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TI JLE- GF THE | NVENTI ON SOLUTI ON TREATMENT APPARATUS BACKGROUND COF THE

| N\VENTI ON The present invention relates to a solution 5 treat nent
apparatus for performng the designated treatnent after supplying a
solution to a substrate. In a photo-resist process of sem conductor device
fabrication, for exanple, a resist solution is coated on a surface of a
substrate such as a.seni conductor 10 waf et (referred to as "a wafer"
hereinafter) to forma resist film After the predeterm ned pattern is
exposed, the subdtrate is devel oped with a devel oping solution. A

devel oping unit i's used so far in ipierabere 1¢ey el N gif ocess. 15
A devel oping unit generally includes a rotary stand such as a spin chuck

for rotating a v%ﬂ%ﬁﬁﬁﬂﬁdNeEmdmﬂmﬁmﬂgﬁﬁﬂﬂuwmnuﬂ ng it and a devel opi ng

sol ution supply nozzle novable to the designated position above the rotary
stand. The devel opi ng sol uti on SBAMKGRQUND OF nDHR| ENVENTAONt ructure of, as
it were, a header with | onger length than the dianeter of the wafer, and

di schar ge openi ngs di sgdsednasent inyventipn owdrates ftwe tswhwiofon | n or der
to coat a wafer with a devel opi ng solution by nmeans of the above devel opi ng
25 sol ubi on stFFRFMESLEz BPParatys, fofe pgaforsEing the Wesdgnmangd y nozzl e

is noved to the designated position above the wafer held by the rotary
stand, that is, tk&eatment after supplying a solution to a substrate.

In a photo-resist process of semiconductor device
fabrication, for example, a resist solution is coated
on a surface of a'substrate such as a semiconductor

10 wafer (referred to as "a wafer" hereinafter) to form a
resist film. After the predetermined pattern is
exposed, the substrate is developed wiﬁh a developing
solution. A developing unit is used so far in the
above developing process.

15 A developing unit generally includes a rotary
stand such as a spin chuck for rotating a wafer while
adsorbing and holding it and a developing solution
supply nozzle movable to the designated position above
the rotary stand. The developing solution supply

20 nozzle has a structure of, as it were, a header with
longer length than the diameter of the wafer, and

'discharge openings disposed in a line on a lower
surface thereof. 1In order to coat a wafer with a
developing solution by means of the above developing

25 solution supply noézle, first, the developing solution
supply nozzlé is moved to the designated position above

the wafer held by the rotary stand, that is, the



- 2 - poesition just on top of the dianeter of the wafer. Next, a devel oping
solution is supplied to the devel opi ng solution supply nozzle. Wiile the
devel opi ng solution is discharged toward the wafer fromb5 di schar ge
openi ngs, the wafer makes nore than a half rotation so as to uniformy coat
the whol e surface of the wafer with the devel,oping solution. Since a

devel oping process is required to performuniformy, it is desirable that
the total tinme of a 10 di scharged devel opi ng solution remai ning on a
wafer is nmade the sanme over the whole surface of the wafer as nuch as

possi bl e. Theref @asitipmriest ton WP t¢f thardiametpsl efwaherwafeschar ge
pressure is set high and thereafter a devel oping solution is discharged
from 15 di scligser opIRVRACPIAE S et HPR char geppl£8d k@ BRrea devel opi ng
solution is, however, set high as, described above, the surrounding air
enters into the (TEXIERREMT RRAHOIRHSERPLY i 2 24@i chVRalRekh®he occurrence

of m nute bubbl es, 20 .called mcro-bubbles in devel gpi solution film
coated on the surdSRIPing FRICI%het FHFTHESD ego‘ﬁﬁ’égrt,:ﬂ%n‘l’?/ %’f)of’éo’Bf

f m cy.o-hubbl h f f_the waf d,
and a5 a1 8ol PTG SRR G RG HA T FAENTE ROFS pERTor el 25

thus reducing a Yigld /9 &o VS0, 4, Meyelon ndo S0t O B dh SERRLICGe ot
hi gh pressure, |npa5% agai nst a wafer f%hﬁﬁ%reased, aﬁghéﬁere |S£§%e
possibility that g wafer with the developing solution.

Since a developing process is required to perform
uniformly, it is desirable that the total time of a

10 discharged developing solution remaining on a wafer is
made the same over the whole surface of the wafer as
much as possible. Therefore, in order to swiftly coat
the whole wafer, discharge pressure is set high and |
thereafter a developing solution is discharged from

15 discharge openings.

When the discharge pressure of a developing
solution is, however, set high as described above, the
surrounding air enters into the discharged developing
solution, which causes the occurrence of minute bubbles

20 called micro-bubbles in a developing solution film
coated on the surface of a wafer. When micro-bubbles
occur, only spots of occurrence of micro-bubbles on the
surface of the wafer are not developed, and as a result
the designated developing process is not performed,

25 thus reducing a yield rate. When a developing solution

is discharged at high pressure, impact against a wafer

is increased, and there is the possibility that a



REPLACENENT SHEET resist pattern fornmed by exposure as pretreatnent peels
off Especially a resist pattern recently becones nore and nore m nute, and
thus for a mnute resist pattern the above possibility is larger. BRIEF
SUMVARY OF THE | NVENTI ON 5 An object of the-present inventionis to
provide a solution treatnent apparatus which gan_unifornmy coat a treatnent
solution while preventing the occurrence of m cro-bubbl es. Another object
of the present invention is to provide a solution treatnment apparatus which

can ease inpact against a wafer to stop.a resist pattern frompeelin

of T St 11 Aot hort &tk AL e Seeeh Y ORI 147 oo SRR et et on
treat nent appar at it £ I i e _str.uctur To, At t.ai

af orenent i oned objL%c s, rﬁ%eee%%%lg‘?% plzec%ipé(ﬁ q%tet P neszg% e;l?%f nl’?c%%%rﬁc—?% npre
sol ution treatnment Wﬁﬁﬂ?ri Lok Ly fPr i Lfir ace
of a substrate 15 a’ﬁﬁ@‘ﬁ% tq'ﬁle |r'sta§{§d1u%héic§g and ag%{(ﬁ)%%r sté%egéo%é%ﬂ{ch a
photoresist film igd YyRb #¥¥ifﬂ§5¥§!¥¥f substrate; a linear

nozzl e, having at Ieast one“di scharge-opening, or di scharging a treatment

sol ution thgough t he dischargeﬁ%%ﬁy eIe : %ﬂﬂ¥ﬁés f&gﬁace of the
rotated subStrate; neans for supplying e treatnent solution to said

nozzle; and a linear baln <HfRAsSesk Ralagireddift dirﬁ?éﬁfﬂ@nof’@nﬁé‘?%ﬁévf@éda

| i near nozzle 20 and the second surface of the substrate such at said

linear bar is | ocaiashtaldd& eaitthdrith @ppateAalse wHIGH | Q56 i e Tl SEdy e
openi ng thereof, against which the tréatment solution discharged Tromsaid

linear nozzle col ltirédatmeMC @odhitd ond whiile PHevidndidg esHdRdtic PR USE
since the collision body is disposed between the di scharge opening and the
substrate, even waderdi-S>ublgs .

10 Another object of the present invention is to
provide a soiution treatment apparatus which can ease
impact against a wafer to stop a resist pattern from
peeling off.

Still another object of the present invention is

15 to provide a solution treatment apparatus with a
extremely simple structure.

To attain the aforementioned objects, the first
aspect of the present invention is a solution treatment
apparatus including means for holding a first surface

20 of a substrate provided with the first surface and a
second surface and for rotating the substrate, a nozzle
provided with at least one discharge opening for
discharging a treatment solution through the discharge
opening toward the second surface of the rotated

25 substrate, means for supplying the treatment solution

to the nozzle, and a collision body, disposed between

the discharge opening of the nozzle and the second

THIS SHEET HAS BEEN
REPLACED




REPLACBEVENT SHEET pressure of the treatnent solution is high, the

di scharged treatnent solution once collides against the collision body so

t hat di scharge speed on reaching the substrate is reduced, danage to the
substrate is eased, and the anmobunt of air entering irnto the discharged
treatnment solution is decreased nore than eveg. Accordingly, the occurrence
5 of mcro-bubbles can be prevented nore than ever. The second aspect of
the present invention is a solution treatnent apparatus including neans for

holding a first s of ca, substrate provided w,th.the first surface and
a second surface g%%%%gF Pgtgignéupﬁér§§8§tPgFéP%E:Wh%éﬁ thee TEAMER: A
hol | ow cyl i ndrica a ' I g, fornmed.,of a.parpous film for
spouting out a tr%ggﬁgﬁPnlgagééﬁggﬁgﬂkﬁﬁpo 8ﬁ Pﬁ&z&&wﬁﬁyiﬁ4%§TC)the second
surface of the rotated r.ate, and . fQr.s | ying.the treatnent
solution to the nozz|e9§§§§§%§%h§°tg“%%?§%§8Fu°Pb¥%%%§5. ﬁnagﬁﬁﬁﬁﬁﬁﬁs with
such a Structure,siheefﬂhé!Eé&iQEiph BOEQGQEUEE% %9'%{%%% %%%5% ghortion
such as a devel opi ng solution supply nozzle'is Criit ated. e to plenty

