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Tl TLE OF THE I NVENTION = NETHCDJFCR DEVELQRLNG TREATMENT
BACKGROUND OF THE | NVENTI ON - The pregent Rigpy ]t
met hod for devel opi ng treatnent ‘ibn o whidh,_a trea

$yuch as a devel oping solution, a photoreS|st sol
is supplied onto, for exanple, a semcom- 1 -

devel opi ng treatnent. I n the manuf E‘tDrewmﬁ(s)f :PagedX
sem con- 10 duct or: devi ce, a sem conduct or i traa cogg,éaeq

phot oresi st, followed by transfe&ﬁba% %ﬁ&?ﬂﬁJfﬁ a"__

phot oresi st by neans of a phot ol i'thograph:

subsequently devﬁbﬁﬁbﬁng@eD%W%ﬂﬁﬁﬁﬁk?%gEATMENT(” rcuit pattern 15
ng

In the general developing treatment evel o
‘BACKGROUND OF THE INVENTION

The present 1nventlon relates to a method for
45 :~”idevelop1ng treatment, ip which; a,treatment solution
such as a developing_solution, a photoresist solution,
or the like is supplled onto, for example, a semicon-
- ﬁfjductor wafer for the’ developlng treatment.
f In the manufacture of for example, a semicon-
10?ﬁ**: ductor dev1ce, a semrconductor wafer is coated with a

photore51st followed by traﬁsﬁerrlng a circuit pattern

onto the photore51st by means ofna photolithography

='--'t:echnolo"'

nd‘subsequently developlng the transferred
ifcrrcult‘pattern, |

1'5"',, In the general developing treatmentr a developing

solutlon is supplled from a nozzle. onto a semlconductor

.wafer _ Theﬁdeveloprng solution is kept swollen or

.fupheaved-bx ltS wn_surface tens1on on the wafer

20~j€"ﬂ develop th,_a-j, t:pattern‘

'Recently, a paddle type developlng method 1s
' proposed‘for unlformly supplylng a developlng solutlon

Used in this method is a nozzle hav1ng a large number

of liquid-supplying apertures arrange':;o form a

25 straight line. While a, developlng"s lution is allowed
to ooze out through these apertures, a semiconductor

wafer which is to be coated with the-developing



solution is supplied froma nozzle onto a sem conduct or wafer. The
devel oping solution is kept swollen or upheaved by its own surface
tensi on on the wafer surface for a predeterm ned period of tinme so
a to 20 develop the circuit pattern. " .Recently, a paddle type
devel opi ng nethod is pr oposed rorzunrforn1y suppl ying a devel opi ng
sol uti on. Used in this nmethod is a nozzle having a | arge nunber
of |iquid-supplying apertures arranged to forma 25 straight -line.
0Qze _qut_ thraou hese

Whi |l e a devel oping,sol.utiqn is_ allgwe to
apertures, a senﬁgéﬂgngoﬁs r°tate8m§$eP_%ﬁﬁbﬁpﬁsdtgobgscgﬁkgﬁgﬁ e
fotatod af a | oW EFEAARIRT, EOLETRR.8R7iRg onto thelater aurtal HisY ' °
oozing onto the ywater $Yyrface QUL of the whiteeNtire surface of the wafer.
In the conventional method of developing
5 treatment, a defective development tends to be caused
by a first impact, i.e., impact given to a resist film
by a developing solution when the developing solution
is supplied first to the resist film formed on a semi-
"conductor wafer. To be more specific, when a valve
10 is opened for supplying a developing solution, the
pressure is increased temporarily,'with'the result that
the resist film is adversely affected as a first impact
by the developing solution. Forlexample, the develop-
ment proceeds locally at the point of the first impact.
15 In accordance with the recent trend toward a finer
circuit pattern, the resist is required to exhibit a -
higher performance, i.e., a higher resolution. As a
result, the first impact which was considered to be
of no problem in the past has been found to bring
- 20 about a .defective development. HoWevef, an effective
technique for suppressing the defective development in
view of the first impact has not yet been established.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide a
25 method for developing treatment which permits markedly

suppressing a defective development.

According to a first aspect of the present
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In the conventional nethod of developing 5 treatment, a defective

devel opnent tends to be caused by a first inpact, i.e., inpact
given to a resist film by a devel opi ng sol uti on when the devel opi ng
sol ution is supplied first to the resist filmforned on a sem -
conductor wafer. To be nore specific, wen3a valve 10 I s opened for
suppl ying a devel opi ng sol ution, the pressure is increased
tenporarily, with the result that the resist filmis adversely

i, [ . b he d | opi | uti ) i | e,
oriected 20 o TGSl BIG, thess,do bebaS! ABLABAE AL, R i ™
| npact: 15 E?ﬁ%%&%ﬁﬁa”‘i% Wit e 5&?%%@%& L%?S’.grt?.‘é’%r {2 s};x:p?gﬁ.é.fad

circuit pattern, € resist lis require

performance, i. e hi [+l @SOh UL | , fil

| npact which mastgo%giggbggttg%bgg %antéao?PﬁopSFéBF@%?%L%tﬁ%ggég lﬁés

been found to brkggatggnt’ c%ﬂ@&&s&n ket s¢e geégLopnent. However, an

ef fective techni que for suppressing tﬁe efective devel opnent in

view of the first inpauppl3sndOhure! waeer 8nitdbhi 8ie¢ace of the
treating object for forming a liquid film of a pure
water on the surface of the treating object; and
supplying a treatment solution onto the surface
"of the treating object having the liquid film of the
10 pure water formed thereon in the preceding step.
According to a second aspect of the present
invention, there is provided a method for developing
treatment, -in which a treatment solution is supplied
.to an object to be treated for performing a developing
15 treatment, comprising the steps of:
bringing a nozzle for supplying a developing
solution and pure water to a positidn in the vicinity
of a surface of the treating object;
supplying pure water from the nozzle onto a
20 surface of the treating objéct for forming a curtain
of a pure water extending from fhe nozzle to reach the
surface of the treating object; and
supplying a treatment solution onto the surface
of the treating object through the curtain of the pure
25 - water.
According.to a third aspect of the present

invention, a method for developing treatment in which
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BRI EF SUMVARY OF THE ‘| NVENTI ON An object of the present

I nvention is to provide a 25 net hod for devel opi ng treatnent which
permts markedly suppressing a defective devel opnent. :
-3- According to a first aspect of the present invention, there is

provi ded a method for devel oping treatnent4 im which a devel oping sol ution
Is supplied to a substrate coated with a resist filmexposed to light to
forma pattern for performng a developing treatnment, conprising: (a)

PPN G W O Y DG I SR SN AN
(b) rotating Saigrégp§&r§ég 83r§8r%§ha ghgéggiéping treatment, using

developing treatment apparatus comprising a nozzle for
supplying the treatment solution and a pure water to

5 the object to be treated, nozzle moving means for
moving the nozzle between a first position as a.
starting point and a second position for supplyihg the
treatment solution and the pure water to the object to
"be treated, treatment solution supply means for supply-

10 ing the treatment solution to the nozzle, pure water
supply means for supplying the puré water to the nozzle
and control means for controlling the operation of the
nozzle-moviﬁg means, the treatment solution supply
means and the pure water supply means, comprising the

15 steps of the control means making the nozzle moving
means move the nozzle from a first position to a second
position in WAIT mode, the control means changing a
‘control mode of the-nozzle from a WAIT mode to a NON-
WAIT mode, the control means making the pure water

20 supply means supply the pure water to the nozzle to
sﬁpplf pure water from the nozzle onto the surface of
the object to be treated so as to form.a liquid film of
a pure water on the surface of the object to be
treated, and the control means making the treatment

25 solution supply means supply the treatment solution to

the nozzle to supply the treatment solution from the

nozzle. 'h~i‘———‘§““““‘——
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i



(c)'supplying pure water from said common nozzle onto the substrate to

forma curtain of joining said resist filmto the conmmon nozzle; and (d)
i ntroduci ng a devel oping solution into said curtain of

sai d devel oping solution into contact with the resist filmcovered with

pure water.

According to a second aspect of the_ present invention,

net hod for devel oping treatnent in which .
- -4- a devel oping solution is supplied to an object to be

treated for perforn nackdMBIPRIAG AU HYpedtSidH the presdifyel oping

treat nent apparatus conprising a nozzle for

solution and a pyrfremdi®int @ method fidie divjeAdpiln® RE-ddterirRd. i QHalch

novi ng neans for

10

15

20

25

movi ng the nozzl e between a first position as a
d developing solution is supplied to an object to be

treated for performing a developing treatment using a
developing treatment apparatus comprising a nozzle for
supplying the treatment solution and a pure water to an
object to be treated, nozzle moving means for moving

the nozzle between a first position as a starting point

‘and a second position for supplying the treatment

solution and the pure water to the object to be
treated, treatment solution supply'meahs for supplying
the treatment solution to the nozzle, pure water supply
means for supplying the pure water to the nozzle and
control means for controlling the operation of the
nozzle moving means, the treatment solution supply
means and the pure water supply means,.comprising the
steps of the control means making the nozzle moving
means move the nozzle from a first position to a second
position in WAIT mode, the control means changing a
control mode of the nozzle from a WAIT mode to a NON-
WAIT mode, the control means making the pure water
supply means supply the pure water to the nozzle to
supply pure water from the nozzle onto the surface of
the object to.be treated so as to form a curtain of a
pure water between the surface of the object to be

treated and the nozzle, and the control means making

the treatment solution supply means supply the

pure water to bring

a

suppl'yi ng the treatnent

TR



starting point and a second position for supplying the treat ment
solution and the pure water to the object to be treated, treatnent
sol ution supply neans for supply- 10 ing the treatnent solution to the
rmozzl e, pure water supply means for_supplying the pure water to the
nozzl e and control neans for contrdilrhg the operation of the
nozzl e noving neans, the treatnent solution supply nmeans and the
pure water supply nmeans, conprising the 15  steps of the control neans

maki ng the nozzl e novin . means ve the nozzle fromga first
position to a se(;%orr?d’tmeq‘t solfsi %r? i‘ﬁpmc‘lzﬁ[?dé? tHPRIGATRE  means

changi ng a tréﬁﬁﬁéﬁg §H¥Hﬁ;§nt{$?$“¥ﬁg‘hg'§ ma WAIT node to a NO\

VWAI T node, the control Teans makKing e pure wa €20 supply neans

Supely Lhe pure VLl AdutiCunr UBidcks and aq AHBGGSE IR EIATATS

nozzle onto the surface o e object 0 "as

liquid filmof 571 péd JUK ot fi@%lf}é‘%ééﬁﬁrﬂtg%ﬁ 2@&%&% fod, Rha

treated, and the control means maki ng the treatmen sol'ut'1'dn suppl y

- [rfggfnzgfglsgl L Ple Oitnr{ gf%fr?fn{]iepplw By idhs from tHQALRA St {h SWP Ay e
learned by practice of the invention. The objects and
advantages of.the invention may be realized and obtain-
ed by means of the instrumentalities and combinations

'particularly pointed out in the appended claims.

10 _ BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given

15 above and the detailed description of the preferred
embodi ments given below, serve to explain the
principles of the invention.

FIG. 1 schematically shows the construction of a
coating-developing apparatus used for working a method

20 for qeveloping treatment according to an embodiment of
the present invention;

FIG. 2 schematically shows the system for the
aeveloping treatment included in the method of the
present invention;

25 : FIG. 3 is a cross sectional view showing the
construction of a nozzle included in a developing

device used for working the method of the present



nozzl e. - 5 -

According to a third aspect of the present , I nvention, a nethod for:
devel opi ng treatnent in which a devel oping solution is supplied to
an object to be treated for perform ng a devel opi ng treatnent
using a 5 devel opi ng treat nent apﬁar&tus conprising a nozzle for
supplying the treatnent solution and a pure water to ah object to
be treated, nozzle aning means for noving t he nozzl e between a
first position as a %artlng poi nt and a second position for

suppl ying the tré&tﬁg solution and the pure water to the. object

to be {reat orclr 4200eRl c3ALUL baBcSURRLY v ERANSICAG 24AY YW1y |

the treatment solution to thé nozz
suppl yi ng the puLgwaten %quhg,nozzle and

or

FIG. 5 shows how the nozzle shown in FIG. 3 is
5 operated for supplying a developing solution;

FIG. 6 is a chart showing how a method of the
present invention for developing treatment is worked;

FIG. 7 schematically shows how pure water is
supplied from the nozzle shown in FIG. 3 onto a surface

10 of a semiconductor wafer;

FIG. 8 is an oblique view, paftly'broken away,
showing the supply systems of pure water and developing
solution in respéct of the nozzle shown in FIG. 3;

FIG. 9 is a cross sectional view.showing a gist

15 portion of a modification of the nozzle shown in
FI1G. 8;

FIG. 10 schematically shows the supply systems of
pure water and developing solution in fespeCt of the
nozzle shown in FIG. 3;

20 FIG. 11 is an oblique view, partly broken away,
showing the nozzle shown in FIG. 10;

FIG. 12 shows another modification of the nozzle
used in the method of the present invention for
developing treatment;

25 FIG. 13 shows still another modification of the
nozzle used in the method of the present invention for

developing treatment;



control neans for controlling the operation of the 15 nozzl e novi ng
nmeans, the treatnent solution supply nmeans and the pure water
supply means, conprising the steps of the control neans neking the
nmozzl e novi ng means nove the nozzbe froma first position to a
second position in WAIT node, fhe“control means changing a 20
control node of the nozzle froma WAIT node to a NO\ VAI T node,
the control neans maki ng the pure water supply means supply the

h I . I f (
Phe surface of o F6d4ode s cop® BASn uEBhCaHBlWThg SR RGLTBRENG, 117

ated"so as rma ¢ i n of

a 25 pure \A@E%&ohegﬁgap- h‘ihé-.“EE?BﬁdOEmBBEHR%ECBft ehBemethod

treated and the nozzle e control neans nma the treat ment
solution supply FBaNgctelRping"®reatment according to the present

