does not include the 

switcher 70. The temperature control circuit 51 and the circulator 61 of the temperature control 

system TS4 are connected to the first flow path, similarly to the temperature control circuit 51 

and the circulator 61 of the temperature control system TS1. Other components of the 

temperature control system TS4 are similar to the corresponding components of the temperature 

control system TS3. 
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[0067] 

 In the temperature control system TS4, the second segment 42D also is separated from 

the first segment 41. Accordingly, it is possible to reduce a size of a unit forming the temperature 

control system TS4. In the temperature control system TS4, the second segment 42D can also 

be disposed on the floor Fb different from the floor Fc on which the first segment 41 is disposed. 

Accordingly, in the temperature control system TS4, it is also possible to reduce an arrangement 

area of the unit of the temperature control system TS4 on the floor Fc. The temperature control 

system TS4 can also improve a degree of freedom of a design, improve temperature control 

efficiency, and shorten recovery work during an abnormality. 

[0068] 

 Although various exemplary embodiments have been described above, various 

additions, omissions, substitutions, and changes may be made without being limited to the 

exemplary embodiments described above. In addition, other embodiments may be formed by 

combining elements in different embodiments. 

[0069] 

 Hereinafter, various exemplary embodiments included in the disclosure will be 

described in the following [E1] to [E18]. 

[0070] 

[E1] 

 A temperature control system including: 

 a first segment that includes a first temperature control circuit and a first case 

accommodating the first temperature control circuit therein, the first temperature control circuit 

including a first heat exchanger configured to exchange heat with a first temperature-controlled 

medium; 

 a second segment that includes a first tank and a first pump in a first circulation system 

configured to circulate the first temperature-controlled medium through a first flow path in a 

first member of a plasma processing apparatus and includes a second case accommodating the 

first tank and the first pump therein, in the first circulation system, the first tank being connected 

between the first flow path and the first pump, and the first heat exchanger being connected 

between the first pump and the first flow path; and 

 a connector that is a part of the first circulation system, is disposed between the first 

segment and the second segment, and is connected between the first pump and the first heat 

exchanger. 

[0071] 

[E2] 

 The temperature control system according to E1, in which 
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 the first temperature control circuit is a refrigeration circuit including an evaporator 

that is the first heat exchanger. 

[0072] 

[E3] 

 The temperature control system according to E1 or E2, in which 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through the first flow path, 

 the second tank is connected between the first flow path and the second pump, and the 

second heat exchanger is connected between the second pump and the first flow path,  

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case, and 

 the temperature control system further includes a switcher that selectively connects the 

first circulation system and the second circulation system to the first flow path.  

[0073] 

[E4] 

 The temperature control system according to E3, in which 

 the second heat exchanger is a condenser. 

[0074] 

[E5] 

 The temperature control system according to E3 or E4, in which 

 the second segment further includes 

  a third heat exchanger configured to exchange heat with a third temperature-

controlled medium, and 

  a third tank and a third pump in a third circulation system that includes the 

third heat exchanger and is configured to circulate the third temperature-controlled medium 

through a second flow path in a second member of the plasma processing apparatus,  

 the third tank is connected between the second flow path and the third pump, and the 

third heat exchanger is connected between the third pump and the second flow path, and  

 the third heat exchanger, the third tank, and the third pump are accommodated in the 

second case. 

[0075] 

[E6] 
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 The temperature control system according to E1 or E2, in which 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through a second flow path in a second member of the plasma processing apparatus, 

 the second tank is connected between the second flow path and the second pump, and 

the second heat exchanger is connected between the second pump and the second flow path, 

and 

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case. 

[0076] 

[E7] 

 The temperature control system according to E5 or E6, in which 

 the second member is an upper electrode of a capacitively-coupled plasma processing 

apparatus. 

[0077] 

[E8] 

 The temperature control system according to any one of E1 to E7, in which 

 the first member is a substrate support of the plasma processing apparatus.  

[0078] 

[E9] 

 The temperature control system according to any one of E1 to E8, in which 

 the first segment is disposed on a floor below a floor on which the second segment is 

disposed. 

[0079] 

[E10] 

 A plasma processing system including: 

 a plasma processing apparatus; and 

 a temperature control system, in which 

 the plasma processing apparatus includes 

  a chamber, and 

  a first member providing a first flow path therein, and 

 the temperature control system includes 

  a first segment that includes a first temperature control circuit and a first case 
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accommodating the first temperature control circuit therein, the first temperature control circuit 

including a first heat exchanger configured to exchange heat with a first temperature-controlled 

medium, 

  a second segment that includes a first tank and a first pump in a first circulation 

system configured to circulate the first temperature-controlled medium through the first flow 

path and includes a second case accommodating the first tank and the first pump therein, in the 

first circulation system, the first tank being connected between the first flow path and the first 

pump, and the first heat exchanger being connected between the first pump and the first flow 

path, and 

  a connector that is a part of the circulation system, is disposed between the 

first segment and the second segment, and is connected between the first pump and the first 

heat exchanger. 

