TITLE OF THE | NVENTI ON APPARATUS AND METHOD FOR SUPPLYI NG PROCESS SOLUTI ON
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The present invention relates to an apparatus and nethod for

surface of a substrate to be processed such as an LCD (quuid {§§;a

di spl ay) substrate or a sem conductor -.wafjer ~.with a process sol such as
a devel opi ng solution. 10 In the manufacture of, for exanple, a
liquid crystal display (LCD) device, a thin filmof, for exanple | TO
(I'ndium Tin Oxide), an el ectraqde attern et re formed on an LCD
substrate (gl ass substrate). 'ﬂﬂﬁﬂ% %ﬁﬁ%%pﬁiserles of processing,
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dgeel )c/)pl ng t F%@u @ﬁ%ﬁhlﬁe ﬁ%&@gseﬁgslonto t he phot o- rgsi st. 20

To be nore speC|f|c a subs e LCD substrate is
Bingcgngyﬁﬁ ﬁ? ﬁnﬁ: ‘ikgﬁﬁ%&%ﬁv

di sposed on a spin chuck capa speed rotation to coat a surface

ﬁf thegLCD substr ajyg, ‘épf&é’ﬂf@tﬂ&é?&fén%i&éé’t%'ﬂﬂ hpgashibgsrate at a
I gh speed, followed by selectively 2 exposing the photo-resist to
light in a | g nRtidioredasdd d Wik fadrid £rd). subefratderd Gl substrate
processed such as an LCD (liquid crystal display)
substrate or a semiconductor wafer with a process
solution such as a developing solution. -
10 In the manufacture of, for example, a'liquid
crystal display (LCD) device, a thin film of, for
example, ITO (Indium Tin Oxide), an electrode pattérn,
etc. are formed on an LCD substrate (glass substrate).
Therefore, applied is a series of prodessing,'in which
15 & circuit pattern, etc. is transferred in a reduced
fashiqn onto a photo-resist by using a photolithography
technology similar to that employed in the manufacture
of a semiconductor device, followed by developing.the
circuit pattern, etc. transferred onto the photo-resist.
20 To be more specific, a substrate such as a
rectangular LCD substrate is disposed on a spin chuck
capable of a high speed rotation to coat a surface of
the LCD substrate with photo-resist while rotéting'the
substrate at a high speed, followed by selectively
25 exposing the photo-resist t6 light in a light-exposure
device to form a pattern. Then, the LCD substrate

after the light-exposure step is disposed to face



after the |ight-exposure step is disposed to face -2- a nozzle for
suppl yi ng a process solution such as a devel opi ng solution. Under this
condition, the LCD substrate and the nozzle are noved relative to each
other to forma filmof a devel oping solution, which 5 i s upheaved by
surface tension of the solution, on the LCDpsubstrate, thereby to perform
devel opnent for a predetermined tinme. Then, a deionized water or pure water
is supplied to the substrate while rotating the spin chuck at a high speed

so as to centrifugally 1 renove the _devel opin al ution,and, thus, to
Stop the devel off NG ARt R EURRITAAS doRFORHTh SO IO SURD AR & o
serious problemjys Rkrought abouyt.. Specjfj cally, torate di sed on a
spin chuck 1 i sdle(?{regieorpJ’tq%aﬁ;otq‘r%}etl Si'n de¥ tc lﬁc%o%%ﬁ:d:oq‘,hl}:&e eLx ends over

an edge of the s SlaK ohd Q0T OYSENRY AL @5 Gan i n

FIG 1. Also, the ov anging portionis ownwar d, I ng
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peripherysof thgsSuptdaAicd BiRluIEdde ddndioH lof RHePH MU IH,Moh the
LCD substrate, thereby to perform development for a
predetermined time. Then, a deionized water or pure
water is supplied to the substrate while rotating the
spin chuck at a high speed so as to centrifugally
10 remove the developing solution and, thus, to seop the
developing treatment. |
In the conventional process, however, a serioue
problem is brought about. Specifically, a subStrafe G
disposed on a spin chuck 1 is larger than the spin
15 chuck 1 and, thus, extends over an edge of the spin
chuck 1 to form an overhanging portion, as shown in
FIG. 1. Also, the overhanging portion is bent downward,
and the bending degree is increased with increase in
the overhanging amount. Naturally, a process solution
20 supplied to the substrate G flows toward the periphery
of the substrate, making it difficult to coat hniformly
the substrate G with the process solution.
The overhanging amount can be diminished by
enlarging the spin chuck 1. However, the manefactﬁring
25 cost is increased if the spin chuck is enlarged. Also,
when it comes to, particularly, a spin chuck of an air

suction type, the enlargement of the spin chuck causes



the substrate Gwith the process solution. The overhangi ng anount can be
di m ni shed by enlarging the spin chuck 1. However, the manufacturing 25

. cost is increased if the spin chuck is enlarged. Al so, when it comes to,
particularly, a spin chuck of an air suction type, the enlargenent of the

spi n chuck causes -3- an increase iR tBe air-sucking amunt, leading to
an increased possibility of dust attachnent to the substrate G It should
al so be noted that, in the conventional 5 devel opi ng process of this
type, the dev 35?*5{ 4ﬁ$ﬂ§ er e ver ed

devel opi ng so%@%%&%g%éjonsﬂg erab utead”w yh%‘é‘f“?‘g“ .Eﬁ. d. As a

result, it is g f{aculicds rg&gl%%ﬁ@ COPGEINE datthOiinghe! b6 ERBOVT o

developlng solutlo n so ses, is 1npossi ble to reuse the
recovered devel gpiehsQ!@tion. BRIEF SUI\/I\/ARY OF THE | NVENTI ON An obj ect of
the present invention is to provide an apparatus and nmethod for coating

uniformy a surfacerdsSshoul®f aPsSUNSIAGEEd €hRE, PLACEHBEBOMVERALIONRACESS
solution while maintaining the substrate surface hori zontal |y
5 developing process of this type, the developing solu-~
tion is recovered. However, the recovered developing
solution is considerably diluted with a rinsing liquid.
As a result, it is difficult to adjust the concentra-
tion of the recovered developing solution. In some
10 cases, it is impossible to reuse the recovered
developing solution.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide
an apparatus and method for coating uniformly a surface
15 of a substrate to be processed with a pfocess:solutiOn
while maintaining the substrate surface horizontally
flat without enlarging a sbin chuck.
Another object is to provide an apparatus and
method for processing a substrate, in which a process
20 solution is prevented from being attached to a rear
surface of the substrate in the step of centrifugally
removing the process solution by rotating the substrate.
Still another object is to provide a processing
method which permits preventing the concentration of
25 the recovered process solution from being excessively
lowered, making it possible to regenerate the recovered

process solution easily.