of holes 15 -5dikBharBar8genkhhmind gheakyBedlath tes@hmikasol ution can

be supplie a substrafe such as a wafer. There pré, the occurrence of

m cro- bubbl es candbechhegeeprebBu2ddbEi e tPBAEheht 8336%ioWNiiGhnRRVENts
5 a resist pattern frompeeling off, for exanple. The aforenenti"oned
ob{FcLs and stillthéhdisohpeged 8rdatel¥abt 8686t92bnt BACR 852N dbRYARLIiAsL
Wi ecome

the collision body so that discharge speed on reaching
the substrate is reduced, damage to the substrate is
10 eased, and the amount of air entering into the
discharged treatment solution is decreased more than
ever. Accordingly, the occurrence of micro-bubbles can
be prevented more than ever.
The second aspect of the present invention is a
15 solution treatment apparatus including means for
holding a first surface of a substrate provided with
the first surface and a second surface and for rotating
the substrate, at least one nozzle of a hollow
cylindrical body, a part 6f which is formed of a porous
20 film, for spouting out a treatment solution through the
porous film to the second surface of the rotated
substrate, and means for supplying the treatment
solution to the nozzle.
According to this solution treatment apparatus
25 with such a structure, the fabrication of a treatment
solution supply portion such as a deveioping solution

supply nozzle is facilitated. Due to a plenty of holes

THIS SHEET HAS BEEN
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apparemt upon reading the follow ng specification when taken in conjunction
wi th the acconpanying draw ngs. 10 BRI EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF THE DRAWNG FIG 1 is a perspective view show ng an external
appearance of a coating and devel opi ng system contai-ning a devel opi ng unit
according to an enbodi nent of the present Lnvention; 15 FIG 2 is
a sectional view of a developing unit according to an enbodi nent of the
present invention; FIG 3 is a plane view of the developing unit shown in

FIG 2; FIG 4 is.a perspective view of a deyel opipg, 20 sol ution supply
nozzle and a wa!s'hilﬁ’g%s@cﬁ"ﬂ%n é‘t}ﬁ‘tﬂ P R ?Fth‘%PdEFE?B'B?ﬂE; Eﬂi‘gtkwlbvm_ in
FIG 2; FIG 5is a rspecti.ve view seen fro el ow showi n e devel opi ng
sol ution supply ngf‘ﬂp 8 FUBRL IR &% 7 nsdﬂfﬁ Ifan%s TWACT N2 E| ?3‘95‘,%955

TG oS B Sect ot SNk A SRR RISRE Bl sl Lurigg b

attached to the déveloping ‘so on supply

bei ng cont ad on. & RSPEE S { T A RS o M (17 e e R hgh PNt |

bei ng coated on a wa el dpi'n | on supply noz

Ceser oot o Bot w85 PEEP RO S IR e 46 gt

The aforementioned objects and still other objects
and advantages of the present invention will become
apparent upon reading the following specification when
taken in conjunction with the accompanying drawings.

10 BRIEF DESCRIPTION OF THE SEVERAILs VIEWS OF THE DRAWING

FIG. 1 is a perspective view showing an external
appearance of a coating and developing system
contaihing_a developing unit according to an embodiment
of the present invention;

15 FIG. 2 is a sectional view of a developing unit
according to an embodiment of the present invention;

FIG. 3 is a plane view of the developing unit
shown in FIG. 2;

FIG. 4 is a perspective view of a developing

20 solution supply nozzle and a washing solution supply
header in the developing unit shown in FIG. 2;

FIG. 5 is a perspective view seen from below
showing the developing solution supply nozzle in the
developing unit shown in FIG. 2;

25 FIG. 6 is a sectional view showing a sectional

shape of a collision bar attached to the developing

solution supply nozzle shown in FIG. 5;



devel opi ng sol ution supply nozzle shown in FIG 5; FIG 9 is an explanatory
vi ew showi ng the state of a devel oping sol ution being discharged from

anot her devel opi ng sol ution supply nozzle usable for the 10 devel opi ng
unit shown in FIG 2; FIG 10 is a plane view showi ng the disposition of a
collision bar of another devel opi ng sol utign gupply nozzl e usable for the
devel oping unit shown in FIG 2; FIG 11 is an explanatory view show ng the
15 di sposi tion of the col lision bar of the devel opi ng sol ution supply
nozzle shown in FIG 1Q;  FIG 12 is a sectional view show a shgge of

anot her col |ision bar Jg§blg1ﬂﬁ'qiﬂ??ﬁﬁﬁﬂ?ﬁﬁ?my%ﬁWtSgﬂﬁﬁﬂg|FP?H?E te of
G 13 1,3 Soct Lol Yoot s ou &5 e O o el o5 SO LELON B 2
ngrngﬁoansrﬁpglof Stiﬁpégpoéhﬁét§2%£é$40 barqgﬁﬂﬂ for Ihgﬁgg %%?p;ng 25
S SO0 ol T S0 T e DD Ui gy 520
usabl e for Bhe degehgggﬂ%ﬁwyé solution being discharged from the |
developing solution supply nozzle shown in FIG. 5;
FIG. 9 is an explanatory view showing the state of
a developing solution being discharged from another
developing solution supply nozzle usable for the
10 developing unit shown in FIG. 2;
FIG. 10 is a plane view showing the disposition'of
a collision bar of another developing solution supply
nozzle usable for the developing unit shown in FIG. 2;
FIG. 11 is an explanatory view showing the
15 disposition of the collision bar of the developing
solution supply nozzle shown in FIG. 10;
FIG. 12 is a sectional view showing a shape of
another collision bar usable for the developing unit
shown in FIG. 2;
20 ' FIG. 13 is a sectional view showing a shape of
another collision bar usable for the develbping unit
shown in FIG. 2;
FIG. 14 is a sectional view showing a shape of
still another collision bar usable for the developing
25 unit shown in FIG. 2;
FIG. 15 is a sectional view showing a shape of a.

collision plate usable for the developing unit shown in



shown in FIG 2; 5 FIG 17 is a fragnmentary bottom vi ew of the
collision bar shown in FIG 16; FIG 18 is a sectional view show ng the
state of a discharge opening being washed by a collision bar provided with
a washing solution discharge portion; 10 FIG 19 is a sectiona
view showi ng the state of the surface of a cojlision bar itself being
washed by the collision bar provided with a washi ng sol ution di scharge
portion; FIG 20 is a perspective view seen from bel ow 15 showi ng a
devel opi ng solutlon su%ply nozzle in a devel oping unit according to anot her
enbodi nent; FI G a sectional view of the developing solution supply

nozzl e shomn in FIG. 20 FI 22 s an expl nato I ew showing the state
20 of a devel opi nngIg'I uti®ortS & §§ \ﬁémnw a1 tJHBI%Te\F;} Rt ng

sol ution supply nozzle . Fl 3 is an.exp] an tory V|ew
3hom1ng t he s}ateo fa3°§?$§l88ﬁ&dséﬁpugﬁ5nu§?2?§éol§Egﬁ¥bé%’ FIG. 2:_

evel opi ng sol utign supply-nazzLe shown in i's
a sectional view 8 oxn dé&e?gg' 3 'sol ution supply nozzle in a devel opi ng

unit according to stil otyher; e I_nen Fl G. .25 i | ane vi ew
of a develo%lng uni t %I%P H@ gb%%ag%.ntary bottom view 6%i%ﬂ)

collision bar shown in FIG. 16;

FIG. 18 is a sectional view showing the state of a
discharge opening being washed by a collision bar
provided with a washing solution discharge portion;

10 FIG. 19 is a sectional view showing the state of
the surface of a collision bar itself being washed by
the collision bar provided with a washing solution
discharge portion;

FIG. 20 is a perspective view seen from below

15 showing a developing solution supply nozzle in a
developing unit according to another embodiment;

FIG. 21 is a sectional view of the developing
solution supply nozzle shown in FIG. 20;

FIG. 22 is an explanatory view showing the state

20 of a developing solution being coated on a wafer with
the developing solution'supply nozzle shown in FIG. 20;

FIG. 23 is an explanatory view showing the state
of a developing solution being discharged from the
developing solution supply nozzle shown in FIG. 20;

