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WHAT IS CLAIMED IS: 

 1.  A method of determining a flow rate of a gas in a substrate 

processing system using a flow rate measurement system, 

 wherein the substrate processing system includes 

 a plurality of chamber bodies, 5 

 a plurality of gas supply units, each of which is configured to 

supply a gas to an internal space of a corresponding chamber body 

among the plurality of chamber bodies, each of the plurality of gas 

supply units having 

  a housing, 10 

  a plurality of flow rate controllers provided within the 

housing, 

  a plurality of primary valves connected to primary 

sides of the plurality of flow rate controllers, respectively, 

  a plurality of secondary valves connected to secondary 15 

sides of the plurality of flow rate controllers, respectively, and 

  a first gas flow channel including a plurality of first 

ends, a second end, and a third end, the plurality of first ends being 

connected to the plurality of secondary valves, respectively, the plurality 

of first ends, the second end, and a portion extending from the plurality 20 

of first ends to the second end being provided within the housing, and 

the third end being provided outside the housing and connected to the 

internal space of the corresponding chamber body through an on/off 

valve, and 

 a plurality of exhaust apparatuses connected to internal spaces 25 

of the plurality of chamber bodies through a plurality of exhaust flow 
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channels, respectively, and 

 wherein the flow rate measurement system includes 

 a second gas flow channel including a plurality of fourth ends 

and a fifth end, each of the plurality of fourth ends being connected to 

the second end of a corresponding gas supply unit among the plurality 5 

of gas supply units, 

 a third gas flow channel having a sixth end and a seventh end, 

 a first valve connected between the fifth end of the second gas 

flow channel and the sixth end of the third gas flow channel, 

 a second valve connected to the seventh end of the third gas 10 

flow channel, and provided to be capable of being connected to the 

plurality of exhaust apparatuses, 

 one or more first pressure sensors configured to measure a 

pressure within the third gas flow channel, and 

 a first temperature sensor configured to measure a temperature 15 

within the third gas flow channel, 

 the method comprising: 

 evacuating the first gas flow channel, the second gas flow 

channel, and the third gas flow channel of one gas supply unit among 

the plurality of gas supply units; 20 

 acquiring a measured value P11 of a pressure within the third 

gas flow channel using the one or more first pressure sensors, in a first 

state where a gas output from one flow rate controller among the 

plurality of flow rate controllers of the one gas supply unit is confined 

between the second valve and one secondary valve connected to a 25 

secondary side of the one flow rate controller among the plurality of 
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secondary valves of the one gas supply unit, after said evacuating; 

 raising a pressure in the first gas flow channel, the second gas 

flow channel, and the third gas flow channel by forming a second state 

where a gas is supplied from the one flow rate controller to the first gas 

flow channel, the second gas flow channel, and the third gas flow 5 

channel, and the second valve is closed, after said acquiring a measured 

value P11;  

 forming a third state where the second valve and the one 

secondary valve are closed, after said raising a pressure; 

 acquiring a measured value P12 of a pressure within the third 10 

gas flow channel and a measured value T12 of a temperature within the 

third gas flow channel in the third state, using the one or more first 

pressure sensors and the first temperature sensor; 

 forming a fourth state where the second valve is opened and the 

first valve is closed, from the third state; 15 

 forming a fifth state where the second valve is closed, from the 

fourth state; 

 acquiring a measured value P13 of a pressure within the third 

gas flow channel in the fifth state, using the one or more first pressure 

sensors; 20 

 forming a sixth state where the first valve is opened from the 

fifth state; 

 acquiring a measured value P14 of a pressure within the third 

gas flow channel in the sixth state, using the one or more first pressure 

sensors; and 25 

 determining a flow rate Q of the gas output from the one flow 
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rate controller in the second state by executing an arithmetic operation 

of the following Expression (1), 

 Q=(P12-P11)/Δt×(1/R)×(V/T) ... (1) 

 where, in the Expression (1), Δt is a time length of an execution 

period of said raising a pressure, R is a gas constant, (V/T) includes 5 

{V3/T12×(P12-P13)/(P12-P14)}, and V3 is a default value of a volume of the 

third gas flow channel. 