flat without enlarging a spin chuck. Another object is to provide an
apparatus and nethod for processing a substrate, in which a process 20
solution is prevented frombeing attached to a rear surface of the
substrate in the step of centrifugally renoving the process sol ution by
rotating the substrate. Still another ebjdct-is to provide a processing

nmet hod which permts preventing the concentration of 25

t he recovered

process solution from being excessively |owered, naking it possible to

regenerate the reC%ﬁﬁ&%g%ﬁég?EésasfiyékOﬁg§38£|¥f theaége
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t, process solution supply nmeans for

suppl ying a progess: 59 Ui e L récés 84 Sg?%ﬁéﬁtoﬁehﬁg sopssnpperteng by

t he hol ding 10 means and supported by

e support neans, lift means for

verticakly modfobhédehsndshgaperbedbfl &Y the bSabstpgte extending over

an edge of the holding means so as to maintain the

substrate surface horizontally flat, process solution

supply means for supplying a process solution to a

front surface of the substrate held by the holding

10 means and supported by the support means, lift means

for vertically moving the substrate held by the holding
means relative to the support means, and rotating means

for rotating the substrate moved upward relative to the

support means.

15 It is desirable to mount a washing liquid flow-out

portion at a tip of the'support portion of the support

means to permit a washing liquid to flow out.

It is also desirable to mount a drying means for

blowing a drying gas against the tip of the support

20 portion of the support means.

Further, it is desirable to mount a supply means

for supplying an after-treating solution to a front

surface of the substrate and, at the same time, a

washing liquid to a rear surface of the substrate.

25 According to a second aspect of the present

invention, there is provided a processing method, :

comprising the steps of (a) coating a front surface of
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means relative to the support nmeans, and rotating nmeans for rotating the
substrate noved upward relative to the support neans. 15 It is
desirable to nmount a washing liquid flow out portion at a tip of the
support portion of the support means to permt a washing liquid to flow
out. It is also desirable to nount a dryi Bg Reans for blow ng a drying gas
against the tip of the support 20 portion of the support neans.
Further, it is desirable to mount a supply nmeans for supplying an

¢ ) : .
after-treati n&bi%‘%%éﬁo%%?%‘?t%é %oéé’%géa&%ﬂh t‘_{mq ag&mnzgt t he

sane tinme, a ear surface o e substrate.
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processi ng mnet conprising t steps “of (a) coating a front surface of

-5- a substr atﬁfﬁ%ﬁgﬁé%ﬂgﬁ SupPpOcess 5P| sipoict tlarigiRsd rat e

bei ng held by ng means”and having ‘an over hangi ng portion supported by
support means i ik 1 e t Foh Ofir fakd € e thbStbsts dierivynzon- 5

tally flat, and the overhangi ng portion extending over an edge of the
hol di ng greans, t4Ply "PYVafg apdetkle téerhanging portion extending over
an edge of the holding means, (b) moving upward the
substrate held by the holding means relative to the
support means, (C) and rotating the holding means to
centrifugally remove the process sclution from the
10 substrate.

It is possible to add after the step (C) an
additional step of supplying an after-treating solution
to the front surface of the substrate and, at the same
time, a washing liquid to a rear surface of the

15 substrate.

It is also possible to allow the washing liquid to
flow out through a tip of the support means during the
step (C).

Further, it is possible to blow a drying air

20 against the tip of the support means after completion
of flow-out of the washing liquid through the tip of
the support means.

In the present invention, the overhanging portion
of the substrate extending over an edge of the holding

25 means is supported by the support means. It follows

that, even in the case of processing a large substrate

having a large overhanging portion, the substrate



substrate held by the holding neans relative to the support neans, (C) and
rotating the holding neans to centrifugally renove the process sol ution
fromthe 10 substrate. It is possible to add after the step (O an
addi tional step of supplying an after-treating solution to the front
surface of the substrate and, at the samse 6inme, a washing liquid to a rear
surface of the 15 substrate. It is also possible to allow the washing
liquid to flow out through a tip of the support nmeans during the step (C.

Further, it is s?xt%sai(}%l %al Ob@ %\giﬁlt%rime@u@%jfg%h%al\.ﬂlﬂggﬂgét Irhgﬁﬁ;lépl f the

support neans after conpletion o OW- 0 hrng i qui hrough

the tib of the gsunngile ARl hliGMRPAHo | FEHE | 08z rhbe OxeLhaNd! ng

portion of the“substrate extending over “an edge nmeans

is supported by g SHRPHiltHRAB ocdds T PMod hat . even in the case of

processing a |l arge substrate having a | arge overhangi ng portion, the

substrate -6- sur B, aale ke g Ntadesupes€onéahky ikl @hshBBKbHYY it

5 flow-out of washing liquid in the step of centrifugall&

removing the process solution. It follows that the
process solution is not attached to.the support means
and, thus, is not attached to the rear surface of a
substrate which is to be newly processed.

10 Further, the drying means permits promptly drying
the support means so as to prevent the washinj liquid
froﬁ being attached to the substrate which is to be
newly processed.

Further, after the centrifugal removal of the.

15 process solution for the drying purpose, an after-
treating liquid is supplied to the front surface of the
substrate and, at the same time, the rear surface of
the substrate is washed with a washing liquid. The
particular processing prevents the process solution

20 from being attached to the rear surface of the
substrate.

It is possible for the processing method of the
present invention to comprise additional steps of
arranging a recovery vessel to surround the substrate,

25 rotating the substrate at a first rotation spéed to
centrifugally remove the process solution from the

substrate surface, the removed process solution being



possible to coat uniformy the front surface of the substrate with a
process solution. Also, the tip of the support neans is washed by 5

fl owout of washing liquid in the step of centrifugally renoving the
process solution. It follows that the process solution is not attached to
t he support means and, thus, is not attached to the rear surface of a
substrate which is to be newy processed. 10 Further, the drying
means permts pronptly drying the support neans so as to prevent the

washing liquid frombeing,attached to the subsirate ich is to pbe newy
processed. Fur tFRTOVEFeQ, 1R HENR TRTPYRERI VEERBY Al SBPPLKANG52 Wasgﬁﬁgess

luti f . dryi f . - i quid i [iod
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pr esent i nvention to conprise a I onal steps of "arrangi ng a recovery