-6-
invention;

5 FIG. 15 is a schematic vertical longitudinal
sectional view showing the gist portion of the
developing section shown in FIG. 14; and

FIG. 16 is a schematic vertical longitudinal
sectional view showing the gist portion of the
10 developing section shown in FIG. 14.
DETAILED DESCRIPTION OF THE INVENTION
The method of the present invention for developing
treatment is featured in that pure water is supplied
first onto a surface of an object to be treated to

15 form a pure water film on the surface of the treating
object, followed by supplying a treatment solution onto
the surface of the treating object having the pure
water film formed in the preceding step. Since a pure
water film is formed before supply of a developing

20 solution, the adverse effect given to the resist
film at the start-up time of subplying the treatment
solution, i.e., the first impact, can be alleviated in
the method of the present invention. It follows that
the method of the present invention permits suppressing
25 the defective development caused by the first impact.
The problems of first impact take place in various

cases. In, for example, a paddle type developing



treatnment solution to the nozzle to supply the treatnment solution

fromthe nozzle. Addi ti onal objects and advantages of the

i nvention will be set forth in the description which follows, and
5 in part will be obvious fromthe description, or may be

| earned by practice of the invention. The 8bjects and advant ages
of the invention may be realized and obtai n- ed by neans of the
instrunmentalities and conbi nati ons particularly pointed out in the
appended cl ai ns. 10 . BRI.EF DESCRI PTI ON OF THE SEVERAL VI OF THE
DRAW NG so utl?ﬁ'e Sée&@&abam%@t&rsamanggmpmﬁéﬁdaaé% REGpBPat ed

In and constitute art of eci ficati,on

presently preferPeE &F5%ch g@ﬁeqaﬁvéﬁtpﬁﬁwn into a t§ﬁ8t988%ther

with the general des t|on |ven above and the detailed
description of tf iﬁ&éfp dev%&ﬂ&ﬁﬂg e §l§nvkﬁ STow” geF?tho
explain the prlnC| f 1 | ti el G 1
schematical ly shgﬁBthe C ﬁﬂ¥$§h:|%§th % %%ld%lng so%ﬁﬁigndeveloplng

appar at us used f % \@gulﬁ:ll%da dg%;él%lr?go solut:.o‘?lr l@e%%lp%qll% koeal Rkl -

accordi ng %0 an nent of
oping solution supply nozzle and, then, spurted to the

outside through apertures formed in thé nozzle. The
developing solution spurted from the apertures of the
‘nozzle collide agaiﬁst local regions alone right under
10 the nozzle apertures on the surface of the resist film.
As a result, development proceeds éxcessively in the
local regions alone, giving rise to an uneven
development of the resist film.
It should also be noted that the developing
15 solution is pressurized from the atmospheric pressure
. to a predetermined higher pressure, preferably 0.5
to 7 kg/cm2 e.g., 3 kg/cmz, and, then, spurted outside
from the nozzle apertures so as to collide against the
resist film. The developing solution colliding against
20 the {esist film is bubbled by the impact of the
collision and By the release from the high pressure.
The bubble thus generated degradation of resoiution.
The defects derived from the first impact, which
are generated in the paddle type developing solution
25 supply. apparatus as described above, arelalso generated
in a so-called "stream nozzle" or in a so-called

"multi-nozzle type".



the present invention; FIG 2 schematically shows the system
for the devel oping treatnment included in the nmethod of the
present invention; 25 FIG 3 is a cross sectional view show ng
the construction of a nozzle incl Sed in a devel opi ng

devi ce used for working the nethod of the 3 esént

-7- i nventi on; FIG 4 is a cross sectional view
along line IV-1V shown in FIG 3; FIG 5 shows how t he

norale 10U 11 FIG i ei%ae, BRSOk UL elRgoRro
present inventiogy oy ;devglaPhag b LIE Y et 'R EY treated, e.g., a
resist film, and the nozzle. Therefore, in performing
a developing treatment, it is desirable to bring a
5 nozzle for supplying a treatment solution and pure
water to a position in the vicinity of (right above) a
surface of an object to be treated so as to supply pure
water ‘from the nozzle to the surface of the treating
object in a manner to form a pure water curtain extend-

10 ing from the nozzle to reach the surface of the
treating object.

It is desirable to add a surface active agent
to the treatment solution because wetness (affinity)
of the treatment solution against the resist film.

15 In the method of the present invention, the pure
water supply is stopped after formation of the pure
water film on the surface of the treating object,
followed by.supplying a treatment solution. Alternati-
vely, the develqping solution may be supplied during

20 the pure water supply. It is also possible for the
pure water supply to be stopped during suppl& of the
treatment. solution. After the treatment with the
treatment solution, a washing step such as a rinsing
treatment is performed. In this step, a rinsing

25 solution may be supplied after or during supply of
the treatment solution. Alternatively, supply of the

treatment solution may be stopped during supply of the



FIG 7 schematically shows how pure water is supplied fromthe

nozzle showmn in FIG 3 onto a surface 10 of a sem conduct or waf er;
FIG 8 is an oblique view, partly broken away, showi ng the supply
systens of pure water and devel opi ng solution in respect of the
nozzle showmn in FIG 3; FFG 19 is a cross sectional view
showi ng a gist 15 portion of a nodification of the nozzle shown in
FIG 8; FIG 10 schematically shows the supply systens of
pure water and deyeIQ%in% ﬁolution in respect of the nozzl e shown
in FIG 3; 20 ¥insing Splutief.ig an oplique view, partly broken away,

Todi 11 Cati on of the nipiel Sohematisaldy, Aheng cehabind eRYSHRLld

i nvention for . vel opi t tepna? I hows
still another nngpﬂa gfi%ngg atﬁgr u%%%qgg ﬁg§z %tﬂggdofntPEeS%%%ég of the
present invention fQhtion for d2%LbPRnGYtieSehdREl: As shown in the

5 drawing, the apparatus consists mainly of a load-unload

section 94, a first treating section 95, a second
treating section 96, and a light-exposure device 93.
A carrier stage 71-is included in the load-unload
'section 94. A carrier Cl housing a plurality of
10 objects to be treated, i.e., substrates before treat-
ment, and a carrier C2 housing subétrates after
treatment, are arranged on the carrier stage 71. The
load-unload section 94 is provided with a pair of
pincers 72 for transferring the substrate into and out
15 of the section 94 through open portions of the carriers
Cl and C2. Main arms 73, 74 for transferring the
substrates are arranged in the central portions of the
first and second treating sections 95, 96,
. respectively. Further, a receiving platform 75 is
20 arraqged between the first treating se;tion 95 and the
sécond treating section 96. |
Arranged along the passageway of the main arm 73
~are a brush washing device 81, a jet water washing
section 82, a coating device 83, an adhesion treating
25 section 84 and a cooling section 85. On the other
hand, arranged along the passageway of the main arm 74

are a heating section 86 and a developing section 87.



-8- : FIG 14 is a top plan view show ng the devel opi ng

section used in the second enbodi nent of the nethod for devel opi ng
treatment according to the present i nvention; 5 ' FIG 15
i< a schematic vertical |ongitudinal sectional view show ng the
gi st portion of the devel opi ng secti?on-shown in FIG 14; and

FIG 16 is a schematic vertical |ongitudinal sectional view show ng
the gist portion of the 10 devel opi ng section shown in FIG 14.

DETAI LED DESCRI PTJ ON,OF THE | NVENTI ON Th t.nod qf .the
present inventiofi WM SFevd &ty o pincexs 21 ang & §e%eerr%d‘|n§d pﬂﬁ‘ttfﬁgfn pur e

water is supplied, ,re arfdigia Yl PHAGRceh@ R rUlGHy 2 Re o 43t ed

to

and the light-exposure device 93.
The coating-developing apparatus of the
5 construction described above, the untreated substrate
housed in the cassette Cl is taken out by the pincers
72 and, then, transferred onto the main arm 73.
Further, the untreated substrate is transferred by the
'main arm 73 into the brush washing section 81. After
10 brush-washing within the sectidn 81, the substrate is
washed with a high pressure jet water, as required,
within the jet water washing section 82. After the
washing treatment, the substrate is subjected to a
hydrophobic treatment to make the substrate hydrophobic
15 within the adhesion treating section 84 and, then,
cooled in the cooling section 85. Further, the sub-
strate is coated with a photoresist film, i.e., a
photosensitive film, within the coating device 83.
After the coating step, the photoresist film is
20 selectively exposed in a predetermined pattern to light
within the light-exposure device 93. further, the
substrate after the light-exposure step is transferred
into the developing section 87. Within the developing
section 87, the light-exposed pattern is déveloped
25 with a developing solution deaerated by a deaeration
mechanism and, then, the residual developing solution

is washed away with a rinsing solution so as to finish



15 forma pure water filmon the surface of the tre '
obj ect, followed by supplying a treatnent solution onto TH‘ SHEETHASBEEN
surface of the treati ng obj ect having the pure wat erRERLAGEROr ne
i-n the preceding step. Since a pure water -filmTs Torned Derore
supply of a developing 20 sol ution,~thk3 adverse effect given to the
resi st filmat the start-up tine of supplying the treatnent
solution, i.e., the first inpact, can be alleviated in t he net hod
of the present invent It. fol]l ows that t he met hod of the
present inventiorFifer Y%l ST Fyrent. the defective devel opnent

bl ace invarious - FEE: c%s%%heW$tlﬁ%+l%x2‘}a)‘F L s g Aot
- 9- SOlﬁgé&nlﬁugpéé(v@P&ﬁﬁ& %etﬁo&oércp&?rséﬁgg 985 SKE eSodiment

of the present invention. As shown in the drawing,

5 the developing apparatus comprises a tank 1 housing a
developing solution 2. A gas bomb 3 séoring a compres-
sed gas such as a compressed nitrogen gas is connected
via a-pipe 4 to the tank 1. One end portion of a
pipe 5 is dipped in the developing solution 2 housed in

10 the tank 1. An intermediate tank 6 ana a deaeration
mechanism 7 for a treating solution are mounted to the
pipe 5. The compressed gas, e.g., compressed nitrogen
gas, is supplied from the gas bomb 3 into the develop-
ing solution 2 housed in the tank 1 so as to permit

15 the developing solution 2 to be pressurized. The
pressurized solution is supplied through the pipe 5
toward a nozzle 12. -

The pipé'guis branched downstream of the
deaeration mechanism 7 into branched pipes 5a and 5b

20 such that these branched pipes 5a, 5b are connected to
the nozzle 12.- Mounted to the branched pipe 5a between
the branching point and the nozzle 12 are a flow
meter 8a, a filter 9a, a water jacket 10a, and an air
operation valve lla. Likewise, mounted to the branched

25 pipe Sb between the braﬁching point and the nozzle 12
are a flow meter 8b, a filter 9b, a water jacket 10b,

and an air operation valve 1llb. The developing

This Sheet Has Been Replaced




& conpressed nitrogen gas is blown into a treatnent solution, e.g

a devel opi ng solution housed in a tank So as to pressurize the
devel opi ng solution. The 5 pressuri zed devel oping solution is
. supplied to a devel - opi ng sol uti on supply .nozzle and, then
‘spurted to the out si de through apedttures formed in the nozzle. The
devel opi ng solution spurted fromthe apertures of the nozzl e
collide against |ocal regions alone right under 10 t he nozzl e

apertures on the syrface of the resjst film As a result,

devel oprent . pr oc SAIN BT o (SHRRF iei HhFough thesp,bERANESA,RIPEFORE, gi vi ng
rise to an uneven . devel opnent, of, the resist film I t
shoul d "al so be n6¥¥&1§9uh“%9u§3ﬁaﬂﬂ%ﬁﬁeh&2-15 solution is pressurized

fromthe atnosphetic e t r . 10 i.gher, .pr.essure,
preferably 0.5 e %‘%%tg}}ecrné’a&dg. q-'h% %&%%ﬁ%?lgﬁg%%tcﬁén? sl url?;ed

out si de J(%u\%ﬁﬁ&? WEZ £ ARRIU rzlleisf(?lﬁ:ﬁ h@ﬁdtiﬁ’lﬁcftal |s%g)%t§%%iensﬁ-&2§i st

resist film The opl ng solution co g agai ns t'he

filmis bybbled Ry di¢i ddMafded¥ wd¥er W, by means of vacuum suction,

a motor 15 for rotating the chuck 14, and a cup 16
surrounding the semiconductor wafer W held by the
chuck -14.
Mounted outside the intermediate.tank 6 are a

10 limit sensor 6a and an empty sensor 6b each consisting
of, for example, an electrostatic Eapacity sensoxr. The
signals generated from these sensors 6a, 6b are suppli-
ed to a controller (not shown) so as to control the
surface level of the developing solution 2 within the

15 tank 1. The flow rates of the developing solution 2
flowing through the branched pipes 5a, 5b are control-
led by the flow meters 8a, 8b, respectively. Then,
impurities or the like contained in the developing
solution 2 are removed by the filters 9a, 9b. It

20 should be noted that water of a controlled temperature
is circulated through the water jackets 10a, 10b so as
to control the temperature of the developing solution 2
flowing fhrough the branched pipes 5a, Sb. Then, the
developing solution 2 is supplied from the nozzle 12

25 onto the semiconductor wafer W held by the chuck 14 for
the developing treatment.