 

 2.  The method according to claim 1, 

 wherein the pressure within the third gas flow channel in the 10 

fifth state is set to be higher than the pressure within the third gas flow 

channel which is evacuated. 

 

 3.  The method according to claim 1 or 2,  

 wherein the flow rate measurement system further includes 15 

 a fourth gas flow channel having an eighth end, a ninth end, a 

tenth end, a first partial flow channel extending between the eighth end 

and the ninth end, and a second partial flow channel branching from the 

first partial flow channel to extend to the tenth end, the second valve 

being connected between the seventh end of the third gas flow channel 20 

and the eighth end of the fourth gas flow channel, 

 a third valve connected between the ninth end of the fourth gas 

flow channel and each of the plurality of exhaust apparatuses, and 

 a fourth valve provided on the second partial flow channel, 

 the method further comprising: 25 

 connecting a tank of a reference device to the tenth end, the 
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reference device having the tank, a second temperature sensor that 

measures a temperature in an internal space of the tank, a second 

pressure sensor that measures a pressure in the internal space of the tank, 

and a fifth valve connected between the fourth valve and the internal 

space of the tank; 5 

 acquiring a measured value Pr1 of the pressure in the internal 

space of the tank and a measured value Tr1 of the temperature in the 

internal space of the tank using the second pressure sensor and the 

second temperature sensor, respectively, in a state where a gas is 

confined in the internal space of the tank; 10 

 acquiring a measured value Pr2 of the pressure in the internal 

space of the tank and a measured value Tr2 of the temperature in the 

internal space of the tank using the second pressure sensor and the 

second temperature sensor, respectively, in a state where the gas 

confined in the internal space of the tank is diffused in the internal space 15 

of the tank and the fourth gas flow channel; 

 determining a calculated value V4 of a volume of the fourth gas 

flow channel by executing an arithmetic operation of the following 

Expression (2) using an already-known volume Vr of the internal space 

of the tank, the measured value Pr1, the measured value Tr1, the 20 

measured value Pr2, and the measured value Tr2; 

 V4=Vr×(Pr1/Tr1-Pr2/Tr2)×Tr2/Pr2 ... (2) 

 acquiring a measured value T1f of a temperature within the 

third gas flow channel, a measured value Pr3 of a pressure of the internal 

space of the tank, and a measured value Tr3 of a temperature of the 25 

internal space of the tank using the first temperature sensor, the second 
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pressure sensor, and the second temperature sensor, respectively, in a 

state where the gas diffused in the internal space of the tank and the 

fourth gas flow channel is diffused in the internal space of the tank, the 

third gas flow channel, and the fourth gas flow channel; 

 determining a calculated value V3C of a volume of the third gas 5 

flow channel by executing an arithmetic operation of the following 

Expression (3) using the already-known volume Vr of the internal space 

of the tank, the measured value Pr1, the measured value Tr1, the 

calculated value V4, the measured value Pr3, the measured value Tr3, and 

the measured value T1f; and 10 

 V3C=(Vr×Pr1/Tr1-V4×Pr3/Tr3-Vr×Pr3/Tr3)×T1f/Pr3 ... (3) 

 comparing the calculated value V3C with the default value V3. 

 

 4.  The method according to claim 3, further comprising: 

 acquiring a plurality of calculated values V3C of a volume of 15 

the third gas flow channel by repeating said acquiring a measured value 

Pr1 of the pressure in the internal space of the tank and a measured value 

Tr1 of the temperature in the internal space of the tank, said acquiring a 

measured value Pr2 of the pressure in the internal space of the tank and a 

measured value Tr2 of the temperature in the internal space of the tank, 20 

said determining a calculated value V4 of a volume of the fourth gas 

flow channel, said acquiring a measured value T1f of a temperature 

within the third gas flow channel, a measured value Pr3 of a pressure of 

the internal space of the tank, and a measured value Tr3 of a temperature 

of the internal space of the tank, and said determining a calculated value 25 

V3C of a volume of the third gas flow channel, in a case where an 
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absolute value of a difference between the calculated value V3C and the 

default value V3 is not included in a predetermined allowable range; and 

 updating the default value V3 using an average value of the 

plurality of calculated values V3C. 

