TI TLE®OF THE | NVENTI ON RESI ST PROCESSI NG METHOD AND RESI ST PROCESﬁ%B}é?_O
SYSTEM BACKGROUND OF THE | NVENTI ON The present invention relates to a

resist 5 processing nethod for coating a resist on a substragg%qggp

a sem conductor wafer and an LCD substrate, and devel oping the coate t%ﬁtj
resist, and also relates to a resist processing system In the

phot ol i t hographi ¢ process of a sem conduc-— 1G - tor device and a liquid
crystal display device, a desired circuit pattern is forned by coating a

resi st on a sem.conductor wafer and a substrate for a liquid crystal

di splay (LCD), exposing the coated resist to |light, and devel oping the

exposed resist with a 15 devel BETHg Q6| THE oBNVENRIQNe devel opi ng

process, a carrier_gas (pressurized N2 8as is first introduced into a ta
Gontaining the debESERT RAGHSR TR, METHORMNP SREREST FROTERS FHCS SR TE N,

fromthe tank by the gas pressur of _a I ' 0 a nozzle. 20
Finally, the devel oping solutioﬁ&#ﬁaégﬁﬁgq éﬁ'ﬂigﬂﬂpﬁgkhgggfe onto the
substrate. In such a dgvel opin rocess, .the_devel gping.s .on nust be
uniformy supplied ove ?h%P%ﬁngelgﬁﬁgF%gpergg?gsgetﬁnaagég%% time to
prevent nons

nk

processing method for coating a resist on a substrate

such as a semiconductor wafer.and-an LCD substrate, and

developing the coated resist, and also relates to a

resist processing system.

In the photolithographic process of a semiconduc-

10 tor device and a liquid crystal display device, a
desired éircuit pattern is formed by coating a resist
on a semiconductor wafer and a substrate for a liquid
crystal display (LCD), exposing the coated resist to
light, and developing the exposed resist with a

15 developing solution. In the developing process, a
carrier gas (pressurized Ny gas) is first introduced
into a tank containihg the developing éolution. The
developing solution is sent out from the tank by the
gas pressure by way of a supply line to a ﬁozzle.

20 Finally, the developing solution is expelled from the
nozzle onto the substrate.

In such a developing proéess,'the developing
solution must be uniformly supplied over the entire
substraﬁe surface in a short time to prevent non-

25 uniform development. If the developing solution is
supplied quickly from the tank to the nozzle by

increasing the pressure of the carrier gas, a large



25 % uniformdevel opment. |f the devel oping solution is supplied quickly
fromthe tank to the nozzle by increasing the pressure of the carrier gas,
a large -2- quantity of the carrier gas dissolves in the devel oping
solution, or ambient air gets involved into the devel opi ng sol ution which
I's supplied fromthe nozzle. As a result, air bubbles are readily fornmed in
the 5 devel opi ng solution supplied to the substrate. The air bubbles
attach to a substrate surface, preventing the exposure of the coated resist
to the devel oping solution. This is a cause of the defect, "undevel oped
portion of a resist". To avoid this, a deaeration 10 appar atus has been
used to separate gnantéhpvefatheseevsierngesedistpdweshéndshel dpvegoping
solution before the solution is supplied to the substrate. However,
conventional net haddutéen; eavvangiens gircgaesscinporund insm the developlng'

sol uti on have 15 Eroblens First, aliquid conponent acting as an
active ingredi ent dgve: ﬁElﬂgvﬁpéﬁtﬁﬁnsUP&FPohsl§uPBﬁ69§d FBBeFH@rnRFFHethe

aseous co onent The amount of
g P a resuft, air bubbles are readily formed in the

5 developing solution supplied to the substrate. The air
bubbles attach to a substrate surface, preventing the
" exposure of the coated resist to the developing
solution. This is a cause of the defect, "undeveloped
portion of a resist". To avoid this, a deaeration
-10 apparatus has been used to separate and'rembve a
gaseous component from the developing solution before
the solution is supplied to the substrate.
However, conventional methods for removing the
gaseous component from the developing solution have
15 problems. First, a liquid component acting as an
active ingredient of the developing solution is removed
together with the gaseous component. The amount of
this liquid component cannot be negligible. As a
result, the concentration of the developing solution
20 changes, varying the quality of the developing process.
Second, in the case of the developingésolution deaera-
tion apparatuses conventionally used, when a vacuum
evacuation line of the deaeration mechanism.is contami-
nated with the liquid component (an active ingredient
25 in the developing_soluﬁion), the evacuation capacity of
the deaeration mechanism decreases, lowering the

evacuation rate. Furthermore, the vacuum evacuation



ffhi s Fiqui d component cannot be negligible. As a result, the concentration

of the devel oping solution 20 changes, varying the quality of the

devel opi ng process. Second, in the case of the devel opi ng-sol uti on deaer a-

tion apparatuses conventionally used, when a vacuum evacuation |ine of the

deaerati on nechanismis contam - nated with the |iquid conponent (an active

I ngredi ent 25 in the devel oping solution), the evacuation capacity of
t he deaeration nechani sm decreases, |owering %he evacuation rate.
Furt hernore, the vacuum evacuation -3- line itself becomes contam nated

with the liquid conponent. BRI EF SUVWWARY OF THE | NVENTI ON An obj ect of the
present inventionliget @tped¥i hecanes contanisiatRidowdih rpemdtipd dcapabl e of
sufficiently renoving a gaseous conponent from a processing solution such
as a devel opi ng scbmpoaenwi.t hout changi ng the concentration of the
processi ng solution. Another object of the present invention is to provide
a resist 10 processi ng sysB&FEFaSUMMARYT OFf MHE IHNVENTIONDOVIi ng a

An object of the present invention is to provide a
5 resist processing method capable of sufficiently
- removing a gaseous component from a processing solution
such as a developing solution without changing the
concentration of the processing solution. Another
object of the present invention is to provide a resist
10 processing system capable of efficiently removing a
liqﬁid component introduced into a vacuum evacuation
line of a deaeration mechanism.
The resist processing method according to the
present invention is a method for introducing a
15 | pressurized gas into a vessel storing a processing
solution, sending the processing solution from the
vessel to a nozzle by way of a supply line by means of
the pressurized gas, and supplying the-processing
solution from the nozzle to a substrate,
20 | the method comprising the steps of: |
(a) attaching a deaeration mechénism to the
-supply line, the deaeration mechanism having a gas-
liquid separation membrane and a vacuum evacuation
line;
25 (b) introdﬁcing the pressurized gas into
the vessel to send out a processing solution from

the vessel into one side portion of the gas-liquid



ﬁiquia conponent introduced into a vacuum evacuation |ine of a deaeration
mechani sm The resi st processing nethod according to the present invention
is a method for introducing a 15 pressurized gas into a vessel storing
a processing solution, sending the processing solution fromthe vessel to a
nozzl e by way of a supply l'ine by neans of the pressurized gas, and
suppl ying the processing solution fromthe_nogzlge to a substrate, 20
the method conprising the steps of: (a) attaching a deaeration mechanismto
the supply line, the deaerati on nechani sm having a gas- liquid separation
menbrane and a vacuum evacuation |ine; 25 (b). introducing the
pressuri zed gas i sepatrhéivasmembiraneedrougha tiveosappilyg 1daleyti on fromt he
~vessel into one side portion of the gas-liquid -4- separation menbrane
t hrough the supply |indg)(cpvecaatimadhenhotdier s ised@quiridrombithee
gas-liquid separation nmenbrane through the vacuum
gas-liquid separation membrane through the vacuum
evacuation line to set the pressure of the other side
5 portion of the gas-liquid separation membrane within a
saturated vapor pressure of the processing solution,
permitting a liquid component dissolved in the process-
ing solution to migrate from the one side portion to
the other side portion, thereby removing a gaseous
10 | component from the processing solution before the
process solution is supplied to a substrate (deaeration
step); |
(d) discharging the processing solution present
in the supply line between the deaeration mechanism and
15 the nozzle, and introducing the processing solution
deaerated in the deaeration step (c) into the supply
‘line between the deaeration mechanism and the nozzle
(processing solution replacing step); -
(e) supplying the deaerated processing solution
20 to the substrate by expelling the deaerated processing
solution from the nozzle; and
(f) rotating the nozzle relative to the substrate
to form a liquid film of the deaerated processing
solution between the nozzle and the substrate.
25 The resist processing method according to the

present invention is a method for introducing a

pressurized gas into a vessel storing a processing



evacudtion line to set the pressure of the other side 5 portion of the
gas-liquid separation nenbrane within a saturated vapor pressure of the
processing solution, permtting a |liquid conponent dissolved in the
process- ing solution to mgrate fromthe one side portion to the other
side portion, thereby renoving a gaseous 10 conponent fromthe
processing sol ution before the process solutign is supplied to a substrate
(deaeration step); (d) discharging the processing solution present in the
supply line between the deaerati on nmechani smand 15 t he nozzle, and

I ntroduci ng the processing solution deaerated in the deaeration step (c)
into the supply | istdisionse s enth e adien tp rov e i sl wenicon hieromw zizhe
(processing solution replacing step); (e) supplying the deaerated

processi ng sol uti oes®d@el to teo ndwelsulst melye dfy exqaiplind ine bieawansdof
processing solution fromthe nozzle; and (f) rotating the nozzle relative
to the substrate W@QWFﬂﬁi§anﬂﬁdiqaﬁdnﬁﬂdtﬂﬂPRﬂXﬂRQHﬁhF[PRRRQE##EHSOIutlon
bet ween the nozzl e and the substrate. The resi st processing
net hod accordi ng t8®}¥d o dxam qnﬁuﬂﬂﬁﬁi?|§9&9rﬁﬂhﬁiF§Qﬁr|ntrodUC|ng a

ressurized gas into a vessel storin ocessi.n
P g the resist pré%eségng methéh comprising the steps

of:

(A) attaching a deaeration-mechapism to the
supply line, the deaeration mechanism having a.gas—
ligquid separation membrane and a vacuum evacuation

10 liﬁe;

(B) introducing a pressurized gas into the vessel
to send out the processing solution from the vessel
into one side portion of the gas-liquid separation
membrane through the supply line;

15 (C) evacuating the other side portion of the gas-
liquid separation membrane through the vacuum evacua-
tion line to set the pressure of the other side portion
of the gas—liquid-separation membrane within a satu- |
rated vapor pressure of the processing-solution,

20 permitting a liquid component dissolved in the process-
ing solution to migrate from the one side portion to
the other side portion, thereby removing'a gaseous
component from the processing solution before the
process solution is supplied to a substrate (deaeration

25 step)}

(D) discharging the processing solution present

in the supply line between the deaeration mechanism and



-5- solution, sending the processing solution fromthe vessel to a nozzle
by way of a supply line by neans of the pressurized gas, and supplying the

processing solution fromthe nozzle to a substrate, 5 t he resi st
processi ng method conprising the steps of: (A) attaching a deaeration
mechanismto the supply Iine, the deaeration mechani smhaving a gas- |iquid
separation menbrane and a vacuum evacuation 1¢ _ line; (B) introducing a

pressurized gas into the vessel to send out the processing solution from
the vessel into one side portion of the gas-liquid separation nmenbrane
t hrough the supply line; 15. (C© evacuating the other side portion
of the gas- '|liqui dcbepavazlep andbiabeotihcbnghthéepracassinryasabutionn |ine
to set the pressure of the other side portion of the gas-liquid separation
menbr ane wit hin a deaeratedecdyvtberdpaeratienoétepe( ) otrbsi bhessuppilyn, 20
permtting a liquid conponent dissolved in the process-

line between the deaeration mechanism and the nozzle

(processing solution replacing step);

5 (E) spinning the substrate; and
- (F) expelling the deaerated processing solution

from the nozzle to the substrate to form a liquid film

of the deaerated processing solu£ion between the nozzle

and the substrate.

10 The present inventors have studied causes of
defects produced in developing a resist. As a result,
they found that the degree of vacuum of the deaerated
process atmosphere is related to.the number of defects.
They further found the deaeration conditions success-

15 fully reducing the number of defects.
| In the method of the present invention, a gaseous
component can be removed from the developing solution
by sending the developing solution without being left
in the deaeration mechanism., On the other hand, if the

.20 deaeration process time is rather long, not only the
gaseous component.but also an active ingredient
contained in the liquid are removed. As a result, the
concéntration of the developing solution changes as
shown in FIG. 10 (exhibiting the relationship between

25 'the deaeration process time and the number of develop-

ment defects). For example, when the concentration of

the developing solution increases as a result of



i'ng sélution to nmigrate fromthe one side portion to the other side
portion, thereby renoving a gaseous conponent fromthe processing solution
before the process solution is supplied to a substrate (deaeration 25
step); (D) discharging the processing solution present in the supply line
bet ween t he deaerati on nechani sm and . -6- the nozzle, and introducing the
processing sol ution deaerated by the deaeratign step (C) into the supply
| i ne between the deaeration nmechanismand the nozzle (processing sol ution
replacing step); 5 (E) spinning the substrate; and (F) expelling
t he deaerated processing solution fromthe nozzle to the substrate to form
aliquid filmof wvapotdzatdond gfr adstury sSwimpanemtset when ddsnltear] e and
the substrate. 10 The present inventors have studi ed causes of
def ect s produced wirdagelispiobgadinessiveiith An #xcesgivelyhaarmewavididt. t he
degree of vacuum of the deaerated process atnosphere is related to the
nunber of defectsThis is a kind of defects. Therefore, it is desirable
that the deaeration process time be shorter than 24
5 hours. However, the deaeration time of the developing
solutidn needs to be longer than 10 minutes because if
the deaeration time is shorter than 10 minutes, the
deaeration will not be sufficiently performed.
For example, when a generally-used developing
10 solution is deaerated, the pressure of one side portion
of the gas-liquid separation membrane, (namely the
inner pressure of the deaeration chamber), is prefera-
bly set at 25 to 410 Torr (-350 mmHg to -735 mmHg),
and more preferably, 110 to 260 Torr (-500 mmHg
15 to -650 mmHg). As an example of the generally-used
developing solution, a 2.38 $ = 0.01
tetramethylammonium hydroxide (referred to as "TMAH")
solution may be mentioned.
As shown in FIG. 11, when the inner pressure of
20 the deaeration chamber (pressure of one side portion of
the gas-liquid separation membrane) is higher than
410 Torr (-350 mmHg), developing defects are produced.
On the other hand, when the inner pressure reduces
410 Torr, no defects are produced. However, if
25 the inner pressure is reduced in excess of 25 Torr

(=735 mmHg), not only the gaseous component but also

the liquid component of the developing solution



They further found the deaeration conditions success- 15 fully reducing
t he nunber of defects. In the nethod of the present invention, a gaseous
conponent can be renoved fromthe devel opi ng solution by sending the

devel opi ng solution wi thout being left in the deaeration mechanism On the
ot her hand, if the 20 deaeration process tinme is rather |long, not only
t he gaseous conponent but al so an active i_ngrgedient contained in the liquid
are renmoved. As a result, the concentration of the devel opi ng solution
changes as shown in FIG 10 (exhibiting the relationship between 25 t he
deaeration process tine and the nunber of devel op- nment defects). For
exanpl e, when t hepeomeatér throughf theegadseviigpidgsspavatboni membaans.as a
result of -7- vaporization of npoisture conponents, the resultant wring
i s obtained with a8 axcessltel pheaceneentdahionhof theadkveadiopindef ects.
Therefore, it is desirable that the deaeration process tine be shorter than
24 5 hours. $platien ¢hangeaer aTherefere, obhe herpRYBPSHi ABNSHE| uti on

needs to be longer than 10 m nutes because if . .
pressure of the deaeration chamber is defined 25 Torr.