A rinse nozzle 17 is movably arranged outside the



collision and by the release fromthe high pressure. The bubbl e

t hus generat ed degradation of resol ution. The defects derived
fromthe first inpact, which are generated in the paddle type
devel opi ng solution 25 supply apparat.ys as descri bed above, are al so
‘gener at ed in a so-called "stream dozzl'e" or in a so-call ed

"mul ti-nozzle type". - 10 -

The first inpact is increased with increase in the di stance between

an object to be treatied, , ; r£s fill ; i
) eugAt®d. udthek, in the St T 1 'Bacqpq:lﬁﬁsraﬁégeﬁlas&re ‘o

Therefore, in perfdrmng ~a devel opi fig tfeatnent,
bring a 5 NQ37lig fairatigerl Y Wiich (di8fdm 3 Wil RS PW 8 on

water to a position in the vicinity of (right above) a surface of
an object to be il t¥0 the reaSURIME Y ©f the wafer W. |
The nozzle 12 is shown in a magnified fashion in
5 FIG. 3 and FIG. 4, which is a cross segtional view
along line IV-IV shown in FIG. 3. As seen from these
drawings, the nozzle 12 includes.-a developing solution-
housing chamber 23 defined by a side wall 21 and a
bottom wall 22. An upper opening of the chambér 23 is
10 closed by a 1id member 24, and the clearance between
the 1id member 24 and the side wall 21.is sealed by a
packing 25. The lid member 24 is provided with two
inlet ports 27. The developing solution 2 flowing
through the branched pipes 5a, 5b is supplied through
15 these inlet ports 27 into the developing solution-
housing chamber 23. A plurality of discharge ports 28
are formed through the bottom wall 22 éuch that these
discharge ports 28 are arianged in a longitudinal
direction of the bottom wall 22. The déveloping
20 - solu?ion 2 housed in the chamber 23 is supplied through
these discharge ports 28 onto the semiéonductor wafer
W. The length in a horizontal direction of the nozzle
12 is substantially equal to the diameter of the
semiconductor wafer W.
25 In.the developing treatment apparatus having the
above-described structure, the resist film is developed

according to the flow chart as shown in FIG. 6, for



water fromthe nozzle to the surface of the treating object in a

manner to forma pure water curtain extend- 10 ing fromthe nozzle to
reach the surface of the treating object. It is
desirable to add a surface active agent to.the treatnent sol ution
because wetness (affinity) of the tkteatsrent sol ution against the
resist film 15° In the nmethod of the present invention, the pure
wat er supply is stopped after formation of the pure water filmon
the surface of the treating object, foll owed by supplying a

treat ment sol uti GXeMPY@r nati - vely, the devel opi ng sol ution may be

e et er un v vo bbb A SaBIan ke PR i e
solution. After the trea nt.with,the . treat nent, .sol ution, a
washi ng step sUchr%il%tr#Jg n@ormed on 1ts esa‘f‘ffeqﬁeﬁ S ftcn‘?“re‘ge ‘TolanRJ'rﬂ%
step, arinsing &ijonSPRullofy @y he pHeplded o qlnpr dHd ngpupely of

the treatnent solutton. vely, supply © T ment

sol ution By be siARPESnEYEL LY ﬁ%@@%’hcqstgﬁbported by the main arm 73

for transferring the wafer show in FIG. 1, put into the
developing section 13 and is mounted on the chuck 14
shown 'in FIG. 2. Next, the chuck 14 operates to hold
the semiconductor wafer W by absorbing it.

10 (2) Move the nozzle 12 upward at its home posi-
tion. Then, ﬁove the nozzle 12 from the home poﬁition
to the wafer center position (S2 in FIG. 6). Then,
move the nozzle 12 downward. To be more specific, move
the nozzle 12 to a position of the height of, for

15 example, 1.0 to 1.2 mm, above the center of the wafer
W, as shown in FIG. 4 (step S3 in FIG. 6).

(3) After the nozzle 12 has been stopped,
discharge the pure water onto the wafei W for 0.3 to
0.5 seconds from the discharge ports 28 in the state

20 that.the nozzle 12 is stationary (step S4 in FIG. 6).

- As a result, the clearance between the-resist film 31
formed on the surface of the wafer W and the nozzle 12
is connected continuously in the longitudinal direction
by the pure water 30, so that a curtain of the pure

25 water 30 is formed.

(4) Then, discharge the developing solution 2

onto the wafer W for 0.3 to 0.5 seconds from the



ri-nsi ng sol ution. FIG 1 schematically shows a

coat i ng- devel opi ng appar atus used for working the nethod of the

pr esent i nvention for developing treatnment. As shown in the 5
drawi ng, the apparatus consists mainly of a |oad-unl oad section 94,
a first treating section 95, a second -~ 17 t4eating section 96, and a

| i ght - exposure devi ce 93. A carrier stage 71 is included in the

| oad- unl oad section 94. A carrier Cl housing a plurality of 10
objects to be treated, i.e., substrates before treat- ment, and a
carrier C2 housi ngischargateertstef the nozzle ek newhilerdrivimggeie on t he
carrier stage 71. The | oad-unl oad section 94 is provided with a

pai r of PRAERFs172t oFokabRstRe rwabex HE Rysthale twkn dmdtheit

arrow direction A, for example. As a result, the
developing solution is formed in a layer on the surface
5 of the resist film 31 formed on the wafer W (stép S5 in
FIG. 6). 1In this case, the wafer W is rotated at a low
speed of, for example, approx. 30 rpm.’
(5) Stop the rotation of the wafer W after forming
the layer of the solution. At the same time, move the
10 nozzle 12 upward at the wafer center position (step S6
in FIG. 6) and bring the nozzle 12 back to its home
position (step S7 in FIG. 6).
(6) Move the rinse nozzle 17 upward and move it
from its home position to a predetermined position on
15 the wafer W so that the front end portion of the rinse
nozzle 17 is positioned above the wafer W (step S8 in
FIG. 6). Then, move the rinse nozzle 17 downward.
(7) After a lapse of predetermined period of
developing treatment processing time since the forma-
20 tion of the developing solution, rotate the wafer W to
centrifugally remove the residual developing soluti&n 2
from the wafer W (step S9 in FIG. 6). Then, drip the
rinsing solution from the rinsing nozzle 17 onto the
front surface of the wafer W, and at the same time,.
25 disperse the rinsing solution toward the rear surface
of the wafér W from the back rinse disperser 18, to

thereby rinse the front surface and rear surface of the



15 of the section 94 through open portions of the carriers c

and C2. Main arns 73, 74 for transferring the substrates are
arranged in the central portions of the first and second treating
sections 95, 96, respectively. Further, a .receiving platform?75 is
20 arranged between the first treattngl&ection 95 and the

second treating section 96. Arranged al ong the passageway of
the main arm 73 are a brush washi ng device 81, a j et water washing
section 82, a coati vice 83, _an adheS|on treatln section 84
and a cool i ng sed’fa}‘g%rgg éS"(ﬁpt 1 brpERG. 6). ea‘-‘r"f@ﬁéd’fe\lf&ﬁg t he
passageway of the naln ar ar e eatln ect 86 and a

devel opi ng secti iquLd by the rinse nozzleghf e barck

Further, a pair q’irmgc§{§pggs@f]d1.@ VECELVERY PLALT Qg rotating.

(8) After completion of the rinsing treatment,

5 move the rinse nozzle 17 upward and bring it back to.
its home position. 1In this case, the wafer W continues
to be rotated, with the result that thé wafer W is
dried ‘(step S11 in FIG. 6).

(9) After a predetermined period of the drying

10 operation, stop the rotation of the wafer W to stop the
drying of the wafer w.

(10) The main arm 73 receives the wafer W from the
chuck 14 and takes the wafer W out from the developing
section 13 (step S12 in FIG. 6).

15 In the resist developing method described above, a
éurtain of pure water 30 is formed in step (4) to fill
the clearance between the nozzle 12 and the resist
film 31. 1In the subsequent step (5), the pure water 30
is spread in accordance with rotation of the wafer W,

20 with_the result that a film of the pure water 30 is
formed td cover the surface of the resist film 31
formed on the wafer W. Then, when the developing
solution 2 is discharged from the nozzle 12, the dis-
charged developing solution 2 is gradually mixed with

25 the pure water 30 so as to permit the developing
solution 2 to be supplied uniformly over the entire

surface of the resist film 31. What should be noted is



92 are arranged between the second treating section 96 and the

| i ght - exposure devi ce 93. The coati ng-devel opi ng appar at us of

the 5 construction described above, the untreated substrate

housed in the cassette C is taken out by the pincers 72 and, then,

transferred onto the main arm 73. - Rwrther, the untreated substrate

Is transferred by the main arm 73 into the brush washing section

8l1. After 10 brush-washing within the section 81, the substrate is

washed with a high pressure jet water, as required, within the jet

wat er washi ng sedthiadn t8& pifasenmcehe@f the filwaolfi et Eeatemavdted 30

substrate is subjected to a ) hydr ophobi c treatnment to nmake the

substrat e hydr oppeimits] moderagjimeg rthehd iagite dnpacttr edidialy tedkets @lagé and,

t hen, C(‘)N&I ed in the cooling section 85. Further, the sub-

strate i s coat edwhierh theKlaveleqing malytione 2 ig brought fimsttodertsi ti ve

film within the coating device 83. After the coating step, the

phot or esi st fi| moedtasgd with ddemated) f-exJdsd@ iads® passdtderiteed pattern

to |ight

9 prevent an excessive development and bubble involvement

which are caused by an excessive develéping time in the
case where the developing solution 2 alone is used for
the film formation as in the conventional method. 1In
-short, the method of the present invention makes it

10 possible to prevent excessive development caused by the
first.impact at the positions righf under the discharge
ports 28 of the nozzle 12 and by an excessive develop-
ing time. ‘It is also possible to prevent bubbles from
being involved in the developing solution 2. Further,

15 ~the method of the present invention permits uniformly
supplying the developing solution onto the resist film,
making it possible to prevent a.defective development.

In forming a layer of the developing solution 2 in
step (5) (S5 shown in FIG. 6), it is possible to supply

20 the developing solution 2 without rotating the wafer W.
In this case, the wafer W is rotated while supplying
the developing solution 2 from the nozzle 12 after
formation of a curtain of the developing solution
between the nozzle 12 and the resist layer 31. It

25 should be noted in this connection that a curtain of

the pure water 30 is formed in advance to fill the

clearance between the nozzle 12 and the resist film 31.



wi-thin the |ight-exposure device 93. Further, the Substrate after

the light-exposure step is transferred i nto the devel opi ng section
87. "Wthin the devel opi ng section 87, the |light-exposed pattern is
devel oped 25 wi th a devel opi ng sol uti on deaerated by a deaeration
mechani sm and, then, the residual devel opi mZp sol ution I's washed
away Wth a rinsing solution so as to finish

- 13 - t he devel opi ng treatnent. - FIG 2
schematical ly shows a devel opi g appar at us used in a devel opi ng

net hod accor di ng 4% %@%&P%‘Fﬁg out, the @resrngs csbrthe nwere iwater As
shown in the dramﬁqg t he devel opi ng apparatus_ conprises a tank 1

housi ng a cu ‘é‘%’e‘%o@‘?ﬁb‘%l‘ﬂﬂq%@?ng\% Sifeeimpagiort aking conpres-
50 980 SUCh, 35 S FSIRT SReE Il LS SOSTL 9P, | SIS £ broughe kst PP
into contact with the resist film 31. It is also
5 possible to prevent én excessive development and bubble
involvenment caused by an excessive devéloping time in
the conventional method in which the developing solu-
tion 2 alone is used for forming a liquid film. It
follows that the method of the present invention makes
10 it possible to prevent excessive development caused
by the first impact at the positioﬁs right under the
discharge ports 28 of the nozzle 12 and by an excessive
developing time. It is also possible to prevent
bubbles from being involved in the developing solu-
15 tion 2. Further, the method of the present'invention
permits uniformly supplying the developing solution
onto the resist film, making it possible to prevent a
defective development.
As described above, defects of a semiconductor
- 20 wafeF W derived from the first impact of a treatment
solution are prevented or suppressed in the developing
method of the present invention by allowing a pure
water curtain to be interposed between the object to
be developed, e.g., a resist film, and the nozzle for
25 supplying a treatment solution, e,g., a developing
solution to the resist film in the step of bringing

first the developing solution into contact with the



pipe 5is dipped in the devel oping solution 2 housed in 10 t he tank
1. An internediate tank 6 and a deaeration mechanism 7 for a
treating solution are nmounted to the pipe 5. The conpressed gas,
€.g., conpressed nitrogen gas, is supplied fromthe gas source3
into the devel op- ing solution 2 hollsedtin the tank.1 so as to
permt 15 t he devel opi ng solution 2 to be pressuri'zed. The
pressurized solution is supplied through the pipe 5 toward a
nozzl e 12. e pipe 5 is branched downstream of the
deaerati on nechaﬁgﬁﬁ%tl$& branched plpes 5a and 5b 20 such that

t hese branched pi pes b are con e nozzle 12.

Mounted to the branche ptf’ R 52 bt eldOPl"g method t?rgrﬁh‘ﬁ RF & and
t he nozzle 12 are x?vérlntf’i%n deS(Erlbé§ eﬂowﬁeﬂa {ldgt&eﬁr gvéle}f%tﬁ\gft er{{?%tcﬁgt

10a, and an air ion va

branched 25 .t he e 12
are a flow rreter é%?l ter , Pzger | ac \-_1[%‘}' %I%m:lon orpzté" al &S
operatlongvalve l%?teﬂwﬁth%Tﬂ(ﬁBrELll the clearance between the nozzle

12 and the resist film 31 in step (4) as shown in
FIG. 7. However, it is possible to supply the develop-
ing solution 2 in step (5) file supplying the pure
water 30 onto the surface of the resis£ film 31. 1In

10 this case, the pure water supply may be stopped during
supply of the developing solution 2. -

FIG. 8 shows a nozzle 12’ used for selectively

supplying the pure water 30 and the developing solution
2 as described above. As shown in the drawing, the

15 nozzle 12’ comprises a developing solution supply pipe
27a and a pure water supply pipe 27b. The switching
between the developing solution supply and the pure
water supply is performed by selectively opening-
closing the valves for the developing solution supply

20 pipe 27a and pure water supply pipe 275. A pair of
grooves 41, 42 are formed in the nozzle 12’ in a manner
to extend substantially paraliel with each other in
the longitudinal direction of the nozzle 12’. The
groove 41 communicates with the developing solution

25 supply pipe 27a, with the other groove 42 communicating
with the pure water supply pipe 27b. Further, the

nozzle 12’ is provided with a plurality of liquid



--14 - soluion is supplied through these branched pi pes 5a

and 5b into the nozzle 12. On the other hand, the devel opi ng
section 13 is equi pped with a chuck 14 for hol ding a substrate,
e.g., 5 a sem conductor wafer W by means of .vacuum sucti on,

a motor 15 for rotating the chuck 14, aml 2%up 16 surroundi ng t he
sem conduct or wafer Wheld by the chuck- 14. i Mount ed
outside the internediate tank 6 are a 10 limt sensor 6a and an enpty

seneor 80 each Sl noves 2L ofdis FEPAL ELLEUA Fidhran
2 P el or PRSBSOS oS
arranged substantially equidistantly in the longitudi-
nal direction of the nozzle 12‘ such that a plurality
5 of pairs are formed by these liquid discharge holes 28a
and 28b. 1In each of these pairs, the liquid discharge
hole 28a communicates with groove 41, with the liquid
discharge hole 28b communicating with the groove 42.
It follows that the developing solution 2 is discharged

10 onto the resist film 31 through the developing solution
discharge pipe 27a, the groove 41 and the liquid dis-
charge hole 28a. Likewise, the pure water 30 is
discharged onto the resist film 31 through the pure
water supply pipe 27b, the groove 42 ad the liquid

15 discharge hole 28b.