 5 

 5.  The method according to claim 3 or 4, further comprising: 

 connecting a reference pressure sensor to the tank; 

 adjusting a zero point of each measured value of the one or 

more first pressure sensors, the second pressure sensor, and the 

reference pressure sensor, in a state where the third gas flow channel, 10 

the fourth gas flow channel, and the internal space of the tank are 

evacuated; and 

 acquiring a measured value group including a measured value 

of each of the one or more first pressure sensors, a measured value of 

the second pressure sensor, and a measured value of the reference 15 

pressure sensor in a state where a gas is confined in the third gas flow 

channel, the fourth gas flow channel, and the internal space of the tank 

which communicate with each other so that a pressure in the third gas 

flow channel, a pressure in the fourth gas flow channel, and a pressure 

in the internal space of the tank are the same as each other, 20 

 wherein a plurality of measured value groups are acquired by 

said acquiring a measured value group being executed at each of a 

plurality of cycles, 

 at a k-th cycle among the plurality of cycles, the gas confined 

in the fourth gas flow channel at a (k-1)-th cycle among the plurality of 25 

cycles is discharged and the gas confined in the third gas flow channel 
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and the internal space of the tank at the (k-1)-th cycle is diffused into 

the fourth gas flow channel, whereby the state in which the gas is 

confined in the third gas flow channel, the fourth gas flow channel, and 

the internal space of the tank is formed, where k is an integer equal to or 

greater than 2, and 5 

 the method further comprises calibrating a pressure sensor 

identified from each of the plurality of measured value groups as one 

which acquires a measured value having an error which is not included 

in a predetermined allowable range with respect to the measured value 

of the reference pressure sensor, among the one or more first pressure 10 

sensors and the second pressure sensor.  

 

 6.  A method of determining a flow rate of a gas in a substrate 

processing system using a flow rate measurement system, 

 wherein the substrate processing system includes 15 

 a plurality of chamber bodies, 

 a plurality of gas supply units, each of which is configured to 

supply a gas to an internal space of a corresponding chamber body 

among the plurality of chamber bodies, each of the plurality of gas 

supply units having 20 

  a housing, 

  a plurality of flow rate controllers provided within the 

housing, 

  a plurality of primary valves connected to primary 

sides of the plurality of flow rate controllers, respectively, 25 

  a plurality of secondary valves connected to secondary 
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sides of the plurality of flow rate controllers, respectively, and 

  a first gas flow channel including a plurality of first 

ends, a second end, and a third end, the plurality of first ends being 

connected to the plurality of secondary valves, respectively, the plurality 

of first ends, the second end, and a portion extending from the plurality 5 

of first ends to the second end being provided within the housing, and 

the third end being provided outside the housing and connected to the 

internal space of the corresponding chamber body through an on/off 

valve, and 

 a plurality of exhaust apparatuses connected to internal spaces 10 

of the plurality of chamber bodies through a plurality of exhaust flow 

channels, respectively, and 

 wherein the flow rate measurement system includes 

 a second gas flow channel including a plurality of fourth ends 

and a fifth end, each of the plurality of fourth ends being connected to 15 

the second end of a corresponding gas supply unit among the plurality 

of gas supply units, 

 a third gas flow channel having a sixth end and a seventh end, 

 a first valve connected between the fifth end of the second gas 

flow channel and the sixth end of the third gas flow channel, 20 

 a second valve connected to the seventh end of the third gas 

flow channel, and provided to be capable of being connected to the 

plurality of exhaust apparatuses, 

 a fourth gas flow channel having an eighth end, a ninth end, a 

tenth end, a first partial flow channel extending between the eighth end 25 

and the ninth end, and a second partial flow channel branching from the 
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first partial flow channel to extend to the tenth end, the second valve 

being connected between the seventh end of the third gas flow channel 

and the eighth end of the fourth gas flow channel, 

 a third valve connected between the ninth end of the fourth gas 

flow channel and each of the plurality of exhaust apparatuses, 5 

 a fourth valve provided on the second partial flow channel, 

 one or more first pressure sensors configured to measure a 

pressure within the third gas flow channel, and 

 a first temperature sensor configured to measure a temperature 

within the third gas flow channel, 10 

 the method comprising: 