5 ' To remove various alkaline components from the
developing solution without fail, it is ﬁore preferable
that the inner pressure of thé deaeration chamber be
reduced further to the range from 110 to 260 Torr
(-500 mmHg to -650 mmHg).

10 ' The term "liquid component of the developing
solution" includes a gas dissolved in the processing
solution and a gas involved in the form of air bubbles.

As shown in FIG. 12, if the concentration of
dissolved nitrogen in the developing solution exceeds

15 25 ppm, the development defects are fréquently produced.
As shown in FIG. 13, a characteristic line Q of
measured values approximates a characteristic line P of
theoretical values. The qarrier gas pressure (atm) is
directly proportional to the concentration of the

20 nitrogen dissolved in the developing solution.

Thé carrier gas (pressurized gas) falls preferably
within the range from 0.5 to 3 kg/cmz,'and more
preferably, from 0.5 to 1.5 kg/cmz. This is because if
the carrier-gas pressure exceeds 3 kg/cmz,'the dissolu-

25 tion amount of the gas in the developing solution will
be excessively large and instruments attached to the

developing-solution supply line will be easily broken.



the deaeration time is shorter than 10 nminutes, the deaeration will not be
sufficiently perforned. For exanple, when a generally-used devel oping 10
solution is deaerated, the pressure of one side portion of the gas-liquid
separation nmenbrane, (nanely the inner pressure of the deaeration chanber),
is prefera- bly set at 25 to 410 Torr (-350 mHg to -735 mtHg), and nore
preferably, 110 to 260 Torr (-500 mmHg 15 _ to_-650 mtg). As an exanple
of the generally-used devel opi ng solution, a %.38 % 0.01
t et ramet hyl anmoni um hydroxi de (referred to as "TMAH') solution nmay be
mentioned. As shown in FIG 11, when the inner pressure of 20 t he
deaer ati on chanbenf( phessuireielr gas Présspaet iien soaliler ghan ilqsi kg/cm? |,
separati on nenbrane) is higher than 410 Torr (-350 nmHg), devel oping
def ects are produtte. cOncentration lpdndissedvedhaitmegenpwiddube loweaes
410 Torr, no defects are produced. However, if 25 the inner pressure is
reduced in excesstban285Tppm.( - P35 theHgthexohasd,y itth &#hga Sagard exogg6nent
but also the liquid conponent of the devel oping sglution

pressure is lower than 0.5 kg/cmé , the necessary

5 amount of the developing solution will not be supplied.

The necessary amount used herein is, for example, about

1.6 little/min. when the nozzle shown in FIGs. 5 and 6,

and a wafer of 8-inch diameter are used. It should be

noted that the amount of the developing solution

10 consumed per wafer of 8-inch is from 40 to 60 cc.

The resist processing system according to the
present invention comprises:

a mounting table for mounting a substrate thereon;

a nozzle for expelling a processing solution to

15 the substrate mounted on the mounting table;

a vessel for storing the processing solution;-

pressurizing means for introducing a pressurized
gas into the vessel, thereby pressurizing the process-
ing solution to send the processing solution from the

20 vessel to the nozzle;

a processing éolution supply line provided betweeh
the vessel and the nozzie, for guiding the processing
solution sent,dut'from the vessel by the pressurizing
means, to the nozzle; and

25 a deaeration mechanism attached to the processing

solution supply line, for separating and removing a

gaseous component from the processing solution;



-8- peineate through the gas-1iquid separation nenbrane. As a result, the
concentration of the devel opi ng solution changes. Therefore, the uppernopst
i nner pressure of the deaeration chanber is defined 25 Torr. 5 To
remove various al kaline conmponents fromthe devel opi ng solution w thout
fail, it is nore preferable that the inner-pr®8sure of the deaeration
chanber be reduced further to the range from 110 to 260 Torr (-500 nmHg to
-650 nmHg). 10 The term "liquid conponent of the devel oping
solution” includes a gas,di gsolved.in the processing_sol.ution and a gas
Eg?ra hg gf

i nvol ved in the form of BABHRELOR ABECABRASTNCLTEE 1¥219  { he

concentration of dissolyed_nj n_j devel opi ng sol ution exceeds 15
25 ppm the developnentXﬁe?géﬁé8g?ec¥$%%%§htIy produced. As shown in FIG

13, a characteristic 'i?e?%%Qii§F§&U§§€?¥§£ﬂ8§ RABRLLUNERLESvEded in th

characteristic line P o oreti cal ues. The carrier -gas pressure ?atn)

is directly propordippfyht OchifbéPConNe M8 dONpsttibR 69 whichl §6086Mmuni-
di ssolved in the devel oping solution. The carrier gas (pressurized gas)

falls prefersbly vwited withrehgepfoossdingtSobukbainsapply 2ifemeheough
preferably, fromO0.5 to 1.5 kg/cnferr]. This is because If
which the processing solution is supplied to the one
side portion,’
a vacuum evacuation line communicated with the
other side portion of the gas-liquid separation
10 membrane,
evacuation means for evacuating the other side
portion of the gas-liquid separation membrane through
the vacuum evacuation line, and
a trap tank attached to the vacuum evacuation line,
15 for receiving a liquid component permeating through the
gas-liquid separation membrane and leaking into the
vacuum evacuation line.
The trap tank preferébly comprises
a liquid-surface detection sensor for detecfing
20 the surface level of the liquid received therein,
a pressure detection sensor for detecting the
inner pressure of the tank, and
a drain line for discharging the received liquid
outside.
25 More'preferably, the trap tank further comprises

a pressure detection sensor for detecting the

inner pressure of the deaeration chamber, and



the carrier-gas pressure exceeds 3 kg/cn2, the dissolu- 25 tion anount
of the gas in the devel oping solution will be excessively |arge and
instrunments attached to the devel opi ng-solution supply line will be easily
br-oken. -9- If the carrier gas pressure_isygnmaller than 1.5 kg/cnferr] ,
t he concentration of dissolved nitrogen wll %e | ower than 25 ppm On the
other hand, if the carrier gas pressure is lower than 0.5 kg/cnR2 , the
necessary 5 amount of the devel oping solution will not .be supplied. The
necessary anount used hareontrsllénrfexacphtrodbdng thé Heaeketidn. mehns. .
t he nozzle showmn in FIG. 5 and 6, and a wafer of 8-inch dianmeter are used.
It should be noted thatThéecanbuoller comtuels| thendeaeration means on
consuned per wafer of 8-inch is from40 to 60 cc. The resist processing
syst em accor di ng tehe leapiesehtthedeteghienatacabtaingdnfrey thdl e for
nounting a substrate thereon; a _nozzle for expelling a processing. solution
PEGFE, ahd Y8

to 15 the subs?FQXEREHPRRA R HRESIRMES nEe vBsstE¥+9r storing

the processEpg SO'éﬁfnge detection sensor. In this mechanism, the inner

pressure of the deaeration chamber is set at a satu-

rated vapor pressure or less, thereby separating and

removing the gaseous component contained in the

processing solution without excessively removing the
10 liquid component.

Furthermore, the controller is preferred to
comprise a display portion for displaying the detection
data and an alarm portion for giving an alarm when
abnormal data (value.out of the predetermined range) is

15 . presented. The alarm draws attention of a worker and
let him watch the disélay portion,.so ;hat'he_knows
that an abnormal change occurs in the developing |
solution. Hence, the abnormality can be overcome.
Hence, the substrate can be processed constantly

20 without a substantial change in the concentration of
the'developing-sblution and without process differences
between substrates.

Additional object and advantages of the invention
will be set forth in the description which follows, and

25 in part will be obvious from the description, or may be
learned by practice of the invention. The object and

advantages of the invention may be realized and



pressurizing neans for introducing a pressurized gas into the vessel,
t hereby pressurizing the process- ing solution to send the processing
solution fromthe 20 vessel to the nozzle; a processing solution supply
| i ne provided between the vessel and the nozzle, for guiding the processing
solution sent out fromthe vessel by the pressurizing neans, to the nozzle;

and 25 a deaeration nechani sm attached to the processing sol ution
supply line, for separating and renoving a gaseous conponent fromthe
processi ng sol ution; - 10 - the deaeration nmechani smconprising an

airtight chanber, a gas-liquid separation nmenbrane provided in the airtight
chanber, one si deobsained by weaas iof ddemimstmmentaditd@syiand qambina-
processi ng sol ution supply lLine through which the processing solution is

supplied to the ofdOBSd@AFEACHIAL 3’@5@&6ﬁ¢b&5@h&?15ﬁ-|ﬁH93ﬂﬂﬁﬂJ ledimst

with th her si rtion of _th [ i i ar a
t the other side &%ﬁé 6%5 RI%be agF ng é%é 61§hs OF THE DRAWING

The accompanying drawings, which are incorporated
5 in énd constitute a part of the specification,
illustrate presentlf preferred embodiments of the
invention, and together'with the general description
given above and the detailed description of the
preferred.embodiments given below, serve to explain the
'iO principles of the invention.

FIG. 1 is a block diagram schematically showing a
resist processing system according to an embodiment of
the present invention;

FIG. 2 is a block diagram showing a deaeration

15 apparatus for the developing solution used in the
resist processing system;

FIG. 3 is a perspective cross-sectional view
schematically showing a deaeration mechanism;

FIG. 4 is a magnified view schematically showing a

20 gas-liquid separation element of the deaeration
mechanism for explaining a deaeration function;

FIG. 5 is a cross-sectional view of a nozzle:

"FIG. 6 is an orthégonal cross~sectional view of a
nozzle taken along a VI-VI line;
25 FIG. 7 is a schematical perspective view of a
nozzle and a semiconductor wafer;

FIG. 8 is a flow-chart showing steps of developing



10 * menbrane, evacuation neans for evacuating the other side portion of

the gas-liquid separation nenbrane through the vacuum evacuation |ine, and
a trap tank attached to the vacuum evacuation line, 15 for receiving a
| i qui d conponent perneating through the gas-Iliquid separation nmenbrane and
| eaki ng into the vacuum evacuation line. The trap tank preferably conprises
a liquid-surface detection sensor for detectijng 20 the surface |evel of
the liquid received therein, a pressure detection sensor for detecting the
i nner pressure of the tank, and a drain line for discharging the received

liquid outside. 25 More preferably, the trap tank further
conpri ses a pressuthe demdgdrsinakars orafer; detecting the inner pressure of
t he deaeration chanber, and a controller for controlling the deaeration

means. The control | er doMEr o) sis theflephart FhowS IR HaLoR pethed

det ecti on data obtalned fromthe
of the developing solution;

FIG. 10 is a characteristic graph showing the
5 relationship between deaeration process time for the
developing solution and the number of defects;

- FIG. 11 is a characteristic graph showing the
relationship between the degree of the reduced pressure
in the deaeration apparatué and the number of defects;

10 FIG. 12 is a characteristic graph showing the
relationship between the dissolved nitrogen concentra-
tion of the developing solution and the number of
defects;

FIG. 13 is a characteristic graph showing the

15 relationship (by theoretical values and measured
values) between the dissolved nitrogen concentration of
the developing soiution and nitrogen gas pressure;

FIG.t14 is a block diagram showiné a deaeration
apparatus for a processing solution (developing

20 solution) according to another embodiment;

FIG. 15 is a schematical perspective view of a
nozzle according to another embodiment; and

FIG. 16 is a schematical perspective view of ;
nozzle according to a further embodiment.

