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Description 

 

Title of Invention: SUBSTRATE PROCESSING SYSTEM AND  

SUBSTRATE PROCESSING METHOD 

 

Technical Field 

[0001] The present invention relates to a substrate  

processing system and a substrate processing method  of a 

semiconductor wafer or the like. 

 

Background Art 

[0002] There is known a substrate processing system  that 

performs etching by soaking a substrate in processi ng 

liquid in a processing bath, for removing part of f ilms 

on the substrate and forming a desired pattern, or 

removing all of the films (e.g., refer to Patent 

Literature 1).  In a manufacturing process of a 

semiconductor device, out of a silicon nitride film  

(Si 3N4 film) and a silicon dioxide film (SiO 2 film) that 

are formed on a substrate such as a silicon wafer, the 

silicon nitride film is often selectively eliminate d 

through etching.  A phosphoric acid (H 3PO4) aqueous 

solution is often used as processing liquid for rem oving 

the silicon nitride film. 

[0003] Due to its properties, the phosphoric acid a queous 

solution etches not only the silicon nitride film b ut 

also a slight amount of the silicon dioxide film.  

Because minute patterns are required of today's 

semiconductor devices, it becomes important to keep  an 

etching rate constant for controlling an etching am ount, 

and to keep a selection ratio, which is a ratio bet ween 

respective etching rates of the silicon nitride fil m and 

the silicon dioxide film, constant.  As a technique  of 

keeping the etching rate and the selection ratio co nstant, 

for example, there is known a method of periodicall y 



- 2 - 

adding a certain amount of pure water to processing  

liquid while heating the processing liquid so as to  bring 

the processing liquid into a boiling state. 

 

Citation List 

Patent Literature 

[0004] Patent Literature 1: Japanese Patent Laid-Op en No. 

2002-158200 

 

Summary of Invention 

Technical Problem 

[0005] Meanwhile, even if a certain amount of pure water 

is periodically added to processing liquid so as to  keep 

concentration of the processing liquid constant whi le 

keeping the processing liquid in the boiling state as 

described above, variations in the concentration an d the 

temperature of the processing liquid that are cause d when 

the pure water is added are large, and expected etc hing 

rate and selection ratio fail to be obtained in som e 

cases.  In addition, it has been identified that a change 

in atmospheric pressure is one of the factors that 

concentration of processing liquid varies, and expe cted 

etching rate and selection ratio fail to be obtaine d. 

[0006] The present invention has been devised for s olving 

the above-described problems, and the object of the  

present invention is to provide a substrate process ing 

system and a substrate processing method that can o btain 

expected etching rate and selection ratio, and perf orm 

stable processing. 

 

Solution to Problem 

[0007] A substrate processing system of the present  

invention is a substrate processing system for remo ving a 

film on a substrate surface by soaking a substrate in 

processing liquid including a heated aqueous soluti on, 
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and includes a processing bath in which the process ing 

liquid is stored, and the substrate is soaked in th e 

processing liquid, a circulation unit configured to  

return the processing liquid drained from the proce ssing 

bath, to the processing bath, a processing liquid h eating 

unit configured to heat the processing liquid so th at the 

processing liquid in the processing bath keeps a ta rget 

temperature, a sealing unit configured to seal the 

processing bath, a pressure sensor configured to me asure 

internal pressure of the processing bath, a pressur e 

adjustment unit configured to adjust, based on the 

internal pressure measured by the pressure sensor, 

internal pressure of the processing bath to target 

pressure higher than atmospheric pressure, by incre asing 

or decreasing an exhaust amount of water vapor exha usted 

from an inside of the processing bath to an outside , and 

a concentration adjustment unit configured to adjus t 

concentration of the processing liquid to be consta nt, by 

consecutively adding pure water to the processing l iquid 

via the circulation unit, and increasing or decreas ing a 

water addition amount of the pure water based on th e 

internal pressure measured by the pressure sensor. 

[0008] In addition, a substrate processing method o f the 

present invention is a substrate processing method for 

removing a film on a substrate surface by soaking a  

substrate in processing liquid including a heated a queous 

solution, and includes an soaking step of soaking t he 

substrate in the processing liquid stored in a proc essing 

bath, a sealing step of sealing the processing bath , a 

circulation step of returning the processing liquid  

drained from the processing bath, to the processing  bath, 

a processing liquid heating step of heating the 

processing liquid so as to keep the processing liqu id in 

the processing bath at a target temperature, a pres sure 

adjustment step of adjusting internal pressure of t he 
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processing bath to target pressure higher than 

atmospheric pressure, by increasing or decreasing a n 

exhaust amount of water vapor exhausted from an ins ide of 

the processing bath to an outside, in accordance wi th 

internal pressure of the processing bath, and a 

concentration adjustment step of adjusting concentr ation 

of the processing liquid by consecutively adding pu re 

water to the processing liquid circulated by the 

circulation step, and measuring internal pressure o f the 

processing bath, and increasing or decreasing a wat er 

addition amount of the pure water based on the meas ured 

internal pressure. 