 connecting a tank of a reference device to the tenth end, the 

reference device having the tank, a second temperature sensor that 

measures a temperature in an internal space of the tank, a second 

pressure sensor that measures a pressure in the internal space of the tank, 15 

and a fifth valve connected between the fourth valve and the internal 

space of the tank; 

 acquiring a measured value Pr1 of the pressure in the internal 

space of the tank and a measured value Tr1 of the temperature in the 

internal space of the tank using the second pressure sensor and the 20 

second temperature sensor, respectively, in a state where a gas is 

confined in the internal space of the tank; 

 acquiring a measured value Pr2 of the pressure in the internal 

space of the tank and a measured value Tr2 of the temperature in the 

internal space of the tank using the second pressure sensor and the 25 

second temperature sensor, respectively, in a state where the gas 
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confined in the internal space of the tank is diffused in the internal space 

of the tank and the fourth gas flow channel; 

 determining a calculated value V4 of a volume of the fourth gas 

flow channel by executing an arithmetic operation of the following 

Expression (E1) using an already-known volume Vr of the internal 5 

space of the tank, the measured value Pr1, the measured value Tr1, the 

measured value Pr2, and the measured value Tr2; 

 V4=Vr×(Pr1/Tr1-Pr2/Tr2)×Tr2/Pr2 ... (E1) 

 acquiring a measured value T1f of a temperature within the 

third gas flow channel, a measured value Pr3 of a pressure of the internal 10 

space of the tank, and a measured value Tr3 of a temperature of the 

internal space of the tank using the first temperature sensor, the second 

pressure sensor, and the second temperature sensor, respectively, in a 

state where the gas diffused in the internal space of the tank and the 

fourth gas flow channel is diffused in the internal space of the tank, the 15 

third gas flow channel, and the fourth gas flow channel; 

 determining a calculated value V3C of a volume of the third gas 

flow channel by executing an arithmetic operation of the following 

Expression (E2) using the already-known volume Vr of the internal 

space of the tank, the measured value Pr1, the measured value Tr1, the 20 

calculated value V4, the measured value Pr3, the measured value Tr3, and 

the measured value T1f; 

 V3C=(Vr×Pr1/Tr1-V4×Pr3/Tr3-Vr×Pr3/Tr3)×T1f/Pr3 ... (E2) 

 comparing the calculated value V3C with a default value V3 of 

the volume of the third gas flow channel; 25 

 evacuating the first gas flow channel, the second gas flow 
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channel, and the third gas flow channel of one gas supply unit among 

the plurality of gas supply units; 

 acquiring a measured value P11 of a pressure within the third 

gas flow channel using the one or more first pressure sensors, in a first 

state where a gas output from one flow rate controller among the 5 

plurality of flow rate controllers of the one gas supply unit is confined 

between the second valve and one secondary valve connected to a 

secondary side of the one flow rate controller among the plurality of 

secondary valves of the one gas supply unit, after said evacuating; 

 raising a pressure in the first gas flow channel, the second gas 10 

flow channel, and the third gas flow channel by forming a second state 

where a gas is supplied from the one flow rate controller to the first gas 

flow channel, the second gas flow channel, and the third gas flow 

channel, and the second valve is closed, after said acquiring a measured 

value P11;  15 

 forming a third state where the second valve and the one 

secondary valve are closed, after said raising a pressure; 

 acquiring a measured value P12 of a pressure within the third 

gas flow channel and a measured value T12 of a temperature within the 

third gas flow channel in the third state, using the one or more first 20 

pressure sensors and the first temperature sensor; 

 forming a fourth state where the second valve is opened and the 

first valve is closed, from the third state; 

 forming a fifth state where the second valve is closed, from the 

fourth state, wherein the pressure within the third gas flow channel in 25 

the fifth state is set to be higher than the pressure within the third gas 
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flow channel which is evacuated; 

 acquiring a measured value P13 of a pressure within the third 

gas flow channel in the fifth state, using the one or more first pressure 

sensors; 

 forming a sixth state where the first valve is opened from the 5 

fifth state; 

 acquiring a measured value P14 of a pressure within the third 

gas flow channel in the sixth state, using the one or more first pressure 

sensors; and 

 determining a flow rate Q of the gas output from the one flow 10 

rate controller in the second state by executing an arithmetic operation 

of the following Expression (E3), 

 Q=(P12-P11)/Δt×(1/R)×(V/T) ... (E3) 

 where, in the Expression (E3), Δt is a time length of an 

execution period of said raising a pressure, R is a gas constant, and 15 

(V/T) includes {V3/T12×(P12-P13)/(P12-P14)}. 