25 DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, preferable embodiments of the presentl

invention will be explained with reference to the



af orerfenti oned two pressure sensors and a liquid 5 surface detection
sensor. In this nechanism the inner pressure of the deaeration chanber is
set at a satu- rated vapor pressure or |ess, thereby separating and
removi ng the gaseous conponent contained in the processing solution w thout
excessively renoving the 10 l i qui d conporient. Furthernore, the
controller is preferred to conprise a displaygpocrtion for displaying the
detection data and an alarm portion for giving an al arm when abnornmal data
(val ue out of the predeterm ned range) is 15 presented. The alarm
draws attention of a worker and | et himwatch the display portion, so that
he knows that an abrompahydngndeawdongss i n t he devel opi ng sol ution. Hence,
the abnormality can be overcone. Hence, the substrate can be processed
constantly 20 wi t hFdesi s @b Fimeti gmbordmeat ot kBecprespntadnysndiothe
devel opi ng sol ution_and w thout process differences between_substrates.
Addi tional object VAAd RGvaxPagéacer wikk refexersh w1 FIB8-sdt EPoPrh in the
description which follqws e qbvious fromth

,and 25 in.part, will b
description, or may beAIg&?ﬁg@p&ngﬁﬁﬁﬁtégnok e SERYER: 18nd FREMAPEY land
advant ages gf theTb”%%gth Enn%¥nﬂelﬁe%|b%§dbgﬁg 3 containing a nitrogen

gas is connected via a line 4. The line 4 is provided

with a pressure control valve 3a. An end portion of a

line 5 is immersed in the deﬁeloping solution 2 of the

ﬁain tank 1. The tank 1 has an inner diameter of 20-
10 25 cm and a.height of about 50-60 cm.

The middle of the line 5 is provided with an
intermediate tank 6. On the outside of the intermedi-
ate tank 6, for example, electrostatic-capacity sensors,
namely a limit sensor 6a and an empty sensor 6b, are

15 separately provided. Each of the sensors 6a and 6b is
connected to an input side of a controller 40, sepa-
rately. When a detection signal is input into the
controller 40 from each of the sensors- 6a and 6b, the
controller 40 operates the pressure control vélve 3a on

20 the baéis of the detection data so that the surface
level of the developing solution 2 stored in the
intermediate tank 6 falls within an appropriate range.

When the carrier gas (pressurized nitrogen gas) is
supplied from the gas bomb 3 to the main tank 1 through

25 the line 4, the developing solution 2 is pressurized
and sent out to a nozzle 12 through lines 5, Sa and 5b.

It is preferable that the pressure of the carrier gas



12 obt-ai ned by nmeans of the instrunentalities and conbina- tions
particularly pointed out in the appended clains. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng drawi ngs, which are

i ncorporated 5 in and constitute a part of the specification,
illustrate presently preferred enbodi nents of the i'nvention, and together
with the general description given above andiishe_detailed description of
the preferred enbodi nents given below, serve to explain the 10

principles of the invention. FIG 1 is a block diagram schematically
showi ng a resist processing systemaccording to an enbodi_nment of the
present inventionfaflGwiZhin &hel ocalngdi afr é)m55tth3ngga('Cd@aer ation 15
apparatus for the devel oping solution used in the resist processing system
FIG 3 is a perspectiv&her ddqissdctisodntanghed siovaadmesd 1of dhenimferme-
deaeration nechanism FIG 4 is a magnified view schematically showi ng a 20
gas-|iqui d separ agiigfecltangnt dntondwgeddmngsi §8 and 5b and merges at a

nozzle 12. The first branched line 5a is provided with
5 a flow meter 7a, a filter 8a, a water jacket 9a,
a developing—soiution.deaeratioh apparatus 10a, and an
air-operation valve lla in that order from the upstream
end. The sécond branched line 5b is provided with a
flow meter 7b, a filter 8b, a water jacket 9b, a
10 developing-solutibn deaeration apparatus 10b, and an
air-operation valve 1llb in that order from the upstream
end. The filters 8a and 8b are desirably provided at
lines S5a and 5b as far upstream as possible. This is
because if the filters 8a and 8b are close to the
15 nozzle 12, leakage 6f the developing solution occurs at
the nozzle 12 due to pulse movement. The water jackets
9a and 9b may be positioned interchangeably with the
developing solution deaeration apparatuses 10a and 10b.
The developing-solution deaeratiﬁn appératuses 10a and
20 10b afe connected to a controller 40. The controller
40 controls the operation of the developing-solution
deaeration épparatuses 10a and 10b to'sufficiently
remove the gaseous component from the developing
- solution without significantly changing the concentra-
25 ~ tion of the developing solution 2.
The developing process portion 13 comprises a spin

chuck 14, a motor 15 and a cup 16. The spin chuck 14



necharii sm for expl aining a deaeration function; FIG 5 is a cross-sectional
view of a nozzle; FIG 6 is an orthogonal cross-sectional view of a nozzle
taken along a VI-VI line; 25 FIG 7 is a schematical perspective
view of a nozzle and a sem conductor wafer; FIG 8 is a flow chart show ng
steps of devel opi ng - 13 - the sem conductor wafer; FIG 9 is a
fl owchart showi ng a deaeration nmethod of _t hgqgdevel opi ng solution; FIG 10
is a characteristic graph showing the 5 rel ati onshi p between deaeration
process tinme for the devel opi ng solution and the nunber of defects; FIG 11
Is a characteristic graph showing the rel ati onship between the degree of
t he reduced pressisevaniabéydeadadedobyappawdors 1andndhbasuabgacoimdef ect s;
10 FIG 12 is a characteristic graph show ng the relationship
bet ween the di ssordegrptirpgaechendsnt (aott sbowsf) fhe Heddiogi agwedem Won
and the nunber of defects; .

by adsorption. The cup 16 houses the spin chuck 14 and

has a drain passage 13a for discharging waste liquid,

5 such as used developing solution.

During the passage of the developing solution 2
through the branched lines S5a and 5b, impurities and
foreign matters are removed by the filters Ba and 8b,
while the flow rate of the developing solution 2 is

10 controlled by the flow-meters 7a and 7b. Since
temperature~controlled water is circulated through the
water jackets 9a and 9b, the temperature of the
developing solution 2 passing through the branched
lines 5a and 5b is controlled. After the temperature

15 is adjusted, the developing solutions 2 is introduced
into the developing-solution deaeration apparatuses
(deaeration mechanism) 10a and 10b, to remove a gaseous
component. The deaeration is preferably performed
under a pressure ranging from 25-410 Torr (-350 mmHg to

20 -735 mmHg), and more preferably, from 110-260 Torr
(-500 mmHg to -650 mmHg). The deaerated developing
solution 2 is supplied onto the wafer W mounted on the
chuck 14 through the nozzle 12, Hence, the coated -
resist is developed uniformly without defects.

25 Next, we will explain a vacuum circuit provided in

the develdping—solution deaeration apparatuses 10a and

10b with reference to FIGs. 2 to 4. Since the first



FIG 13 is a characteristic graph showi ng the 15 rel ati onship (by
theoretical val ues and neasured val ues) between the di ssolved nitrogen
concentration of the devel oping solution and nitrogen gas pressure; FIG 14
is a bl ock diagram showi ng a deaeration apparatus for a processing sol ution
(devel opi ng 20 sol ution) according to another enbodinent; FIG 15 is a
schemati cal perspective view of a nozzle accadfdi ARg to anot her enbodi nent;
and FIG 16 is a schematical perspective view of a nozzle according to a
further enbodi nent. 25 DETAILED DESCRIPTICN OF THE | NVENTI ON

Her ei nbel ow, preferabl e enbodi nents of nt inpyention w
expl ai ned mﬁtﬁ regﬁ?%ﬁﬁﬁl?ﬁ ?HBaratusliha 3 cﬁ ﬁﬁ??ﬁbagigmfhﬁssaﬁ?r§ﬁ a

fi nbodi h ' ed
to FiGe 1109 SPRcUSTERingoa8FatrOn SPPEFEFUPedOPh GRIEI RAPaRkEEt 5
To the min tank deqgegefoROMH2-5005 ) 8L 9: 81 "bb" 895 0a 038! Bes&m\w ed via

a line 4. The l'ine
Explanation of the second deaeration apparatus 10b will

5 be omitted.

As shown in FIG. 2, vacuum evacuation lines 51, 52,
53 and 54 of the developing-solution deaeratibn
apparatus 10a (10b) are provided with a trap tank 21
and an ejector 22. The trap tank 21 ié.communicated

10 with the airtight vessel 61 of the developing—solutibn
deaeration apparatus 10a (ldb) through a line 51. The
trap tank 21 is a vessel for receiving the developing
solution 2 leaking from the developing-solution
. deaeration apparatus 10a through the line 51 during the

15 deaeration operation. The bottom of the trap tank 21

| is provided with a drain line 57.

The trap tank 21 is provided with a liquid-surface
detection sensor 23a and a pressure sensor 23b. The
liguid-surface detection sensor 23a is used for

20 détecting the surface level of the devéloping solution
trapped'in the tank 21. The pressure sensor 23b is
used for detecting the liquid contained in the tank 21.
These sensors 23a and 23b are separately connected on
the input side of the controller 40.

25 The trap tank 21 is communicated with the ejector
22 through the line 52. The line 52 is provided with a

stop valve 24 and a solenoid valve 25 in that order



With & pressure control valve 3a. An end portion of aline 5is imersed in
t he devel oping solution 2 of the main tank 1. The tank 1 has an i nner

di aneter of 20- 10 25 cm and a hei ght of about 50-60 cm The m ddl e of
the line 5 is provided with an internediate tank 6. On the outside of the
internmedi - ate tank 6, for exanple, electrostatic-capacity sensors, nanely
alimt sensor 6a and an enpty sensor 6b, _arqgl5_ separately provided.
Each of the sensors 6a and 6b is connected to an input side of a controller
40, sepa- rately. Wien a detection signal is input into the controller 40
fromeach of the sensors 6a and 6b, the controller 40 operates the pressure
control val ve 3a ehed)viewedhd roasitheofs idee ofettbet taapd&aaks @ 1t.hafThehe
surface | evel of the developing solution 2 stored in the internedi ate tank
6 falls within anedgstopr 22t dsr Prgyidate witthe acdineebdgubichy seqvias, dor
nitrogen gas) is supplied fromthe gas bonb 3 to the nain tank 1 through 25
the line 4, the dévéaidfexgndosysitem fron fhes systerd iavglydpg &e tteap

nozzl e 12 {hrough iges 5. 5830 S ' S RLELSLIRES th e LSS ©

5 59. The liné 54 is provided with a regulator 26 for
controlling a flow rate of a supplied air,.and a
solenoid valve 27. When air is supplied to the line 54
from the pump 59, the pressures of the airtight vessel
61 and the trap tank 21 are reduced by the air flow

10 thus produced.
A gauge 28 is provided between the regulator 26
and the solenoid valve 27. The gauge 28 is connected
to the input side of the controller 40.
As shown in FIG. 3, Ehe developing-solution
15 deaeration apparatus 1l0a comprises an airtight vessel
(deaeration chamber) 61, an inlet 62, an outlet 63, and
a gas-liquid separation element 64. The developing-
solution deaeration apparatuses 10a and 10b are
substantially the éame as that disclosed in the United
20 State Patent Application No. 08/579,845. To the upper
portion of the deaeration chamber 61, a vacuum evacua-
tion line 51 is connected to evacuate the chamber 61.
- The inlet 62 and the outlet 63 are connected to
developing solution supply lines 5a (5b).
25 The chamber 61 of each of the déveloping solution
deaeration apparatuses 10a and 10b is provided with a

vacuum switch 29. The vacuum switch 29 is provided



- 15 ~ fall within the range of 0.5 to 3 kg/cn2. The line 5 is branched
downstream of the interne- diate tank 6 into two |ines 5a and 5b and nerges
at a nozzle 12. The first branched line 5a is provided with 5 a flow
neter 7a, a filter 8a, a water jacket 9a, a devel opi.ng-sol ution deaeration
apparatus 10a, and an air-operation valve 1 in that order fromthe
upstream end. The second branched line 5b i s provided with a flow neter 7b,
a filter 8b, a water jacket 9b, a 10 - devel opi ng-sol uti on deaerati on
apparatus 10b, and an air-operation valve 11b in that order fromthe

upstream end. Theyith t£r§afife 0Tk 8b FHe yé Ay s oRrecBéd | tdesnda and
5b as far upstream as possible. This is because if the filters 8a and 8b

are close to the ihfput sideEzdf e doakegkleaf 4the devel opi ng sol ution
occurs at the nozzle 12 due to pul se novenent. The water jackets 9a and 9b
may be positioned i nt efhdargrtibdllert40 thes dewe| optpgt spbutions delnbelat i on
apparatuses 10a and 10b. The devel opi ng-sol uti on deaerati on apparatuses 10a
and 20 10b araremernacied ca achisplagrsemptiomhdl cand ram | @kamp unit
controls the operation of the developiqgggolution deaer ati on appar at uses

10a and 1019 to siff3i FRATILSBhovdhenRe driechigpitata ieiaingd by

devel oping sensors (6a, 6b, 23a, 23b, 28, 29a) indicate abnormal
values, the controller 40 direéts the display section
41 to indicate the abnormal state and direct the alarm
unit 42 to give an alarm. As the same time, it
10 controls the operation of a regulator 26 and solenoid
valves 25 and 27, individually.

A gas-liquid separation element 64 is provided
between the inlet 62 and the outlet 63. The developing
solution 2 is introduced into the gas-liquid separation

15 element 64 from the inlet 62 through the line 5a (5b).
The déveloping solution 2 passes through the gas-liquid
separation element 64, goes out from the outlet 63, and
is supplied to the nozzle 12 through lines 5a (5b).