It is desirable to form a recess 43 in the tip
portion of the nozzle 12’, as shown in FIG. 9, such
that the tiplportibns of the liquid discharge holes
28a, 28b are open in the recess 43.

20 FIGS. 10 and 11 collectively show a nozzle 12".
As sﬁown in the dfawings, the nozzie 12" is constructed
such that the developing solution supply pipe 27 is
connected via a switching valve 27c to each of the
developing solution supply pipe 27a and the pure water

25 - supply pipe 27b. In this case, the switching between
the developing solution supply and the pure water

supply is performed by selectively opening-closing



15 tank 1. The flow rates of the devel oping solution 2
fl owi ng through the branched pipes 5a, 5b are control - | ed by the
flow meters 8a, 8b, respectively. Then, i mpurities or the like
contained in the devel opi ng solution 2 are renoved by the filters
9a, 9b. It 20 shoul d be noted that wataey of a controlled tenperature
is circulated through the water jackets 10a, 10b so as to control
the tenperature of the devel oping solution 2 fl owi ng through the
branched pi pes 5a, 5b. Then, the devel oping solution 2 is supplied
fromthe nozzl e khe Zvitchigg valve 2d.comigct drl whiosrs \Whadd & yinigle chuck
14 for the devel oping treatnent. A rinse nozzle 17
i s novably arran@®oig d4e wiHeh communicates with the main pipe 27, - 15
- cup 16. Further, in the cup 16, a back rinse dispenser

is formed in a central portion of the nozzle 12" in a

manner to extend in the longitudinal direction of the

5 nozzle 12". A plurality of liquid discharge holes 28

are arranged substantially equidistantly in the

longitudinal direction of the nozzle 12". It follows

that the developing solution 2 is discharged onto the

surface of the resist film 31 through the developing

10 solution pipe 27a, the main pipe 27, the groove 44 and
the liquid discharge hole 28. Likéwise, the pure water
30 is discharged onto the surface of the resist film 31
through the pure water pipe 27b, the main pipe 27, the
groove 44 and the liguid discharge hole 28.

15 Incidentally, the control for opening-closing the
valve 27c is performed by a control device (not shown)
in accordance with the horizontal and vertical move-
ments of the nozzle 12’ or 12" and with rotation of the
wafer W.

20 A developing treatment was applied to an 8-inch
wafer coated with a resist of a high resolution by the
developing method of the present invention and by the
conventional developing method, with the result that
the method of the present invention has been found to

25 permit improvement by 90% or more, compared with the

conventional method. This clearly supports a prominent

effect produced by the method of the present invention.



18 is arranged, which dispense the rinsing solution toward to the
rear surface of the wafer W The nozzle 12 is shown in a

magni fied fashion in 5 FIG 3 and FIG 4, which is a cross sectional
Vi ew along line V-1V shown in FIG 3. As seen fromthese

drawi ngs, the nozzle 12 includes a devel-opi2ddg sol uti on- housi ng
chanber 23 defined by a side wall 21 and a bottomwall 22. An upper
openi ng of the chanmber 23 is 10 closed by a |lid nenber 24, and the

cl earance between the |id nenber 24 and the side wall 21.is seal ed

by a packi ng MPZZARS |94 GRAESEUCHAns ptderdddan thasg describ-
branched pi pos. SES ST SD 4GP the R 0 The Bapssat ATBIeASGArS 27 nto
t he devel opi ng sql ution- .. Jdousin hanber 23. A plurality of: :
di scharge ports Z8* exampley Jig o’r%ﬁ?sﬁ%rl&?gﬁﬂ eSSt tsd%e\ﬁ&} InoZzle A t hat
AR R L R R N TR —
In the chamber 2%y Lol ffh PN ity of AUEIRISFIY 4 RYHR 28 onto
body 52, as shown in FIG. 13. 1In each of these modifi-
cations, the nozzle is moved linearly in a horizontal
direction while rotating the semiconductor wafer W,
i.e., the object to be treated. |
10 In the first embodiment as described above, a
pure water is supplied before suppiy of a developing
solution so as to form a liquid film and/or a curtain
of the pure water 30. However, it is also possible
to use a solvent capable of dissolving the developing
15 solution, e.g., polyvinyl alcohol (PVA), or the like
in place of the pure water.

A second embodiment of the method for resist
developing treatment according to the present invention
will be explained next. FIG. 14 shows a developing

20 section 100 to be used for the method for resist
developing treatment relating to the second embodiment
of the present invention. In FIG. 14, items of the
same structures as those in the first embodiment will
be attached with the same reference numbers and their

25 explanation will be omitted.

The developing section 100 shown in FIG. 14

includes a nozzle 12 having two supply systems of



W The length in a horizontal direction of the nozzle 12 is
substantially equal to the dianeter of the sem conduct or wafer W
25 ° In the devel opi ng treatment apparatus having the
above-described structure, the resist filmis devel-oped accordi ng
to the flow chart as shown in FIG 6, for 25 -

- 16 - exanpl e. (1) Load the sem conductor wafer W
havi ng t he resist filmfornmed on its surface into the devel opi ng
section 13 (step S1 in FIG 6). |[n this case the sem conduct or

waf er Wis support &iH "f"‘}feerrmﬂ'ﬁj & Hepeloping 11‘3"61‘-‘14 rPafeYary bedd waf er

show in FIG 1, into the vel section 13 and is nDunted
on the chuck 14 it '8 NG i W%H@“@ ,\]&Etbe WRET: U "ﬁﬁ?ﬁéf

hol d and a wafer center position and motor 102 for dr1v1ng
the conveyer belt 101. The motor 102 is connected
5 to a control section 103 and is operated or stopped
according to a control signal from the control
section 103.
The wafer center position is provided with a
sensor 104 for detecting that the nozzle 12 has reached
10 the wafer center position. Thé sensor 104 is electri-
cally connected to the control section 103 so that the
detection signal from the sensor 104 is transﬁitted to
the control section.
On the other hand, the developing section 100 has
15 rinse nozzle 17 for rinsing the front surface of the
wafer W, and a motor 105 is connected to a rotation
axis 17a of the rinse nozzle 17. The motor 105 is also
electrically connected to.the control section 103 and
is operated or stopped according to a control signal
20 from the control section 103.
further, as shown in FIG. 15, a motor 15 for
rotating a chuck 14 is electrically connected to the
control section 103 so that the motor 15 is operated or
stopped and its rotation number and acceleration are
25 also controlled according to a control signal from the
control section 103.

Further, as shown in FIG. 15, a plurality of



t he sem conductor wafer Wby absorbing it. 10 (2) Move the

nozzle 12 upward at its hone posi- tion. Then, nove the nozzle 12
fromthe honme position to the wafer center position (S2 in FIG
6). Then, nove the nozzle 12 downward. To .be nore specific, nove
the nozzle 12 to a position of the height o26 fer 15 exanple, 1.0 to
1.2 mm above the center of the wafer W as shown in FIG 4 (step
S3in FIG 6). (3) After the nozzle 12 has been st opped,

di scharge the pure water onto the wafer Wfor 0.3 t 0.5 seconds

fromthe dischar g8*BBRES REPPR LAE §F9t%°n260ted t?hﬁheth@th@@zseCEQOBS
the resist fi1m a2t 2 eibU6ChpiEh shctrelSer FAECBICkNbl uEpE: PoldRRSt e
by the pure wat er a5 wEESF; °8 éﬁ?%l;?#?‘c’,?'stwél'?%%?ﬁec'i"@%“g B erpabe Ry
Lﬁ[gE?he waf er VV? 6ﬁ§&§Ih§Ggpg%§ggg; ron1 develgglng SSLUQLSGH the
5 wafer W is absorbed and removed through the exhaust
pipe 110. The exhaust pipe 110 is provided with an
auto damper.
The auto damper 112 is electrically connected
to thé control section 103 and is opened or closed
10 according to a control signal from the control
section 103.
The nozzle '12 is provided with supply pipes 113
and 114 for supplying a pure water and a developing
solution to the nozzle 12 respectively, and the supply
15 pipes 113 and 114 are provided with air bulbs 115 and
116 respectively. These air bulbs 115 and 116 are
electrically connected to the control section 103 so
as to be opened or closed according to.a control signal
from the control section 103. ‘
20 The control sequence of the resist.developing
treatment process in the above-described developing
section 100 will be explained below.

Table 1 below shows one example of the control

sequence of the resist treatment process.



--17 - di scharge ports of the nozzle 12, while driving the

notor 15 to rotate the wafer Wby a half turn in the arrow
direction A, for exanple. As a result, the devel opi ng solution is
formed in a layer on the surface 5 of the resist film31 fornmed on
the wafer W(step S5 in : FIG 6)y I127¥ tki s case, the wafer Wis
rotated at a | ow speed of, for exanple, approx. 30 rpm
(5) Stop the rotation of the wafer Wafter formng the | ayer of
the solution. At the sane tinme, nove the 10 nozzle 12 upward at the
waf er center position (step S6 n|Fl G |6) |anp trinq;the nozzl e 12
back to its home > HositEorE| &8 o1 &n £ 8| 8) 8 o (6)
. & =1 Z &l & , N
Mve the rinse nozzle L' ufwaridgqrig| @vg| it e gflg:mlt'$ hone position
‘to a predeterm ned pos|tof en 2
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15 the wafer Wso that the front end portion of the rinse

nozzle 17 is positioned above the wafer W(step S8 in FIG 6).
Then, nove the rinse nozzle 17 downward. (7) After a lapse of
predetern1ned period of devel opi ng treatnent processing tine since
the forma- 20 tion of the devel opimg bl ution, rotate the wafer Wto
centrifugally renove the residual devel oping solutlon 2 fromthe
wafer W(step S9 in FIG 6). Then, drip the ri'nsing solution from

ront surface of the wafer W -and

the rinsing nozzle 17 P tht_h
at the sane tinme, %Il‘gb‘éY%es?%ée‘F??\sﬁb %"cﬁ’thlront}E%vFa?'Hmf% r ear
NS X P S T N
wafer W(step 10 rﬁ@vgl fg‘ler)mZ;f@plﬁ hFrc?pr:PtQI }9fmet hp%s:.tlon to the wafer
center position. In this case, the initial value of
5 the rotation acceleration speed of the wafer W is set
at 10000 rpm/sec. The rinse nozzle 17.is located at
its home position.
In this step 1, the control mode of the nozzle 12
is in WAIT mode. The WAIT mode refers to the state in
10 which the nozzle 12 is waiting for the completion of
other operation, such as, for examﬁle,.the completion
of a placing operation of the wafer W. Accordingly,
the operation of the nozzle 12 in the WAIT mode is
controlled with a position priority.
15 As an initialization, the control section 103
drives the exhaust pump 111 to exhaust the air within
the cup 16 through the exhaust pipe 110 and remove a
mist generated within the cup 16.
Next, at step 2, the mode of the nozzle 12 is
20 changed from thé WAIT state to NON-WAIT state. The
NON-WAIT state is a state in which the nozzle 12
operates according to a lapse time without waiting
for other operation. Accordingly, the nozzle 12 is
controlled with a time priority.
25 _ The change-over of the mode is carried out as
follows. For example, when the nozzle 12 has reached

the wafer center position, the sensor 104 detects this,



rinsing liquid by the rinse nozzle 17 and the back ri nse di sperser

18 while the wafer Wis rotating. (8) After conpletion of the
rinsing treatnent, 5 nove the rinse nozzle 17 upward and bring it
back to its home position. In this case, the wafer Wcontinues

to be rotated, with the result that the-waf2d¥ Wis dried (step Sl1
in FIG 6). (9) After a predeterm ned period of the drying

10 operation, stop the rotation of the wafer Wto'stop the

drying of the wafer w. . . 10) The main arm 73 receives the

waf er Wfromtheand transmigscia 4 ttek &dhet lgonkEPdr secsdonf Add.t he

devel opi ng sectign 13 (step S12 in FIG 6 In the

). 15
resi st devel opi nGaF8GHhER FLS: isdgadyofde gontrol ‘section,ilQ3ochgngeswat er
30 is formed in e 4 tq fill: t he ¢l earance between the nozzle
12 and the resis?%epogékatﬁqq moste qq1qWﬁbn§@5§§q enttXMe Fhes A ITh&opur e
wat er 30 IS | n cordance with rotation of the wafer W 20
with the result é%Eﬁlgi?%@%Fgfm{ € pure water 30 is formed to

cover thessurface of %Res&%iiﬁk'Qﬂé“A§% bulb 116 is opened in the state

that the rotation number of the wafer W is 0, that is,
the wafer W is stopped, and the pure water is supplied
for 0.3 second from the nozzle 12. With this arrange-
ment, a curtain of a pure water is formed between the
10 nozzle 12 and the surface of the wafer W, in the same
manner as that in the first embodiment.
At step 3, the air bulb 115 is opened while
rotating the wafer W at the rotation number of
30 rpm for one second with the acceleration speed of
15 10000 rpm/sec so that the developing solution is
discharged from the nozzle 12. As a result, a layer of
the developing solution is formed on the surface of the
wafer W.
At step 4, the rotation of the wafer W is stopped
20 for a predetermined period of time x, and the develop-
ing treatment is ﬁrogressed. During this period, the
control section 103 closes the auto damper 112 and
stops the exhaust from the cup 16. After a lapse of
the time x during which period the exhaust from the
25 cup 16 has been stopped, the control section 103 opens
the auto damper 112 again to start the exhausting.