 

Advantageous Effects of Invention 

[0009] According to the present invention, based on  the 

internal pressure of the sealed processing bath, an  

exhaust amount of water vapor is adjusted and the 

internal pressure of the processing bath is kept at  the 

target pressure higher than atmospheric pressure, a n 

amount of water consecutively added to the circulat ing 

processing liquid is increased or decreased based o n the 

internal pressure, and the substrate is processed w hile 

keeping the processing liquid in a boiling state.  With 

this configuration, concentration and temperature o f the 

processing liquid are highly-accurately kept consta nt.  

Thus, the film can be eliminated using expected etc hing 

rate and selection ratio, and stable processing can  be 

performed. 

 

Brief Description of Drawings 

[0010] FIG. 1 is a block diagram illustrating a 

configuration of a substrate processing system. 

 FIG. 2 is an explanatory diagram illustrating 

arrangement of an exhaust unit. 
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Description of Embodiment 

[0011] A substrate processing system 10 illustrated  in 

FIG. 1 is configured to eliminate films formed on a  

substrate 11.  In this example, the substrate 11 is  a 

silicon wafer (semiconductor substrate), and remova l 

processing of selectively removing (etching), out o f a 

silicon dioxide film (SiO 2 film) and a silicon nitride 

film (Si 3N4 film) that are formed on a surface of the 

substrate 11, the silicon nitride film using proces sing 

liquid 12 is performed.  As the processing liquid 1 2, a 

phosphoric acid aqueous solution obtained by solvin g 

phosphoric acid (H 3PO4) in pure water (deionized water) 

is used.  The processing liquid 12 is not limited t o the 

phosphoric acid aqueous solution, and the one suita ble 

for films to be eliminated can be appropriately use d. 

[0012] The substrate processing system 10 mainly in cludes 

a substrate processing device 15 and a peripheral d evice 

16.  The substrate processing device 15 includes a 

processing bath 14, a pair of discharge units 17, a  pair 

of exhaust units 18, a pressure sensor 19, and a 

temperature sensor 20 that are disposed in the proc essing 

bath 14, cover members 21a and 21b and a motor 22 t hat 

are provided above the processing bath 14, and the like.  

By keeping internal pressure Pa of the processing b ath 14 

and concentration of the processing liquid 12 (perc entage 

of solute (phosphoric acid) in phosphoric acid aque ous 

solution) constant, and furthermore, keeping a boil ing 

state of the processing liquid 12, the substrate 

processing system 10 is configured to keep the proc essing 

liquid 12 at targeted concentration (hereinafter, 

referred to as target concentration) Cs and at a ta rgeted 

temperature (hereinafter, referred to as target 

temperature) Ts, and to process the substrate 11 us ing 

the processing liquid 12. 
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[0013] The processing bath 14 has a box-shaped bath  main 

body 23 storing the processing liquid 12, and havin g an 

opened upper portion, and an outer bath 24 integral ly 

provided on the outside of the bath main body 23.  A 

plurality of substrates 11 is disposed in the bath main 

body 23, and these substrates 11 are soaked in the 

processing liquid 12.  The substrates 11 are retain ed by 

a holder 25 in a state in which surfaces face each other, 

and arrayed in the bath main body 23 in a direction  

perpendicular to a sheet surface in FIG. 1 in an 

orientation in which each of substrates 11 is risin g up.  

A heater 26 is attached to an outer surface of the bath 

main body 23, and the heater 26 heats the processin g 

liquid 12 in the bath main body 23. 

[0014] The pair of discharge units 17 is disposed i n a 

bottom portion of the bath main body 23.  A plurali ty of 

openings 17a (refer to FIG. 2) is formed in each of  the 

discharge units 17.  By the processing liquid 12 be ing 

supplied to the discharge units 17, the processing liquid 

12 is supplied into the bath main body 23 from each  of 

the openings 17a. 

[0015] The processing liquid 12 overflowing from an  upper 

opening of the bath main body 23 flows into the out er 

bath 24.  A drain port 24a is provided in a bottom 

portion of the outer bath 24.  The processing liqui d 12 

that has flowed into the outer bath 24 is drained t o a 

circulation unit 31 via the drain port 24a. 

[0016] The cover members 21a and 21b serving as a s ealing 

unit are driven by the motor 22, and as illustrated  in 

FIG. 1, rotate between a closed position at which a n 

upper opening of the processing bath 14 is closed i n an 

air-tight manner, and an opened position at which t he 

upper opening of the processing bath 14 is opened.  The 

cover members 21a and 21b are set at the opened pos ition, 

and through the opened upper opening of the process ing 
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bath 14, the substrates 11 are disposed in the bath  main 

body 23 in the processing bath 14, and furthermore,  the 

substrates 11 are taken out from the bath main body  23 to 

the outside of the processing bath 14. 

[0017] During the processing of the substrates 11, the 

cover members 21a and 21b are set at the closed pos ition, 

and the processing bath 14 is sealed.  With this 

configuration, as mentioned later, water vapor gene rated 

from the heated processing liquid 12 pressurizes th e 

inside of the processing bath 14, and the internal 

pressure Pa is made higher than atmospheric pressur e, and 

a boiling point of the processing liquid 12 is made  

higher.  In addition, phosphoric acid and water in the 

phosphoric acid aqueous solution serving as the 

processing liquid 12 do not become azeotropic.  The  

boiling point to be focused on this example is a bo iling 

point of water in the processing liquid 12, and the  

boiling point of the processing liquid 12 is used a s a 

term meaning the boiling point of water in the proc essing 

liquid 12. 