The gas-liquid separation element 64 is formed of

20 a bundle of capillaries made of a porous film, non-
porous film, and a composite film. As the porous film,
a porous thin film made of polytetrafluoroethylene
(PTFE) or a polyolefin-series resin is used. As the
non-porous film, a non-porous thin film made of a

25 tetrafluoroethylene * hexafluoropropylene copolymer (FEP),
a tetrafluoroethylene * perfluoroalkylvinyl ether

copolymer (PFA), or polytetrafluoroethylene (PTFE) is



sol uti*on wi thout significantly changing the concentra- 25 tion of the
devel opi ng solution 2. The devel opi ng process portion 13 conprises a spin
chuck 14, a notor 15 and a cup 16. The spin chuck 14 - 16 - is variably
rotated by a nmotor 15 and has a vacuum adsor pti on nmechani sm (not shown) for
hol di ng a wafer Wby  adsorption. The cup 16 houses the spin chuck 14 and
has a drain passage 13a for discharging wastegiquid, 5. such as used
devel opi ng solution. During the passage of the devel oping solution 2
through the branched lines 5a and 5b, inpurities and foreign matters are
renoved by the filters 8a and 8b, while the flow rate of the devel oping
solution 2 is 10 usedontThe |eepgsite filw-ieterkile ftowned by Sopining
tenperature-controlled water is circulated through the water .jackets 9a and

9b, the tenperat uréhefPerrusgictidmAnd the RIHPERE G ¢ hr ough t he

branched lines 5a and 5b is controlled. After the tenper %%re 15 I S
adj usted, the devel opi ndf sTheWR ok’ BIGs 4 ntthRrePrans of the

developlng-solut{(ghégf¥gé§&(gg§g¥§¥fgﬁug¥%ment 64 has a function of

5 permeating only gaseous component 2a.qontained in the
| developiﬁg solution 2. Examples of the gaseous
component 2a permeable through the membrane 64a include
a nit;dgén gas molecule, oxygen gas molecule, hydrogen
gas molecule, dioxide gas molecular, argon gas molecule,
10 and the like.
| Now, the nozzle 12 will be explained with
. reference to FIGs. 5 and 6.
The nozzle 12 has a developing-solution storing
chamber 33 defined by a side wall 31 and a bottom wall
15 32. An upper opening of the storing chamber 33 is
blocked with a covering member 34. The portion between
the covering member 34 and the side wall 31 is sealed
with a packing 35. Two developing solution supply
pipes 37 are provided separately to the covering member
20 34. The developing solution 2 sent through the lines
Sa and 5b is éupplied to the developing-solution
Storing chémber 33 (through two supply pipes 37) and
stored therein. In the bottom_wali 32, a plurality of
liquid eipelling holes 38 are formed in £he longitudi-
25 | nal'direction. The developing solution 2 is supplied
from the liquid expelling hole 38 onto the wafer W.

.The horizontal length of the nozzle 12 is almost equal



(‘deaerrati on nechani sm) 10a and 10b, to renpbve a gaseous conponent. The
deaeratign is preferably perfornmed under a pressure ranging from 25-410
Torr (-350 mtg to 20 -735 nmmHg), and nore preferably, from 110-260
Torr (-500 mmHg to -650 mrHg). The deaerated devel oping solution 2 is
supplied onto the wafer Wnounted on the chuck 14 through the nozzle 12.
Hence, the coated resist is devel oped uniformdy w thout defects. 25

Next, we will explain a vacuumcircuit provided in the devel opi ng-sol ution
deaeration apparatuses 10a and 10b with reference to FIG. 2 to 4. Since
the first - 17 - deaeration apparatus 10a is_substantially the sanme as

the second deaer at¥®rthghianeker opt e WafRr Wrst deaerati on apparat us

10a will be expl ai ned bel ow. Expl anation of the second deaepati gon ap at us
10b will 5 " be onittURKE acd HBURLPALES PTOCSTA Rtinv I MRETF of WihboPS 1)

52, 53 and 54 of the devel oping-sol ution deaerat]on, apparatus 10a (10b) are
provided with a tr%’ﬁp aa’rfkecgl"”a E%P%’f%ﬁ%‘rat%ﬂ%gb'trap tank 21 is

conmuni cat ed To supply the developing solution 2 to the wafer W
5 from the nozzle 12, the practical operation procedure
is as follows: - First, a Ny gas serving'as_a preséur—
ized gas is_introduced'into the tank 1 through the line
4. The developing solution 2 stored in the tank 1 is
sent out to the suppiy line. During this operation,
10 air-operation valves 1lla and 11b are cloéed.

When the developing solution 2 is supplied to the
developing—solﬁtion déaeration apparatuses 10a and 10b,
the deaeration of the developing solution 2 is per-
formed at a.pressure ranging from 110 to 260 Torr

15 (-500 mmHg to ~650 mmHg) just for about 240 seconds
(step S1). Details on the deaeration process S1 will
be described later with reference to the flow-chart
shown in FIG. 9. |

A resist is coated onto the wafer W in a resist

| 20 coating apparatus (not shown). The coated resist is
exposed to light in thé light-exposure apparatus (not
shown). Subsequently, the wafer is loaded into the
developing unit and mounted on the spin-chuck 14 (stép
S2).

25 Then, the air operation valves 1lla and 11b
are opened. .After.the developing solution 2, present

in the supply lines 5a and 5b between the



10 * with the airtight vessel 61 of the devel opi ng-sol uti on deaeration
apparatiig, 10a (10b) through a line 51. The trap tank 21 is a vessel for
recei ving the devel oping solution-2 | eaking fromthe devel opi ng-sol ution
deaeration apparatus 10a through the line 51 during-the 15 deaerati on
operation. The bottomof the trap tank 21-is2®rovided with a drain line
57. The trap tank 21 is provided with a |Iiquid-surface detection . sensor 23a
and a pressure sensor 23b. The liquid-surface detection sensor 23a is used

i the tank 21 TSy DRbe SRS adhel bR BpBRERRERA DR Cep TG

contained in the tagk 21y gﬁgfﬁéﬁgﬁgprfsZ%%g?ﬂgbéfgSQEECEQEQé&te{ﬂe

connected on the input side o e contro The tTrap tank

21 is comuni cat eiuhdaidd SPEISHing 1 QLHbnt e héw£y53up§b§eaif§m§2 i s
provided with a stop valve 24 and a soOl enoid valve 25 in that order - 18
- when viewed fronKdedsiéBopingheolieion adkadiat Ib8 &ppatatuddsi s0Kr &yd ded

with a line 54 which serves for _

5 10b to the supply lines 5a and 5b. In this way, the
developing solution to be expelled to_tﬁe.substrate L
from the nozzle 12, is replaced with the deaerated
developing solution (Step § 3). For example, assuming
that 1.cc_of the developing solution 2.is left in the

10 lines (5a, 5b) between the developing-solution deaera-
tion apparatuses (10a, 10b) and the ai;-operation
valves (lla, 11b), 1 cc in the air operation valves
(11a, 11b), 18 cc in the lines (5a, 5b) betweeﬁ the air
operation valves (1la, 11b) and the nozzle 12, and

15 80 cc in the nozzle 12, the total amount of 100 cc (sum
of the developing solution in lines 5a and 5b) is
dispensed (referred to as "dummy-~dispense"). Instead,
the deaerated developing solution is supplied to the
lines 5a and 5b as.well as to the nozzle 12. Thereaf-

20 ter, the air operation valves l1lla and 1llb are closed.

Subsequently, as shown in FIG. 7, the ndzzle 12 is
positioned above in the center of the wafer W. Then,
the nozzle 12 is positioned as shown ih FIG. 6 by
moving up and down relative to the wafer. Thereafter,

25 air operation valves (lla, 1lb) are opened to allow the
deaerated developing solution to expel from the liguid

expelling hole 38. In this manner, the liquid film of



e

a different systemfromthe systeminvolving the trap tank 21. The |ine 54
IS communi cated with an air punp 5- 59. The line 54 is provided with a
regul ator 26 for controlling a flowrate of a supplied air, and a sol enoi d
valve 27. Wen air is supplied to the line 54 fromthe punp 59, the
pressures of the airtight vessel 61 and the trap tank 21 are reduced by the
air flow 10 t hus produced. A gauge 28.iszprovi ded between the regul ator
26 and the solenoid valve 27. The gauge 28 is connected to the input side
of the controller 40. As shown in FIG 3, the devel opi ng-solution 15
deaerati on apparatus 10a conprises an airtight vessel (deaeration chanber)
61, an inlet 62, theoleseraead developingl solvbicrphs atovned| batwees4thene
devel opi ng- sol ution deaeration apparatuses 10a and 10b are substantially
the sane as that WRERF Heturfag¢acansi thg nozzle K gt elPatenPrafprredti on
No. 08/579, 845. To the upper fortion of the _deaeration chanber_ 61, a
vacuum evacua- titha¥tHee 5axpel Ling caneent 0§ e fevelPLrgndetusionThe

el 52 and the SuL) £l gk euRTREEL e AR SVEL SRLAY SR hLGR SunE Y
solution degeratiol, AORALAL USERe 1RG0 PPche REPYIEEEhY" L818cion is
| preferably lérger thaﬁ the expelling amdunt per time
unit (amount per wafer). |
While this state is being maintained, the wafer W
is rotated by 180° by means of the motor 15 (Step, S4).
10 The developing solution is spread by the rotation of
the wafer W, forming a liquid film of the deaerated
developing solution on the surface of the wafer W. The
deaerated devéloping solution is delivered uniformly
over the resist film which has been formed on the wafer
15 W. Then, the air-operation valves (lla, 1llb) are
closed. Since the coated resist is sufficiently
exposéd.to the deaerated developing éolution, the
coated resist is uniformly developed (Step, S5). In
the developing step S5, since deaeration is pefformed
20 | under conditions in which the concentration of the
_ developing solution is not significantly changed,
deveiopﬁent defects do not occur.
In the developmen£ step S5, it is preferred'thﬁt
the dummy dispense be preferably performed before
25 initiation of the processing and at predetermined
intervals (30 minutes) for cleaning the supply lines (5,

5a, 5b). To attain the cleaning effectively, the



vacuum switch 29. The vacuum switch 29 is provided - 19 - wth a gauge
29a. The gauge 29a is connected to the input side of the controller 40. The
controller 40 has two output portions which are connected to a display _
section 41 and an alarmunit 5 42, separately. Wen the detection data
obt ai ned by sensors (6a, 6b, 23a, 23b, 28, 29a) indicate abnormal val ues,
the controller 40 directs the display sectiopgd4l_to indicate the abnormal
state and direct the alarmunit 42 to give an alarm As the sanme tine, it
10 controls the operation of a regulator 26 and sol enoid val ves 25 and
27, individually. A gas-liquid separation elenent 64 is provided between
the inlet 62 and aiweuott bét the diammyddispepisegisopueifenallys 108+-208uced
into the gas-liquid separation 15 el ement 64 fromthe inlet 62 through
the line 5a (5b).wiiehddselagory $bpm ithe expadddsgt pPBUHE PRE &d¥el-i qui d
separation el ement. 64, goes out fromthe outlet 63, and is supplied to the
nozzle 12 throughFPEng¥anglespin thdsyguboddmentsebhradlgHNE| BfetfiSss | s

f ormed of
_ dummy dispense is set to 150 cc, which corresponding to

5 | an overall amount of the expelling amount (50 cc) at
normal operation and a deaeration amount (100 cc).
After completién of the development, the wafer W
is rinsed with pure water while being rotated at high
speed (Step,_SS)w' After rinse, the wafer W is unloaded
10 from the developing unit (Step, S7).
The deaeration operation of the developing
solution will now be explained with reference to FIG. 9.
(1) In normal operation, the solenoid valve 25 of
the controller 40 is left open. While this condition
15 is being maintained,'the controller 40 opens the
solenoid valve 27, thereby supplying air to the line 54
to drive the ejector 22. In this manner, vacuum
operation of.the chamber 61 is initiated (Step, S11).
The chamber 61 is evacuated through the lines 51, 52,
20 and 53 by the operation of the ejector 22. The inner
pressure of the chamber 61 is reduced. The inner
pressures of the chamber 61 and the trap tank 21 are
separately detected (Step, S12). The controller 40
receives the pressure detection data from the sensors
25 (23b, 28, 29a). The controller 40 controls the
operation valves (1lla, 11b), the solenoid valves,(zs,

27), a generator (regulator) 26, and the vacuum switch



20 ™ a bundle of capillaries made of a porous film non- porous film and

a conposite film As the porous film a porous thin film nmade of

pol yt etrafl uoroet hyl ene (PTFE) or a polyolefin-series resin is used. As the

non-porous film a non-porous thin filmmde of a 25

tetrafl uoroet hyl ene . hexafl uoropropyl ene copol yner - (FEP), a

tetrafl uoroethyl ene . perfluoroal kyl vinyl _et hgr copol yner (PFA), or

pol ytetrafl uoroet hyl ene (PTFE) is - - 20 - used. The conposite filmis a

filmfornmed by conbining the porous filmand the non-porous film As shown

in FIG 4, the nenbrane 64a of the gas-liquid separation elenent 64 has a

function of 5 2Pepnethpndatal Fhyss ebtainefdpotbarely settingedhen inper

devel opi ng sol ution 2. Exanpl es_of the gaseous_component 2a permneabl e

through t he nenbr BRessugepnefuybesdgperagdrngshambeecaileand ygar §agk 21

nol ecul e, hydrogen ggs nDLecuIe, di oxi.d | ecul ar gn on gas nol ecul e,
RB 1

. % as, ,
10 and the Ii¥&EhiButhenzangs,rd 13000 268 IREFai nd8iRi YACPERer ence to

FIGs. 5 and 6. operation is continued until the pressure gauge 29a of
5 the vacuum switch 29 reaches the uppermost value,
-650 mmHg (110 Torr) (Step, S13). |

(2) When the preésure gauge 29a displays the
uppermost value, the solenoid valve 27 is closed to
stop air supply to the ejectof 22 by the controller 40.

10 The vacuum operation of deaeration chamber 61 is
terminated (Step, S14).

(3) As the deaeration of the developing solution
pfoceeds in the chamber 61, the value displayed by the
gauge 29a of the vacuum switch 29 gradﬁally incieases.