25 FIG. 24 is a sectional view of a developing
solution supply nozzle in a developing unit according

to still another embodiment;



i ncl uding the devel opi ng solution supply nozzle shown in FIG 24; FIG 26
Is a plane view showing the state of a 5 devel opi ng sol ution bei ng
coated by neans of a developing unit according to yet another enbodi nent;
FIG 27 is an explanatory view showi ng the state of -devel opi ng sol ution
supply nozzles in the developing unit shown iggp FLG 26 bei ng contai ned; and
10 FIG 28 is a plane view showing the state of a devel opi ng

sol ution being coated by neans of still another enbodi nent. DETAI LED

DESCRI PTI ON OF THE | NV rtain.termnaol ogy. will be used in .the '
fol l owi ng 15 descr %‘%&S SR NEEY g:yf‘r@= é*ee‘ffgle"po]?ﬂ%/ WHE wi 1 not
be limted. The word "up", ,(,:down", ."ri.ght" and."left" w |l designate
directions in thelﬁfg\)\ﬁdﬁglg tt(;‘ev\ﬁégﬁlipg eﬁ@g‘ﬁ%ﬂﬁ‘af&l’%ew egisﬁmwé]nd
"out" will refer ﬁg Q&chghqns toward and away from respectively, 20

t he geonetric cenfer "of 't he’devi ce and designated parts thereof. Such

term nol ogy will incl uci%d:lerj'qutg \éegjfl%gl% Wlds S%‘ﬁii’gael}%feo:ﬁ%&retsfs G 1

illustrates an external "appearance coating an em

o e ey “SPORISEER, s Hibnn byt pbexl bZRAL gt 2ccer 1o
on one end of a cgalkl8pdnd unit according to yet another embodiment;
FIG. 27 is an explanatory view showing the state
of developing solution supply nozzles in the developing
unit shown in FIG. 26 being contained; and
10 FIG. 28 is a plane view showing the state of a
developing solution being coated by means of still
another embodiment.
| DETAILED DESCRIPTION OF THE INVENTION
Certain terminology will be used in the following
15 description for convenience in reference only and will
not be limited. The word "up", "déwn", "right" and
"left" will designate directions in the drawings to
which reference is made. The word "in" and "out" will
refer to directions toward and away from, respectively,
20 the geometric center of the device and designated parts
thereof. Such terminology will inélude derivatives and
words of similar import.
FIG. 1 illustrates an external appearance of a
coating and developing system containing a developing
25 unit as a solution treatment unit according to an

embodiment of the preseht invention. A cassette

station 3 is disposed on one end of a coating and



-9+ devel oping system 1. Mre than one cassette C acconmodating a wafer W
can be freely nounted in the designated position on the cassette station 3.
Provided in the front side (in the side of an opening 5 for takeout) of
the cassette C on the cassette station 3 are a main-carrier arm?7 for
carrying and positioning the wafer Wand a carier mechanism9 for carrying
the wafer Wbetween the main carrier arm7 and the cassette C. Various

ki nds of processing units for performng 10 t he predeterm ned coating

dd | opi f th f W di d bot ' f
arrier path 11 GTOTRECRERE BEPFERr Lar nioEe| kEBRG CBSa BTG SHHF Bovel opi ng
t 1, b h b 13 f hi th f t ak f the 15
cheseiic C a watBCUMRMIAGLLR © YL0br MrFON: BrodenPes) SOUSH Adh (I va or
W an adhesi on UNide 1k 0LaPBLOLTLASRYONPNRREE LECALIBN,M of 2 surface
]

of the wafer W a coofing u Cco0 € Waf ér 0 thHe

det I ned t - i i aj.t f i.ng th
Surface of the rovarouivarif G%; Froffrhidd, Yih shb.slae oM, PR,
unit 22 forg heat'fwrtbacé@ﬁegelﬂaéﬁsfcsgeggeg o 8W' ttﬂeag%%%%ttes%'t‘étt&%a”d

after exposing it, and a devel opi ng unit are di spose

shown in FIG 2 andafd G maid @éfifg?froéﬁﬁ #Oo£bs 95?_5}%21%% %tndag%%’l‘;t‘ironing

portion in a casing 23a of the developing unit 23. T otati onal speed “of
the drive the wafer W and a carrier mechanism 9 for carrying the

wafer W between the main carrier arm 7 and the cassette
C. Various kinds of processing units for performing

10 the predetermined coating and develoﬁing pfocess for
the wafer W are disposed on both sides of a carrier
path 11 of the main carrier arm 7.

In the coating and developing system 1, a brush

scrubber 13 for washing the wafer W taken out from the

15 cassette C, a water washing unit 15 for high-pressure
jet washing the wafer W, an adhesion unit 17 for
performing hydrophobic treatment for a surface of the
wafer W, a cooling unit 19 for cooling the wafer W to
the predetermined temperature, a resist coating unit 21

20 for coating the surface of the rotated wafer W with a
resist solution, a thermal processing unit 22 for
heating the wafer W after coating it with a resist
solution and after exposing it, and a developing unit
23 are disposed.

25 As shown in FIG. 2 and FIG. 3, a drive motor 25 is
disposed at a center portion in a casing 23a of the

developing unit 23. The rotational speed of the drive



- 10 - sotor 25 is optionally variable with a controller 27 which is
separately di sposed outside the unit. Disposed on the upper portion of the
drive motor 25 is a spin chuck 29 which is rotatable and vertically 5
novable with the drive notor 25. The wafer Wto be -devel oped i s adsorbed
and hel d horizontally on an upper surface_of jjghe spin chuck 29. Disposed
around the spin chuck 29 is an annular cup 31 made of resin or netal for
preventing scatter of a devel oping solution or a washing sol ution.

10
Qo:: ? ie\gﬁl It hg; eznt1 ef“(é,%gfﬁéslnitslr %#gggéllgﬁé%&l#%%%hw 'earaln]g’grz']of an
opening por1on sgyohy s s 1 has Lenkh eraugh L lguer,and cary 15
| owest portion of PtEOEe o A%, BEBREBorRibE 25 e BNSR Mot siher e
il sposal i pe 37 ScrBan° PRREY. 23 wnicBPRSILLRA I MREMSAMIA L o

the base 35g0f thﬁo@ﬂﬁlélw'@P:Eg%eqrggeaﬁo%gge@sgndTﬂé ARyl yal | 41

Is a current plate 43 whic ose to the reverse side of the wafer W
adsorbed and 25 devB2bfe@nikN@asBrBeaNHAY §%3ﬁéﬁd¥¥édﬂﬁﬂf¥yIHthﬁ”hﬁﬂefhe

current plate 43 is inclined downward towar
surface of the spin chuck 29.

Disposed around the spin chuck 29 is an annular

cup 31 made of resin or metal for preventing scatter
10 of a developing solution or a washing solution. A

sidewall of the cup 31 is inclined inward, that is,

the upper the position thereof is, the narrower the

sidewall becomes. The diameter of an opening portion

33 of the cup 31 has length enough to lower and carry
15 the wafer W in a horizontal state into the cup 31.

A base 35 of the cup 31 is inclined and a waste
solution disposal pipe 37 is connected to the lowest
portion of the base 35. An exhaust pipe 39 for
exhéusting atmosphere within the cup 31 is disposed

20 opposite to the waste solution disposal pipe 37 across
the drive motor 25. An annular wall 41 is set up on
the base 35 of the cup 31. Disposed on an upper end of
the annular wall 41 is a current plate 43 which is
close to the reverse side of the wafer W adsorbed and

25 held on the spin chuck 29. A peripheral portion of the
current plate 43 is inclined downward toward the

outside.



out si de. -11- A devel opi ng sol ution supply nozzle 45 is di sposed on one
si de above the cup 31 in the casing 23a. The devel opi ng sol uti on supply
nozzle 45 is connected with a devel oping solution feeder 49 which is

di sposed 5 out side the devel oping unit 23 through a devel oping sol ution
supply pipe 47. The devel opi ng solution suppjy nozzle 45 usually, that is,
when not performng any treatnent, stands by in a closed container 51 as
shown in FIG 2. Therefore, evaporation and solidifi- 10 cation of a

devel opi ng solution is_prevented by at npsphere of a solyent_anpd the ik
TLITing the inside of AHISYS HOBNG ne LR RLPN SHUPRLE DRGEL oot igleoRitPBRes

SUDPLY, 10221 € 45 0 it PRES A2 S PO BT T SRl ehiag 1o paove or
e ever onrne SO BIP B A5 Budb RlcnGh il 4 Se Bire et
e PG 0 o SMA BLL SER 4 H e RS R PR
G spocca cB oo, SR e Mistbteg 06 S5 R agEh SSIRE? 5
fixed to a frame Ronfdidh 41y Pipe 47. The developing solution

supply nozzle 45 usually, that is, when not performing

any treatment, stands by in a closed container 51 as

shown in FIG. 2. Therefore, evaporation and solidifi-

10 cation of a developing solution is prevented by
atmosphere of a solvent and the like filling the inside
of the closed container 51. The developing solution
supply nozzle 45 is gripped with a gripping arm 55
which is free to move on a carrier rail 53 shown in

15 FIGf 3, and can reciprocatively move in the directions
shown by arrows in FIG. 3 and FIG. 4.

As shown in FIG. 5, the developing solution supply
nozzle 45 has a hollow structure with a lower portion
of approximately semicircular shape provided with a

20 number of discharge openings 61 which are formed in
line. As shown in FIG. 6, a collision bar 62 with a
circular-shaped cross-sectional surface is disposed
directly below the discharge openings 61. The
collision bar 62 is fixed to a frame portion 46 on the

25 upper portion of the developing solution supply nozzle

45 with supporting members 63 and 63 attached to both

ends thereof. Proper clearance d is provided between a



25, upper portion of the devel opi ng solution supply nozzle 45 with
supporting nenbers 63 and 63 attached to both ends thereof. Proper

cl earance d is provided between a - 12 - lower surface of the discharge
openi ngs 61 and an upper surface of the collision bar 62. For exanple, the
clearance d is set for 0.5 nmto 2 nm and preferably for 1 nm 5

A washi ng solution header 71 is disposed on the opposite side to the

devel opi ng sol ution supply nozzle 45 across the cup 31 as shown in FIG 2
to FIG 4. A washing nozzle 72 is attached.to the | ower partion of the
washi.ng sol uti on h@gﬁﬁrs?f%afﬁe°%a§ ?nél§8P3F98n°E@nlngshé&dépd7fq:?Pper
connected to a purified water.feeder .74 which i.§ di sposed outside,the
devel opi ng unit 2§“FﬁF8&ngatﬁﬁsﬁPﬁBlééPatPBH ééppl§%ﬁiﬁ§a?? g &S o

di scharge fromth hi.n 0zzl 2 purifked ter, supplied fr th
purified water fe§é§$%7£F%Tﬁelf5§ez f&ﬁshr gmggﬁﬁt?oﬁmﬁegﬁ pff%%f ¥ as
t he devel opi ng sokg&ign upply nozzle 45 is gripped with the gripping arm

55 and can reciprocatively nove in the directions shown by arrows in FIG 3
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devel opi ng %nit 23 is a washi nozzl e Suppl ying ‘a“washi ng solution

f,g;;i%g“” fied yahesite khaer e¥eLhe 8b0U818hihBes¥WakRiol sTRp1¥ANR2g e
45 across the cup 31 as shown in FIG. 2 to FIG. 4. A
washing nozzle 72 is attached to the lower portion of
the'washing solution header 71. The washing solution

10 header 71 is connected to a purified water feeder 74
which is disposed outside the developing unit 23
through a washing solution supply pipe 73 so as to
discharge from the washing nozzle 72 purified water
supplied from the purified water feeder 74. The

15 washing solution header 71 as well as the developing
solution supply nozzle 45 is gripped with the gripping
arm 55 and can reciprocatively move in the directions
éhown by arrows in FIG. 3 and FIG. 4.