Ygf;?!O;QESUVrOﬂﬁﬁr&hfoﬁﬂé§éﬁaéﬁee35so aSVQBaéfggtﬁQeF§BQ%EEQE? at a first
peed to centrifugally renove the process solution fromthe
substrate surface, thg Eﬁ&nﬁﬁgcaégﬁﬁésméﬁhéﬁieﬁ RekNpresent invention,
a process solution is supplied onto a front surface of
the substrate. The supplied process solution is left
to stand for a predetermined time to process the
10 substrate. Then, a recovery vessel is arranged to
surround the substrate. Under this condition,-the
substrate is rotated at a first rotation séeed so as to
centrifugally remove the process solution from the |
substrate and recover the removed process solution.in
15 the recovery vessel arranged to surround the substrate.
As a result, it is possible to recover the prbcess
solution whose concentration is not remarkably lowered.
The first rotation speed of the substrate can
be set at, for example, 50 to 150 rpm. In this case,
20 the process solution on the substrate surface can be
recovered substantially completely in the recovery
vessel in such a short time as about 1 to 3 seconds.
It is possible to supply a washing liquid onto the
front surface of the substrate during the process
25 solution recovery step.
In the subsequent washing step, a washing liquid

is supplied onto the front surface of the substrate,



-7- recovered in the recovery vessel, supplying a washing liquid onto the
front surface of the substrate while rotating the substrate at a second
rotation speed so as to wash the substrate, and rotating the substrate at a
5 third rotation speed so as to dry the substrate. In the processing
met hod of the present invention, a processgsalution is supplied onto a
front surface of the substrate. The supplied process solutionis left to
stand for a predetermned tinme to process the 10 substrate. Then, a
recovery vessel is arranged to syrround the substrate., Under.this
condition, thed88p PaF@g?§r G?aﬂédrgﬁaéegiPgtarﬁ?ﬁ?PSnrggﬁébogosage?o
centrifugally renove, the process solution fr the suhstrate.and_recqver
the renmoved pr8Be8§ §8IUP§bn%§ﬁ f§%5%ragﬁé rgg%v8?§°0§s§8 anggnagaeao
surround the substrate. /As .a result, it is ssib tg recoyer the process
sol ution mhoseCEBnggnFFétF$ﬁ F?rnSFawghgﬂk&@ﬁy%Poképe%PmThe¥$iFé%grotation
speed of the substr.ate beg.s f.on e 0.t pa: Ll.@st his
case, 20 tH@ébﬁﬁgéggggﬁlgfigﬁ g%sfﬁ§l§bégpgg§glguFfggéﬁggﬁ g%qugovered

substant%ally 6070 ¥Rl ¥ela} BRE FaREOVE X neeapstrAtaUshd asSkerlakhm® as

about 1 To 3 seconds.
simultaneously the rear surface of the substrate. It

is desirable not to arrange the recovery vessel to
surround the substrate in the washing step.
Further, the substrate is rotated at a third

10 rotation speed in the subsequent drying step so as to
dry the substrate. The third rotation speed can be set
at, for example, 1200 to 2000 rpm. In this case, the
substrate surface can be dried in about 20 seconds.  If
the third rotation speed exceeds 2000 rpm, thé washing

15 liquid centrifugally removed from the substrate surface
is scattered to form a mist, with the result that the
washing liquid is attached again to the substrate
surface. On the other hand, if the third rotatibn
speed is lower than 1200 rpm, an unduly long drying

20 time is required, leading to a long processing time.
It is desirable not to arrange the recovery vessel to
surround the substrate in this drying step, too. Also,
it is desirable to supply a drying gas onto the sub-
strate surface in this drying step.

25 Where the substrate to be processed is, for
example, rectangular, it is desirable to move the

process solution supply means along the shorter side of
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It is possible to supply a washing liquid onto the front surface of the

substrate during the process 25 solution recovery step. In the
subsequent washing step, a washing liquid is supplied onto the front
surface of the substrate, -8- and the substrate is rotated at a second

rotation speed so as to wash the substrateg The second rotation speed can
be set at, for exanple, 100 to 200 rpm In this washing step, it is
possi ble to supply a washing liquid 5 onto the rear surface of the

b I, mul Ly .th f f. th b .
T TS desi 1 abl EMRof R AR 6T RUBRAYAS: ¢ $RosEl 36 yRighhantRethe” ©
substrate in t0GUAINA0 F9cFUI Lhely (LN SUDSLHAL G bokaLed gl a third

rotation speed 1 n thé subsequent drying’step S0 as?to dry the

substrate. The,lehifd rQ%%%E%ns%ﬂgﬁgfgpgﬁgﬁgighéghs E%@ %@agﬂbgtsﬁégq to

2000 rpm In tRi's cas , the subs can be dried 1 n about 20

seconds. | f tNR1LY," drdleRibicd 28 BArO AL HIDRANDS i FARIYPSALNINLS

liquid centrifugally renove romthe substrate surface is Scattere

forma ngst, Wplkbclld® irRs Wil bah bae stRTtieMed.iquid is attached again to
t he substrate
Additional object and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from'the description, or may be
learned by practice of the invention. The object and
10 advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out in the appended
claims.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
15 The accompanying drawings, which are -incorporated
in and constitute a part of thé specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
20 preferred embodiments given below, serve to explain the
principles of the invention.
| FIG. 1 shows a problem inherent in the prior art,
which is to be solved by the present invention;
FIG. 2 shows an entire construction of a coatipg—
25 developing system in which a processing apparatus of
the present invention is employed;

FIG. 3 is a cross sectional view showing



surface. On the other hand, if the third rotation speed is |ower than 1200
rpm an unduly long drying 20 time is required, leading to a |l ong
processing time. It is desirable not to arrange the recovery vessel to
surround the substrate in this drying step, too. Also, it is desirable to
supply a drying gas onto the sub- strate 3Qrface in this drying step. 25
Where the substrate to be processed is, for exanple, rectangular, it is
desirable to nove the process solution supply nmeans al ong the shorter side

of ~ -9- the s;&%&eggs;ﬁgfﬁggggéxggg?ece&aﬁgastaogutfiieetoahpohﬁﬁ\embstrate

surface. In this case, stance ot “the process solution supply

nmeans can be sherigpe 80 i yQatrate can be processed uniformy and
the 5 prod%gsﬁﬁg gfﬁégcgnlggsgﬁorténed. Addi ti onal object and

advantages of the igygnt :40@.5‘Ma| b1Bg %ekw @khpln fiylieiglas Pridelds@n whi ch

follows, and in part will be obvious fromthe descCription, or may be

e T oent: 62y E815h BippLgasthgrendha slyasy sedridion ofoeastages of
instrunment al i thpscapd serlkAshi @AHpRY meankyr |y pointed out in the appended
FIG. 5 is a plan view showing an arrangement of
support pins;
FIG. 6 exemplifies a washing means of support
pins;
10 FIG. 7 exemplifies a drying means of support pins;
FIG. 8 exemplifies a washing means for washing a
rear surface of a substrate; |
FIGS. 9A to 9G collectively show procédures of a
processing method of the present invention; |
15 FIGS. 10A to 10D collectively show procedures of
another processing method of the present invention;
FIG. 11 is a front view schematically'sh6wing the
construction of a developing apparatus according'to a
second embodiment of the present invention;
20 FIG. 12 is a plan view of the developing apparatus
shown in FIG. 11;
FIG. 13 is an oblique view of a process solution
supply nozzle; and '
FIG. 14 is a flow chart showing the piocess steps
25 in the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A suitable first embodiment of the present