[0018] During the processing of the substrates 11, the 

cover members 21a and 21b are locked at the closed 

position so as not to be opened by the internal pre ssure 

Pa.  In addition, airtightness made by the cover me mbers 

21a and 21b and the processing bath 14 is preferabl y high, 

but is only required to be able to obtain, as the 

internal pressure Pa, pressure (hereinafter, referr ed to 

as target pressure) Ps set to be higher than atmosp heric 

pressure.  In addition, a configuration in which th e 

processing bath 14 is disposed in a chamber having 

airtightness may be employed. 

[0019] The upper opening of the processing bath 14,  that 

is, an upper end of an outer wall of the processing  bath 

14 (the outer bath 24) is positioned above a liquid  

surface of the processing liquid 12 stored in the 
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processing bath 14.  With this configuration, a spa ce 

(hereinafter, referred to as a space in bath) surro unded 

by the liquid surface, the cover members 21a and 21 b, and 

the outer wall of the processing bath 14 is formed above 

the liquid surface of the stored processing liquid 12.  

In the space in bath, the pair of exhaust units 18 and 

the pressure sensor 19 are disposed. 

[0020] The pressure sensor 19 measures pressure of the 

space in bath, that is, the internal pressure Pa of  the 

processing bath 14.  The pressure sensor 19 sends t he 

measured internal pressure Pa to an exhaust control  unit 

27 and a water addition control unit 28.  One purpo se of 

measuring the internal pressure Pa is to keep the 

internal pressure Pa constant without being affecte d by 

atmospheric pressure.  For this reason, the interna l 

pressure Pa measured by the pressure sensor 19 is n ot 

relative pressure that is based on varying atmosphe ric 

pressure, but pressure measured based on constant 

pressure, such as absolute pressure, for example.  In 

addition, the exhaust units 18 will be mentioned la ter. 

[0021] The temperature sensor 20 is disposed in the  bath 

main body 23, and measures temperature Ta of the 

processing liquid 12.  The temperature Ta measured by the 

temperature sensor 20 is sent to a heating control unit 

29, and is used for the control of heating of the 

processing liquid 12. 

[0022] The peripheral device 16 includes the circul ation 

unit 31 that circulates the processing liquid 12, a  

processing liquid supply unit 32 that supplies the 

processing liquid 12, and the like.  The circulatio n unit 

31 is configured to return the processing liquid 12  

drained from the processing bath 14, to the process ing 

bath 14.  The circulation unit 31 includes a pipe 3 3 

linking between the drain port 24a of the outer bat h 24 

and the discharge units 17 in the bath main body 23 , and 
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a damper 34, a circulation pump 35, a filter 36, an d a 

bubble cutter 37 that are connected to halfway poin ts of 

the pipe 33.  In addition, an inline heater 38 

constituting a processing liquid heating unit is 

connected to a halfway point of the pipe 33. 

[0023] The circulation pump 35 sends the processing  

liquid 12 drained from the drain port 24a, toward t he 

discharge units 17 at appropriate pressure.  The 

processing liquid 12 is thereby discharged into the  bath 

main body 23 from each of the openings 17a of the 

discharge units 17.  The damper 34 is provided on a n 

upstream side (the drain port 24a side) of the 

circulation pump 35.  The damper 34 is provided for  

enabling a constant amount of the processing liquid  12 to 

be constantly supplied even if an exhaust amount of  the 

processing liquid 12 drained from the drain port 24 a 

varies, and stores an appropriate amount of the 

processing liquid 12 drained from the drain port 24 a, and 

supplies the stored processing liquid 12 to the 

circulation pump 35. 

[0024] The inline heater 38 is connected to a downs tream 

side of the circulation pump 35, and the inline hea ter 38 

heats the processing liquid 12 to be supplied to th e bath 

main body 23.  The inline heater 38 is controlled b y the 

heating control unit 29.  The filter 36 and the bub ble 

cutter 37 are connected in series to a downstream s ide of 

the inline heater 38.  The filter 36 eliminates par ticles 

in the processing liquid 12, and the bubble cutter 37 

eliminates air bubbles in the processing liquid 12.  

[0025] The processing liquid supply unit 32 is prov ided 

for supplying new processing liquid 12, and include s a 

processing liquid tank 32a in which the processing liquid 

12 adjusted to constant concentration is stored, an d a 

supply valve 32b.  The processing liquid tank 32a i s 

connected to the pipe 33 via the supply valve 32b o n the 
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upstream side of the circulation pump 35.  In the c ase of 

newly storing the processing liquid 12 in the bath main 

body 23, the supply valve 32b is opened, and pressu re 

feed is performed by the circulation pump 35. 

[0026] The exhaust units 18, the pressure sensor 19 , the 

exhaust control unit 27, and an exhaust valve 41 

constitute a pressure adjustment unit.  The exhaust  units 

18 disposed in the space in bath have a tubular sha pe in 

which a plurality of openings 18a (refer to FIG. 2)  is 

formed.  The exhaust valve 41 is provided on the ou tside 

of the processing bath 14.  One end of each of the 

exhaust units 18 is connected to the exhaust valve 41, 

and the exhaust units 18 are communicated with the 

outside of the processing bath 14 via the exhaust v alve 

41.  In addition, an exhaust duct (not illustrated)  is 

connected to the exhaust valve 41.  By a difference  

between the internal pressure Pa of the processing bath 

14 and pressure on the outside of the processing ba th 14 

(pressure on an exhaust duct side), water vapor in the 

processing bath 14 is exhausted to the outside of t he 

processing bath 14 via the exhaust units 18 and the  

exhaust valve 41. 