[0080] 

[E11] 

 The plasma processing system according to E10, in which 

 the first temperature control circuit is a refrigeration circuit including an evaporator 

that is the first heat exchanger. 

[0081] 

[E12] 

 The plasma processing system according to E10 or E11, in which 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through the first flow path, 

 the second tank is connected between the first flow path and the second pump, and the 

second heat exchanger is connected between the second pump and the first flow path,  

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case, and 

 the temperature control system further includes a switcher that selectively connects the 

first circulation system and the second circulation system to the first flow path.  

[0082] 

[E13] 

 The plasma processing system according to E12, in which 

 the second heat exchanger is a condenser. 
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[0083] 

[E14] 

 The plasma processing system according to E12 or E13, in which 

 the second segment further includes 

  a third heat exchanger configured to exchange heat with a third temperature-

controlled medium, and 

  a third tank and a third pump in a third circulation system that includes the 

third heat exchanger and is configured to circulate the third temperature-controlled medium 

through a second flow path in a second member of the plasma processing apparatus,  

 the third tank is connected between the second flow path and the third pump, and the 

third heat exchanger is connected between the third pump and the second flow path, and  

 the third heat exchanger, the third tank, and the third pump are accommodated in the 

second case. 

[0084] 

[E15] 

 The plasma processing system according to E10 or E11, in which 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through a second flow path in a second member of the plasma processing apparatus, 

 the second tank is connected between the second flow path and the second pump, and 

the second heat exchanger is connected between the second pump and the second flow path, 

and 

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case. 

[0085] 

[E16] 

 The plasma processing system according to E14 or E15, in which 

 the plasma processing apparatus is a capacitively-coupled plasma processing 

apparatus, and 

 the second member is an upper electrode of the plasma processing apparatus.  

[0086] 

[E17] 

 The plasma processing system according to any one of E10 to E16, in which 
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 the first member is a substrate support of the plasma processing apparatus.  

[0087] 

[E18] 

 The plasma processing system according to any one of E10 to E17, in which 

 the first segment is disposed on a floor below a floor on which the second segment is 

disposed. 

[0088] 

 From the foregoing, it will be appreciated that various embodiments of the disclosure 

have been described herein for purposes of illustration, and that various modifications may be 

made without departing from the scope and spirit of the disclosure. Therefore, the various 

embodiments disclosed herein are not intended to be limiting, with the true scope and spirit 

being indicated by the following claims. 

Reference Signs List 

[0089] 

 100: plasma processing system 

 1: plasma processing apparatus 

 11: substrate support 

 1110a: flow path 

 110: first member 

 TS1: temperature control system 

 41: first segment 

 42: second segment 

 43: connector 

 51: temperature control circuit 

 51a: heat exchanger 

 61a: tank 

 61b: pump 
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CLAIMS 

 

[Claim 1] 

 A temperature control system comprising: 

 a first segment that includes a first temperature control circuit and a first case 

accommodating the first temperature control circuit therein, the first temperature control circuit 

including a first heat exchanger configured to exchange heat with a first temperature-controlled 

medium; 

 a second segment that includes a first tank and a first pump in a first circulation system 

configured to circulate the first temperature-controlled medium through a first flow path in a 

first member of a plasma processing apparatus and includes a second case accommodating the 

first tank and the first pump therein, in the first circulation system, the first tank being connected 

between the first flow path and the first pump, and the first heat exchanger being connected 

between the first pump and the first flow path; and 

 a connector that is a part of the first circulation system, is disposed between the first 

segment and the second segment, and is connected between the first pump and the first heat 

exchanger. 

 

[Claim 2] 

 The temperature control system according to claim 1, wherein 

 the first temperature control circuit is a refrigeration circuit including an evaporator 

that is the first heat exchanger. 

 

[Claim 3] 

 The temperature control system according to claim 1, wherein 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through the first flow path, 

 the second tank is connected between the first flow path and the second pump, and the 

second heat exchanger is connected between the second pump and the first flow path,  

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case, and 

 the temperature control system further includes a switcher that selectively connects the 
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first circulation system and the second circulation system to the first flow path.  

 

[Claim 4] 

 The temperature control system according to claim 3, wherein 

 the second heat exchanger is a condenser. 