As illustrated in FIG. 2, separately disposed in

20 the developing unit 23 is a washing nozzle 75 for
supplying a washing solution such as purified water to
the reverse side of the wafer W. The washing nozzle 75
is connected to a washing solution feeder 77 through a
supply pipe 76. Accordingly, it is possible to wash

25 the reverse side of the wafer W with purified'&ater,

for example. The washing solution feeder 77 can be

used in common with the purified water feeder 74.



| s« connected to a washing solution feeder 77 through a supply pipe 76.

Accordingly, it is possible to wash 25 the reverse side of the wafer W
with purified water, for exanple. The washing solution feeder 77 can be
used in common with the purified water feeder 74. - - 13 - The devel opi ng

unit 23 according to this enbodi ment has thejaboye structure. The wafer W
I's nounted on the spin chuck 29 in the cup 31 after being exposed and the
devel opi ng sol ution supply nozzle 45 5 is gripped with the gripping arm
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devel opi ng process i$§ perforned. At ~the collision bar
di sposed 20 ragbignaden pheidisahatfatops) pee Bbsitibhardve the

wafer W where the length of the nozzle is the same

as the diameter of the wafer W. Subsequently, the
developing solution supply nozzle 45 descends. As

10 shown in FIG. 7, when a developing solution is supplied
to the developing solution supply nozzle 45 from the
developing solution feeder 49 while the wafer W is
rotating at a low speed, a developing solution is
discharged downward for the wafer W from each of the

15 discharge openings 61 formed in a line on the lower
surface thereof. Thereafter the wafer W is coated with
the developing solution and the designated developing
process is performed.

At this time, the collision bar 62 is disposed

20 right under the discharge openings 61 so that a
developing solution D discharged ffom the discharge
openings 61 once collides against the collision bar 62,
and then is coated on the wafer W. Thus, the diScharge
speed of the developing solution D is eased and reduced

25 by the gollision bar 62, and the surface of the wafer W
is coated with the developing solution D, the discharge

speed of which slows down. As a result, entrance of



devel opi ng solution D discharged fromthe di scharge openings 61 once
col lides against the collision bar 62, and then is coated on the wafer W
Thus, the discharge speed of the devel oping solution Dis eased and reduced

25 by the collision bar 62, and the surface of the wafer Wis coated
with the devel oping solution D, the dischargg speed of which slows down. As
a result, entrance of - 14 - the surrounding air is prevented and no

m cr o- bubbl e occurs in the devel opi ng solution D coated on the wafer W In
addi ti on, when the devel opin solutlon D reaches the wafer eed

t her eof sl ows doﬂﬁ‘ ﬁﬁ@?@gvl ng a%?nkﬁanﬁﬁEQEﬁ tﬁ%dwﬁ?erVV?sgggggﬁ and a
resist pattern on the wafer, Wd es not
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improving a yield rate. Moreover, the collision bar 62

has a circular-shaped cross-sectional surface so that
the developing solution D never remains on the surface
10 of the collision bar 62.
The developing solution supply nozzle 45 used in
this embodiment includes the discharge.openings 61
forming a line on the lower surface thereof. The
collision bar 62 is disposed right under the discharge
15 openihgs 61. If a developing solution supply nozzle 81
shown in FIG. 9 is, however, used instead of the nozzle
45, a larger quantity of developing solution can be
discharged per unit hour.
Specifically, the developing solution supply
20 nozzle 81 shown in FIG. 9 has discharge openings 82 and
83 formed in two lines on the lower surface thereof,
and a collision bar 84 is disposed right under the
center between two lines. The discharge openings 82
and 83 in each line surface slightly inward each other,
25 namely, surface the collision bar 84. According to the
developing solution supply nozzle 81 with such a

structure, similarly to the aforesaid developing



Specifically, the devel opi ng solution supply 20 nozzle 81 shown in FIG
9 has di scharge openings 82 and 83 fornmed in two |lines on the | ower surface
thereof, and a collision bar 84 is disposed right under the center between
two |lines. The discharge openings 82 and 83 in each:line surface slightly

I nward each other, 25 nanmely, surface thg collision bar 84. According
to the devel opi ng sol ution supply nozzle 81 wth such a structure,
simlarly to the aforesai d devel opi ng - 15 - solution supply nozzle 45,

a devel opi ng sol ution discharged fromthe di scharge openings 82 and 83 once
col |i des agai nst SeHatdan isé%Hﬂ%-YbW"’@ltl,e %&F?Y&%’e‘é@l $ALEEBPR S| ows
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ever and impact against the wafer W is eased. 1In
addition, the discharge openings 82 and 83 are disposed
in two lines so that a larger quantity of developing
10" solution can be discharged per unit hour compared with
the aforementioned developing solution supply nozzle 45,
which results in improvement in throughput.
As described above, When a substrate is coated
with a treatment solution while being rotated with a
15 nozzle which is disposed just on top of the diameter of
a wafer and is provided with discharge openings forming
a line over the length equivalent to the diameter of
the wafer, it is extremely possible that a resist
pattern peels off more in a center portion of the wafer
20 W, since the moving distance per unit hour is different
between the center portion and an edge portion of the
wafer W.
A developing solution supply nozzle 91 shown in
FIG. 10 is structured in view of the above dis-
25 advantages. Specifically, a collision bar 92 disposed

under the lower surface of the developing solution

supply nozzle 91 has a center portion thereof being



a line .over the length equivalent to the dianmeter of the wafer, it is
extrenely possible that a resist pattern peels off nore in a center portion
of the wafer 20 W since the noving distance per unit hour is different
bet ween the center portion and an edge portion of the wafer W A devel opi ng
solution supply nozzle 91 shown in FIG 10 iggstructured in view of the
above dis- 25 advant ages. Specifically, a collision bar 92 disposed
under the | ower surface of the developlng sol ution supply nozzle 91 has a
center portion thgreof b sane po itign _as the
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the collision bar 92 and the speed thereof is eased
similarly to the discharging state shown in FIG. 8, but
the closer to both end portions the discharge opening
10 93 is, the more the collision bar 92 slants from right
below the discharge opening 93. As a result, as shown
in FIG. 11, part of the developing solution D dis-
charged from the discharge opening 93 close to both end
portions collides against the collision bar 92 and the
15 speed thereof slows down, but the remaining solution
directly reaches the surface of the wafer W at the
initial speed without slowing down.
The area of coating by the discharge opening 93
close to both end portions is, however, an edge portion
20 of the wafer W, and the moving distance per unit hour
. is long. 1In other words, the area to be coated per
unit hour is wide. Accordingly, when the edge portion
or its vicinities of the wafer W are coated, total
damage to the wafer W is the same as that in a center
25 portion even if the speed of a developing solution on

reaching the wafer W is less eased compared with the

center portion. Thus, if the developing solution



- 15 speed thereof slows down, but the remaining solution directly
reaches the surface of the wafer Wat the initial speed w thout slow ng
down. The area of coating by the discharge opening 93 close to both end

portions

is,

however, an edge portion 20 of the-wafer W and the nov

di stance per unit hour is long. In other worgds, 1he area to be coated pe

uni t hour

is wide. Accordingly, when the edge portion or its vicinities

the wafer Ware coated, total damage to the wafer Wis the sane as that
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bar applicable to the present invention is not limited
to a circular-shape.

A collision bar 102 disposed under a lower surface
of a developing solution supply nozzle 101 shown in
FIG. 12 has an inverted triangle-shaped cross-sectional
surface, and the use of the above collision bar 102 is
effective. To be concrete, the speed of a discharged
developing solution slows down to a great extent and
there occurs little entrance of the surrounding air.

A collision bar 112 used for a developing solution
supply nozzle 111 shown in FIG. 13 has a triangle-
shaped cross-sectional surface. By means of the
collision 112, the speed of a discharged developing
solution slows down less than that in the aforesaid
collision bar 102. Therefore, the collision bar 112 is

suitable when discharge pressure is not so high.