[0027] By adjusting a degree of opening of the exha ust 

valve 41 based on the internal pressure Pa measured  by 

the pressure sensor 19, the exhaust control unit 27  

increases or decreases an amount of water vapor exh austed 

from the inside of the processing bath 14.  With th is 

configuration, the internal pressure Pa is kept at the 

constant target pressure Ps without being affected by 

atmospheric pressure, and the boiling point of the 

processing liquid 12 is made higher.  As mentioned above, 

the target pressure Ps is set to be higher than 

atmospheric pressure. 

[0028] For example, the exhaust control unit 27 mon itors 

a varying state of the internal pressure Pa, and ad justs 
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the degree of opening of the exhaust valve 41 based  on 

the varying state.  The degree of opening of the ex haust 

valve 41 is thereby adjusted to be appropriate for the 

target pressure Ps.  More specifically, for example , at 

every certain period, average pressure and standard  

deviation of internal pressures Pa in the period ar e 

obtained, and in a case where the standard deviatio n 

exceeds a threshold value, the degree of opening of  the 

exhaust valve 41 is increased or decreased with an 

adjustment amount set in accordance with a differen ce 

between the average pressure and the target pressur e Ps.  

When the average pressure is higher than the target  

pressure Ps, the degree of opening of the exhaust v alve 

41 is proportionally increased in accordance with t he 

difference therebetween, and when the average press ure is 

lower, the degree of opening of the exhaust valve 4 1 is 

proportionally decreased in accordance with the 

difference therebetween.  In a case where the stand ard 

deviation is equal to or smaller than a predetermin ed 

value, the exhaust control unit 27 maintains the de gree 

of opening of the exhaust valve 41 that is set at t he 

time. 

[0029] The pressure sensor 19, the water addition c ontrol 

unit 28, a pure water supply unit 43, and a water s upply 

valve 44 constitute a concentration adjustment unit .  The 

pure water supply unit 43 includes, for example, a tank 

storing pure water (deionized water), and the like.   The 

degree of opening of the water supply valve 44 is 

adjusted by the control of the water addition contr ol 

unit 28 that is performed based on the internal pre ssure 

Pa measured by the pressure sensor 19, and an amoun t of 

water addition, that is, an amount of pure water ad ded to 

the processing liquid 12 per unit time when pure wa ter is 

added (hereinafter, the amount of pure water added per 

unit time will be referred to as a water addition a mount) 
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is adjusted.  In this example, water is added to th e 

processing liquid 12 flowing in the pipe 33 provide d 

between the filter 36 and the bubble cutter 37. 

[0030] The water addition control unit 28 increases  or 

decreases the degree of opening of the water supply  valve 

44 while constantly maintaining the water supply va lve 44 

in an opened state.  The water addition amount is t hereby 

increased or decreased while consecutively adding p ure 

water to the processing liquid 12.  By consecutivel y 

adding water to the processing liquid 12, a change in 

concentration of the processing liquid 12 that is c aused 

by water addition is suppressed to be small.  In th is 

manner, while suppressing a variation in the 

concentration of the processing liquid 12 by consec utive 

water addition to the processing liquid 12 and an 

increase or a decrease in water addition amount, th e 

concentration of the processing liquid 12 is kept a t the 

target concentration Cs.  In addition, pure water m ay be 

added to the processing liquid 12 after being heate d. 

[0031] The internal pressure Pa in the substrate 

processing system 10 rises to pressure decided in 

accordance with atmospheric pressure, the degree of  

opening of the exhaust valve 41, the concentration of the 

processing liquid 12, magnitude of heat energy inpu t from 

the heater 26, and the like.  Meanwhile, the intern al 

pressure Pa rises or is maintained by water vapor 

generated by the boiling of the processing liquid 1 2, and 

when the concentration of the processing liquid 12 

remains the same, if the internal pressure Pa becom es 

higher, the boiling point of the processing liquid 12 

becomes higher.  Furthermore, as well known, under the 

same internal pressure Pa, an increase in the 

concentration of the processing liquid 12 increases  the 

boiling point. 
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[0032] Thus, in the substrate processing system 10,  the 

concentration of the processing liquid 12 can take a 

dominant position for the internal pressure Pa and the 

boiling point of the processing liquid 12.  Here, i n a 

state in which the processing liquid 12 is boiling,  the 

temperature Ta of the processing liquid 12 matches the 

boiling point.  In other words, in the substrate 

processing system 10 that keeps the processing liqu id 12 

in a boiling state, a change in the concentration o f the 

processing liquid 12 can be a major factor of chang ing 

the internal pressure Pa and the temperature Ta of the 

processing liquid 12.  In addition, because the 

temperature of the processing liquid 12 is controll ed 

with targeting on the target temperature Ts, a poss ible 

range of the temperature Ta does not largely exceed  the 

target temperature Ts even if the internal pressure  Pa 

becomes excessively high. 