 

 7.  The method according to claim 6, further comprising: 

 acquiring a plurality of calculated values V3C of a volume of 

the third gas flow channel by repeating said acquiring a measured value 20 

Pr1 of the pressure in the internal space of the tank and a measured value 

Tr1 of the temperature in the internal space of the tank, said acquiring a 

measured value Pr2 of the pressure in the internal space of the tank and a 

measured value Tr2 of the temperature in the internal space of the tank, 

said determining a calculated value V4 of a volume of the fourth gas 25 

flow channel, said acquiring a measured value T1f of a temperature 
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within the third gas flow channel, a measured value Pr3 of a pressure of 

the internal space of the tank, and a measured value Tr3 of a temperature 

of the internal space of the tank, and said determining a calculated value 

V3C of a volume of the third gas flow channel, in a case where an 

absolute value of a difference between the calculated value V3C and the 5 

default value V3 is not included in a predetermined allowable range; and 

 updating the default value V3 using an average value of the 

plurality of calculated values V3C. 

 

 8.  The method according to claim 6, further comprising: 10 

 connecting a reference pressure sensor to the tank; 

 adjusting a zero point of each measured value of the one or 

more first pressure sensors, the second pressure sensor, and the 

reference pressure sensor, in a state where the third gas flow channel, 

the fourth gas flow channel, and the internal space of the tank are 15 

evacuated; and 

 acquiring a measured value group including a measured value 

of each of the one or more first pressure sensors, a measured value of 

the second pressure sensor, and a measured value of the reference 

pressure sensor in a state where a gas is confined in the third gas flow 20 

channel, the fourth gas flow channel, and the internal space of the tank 

which communicate with each other so that a pressure in the third gas 

flow channel, a pressure in the fourth gas flow channel, and a pressure 

in the internal space of the tank are the same as each other, 

 wherein a plurality of measured value groups are acquired by 25 

said acquiring a measured value group being executed at each of a 



59 

plurality of cycles, 

 at a k-th cycle among the plurality of cycles, the gas confined 

in the fourth gas flow channel at a (k-1)-th cycle among the plurality of 

cycles is discharged and the gas confined in the third gas flow channel 

and the internal space of the tank at the (k-1)-th cycle is diffused into 5 

the fourth gas flow channel, whereby the state in which the gas is 

confined in the third gas flow channel, the fourth gas flow channel, and 

the internal space of the tank is formed, where k is an integer equal to or 

greater than 2, and 

 the method further comprises calibrating a pressure sensor 10 

identified from each of the plurality of measured value groups as one 

which acquires a measured value having an error which is not included 

in a predetermined allowable range with respect to the measured value 

of the reference pressure sensor, among the one or more first pressure 

sensors and the second pressure sensor. 15 

 

 9. A method of determining a flow rate of a gas in a 

substrate processing system using a flow rate measurement system, 

 wherein the substrate processing system includes 

 a plurality of chamber bodies, 20 

 a plurality of gas supply units, each of which is configured to 

supply a gas to an internal space of a corresponding chamber body 

among the plurality of chamber bodies, each of the plurality of gas 

supply units having 

  a housing, 25 

  a plurality of flow rate controllers provided within the 
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housing, 

  a plurality of primary valves connected to primary 

sides of the plurality of flow rate controllers, respectively, 

  a plurality of secondary valves connected to secondary 

sides of the plurality of flow rate controllers, respectively, and 5 

  a first gas flow channel including a plurality of first 

ends, a second end, and a third end, the plurality of first ends being 

connected to the plurality of secondary valves, respectively, the plurality 

of first ends, the second end, and a portion extending from the plurality 

of first ends to the second end being provided within the housing, and 10 

the third end being provided outside the housing and connected to the 

internal space of the corresponding chamber body through an on/off 

valve, and 

 a plurality of exhaust apparatuses connected to internal spaces 

of the plurality of chamber bodies through a plurality of exhaust flow 15 

channels, respectively, and 

 wherein the flow rate measurement system includes 

 a second gas flow channel including a plurality of fourth ends 

and a fifth end, each of the plurality of fourth ends being connected to 

the second end of a corresponding gas supply unit among the plurality 20 

of gas supply units, 

 a third gas flow channel having a sixth end and a seventh end, 

 a first valve connected between the fifth end of the second gas 

flow channel and the sixth end of the third gas flow channel, 

 a second valve connected to the seventh end of the third gas 25 

flow channel, and provided to be capable of being connected to the 
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plurality of exhaust apparatuses, 