clainms. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG 15

The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the specification, illustrate presently preferred enbodi nents of the

i nvention, and together with the general description given above and the
detail ed description of the 20 preferrqd embodi nents given bel ow, serve
to explain the principles of the invention. FIG 1 shows a probl em i nherent
in the prior art, which is to be solved by the present i nvention; FIG. 2

shows an entire,constructi 0 gat,j ng-_ .25 evel syst

whi ch a processtAg® Q%bgpawﬁ OPOth pP@fgﬁé% @Hﬁﬁb é?%ﬁﬁ%
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arrangenent of gypRAl! off! ASrectangular LCD substrate using a coating-

5 developing system employing the technical idea of the
present invention. Of course, the technical idea of
the present invention can also be applied to other
substrates such as semiconductor wafers and can be
employed in any other type of processing apparatus and

10 nethod.

First of all, let us describe the entire_construc-
tion of a coating-developing system to which the
processing apparatus of the present invention can be
applied.

15 Specifically, FIG. 2 shows the entire construction
of a coating-developing system for an LCD substrate.
Various pretreatments are applied to a substrate G in
this system and, then, the substrate G is delivered
from the system to an adjacent light-exposure apparatus

20 89 for exposure to light in a predetermined pattern.
After the light-exposure treatment, the substrate G is
transferred back to the coating-developing system for
the developing and washing treatments. |

The construction of the coating—develéping system

25 will be described more in detail. Specifically, thé
system comprises mainly a loader section A arranged on

one side (left side in the drawing), for
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FIG 6 exenplifies a washing nmeans of support pins; 10 FIG 7
exenplifies a drying neans of support pins; FIG 8 exenplifies a washing
means for washing a rear surface of a substrate; FIGS. 9A to 9G

col l ectively show procedures of a processing method of the present

I nvention; 15 FIGS. 10A to 10B cdRl eetively show procedures of

anot her processing nethod of the present invention; FIG 11 is a front view
schematical |y showing the construction of a devel opi ng apparatus accordi ng

to a second e??ggggﬁgPuﬁﬁoﬁﬁgn r%ﬁ@”%ubﬁ%?ﬁ%koﬁg é?firstFProcgbg- 12 is a

pl an vi ew of opi ng apparatus shown in Fl 11; G 13 is an

obl i que view Oéﬁetpabﬁcgs,saaal Wl 5@BoRUPPBCBgEZkectasa DG vhtibasa flow
chart show ng the process steps 25 I n the second enbodi nent of the

present invent {eaatRERALLERDESERIBE € ShelHabLYENE GNiA thel diketf irst
enbodi nent of the present I nvention will now be described with reference

to the acconpapyobBes@r @eictisn BhéntoubdawgnBrishc Washion,CJeer swattlee case
where a |ight-exposure pattern is

S washing, adhesion treatment, cooling treatment, photo-
resist treatment, and resist removing treatment. On
the other hand, the second process section D, in which
"heat treatment, developing-washing treatment, etc. are
performed, is arranged adjacent at one end to the first

10 process section B with a relay section C interposed
therebetween and adjacent at the other end to Fhe
light-exposure apparatus 89 with a delivery section E
interposed therebetween.

Transfer arm mechanisms 74a, 74b for transfer;ing

15 the substrate G among process units 81 to 88 are
arranged in the first and second process sections B and
D, respectively. These transfer mechanisms 74a, 74b
include arms movable both in a horizontal direction (X,
Y-directions) and in a vertical direction (Z-direction),

20 and swingable about a Z-axis. |

The loader section A includes a cassette table

71 on which are arranged are a cassette Cl housing
unprocessed substrates G and a cassette C2 hoﬁsing
processed substrates G, and a sub-arm mechénism 72

25 movable both in a horizontal direction (X, Y-

directions) and in a vertical direction (Z-direction)

for delivering the substrates G between the cassettes .
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formed on a rectangular LCD substrate using a coating- 5 devel opi ng
system enpl oyi ng the technical idea of the present invention. O course,
the technical idea of the present invention can also be applied to other
substrates such as sem conductor wafers and can be enployed in any other
type of processing apparatus and. 10 -nmetdhod- First of all, let us
describe the entire construc- tion of a coating-devel oping systemto which
t he processing apparatus of the present invention can be applied. 15

Speci fically, "R agasBoarLhgERtif CoRONBAELGELON 0118 §9akhgo- devel oping

system for an LCD subsfrate i ous pretreatnenfs are applred to a

substrate G in 4is §M§é agfl, aﬁgf@ ot Rpoubsd Rﬁéﬁﬁdf a@eﬂgv S pm the

systemto an adjacent expos re apparatus 20 for exposure to

light in a pr Ed@éedélﬂeérpéh&eféceﬁéeﬁhé hﬁﬂbéﬂﬁét@§pésﬂéeahﬂeﬁisaﬁnizhet he
substrate Gis transferred back to the coating-devel oping systemfor the

_devel opi ng and veahs fgrt acat Teat sn dhe £OPSEIPESEESs Osetbeon B.
coati ng-devel opi ng system 25 will be described nore in detai

Specifica |y, the syShemfiespr ppesesai séytiohoBdeficiadesoa Arashanged on
one side (left side in the drawing), for

unit 81 for brush-washing the substrate G, a jet water
washing unit 82 for washing the substrate G with a high
pressure jet water, an adhesion unit 83 for making
the substrate surface hydrophobic, a cooling unit 84

10 disposed below the adhesion unit 83 for cooling the
substrate G to a predetermined temperature, a resist-
coating unit 85 for coating the surface of the
substrate G with a resist solution, and a resist-
removing unit 86 for removing the resist from a

15 peripheral portion of the substrate G. These-brusﬁing
unit 81, jet water washing unit 82, adhesion unit 83,
and cooling unit 84 are arranged on.one side of the
transfer path 75a, with the resist-coating unit 85 and
the resist-removing unit 86 being arranged on the

20 opposite side of the transfer path 75a.