[0033] Thus, in the substrate processing system 10,  by 

rather utilizing the above-described phenomenon, a water 

addition amount is increased or decreased in accord ance 

with the internal pressure Pa, and the concentratio n of 

the processing liquid 12 is kept at the target 

concentration Cs.  More specifically, first of all,  the 

water addition amount is increased until the intern al 

pressure Pa reaches the target pressure Ps, and the  water 

addition amount is adjusted so that the internal pr essure 

Pa becomes constant at a stage at which the interna l 

pressure Pa reaches the target pressure PS.  In thi s 

initial state, water in the processing liquid 12 be comes 

an excess state, and a state in which the concentra tion 

of the processing liquid 12 is lower than the targe t 

concentration Cs, and the internal pressure Pa is h igher 

than the target pressure Ps is caused.  After the i nitial 

state is caused in this manner, the water addition amount 

is adjusted using a water addition amount in this i nitial 
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state as an initial water addition amount.  In the 

adjustment of the water addition amount, each time the 

internal pressure Pa is measured, the internal pres sure 

Pa and the target pressure Ps are compared, and in a case 

where the internal pressure Pa is lower than the ta rget 

pressure Ps, the water addition amount is made larg er 

than the initial water addition amount, and in a ca se 

where the internal pressure Pa is higher than the t arget 

pressure Ps, the water addition amount is made smal ler 

than the initial water addition amount.  The increa se and 

decrease of the water addition amount are proportio nally 

performed based on the initial water addition amoun t with 

respect to a difference between the internal pressu re Pa 

and the target pressure Ps, for example. 

[0034] The temperature sensor 20, the heating contr ol 

unit 29, the heater 26, and the inline heater 38 

constitute a processing liquid heating unit that he ats 

the processing liquid 12.  The heating control unit  29 

controls the driving of the heater 26 and the inlin e 

heater 38.  The heater 26 heats the processing liqu id 12 

in the bath main body 23 using constant output (hea t 

energy).  The output of the inline heater 38 on the  other 

hand is controlled by the heating control unit 29 b ased 

on the temperature Ta of the processing liquid 12 t hat 

has been measured by the temperature sensor 20, so as to 

keep the processing liquid 12 at the target tempera ture 

Ts.  More specifically, in a case where the tempera ture 

Ta of the processing liquid 12 has not reached the target 

temperature Ts, the output of the inline heater 38 is 

made higher so as to increase the temperature Ta, a nd in 

a case where the temperature Ta of the processing l iquid 

12 exceeds the target temperature Ts, the output is  made 

lower so that the temperature Ta decreases by heat 

release or the like.  In a case where the temperatu re Ta 

of the processing liquid 12 is the same as the targ et 
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temperature Ts, the inline heater 38 is controlled to 

predetermined output that considers heat release or  the 

like, so as to keep the temperature Ta.  The target  

temperature Ts is a boiling point (saturation 

temperature) of water in the processing liquid 12 a t the 

target concentration Cs that is set when the intern al 

pressure Pa is at the target pressure Ps. 

[0035] As illustrated in FIG. 2, each of the discha rge 

units 17 has a tubular shape, and is disposed along  the 

plurality of arrayed substrates 11.  In the dischar ge 

units 17, the plurality of openings 17a is formed i n a 

range in which the substrates 11 are arrayed.  With  this 

configuration, processing liquid constantly flows 

uniformly on the surfaces of the substrates 11.  

Similarly, the exhaust units 18 have a tubular shap e, and 

are disposed along the plurality of arrayed substra tes 11.  

In the exhaust units 18, the plurality of openings 18a is 

formed in a portion corresponding to the range in w hich 

the substrates 11 are arrayed.  By using the exhaus t 

units 18 in which the plurality of openings 18a is formed 

in this manner, water vapor is uniformly sucked fro m a 

region in the space in bath that corresponds to the  range 

in which the substrates 11 are arrayed, and pressur e in 

the region is uniformized.  This uniformizes the bo iling 

point of the processing liquid 12 within the range in 

which the substrates 11 are arrayed.  The configura tion 

of the exhaust units 18 is not limited to the above -

described configuration.  In addition, in FIG. 2, t he 

illustration of the holder 25, the pressure sensor 19, 

and the like is omitted. 

[0036] Next, an operation of the above-described 

configuration will be described.  The processing li quid 

12 is supplied in advance to the bath main body 23 from 

the processing liquid supply unit 32 via the circul ation 

unit 31.  In addition, a state in which the bath ma in 
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body 23 is filled with the processing liquid 12 and  the 

processing liquid 12 is caused to circulate by the 

circulation unit 31 is caused.  A state in which th e 

cover members 21a and 21b are set at the opened pos ition 

and the upper opening of the processing bath 14 is opened 

is caused.  At this time, because the inline heater  38 

heats the processing liquid 12 so as to be the targ et 

temperature Ts, under the control of the heating co ntrol 

unit 29, for example, the processing liquid 12 is i n the 

boiling state under atmospheric pressure.  In addit ion, 

in a state in which the upper opening of the proces sing 

bath 14 is opened, water addition is consecutively 

performed using a predetermined water addition amou nt. 

[0037] The processing target substrates 11 in a sta te of 

being retained by the holder 25 are brought into th e 

processing bath 14 from the upper opening of the 

processing bath 14, and disposed in the bath main b ody 23.  