At step 5, the control section 103 drives the



formed on the wafer W Then, when the devel opi ng solution 2 is

di scharged fromthe nozzle 12, the dis- charged devel opi ng
solution 2 is gradually mxed with 25 the pure water 30 so as to
pernmit the devel opi ng solution 2 to be supplied uniformy over the
entire surface of the resist fi4+m3L. \Wat shoul d be noted is

- 19 - that the presence of the filmof the pure water 30

permts noderating the first inpact which takes place - when t he
devel oping solution 2 is brought first into contact with the wafer

W It is also podQi® 1 sp as tp avasr e oddessinre e el bpfmon sl
bubbl e i nvol vene whi ch are caused by an excessive devel oping tine

in the cgi‘?é“‘?/\/r@?%itcjr@ de  RFSRL MENesh B ke | abere thor

the filmformation Ps %9 t he conventional nethod. In
wafer Ww.

At step 6, the control section 103 drives the
5 motor 15 to rotate the wafer W at the rotation number
of 2000 rpm for five seconds with the acceleration
speed of 5000 rpm/sec. At the same tiﬁe, the control
section 103 makes the rinse solution to be dripped onto
the front surface of the wafer W from the rinse nozzle
10 17 and disperses the rinse solution toward the rear
surface of the wafer W by the back rinse disperser 18.
At step 7, the controi section 103 drives the
motor 15 to rotate the wafer W at the rotation number
of 500 rpm for five seconds with the acceleration speed
15 of 10000 rpm/sec. At the same time, the control
section 103 makes the rinse solution to be dripped onto
the sufface of the wafer W from the rinse nozzle 17 and
disperses the rinse solution toward the rear surface of
the wafer W by the back rinse disperser 18.
20 At step 8, the control section 103 drives the
motor 15 to rotate the wafer W at the rotation
number of 500 rpm with the acceleration speed of
10000 rpm/sec. At the same time, the ring nozzle 17
is moved from above the wafer W and is returned to its
25 home position.
At step 9, the control section 103 drives the

motor 15 to rotate the wafer W at the rotation number



short, the nmethod of the present invention makes it 10 possible to
prevent excessive devel opnent caused by the first inpact at the
posi‘tions right under the discharge ports 28 of the nozzle 12 and
by an excessi ve devel op- ~ ing tinme. It is al.so possible to prevent
bubbl es from bei ng i nvolved in the 3evel opi ng solution 2. Further,
15 the nmethod of the present invention permts uniformy

suppl ying the devel oping solution onto the resist film-’ making it
possi ble to prevent a defective devel opnent. In form ng a

| ayer of the devedBHptR0 serltf@n ten rseconds wistlept &) ad@El edhmtion nspeda
6), it is p055|ble to s g 20 t he devel opi ng solution 2 w thout
rotating the waf & f \¥000 er/S¢¢1- t By theaotadiomief the swatentwdawhil e
suppl yi ng . the develo solution 2 fromthe nozzle 12 after
formation of a cUF%eRH Hfandg d'ﬁfﬁf Jblig idmied out. petween the
nozzle 12 and the resist |ayer 31 | t shoul d be noted in this
connection that a curt®fS%fp 10, the ‘i%t’fﬁﬂf Sealtian Jrives okhed in

[ | ear et th nozzl e 12 and the resist
?id?/?nngi. t 05fl I thc:etor 102 to Cmc?x?e atrige r?ozz e ferom the wafer center

position to the home position of the nozzle 12.

In the resist method for devélopihg treatment
which 'is carried out according to the above-described
control sequence, the mode of the nozzle 12 is changed

10 from the WAIT to the NON-WAIT mode at step 1 and step 2
afterwards. The change of the mode of "the nozzle 12
has the following advantages. At the step 1 and
before, it is desirable that the nozzle 12 is waiting
for the completion of other operation, such as, for

15 example, the completion of the mounting of the wafer W
on the chuck 14, from the viewpoint of prevention of
an idle operation.

However, the step 2 afterward include the
processes of determining a developing treatment time

20 such‘as the discharging of the developing golution to
form a layer of the developing solution, the starting
of rinsing, etc. Accordingly, it becomés possible
to carry out the resist developing accurately in a
predetermined developing treatment time by controlling

25 the operation of the nozzle 12 according to the lapse
time without waiting for the completion of other opera-

tion. As a result, it becomes possible to increase



--20 - As al ready pointed out, the presence of the pure water
curtain permts noderating the first inpact taking pl ace when the
devel opi ng solution 2 is brought first into contact with the resi st
film31l. It is also 5 possi ble to prevent an excessive devel opnent and
bubbl e I nvol venent caused by an exc®®sive developing tinme in

" the conventional nethod in which the devel opi ng sol u- tion 2 al one
is used for forming aliquid film It foll ows that the nethod of
the present invention makes 10 it possible to prevent excessive

devel opnent causebhe accuragy efecthersesispadevelopirg postatment ranght under
t he di scharge ports 28 of the nozzle 12 and by an excessive-

devel oping tine. W?lfér%+55 betueegncthe yateentW. bubbl es from bei ng

. : . L u-
involved in the developﬁgghgg,uaccording to the above-~described method

for resist developing treatment, the exhaust from the

5 cup 16 is stopped at step 4. An exhaust from the cup
16 generates an air flow within the cup 16 as shown
by arrows in FIG. 15. This air flow génerates a
difference between the temperature at the outer peri-
phery section of the wafer W and the temperature at

10 - the center section of the wafer W. When there arises
a difference of temperature within the plane of the
wafer W; a variance occurs in the resist developing
treatment. When the exhaust is stopped, the occurrence
of a difference in the temperatures can be prevented so

15 that a uniform resist treatment within the plane can be
improved.

Further, according to the method for resist
developing treatment relating to the aBove—described
second embodiment, the rotation acceleration speed of

20 the wafer W at step 6 is made lower than the rotation
-;cceieration'speed of the wafer W at steps 8 and 9.
At step 6, the wafer W is rotated fo remove
centrifugally the developing solution remaining on
the surface of the wafer W and the rinsing solution

25 is supplied to the surface of the wafer W from the
rinse nozzle 17 to rinse the surface of the wafer W.

However, the developing solution has still a high



15 tion 2. Further, the nethod of the present invention

permts uniformy supplying the devel opi ng sol ution onto the resist
film making it possible to prevent a def ective devel opnent.

As described above, defects of a sem conductor 20 - waf er Wderived from
the first inpact of a treatnent solidion are prevented or
suppressed in the devel opi ng nmet hod of the present invention by

all owing a pure : mater curtain to be interposed between the object
to be devel o ed a resist f|In1 and the nozzle for, 25
suppl yi ng a treat E%H?ﬁ Yﬁ? B | imegtiAdt ,ﬁﬁter the skaxking b the

resist filmint of. brin st t he devel opi ng, sol'uti on
into contact th[gh 5¥£pplng oé’{ﬁg rinsing solutlon fL ﬁ inse

resist film nozzle 17 by the rotation of the wafer W. When such a

high-density developing solution is dispersed in a
5 mist, the mist is adhered to the surface of the wafer W
after the rising, which easily becomes a cause of a
generation of a variation of developing.
On the other hand, at steps 8 and 9, the wafer W
is rotated to centrifugally dry out the wafer W. 1In
10 this case, since most of the developing solution has
been replaced with the rinsing solution by the rinsing at
steps 6 and 7, there is little risk of a dispersing of
the developing solution.
Thus, in the process of removing the developing
15 solution at step 6, the acceleration speed of the wafer
W is made lower than that at the time of drying the
wafer W at steps 8 and 9 so that the dispersion of the
developing solution can be prevented.
Although a semiconductor has been used as an
20 object to be treated in the above-described first and
seco;d embodiments, the object is not limited to this
but may be a liquid crystal display substrate or the
like, for example. It is also possible to modify the
present invention within the scope of £he gist of the
25 present invention. |
Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



I A the resist devel opi ng nmethod of the present i nvention descri bed

above, the pure water 30 is not supplied fromthe nozzle 12 after
formation of the pure 5 water curtain to fill the clearance between

t he nozzle 12 and the resist film31 in step (4) as shown in

FIG 7. However, it is possible to supply t3%e devel op- i ng
solution 2 in step (5) file supplying the pure wat er 30 onto the
surface of the resist film 31. In 10 this case, the pure water supply
may be stopped dur,ing, pply of the devel oping solution 2.

FIG 8 shows a noz¥% elnventiey JFfbrl%%IléTé%%W yaSPeCtS is qigpl Vimitachdqpur e
wat er 30 and the devel o% ng soé uti on as descri bed above. "As
shown in the draw i detaily, anq ’&%Pr%scﬁﬂfrq ErRadings by

sol ution supply pi gb‘? ur e wat er supply pipe 27b. The
swi t chi ng lp%"é?v\%’é% Q%CH&FECF Rol ot d:‘dfﬂ)]liy' MAFEXMS pur e
wat er supply is per sel ect.i ve

val ves for the dé"/ocﬁlofp %%t’s%%t‘i‘%‘ﬁ %%dﬁ/‘ygp Irpoq‘t dﬁ&?er i l'iﬁ‘ﬂ:l'“tr;a?}t@h\?vater

iggg: Bé ?IZpel §7g mgéhpﬂ ronscope of tif¥ %8 VSt 1 nterl & d Ocronr?cde[;tn a;[she

defined by the appended claims and their equivalents.



to ex arallel with each other in t he

| ongi tudi nal direction of the nozzle 12'. The groove 41
conﬁunLuﬂl m E evel oping solution 25 supply pipe 27a, with

t he ot 4 ni cating - M th the pure water supply pipe
27b. Further, the nozzle 12' is provided with-a plurality of
liquid - 22 - di schar ge
hol es 28a and a plurality of |iquid discharge hol es 28b. These

| i quid di scharge hol es 28a, 28b are CLATMY anged substantially
equidistantly in the | ongitudi- nal direction of the nozzle 12
such that a plurality 15 A metdoddars deve opimed tineatmese | iiguiwhidihschar ge
hol es 28a and 28b. In each of these pairs, the liquid discharge

hol e 28a communi catdevelaming codart4ilon viig lsuppd dledyticd an objectditschar ge
hol e 28b comuni cating with the groove 42.
be treated for performing a developing. treatment,
5 comprising the steps of:

‘supplying pure water onto a sufface of said
treating object for forming a liquid film of a pure
water on the surface of the treating object; and

supplying a treatment solution onto the surface of

10 the treating object having said liquid film of the pure
water formed thereon in the preceding étep.

2. The method according to claim 1, further
comprising the step of rotating said object having said
liquid film of the pure water formed thereon.

15 3. The meﬁhod according to claim 1, wherein said
treatment solution contains a surface active agent.

4. The method according to claim 1, wherein a
nozzle for supplying said treatment solution and pure
water onto the surface of the t;eating object is

20 provided with a plurality of liquid discharge ports
which are linearly arranged.

5. A method for developing treatﬁent, in which
a developing solution is supplied to an object to be
treated for performing a developing treatment,

25 comprising the steps of:
bringing a nozzle for supplying a.treatment

solution and pure water to a position in the vicinity

_——
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It foHows that the devel oping solution 2 is discharged 10 onto the

resi st td ||the devel opi ng sol ution di scharge pi pe 27a,
the gr m n WE iquid dis- charge hol e 28a. Likew se, the -
L e I

pure * di scharged onta thgg resist film 31 through the
pure wat er supply pipe 27b, the groove 42 ad the liquid 15

di scharge hol e 28b. It is desirable to forma recess 43 in
the tip portion of the nozzle 12', as shown in FIG 9, such

that the tip poridfors sofrfidee Idfjuadditasdetrigsy vd jesct; 28a, 28b are
open in the recess 43. 20 FIGS. 10 and 11 col |l ectively show a
nozzl e 12". Ass ugipyrinign puee ovahve i gissont feainb a2rd 22 1€ "ontso onst r uct ed
such that the devel oping solution supply pipe 27 is connected via a
swi t chi ng val ve Zurfiaredarh tdfe threating obikotelfgy ripwolng i drcwtply pi pe
27a and the pure water 25 . supply pipe 27b. In this case, the

swi t chi ng bet wee®f a pure (atep & ENHNS Auan dhe g 3L antP tFRAGFudSat er

suppl is - perforned by sel ectively openi ng-cl osin
PRTY J’ surfg%e oéathe t eaéing object; and

supplying a treatment solution onto the surface of
the treating object through said curtain.

6. The method according to claim 5, further
comprising the step of rotating said object having said

10 curtain of the pure water formed thereon.

7. The method according to claim.s, wherein said
treatment solution contains a surface active agent.

8. The method according to claim 5, wherein said
nozzle is provided with a plﬁrality of discharge ports,

15 which are linearly arranged, for discharging a pure
water and/or treatment solution.