The second process section D includes a heating

unit 87 for heating the substrate G coated with a
resist solution for the pre-baking or post-baking
purpose, and a developing unit 88, which is a

25 processing apparatus of the present invention. The’

heating unit 87 is arranged on one side of the transfer

path 75b, with the developing unit 88 being arranged on



- 12 - | oading/unloading the substrate G a first process section B, and a
second process section D. Various treatnents are applied to the substrate G
in the first process section B including brush washing, jet water 5

washi ng, adhesion treatnment, cooling treatnent, photo- resist treatnent,

and resist renmoving treatnent. On the othed4hard, the second process
section D, in which heat treatnent, devel opi ng-washing treatnent, etc. are
performed, is arranged adjacent at one end to the first 10 process

section B with %é%ﬁ;‘rﬁpﬁ‘ééi g9de bt %h@oi%ﬁnk%&e%%tt‘?ﬁ%@b@”d adj acent at
the other end to the Tight-exposure apparatus 89 th a delivery section E

i nter posed therebet wegntnér adsktehglevEBSPNGS By sttt ot R Hellednsansicer i ng
15 the substrate G anbng procéss units 81 t0 88 are arranged in the

first and secongighogeseérsbeti apsve, akfieDunbeopesiedelsubstrate kransfer
mechani snms 74a, 74b include arns novable both in a horizontal direction (X

Y-directions) ansusadairethecahsdeteet CanicZtdkencon®nby 2he sublBém
swi ngabl e about a Z-axis. The | oader section A includes a cassette table 71
on whi ch Jare armemhadiame72 dasshet doGllelrosechdonnpr anessetienybstrates G
and a cassette C2 housing processed substrates G and a sub-arm nmechani sm
72 delivered to the transfer mechanism 74a in the first
process section B. Further, the substrate G is loaded
into the brushing unit 81. After the brush-washing
in the brushing unit 81, the substrate G is dried.

10 Alternatively, it is possible to wash the substrate G
with a high pressure jet water within the jet water
washing unit 82 depending on the process. Then, an
adhesion treatment to make the substrate surface
hydrophobic is applied to the substrate G within the

15 adhesion unit 83, followed by cooling the substrate G
within the cooling unit 84 and subsequently forming a
photo-resist film, i.e., a photosensitive film, on the
substrate surface within the resist-coating unit 85.
Further, resist is removed from a peripheral portion of

20 the substrate G in the resist-removing unit 86.

The substrate G having a resist film formed
thereon is delivered via the relay section C to the
transfer arm mechanism 74b in the second process
section D. A baking treatment is applied to the

25 substrate G within the heating unit 87 included in the

second process section D. Then, the substrate G is

delivered via the delivery section E into the
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25 novabl e both in a horizontal direction (X, Y- directions) and in a
vertical direction (Z-direction) for delivering the substrates G between
t he cassettes - 13 - C1 and C2 arranged on the cassette table 71 and
swi ngabl e by an angle 0 about a vertical axis (Z-axis) to deliver and
receive the substrates Gto and fromthe tiSansfer arm 74a in the first
process section B. 5 The first process section B includes a
brushing unit 81 for brush-washing the substrate G a jet water washing

ggihtesiBgnf S:H \tNaggg?ﬂ:r %ﬁ%ﬁ h‘g{l?ub%sg\tlmrﬁadt}e%ﬁr}lr%{ %;%Sﬁ#’%t Qeré?&ﬁ I ng

unit 84 10 #éy% t he
substrate G tOQ§FNe ete&ﬁ%ne tenpera?tre a re3|st- coatlng%ﬁnt 85 for
coating the suhgrmule ! Rthe WHdtala Sdisteh &a&%&@@'%@%@nd a

resist- renoving unit d6 for renmoving the resist froma 15 peri pher al

portion of thegeiRAlopimy @nitless & Pl igtesdit ihbverdtelonat @harashi ng unit
82, adhesion unit 83, and cooling unit 84 are arranged on one side of the

transfer 5pat h Eubstitdte ey evatied MHEENG WHve lMpianf ddimties stitmgroVvi ng
unit 86 being arranged on the

the developing unit 88 for the developing purpose,
followed by washing the substrate with a washing liquid
to remove the residual developing solution so as to
finish the developing treatment. The substrate G after

10 the developing treatment is housed in the cassette 62
in the loader section A and, then, transferred from the
cassette C2 to a next process step.

FIG. 3 is a cross sectional view showing the

construction of the developing unit 88 utilizing the

15 technical idea of the present invention. A§ seen from
the drawing, the developing unit 88 comprises a holding
means, e.g., a spin chuck 1 conneéted to a vacuum pump,
for holding the rectangular substrate G by vacuum
suction, a lift means, e.g., a vertically movable

26 cylinder 4, for vertically moving the spin chuck 1, a
rotating means, e.g., a driving motor 2, for rotating
the spin chuck 1 within a horizontal plane, a process
vessel 10 arranged to surround the spin chuck 1, a
developing solution supply nozzle 20 for supplying a'

25 developing solution, i.e., a process solution, onto the
substrate G, and an after-treating liquid sﬁpply nozzle

30 for supplying an after-treating liquid such as



£

20 opposite side of the transfer path 75a. The second process section D
i ncl udes a heating unit 87 for heating the substrate G coated wth a resi st
solution for the pre-baking or post-baking purpose, and a devel opi ng unit
88, which is a 25 processi ng apparatus of the present invention. The
heating unit 87 is arranged on one side-ofl§he-transfer path 75b, with the
devel opi ng unit 88 being arranged on - 14 - the opposite side of the
transfer path 75b. In the coating-devel opi ng system of the construc- tion

descri bed above, JiRHNPGRIE SN GRYEY Lhal BapgesagLte CL is

taken out by the sub-arm5 n the | oader section and,

then, delivered to tRerééeangelafesvst 8aLd 48 thiHﬁ_Eihﬁkiﬁhﬁﬁgi%eSQQEiOn
B. Further, the substrate Gis |loaded into the brushing unit 81. After the

brush-washi ng ifot hexdripBdj Mook 21400hemSsUeS ¥et Holid B ivatbuuld
Alternatively, it is possible to wash the substrate Gwith a high pressure
j et water w thigudtion abn ieherswesdca o finthe 8ZpiependeRglon ttheifgeacess.
Then, an adhesion treatment to nake the substrate surface hydrophobic is
appl i ed t50 t he tsalbkyy ad esfin ¢limak tdepable of holding a large
rectangular substrate sized at 650 mm X 830 mm or
730 mm X 860 mm, has been developed recently.
The spin chuck 1 includes a rétary shaft 3 having
a fluid passageway 46 formed therein. The fluid
10 passageway 46 is connected to a vacuum pump (not shown).
If the vacuum pump is operated, the substrate G is held
by vacuum suction on the spin chuck 1.
A spline bearing 7 is fitted over the'rotary shaft
3 rotatably supporting the spin chuck 1. A belt 43 is
15 stretched between a driven pulley 41 mounted to the
spline bearing 7 and a pulley 42 mounted to a rotary
shaft 2a of a driving motor 2. If the driving motor 2
is operated, the rotation of the rotary shaft 2a of the
motor 2 is transmitted to the spline bearing 7 via the
20 pulley 42, the belt 43, and the driven pulley 41 so as
to rotate the rotary shaft 3.
The spline bearing 7 is fitted in the inner
circumferential surface of a rotatable inner cylinder
6 which is rotatably mounted via a bearing 5a and a
25 labyrinth seal 5b to the inner circumferenﬁial surface