 

[Claim 5] 

 The temperature control system according to claim 3, wherein 

 the second segment further includes 

  a third heat exchanger configured to exchange heat with a third temperature-

controlled medium, and 

  a third tank and a third pump in a third circulation system that includes the 

third heat exchanger and is configured to circulate the third temperature-controlled medium 

through a second flow path in a second member of the plasma processing apparatus,  

 the third tank is connected between the second flow path and the third pump, and the 

third heat exchanger is connected between the third pump and the second flow path, and  

 the third heat exchanger, the third tank, and the third pump are accommodated in the 

second case. 

 

[Claim 6] 

 The temperature control system according to claim 1, wherein 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through a second flow path in a second member of the plasma processing apparatus, 

 the second tank is connected between the second flow path and the second pump, and 

the second heat exchanger is connected between the second pump and the second flow path, 

and 

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case. 

 

[Claim 7] 

 The temperature control system according to claim 5 or 6, wherein 

 the second member is an upper electrode of a capacitively-coupled plasma processing 
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apparatus. 

 

[Claim 8] 

 The temperature control system according to any one of claims 1 to 6, wherein  

 the first member is a substrate support of the plasma processing apparatus.  

 

[Claim 9] 

 The temperature control system according to any one of claims 1 to 6, wherein  

 the first segment is disposed on a floor below a floor on which the second segment is 

disposed. 

 

[Claim 10] 

 A plasma processing system comprising: 

 a plasma processing apparatus; and 

 a temperature control system, wherein 

 the plasma processing apparatus includes 

  a chamber, and 

  a first member providing a first flow path therein, and 

 the temperature control system includes 

  a first segment that includes a first temperature control circuit and a first case 

accommodating the first temperature control circuit therein, the first temperature control circuit 

including a first heat exchanger configured to exchange heat with a first temperature-controlled 

medium, 

  a second segment that includes a first tank and a first pump in a first circulation 

system configured to circulate the first temperature-controlled medium through the first flow 

path and includes a second case accommodating the first tank and the first pump therein, in the 

first circulation system, the first tank being connected between the first flow path and the first 

pump, and the first heat exchanger being connected between the first pump and the first flow 

path, and 

  a connector that is a part of the circulation system, is disposed between the 

first segment and the second segment, and is connected between the first pump and the first 

heat exchanger. 

 

[Claim 11] 

 The plasma processing system according to claim 10, wherein 

 the first temperature control circuit is a refrigeration circuit including an evaporator 
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that is the first heat exchanger. 

 

[Claim 12] 

 The plasma processing system according to claim 10, wherein 

 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through the first flow path, 

 the second tank is connected between the first flow path and the second pump, and the 

second heat exchanger is connected between the second pump and the first flow path,  

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case, and 

 the temperature control system further includes a switcher that selectively connects the 

first circulation system and the second circulation system to the first flow path.  

 

[Claim 13] 

 The plasma processing system according to claim 12, wherein 

 the second heat exchanger is a condenser. 

 

[Claim 14] 

 The plasma processing system according to claim 12, wherein 

 the second segment further includes 

  a third heat exchanger configured to exchange heat with a third temperature-

controlled medium, and 

  a third tank and a third pump in a third circulation system that includes the 

third heat exchanger and is configured to circulate the third temperature-controlled medium 

through a second flow path in a second member of the plasma processing apparatus,  

 the third tank is connected between the second flow path and the third pump, and the 

third heat exchanger is connected between the third pump and the second flow path, and  

 the third heat exchanger, the third tank, and the third pump are accommodated in the 

second case. 

 

[Claim 15] 

 The plasma processing system according to claim 10, wherein 
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 the second segment further includes 

  a second heat exchanger configured to exchange heat with a second 

temperature-controlled medium, and 

  a second tank and a second pump in a second circulation system that includes 

the second heat exchanger and is configured to circulate the second temperature-controlled 

medium through a second flow path in a second member of the plasma processing apparatus, 

 the second tank is connected between the second flow path and the second pump, and 

the second heat exchanger is connected between the second pump and the second flow path, 

and 

 the second heat exchanger, the second tank, and the second pump are accommodated 

in the second case. 

 

[Claim 16] 

 The plasma processing system according to claim 14 or 15, wherein 

 the plasma processing apparatus is a capacitively-coupled plasma processing 

apparatus, and 

 the second member is an upper electrode of the plasma processing apparatus. 

 

[Claim 17] 

 The plasma processing system according to any one of claims 10 to 15, wherein  

 the first member is a substrate support of the plasma processing apparatus.  

 

[Claim 18] 

 The plasma processing system according to any one of claims 10 to 15, wherein 

 the first segment is disposed on a floor below a floor on which the second segment is 

disposed. 