9. A method for developing treatment in which a
developing solution is supplied to an object to be treated
for perforﬁing a developing treatment, using developing

20 treatment apparatus comprising a nozzle for supplying
said treatment solution and a pure water to said object
to be treated, nozzle moving means for-moving said
nozzle between a first position as a starting point and
a second position for supplying said treatment solution

25 and said pure water to said object to be treated,
treatment solution supply means for supplying said

treatment solution to said nozzle, pure water supply

This Sheét Has Been RTlaced
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smntchlng valve 27c. FIG 11 shows that a single
groovﬂlmu mu”ll@(ﬂ nicates with the main pipe 27, is forned in a
centr nozzle 12" in a manner to extend in the
Iongltudlnal direction of the 5 nozzl e342". A plurality of liquid

di scharge hol es 28 are arranged substantially equidistantly in the

| ongi tudinal direction of the nozzle 12". It foll ows that the
devel opi ng solution 2 is discharged onto the surface of the resist

film31 through theadsvebppsapplydng sasel plironwdtde €dasailienonzbepane 27,
t he groove 44 and t he ?qu|d di scharge hol e 28. Likew se, the pure
wat er 30 tentrsthmegas botocohersliinmgetid dperationtofi saigdl
t hrough the pure water pipe 27b, the main pipe 27, the groove 44
and the liquid dinohalgemhwiagZQeans, said treatment solution supply
means and said pure water supply means, comprising the
5 steps of: '
said control means making said nozzle moving means
move said nozzle from a first position to a second
position in WAIT mode;
said control means changing a control mode of said
10 nozzle from a WAIT'mode to a NON-WAIT mode;
said control means making said pufe water supply
means supply said pure water to said nozzle to supply
pure water from said nozzle onto the surface of said
object to be treated so as to form a liquid film of a
15 pure water on the surface of said object to be treated;
and
said control means making said treatment solution
supply means supply said treatment solution to said
nozzle to supply said treatment solution from said
20 nozzle.
10. The method according to claim 9, wherein
said developing treatment apparatus further comprises
rdtating means for rotating an object to be treated and
said control means further comprises a step for making
25 said rotating means to rotate said object to be treated

which has said liquid film of said pure water formed

thereon.
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15 Incidentally, the control for opening-closing the val ve

EEC Ls performed by a control device (not shown) I n accordance with
he tical nove- ments of the nozzle 12' or 12"
and wmlllmu"ﬂ“mmun wafer W 20 _ . A devel opi ng

treat mént “was dp pllea to an 8-inch waf er coated with a resist of a
hi gh resol ution by the devel opi ng nethod of the present invention
and by the conventional devel oping nmethod, with the result that

the nethod of the present fHy andtded hascde®ing Qw?d:]ta?xm@ whepein t

| mprovenent by 90% or nore, conpared with the conventional met hod.
This clearly suppié dewsDopiwgitreatment edpmntausodiinechdy ¢depritémd of
the present invention. - 24 -

Nozzl es of const ntstaonsg ahdens t hian tdboseingpsaidbject to be treated

and rinsing solution supply means for supplying a

5 rinsing solution onto the surface of said object to
be treated and said method for developing treatment
further comprises a step that said control means makes
said :otating means rotate said object to be treated
while making said rinsing solution supply means supply

10 said rinsing solution to said object to be treated to
which said treatment solution has been supplied, to
thereby centrifugally remove said treatment solution
from said object to be treated, and then makes said
rotating means rotate said object to be treated without

15 supplying a rinsing solution to said object to thereby
dry said object to be treated.

12. The method according to claim 11, wherein an
acceleration speed of said object to be freated at the
time of centrifugally removing said treatment solution

20 is lower than an acceleration speed of said object
treated at the time of drying said objeéct to be
treated. .

13. The method according to claim 9, wherein in

said developing treatment apparatus which further
25 comprises gas sucking means for said gas sucking means
to suck and remove a gas surrounding said object to be

processed, said method for developing treatment further

| s Sheet Has Been Replaced




\
ed abﬁm can al so be used in the present invention. For exanple, it

IS po me tream nozzl e 51 showmn in FIG 12 or a
mul ti = 'ﬂce prepared 5 by connecting a plurality of
nozzl es 53 to A nézzte body 52, as owmn in FIG 13. In each of
t hese nodifi - cations, the nozzle i¥ moved |inearl y in a horizontal
direction while rotating the sem conductor wafer W i.e., the
object to be treated. 10 In the first enbodi nent as descri bed
above, a Rignp eSS d SsEPPnd ef Pt inddnd MEwed WU IW gas
solution so as to forma liquid filmand/or a curtain of the pure
wat er 30. HoweverlsudKing me®ms oSsp cking duriny s eper Sod weind 1€ apaid e of
di ssol ving the devel oping 15 solution, e.g., polyvinyl alcohol (PVA),
or the like tredtmentacsobitide jmireeivd evorked to said objestectond
enbodi mrent of the method for resist devel opi ng treat ment according
to the present irhempreressed by leavime sxid coiethesuppH &l Witk eakd a
devel oping 20 section 100 to be used for the method for resist

devel opi ng t r eat nereatrent i splubioncfoecorpreddrimingd period of time.
14. The method according to claim 9, wherein said
treatment solution includes a surfactant.
15. The method according to claim 9, wherein
said nozzle has a plurality of discharge ports for
10 discharging said pure water and/or said treatment
solution and said plurality of discharéing ports are
arranged in a straight line.
16. A method for developing treatment in which
a developing solution is supplied to an object to be
15 treated for performing a devéloping treatment using a
developing treatment apparatus comprising a nozzle for
supplying said treatment solution and a pure water to
an object to be treated, nozzle moving means for moving
said nozzle between a first position as a starting
20 point and a second position for supplying said treat-
ment solution and said pure water to said object to be
treated, treatment solution supply_meahs for supplying
said treatment solution to said nozzle, pure water
supply means for supplying said pure water to said
25 nozzle and control means for controlling the operation
of said nozzle moving means, said treatment solution

supply means and said pure water supply means,
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of- thepresent—tnvention. In FIG 14, itens of the same structures
as those | enbodi nent wil | be attached with the sane
refe ‘ their 25 explanation will be omtted.

The n 100 shown in FIG 1%0 .. includes a nozzle 12
haV|ng tmo supply systens of - _ _ - 25 -
a pure water and a developing liquid, a conveyer belt 101 for
novi ng the nozzle 12 between a hone position . and a wafer center
position and not g, n&gﬁgdg fkﬂé”éﬁb . t he conveyer belt 101. The
notor 102 i s connect g J’control section 103 and is operated or
st opped accorgl i é&t?r&Pﬂﬁéaﬁis g S 1Sz £00 O ing means
section 103. he wafer center p05|t|on Is provided With a

move said nozzle from a first position to a second
position in WAIT mode;
5 said control means changing a control mode of
said nozzle from a WAIT mode to a NON—ﬁAIT mode;
said control means making said pure water supply
means supply said pure water td said nozzle to supply
pure water from said nozzle onto the surface of said
10 object to be treated so as to form a curtain of a pure
water between the surface of said objeét to be treated
and said nozzle; and
said control means making said treatment solution
supply means supply said treatment éolution to said
15 nozzle to supply said treatment solution from said
nozzle.
17. The method according to claim'16, wherein
said developing treatment apparatus further comprises
rotating means for rotating an object to be treated and
20 said control means further comprises a step for making
said rotating means to rotate said object to be treated
which has said curtain of a pure water formed thereon.
18. The method according to claim 17, wherein
said developing treatment apparatus further comprises
25 rotating means for rotating an object to be treated and
rinsing solution supply means for supplying a rinsing

solution onto the surface of said object to be treated
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sensaL_lﬂA_LoL_deLeGLLng that the nozzle 12 has reached

ter 05|t ion. The sensor 104 is electri- ca

contr ﬂ ﬂﬂ | '“ﬂ' that the det ection signal
104 | t he control sgitlon .
han h

10 t he wafer
|y connected to the
fromthe sensor

On the
ot her e developlng section 100 has rinse nozzle 17 for
rinsing the front surface of the wafer W -and a notor 105 is
connected to a rotation axis 17a of the rinse nozzle 17. The notor

105 s also o andckEshTheghbd F8RNAGkEdobonbeccOnhERL Fo8ELGD 103 and

I s operated or stopped accor

control section 103mprises a step thHt!B&id nEPQT“méQnglﬁﬁkéﬁ sgigotor 15

f or

control section 1g3t&@ihfakhehhs EBEQEelgaié Qﬁﬁééﬁegooﬁe treateqSiARPEd and
its rotation nunber and accel eration are al so controlled according

I'ng to a con

rotating a chuck 14 Ts electrically connecte

to a control signahkingnsah@ rinsing §©mﬁthnS§§pp99 m88ns supply said
as shown in FIG 15, a plurality of

Further

5

10

15

20

25

rinsing solution to said object to be treated to which
said treatment solution has been supplied, to thereby
centrifugally remove said treatment solution from said
object to be treated, and then makes said rotating
means rotate said object to be treated without supply-
ing a rinsing solution to said object to thereby dry
said object to be treated.

19. The method according to claim 18, wherein an
acceleration speed of said object to be treated at the
time of centrifugally removing said treatment solution
is lower than an acceleration speed of said object
treated at the time of drying said object to be
treated.

20. The method according to claim 16, wherein in
said developing treatment apparatus which further
comprises gas sacking means for said gas sucking means
to suck and remove a.gas surrounding said object to be
processed, said method for developing freatment further
comprises a step that said control means makes said gas
sacking means stop absorbing during a peridd while said
treatment solution is being worked to said object to be
processed by leaving said object supplied with said

treatment solution for a predetermined period of time.
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exhaust pipes 110 are connected to the bottom section
whi ch encircles the chuck 14 for hol ding the wafer W
andaﬁmﬂ” ”' Hﬂ j ed fromthe cup 16 by an exhaust punp 111. In
e

ot h ound the 5 wafergVis absorbed and renoved

t hr ough the exhaust pi pe 110. The exhaust pipe 110 is provided
with an aut o danper. The auto danper 112 is

el ectrically connected to the control section 103 and is opened or
closed 10 accorging the am6ORdA OhcSb Hdldhg f€ONE 1 AEMCDH} IWherein said
section 103. The nozzle 12 is provided with supply pipes 113
and 114 for supplyregtmenptrsohat fonabtc budey ek opanflactant. solution to
the nozzle 12 respectively, and the supply 15 pi pes 113 and 114 are

provided with air bul®2.11Bhamethod according to claim 16, wherein
said nozzle has a plurality of discharge ports for
5 discharging said pure water and/or said treatment
solution and said plurality of discharging ports are
arranged in a straight line.
23. A Method for developing treatment, substan-
tially as hereinbefore described with reference to the

10 accompanying drawings.

This Sheet Has Been Reli‘ac




116 respectively. These air bulbs 115 and 116 are electrically

connected to the control section 103 so as to be opened or closed
according to a control signal fromthe control section 103. 20
The control sequence of the resist devel opi _ i treatment process in
t he above-descri bed devel opi ng section 100 will be expl ai ned

g:lqa\évhce of the resi sgagwiﬁﬁ m&lﬁ]é%%tg? E:ontrol
ABSTRACT OF THE DISCLOSURE
The present invention provides a.method for
developing treatment, in which a developing solution is
supplied to an object to be treated for performing a
5 developing treatment, comprising the steps of supplying
pure water onto a surface of said treating object for
forming a pure waﬁer film on the surface of the
treating object, and supplying a developing solution
onto the surface of the treating object having the
10 pure water film formed thereon in the preceding step.
The particular method of the present invention permits

markedly suppressing a defective development.

Fig. 7



[err] ; - 28 - In the

above sequence, at step 1, the-control . section 103 drives the notor
102 for 1.0 second to - nove the nozzle 12 fromits home position to
t he waf er center position. In this case, the initial value of 5
t‘he rotation accel eration speed of the wafer Wis set at 10000

- rpmsec. The rinse nozzle 17.is |ocated at : Its hone position.
In this step 1, the control node of the nozzle 12 is in WAIT node.
The WAIT node refers to the state in 10 whi ch the nozzle 12 is waiting

for the conpletion of

1/10




ot her operation, such as, for exanple,.the conpletion of a placing

operatjon of the wafer VV Accordingly, the operation of the nozzle
12 in the WAIT node is controlled with a position priority. 15
As an initialization, the control section 103 : drives the exhaust
punp 111 to exhaust the air within the cup 16 through the exhaust
pi pe 110 and renove a m st generated within the cup 16.
Next, at step 2, the node of the nozzle 12 is 20 changed fromthe WAIT
state to NONNWAIT state. The NON-WAIT state is a state in which
the nozzle 12 operates according to a |lapse tinme wthout waiting
for other operation. Accordingly, theaymxle 12 is controlled with
atime priority. 25 The change-over of the node is carried out
as foll ows. For exanple, when the nozzle 12 has reached
t he wafer center &osition, t he sensor 104 detects this,
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-- 29 - and transmts a signal to the control section 103.

Based .on this signal, the control section 103 changes t he
operation node of the nozzle 12 fromthe WAIT to the NON-WAIT
node. 5 At step 2, the air bulb 116 is opened in the state
that the rotation nunber of the wafer Wis 0, that is, the wafer W
is stopped, and the pure water is supplied for 0.3 second fromthe
nozzle 12. Wth this arrange- ment, a curtain of a pure water is
fornmed between the 10 nozzle 12 and the surface of the wafer W in
‘the sane manner as that in tha/ldrst enbodi nent. At
step 3, the air bulb 115 is opened while rotating the wafer W at
the rotation nunber of 30 rpm fqr one second with the accel eration
speed of 15 10000 rpm sec so that tyhe devel oping solution is
di scharged fromthe nozzle 12. As a resuff, a | ayer of t he
devel oping solution is forned on the sur of the
24
4 \\\\\\\\{
—— 25
21+
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wafer W

103 cl oses the auto danper 112 and

16. After a |l apse of

At step 4, the rotation of the wafer Wis stopped
20 . for a predeterm ned period of tinme x, and the devel op- I ng
treatnment is progressed. During this period, the control section

stops the exhaust fromthe cup
the time x during which period the exhaust

fromthe 25 cup 16 has been stopped, the control section 103 opens
the auto danper 112 again to start the %ﬁpausting. At step 5,

t he control

30 -

At step 6,

section 103 drives the 4/ _ -

notor 105 so as to ¢
honme position to a predeterm ned pos

t he control

a0 oxzle 17 fromits
V=Meoy <42\ VFS av- wafer W

section 103 drives t N
S~ TRANSFER OF WAFER W INTO
DEVELOPING SECTION 13
v
59~ MOVEMENT OF NOZZLE 12 FROM HOME
POSITION TO CENTER OF WAFER W
| v
S3~ DOWNWARD MOVEMENT OF NOZZLE 12
4~ PURE WATER DISCHARGE TO
FROM PURE WATER CURTAIN
¢ _
S5~ LAYER FORMATION OF
DEVELOPING SOLUTION 2
v
S6 UPWARD MOVEMENT OF NOZZLE 12
v
57~ MOVEMENT OF NOZZLE 12 FROM-

CENTER OF WAFER W TO HOME POSITION

v

MOVEMENT OF RINSE NOZZLE 17 FROM

S8HOME POSITION TO POSITION ABOVE WAFER ¥
v
S9~| SPREADING OF DEVEROPING SOLUTION 2
v
- 810~ RINSING -
- v
s11~l RETREAT OF RINSE NOZZLE 17
AND DRYING OF WAFER W
v
$12~ TRANSFER OF WAFER W OUT OF
DEVEROP ING SECTION 13
v
6 C END )

F1G.