 a fourth gas flow channel having an eighth end, a ninth end, a 

tenth end, a first partial flow channel extending between the eighth end 

and the ninth end, and a second partial flow channel branching from the 

first partial flow channel to extend to the tenth end, the second valve 5 

being connected between the seventh end of the third gas flow channel 

and the eighth end of the fourth gas flow channel, 

 a third valve connected between the ninth end of the fourth gas 

flow channel and each of the plurality of exhaust apparatuses, 

 a fourth valve provided on the second partial flow channel, 10 

 one or more first pressure sensors configured to measure a 

pressure within the third gas flow channel, and 

 a first temperature sensor configured to measure a temperature 

within the third gas flow channel, 

 the method comprising: 15 

 connecting a tank of a reference device to the tenth end, the 

reference device having the tank, a second temperature sensor that 

measures a temperature in an internal space of the tank, a second 

pressure sensor that measures a pressure in the internal space of the tank, 

and a fifth valve connected between the fourth valve and the internal 20 

space of the tank; 

 connecting a reference pressure sensor to the tank; 

 adjusting a zero point of each measured value of the one or 

more first pressure sensors, the second pressure sensor, and the 

reference pressure sensor, in a state where the third gas flow channel, 25 

the fourth gas flow channel, and the internal space of the tank are 
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evacuated; 

 acquiring a measured value group including a measured value 

of each of the one or more first pressure sensors, a measured value of 

the second pressure sensor, and a measured value of the reference 

pressure sensor in a state where a gas is confined in the third gas flow 5 

channel, the fourth gas flow channel, and the internal space of the tank 

which communicate with each other so that a pressure in the third gas 

flow channel, a pressure in the fourth gas flow channel, and a pressure 

in the internal space of the tank are the same as each other; 

 acquiring a plurality of measured value groups by executing 10 

said acquiring a measured value group at each of a plurality of cycles, 

wherein, at a k-th cycle among the plurality of cycles, the gas confined 

in the fourth gas flow channel at a (k-1)-th cycle among the plurality of 

cycles is discharged and the gas confined in the third gas flow channel 

and the internal space of the tank at the (k-1)-th cycle is diffused into 15 

the fourth gas flow channel, whereby the state in which the gas is 

confined in the third gas flow channel, the fourth gas flow channel, and 

the internal space of the tank is formed, where k is an integer equal to or 

greater than 2; 

 calibrating a pressure sensor identified from each of the 20 

plurality of measured value groups as one which acquires a measured 

value having an error which is not included in a predetermined 

allowable range with respect to the measured value of the reference 

pressure sensor, among the one or more first pressure sensors and the 

second pressure sensor; 25 

 acquiring a measured value Pr1 of the pressure in the internal 
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space of the tank and a measured value Tr1 of the temperature in the 

internal space of the tank using the second pressure sensor and the 

second temperature sensor, respectively, in a state where a gas is 

confined in the internal space of the tank; 

 acquiring a measured value Pr2 of the pressure in the internal 5 

space of the tank and a measured value Tr2 of the temperature in the 

internal space of the tank using the second pressure sensor and the 

second temperature sensor, respectively, in a state where the gas 

confined in the internal space of the tank is diffused in the internal space 

of the tank and the fourth gas flow channel; 10 

 determining a calculated value V4 of a volume of the fourth gas 

flow channel by executing an arithmetic operation of the following 

Expression (E1) using an already-known volume Vr of the internal 

space of the tank, the measured value Pr1, the measured value Tr1, the 

measured value Pr2, and the measured value Tr2; 15 

 V4=Vr×(Pr1/Tr1-Pr2/Tr2)×Tr2/Pr2 ... (E1) 