The substrates 11 are thereby soaked in the process ing 

liquid 12.  By soaking the substrates 11 in the 

processing liquid 12, a temperature decrease occurs  in 

the processing liquid 12, but the heating control u nit 29 

makes the output of the inline heater 38 higher in 

response to the temperature decrease.  Thus, in a s hort 

time, the temperature Ta of the processing liquid 1 2 

reaches a boiling point corresponding to current in ternal 

pressure Pa (almost the same as atmospheric pressur e), 

and the processing liquid 12 becomes the boiling st ate. 

[0038] After the substrates 11 are soaked, the cove r 

members 21a and 21b are rotated to the closed posit ion, 

and the processing bath 14 is sealed.  At this time , the 

exhaust valve 41 is set to a normal degree of openi ng, 

for example.  In addition, even after the processin g bath 

14 is sealed, heating of the processing liquid 12 i s 

continued by the heater 26 and the inline heater 38 , and 

the output of the inline heater 38 is controlled by  the 
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heating control unit 29 so that the processing liqu id 12 

reaches the target temperature Ts. 

[0039] If the processing bath 14 is sealed, the int ernal 

pressure Pa rises due to water vapor generated by t he 

boiling of processing liquid 14 in the processing b ath 14.  

If the internal pressure Pa rises, by a difference 

between the internal pressure Pa and pressure on th e 

outside of the processing bath 14, water vapor in t he 

processing bath 14 is exhausted to the outside of t he 

processing bath 14 through the exhaust units 18 and  the 

exhaust valve 41.  At this time, water vapor in the  

processing bath 14 is sucked into the exhaust units  18 

from each of the openings 18a of the exhaust units 18.  

The water vapor is accordingly sucked uniformly fro m the 

region in the space in bath that corresponds to the  range 

in which the substrates 11 are arrayed. 

[0040] Because an amount of water vapor exhausted f rom 

the exhaust units 18 is restricted in accordance wi th the 

degree of opening of the exhaust valve 41, the inte rnal 

pressure Pa gradually rises.  In addition, in accor dance 

with the rise of the internal pressure Pa, the boil ing 

point of the processing liquid 14 rises, and in 

accordance with the rise of the boiling point, the 

temperature Ta of the processing liquid 12 rises, s o that 

the processing liquid 12 becomes the boiling state.   As 

mentioned above, the internal pressure Pa rises to 

pressure decided in accordance with atmospheric pre ssure, 

the degree of opening of the exhaust valve 41, the 

concentration of the processing liquid 12, and the like, 

and at the boiling point corresponding to the inter nal 

pressure Pa, the processing liquid 12 becomes the b oiling 

state.  In addition, at this time, because heating 

performed by the inline heater 38 is controlled wit h 

targeting on the target temperature Ts, even if the  

concentration of the processing liquid 12 is high, the 
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temperature Ta of the processing liquid 12 does not  

become so high as to largely exceed the target 

temperature Ts, and the internal pressure Pa is 

accordingly restricted as well. 

[0041] For example, after the lapse of an appropria te 

time assumed to be required for reaching the target  

temperature Ts, from when the processing bath 14 is  

sealed, measurement of the internal pressure Pa tha t is 

performed by the pressure sensor 19 is started, and  

internal pressures Pa sequentially measured by the 

pressure sensor 19 are sent to the exhaust control unit 

27 and the water addition control unit 28.  Based o n the 

measured internal pressures Pa, adjustment of the d egree 

of opening of the exhaust valve 41 that is performe d by 

the exhaust control unit 27, and adjustment of the degree 

of opening of the water supply valve 44 that is per formed 

by the water addition control unit 28 are started. 

[0042] While monitoring the measured internal press ures 

Pa, the water addition control unit 28 gradually 

increases the degree of opening of the water supply  valve 

44 to increase a water addition amount.  If the int ernal 

pressures Pa reaches the target pressure Ps, subseq uently, 

a water addition amount is adjusted so that the int ernal 

pressure Pa becomes constant, and adjustment of a w ater 

addition amount is started for causing the concentr ation 

of the processing liquid 12 to become the target 

concentration Cs, using the adjusted water addition  

amount as an initial water addition amount.  As men tioned 

above, in the initial state in which the water addi tion 

amount has been adjusted in this manner, water in t he 

processing liquid 12 becomes an excess state, and a  state 

in which the concentration of the processing liquid  12 is 

lower than the target concentration Cs, and the int ernal 

pressure Pa is higher than the target pressure Ps i s 

caused. 
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[0043] If the adjustment of the water addition amou nt is 

started, the water addition control unit 28 compare s the 

measured internal pressure Pa and the target pressu re Ps.  

Then, if the internal pressure Pa is lower than the  

target pressure Ps, the degree of opening of the wa ter 

supply valve 44 is adjusted so as to add water to t he 

processing liquid 12 using a new water addition amo unt 

increased from the initial water addition amount 

currently-used for water addition.  In contrast, if  the 

internal pressure Pa is higher than the target pres sure 

Ps, the degree of opening of the water supply valve  44 is 

adjusted so as to add water to the processing liqui d 12 

using a new water addition amount decreased from th e 

initial water addition amount.  The water addition 

control unit 28 compares the measured internal pres sure 

Pa and the target pressure Ps, and if the internal 

pressure Pa is lower than the target pressure Ps, t he 

degree of opening of the water supply valve 44 is 

adjusted so as to add water to the processing liqui d 12 

using a new water addition amount increased from th e 

initial water addition amount currently-used for wa ter 

addition.  In contrast, if the internal pressure Pa  is 

higher than the target pressure Ps, the degree of o pening 

of the water supply valve 44 is adjusted so as to a dd 

water to the processing liquid 12 using a new water  

addition amount decreased from the initial water ad dition 

amount. 