5~ nmotor 15 to rotate the wafer Wat the rotati on nunber of
2000 rpmfor five seconds with the acceleration speed of 5000
rpmsec. At the sane tinme, the control section 103 nekes the rinse
solution to be dripped onto the front surface of the wafer Wfrom
the rinse nozzle 10 17 and disperses the rinse solution toward the
rear surface of the wafer Wby the back rinse disperser 18.

At step 7, the control section 103 drives the notor 15 to rotate
the wafer Wat the rotation nunber of 500 rpmfor five seconds
with the accel eration speed 15 d /100000 rpm sec. At the sane tine,
the control section 103 nmakes the rinse solution to be dripped

ont o the surface of the wafer Wfromthe rinse nozzle 17 and

di sperses the rinse solution toward the rear surface of’ t he waf er
Wby the back rinse disperser 18. 20 At step 8, the control
section 103 drives the notor 15 to rotate the wafer Wat the
rotation nunber of 500 rpmwith the accel eration speed of

10000 rpm sec. At the sane tine, the ring nozzle 17

FIG 7



I s noved from above the wafer Wand is returned to its 25 hone
position. At step 9, the control section 103 drives the
notor 15 to rotate the wafer Wat the rotation nunber

- 31 - of 4000 rpmfor ten seconds with the accel erati on speed.
of 10000 rpm sec. By the rotation of the wafer W at steps 8 and 9,
the wafer Wis dried out. At step 10, the control section
drives the 5 notor 102 to nove the nozzle 12 fromthe wafer center
position to the hone position of the nozzle 12. In the resist
met hod for devel opi ng treat ment 6/¥ich is carried out according to
t he above-descri bed control sequence, the node of the nozzle 12 is
changed 10 fromthe WAIT to the NON\WAIT node at step 1 and step 2

DEVELOPMENT
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afterwards. The change of the node of the nozzle 12 has t he
foll owi ng advantages. At the step 1 and before, it is desirable
that the nozzle 12 is waiting for the conpletion of other
operation, such as, for 15 exanpl e, the conpletion of the nmounting of
the wafer W on the chuck 14, fromthe viewpoint of prevention of
an idle operation. However, the step 2 afterward include the
processes of determining a developing treatnment tinme 20 such as the
di schargi ng of the devel oping solution to forma layer of the
devel opi ng solution, the starting 7710 of rinsing, etc. Accordingly, it
becones possi bl e to carry out the resist devel oping accurately in a
predet erm ned devel oping treatnent time by controlling 25 t he
operation of the nozzle 12 according to the |apse time wthout
waiting for the conplétionzq% ot her gpger a- tion. As a result, it
beconmes possible to PURBEease \ DEVELOPING

WATER — J——— SOLUTION

2rc
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-= 32 - the accuracy of the resist devel oping treatnent and

uniformty between the wafers W Further, according to the
above-described net hod for resist devel oping treatnent, the
exhaust fromthe cup 16 is stopped at step 4. An exhaust fromthe
-cup 16 generates an air flowwthin the cup 16 as shown
.by arrows in FIG 15. This air flow generates a di fference between
the tenperature at the outer peri- phery section of the wafer W
and the tenperature at 10 the center section of the wafer W Wen
there arises a difference of tenperature wi'thin the plane of the
wafer W a variance occurs in the resitf} d:level opi ng treat nent.
When t he exhaust is stopped, the occur ce of a difference in the
tenperatures can be prevented so 15 that a uniformresist treatnent
wi thin the plane can be i nproved. Further, according
to the method for resist //’,4—

W

/

F16 12




devel oping treatment relating to the above-descri bed second

enbodi ment, the rotation acceleration speed of 20 the wafer Wat step
6-is nade |lower than the rotation accel eration speed of the wafer
Wat steps 8 and 9. - At step 6, the wafer Wis rotated to renove
centrifugally the devel opi ng sol ution renai ni ng on t he surface of
the wafer Wand the rinsing solution 25 is supplied to the surface of
the wafer Wfromthe rinse nozzle 17 to rinse the surface of the
waf er W However, the devel opj solution has still a high

- 33 - density at the tine i iately after the starting of

the dripping of the rinsing solution fromthe rinse nozzle 17 by
the rotation of the wafer W Wen such a hi gh-density devel opi ng

solution is dispersed in a
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5 mst, the mst is adhered to the surface of the wafer W _ after
the rising, which easily becones a cause of a generation of a

vari ati on of devel opi ng. On the other hand, at steps 8 and 9,
the wafer W is rotated to centrifugally dry out the wafer W In 10
this case, since nost of the devel opi ng sol ution has been repl aced
with the rinsing solution by the rinsing at steps 6 and 7, there is
little risk of a dispersing of t he devel opi ng sol ution.

Thus, in the process of renoving the devel oping 15 solution at step 6,
the accel eration speed of the wafer . Wis made | ower than that at
the time of drying the waf er ﬂﬂﬁl%teps 8 and 9 so that the

di spersion of the devel opi ng sol ution can be prevented.

Al t hough a sem conduct or has beenjused as an 20 object to be treated
in the above-described first and second enbodi nents, the object is
not limted to this iquid,crystal display substrate

or the i ke, fqa og$sible to nodify the
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preséht invention within the scope of the gist of the 25, oresentrpbﬁ

i nventi-on, Addi tional advantages and nodifica ng '

readily occur to those skilled in the art. Therefore, I WHMENT SHEET
- 34 - the invention in its broader aspects is not limfe

specific details and representative enbodi ngnts, shown an
herein. Accordingly, various nodifications may be nade w :
fromthe spirit or scope of the general inventive conceptf as defined by
t he appended clains and their equivalents. - 35 '

solution is rotated at a low speed so as to Spread the
devéloping solution oozing onto the wafer surface over
the entire sﬁrface of the wafer.
In the conventional method of developing

5 treatment; a defective development tends to be caused
by a first impact, i.e., impact given to a resist film
by a developing solution when the developing solution
is supplied first to the resist film formed on a semi-
conductor wafer. To be more specific, when a valve

10 is opened for supplying a developing solution, the
pressure is increased temporarily,'with the result that
the resist film is adversely affected as a first impact
by the developing solution. For example, the develop-
ment proceeds locally at the point of the first impact.

15 In accordance with the recent trend toward a finer
circuit pattern, the resist is required to exhibit a
higher performance, i.e., a higher resolution. As a
result, the first impact which was considered to be
of. no problem in the past has been found to bring

20 about a defective development. Howevef, an effective
technique for suppressing the defective development in
view of the first impact has not yet been established.

BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide a
25 method for developing treatment which permits markedly

suppressing a defective development.



CLAINB . 1. A nmethod for developing treatnent, in which a &Hﬁ&AQENEﬂT SHEET

solution is supplied to a substrate coated with a resist filn| exposed to
light to forma pattern for performng a devel oping treatnept ¢qhﬁﬁ$SmH§
(a) providing a conmon nozzle for supplying a devel oping so ULIOH and pure
wat er and positioning said common nozzle in the vicinity of|a-substrars,
(b) rotating said substrate on an axis thereof; (c) supplyipg pure water

fromsaid conmmon nozzle onto the substrate to forma curtain of |oining
said resist filmto the conmmon nozzle; and (d) introducing a devel oping
solution into said curtain of pure water to bring said devel oping solution
into contact wth the resist filmcovered with pure water. 2. The

met hod acgordi AGcb2dihdl M of Wihe g8PBELSIJI ¢M€ present invention,
there is provided a method for developing treatment, in which
a developing solution is supplied to a substrate coated with a
resist film exposed to light to form a pattern for performing
a developing treatment, comprising:
(a) providing a common nozzle for supplying a developing
solution and pure water and positioning said common nozzle in
the vicinity of a substrate;
(b) rotating said substrate on an axis thereof;
(c) supplying pure water from said common nozzle onto the
substrate to form a curtain of joining said resist film to the
common nozzle; and
(d) introducing a developing solution into said curtain of
pure water to bring said developing solution into contéét‘with

the resist film covered with pure water.

According to a second aspect of the present invention, a

method for developing treatment in which



step of rotating the substrate while said step (d) is per
The et hod according to claiml1, further conprising the s
a surfactant in said devel opi ng sol ution.

- 36 - 4. The nethod according to clagm1, further co
step of providing said conmon nozzle with a plurality of

REPEACEMENT SHEET|.
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pyrting ports.
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which are linearly arranged, for spurting the pure water
sol uti on. 5. A nethod for developing treatnment in which
solution is suppdéwslopingasolabiestistouppeiedr €8t 8 obgectPesfpem ng a
devel opi ng treatnent, using devel oping treatnment apparatuS conprising a
nozzle for supplyrewtesdi by rpat fenhing a developing treatment, using

nd devel opi ng

developing treatment apparatus comprising a nozzle for
supplying the treatment solution and a pure water to

5 the object to be treated, nozzle moving means for
moving the nozzle between a fifst position as a
starting point and a second position for supplying the
‘treatment solﬁtion and the pure water to the object to
'be treated, treatment solution supply means for supply-

10 ing the treatment soiution to the nozzle, pure water
supply means for supplying the puré water to the nozzle
and control means for dontrolling the operation of the
nozzle moviﬁg means, the treatment solution supply
means and the pure water supply means, comprising the

15 steps of the control means making the nozzle moving
means move the nozzle from a first position to a second
position in WAIT mode, the control means changing a
control mode of the.nozzle from a WAIT mode to a NON-
WAIT modé, the control means making tﬁe pure water

20 supply means supply the pure water to the nozzle to
shpply pure watér from the nozzle onto the surface_of
the object to be treated so as to form.a liquid film of
a pure water on the surface of the object to be
tréated, and the control means making'the treatment

25 solution supply means supply the treatment solution to
the noizle to supply the treatment solution from the

nozzle.




aoluﬁion and a pure water to said object to be treated, no 8Eelg¢eﬂy%ﬂ;§¥EET

means for noving said nozzle between a first position as a :
and a second position - for supplying said treatnment solut}oh and %ald 8
pure water to said object to be treated, treatment solutiofp sufph \Bitedds
for supplying said treatnment solution fo said nozzle, purejwater supply

- 37 -

means for supplying said pure water to sai ¢l nozzle and

control neans for controlling the operation of said nozzl e onving
[ ' ' ter
means, said treatnentﬁﬁggghéRSS%gpglM. gpsaapsg%ag% %gg %%ggepure wa

supply neans,

conpris

id contro

means naki ng sai .e_noyin n move said nozzle froma first
position to a Seggggﬁﬁkgn, ¥' R H88"tor developing %reatment in w%lC%

10

15

20

25

& developing solution is supplied to an object to be
treated for performing a developing treatment using a
developing treatment apparatus comprising a nozzle for
supplying the treatment solution and a pure watef to an
object to be treated, nozzle moving means for moving
the nozzle between a first position as é starting point
and a second position for supplying the treatment
solution and the pure water to the object to be
treated, treatment solution supply'meahs-for supplying
the treatment solution to the nozzle, pure water supply
means for supplying the pure water to the nozzle and
control means for coﬁtrolling the operation of the
nozzle moving means, the treatment solution supply
means and the pure water supply means,.comprising the
steps of the control means making the nozzle moving
means move the nozzle from a first position to a second
position in WAIT mode, the control means changing a
coﬁtrol mode of the nozzle from a WAIT mode to a NON-
WAIT mode, the control means making the pure water
supply means supply the pure water to the nozzle to
supply pure water from the nozzle onto the surface of
the object to be treated so as to form a curtain of a
pure water between the surface of the object to be
treated and the nozzle, and the control means making

the treatment solution supply means supply the



posit]dn in WAIT node; said control neans c control _
nmode of 'said 10 nozzle froma WAIT node to a NON- WA T
said control mnmeans maki ng said pure water supply f eﬁs—eﬂéﬂaiﬁéglg

ure water to said nozzle to supply ure water fr S g zzl e
gnto the surface of said IOIOobJ ect To be tTeated so gs g‘ o gPaﬂ%
liquid filmof a 15 pure water on the surface of sai ject to be
treat ed; and said control nmeans naking said

means, supply sai d treat-fest—solution 10

% ?%V§h%%+98pg P2k nent sol ution froaksald 20
| e. Th d di t I 5 erei
rs]gizé gevel opi ng treat n&'ﬁ; %p%eg?rﬁgt’?% L)élsnlg%"ﬁ?ré: VnglOPl“g aﬁRﬁ%ﬁ‘i“ﬁg

d t
Fur ther compr | seait 38 FotelgifRhd e %%?‘%Fdrldi%t‘i%d”f?e i o

said object to be jr whi ch has, sai,d |iqui i-1:p% of sald pure
wat er for ned f @ﬁ%h€¥es?pt invention. AS shown(ln(¥ he" JnaWLn g,

treat nent SOIUt'qu
sai d noz

5 the developing apparatus comprises a tank 1 houSLng a
developing solution 2. A gassource 3 storlng a compres-
sed gas such as a compressed nitrogen gas is connected
via a-pipe 4 to the tank 1. One end portion of a
pipe 5 is dipped in the developing solution 2 housed in