15 The innerxr pressures of the deaeration chamber 61 and
the trap tank 21 are separately detected (Step, S15).
The vacuum (deaeration) is continued until the display
of the pressufe gauge 29a of the vacuum switch 29
reaches the lowermost value, -500 mmHg (260 Torr) (Step,
20 | S16).

When the pressure gauge 29a displays the lowermost
.value, the controller 40 opens the solenoid valve 27 to
‘drive the ejector 22 again. The operation of the
ejector 22 is continued until ﬁhe gauge 29%9a of the

25 vacuum switch 29 reaches the uppermost.value,_-GSO mm
Hg (110 Torr) (Step, S11).

(4) Thereafter, the procedures (2) and (3) are



Pl

The ndzzle 12 has a devel opi ng-sol ution storing chanber 33 defined by a
side wall 31 and a bottomwall 15 32. An upper opening of the storing
chanber 33 is blocked with a covering nenber 34. The portion between the
covering nmenber 34 and the side wall 31 is sealed with a packing 35. Two
devel opi ng sol ution supply pipes 37 are provided separately to the covering
menber 20 34. The devel oping solution 24,gent through the lines 5a and
5b is supplied to the devel opi ng-sol ution storing chanmber 33 (through two
supply pipes 37) and stored therein. In the bottomwall 32, a plurality of
l'i qui-d expelling holes 38 are forned in the |ongitudi- 25 nal

direction. The deepkepedg solution 2 is supplied fromthe liquid expelling
hol e 38 onto the wafer W The horizontal |ength of the nozzle 12 is al npost
equal - 21 - to theldi &het deasrationweffethe/ deyed opingevolayiiop disocess
of the wafer Wwill be explained with reference to FIG 8. To supply the
devel opi ng sol uti sapgatedt ha whisr ways a smpldnpppungogf| Eheo ligndd

practical operation procedure
component permeates through the membrane of the gas-

5 liquid separation element 64a and leaks into the vacuum
evacuation iine 51. However, the leaked liquid
containing a liquid component is received by the trap
tank 21, so that the lines 52, 53, and 54 located
downstream of the tank 21 are not contaminated with the

10 leaked liquid component. The liquid component leakage
is accumulated in the trap tank 21 and the liquid
surface increases. The controller 40 monitors the
surface level of the liguid in the trap tank 21 by use
of the liquid surface detecting sensor- 23. When the

15 liguid surface reaches a preset level, the controller
40 closes the solenoid value 25, thereby terminating
the vacuum operation of the chamber 61 through lines 51
to 53. Subsequéntly, the controller 40 opens a valve
57a to discharge the liquid of the trap tank 21 to the

20 drain line 57. The controller 40 further opens the
solenoid valves 25 and 27 to drive the ejector.22. In
this way, the deaeration of the déveloping solution is
started again.

Since the vacuum evacuation line 51 is éommuni—

25 _ cated with the drain line 57 of the trap.tank 21,
leakage of the liquid component can be discharged from

the trap tarik 21 through the drain line 57. Therefore,



is as follows: First, a N2 gas serving as a pressur- ized gas is introduced
into the tank 1 through the line 4. The devel oping solution 2 stored in the
tank 1 is sent out to the supply line. During this operation, 10
air-operation valves 1la and 11b are cl osed. When the devel oping solution 2
I's supplied to the devel opi ng-sol uti on deaeration apparatuses 10a and 10Db,

t he deaeration of the devel oping solution-2 Ry per- forned at a pressure :
ranging from 110 to 260 Torr 15 (-500 mtHg to -650 mrHg) just for about
240 seconds (step S1). Details on the deaeration process S1 will be
described later with reference to the flowchart shown in FIG 9. A resist
is coated onto theveafadf WMAH étﬁé§?yﬁtbﬁlamm°6é&ﬂih@dﬁﬁﬁaﬁ80u§cFHGS as
shown). The coated resist is exposed to |i i,n the I| xposur.e
appar at us (not shéﬂn?CtSUSséﬁﬁéﬁtpf tpﬁedﬁg%éPPFgglﬁaaEH Pﬁtgeggé in the

devel opi ng unit and nounted on uck, 14

Then, the air opeVafPyf 95?98§ti?§ iﬁ&el B aF@eoﬁéﬁgageirié} PRE 8E5&FEpI ng
sol ution 2, Presepfol BaklGmSUBRLYAL 1 AGS mB3Nn8NY230 BEL WSS LBE 59y, The

5 - evacuation capacity will not decrease.
| Next, the deaeration apparatus of another
embodiment will be explained with reference to FIG. 14.
Like reference numerals are used to designate like
structural elements corresponding to- the aforementioned
10 embodiment and any further explanation ié omitted for
brevity’s sake.

In the deaeration apparatus, the vacuum evacuation
line 53 positioned downstream éf the deaeration
'apparafus is connected directly to a suction side of a

- 15 vacuumlpump 30. Since the chamber 61 is evacuated
directly by the vacuum pump 30 via the vacuum evacua-
tion lines (51 to 53) in the deaeration apparatus, the
evacuation capacity will increase. Furthermore, the
since the deaeration apparatus is equipped with the

20 trap tank 21 fof prevehting the vacuum pump 30 from
lsucking the liquid component leakage, the evacuation
capacity will not decrease.

The operétion of deaerating the developing
solution by use of the deaeration mechanism is as

25 follows:
(1) In normal operation, the coﬂfrpller 40 keeps

the solenoid valve 25 open. While this condition is



-~ 22 - devel opi ng-sol uti on deaeration apparatuses 10a and 10b and. the
nozzle, is conpletely discharged, the deaerated devel oping solution is
new y supplied fromthe devel opi ng-sol uti on deaerati on apparatuses .10a and
5 . 10b to the supply lines 5a and 5b. In this way, the devel oping
solution to be expelled to the substrate Wfromthe nozzle 12, is repl aced
with the deaerated devel oping solution (Stepyg 3).. For exanple, assumng.
that 1 cc of the developing solution 2 is left in the 10 lines (5a, 5hb)
bet ween t he devel opi ng-sol uti on deaera- tion apparatuses (10a, 10b) and the
air-operation valves (1la, 11b), 1 cc in the air operation valves (1lla,
11b), 18 cc in thbelingemaibsaibll,bet wasnumhpuapr 3@pésaticdmenabyeshella,
11b) and the nozzle 12, and 15 80 cc in the nozzle 12, the total anount
of 100 cc (sun1ofcpn§raé&§roﬁpng §®I@hﬂ@nwﬁﬁrlth@svéﬁuaﬁdOBﬁfaFéoﬂl§§ensed
(referred to as "dummy-di spense”). Instead, the deaerated develo

sol ution is suppl te8 @Sa?ﬁétﬂpﬁe§h§§b§ﬁdngléslﬂéFFa§§ t&SFﬁBrn§§%De 12.

Thereaf- 20 ter, the air n valves 1la and B
Subsequent 1y, as ?Hsmﬂeﬁﬁrpr:e? 7ohanbero a1 451 59Acinbert PynbheanBeEatAohe

center of tEe mafer ¥Le vachum pump 30 through lines 51, 52, and 53.
The inner pressure of the chamber 61 is reduced.
The inner pressures of the deaeration chamber 61
and the trap tank 21 are separately detected (Step,
S12). When the controller 40 receives the pressure
10 _detgction data from the sensors 23b, 28 and 29%a, it
controls the inner pressures 6f the deaeration chamber
61 and the trap tank 21 by'use of the operation valves
(11a, 11b), the solenoid valve 25, and vacuum switch 29
so that they fall within the range of 25 to 410 Torr.
'15 The vacuum operation is continued until the pressure
gauge 29%9a of the vacuum switch 29 reaches the uppermost
value, -735 mmHg (25 Torr) (Step S13). |
(2) When the pressure gauge 2%a displays the
uppermost value, the cbntroller 40 stops the operation
20 - of the vacuum pump 30. In this manner, the vacuum
operation of the deaeration chamber 61 is terminated
(Step, S14).
(3) As the deaeration of the developing solution
proceeds in the chamber, the value displayed by the
25 - gauge 29a of the vacuum switch 29 gradually increases.
- The inner pressures of the deaeration chamber 61 and

the trap tank 21 are separately detected (Step, S15).



t’he nézzle 12 is positioned as shown in FIG 6 by noving up and down

relative to the wafer. Thereafter, 25 air operation valves (1lla, 11b)
are opened to allow the deaerated devel oping solution to expel fromthe
liquid expelling hole 38. In this manner, the liquid film of - 23 - the

deaer ated devel oping solution is forned between the wafer Wsurface and the
nozzle 12. It is preferred that the expel ki ng9ameunt of the devel oping
solution be smaller than the deaerated devel oping solution. 5 '
Conversely, the amount of the devel oping solution is preferably |arger than
the expelling anmount per time unit (amunt per wafer). \VWiile this state is
bei ng naintained,TPﬁeeﬁﬁPBW PeTatipnt &8 59BE85P@grPkﬁﬁYgﬁgﬁspﬁﬁsﬁﬁgenntor
15 (Step, $S4). 10 The_deye ing solution is.gpread,b e rotation,of
the waror W i or nBRBIR PPAUPY FREnPOFOERe SHeRehartrRaoarE EHE S8PRERGH o
the surface of th er T. e t I n lution is delivered
uni formy over thgaigéfsf¥$Plﬂﬁﬁﬁii%iﬁaggggzxgkggﬁeglg ‘the wafer 15 W
Then, the air-operatiofpygl Y3 pHe@sultPhall® 29a displays the lowermost

5 value, the controller 40 drives the vacuum pump 30
again. The operation of the vacuum pump 30 is contin-
ued until the gauge 29a of the vacuum switch 29 reaches
the uppermost value; =735 mmHg (25 Torf)(Step, S11).

(4) Thereafter, the aforementioned procedures (2)

10 and (3) are repeated.

In the deaeration mecﬁanism of this embodiment, a
high level of vacuum is attained which achieves
effective deaeration. Consequently, the gaseous
component contained in the developing solution can be

15 sufficiently removed.

High-resolution resists coated oﬁ 8-inch wafers W
were actually devéloped by using the developing
solution deaerated by the method of the present
invention, and the developing solution deaerated by a

20 conventional method. Both the resists were compared
for development defects. The former resist improves on
the latter by 70 % or more, with respect to the defects.

As the developing solution expelling nozzle, a
stream type nozzle 81 (shown in FIG. 15) or a multi-

25 type'ndzzle 82 (shown in FIG. 16) formed of a main
nozzle provided with a plurality of nozzles 83 may be

used. The nozzles 81 and 82 are moved from one side



closed. Since the coated resist is sufficiently exposed to the deaerated
devel opi ng solution, the coated resist is uniformy devel oped (Step, S5).
In.the devel oping step S5, since deaeration is performed 20 under
conditions in which the concentration of the devel oping solution is not
significantly changed, devel opnent defects do not occur. In the devel opnent
step S5, it is preferred that the dummy dispggpse.be preferably perforned

before 25 initiation of the processing and at predeterm ned intervals
(30 mnutes) for cleaning the supply lines (5, 5a, 5b). To attain the
cl eaning effectively, the - 24 - anount of the dummy dispense is

preferably 100-20poctiontiehthe otheprsideninhe scaepinggfashion philei ne.
For exanple, in this enbodi nent, the anmount of the dummy dispense is set to
150 cc, which cor¥lepomtrnditbs sbeing H#oeR%edt | ampunt of the expelling

anount (50 cc) at nornal operation and a deferation fnnunt 100 ccé. After
conpl etion of the devefBphEatti¢he WAEHeVR1PIRGSEALWFLAR pAr LSWERBPLIAA) e

bei ng rotated at @ég@he wafer W by'the stream type nozzle 81 and the

5 multi-type nozzle 82 as follows: First, a Ny gas is
ihtroduced into the tank 1 through the line 4, ﬁhereby
sending out the developing solution 2 from the tank 1
to the supply line 5. Thereafter, both operation
valves 1la and 11b are closed.

10 _ Subsequently, the developing solution 2 is
deaerated in the developing-solution deaeration
apparatuses 10a and 10b at a saturated vapor pressure
or less, for example, 25-410 Torr (-350 mmHg to
~735 mmHg) for just 240 seconds.

15 - After the developing solution present in the
supply lines 5a and 5b is discharged, the deaerated
developing solution is newly supplied in place of
the discharged solution. The replacement of the
developing solution is made by the dummy-dispense of

20 the developing solution (which.is attained by opening
ﬁhe air-operation valves ila and 11b) present in the
supply lineé (5a, 5b) between the deVeloping-solution
deaeration apparatuses (10a, 10b) and a nozzle (81 or
82). The air operation valves l1lla and 11lb are closed.

25 Then, the nozzle (81 or 82) is positioned at a
distance from fhe wafer W. After the air operation

valves lla and 11b are opened, the developing solution



speed "(Step, S6). After rinse, the wafer Wis unl oaded 10 fromthe
devel oping unit (Step, S7). The deaeration operation of the devel opi ng

solution will now be explained with reference to FIG 9. (1) In nornal
operation, the solenoid valve 25 of the controller 40 is left open. Wile
this condition 15 I's being maintained, the controller 40 opens the

sol enoi d valve 27, thereby supplying air to ghe Line 54 to drive the
ejector 22. In this manner, vacuum operation of the chanmber 61 is initiated
(Step, S11). The chanber 61 is evacuated through the lines 51, 52, 20

and 53 by the operation of the ejector 22. The inner pressure of the
chanber 61 is redisedxpghtetdnfieompthesopeslef (Bheorh8BHeprndd &he tkatemrap
tank 21 are separately detected (Step, S12). The controller 40 receives the
pressure detectionfdathe wadertheThenvefer2¥ is allowed280 Zohpte whdle
controller 40 controls the operation valves (1la, 11b), the sol enoid val.ves
(25, 27), a gener sher devedapaingr porgtiandishexpaddash SWtechThe noggle 29 on

the data thus obtained, thereby setting the inner )
- 81 or 82) is’ reciprocally moved relative to the wafer

5 W. It is preferable that the expelling amount of the
developing solution be‘smailer than th;t of the
deaerated solution. Conversely, the amount of the
developing solution-to be deaerated is preferably
larger than the expelling amount per time unit.