of a stationary collar 5 arranged within the process

vessel 10.
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15 adhesion unit 83, followed by cooling the substrate Gw thin the
cooling unit 84 and subsequently form ng a photo-resist film i.e., a

phot osensitive film on the substrate surface within the resist-coating
unit 85. Further, resist is renoved froma geripheral portion of 20 t he
substrate Gin the resist-renoving uni t =8617Tha substrate G havi ng a resi st
filmformed thereon is delivered via the relay section Cto the transfer
arm mechani sm 74b in the second process section D. A baking treatnent is

applied to the 25  Theuhsikeat end woiliiont bE Keat rodawy sh@Ed 3cligded in

t he second process section D. Then, the substrate Gis delivered via the
delivery secti opo&ithbnetihén a lodbr- pbrglibnersfiosheepupices89vibesedellogti ve
exposure to light to forma predeterm ned pattern. After the |ight-
exposure, the sahdttheel®fismenansbérthd vervithélgemevapilegecydind@® 4f the
present invention. The 5 substrate Gis coated with a devel opi ng

sol ution withi nishardengedpkngfanet tBe flowerhendepelrtpiongofutpesrotasyl owed
by washing the substrate with a washing liquid to renove the residua

devel opi r% sol ushafitsd.asThe fsyhr-gﬁerhg devBPYpERE teeadt ¥exticade substrate

Gafter driving chamber 49 fixed to a base 11. Also, a movable
collar 8 which is joined to the lower end portion of
the rotary shaft 3 is mounted to a vertically movable
piston rod 48 of the cylinder 4. Slide shafts 44, 44
10 are mounted to a flange portion 8a of the movable
collar 8. If these slide shafts 45, 45 are inserted
through guide portions 45, 45 formed in the driving
chamber 49, the movable collar 8 is smoothly moved in a
vertical direction.
15 The process vessel 10 comprises an exhaust
passageway l3a communicating with an exhaust port 12
formed in the base portion 11, a lower vessel 13
including a mounting hole 13b of the stationary collar
S mounted to the base portion 11; a vessel base portion
20 14 surrounding the outer surface of the lower vessel 13
and including a circumferential groove l4a whose bottom
plane is inclined, ‘an inner vessel 15 including an
inclined plate 15b inclined upward from the upper end
of a hanging piece 15a hanging into the circumferential
25 groove l4a of the vessel base portion 14 toward the
rear surface of the substrate G held by the spin chuck

1, a first cylindrical outer vessel 1l6a surrounding the



10 t he developing treatnment is housed in the cassette C2 in the | oader
section A and, then, transferred fromthe cassette C2 to a next process
step. FIG 3 is a cross sectional view showi ng the construction of the
devel oping unit 88 utilizing the 15 techni cal idea of the present

I nvention. As seen fromthe draw ng, the H%vefoping unit 88 conprises a
hol ding neans, e.g., a spin chuck 1 connected to a vacuum punp, for hol ding
the rectangul ar substrate G by vacuum suction, a lift nmeans, e.g., a

vertically novabliecdfifereneyhilndgted, stofarv@rbfCoheéYiAREIrNGesHE1SPSN chuck
1, arotating neans, e.g., a driving notor 2, for rotating the spin chuck 1

wi thin a horizoahdl dpliesf, bg Br dLessme¥eRse(ndf shownyednts sortdoal the
spin chuck 1, a devel opi ng solution supply nozzle 20 for supplying a 25
devel opi ng sol udivae¢tion. soaapr boebe pushédointonds phkledbsttabvf theand an
after-treating liquid supply nozzle 30 for supplying an after-treating
liquid such as circumfereatdalogreevewdtarobr tharvessaedrbaseopohbienbstrate
G A rectangul ar substrate G having a maxinum size of, for exanple, 500 nm
X 400 nm3can b&4hemradbg e§§90ﬁ1gngin@ni@altﬁ@tgnrvaééebf1GheWhp¢h eanck 1.

| nci den-
be moved upward outside the inner vessel 15 by eleva-

tion of the first outer vessel 1l6a.
The exhaust port 12 and the exhaust passageway
13a are formed in a plurality of portions, e.g., two
10 concentric portions, though each of these exhaust port
12 and the exhaust passageway 13a is shown in only
one portion in FIG. 3. Also, an exhaust pipe 12a, to
which is connected an exhausﬁ device (not showh), is
connected to the exhaust pipe 12. Further, a waste
15 liquid discharge port 14b connected to a waste liquid
pipe 1l4c is formed in the lowerniost bottom poftion.of
the circumferential groove l4a of the vessel base
portion 14. It is possible to increase the number of
exhaust pipes 12a and exhaust passageways 13a depending
20 on the size of the substrate G. That is, these pipe
12a aﬁd passageway 13a can be formed in 4, 6 or more
portions.
In coating a front surface of the substrate G with
a developing solution within the process vessel 10, it
25 is necessary to suck the inner atmosphere of the
process vessel 10 so as to prevent the developing

solution from being scattered and attached again to the



5 tally, a spin chuck capable of holding a | arge rectangul ar substrate
sized at 650 mMm X 830 mmor 730 nm X 860 nm has been devel oped recently.
The spin chuck 1 includes a rotary shaft 3 having a fluid passageway 46
formed therein. The fluid 10 passageway 46 is connected to a vacuum
punmp (not shown). If the vacuum punp i § oﬂ rated, the substrate Gis held
by vacuum suction on the spin chuck 1. A spline bearing 7 is fitted over
the rotary shaft 3 rotatably supporting the spin chuck 1. A belt 43 is 15

stretched betweaBs&rdtieven pPulnl ehidlcawent ad i@ hkeewsRlarie tedakey 7 and a
pulley 42 mounted to a rotary shaft 2a of a driving notor 2. If the driving

notor 2 i s opemehetreshdoropieventihgt Becuerantes bl ttuzdudiendee afiudid 2 i s
transmtted to the spline bearing 7 via the 20 pul ley 42, the belt 43,
and the driventhel sapstrate & tanr ahet enbloe imenar wholwal tin3.théhe spline
bearing 7 is fitted in the inner circunferential surface of a rotatable