[0044] On the other hand, based on the input intern al 

pressures Pa, at every certain period, the exhaust 

control unit 27 obtains average pressure and standa rd 

deviation of the internal pressures Pa in the perio d.  

Then, each time average pressure and standard devia tion 

of one period are obtained, the standard deviation is 

compared with a threshold value, and in a case wher e the 

standard deviation exceeds the threshold value, the  
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exhaust control unit 27 secondly compares the avera ge 

pressure and the target pressure Ps.  In this compa rison, 

if the average pressure is larger than the target 

pressure Ps, the exhaust control unit 27 increases the 

degree of opening of the exhaust valve 41, to incre ase an 

amount of water vapor exhausted from the processing  bath 

14.  In contrast, if an average value is smaller th an the 

target pressure Ps, the exhaust control unit 27 dec reases 

the degree of opening of the exhaust valve 41, to 

decrease an amount of water vapor exhausted from th e 

processing bath 14.  On the other hand, if the stan dard 

deviation is equal to or smaller than the threshold  value, 

the degree of opening of the exhaust valve 41 at th e time 

point is maintained. 

[0045] For example, when atmospheric pressure and t he 

like are taken into account, in a case where the de gree 

of opening of the exhaust valve 41 is large with re spect 

to the target pressure Ps, the internal pressure Pa  

becomes easier to decrease, and an increase/decreas e 

range of the water addition amount of the water add ition 

control unit 28 becomes larger.  Thus, a variation in the 

internal pressure Pa, that is, the standard deviati on 

becomes larger, and furthermore, the average pressu re of 

the internal pressures Pa shows a tendency to be sm aller 

than the target pressure Ps.  In this case, the deg ree of 

opening of the exhaust valve 41 is made small.  As a 

result, a state in which the internal pressure Pa i s more 

difficult to decrease than ever before is caused.  Thus, 

an increase/decrease width of the water addition am ount 

of the water addition control unit 28 becomes small er, a 

variation in the internal pressure Pa becomes small er, 

and the average pressure of the internal pressures Pa 

comes closer to the target pressure Ps. 

[0046] In contrast, in a case where the degree of o pening 

of the exhaust valve 41 is smaller with respect to the 
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target pressure Ps, the internal pressure Pa become s 

easier to increase, and an increase/decrease width of the 

water addition amount of the water addition control  unit 

28 becomes larger.  Thus, a variation in the intern al 

pressure Pa, that is, the standard deviation simila rly 

becomes larger.  Nevertheless, the average pressure  of 

the internal pressures Pa shows a tendency to be la rger 

than the target pressure Ps.  Accordingly, in this case, 

the degree of opening of the exhaust valve 41 is ma de 

large.  As a result, a state in which the internal 

pressure Pa is more difficult to increase than ever  

before is caused.  Thus, an increase/decrease width  of 

the water addition amount of the water addition con trol 

unit 28 becomes smaller, a variation in the interna l 

pressure Pa becomes smaller, and the average pressu re of 

the internal pressures Pa comes closer to the targe t 

pressure Ps. 

[0047] In the above-described manner, consecutive 

adjustment of a water addition amount and adjustmen t of 

the degree of opening of the exhaust valve 41 that is 

performed in accordance with average pressure and 

standard deviation that are obtained at every certa in 

period are repeated.  As a result, the internal pre ssure 

Pa converges to the target pressure Ps, and further more, 

the concentration of the processing liquid 12 conve rges 

to the target concentration Cs.  In addition, by th e 

internal pressure Pa converging to the target press ure Ps, 

the boiling point of the processing liquid 12 conve rges 

to the constant target temperature Ts. 

[0048] Even after the internal pressure Pa becomes the 

target pressure Ps, measurement of the internal pre ssure 

Pa that is performed by the pressure sensor 19 is 

continued, and based on the measurement result, the  

adjustment of an amount of exhaust performed by the  

exhaust valve 41 and the adjustment of a water addi tion 
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amount with respect to the processing liquid 12 are  

repeatedly performed similarly to the foregoing.  W ith 

this configuration, the internal pressure Pa is kep t at 

the target pressure Ps, a water addition amount in 

consecutive water addition is increased or decrease d, and 

the concentration of the processing liquid 12 is ke pt at 

the target concentration Cs. 

[0049] In addition, as described above, the interna l 

pressure Pa is kept at the constant target pressure  Ps 

regardless of atmospheric pressure, and furthermore , the 

processing liquid 12 is kept at the constant target  

concentration Cs.  Thus, the boiling point of the 

processing liquid 12 is kept at the constant target  

temperature Ts.  In addition, because the processin g 

liquid 12 is heated and the boiling state is kept, the 

processing liquid 12 is kept at the target temperat ure Ts.  

As a result, the substrates 11 are processed using the 

processing liquid 12 kept at the target temperature  Ts 

and the target concentration Cs. 