10 Thereafter, the air operation valves (lla, 11b)
are closed. In this manner, the coated resist is
developed with the deaerated developing solution.

In the aforementioned embodiments, a semiconductor
wafer is used. Howevef, the present invention is not

15 limited to the semiconducfor wafer and an LCD substrate
may also be used.

As explained above, the resist pfocessing method
of the present invention is one performed by supplying
a processing solution on the surface of a substrate.

20 Since the process solution employed in the present
invention is deaerated within a saturated pressure of
the processing solution for at least 15 seconds, the
gaseous component contained in the processing solution
can be sufficiéntly removed. Hence, the resist can be

25 . processed without defects.

Additional advantages and modifications will read-

'ily occur to those skilled in the art. Therefore, the



pressures of the deaeration chanber 61 and trap tank 21 within the range of
110 to 260 Torr. This vacuum operation.is continued until the pressure
gauge 29a of 5 t he vacuum switch 29 reaches the uppernost val ue, -650
mMHg (110 Torr) (Step, S13). (2) Wen the pressure gauge 29a displays the
upper nost val ue, the solenoid valve 27 is closed to stop air supply to the
ej ector 22 by the controller 40. 10 The yacuum operation of deaeration
chanber 61 is termnated (Step, S14). (3) As the deaeration of the

devel opi ng sol ution proceeds in the chanber 61, the val ue displayed by the
gauge 29a of the vacuum sw tch 29 gradually increases. 15  The inner
pressures of the eeenrbionniehbbdcbreadendaspects abs tapk bimptedstpakheel y

detected (Step, S15)._ The vacuum (deaeration) -is continued until the
di splay of the preReeElgARkadbs apdiFeprasenkative cpmbedinerkesshpun

| ower nost val ue, -500 (260 Torr)(Step, 20. S16). . Wien the_pressure
gauge 29a displaf?“?ﬁ&g;ggké%gs?e§%}%g, %ﬁ%°€8ﬁ?95¥1é¥g tp%$é%gd%ﬁgca—

| enoi d valve 27 to drive the e] 22 again,. Th | on_ of -
o ector 2214 cortI MRS TR GhEpRcSbatar e hingsEPEh TRt ch TR 20

reaches thQ5Uppergggﬁevgfu@he'&éﬂefﬁl inventive concept as defined by

the appended claims and their equivalent.



Hg (110 Torr) (Step, S11). (4) Thereafter, the procedures (2) and (3) are
- 26 - repeated. If the deaeration of the devel oping solution is repeated
in this way, a small anount of the |iquid conponent bEFﬁEEFEEETﬁTﬁﬁﬁﬁ‘rhe

menbrane of the gas- 5 | i qui d separation el ement Gﬂmmﬂ H ] t he
vacuum evacuation line 51. However, the |eaked liquid: u ﬂ’”ﬂml d
conponent is received by the trap tank 21, sgjthat the [ines '52% 58, and 54
| ocat ed downstream of the tank 21 are not contam nated with the 10

| eaked |iquid conponent. The liquid conponent |eakage is accunulated in
the trap tank 21 and the liquid surface increases. The controller 40
nonitors the surface level of the liquid iaLABMStrap tank 21 by use of the
| i quid surface detecting sensor 23. \Wen the 15 | i quid surface reaches
a preset level, the codtroBl eesdgtcprvocesshingsuethoddfoxnl dotzeduciageldy
termnating the vacuum operation of the chanber 61 through Iines 51 to 53.
Subsequent |y, thepreasusired gasopshe a vasgel storing a processing

solution, sending the processing solution from the.

5 | vessel to a nozzle by way of a supply line by means of
the pressurized gas, and supplying the processing
solution from the nozzle to a substrate,

said method comprising the steps of:

(a) proﬁiding a deaeration mechanism to the

10 supply line, said deaeration mechanism having a gas-
ligquid separation membrane and a vacuum evacuation
line; |

(b) introducing the pressurized gas into the
vessel to send out the processing solution from the

15 vessel into one side portion of said gas-liquid
separation membrane through the supply line;

(c) 'evacuafing the other side pbrtion of the
gas-liquid separation membrane through said vacuum
evacuation line to set the pressure of the other side

20  portion of tﬁe gas~liguid separation membrane within a
saturated vapor pressure of said processing solution,
permitting a gaseous component dissolved in the
processing solution to migrate'from séid one side
portion to the otﬁer side portion, thereby removing the

25 gaseous component from said prdcessing'solﬁtion before
the process solution is supplied to the substrate

(deaeration step);



57a t'o discharge the liquid of the trap tank 21 to the 20 drain Iine
57. The controller 40 further opens the sol enoid val
the ejector 22. In this way, the deaeration of the dev tion. |s
started again. Since the vacuum evacuation line 51 is ﬂ'i@mﬂﬂjﬁﬂlﬂ uuwat ed
with the drain Iine 57 of the trap tank 21, |eakage of nent
can be discharged fromthe trap tank 21 throgqh the drain line 57.

Ther ef or e, - 27 - even if TMAH (tetramethyl ammoni um hydr oxi de) acting as
an active agent of the devel oping solution | eaks in the vacuum evacuati on
line 51, the | eakage will not affect the vacuum evacuating neans (22, 26,
27, 28, 59). The 5 (dyacdascbargipgcithe wirbcesstingdespdasd onNpxesenlte
deaer at i on appar atus of another enbodi ment will be explained with reference
to FIG 14. Like isfthensepplyelins hetwesadseddddengrationi pechanismur al

el ement s correspondlng to the_aforenentioned 10 enbodi ment and_any
further expl anati 8Rdj h@nﬂ?%ééeioﬂnﬁréOFF9d§c§§Eethe processing solution

deaerated in said deaeration step (c) into the supply

5 line between the deaeration mechanism and the nozzle’
(processing solution replacing step);

(e) supplying the deaerated processing scluﬁion
to the substrate by expelling said deaerated processing
solution frem the nozzle; and

10 (f) rotating the substrate relative to the nozzle
to form a liquid film of the deaerated processing
solution between the nozzle and the substrate.

2. The method according to claim 1, wherein said
step (c) comprises starting evacuation of the other

15 side portion of the gas-liquid separation membrane
through the vacuum evacuation line, detecting a
pfessure of the other side portion of the gas-ligquid
separatien membrane as a first detection pressure,
Stopplng evacuation of the other side portion of the

20 gas-liquid separatlon membrane when the detection
pressure reaches an uppermost value within a range of a
.predetermined degree of vacuum, again detecting a
pressure of the other side portion of the gas- llquld
separation membrane as a second detectlon pressure,

25 = starting evacuation of the other side portion of the
gas-liquid separation membrane when the second detec-

tion pressure reaches a lowermost value within a range



I'n thé. deaeration apparatus, the vacuum evacuation |ine 53 positioned
downstream of the deaeration apparatus is connected di rectiytoe—a—suction

side of a 15 vacuum punp 30. Since the chanber 6fgy _
directly by the vacuum punp 30 via the vacuum evacua-ﬂ"’ﬂ“ﬂ"ﬂjﬁ@@@%#ﬂ 0 53)
I n the deaeration apparatus, the evacuation capacity willec 1 nrc i
Furthernore, the since the deaeration apparatiss i-s equi pped wth the 20
trap tank 21 for preventing the vacuum punp 30 from sucking the liquid
conponent | eakage, the evacuation capacity will not decrease. The operation
of deaerating the devel oping solution by use of the deaeration nechanismis
as 25 fol | ows of( B) prededermingse degrse afhgasowar-ol | er 40 keeps the

sol enoi d val ve 25 open._  Wile this condition is - 28 - being naintaj ned,
a vacuum punp 30 is dridren Bip mpEhashtacegding tq (£ gy Jgywherpiy

operatipn of the deaeration c anbegﬂSE isirﬂtia&gﬁéésgg%eéggQi ;}e
deaer ati on chambeMPRPEITOSL, ¥ Fihée % i P n
| " degree of vacuum is 25 Torr and said lower most value
5 within a range of a predetermined degree of vacuum is
410 Torr. |

4. The méthod according to claim 2, wherein said
upﬁermost value within a range of a prédetermined
degree of vacuum is 110 Torr and said lowér most value

10 within a range of a predeterminéd degree of wvacuum is
260 Torr.-

5. The method according to claim 1, wherein, in
said step (b), a pressure of the pressurized gas falls
within a rangé from 0.5 to 3 kg/cm2.

15 6. The method according to claim 1, wherein, in
said step (e), an amount of the processing solution
expelled from the nozzle is smaller than that deaerated
by the deaeration mechanism.

7. The method according_to claiﬁ 1, wherein, in

20 - said step (e), an amount of the processing solution to
be deaerated by the deaeration mechanism is larger than
that required for processing one substrate.

8. The method according to claim 1, wherein said
gas—liqgid separation membrane is constituted of a

- 25 - plurality of capillaries made of any one of a porous
film, a non-porous film, and a composite film.

9. The method according to claim 8, wherein



5 ‘of the vacuum punp 30 through lines 51, 52, and 53. The inner
pressure of the chanber 61 is reduced. The inner pressures of—the——

deaeration chanber 61 and the trap tank 21 are sep I ('St ep,
S12). When the controller 40 receives the pr essur,eﬂmmumlmﬂgﬁi{m dat a
fromthe sensors 23b, 28 and 29a, it controls the inmner pt s€s,0f the
deaerati on chanber 61 and the trap tank 21 bgguse of the operation valves
(11a, 11b), the solenoid valve 25, and vacuumswitch 29 so that they fal
within the range of 25 to 410 Torr. 15 The vacuum operation is
continued until the pressure gauge 29a of the vacuum switch 29 reaches the
upper nost val ue, sa38 pemEgus23ilor Ap @Spepossl3rhip2filmemadre ofr essure
gauge 29a di spl ays the uppernost value, the controller 40 _stops the
operation 20 splytetradduerpetrbyiene (PRFEN ornanRetyolrd Lpassukes
operation of the deaeration chanber 61 is termnated (Step, S14). (3) As
the deaeration of TERdNdeFeiGpMRG POk L3Py s "PR-PRECERA . the

val ue displ ayed, DY e rae, s, SHLE S KB e R SRR o R R PR AT

tank 21 areSSEDar%%%BXy%%&ei%%%)gsge%9t§%§auoroethylene?
perfiuoroalkylvinyl ether copolymer (PFA), or
polytetrafluoroethylene (PTFE); and said composite film
is a composite film made by combining a.porous £ilm and
a non-porous film.

10 10. The method according to claim 1, wherein said
processing solution is a developing solution for
developing a resist coated on the substrate; the
pressurized gas is a nitrogen gas; and, in said
deaeration step, an amount of a dissblved nitrogen gas

15 in the developing solution is set at 25 ppm or less.

11. The methéd according to claim 10, wherein said
developing solution is an aqueous solution containing
2.38 £ 0.01% tetramethylammonium hydroxide.

12. A resist processing method for introducing a

20 pressurized gas into a vessel storing a processing
solution, sending the processing solution from the
‘vessel to a nozzle through a supply line by means of
the preséurized gas, and supplying the processing
solution from the nozzle to a substrate,

25 said resist processing method comprising the steps
of:

(A) attaching a deaeration mechanism to the



-'29 -' The vacuum operation is continued until the pressure gauge 29a of
the vacuum switch 29 reaches the | owernost val ue, -350 410
Torr)(Step, S16). Wen the pressure gauge 29a displ ays m mmﬂL
val ue, the controller 40 drives the vacuum punp 30 age of
t he vacuum punp 30 is contin- ued until the gauge 29a of the vacuu%1smntch
29 reaches the uppernost val ue, -735 mrHg {253 %ort) (Step, S11). (4)

Thereafter, the aforenentioned procedures (2) 10 and (3) are repeated.
In the deaeration nechanisn1of this enbodi ment, a high | evel of vacuumis

attai ned which actgdleppels}{ fect| l&le&m&;g# ”Ongﬁ’é}:ﬁ? e%wa"{’nff?ai us

conponent contain oplng SO |on can iently
renoved. High-res @mvgygg qally
devel oped by usi nglt deﬂpde%/ o%‘?nlg&go gﬁ?on %e%ﬁ% ‘é@:ﬁi t he rre of t he

present invention,jgpl the devel opi ng sol ution deaerated by a 20
conventional nethod. 'Both the resists wer e conpared for devel opnent

defects. The forner res{sj |{WELY@cPAg a pressurized gas into the vessel
5 to send out the processing solution from the vessel
into one side portion of said gas-liquid separation
membrane through the supply line;
(C) evacuating the other side portion of said
gas-liquid separation membréne through'said vacuum
10 evacuatién liné to set the pressure of the other side -
‘portion of the gas-liquid separation membrane within a
saturated vapor.pressure of said processing solution,
permitting a liquid_component dissolved in the process-
ihg solution to migrate from said one side portion to
15 the other side portion, thereby removing a gaseous
component from said processing solution before the
solution is supplied to a substrate (deaeration step);
(D) discharging the processing solution present
in the supply line between said deaeration mechanism
20 and the nozzle, and-introducing the prbcessing solution
deaerated by said deaeration step (C) into the supply
line betweén'the deaeration mechanism and the nozzle
(processing solution replacing step);
(E) spinning the substrate; and
25 (F) expelling the deaerated processing solution
from the nozzle to the substrate to form a liquid film

of the deaerated processing solution between the nozzle



the lAtter by 70 %or nore, with respect to the defects. As the devel oping
sol ution expelling nozzle, a streamtype nozzle 81 (shown in FIG 15) or a
mul ti- 25 type nozzle 82 (shown-in FIG 16) forned

provided with a plurality of nozzles 83 nay be used. The

are noved from one side - 30 - portion to the other mﬂamﬁ ﬁﬂHmI
fashion while the wafer Wis being rotated. 38 practice, ewel apl Bg »
solution 2 is supplied to the wafer Wby the streamtype nozzle 81 and the
5 mul ti-type nozzle 82 as follows: First, a N2 gas is introduced into
the tank 1 through the line 4, thereby sendlng out the devel opi ng sol ution

2 fromthe tank 1ang the §Hbﬁﬁ$aﬁﬁne 5. Thereafter, both operation val ves
1la and 11b are cl osed. 10 Subsequent e .devel o sol uti.o
i s deaerated in-the dédel oﬁpﬁgm?(‘}lhﬁ’tdi G5CQ géné’t{(?n gﬁdﬁ?é&ué@%@a‘%ﬁ@‘fgb

?g ?7§gtﬁgié?dfg?g%&g Qgig%ggg%h&§%§%taf%lng ey%cuat%%nél% I%. o&. 50 mTHg

side portion of the gas-liquid separation membrane

5 through.the vacuum evacuation line, detecting a
pressure of the other side poreion of the gas-~liquid
separation membrane as a first detection pressure,
stopping evacuation of the other side portion of the
gas-liquid separation membrane when the first detection

10 preseure reaches an uppermost value within a range of a
predetermined degree of vacuum, again detecting a
pressure of the other side portion of the gas-liguid
separation membrane as a second detection pressure,
starting'evacuation of the other side portion of the

15 gas-liquid separation membrane when the second detec-
tion pressure reaches a lowermost value within a range
of a predetermined degree of wvacuum.