 acquiring a measured value T1f of a temperature within the 

third gas flow channel, a measured value Pr3 of a pressure of the internal 

space of the tank, and a measured value Tr3 of a temperature of the 

internal space of the tank using the first temperature sensor, the second 20 

pressure sensor, and the second temperature sensor, respectively, in a 

state where the gas diffused in the internal space of the tank and the 

fourth gas flow channel is diffused in the internal space of the tank, the 

third gas flow channel, and the fourth gas flow channel; 

 determining a calculated value V3C of a volume of the third gas 25 

flow channel by executing an arithmetic operation of the following 
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Expression (E2) using the already-known volume Vr of the internal 

space of the tank, the measured value Pr1, the measured value Tr1, the 

calculated value V4, the measured value Pr3, the measured value Tr3, and 

the measured value T1f; 

 V3C=(Vr×Pr1/Tr1-V4×Pr3/Tr3-Vr×Pr3/Tr3)×T1f/Pr3 ... (E2) 5 

 comparing the calculated value V3C with a default value V3 of 

the volume of the third gas flow channel; 

 acquiring a plurality of calculated values V3C of a volume of 

the third gas flow channel by repeating said acquiring a measured value 

Pr1 of the pressure in the internal space of the tank and a measured value 10 

Tr1 of the temperature in the internal space of the tank, said acquiring a 

measured value Pr2 of the pressure in the internal space of the tank and a 

measured value Tr2 of the temperature in the internal space of the tank, 

said determining a calculated value V4 of a volume of the fourth gas 

flow channel, said acquiring a measured value T1f of a temperature 15 

within the third gas flow channel, a measured value Pr3 of a pressure of 

the internal space of the tank, and a measured value Tr3 of a temperature 

of the internal space of the tank, and said determining a calculated value 

V3C of a volume of the third gas flow channel, in a case where an 

absolute value of a difference between the calculated value V3C and the 20 

default value V3 is not included in a predetermined allowable range; 

 updating the default value V3 using an average value of the 

plurality of calculated values V3C; 

 evacuating the first gas flow channel, the second gas flow 

channel, and the third gas flow channel of one gas supply unit among 25 

the plurality of gas supply units; 
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 acquiring a measured value P11 of a pressure within the third 

gas flow channel using the one or more first pressure sensors, in a first 

state where a gas output from one flow rate controller among the 

plurality of flow rate controllers of the one gas supply unit is confined 

between the second valve and one secondary valve connected to a 5 

secondary side of the one flow rate controller among the plurality of 

secondary valves of the one gas supply unit, after said evacuating; 

 raising a pressure in the first gas flow channel, the second gas 

flow channel, and the third gas flow channel by forming a second state 

where a gas is supplied from the one flow rate controller to the first gas 10 

flow channel, the second gas flow channel, and the third gas flow 

channel, and the second valve is closed, after said acquiring a measured 

value P11;  

 forming a third state where the second valve and the one 

secondary valve are closed, after said raising a pressure; 15 

 acquiring a measured value P12 of a pressure within the third 

gas flow channel and a measured value T12 of a temperature within the 

third gas flow channel in the third state, using the one or more first 

pressure sensors and the first temperature sensor; 

 forming a fourth state where the second valve is opened and the 20 

first valve is closed, from the third state; 

 forming a fifth state where the second valve is closed, from the 

fourth state, wherein the pressure within the third gas flow channel in 

the fifth state is set to be higher than the pressure within the third gas 

flow channel which is evacuated; 25 

 acquiring a measured value P13 of a pressure within the third 
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gas flow channel in the fifth state, using the one or more first pressure 

sensors; 

 forming a sixth state where the first valve is opened from the 

fifth state; 

 acquiring a measured value P14 of a pressure within the third 5 

gas flow channel in the sixth state, using the one or more first pressure 

sensors; and 

 determining a flow rate Q of the gas output from the one flow 

rate controller in the second state by executing an arithmetic operation 

of the following Expression (E3), 10 

 Q=(P12-P11)/Δt×(1/R)×(V/T) ... (E3) 

 where, in the Expression (E3), Δt is a time length of an 

execution period of said raising a pressure, R is a gas constant, and 

(V/T) includes {V3/T12×(P12-P13)/(P12-P14)}. 

 15 