10 the tank 1. An intermediate tank 6 an& a deaeration
mechanism 7 for a treating solution are mounted to the
pipe 5. The compressed gas, e.g., compressed nitrogen
gas, is supplied from the gas source3 into the develop-
ing solution 2 housed in the tank 1 so as to permit

15 the developing solution 2 to be pressurized. The
pressurized solution is supplied through the pipe 5
toward a nozzle 12. '

The pipe 5 is branched downstream of the
deaeration mechanism 7 into branched pipes 5a and 5b

20 suéh that these branched pipes 5a, 5b are connected to
the nozzle 12. Mounted to the branched pipe 5a between
the branching point and the nozzle 12 are a flow
meter 8a, a filter 9a, a water jacket 10a, and an air
operation valve ila. Likewise, mounted to the branched

25 ~pipe 5b between the branching point and the nozzle 12
are a flow meter 8b, a filter 9b, a water jacket 10b,

and an air operation valve 1llb. The developing



ein sai d

38 : The net hod according to claimb5, wher
deve{SBTE—_Y?Ea?ﬁﬁﬁf‘éﬁparatus further conprises r g
r ot at ug"m e treated and rinsing soluti
for s ﬂﬂ,”ﬂﬂp rinsing solution_onto the surface (
be treate d %saisd met hod for developlné t FTeat ment

conprises a step that said control neans nakes sai (
rotate said object to be treated whi | e nmaki ng said

Bf”lé EngH 3]

f ]said object t
urft BegER 1993

ot ati ng neans

bject to be

supply means supply 10 sai d rinsieg gﬁgution to said ¢
treated to whi ch said treat nentt8

thereby centrifugally renove said treatnent solution

object to be treated, and then makes said rotating

tion has been supplied, to

from said
means rotate

said ObjeCtJRO b%k%g%%ggdfgktﬁg%%loping treatment, in which a developing

solution is supplied to a substrate coated with a resist film

exposed to light to form a pattern for performing a

developing treatment, comprising:

(a)'providing a common nozzle for supplying a developing
solution and pure water and positioning said common nozzle in
the vicinity of a substrate;

(b) rotating said substrate on an axis thereof;

(c) supplying pure water from said common nozzle onto the
substrate to form a curtain of joining said resist film to
the common nozzle; and

(d) introducing a developing solution into said curtain of
pure water to bring said developing solution into contact

with the resist film covered with pure water.

2. The method according to claim 1, further comprising the
step of rotating the substrate while said step (d) is

performed.

3. The method according to claim 1, further comprising the

step of providing a surfactant in said developing solution.



15 L‘_supleLng_g_Lngng solution to said object to ther|§ p—
said object to be treated. 8. The net hod acccﬁbp CEMENTa%ET

o I 5 22052, S e e e

[a)

is |ower thdn An %cckel eration speed of sai-d object - - Jtreated at the
time of drying said object to be treated. o Te——
met hod according to claimb5, wherein in 36 - sai d devLLooinq t r eat ment
apparatus which further 25 conprises gas sucking neans for sald gas
sucki ng neans to suck and renove a gas surrounding said object to
be processed, said net hod for deyeloping.treatment further

230- £ e D6k pES RN ISP ACLBHET bt MBS TP S 1g Ehe

.SUCkl n9 rreansstespt ngsg%‘é'v%i%‘é“s”agid"‘ 88&\1‘1189 %'zlz es%Jiq:h a plurality of
spurting ports, which are linearly arranged, for spurting the

pure water and developing solution.

5. A method for developing treatment in which a developing
solution is supplied to an object to be treated for
performing a developing treatment, using developing treatment

apparatus comprising a nozzle for supplying saidfifééﬁﬁéﬁfﬁf“k5 

solution and a pure water to said object to be;treaggdﬁyﬁ
nozzle moving means for moving said nozzle betweén a first
position as a starting point and a second position - for
supplying said treatment solution and said pure water to said
object to be treated, treatment solution supply means for

supplying said treatment solution to said nozzle, pure water

supply



treatment solution is berng worked to said object to REPmMﬁﬁﬂﬂﬂbﬁﬂEET

by IeaV| pplled wth said 5 treat nent splptiomTor

predeter mm HIW)%H"’ 10. The met hod acfgof dj 1«,3
ece n al eat ment solytion includes a puff g?agg

11 The met hod according to cIa|n15 Wher ei - sai d nogz

plurality of discharge ports for 10 di scharging said pufe water and/or

said treatnent solution and said pIurallty of di schalkgrmg—ports—are

arranged in a strai

A net hod for

h
treatnent in whi é‘}?a%t gcl'rnesé‘%]\ﬁé’t% Sr?g‘%cﬁ"ﬁ‘f‘? Kb s%%p??’é‘gevgzggéo j'ect

to be 15
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said treat-
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15

20

25

steps of:

said control means making said nozzle moving means
move said nozzle from a first position to a second
position in WAIT mode;

said control means changing a control mode of said
nozzle from a WAIT mode to a NON-WAIT mode;

said control means making said puie water supply
means supply said pure water to said nozzle to supply
pure water from said nozzle onto the surface of said
object to be treated so as to form a liquid film of a
pure water on the surface of said object to be treated;
and

said control means making said treatment solution
supply means supply said treatment solution to said
nozzle to supply said treatment solution from said
nozzle.

6 . The method according to claim 5, wherein
said developing treatment apparatus further comprises
rotating means for rotating an object to be treated and
said coﬁtrol means further comprises a step for making
said rotating means to rotate said object to be treated
which has said liquid film of said pure water formed

thereon.



treated, Treatnment sol ution. supply means for supplying

'prmmmv SHEET |
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_ o _
control Iing tke bpetatson of said g gzzle noving means} 3?&5% “m°=
treat ment sol ution suppl y means and sai d pure water| shpply neans,
conprising the steps of: sai'd control means ki-ng sai d -
nozzlg novi ng neans nove said nozzle“froma first peskion-io..a
secon posi ti WAL tTREC accdrding to c18@hds COMHHe fFEANS
changi ng a control node ? salg nozzPe ?ron1a I'T mode to a

NON-WAI T node; '
1 ¢ Qi I
suppl y rni%igfgﬁﬂﬁ 7F 52%1 pure wate%§?§§g§?§ Eggﬁﬁtgigkgﬁﬁﬁgtﬁg

pure water fro”‘%%ﬁ%ﬂYﬁﬁ“ﬂ%d%@tQO&h%o%%Eﬁ%%eaﬁfo%%b@t to be treated

and rinsing solution supply means for supplying a
5 rinsing solution onto the surface of said object to
be treated and said method for developing treatment
further comprises a step that said control means makes
said rotating means rotate said object to be treated
while making said rinsing solution supply means supply
10 said rinsing solution to said object to be treated to
which said treatment solution has been.supplied, to
thereby centrifugally remove said treatment solution
from said object to be treated, and then makes said
rotating means rotate said object to be treated without
15 supplying a rinsing solution to said object to thereby
dry said object to be treated.

8. The method according to claim 7 , wherein an
acceleration speed of said object to be treated at the
time of centrifugally removing said treatment solution

20 is lower than an acceleration speed of said object
treated at the time of drying said object to be
treated. .

9 . The method according to claim 5, wherein in

said developing treatment apparatus which further
25 comprises gas sucking means for said gas-sucking means
to suck and remove a gas surrounding said object to be

processed, said method for developing treatment further



object o be treated so as to forma curtain of a pH

mater e of said object to be treated
nozzle unﬂﬂlui JI ﬂﬂ said control means meking said tr

pply nmeans Swp treatnment solution to said 15
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supply sai d treatnent solution fromsaid~ 3% - nozzle.

The met hod according to claim 12, wherein sai d devel opd

apparatus further conprises rotating nmeans for rota1ing an obj ect
to be treated and 20 said control neans further conpri asiep for
maki ng saoa'%&%ﬁ% ) HRBRSTRAL (7 1 SRR LBIRARS (HAHRS (5%l s

whi ch has said curtgin of a re water fprngg t her eon. 14. The
met hod accor di ng 4 'ctH rﬂelaips VEPR Ficking duringy RRTIAA 1 ke sidicht

apparatus further co rotat] s, for rotating an object
to be treated and:rear?me“t rﬁ?éfrn’f%o’r%tk?%ﬁ'f‘ Jﬁb‘ﬁ?q’r% ’cff QY ity a

rinsin ol uti on ontp .t he surface of .s obj ect to be treated
9 Ye processeé) by leav{ng sa{d o] féctjsupplle with said

5 treatment solution for a predetermined period of time.
10. The method according to claim 5, wherein said
treatment solution includes a surfactant.
11. The method according to claim 5, wherein
said nozzle has a plurality of discharge ports for
10 discharging said pure water and/or said treatment
solution and said plurality'bf'discharéing ports are
arranged in a straight line.
12. A method for developing treatment in which
a developing solution is supplied to an object to be
15 treated for performing a developing treatment using a
developing treatment apparatus comprising a nozzle for
supplying said treatment solution and a pure water to
an object to be treated, nozzle moving means for moving
said nozzle between a first position as a starting
20 -point and a second position for supplying said treat-
ment solution and said'pure water to said object to be
treated, treatment solution supply means for supplying
said treatment solution to said nozzle, pure water
supply means for supplying said pure water to said
25 nozzle and control means for controlling the operation
of said nozzle moving means, said treatment solution

supply means and said pure water supply means,



r41-.'-.. and said nmethod for devel oping treatnent fupther
conprises a step that sai'd control neans nakes said 3

oot v THIR m RIS 57 = 7¥nsrna s on 6 said b

3.::

treated”t o®whic * sald t r eat ment solutlon has bee
t her eby centrlfugally renove said treatnment sol ut] qg fronlsald
obj ect to be treated, and t hen makes said rotatlng

said object to bgoh ?wgﬂgngtéﬁgng ing a ri-ashrg—solution (¢

said object to ther by dr sai d object to be treated. _
15. The nethod accor dighg dt @dritdHdl %ad@‘?ﬂaﬂ&ﬂuga%ald nozz RS GRIEI R} Indhrpeed

of said object to be treated at the of centrifugally renoving
said treatment spbyll @AidlRozzld AW sm %ﬁ%r@@é'&ﬂsé&&ﬂﬂ of said
obj ect treated at the tine of drying said object to be

position in WAIT mode;
5 said control means changing a control mode of
said nozzle from a WAIT mode to a NONﬁﬁAiT mode;
said control means making said pure-water supply
means supply said pure water to s;id nozile‘to supply
pure water from said nozzle onto the spriécé of said
10 object to be treated so as to form a cﬁrfain of a pure.
water between the surface of said objeét to be treated
and said nozzle; and.
said control means making said. treatment solution
supply means supply said treatment solution to said
15 nozzle to supply said treatment solution from said
nozzle.

13. The meﬁhod according to claim'lz, wherein
said developing treatment apparatus further comprisesk
rotating means for rotating an object to be freated and

20 said control means further comprises a step for making
said rotating means to rotate said object to be treated
which has said curtain of a pure water formed thereon.

14, The method according to claim 13, wherein
said developing treatment apparatus further comprises

25 rotating means for rotating an object to be treated and
rinsing solution supply means for supplying a rinsing

solution onto the surface of said object to be treated



treat ed. 16. _The method according to claim 12,]
sai d.devel opi ng treatnent apparatus which further 20

iﬁffkﬂﬁdﬂﬁﬂlﬂﬂm1llgl1illll|mﬁ e ocessed, sdi d mot nagl f of BIBEEI BRRng

e
conprlses a step fﬁat said contrd [|reans nakes

t r eat ment *
sai d gas sacki ng means stop absorbing during a perilod while said
25 treatment solution |s bei ng worked to said object tolhe

ool AR R, BRI Bdaneny oblRE™
The met hod ggggraggogg@gfsgs' X Lmddp ¥hetoLfid%Udhrol meahk SRAREE! sS04 ULT ON
rotating means rotate said object to be treated while
making said rinsing solution supply means supply said
5 rinsing solution to said object to be treated to which
said treatment solution has been supplied, to thereby
centrifugally remove said treatment solution from said
object to be treated, and then makes said rotating
means rotate said object to be treated without supply-
10. ing a rinsing solution to said object to thereby dry
said object to be treated.

15; The method according to claim 14, wherein an
acceleration speed of said object to be treated at the
time of centrifugally removing said treatment solution

15 is lower than an acceleration speed of said object
treated at the time of drying said object to be
treated.

16. The method according to claim 12,'whe;ein in
said developing treatment apparatus which further

20 cohprises-gas sacking means for said gas sucking means
to suck and remove a gas surrounding said object to be
processed, said method for developing freatment further
comprises.a step that said control means makes said gas
sacking means stop absorbing during a périod while said

25 treatment solution is being worked to said object to be

processed by leaving said object'supplied with said

treatment solution for a predetermined period of time.



18. The nethod accarding to clain112 wherein said nozzle has a

Sald i1 ek "Hlﬁllllﬁll]iﬂllﬁﬂllill on and sai d pi ural bt gggffhwmi
?;(ragtn?rggtl r]subs tar- 5 *tially as herélgnbéf g/‘rete gesc(r) bigﬁgt&‘,’%@renc
to the 10 acconpanylng drawi ngs. _ 4 . =
17. The method according to claim 12, wherein said
treatment solution includes a surfactant.
18 . The method according to claim.lz, wherein
said nozzle has a plurality of discharge ports for
5 discharging said pure water and/or said tréatment

10

solution and said plurality of discharging ports are
arranged in a straight line.

19 . A Method for developing treatment, substan-
tially as hereinbefore described with reference to the

accompanying drawings.
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