14. The method according to claim 13, wherein said
'uppermost value within a fange of a predetermined

20 degree of vacuum is 25 Torr and said lowermost value
ﬁithin a range of a predetermined degree of vacuum is
410 Torr.

15. The method according to claim 13, wherein,
said uppermost value within a range of a predetermined

25 - degree of vaéuum is- 110 Torr and said lower most value
within a range of a predetermined degree of vacuum is

260 Torr.



15 ) After the devel oping solution present in the supply |lines 5a

and 5b is discharged, the deaerated devel opi ng soIut|0ﬁ~rs—ﬂem#y—supp+r€d—
in place of the discharged solution. The repl acenent of

sol ution is nade by the dumy-di spense of 20 t he dev Bnﬂlgﬂmﬁu“l
(which is attained by opening the air-operation valves 1la andtll present
in the supply lines (5a, 5b) between the devé9pi-ng-sol uti on deaeration

apparatuses (10a, 10b) and a nozzle (81 or 82). The air -operation valves
1la and 11b are cl osed. 25 - Then, the nozzle (81 or 82) is

positioned at a dista r fter th alr er tion valyes

11 d 11b 6 héﬁ'tfe Wa‘i] CEHTH G tO © g ¥ o

thg ﬁgzzle (g;eospggs onto t cngLrézf t he waf er, Wis Ilomed

o oate i 1ot ma Pl ) < st s E e &r%%unfﬁee 4,888 S

82) is reciprocal Ivy 1ﬁg_\ﬁecj’ rgr{agﬁl oguootlge \gaf‘-’.e .9? cm2. W is preferable
t o

that the expelling anoun eveloplng sol'gt'ion ‘be snaller t han t hat

of the deaerated sol utji0n. (RNVRIGRIY adddtAMY o M aRE 12, wherein, in
5 said step (E), an amount of the processing solution
expelled from the nozzle is smaller than that deaerated
by the deaeration mechanism. _
18. The method according to claim 12, wherein, in
said step (E), an amount of the proceséing solution to
10 be deaerated by the deéeration mechanism is larger than
that required for proceésing one substrate.
19. The method according to claim 12, whereiﬁ said
gas-liquid separation membrane is constituted of a
plurality of capillaries made of any one of a porous
15 film,'a non-porous film, and a composite film.
20. The method according to claim 19, wherein
said porous film is a porous thin film made of
polytetrafluoroethylene(PTFE) or a polyolefin-series
resin; said non-porous film is a non-porous thin
20 .film made of a tetrafluoroethylene * hexafluoropropylene
copolymer (FEP), a tétrafluoroethylene"
perfluoroalkylvinyl ether copolymer (PFA), oxr
polytetrafluorocethylene (PTFE); and said composite film
is a composite film made by combining the porous film
25 and the non-porous film. |
21. The method according to'claimllz, wherein

said processing solution is a developing solution for



develbping solution to be deaerated is preferably larger than the expelling

anount per tinme unit. 10 Thereafter, the air operatien—valves

(11a, 11b) are closed. In this nmanner, the coated resi st wi t h
t he deaerated devel oping solution. In the aforenenti one%llmﬂﬂﬂmﬁﬂﬁﬂ”m
sem conductor wafer is used. However, the present inventioneci St ko '
limted to the sem conductor wafer and an-LOEOsubstrate may al so be used.
As expl ai ned above, the resist processing nethod of the present invention
i's one perfornmed by supplying a processing solution on the surface of a
Substrate. 20 Since t he grocess solutign e onedbin t he prgsent

i nvention i s deacfRYRICRIRG E?%é?ﬁr%?%ﬁegrggs he” grPshEabPocklE ng

solution for at |east 15, seconds, .the 8gﬁeous conggnen contained in the

processing sol ut i BREEANHES u???é?%n?! LHEABTR AT RRnTRY ( hR PBFst can be
AT A2 R R R S R
in the developing solution is set at 25 ppm or less.
5 22. The method according to claim 21, whefein
said developing solution is an aqueous solution .
containing 2.38 * 0.01% tetramethylammonium_hydroxide.
~ 23. A resist processing system comprising:

a mounting table for_mounting'a substrate thereon;

10 a nozzle for expeiling out a processing solution
to the substrate mounted on the mounting table;

a vessel for storing the processing solution;

p;éssurizing means for introducing a pressurized
gas into the vessel, thereby pressurizing the

15 processing solution to éend the processing solution
from the vessel to the nozzle ;

a processing solution supply line profided between
the vessel and the nozzle, for guiding the processing
solution sent out from the vessel by said pressurizing

20 means, to the hozzle; and

a deaeration mechanism attached to said processing
solution supply line, for separating aﬁd removing a
gaseous componeht from the processing solution;

said deaeration mechanism comprising

25 an airtight chamber,
a gas-liquid separation membrane provided in the

airtight chamber, one side portion of which is



invention in its broader aspects is not |limted to the specific details and
representative enbodi nents shown and descri bed herein. Accordingiﬁ vari ous

nodi fica- tions may be made wi t hout departing fromthe melﬂumg uuu"rml
- i

scope of the general inventive concept as defined by th

and their equivalent. -33- CLAIMS 1. A resist'prOcessihgcnefhoa f or
I ntroduci ng a pressurized gas into a vessel gtoring a processing sol ution,
sendi ng the processing solution fromthe 5 . vessel to a nozzle by way of

a supply line by neans of the pressurized gas, and supplying the processing
solution fromthe nozzle to a substrate,. said nethod conprising the steps
of : (a) providi ngcampuadcatedn wikidhasiishprocessing soludigy guppdy, ldmey
deaerati on mechani sm having a_gas- liquid separation nmenmhrane and a vacuum
evacuation |ine; thropahr wBdehn§aise PFOSESFiNTe FOdaS oMk &5t RUPPIISE T
send out t he procgzihngnzogghgpgolaggﬁﬁhe -
a vacuum evacuation line communicated with the
5 other side portion of the gas-liquid separation
membrane,

_evacuation means for e&acuating the other side
portion of the gas-liquid separation membrane through
the vacuum evacuation line, and

10 a trap tank attached to the vacuum evacuation line,
for receiving a liquid component permeating through the
gas-liquid separation membrane and leaking into the
vacuum evacuation line.

24. A system accordihg to claim 23, wherein

15 s&id evacuaﬁion means comprises

an ejector main body communicated with the vacuum
evacuation line,

another line communicated with the ejector main
body, and

20 fluid supply.means'for sending a fluid to said
another line, théreby reducing pressure of the vacuum
‘evacuation line.

25. The system according to claim 23, wherein said
evacuatibn_means is a ﬁacuum pump which is communicated

25 directly with the vacuum evacuation line, for reducing

pressure in the vacuum evacuation line.

26. The system according to claim 23, further



15 “ vessel into one side portion of said gas-liquid separation nenbrane
t hrough the supply line; (c) evacuating the other side portion of the
gas-liquid separation nmenbrane through said vacuum evacuation 1ine to set

the pressure of the other side 20 . portion of the g mm ‘u‘\ﬂmﬁﬂml on
menbrane within a saturated vapor pressure of said proam : ! oy

permtting a gaseous conponent dissolved in t4pe processrngtsot ut ol to

m grate fromsaid one side portion to the other side portion, thereby

removi ng the 25 gaseous conponent from sai d processing sol ution before

the process solution is supplied to the substrate (deaeration step);

-34- (d) di schar gierpRiis indcas sinkerediatn ks afitaghahEas gy line

bet ween sai d deaerati on nmechani sm and the nozzle, and introducing the

processi ng sol ut i FWRI[F NS FHLIPR HeRatl P Aekyesd s ¥erselpitd 5

| i ne between the deaeration nechani'smand the nozzl e racessi ng, sol uti on
57 REring ¢

repl aci ng. step): (&) HRATNAMPR HeechantsRe Y JERT e

processing'soiution before the solution is supplied to
5 the deaeration mechanism.

27. The system accofding fo claim 26, further
comprising a sensor for detecting thé.surface level of
the processing solution contained in the intermediate
tank, and a controller for controlling'the-pressurizing

10 .means on the basis of the surface level detected by
said sensor. |

28. The system according to claim 23, wherein

said trap tank comprises a liquid-surface level
detection sensor, a pressure detection sensor for
15 detecting an inner pressure of the trap tank, and a
drain line for discharging the received ligquid compo-
nent leakage outside, and
the system further comprising a controller for
controlling the evacuation means on the basis of the
20 detection data obtained from the liquid-surface level
detection sensor and the pressure detection sensor.

29. The system according to claim 23, further
comprising a preésure detection sensor for detecting an
inner pressure of a chamber of the deaeration mechanism

25 and a controller for controlling said evacuation means
on the basis of data detected by said pressure

detection sensor.



t'o thée substrate by'expelling sai d deaerated processing solution fromthe
nozzl e; and 10 ' (f) rotating the substrate refrative—to—the-nozzle

to forma liquid filmof the deaerated processing sol uti '
nozzl e and the substrate. 2.. The nethod according to cI*ﬂnl ﬂ _ l Egﬂid
step (c) conprises starting evacuation of the other 15 * "side ry of
the gas-liquid separation nmenbrane through tRgg vacuum evacuation [ine,
detecting a pressure of the other side portion of the gas-liquid separation
menbrane as a first detection pressure, stopping evacuation of the other
side portion of the 20 as-liquid separation nenbrane when the
detecti on pressure reé%hesﬁ%$lﬁy FccpAdA It ianYa Fgh @ Glaim 27,
predet er mi ned degree of vacuum again defectin pressure of the other
side portion of tHRS gasl [Z%uihersidy £3ish adag ?efg‘rﬁflt?e‘( ection
pressure, 25 start.ing evacyati.on ,of the, qther, sid ortion of the
gas-|iquid separ atﬂwmfn@uﬁﬁ?&ﬁytlﬁ’@ & c%’e‘t"é’c-deaﬁp n F‘B‘r‘gsasthr 3 %ches
a | over nost valueﬁgggka or i %ing'hﬂygiérm when an abnormal data out
5 of a predetermined range of value is detected.
31. The system according to claim 23, wherein
said vacuum evacuation line has a stop valve, a
first solenoid valve, an ejector, a regulator, a gauge,
and a second solenoid valve.
10 32. The system according to claim 23, wherein
said processing solution supply line is branched,
each branched line being communicated with the nozzle.
33. The system according to claim 23, wherein
said gas-liquid separation membrane is constituted
15 of a plurality of capillaries made of any one of a
porous film, a non-porous film, and a composite film.
34. The system according to claim 33, wherein
said porous film is a porous thin film made of |
polytetrafluorocethylene(PTFE) or a polyolefin-~series
20 resin; said non—porous film is a non-porous thin film
made of a tetrafluordethylene'-hexafluoropropylene
copolymer (FEP), a tetrafluoroethylene
perfluorcalkylvinyl ether copolymer (PFA), orx
polytetrafluoroethylene (PTFE); and said composite film
25 is a composite film made by combining the porous film |

and the non-porous film.

35. A resist processing method and resist



of a predeternined degree of vacuum 3. The nethod according to claim 2,

wherei n said uppernost value within-a range of a predeterm ned degree of
vacuumis 25 Torr and said | ower nost value 5 within H :
predet erm ned degree of vacuumis 410 Torr. 4. The net hunmﬂﬂﬁﬂm m”u"l
claim2, wherein said uppernost value within a range of & pfedeté&rnfnet
degree of vacuumis 110 Torr and said | ower fbst-val ue 10 wthin a
range of a predeterm ned degree of vacuumis 260 Torr. 5. The nethod
according to claim1l1, wherein, in said step (b), a pressure of the

pressurized gas fa"3?%@%?é?ﬁfiEQHQesﬁﬁgghgt§a§953aggﬁg inb@fore 6.