i nner cyl i nder deawiingh iddstaingeal betwesnedhel & ux flacar iofg the awb-a 25

| abyrinth seal 5b to the inner circunferential surface of a stationary

col | ar 55arrangégaket 16 endhdher opess ends of| the second outer vessel

16b is set at 10 to 20 mm. Also, distance B between
the longer side of the substrate G and a side wall 1l6c
of the second outer vessel 16b is set at 15 to 75 mm.
Further, distance C between the rear surface of the
10 substrate G and the tip of the inclined pl;te 15b of
the second outer vessel 15 is set at 10 to 25 mm.
Incidentally, distance A noted above can be set
optionally, e.g., 100 to 250 mm.
For loading the substrate G into the process
15 vessel 10 of the construction described above, the spin
chuck 1 is moved upward, with the first outer vessel
16a and the second outer vessel 16b shown in FIG. 2
held in the lower positions. Then, the substrate G
transferred by a transfer arm (not shown) is disposed
20 on the spin chuck 1 so as to be held by wvacuum suction,
followed by moving downward the spin chuck 1 tg load
the substrate G in the process vessel 10. lFurther,
the first and second outer vessels 16a, 1l6b are movéd
upward for application of a developing treatment to the
25 substrate G.
FIG. 4 shows that the developing solutioﬁ supply

nozzle 20 comprises a cylindrical container 21 of



- 17 - The lower end portion of the rotary shaft 3 is positioned in a | ower
portion of the process vessel 10, and the lift neans of the vertically
novabl e cylinder 4 is arranged to face the | ower end portion of the rotary
5 shaft 3. The cylinder 4 is nmounted to a vertical driving chanber 49
fixed to a base 11. Al so, a novable cok a208 which is joined to the |ower
end portion of the rotary shaft 3 is nounted to a vertically novabl e piston
rod 48 of the cylinder 4. Slide shafts 44, 44 10 are nmounted to a

flange porti 0“a8ae9ialbt§ﬁin§0\é%§h%16ﬁ' 'a% & derildiesr il R 945 45 are
i nserted through guide“portions 45, 45 forned in the driving chanber 49,

the novable COéhﬁﬁdﬁshﬁn%EQOEQ&ﬁnG@Heqw R 3 otRfithiBiindl IBGd¥onl B
The process vessel 10 conpiises an exhaust passageway 13a comuni cati ng

with an exhausthpotbntaiher®d .i nThee cdoatd iRt i2an cbhs isdsO\Wr, RSsel 13
i ncluding a nounting hole 13b of the stationary collar 5 mount'ed to the

base portion léxamplessel pedyeipgit chlozide pibe orngemdibg thee out er
surface of the |lower vessel 13 and including a circunferential groove 14a
whose boftom pkhpetex iside o€d then subserates €k lantb dludadliatg barth ncl i ned
pl ate 15b inclined upward fromthe upper end of a hangi ng pi ece 15a hangi ng
i nto the circuefidsent Rakder®lopingr sodatiom supply \pEgse|2hasdhigdy tiison 14
tovard the connected at one end to a developing solution tank 23
housing a developing solution, i.e., a process solution,
is connected at the other end to both end portions of
10 the developing solution container 21 of the noézle 20.
A compressed nitrogen gas (Nj) is introducéd into
the tank 23 to permit the develoéing solution to be
supplied into the supply nozzle 20, with the resul£
that the developing solution oozes through the fine
15 holes 22 in the shape of a curtain onto the surface of
the substrate G. Also, a support arm 25 protrudes onto
one end of the developing solution container 21. A
moving shaft 26a, which is formed of a ball screw, of a
moving means 26 is engaged with the support arm 25.
20 The moving shaft 26a is rotated both in the clockwise
and counterclockwise directions by, for examplé, a step
motor 26b so as to move the developing solution supply
nozzle 20 along the longer side of the substrate G. It

is possible to use, for example, a servo motor in place

25 of the step motor 26b.

A guide arm 27, which protrudes outward from the

other end of the developing solution supply nozzle 20,



rear surface of the substrate G held by the spin chuck 1, a first
cylindrical outer vessel 16a surrounding the - 18 - circunferenti al
outer surface of the inner vessel 15 and driven by a |ift neans (not shown)
in a vertical direction so as to be pushed_into or pulled out of the
circunferential groove 14a of the vesseT bale portion 5 14, and a
second cylindrical outer vessel 16b which can be noved upward outside the

i nner vessel 15 by eleva- tion of the first outer vessel 16a. The exhaust

port 12 and theiexdibidabPpsnegered d3aaageider rrdli ngacptondingyiaf
portions, e.g., two 10 concentric portions, though each of these
exhaust port 1Zawalldak wibhushe passhggvalatBa26a sboas to ahlpwobheporti on
in FIG 3. Also, an exhaust pipe 12a, to which is connected an exhaust

devi ce (not shalevelopinonsetutiionosupplyxhanslepkfetd2beFmovhdr, a waste
15 l'i quid di scharge port 14b connected to a waste liquid pipe 14c is
formed in theIﬁﬂﬂﬁﬁhgf-boIﬂoﬁhb@r@&%ﬁrothehéotﬁtéugfdiﬁﬁ?tépngﬁodve 14a of

t he vessel base portion 14. It _is possible to increase the nunber of
exhaust P pes ZetahingxhingtopathagetRysmetardépbnarrgdeterningd bieasi ze

of the substrate, G _That |s, .these pipe
signal supplied from g gontrol section 9 to allow the

nozzle 20 to be arranged in the vicinity of an edge of
the longer side of the substrate G. Then, the step
motor 26a is rotated in the reverse direction to move
10 the nozzle 20 toward the other edge of the substrate G.
It is desirable to mount an optical sensor 29
consisting of a light-emitting portion 29a and a light
receiving portion 29b to each of the support arm 25 and
the guide arm 27 of the developing solution supply
15 nozzle 20, as shown in FIG. 4. In this ca#e, novement
of the nozzle 20 to the edge portion of the'substrgﬁe G
can be detected by the sensor 29 and can be stopped by
supplying a detection signal to the control section 9.
A rinsing liquid supply pipe 31 is conneéted to a
20 front portion of the after-treating liquid supply
nozzle 30. Also, after-treating liquid spurting ports
32 are formed in a rear portion of the nozzle 30. The
process solution supply nozzle 30 can be moved by a
moving arm 34 movable along a transfer rail 33 arranged
25 in parallel with the movable shaft 26a and with the
guide rail 28 to a position above the substrate G held

by the spin chuck 1.