A collision bar 122 used for a developing solution

supply nozzle 121 shown in FIG. 14 has a tear drop-
shaped cross-sectional surface. By means of the
collision bar 122 with such a shape, the speed can slow

down more and entrance of air is less in comparison



effective. To be concrete, the speed of a discharged devel opi ng sol ution
slows down to a great extent and 15 there occurs little entrance of the
surrounding air. A collision bar 112 used for a devel opi ng sol uti on supply
nozzle 111 shown in FIG 13 has a triangle- shaped cross-sectional surface.
By means of the collision 112, the speed of 3gdi scharged devel oping 20
solution slows down | ess than that in the aforesald collision bar 102.
Therefore, the collision bar 112 is suitable when di scharge pressure i s not
so high. A coII|S|on bar 122 used for a evelopln qutlon supply nozzle
121 shown in FI G Wikh h&geaa?8£PSaFGp eES opingh &0 upRly diggzle
surface. By neanilgf.thﬁ % h sion bar 122 with such a shape, t he speed
can sl ow down nor ndPeht *of air is less in conparison - 18 - with
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plate 132 brings 'good effects that a discharged
developing solution can be coated on the wafer W while
flowing in a specified direction. 1In addition, it is
10 possible to adjust the degree of reduce in speed of a
developing solution by changing the attaching angle of
the collision plate 132.
Developing solution suppiy nozzles of this kind
are properly provided with a suction mechanism which is
i5 -called a suck-back mechanism for prevenfing a solution
from dripping. A cﬁllision bar, that is, a collisiop
body in the present invention can also be provided with
such a mechanism for preventing a treatment solution
such as a developing solution 6r the like adhering to
20 the collision bar from dripping.
A collision bar 161 shown in FIG. 16 and FIG. 17,
for example, includes a hollow portion 162, and slits
163 are formed at a downward ahgle along a longitudinal
direction on the surface of the collision bar 161, the
25 slits 163 leading to the hollow portion 162. The
hollow portion 162 is communicated with a vacuum system

164. If the collision bar 161 with the above structure



devel opi ng solution by changing the attaching angle of the collision plate
132. Devel opi ng sol ution supply nozzles of this kind are properly provi ded
with a suction nmechani smwhich is 15 call ed a suck-back nmechani sm for
preventing a solution fromdripping. A collision bar, that is, a collision
body in the present invention can al so be. proyided with such a nechani sm
for preventing a treatnent solution such as a devel opi ng solution or the

|'i ke adhering to 20 the collision bar fron1dripping. A col lision bar
161 shown in FIG, 16 a(f Fl 17, for exa udes_a thIOMIgortion
162, and slits 16% aH’s@ c?rlﬁgd" a?cd’d%vﬁa}f a?‘%napﬁrﬁ figi fG&FPRaP
dlrectlon on the ace of t e coII|5|on 161,, the, 25 s_163
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A collision.bar 171 shown in FIG. 18 is provided
with a washing solution discharge portion 172 for
washing the discharge openings 61 of the developing

10 solution supply nozzle 45. A hollow portion 173 which
is a flow path for a washing solution is formed within
the collision bar 171 as illustrated in FIG. 18. A
plurality of hole-shaped washing solution discharge
portions 172 leading to the hollow portion 173 are

15 formed on a surface of the collision bar 171 oéposite
to the discharge openings 61 of the developing solution
supply nozzle 45, that is, the upper surface of the
collision bar 171 in FIG. 18 along a longitudinal
direction of the coilision bar 171. For example, the

20 washing solution discharge portions are formed opposite
to the discharge openings 61 of the developing solution
supply nozzle 45.

If the collision bar 171 with such a structure is
used, when a washing solution is discharged from the

25 washing solution discharge portions 172 by way of the
hollow portion 173, the discharge openings 61 of the

developing solution supply nozzle 45 can be washed with



washi ng: t he di scharge openings 61 of the devel oping 10 sol ution supply
nozzle 45. A hollow portion 173 which is a flow path for a washing

solution is formed within the collision bar 171 as illustrated in FIG 18.
A plurality of hol e-shaped washi ng sol uti on di scharge portions 172 | eadi ng
to the hollow portion 173 are 15 forned pm a_surface of the collision

bar 171 opposite to the di scharge openings 61 of the devel opi ng sol ution
supply nozzle 45, that is, the upper surface of the collision bar 171 in
FIG 18 along a lo t he collision bar or
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may be performed every time the designated times of a
developing process finish or after a lapse of the
designated period. In addition, the washing solution
10 discharge portions 172 does not necessarily surface the
discharge openings 61 as described above. Instead,
they may be disposed in positions where a washing
solution discharged from the washing solution discharge
portions 172 can be discharged toward the discharge
15 openings 61.
If discharge preséure of a washing solution from
the washing solution discharge portions 172 is reduced,
the washing solution discharged from the washing
solution discharge portions 172 directly drip down
20 along the surface of the collision bar 171 without
reaching the discharge openings 61, thereby making it
possible to wash the surface of the collision bar 171
itself. Accordingly, first the discharge pressure of a
washing solution is. set high so as to wash the dis-
25 charge openings 61 aé shown in FIG. 18, and thereafter

the discharge pressure is decreased so that the surface

of the collision bar 171 can be washed consecutively.



may be perforned every tinme the designated tinmes of a devel opi ng process
finish or after a | apse of the designated period. In addition, the washing
solution 10 di scharge portions 172 does not necessarily surface the

di scharge openings 61 as descri bed above. Instead, they nay be disposed in
posi tions where a washing sol ution di schargeg fromthe washi ng sol ution

di scharge portions 172 can be discharged toward the discharge 15

openings 61. If discharge pressure of a mashing solution fromthe washing

sol ution di schar ortions 172 is educe the wa, ution d| harged
from the washin qﬁﬁf it GRS %fféﬁfﬁ iV %ﬁﬁ%
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washing solution discharge portions 172 for discharging
a washing solution iﬁ the same way as the above, a
washing solution adhering to the surface of the

10 collision bar 171 can be sucked, thereby preventing a
washing solution from dripping. In addition, if a
surface of each collision bar used in each of the
aforesaid embodiments is hydrophobic-coated with HMDS
(hexamethyldisilazane), Teflon or the like, it is

15 possible to stop adhesion itself of treatment solutions
including a developing solution or other washing
solutions.

Next, another embodiment according to the present
invention will be described.

20 FIG. 20 and FIG. 21 show the structure of a
developing solution supply nozzle according to this
embodiment. |

As shown in FIG. 20, a developing solution supply
nozzle 238 consists of a frame portion 240 and a hollow

25 cylindrical body portion 241. A lower surface of the
cylindrical body portion 241 is formed of a porous film

and a number of developing solution discharge openings



5 . I f a suction mechani smas a suck-back nechanismis further added
to the collision bar 171 provided wth washing sol ution discharge portions
172 for discharging a washing solution in the same way as the above, a
washi ng sol ution adhering to the surface of the 10 - collision bar 171

can be sucked, thereby preventing a washing selution fromdripping. In
addition, if a surface of each collision bar used in each of the aforesaid

enbodi ments is hydrophobic coated with HVDS (hexanethyldisilazane) Tefl on
or the like, it
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body portion 241 of the developing solution supply
nozzle 238.- According.to the above structure, a
developing solution from a developing solution feeder
49 is supplied to a hollow portion of the cylindrical
10 body portion 241 through the developing solution supply
pipes 239 and 239. A temperature controlling pipe 243
is disposed within the cylindrical body portion 241 so
as to control the temperature of a developing solution
to the desired temperature by circulating a temperature
15 controlling fluid through the temperatufe controlling
pipe 243, for example, by flowing and circulating water
set at the predetermined temperature.
When the wafer W is mounted on the spin chuck 29,
the developing éolution supply nozzle 238 moves to the
20 predetermined position above the wafer W. When the
wafer W is made at least a half rotation as shown in
FIG. 22 while the developing solution is supplied from
the cylindrical body portion 241, the developing
solution is coated on the wafer W.
25 At this time, since a lower surface of the

cylindrical body portion 241 of the developing solution

supply nozzle 238 is formed of a porous film, a



FIG 21-is a sectional view of the devel oping solution supply nozzle 238,
and a devel oping solution 5 supply pipe 239 is communi cated with the
cylindrical body portion 241 of the devel oping solution supply nozzle 238.
According to the above structure, a devel oping sol ution froma devel opi ng
solution feeder 49 is supplied to a hollow pgrtign of the cylindrical 10
body portion 241 through the devel opi ng solutlon supply pipes 239 and 239.
A tenperature controlling plpe 243 is disposed within the cylindrical body
portion 241 so as,to _control Ee tenperature of a developlng solution to
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since a | ower surface of the cy I on Tt e devel opi ng

sol ution supply n&é§é§o§§§gi§oiQ£ﬂ§ﬂ.0fA§ Qofggﬁlgtlgthance % the

surrounding air can be stopped and the occurrence of
micro-bubbles can be prevented. Besides, since the
discharge pressure of the developing solution is low,

10 impact against a resist pattern on the wafer W can be
eased and the resist pattern can be prevented from
peeling off.

Moreover, the iower surface of the cylindrical
body portion 241 is formed of a porous film, which

15 facilitates the fabrication of the developing solution
supply nozzle 238 with such many developing solution
discharge openings 24la. In addition, the temperature
controlling pipe 243 is disposed within the cylindrical
body portion 241, which make it possible to control the

20 temperature of the developing solution immediately
before discharge thereof.