The et hod accord?ﬁ% wherern, 1n"said step (e), an anmount of

t he processing so ' d z i nbkharatiiabs .
deaerated by the %%%%?g?é%ﬁﬁ%%ghg%Fgg%hge #ﬁeihgthggéggég?%iﬁg to clgin11,
wherein, in 20 » said step (e), an anount of the processing solution to
be deaerated by the deaeration nechanismis larger than that required for
processi ng one substrate. 8. The method according to claim1, wherein said
gas-liquid separation nmenbrane is constituted of a



25 “plurality of capillaries made of any one of a porous film a
non-porous film and a conp05|te film 9. The nethod according to claim S8,
wher ei n - TlﬁﬁSheetiiﬁiBE gl filmis a porous thi
pol yt et raf | uor or a polyol efin-series ﬂ@@$§hF%5ﬁ@Sﬁﬁﬁ$b rous
filmis a non-§ u m made of a tetrafl uor get hyl dHEPLACED

hexaf | uor opr op copolyner (FEP) ~» a4fset+«afl uoroethyl ene

per fl uoroal kyl vi nyl ether copolymer (PFA), or polytetrafl uoroethyl ene
(PTFE); and said conposite filmis a conposite filnlnade by conbining a
porous filmand a non-porous film hod according to

gla|r11 wher ei n sai d progeSS|n§B§356FTbHF|§H§ Hé§§P85PR§ $ELGri 8d for
evel oping a resist coate ubst h S b Eg' -
ni trogen gas; and, REHL %%J%RﬁgﬁégﬁyéoﬁEgéﬁé Aﬁh gﬁggﬁi g# é $§§§|52ﬁ EM

[ he d I I :
11 The method accor di Aot e8LeF aPRPIBSS G, BPAGY, SoBebF5ERRETRAI Bt i on i s
an aqueous SO|Ut'§¥E§QQEf£QAn8aS into a vessel 1 storing a processing

5 solution, Sending the processing solution from the

_Q_'___.Q.

vessel 1 to a nozzle 12 by way of a supply line by
means of the pressurized gas, and supplying the
processing solution from the nozzle 12 to a substrate W,
the method comprising the steps of (a) attaching a

10 deaeration mechanism to the supply line, the deaeration
mechanism having a gas-liquid separation miembrane 64a
and a vacuum evacuation line 51, (b) introducing the
pressurized gas into the vessel to send out a
processing solution from the vessel into one side

15 portion of the gas-liquid separation membrane through
the supply line, (c) evacuating the other side portion
of the gas-liquid separation membrane through the
vacuum evacuation line 51 to set the pressure of the
other side portion of the gas-liquid separation

20 membrane within a saturated vapor pressﬁre of the

| processing solution, permitting a liguid component

dissolved in the processing solution to migrate from
the one side portion to the other side portion, thereby
removing a gaseous component from the processing

25 solution before the solution is supplied to a substrate
(deaeration step), (d) discharging the processing

solution present in the supply line between the



2.38 70.01% tetramet hyl ammoni um hydr oxi de. 12. A resi st processi ng met hod
for introducing a 20 pressurized gas into a vessel storing a processing
sol ution, sending the processing solution fromthe vessel 10 a nozzle

through a supply line by nmeans of the pressurized gas YA .
processing solution fromthe nozzle to a substrate, 2 -ﬁﬂgiﬁggiﬁhﬁgké gji st
processi ng method conprising the steps of: (49 attachtsag iion
mechanismto the supply line, said deaeration nmechani sm having a gas-

| i quid separation nenbrane and a vacuum evacuation line; (B) introducing a
pressurized gas into the vessel 5 to send out the processing sol ution
fromthe vessel i%eachHrbienmepharisn dndskhe paEzie quinf s %?%C?‘F%hng

menbr ane t hrough the sg&g%g | ine; C%_evacuating t he other side portion of
sai d gas-|iquid sEPRrRFPCRSFERS 2RI OB RARER P al rhe (leaerabiRRat i on

line to set the pressure of the other sjde portion aqf the gas-Jiquid
separat i on nenbrgﬁﬁeﬂﬁiﬁ?% the suppfy.flne etween éhe Jgaékatlog -

mechanism and the nozzle, (e) supplying the deaerated
5 processing solution to the substrate by expelling the
deaerated.processing solution from the nozzle 12, and
(f) rotating the nozzle relativé to the substrate to
form a liquid film of the deaerated processing solution

between the nozzle 12 and the substrate.
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saturated vapor pressure of said processing solution, permtting a liquid
conponent dissolved in the process- ing solution to mgrate fromsaid one
side portion to 15 the other side portion, thereby renoving a gaseous
conponent from said processing solution before the solution is supplied to
a substrate (deaeration step); (D) discharging the processing solution
present in the supply line between said deaeration nechani sm 20 and the
nozzl e, and introduci ng the processing sol ution deaerated by said
deaeration step (C) into the supply |ine between the deaeration nmechani sm
and the nozzle (processing solution replacing step); (E) spinning the
substrate; and 25 40 pelling the deaerated processing solution
fromthe nozzle to the rma liquid filmof the deaerated
processi ng solqut i zl 4 - 38 - and the substrate. 13.
The nethod ac ordl ) ' erfein said step (C conprises starting

= I gn qf the gas-liquid separation nenbrane
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5 ° “through the vacuum evacuation line, detecting a pressure of the other
side portion of the gas-liquid separation nenbrane as a first detection
pressure; stopping evacuation of the other side portion of .the gas-liquid
separation nmenbrane when the first detection 10 pressure reaches an
uppernost value within a range of a predeterm ned degree of vacuum again
detecting a pressure of the other side portion of the gas-liquid separation
menbrane as a second detection pressure, starting evacuation of the other
side portion of the 15 gas-liquid sepg&gtion menbr ane when the second
detec- tion pressure reaches a | ower nost 'ue within a range of a
predet er mi ned degree of vacuum 14. The net hoBfaccording to claim 13,
wherein said uppernost value within a range off a predeternined 20

degree of vacuumis-25 Torr and gﬁid | ower foSt=%&tr&—mtH a2y ange of a
predet erm ned degree of vacuumi $'410 Torr Fe# according to
claim 13, wherein, said upp ’UDSESV3|“P ]

,,,,, ?'1lalganae of g predeterm ned
25 degree of vacuumis U Torr and sali OWer nost va within a
range of a predeterm ned degfeeggf vacuumis_ 260 Torr.
5
j:: H ' 4
— s ; . —
5a,5b ' 5a,5b
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-39% T6. The method according to claim12, wherein, in said step (B), a
pressure of the pressurized gas falls within a range from0.5 to 3
kg/cnierr]. 17. The nethod according to claim 12, wherein, in 5 sai d
step (E), an anount of the processing solution expelled fromthe nozzle is
smal l er than that deaerated by the deaeration nmechanism 18. The net hod
according to claim 12, wherein, in said step (E), an anount of the
processing solution to 10 be deaerat egy;by the deaeration mechanismis
| arger than that required for processing one substrate. 19. The net hod
according to claim12, wherein said gas-liquid separation nenbrane is
constituted of a plurality of capillaries nmade of any one of a porous 15
film a non-porous film and a conposite fiilm 20. The nmethod according to
claim 19, wherein said porous filmis a pdrous thin film made of
pol yt et raf | uor oet hyl ene( PTFE) or a pol yol i 5ﬂgﬁbes resin; said non-porous
|

filmis a non-porous thin 20 filmmadejof a,tetrafluoroethyl ene
hexaf | uor opr opyl ene copol ynmer (FEP), a t .flugﬂbethylene

SN T ] 35

3~1 e
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Befffﬂoroalkylvinyl et her copol yner (PFA), or polytetrafl uoroethyl ene

(PTFE);

porous film 25

and said conposite filmis.a conposite film made by conbining the
and the non-porous film 21. The nethod according to

claim12, wherein said processing solution is a devel opi ng sol ution for

-40- devel oping a resist coated on the substrate;

nitrogen gas; I n said deaeration step, an anount of a dissolved

and,

the pressurized gas is a

nitrogen gas in the devel oping solution is set at 25 ppmor less. 5

22.

The method according to claim21, whé/éin said devel oping solution is

an aqueous solution containing 2.38 0.01%tetranethyl anmoni um hydr oxi de.

23. A resist processing system conprising:
substrate thereon;

10

a nounting table for nounting a
a nozzle for expelling out a processing

solution to the substrate mounted on the mounting table; a vessel for

storing the processing sol ution; pressurigigg neans f '
i : 31 thereby pre 2t
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0

VACUUM INITIATION

S12.__

!

PRESSURE DETECTION

S13

S14.__

DOES
DETECTION
PRESSURE REACH
UPPERMOST
VA%UE

YES

VACUUM TERMINATION

iy 15

PRESSURE DETECTION

DEVELOPING SOLUTION [~ St
WAFER I{OAD;IN s2
REPLACEME&IT F | o
DEVELOPING SOLUTION
WAFER RloTATION s4
DEVEL(l)PMENT S5
Rl}lSE —S6
WAFER LlOAD—OUT |57

FIG. 8

S16

DOES

-~ DETECTION
PRESSURE REACH
LOWERMOST
VA%UE

FIG. 9



15™ * processing solution to send the processing solution fromthe vessel
to the nozzle ; a processing solution supply line provided between the
vessel and the nozzle, for guiding the processing solution sent out from
t he vessel by said pressurizing 20 means, to the nozzle; and a
deaerati on mechani smattached to said processing solution supply line, for
separating and renoving a gaseous conponent fromthe processing sol ution;
sai d deaeration nmechani sm conprising 25 5/7 an airtight chanber, a
gas-liquid separation nmenbrane provided in the airtight chanber, one side
portion of which is - 41 - communicated with said processing sol ution
supply line through which said processing solution is supplied to said one
si de portion, a vacuum evacuation |ine communicated with the 5 ot her
side portion of the gas-liquid separation nmenbrane, evacuation neans for
evacuating the other side
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port i*on of the gas-liquid separation nenbrane through the vacuum evacuati on
line, and 10 a trap tank attached to the vacuum evacuation |ine,
for receiving a liquid conponent perneating through the gas-liquid
separation nmenbrane and | eaking into the vacuum evacuation line. 24. A
system according to claim 23, wherein 15 sai d evacuation neans
conprises an ejector main body comruni cated with the vacuum evacuati on
line, another line comunicated with the egggtor nmain body, and 20

fluid supply neans for sending a fluid to said another |ine, thereby
reduci ng pressure of the vacuum evacuation line. 25. The system according

to claim 23, wherein said evacuation neans is a UM DR . i
comuni cat ed 254 directly with the vacuun1ev9 dﬁg]lp wquﬁa“pgducing

pressure in the ggcuun]evacuation line. 26N\ _The system according to Elaim
23, further
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¢omMprising an intermediate tank attached to the processing solution supply
1ine between said vessel and the deaeration nechanism for tenporarily
storing ‘the processing solution before the solution is supplied to 5

t he deaeration nechanism 27. The system according to claim 26, further
conprising a sensor for detecting the surface |level of the processing
solution contained in the internmedi ate tank, and a controller for
controlling the pressurizing 10 meadé? on the basis of the surface |evel
detected by said sensor. 28. The system according to claim 23, wherein said
trap tank conprises a |liquid-surface |evel detection sensor, a pressure
detection sensor for 15 detecting an inner pressure of the trap tank,
and a drain line for discharging the received liquid conmpo- nent | eakage
outside, and the systemfurther conprising a controller for controlling the
evacuati on neans on the basifjs of the 20 detection data obtained from
the |iquid-surface Ievel4 1|eCONPROEEFR 0 tection
sensor. 29. The system accor{ding to claifn 23, further conprisijng a pressure
detection sensor for detecti pressure of a chanber fof the '

deaerati on nechanuaw”ob
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25 ° and a controller for controlling said evacuati on neans on the basis
of«- data detected by said pressure detection sensor. - 43 - 30. The
system according to any one of claim27, 28 and 29, wherein said controller
has a di splay portion for displaying a detection data, and an al arm portion
for giving an alarmwhen an abnormal TRt S " of a predeterni ned
range of value is detected. 31. The system according to claim 23, wherein
sai d vacuum evacuation |ine has a stop valve, a first solenoid valve, an
ejector, a regulator, a gauge, and a second sol enoid valve. 10 ' 32.
The systemmocesilstgprocesaing2netibdr ehd sppdratusefornpyreatimgoa supply
line is branched, each branched |line being conmunicated with the nozzle.
33. The systwocessindi aglubiohatm B8, aphtiednteaadsyghstiayei ¥ sepaudeson
menbrane is constituted 15 of a plurality of capillaries nmade of any
one of a pa@a ddsa¢ranion meahpuisuswhich haadaag@arr'yb@quué separaBionThe

system according to claim 33, wherein"
member 64A and a vacuum evacuation line 51. The processing

solution is fed to one side of the membrane, the other side
of the membrane being evacuated. The membrane permits a
gaseous component of the processing solution td migrate
from one side of the membrane to the other thﬁs deaerating

the solution.

Fig L] 8
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said’porous filmis a porous thin filmmde of

pol yt et raf | uor oet hyl ene( PTFE) or a pol yol efin-series 20 resin; said
non-porous filmis a non-porous thin fil mnade of a tetrafluoroethylene
hexaf | uor opr opyl ene copol ynmer (FEP), a tetrafl uoroethyl ene

perfl uoroal kyl vi nyl et her copol yner ABEERACEr pol-ytetrafl uoroethyl ene
(PTFE); and said conposite film 25 Is a conposite filmmade by

conmbi ning the porous filmand the non-porous film 35. A resist processing
met hod and resi st - 44 - processing stem substantially as

her ei nbef oPe X&SIGt Fa@omisH N Mmatdiede atf@y epPagetath fon tgaptanchds.

processing solution to be applied to a substrate W includes
a deaeration mechanism which has a gas-liquid separation
member 64A and a vacuum evacuation line 51. The processing
solution is fed to one side of the membrane, the other side
of the membrane being evacuated. The membrane permits a
gaseous component of the processing solution to migrate
from one side of the membrane to the other thus deaerating

the solution.

Fig. 8
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