[0050] In addition, the exhaust units 18 that exhau st 

water vapor from the inside of the processing bath 14 

suck and exhaust water vapor from the inside of the  

processing bath 14 from the plurality of openings 1 8a 

provided in a portion corresponding to a range in w hich 

the substrates 11 are arrayed.  Thus, water vapor i s 

uniformly sucked from the region in the space in ba th 

that corresponds to the range in which the substrat es 11 

are arrayed.  Thus, the pressure of the region in t he 

space in bath does not become non-uniform, and the 

boiling point of the processing liquid 12 provided 

immediately below the region does not become non-un iform.  

Thus, all of the substrates 11 are processed using the 

processing liquid 12 at the same target temperature  Ts. 

[0051] If a predetermined time elapses, after the c over 

members 21a and 21b are moved to the opened positio n, the 
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substrates 11 are taken out from the processing bat h 14 

together with the holder 25.  Because the taken-out  

substrates 11 have been processed using the process ing 

liquid 12 kept at the target temperature Ts and the  

target concentration Cs as described above, out of a 

silicon dioxide film and a silicon nitride film, th e 

silicon nitride film has been eliminated using expe cted 

etching rate and selection ratio.  In addition, if the 

cover members 21a and 21b are moved to the opened 

position, water addition is consecutively performed  using 

a predetermined water addition amount. 

 

Reference Signs List 

[0052] 10 substrate processing system 

11 substrate 

12 processing liquid 

14 processing bath 

18 exhaust unit 

19 pressure sensor 

21a, 21b cover member 

26 heater 

27 exhaust control unit 

28 water addition control unit 

31 circulation unit 

38 inline heater 

41 exhaust valve 

43 pure water supply unit 

44 water supply valve 
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Claims 

 

1. A substrate processing system for removing a fil m on 

a substrate surface by soaking a substrate in proce ssing 

liquid including a heated aqueous solution, the sub strate 

processing system comprising: 

 a processing bath in which the processing liquid i s 

stored, and the substrate is soaked in the processi ng 

liquid; 

 a circulation unit configured to return the 

processing liquid drained from the processing bath,  to 

the processing bath; 

 a processing liquid heating unit configured to hea t 

the processing liquid so that the processing liquid  in 

the processing bath keeps a target temperature; 

 a sealing unit configured to seal the processing 

bath; 

 a pressure sensor configured to measure internal 

pressure of the processing bath; 

 a pressure adjustment unit configured to adjust, 

based on the internal pressure measured by the pres sure 

sensor, internal pressure of the processing bath to  

target pressure higher than atmospheric pressure, b y 

increasing or decreasing an exhaust amount of water  vapor 

exhausted from an inside of the processing bath to an 

outside; and 

 a concentration adjustment unit configured to adju st 

concentration of the processing liquid to be consta nt, by 

consecutively adding pure water to the processing l iquid 

via the circulation unit, and increasing or decreas ing a 

water addition amount of the pure water based on th e 

internal pressure measured by the pressure sensor. 

 

2. The substrate processing system according to cla im 1, 
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 wherein a plurality of substrates is arrayed in th e 

processing bath, 

 wherein the pressure adjustment unit includes a 

tubular-shaped exhaust unit disposed along the plur ality 

of substrates in a space above the processing liqui d, and 

communicated with an outside at one end, and 

 wherein, in the exhaust unit, a plurality of 

openings for sucking water vapor in the processing bath 

is formed in an array range of the plurality of 

substrates. 

 

3. The substrate processing system according to cla im 1 

or 2, wherein the pressure adjustment unit includes  an 

exhaust valve connected to the exhaust unit, and an  

exhaust control unit configured to increase or decr ease a 

degree of opening of the exhaust valve based on the  

internal pressure measured by the pressure sensor. 

 

4. The substrate processing system according to any  one 

of claims 1 to 3, wherein the substrate is a silico n 

wafer on which a silicon dioxide film and a silicon  

nitride film are formed on a surface, and the proce ssing 

liquid is a phosphoric acid aqueous solution. 

 

5. The substrate processing system according to any  one 

of claims 1 to 4, wherein the pressure adjustment u nit 

increases or decreases an exhaust amount of the wat er 

vapor based on a varying state of the internal pres sure. 

 

6. A substrate processing method for removing a fil m on 

a substrate surface by soaking a substrate in proce ssing 

liquid including a heated aqueous solution, the sub strate 

processing method comprising: 

 a soaking step of soaking the substrate in the 

processing liquid stored in a processing bath; 
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 a sealing step of sealing the processing bath; 

 a circulation step of returning the processing 

liquid drained from the processing bath, to the 

processing bath; 

 a processing liquid heating step of heating the 

processing liquid so as to keep the processing liqu id in 

the processing bath at a target temperature; 

 a pressure adjustment step of adjusting internal 

pressure of the processing bath to target pressure higher 

than atmospheric pressure, by increasing or decreas ing an 

exhaust amount of water vapor exhausted from an ins ide of 

the processing bath to an outside, in accordance wi th 

internal pressure of the processing bath; and 

 a concentration adjustment step of adjusting 

concentration of the processing liquid by consecuti vely 

adding pure water to the processing liquid circulat ed by 

the circulation step, and measuring internal pressu re of 

the processing bath, and increasing or decreasing a  water 

addition amount of the pure water based on the meas ured 

internal pressure. 

  