Since the cylindrical body portion 241 for
supplying the developing solution to the wafer W is
supported with the frame portion 240, the developing

25 solution supply nozzle 238 can follow swift motion of
the gripping arm 55 and the structure becomes firm,

which secures more efficient developing process.



devel opi ng solution is discharged froma nunber of the devel opi ng sol ution
di scharge openi ngs 241a toward the wafer Was shown in FIG 23. Therefore,
a larger quantity of devel oping solution can be supplied, 5 t her eby
hol di ng down di scharge pressure of the devel oping solution. As a result,
entrance of the surrounding air can be stapped and the occurrence of

m cr o- bubbl es can be prevented. Besides, since the discharge pressure of

t he devel oping solution is |low, 10 i npact agai nst a resist pattern on
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i mmedi ately before discharge thereof. Since the ¢ ndrical body portion
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the frame portion 240, the devel oping 25 sol ution supply "nozzle 238 can
follow swift notioaiQf hheeselopifg anTHSPravd ddie WwitH i QhReU B ' m
whi ch secures nore efficient devel opi ng process.
module 250 will be described hereinafter.
As illustrated in FIG. 24 and FIG. 25, the
deaerating module 250 is connected to a vacuum system
10 252 through a connecting pipe 251. The deaerating
module 250 is formed of a material with quality which
allows only gas modules to pass and hinders liquid
modules from passing. According to the deaerating
module 250, gas modules within the cylindrical body
15 portion 241 can be eliminated immediately before
discharge of the developing solution by operating the
vacuum system. Consequently, no bubble exists in a
developing solution discharged from the developing
solution discharge openings 24la, which makes it
20 possible to perform uniform developing treatment for
the wafer W together with the aforementioned reduction
in discharge pressure of the developing solution.
In the aforementioned embodiment, a substrate is
the wafer W, but the .present invention is also
25 applicable to a LCD substrate. In addition, in the

aforementioned embodiment, a treatment solution supply

portion is embodied as a developing solution supply



- 24 - 4n the aforenmenti oned enbodi ment, the tenperature controlling pipe
243 is disposed within the cylindrical body portion 241. A deaerating
nodul e 250 as a deaerating nechani smwhich will be described later can 5

al so be disposed within the cylindrical body portion 241. A devel oping unit
provided with the deaerating nodule 250 willpbe described hereinafter. As
illustrated in FIG 24 and FIG 25, the deaerating nodule 250 is connected
to a vacuum system 10 252 through a connecting pipe 251. The
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af orenenti oned enbodi nent, a substrate is the wafer

invention is al sexmple, alr RV Iy L4 SriSH ' G Sp1

but the present
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t he af orenenti oned eé%odinent, a treatnent sol ution sﬁ%p¥yﬁport|on S

enbodi ed as a dewlsepiavaisieiplid .on supply

FIG. 26 shows a plane view of a developing'unit

257 provided with four developing solution supply

10 nozzles 238 as described above according to another

embodiment. In the developing unit 257, carrier rails

236 and 236 are disposed opposite each other across the

wafer W in a longitudinal direction of the developing

unit 257. A frame for suspension 260 for suspending

15 and supporting the developing solution supply nozzle

238 is slidably provided on the carrier rails 236

and 236.

Hence, with the movement of the frame for

suspension 260 by means of a drive mechanism, the

20 developing solution supply nozzle 238 supported by the

frame for suspension 260 also freely moves in a

direction shown with a reciprocating arrow in FIG. 26

within the developing unit 257, and four developing

solution supply nozzles 238 can move over the wafer W.

25

Thus, the supply of a developing solution to the whole
surface of the wafer W is possible during the movement.

A container 262 accommodating four developing



- 25 - nozzle for supplying a devel opi ng sol ution, but the present
invention is also applicable to treatnment solution supply portions for
suppl yi ng various kinds of treatnent solutions. A devel oping unit praqvided
with 5 other plural treatnment solution supply portions, for exanple,
four devel opi ng sol ution supply portions is algo available. FIG 26 shows a
pl ane view of a devel oping unit 257 provided wth four devel opi ng sol ution
supply 10 nozzl es 238 as descri bed above accordlng t o anot her

nmbodi t. Inth I t 257, | s 236 and 236
gl sgo!sggnoppogl teegi el(??ﬁér‘ﬂ’é’g:]gé??t%ﬁl\;f{ﬁr Wy fﬁ?%"sw o’r@ﬁ‘{]fﬁ‘f 2‘?‘?6&'}? on
f the d I t f f 15
and support1ng ¢ RE RS SopTiey et 'éep&m%émﬁﬁe#éfz STt S“S%awg
provi ded on the o 14 |a§%78 bl lf%.lzl%% %vnq:hZ%Q:mo 1’20% t%he q__ent of the

frame for suspension neans oF e

devel opi ng sol utlaavaqgglmggl Al 238 %%%toeg,@eéﬁ@ ﬁﬁeaqueJeOf ogfitgpensi on

260 al so freely noves I'on s own witha reciprocating

o120 S TSP e st 0 Ml SLov!
devel opi ng sol uti pRdyO PR iWH221 of the developlng solution supply
nozzle 238 from drying.
The developing unit 257 is structured as described
above. 1In the developing unit 257, the developing
10 solution supply nozzles 238 move to above the wafer W
through the frames for suspension 260, and while the
developing solution supply nozzles 238 move over the
wafer W leaving a broad space between each other, a
developing solution can be supplied for the wafer W
15 from developing solution discharge openings on the
lower surface of the cylindrical body portion 241.
Thus, the developing solution can be coated on the
wafer W without rotating the wafer W.
Since the wafer W is coated with a developing
20 solution while the above four developing solution
supply nozzles 238 leave a broad space between each
other, swift supply of the developing solution for the
wafer W is possible. After the predetermined supply of
the developing solution for the wafer W is completed,
25 each developing solution supply nozzle 238 is placed

in a row in the container 262 through the frame for

suspensions 260. At this time, four developing



surface. of the wafer Wis possible during the novenent. A container 262
accommodat i ng four devel opi ng - 26 - solution supply nozzles 238 in a
row is provided on one side of the developing unit 257. The container 262
is always filled with atnosphere froma sol vent of devel opi ng solution so
as to prevent the developing 5 sol ution gyscharge openings 241la of the
cylindrical body portion 241 of the devel opi ng solution supply nozzle 238
fromdrying. The developing unit 257 is structured as described above. In

Tove Lo above t b ORERI OB TRPRESAPRELEP anae F8R EHsBUACRANIZEE Sand i | o
broad Space bot weth EANSHURGY DR BeClogiRugtls) SPRGR DRKVBERERRN ok o
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After the predet e{dy sk 2P| da®Tbe put away without occupying a lot of
space.

If more than one washing solution supply nozzle
233 is used, reduction in washing hours is possible.

10 Concerning the relation of height between the washing
solution supply nozzle 233 and the developing solution
supply nozzle 238, the washing solution supply nozzle
233 can be disposéd in a higher position.

In the developing unit 257 shown in FIG. 26, a pan

15 is disposed around under the wafer W so as to collect a
developing solution which is supplied onto the wafer W
from the developing solution supply nozzle 238 and
drops therefrom, to filtrate the developing solution
with a filter, for example, and to return it again to

20 the developing solution supply nozzle 238, thereby
saving the developing solution.

In the developing unit 257 shown in FIG. 26, four
developing solution supply nozzles 238 has the same
length, but like a developing unit 271 shown in FIG. 28,

25 if out of four developing solution supply nozzles 272,

273, 274, and 275, the length of two developing solu-

tion supply nozzles 273 and 274 which are disposed in



t he devel oping solution for the wafer Wis conpleted, 25 each

devel opi ng sol ution supply nozzle 238 is placed in a row in the container
262 through the frame for suspensions 260. At this tinme, four devel oping
- 27 - solution supply nozzles 238 can be placed in-the contai ner 262 by
narrow ng the space between each other as. shggwn in FIG 27. Accordingly,
al t hough the devel oping unit has four devel oping solution supply 5
nozzl es 238, these four devel opi ng solution supply nozzles 238 can be put

| ' | ot, of o Lf h hi | ut
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thereby saving theARIORMD e/ WaFer W can be reduced.

As described above, according to the present
embodiment, a collision body is disposed between
discharge openings and a substrate. Therefore, even

10 when the discharge pressure of a treatment solution is
high, the discharge speed of the treatment solution at
the time of reaching the substrate is reduced and
damage to the substrate is eased, since the discharged
treatment solution once collides against the collision

15 body. Besides, the amount of air entering into the
discharged treatment solution is reduced more than ever.
Thus, the occurrence of micro-bubbles can be prevented
more than ever.

According to the present embodiment, even when the

20 discharge pressure of a treatment solution is high, the
discharged treatment solution once collides against a
collision bar and the discharge speed is once reduced
by the collision bar. Furthermore, since the collision
bar is disposed parallel to a plurality of discharge

25 openings, the collision bar can contribute to reduction

in speed of treatment solution discharged from all of

discharge openings.



I n. the «devel oping unit 257 shown in FIG 26, four devel oping sol ution
supply nozzles 238 has the sane |length, but |ike a developing unit 271
shown in FIG 28, 25 i f out of four devel opi ng solution supply nozzl es
272, 273, 274, and 275, the length of two devel oping solu- tion supply
nozzles 273 and 274 which are disposed in 39 28 - the center is slightly
| onger than the dianmeter of the wafer W and the | ength of devel opi ng

sol ution supply nozzles 272 and 275 which are disposed at both ends is

| i ghtl hor t than the di t f th f 5 ) t of
devel op! ng Sol ut i on- SARRRACENR Thddte HErRP LG RIPeRLBRRG  « ALERBFERSW can
b duced. As d i.bed ab . i.ng to t t enbodi t
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enbodi ment, even when the ' '
collision bar. Consequently, a treatment unit can be
simplified and :educed in weight.
When a substrate is coated with a treatment
10 solution while being rotated with a nozzle which is
disposed just on top of the diameter of a wafer and is
provided with discharge openings forming a line over
the length equivalent to the diameter of the wafer, the
moving distance per unit hour is different between a
15 center portion and an edge portion of the wafer W.
Specifically, the moving distance in the center portion
is shorter. Hence, in prior arts, the total damage is
larger especially in the center portion and as a result
it is extrémely possible that a resist pattern peels
20 off more in a center portion of the substrate than in
an edge portion thereof. According to the present
embodiment, a treatment solution discharged to a center
portion of a substrate éollides agaiﬁst a collision bar
and discharge speed is reduced, but discharge speed is
25' reduced less in an edge portion than in a center

portion. Accordingly, the total degree of impact of

the treatment solution against the whole substrate



20, di scharge pressure of a treatnment solution is high, the discharged
treatnent solution once collides against a collision bar and the di scharge
speed is once reduced by the collision bar. Furthernore, since the
collision bar is disposed parallel to a plurality of discharge 25

openi ngs, the collision bar can contribute tgneduction in speed of
treatnent solution discharged fromall of discharge openings. - 29 -
According to the present enbodi ment, discharge openings are disposed in two
| i nes whereby a |larger quantity of treatnent sol ution can be supplied for a
substrate. Thus, BEFGFESnUWALLEHenWhRSEPY v fogms treatmanic st tdh@

t hr oughput can be | mpr oved he .di scharge speed o tre tnent solution can
be eased by one CBFEE§W€th§ u@&ﬁ?e&&%ﬁi the ?Fpéh aGeiat

simplified and reduced in we bstrate is coated with a
treatnent 10 HﬁﬁgFéﬁewﬁP%ekﬁePﬁ§ d with a nozzle which is

di sposed just on top of the ter r.ovi ded

di scharge openi ngs for ACRG% J1rﬁgn O\Felre tﬂ{gﬁ éﬁgt%%’diﬁ@%tem t%ﬁfe‘"lon
di anet er t he waf er h vi.n n uni_t ur__i,s di erent
bet ween a f% m%eﬁtrelats ' |Eﬁu§ng'§hg % §8FF|SﬁJg4 (g

Speci fical Iy, the,ggyi agtggma% PRI up%&le% Fag er - Hence,

in prior arts, the ot al
substrate without remaining.

According to the present embodiment, a collision
bar has an inverted triangle-shaped cross-sectional
10 surface, which makes it possible to reduce the amount
of air entering into a treatment solution when the
treatment solution is discharged from discharge
openings. Thus, effect of prevention of occurrence of
micro-bubbles in a treatment solution film formed on a
15 substrate is increased.

According to the present embodiment, since a
suction mechanism for sucking a treatment solution
adhering to a collision bar is provided, the treatment
solution adhering to the collision bar can be sucked

.20 after the discharge of the treatment solution toward a
substrate is completed. Accordingly, there is no fear
that the treatment solution drips down from the
collision bar and the treatment solution does not exert
any influence on a substrate and peripheral units.

25 According to the present embodiment, washing
solution discharge portions for discharging a washing

solution toward discharge openings are provided in a



| ar ger especially in the center portion and as a result it is extrenely
possible that a resist pattern peels 20 off nore in a center portion of
the substrate than in an edge portion thereof. According to the present
enbodi nent, a treatnent solution discharged to a center portion of a
substrate collides against a collision bar and di_scharge speed is reduced,
but di scharge speed is 25 reduced less in an edge portion than in a
center portion. Accordingly, the total degree of inpact of the treatnent
beco er eby
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formed on a 15  papUBS! pakBokRel"ev829°¥ime the designated times of
solution treatmentlfinish or after a lapse of the
designated period. As a washing solution, purified
water, for example, can be used.

10 According to the present embodiment, discharge
pressure of a washing solution discharged from washing
solution discharge portions is variable. Under high
discharge preséure, for example, discharge openings
can be washed by discharging a washing solution

15 directly to the discharge openings, and under low
discharge pressure where a washing solution does not
reach discharge openings, the discharged washing
solution directly drips down along the surface of a
collision bar. In the latter case, it is possible to

20 wash a collision bar itself.

According to thé present embodiﬁent, at least a
part of a nozzle is a hollow cylindrical body formed of
a porous film, which facilitates the fabrication of a
treatment solution supply portion such as developing

25 solution supply nozzle. Due to a plenty of holes in a

porous film, a great deal of treatment solution can be

supplied for a substrate such as a wafer or the like.



Accordinng to the present enbodi nent, since a suction mechani smfor sucking
a treatnment solution adhering to a collision bar is provided, the treatnent
solution adhering to the collision bar can be sucked 20 after the

di scharge of the treatnment solution toward a substrate is conpl eted.
Accordingly, there is no fear that the treaggent. solution drips down from
the collision bar and the treatnment solution does not exert any influence
on a substrate and peripheral units. 25 According to the present
enbodi nent, washing sal ution dischar%e portions for diighargin a washi ng

solution toward di P& robfi RGSUEEENSRo P Bd Grp-Pubblescan b || sj on

bar, which makes it iple t h.the disch i th th
washi ng sol ut i on BRCYBREEGed MoRHRE iR8shHIBSSH dei SR aRS R b TR AT bns
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flows is provided within a cylindrical body of the
aforementioned treatment solution supply portion,
whereby the structure of a treatment solution supply
10 portion such as a developing solution supply nozzle is
simple and it becomes easy that the treatment solution
just before being discharged is supplied for a
substrate such as a wafer at the desired temperature.
According to the present embodiment, a deaerating
15 - mechanism for eliminating gas molecules in a treatment
solution is provided in a cylindrical body, whereby a
treatment solution can be deaerated immediately before
being discharged.
According to the present embodiment, an upper
20 surface of a cylindrical body is supported with a frame,
which makes it possible to swiftly move a treatment
solution supply po;tion itself and the structure
thereof becomes firm.
The above-described embodiments have the intention
25 of clarifying technical meaning of the present inven-

tion. Therefore, the present invention is not intended

to be limited to the above concrete embodiments and to



- can be washed by di schargi ng a washi ng sol ution 15 directly to the

di scharge openi ngs, and under | ow di scharge pressure where a washi ng

sol ution does not reach discharge openings, the discharged washi ng sol ution
directly drips down along the surface of a collision bar. In the latter
case, it is possible to 20 wash a collision bar itself. According to
the present enbodi nent, at |least a part of a nozzle is a hollow cylindrical
body formed of a porous film which facilita& s the fabrication of a
treatment sol ution supply portion such as devel opi ng 25 sol uti on supply
nozzle. Due to a plenty of holes in a porous film a great deal of
treatnent solution can be supplied for a substrate such as a wafer or the
li ke. - 32 - Peedsfterpretied docar n@xrewoisemser0-antbbtasiamn dienges .
prevented. In addition, inpact is eased and a resist pattern is prevented
from peel i ng of f, Mayr bexmaglee tharednd Wwighoatt lepardsiae frmoditempinit | ow
path 5 t hrough which a tenperature controlling fluid for controlling
the tenperature oPfatheeRrpssntsdnyentdon aRe wdthayitha) ngaming pf the
cylindrical body of the aforenmentioned treatnment solution supply portion,
wher eby the strucfdfé™§F a treatment solution supply 10 portion such as
a devel oping solution supply nozzle is sinple and it becones easy that the
treat ment sol ution



just before being discharged is supplied for a substrate such as a wafer at
the desired tenperature. According to the present enbodi nent, a deaerating
15 mechani smfor elimnating gas nolecules in a tTeat ment sol utign As
provided in a cylindrical body, whereby a treatnent -solyiseet Habed eplace
deaerated i nmedi ately before being dischargesi4 According “ﬁ :
enbodi nent, an upper 20 surface of a cylindrical bodmm“mm wth
a franme, which makes it possible to swiftly nove a treat ol'ution
supply portion itself and the structure thereaf becones firm The

above- descri bed enbodi ments have the intentioH 25 of clarifying

techni cal meaning of the pgeéﬁgﬁTiaﬂeefeawaﬁgﬂgfésmeas EBRpPE 83RYL

invention is not intended to Imted to t above concrete enbodi nents

and to - 33 - be i ffeLRL tSH hH1 LRGN & OP4 SE0SBurBAeVaE QUSUBEEREEE MRY
be made therein wi thout departing fronithe spirit of the present invention
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treat ment apparatus conpri sing;
S rotating the substrate;

a nozzle, provided with at least one discharge
opening, for discharging a treatment solution through
the discharge opening toward the second surface of the
rotated substrate;

10 means for supplying the treatment solution to said
nozzle; and.

a collision body, disposed between thé discharge
opening of said nozzle and the second surface of the
substrate, against which the treatment solution

15 discharged from said nozzle collides.

2. The apparatus as set forth in claim 1,

wherein said nozzle includes a plurality of the
discharge openings disposed in line, and

wherein said collision body is a projecting bar

20 disposed parallel to the alignment direction of. the
discharge openings.

3. The apparatus as set forth in claim 1,

wherein said nozzle includes a plurality of the
discharge openings disposed in two lines and the

25 discharge directions thereof are set inward each other,

and

wherein said collision body is a projecting bar
R —
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maans f.or holding a first surface of a substrate havi ng—the—H+rst—surface—
and a second 5 surface on which a photoresist filmis forned and for

rotating the substrate; a linear nozzle, having at | east laced
opening, for discharging a treatnent solution through the ” |ng
toward the second surface of the rotated subgg ate; neans the

treatnent solution to said nozzle; and 10 a |linear bar, disposed between
t he di scharge opening of said | i near nozzl e and the second surface of the

substrate such th g{g %d I dos tHRF 31 ﬁcﬁ’ﬁﬁ’{% Feeiidkass NGdz! e and

close to the disc e opernl ng t ereof, agal e treat ment

sol ution dlscharQQQSEH@yg%a JrlitRAY. nozzle col | ides. 15 2. The apparatus
as set forth in claim1, “wherein said nozzle includes a plurality of the

di scharge openi ngs whi gh, amhardppiestvd dLBLarforedeigralasd 1pterval s,
and wherein said linear bar is a bar disposed substantially parallel to an

array of the discharge vigiitgSsaid) nbzzle oRPRidésisaaplecalioytdfithel aim
1, wherein said nozzle includes a plurality of the di scharge openi ngs

di sposed i nsgtwo | disshaitgd bpadiimyaidispbgettinkinderand are set |nmard
each other, and wherein said linear bar is a bar disposed substantially
parallel to an array ofwhHdrein sthdlicalhisieomwierdygss 4. pFbjecpieg dvas as
set forth in claiml1l, wherein said nozzle includes a plurality of the

di schar ge openi ngslisiposiedasd aartversgedredtative rieguthes ok bglmtentr diatection

I nterval s, and wherein said linear bar is a projecting bar disposed

sl antwi se rel ati veft #hen ddschange ©penings to rotate on a center of a

line of the discharge openings.
10 5. The apparatus as set forth in claim 1,.
wherein said collision body is a collision bar
with a circular-shaped cross-sectional surface.
6. The apparatus as set forth in claim 1,
wherein said collision body is a collision bar
15 with an approximatély inverted triangle-shaped cross-
sectional surface.
7. The apparatus és set forth in claim 1,
wherein said collision body includes a suction.
mechanism for sucking the treatment solution adhering
20 to said collision body.
8. The apparatus as set forth in claim 1,
wherein said collision body includes a washing
.solution discharge portion for discharging a washing
solution toward the discharge opening.
.25 9. The apparatus as set forth in claim 8,
wherein discharge pressure of the washing solution

discharged from the washing éolution discharge portion
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di.schar.ge openings to rotate on a center of a |line of the discharge
openings. 5. The apparatus as set forth in claiml, |0 wherein said

| inear bar is a collision bar with a circular-shaped cross-secti onal
surface. 6. The apparatus as set forth in cla eTh3$nﬂ@h$Bme& lager
is a collision bar with an approximately +nv3$ted trlangl

cross-sectional surface. 15 7. The apparatus as set forth

wherein said |inear bar includes a suction nmechanismfor suc |ng
treatment solutio fgaggg% Lppeto said linear bar. 20 8. The apparatus as
set forth in clai erern said |inear bar includes a washing sol ution

di scharge portion fory gl SCHRS Ohpgla PatiisNhadede! Boken SAVELE kg, di schar ge
opening. 9. The apparatus as se ?orth in claiml, wherei n said |inear

nozzl e includes a plurghbidiff thBeqdienangacpPBEBLRES ivhisehk 8bethatarged at
regul ar intervals, and wherein said lineaf bar is a bar disposed

approxi mately par@éél@inéOséﬁldwﬂzaigchaﬁg@@pf%mnahel ywaBROhgr spdutiion - of
the bar is disposed opposite to the di scharge openings, 5 and as a
portion theyeof devsch&sg éfﬁﬁttb@ncﬂéﬁ@heQOtheOﬂlﬁbhaBgé, opbaipgrtion is
further apart fromthe discharge openings. 10. The apparatus as set forth
in claim8, which furlber Thapappesatusaas et flerthnini adaamdPschar gi ng
pressure of the washing solution which is 10 discharged fromthe washing
sol uti on di scharge porwhepeiantha dbsthakber ptessuwet isl setgsohéhat the
di schargi ng pressure of the washing solution fromthe washi ng sol ution

di scharge portiorwashihg satutiof dhechiaxgedrfrony pheswasbivegt epAntd@npy

sai d det erm ni ng neans.
discharge portion flows down along the washing solution

10 discharge portion.
12. The apparatus as set forth in claim 1,
wherein said nozzle includes a plurality of the
disdharge openings disposed in line, and
wherein said collision body is a projecting bar
15 disposed approximately parallel to said nozzle, an
approximately center portion of the projecting bar is
disposed opposite to the discharge openings, and as a
portion thereof deviates from the center portion
thereof, the portion is further apart from the
20 discharge openings.
13. A solution treatment apparatus comprising;
means for holding a first surface of a substrate
provided with the first surface and a second surface
and for rotating the substrate;
25 at least one nozzle of a hollow cylindrical body,
a part.of which is formed of a porous film, for

spouting out a treatment solution through the porous
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15 11. The apparatus as set forth in claim10, wheretn—when—said linear
nozzle i s washed, said controller controls the discharging pressure of the
washi ng solution fromthe washi ng sol ution di scharge poﬁ#%ﬁetslasBdaﬂR 081

washi ng sol ution reaches the discharge opening of said I| nd
when said |inear bar is washed, said cont+ol3%r fontrols

pressure of the 20 washi ng solutlon fromthe washing solutlon
portion so that the washing solution reaches the discharge opening of sald

linear nozzle. 12%; e GPPad RS secfd du¥fdte bl hd AOcabbgrein said
linear bar is coated with a hydrophobic coating naterial. REPLACENMENT

SHEET 37 13. The ajpsi@dtss; agnget forth in claim 10, wherein said Iinear
bar has a slot which is open in a lower portion of said |linear bar. 14. A

sol ution treatnent apn@é@ﬁysfﬁﬁn@ﬁpgﬁimhg5theﬂEﬁéétﬁeﬁtthﬁuﬂﬂoﬁ torshid
surface of a substrate provided with the first surface and a second surface

and for rotating ddwzkalbstrate; at | east one nozzle of a hollow cylindrica
body, a part of which is formed of a porous film for spouting out a
treatnent ol ution thrduglThdeapparatud idsndawnwafartineisecbaimsu3face of the
rotated substrate; and 10 means for supplying the treatnent solution to
said nozzle. 15. The aphereinmsaaflowetpdthtthroughavhic¢h, tenperahunef| ow
path through which tenperature controlling fluid for controlling the
tenperature of tiwonteathing £biidifer faanireblingphedtempenateyei afri cal
body. 15 16. The apparatus as set_forth in claim 14, wherein a deaerating
mechani sm for el ithederentnent mokuuian §ipWsdls réigpesed in the

cylindrical body.
10 15. The apparatus as set forth in claim 13,
wherein a deaerating mechanism for eliminating gas
molecules in the treatment solution is disposed in the
cylindrical body.
16. The apparatus as set forth in claim 13,
15 wherein an upper surféce of the cylindrical body
is supported by a frame.
17. The apparafus as set forth in cldim 13,
wherein a plurality of said nozzles is provided
parallel to one another at certain spaced intervals
20 therebetween.
18. The apparatus as set forth in claim 17,
wherein a nozzle containing portion is provided to
accommodate a plurality of said nozzle, said nozzle
containing portion being in same atmosphefe as the
25 treatment solution.
19. The apparatus as set forth in claim 18,

wherein a plurality of said nozzles are placed
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solution is disposed in the cylindrical body. 20 17. The apparatus as set
forth in claim14, wherein an upper surface of the cylindrical body is
supported by a frame. 18. The apparatus as set forth in claim 14,

wherein a plurality of said nozzles is provided parall el to one another at
certain spaced intervals therebetween. Bf apparatus as set forth in
claim18, 5 wherein a nozzle contalnlng p idn is provided to
accomobdate a plurality of said nozzle, said nozzle containing portion
being in same atnosphere as the treatnent solution. 20. The apparatus as
set forth in cl aadjaéentOto wher ennthepl umaltihey nofzzd& ¢ondadirdaniaar e pl aced
adj acent to one another in the nozzle containing portion. 21. The apparatus
as set forth in pbatkeng, wherein |ength of the porous filnms of said
nozzles in the vicinity of the center thereof is 15 |onger than that of
the porous films of 28id BbezRpparatuse asussitddomidy daf claim 17,

wherein length of the porous films of said nozzles
5 in the vicinity of the center thereof is longer than
that of the porous films of said nozzles in the outside
thereof.
21. A solution treatment apparatus, substantially
as hereinbefore described with reference to the

10 accompanying drawings.
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