12a and passageway 13a can be fornmed in 4, 6 or nore portions. In coating a
front surface of the substrate Gwith a devel oping solution within the

process vessel 10, it 25 i s necessary to suck the inner atnosphere of
t he process vessel 10 so as to prevent the devel opi ng solution from being
scattered and attached again to the = 122 . substrate G In this case, it

I S necessary to take neasures for preventing occurrence of turbul ence
around the substrate G In the enbodi mrent shown in the drawi ng, distance A

between the surface ph the &mbodfment Shéwi eiks €N dP&wOREN &ndastekhe
second outer vessel 16b is set at 10 to 20 mm Al so, di stance B between the

| onger side of tremtsitbptYbdeids bndswpsl tsd weilld Gchofspive sleaskdl out er
vessel 16b is set at 15 to 75 mm Further, distance C between the rear
surface of thenkived teublss napmers positien tip witatedi ncThexefpral etiéb of
t he second outer vessel 15 is set at 10 to 25 mm Incidentally, distance A
not ed above camdreket3®pis prsiyioned higloer tthasothen degselopiagng t he
substrate Ginto the process 15 vessel 10 of the construction described
above, tRe Sm|§olution supply nozzle 20, as shown in FIG. 3. )
In the present invention, an overhanging portion
of the substrate G extending over an edge of the spin
chuck 1 is supported by a support means. In this
embodiment, the support means is formed of a plurality
10 of support pins 17, e.g., four support pins 17, extend-
ing upright from the inclined plate 15b, which is a
stationary portion, of the inner vessel 15. The
support pin 17 is formed of a material which does not
do damage to the rear surface of the substrate G. For
15 example, the pin 17 is formed of resin, rubber or a
soft metal such as brass or aluminum. Also, the pin 17
is shaped not to do damage to the rear surface of the
substrate G. For example, the tip portion of the pin
17 is made hemispherical. The tip portion of the pin
20 17, which supports the overhanging end portion of the
substrate G held by the spin chuck 1, is positioned
flush wish the upper surface of the spin chuck 1. It '
follows that the surface of the substrate G held by
both the spin chuck 1 and the pins 17 is kept
25 horizontal.

The bending degree of the overhanging portion of

the substrate G held by the spin chuck 1 is
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chuck 1 is noved upward, with the first outer vessel 16a and the second
outer vessel 16b shown in FIG 2 held in the |ower positions. Then, the
substrate G transferred by a transfer arm (not shown) is disposed 20 on
t he spin-chuck 1 so as to be held by vacuum suction, followed by noving _
downward the spin chuck 1 to | oad the subdfrare Gin the process vessel 10.
Further, the first and second outer vessels 16a, 16b are noved upward for
application of a developing treatnment to the 25 substrate G FIG 4
shows t hat the?ﬁepemabmlsQbun;h@ndsulaahyen@zaineta@ e@IRr ickre)a 16yl i ndri cal
container 21 o 20 - a developing solution and a series of fine holes
22 equi di st ant Nptaradngedthe dakgesgit bendahgdbreairsoatofthsh@erdphaivedr 21
The container 21 consists of, for exanple, a polyvinyl chloride pipe |onger
than the 5 peirtibar remdt¢est flromsthet spiis Ghack 4l ofedhat subisttratds. A
devel opi ng sol ution supply pipe 24, which is connected at one end to a
devel opi ng sol Gti odnt &Mis28ensesi Ay asddesispbdg ol moust thee suppgatocess
solution, is connected at the other end to both end portions of 10 t he
devel opi Bg sol Binen adengdaither peripherieofoihpesphstrate G.  However,

since bending also occurs between adjacent support pins
17 and between the support pin 17 and an edge of the
spin chuck 1, it is desirable to mount the subport pins
17 equidistantly in a region somewhat inward of the

10 periphery of the substrate G, though it is of course
possible to mount the support pins 17 elsewhere.

The developing solution attached to the substrate

G is centrifugally removed for drying the substrate G
in the subsequent step, as will be described hérein

15 later. 1If the developing solution is attached to the
support pin 17 in this drying step, the develpping '
solution may possibly be attached to the rear surféce
of the substrate G. Therefore, a washing means 50 for
washing the support pin 17 in the step of centrifugally

20 drying the substrate G is mounted in this embodiment,
as shown in FIG. 6. The washing means 50 comprises a
washing liquid passageway 51 extending from a base
portion to reach a tip portion of the support pin 17, a
washing liquid supply section 53 for supplying a

25 washing liquid to the support pin 17 through a washing
liquid supply pipe 52, a ehange-over valve 54a mounted

to the washing liquid supply pipe 52 and changed-over



A conpressed nitrogen gas (N2) is introduced into the tank 23 to permt the
devel oping solution to be supplied into the supply nozzle 20, with the
result that the devel oping solution oozes through the fine 15 hol-es 22
in the shape of a curtain onto the surface of the substrate G Al so, a
support arm 25 protrudes onto one end of tfe devel opi ng sol uti on cont ai ner
21. A moving shaft 26a, which is formed of a ball screw, of a moving nmeans
26 is engaged with the support arm25. 20 The noving shaft 26a is
rotated both ipgyt Becen®eoV sdghad eupplaed otdom Sthalidacitahsdntidmg,
exanple, a step notor 26b so as to nove the devel opi ng sol ution supply
nozzl e 20 al ongntha lfapge radedeceitidie vaibst rile for Idontsrgbkisiditthe o use,

for exanple, a servo notor in place 25 of the step notor 26b. A guide
arm 27, which glow udte off wired wasiriridhel iopthiat  Blaiviolg toretwind| Gprang
sol ution supply nozzle 20, - 21 - is slidably mounted to a guide rail 28

extendi ng in pahal help wioxt itdre afowiney sipgare@inolds to allow the
devel opi ng sol ution supply nozzle 20 to be noved smpothly. In this case,
ghe rotaﬁhng di r ect iTe mentgrol seckienny PeHBibF the §Fé§tﬁ%F%rGZ@% are
eterm ned by a ‘
Y be rotated for centrifugally separating, for example, a

developing solution for drying the substrate G and, at
the same time, permits operating the change-over valve
54a so as to cause the washing liquid to flow outward

10 _through the tip portion of the support pin 17. Then,
rotation of the substrate G is stopped, and the change-
over valve 54a is changed-over in the reverse direction
so as to stop outflow of the washing liquid through the
tip portion of the support pin 17.

15 Since the washing liquid passageway 51 is open at
the tip of the support pin 17, the washing liquid flows
outward through the tip portion of the supporf pin 17
and, then, flows downward along the outer cirgum-
ferential surface of the support pin 17 so as to wash

20 the entire outer surface of the support pin 17. It
follows that, even if the developing solution is
centrifugally separated by rotating the substrate G,
the washing liquid flowing outward through the tip
portion of the support pin 17 prevents the developing

25 solution from being attached to the support pin 17.

- Naturally, it is impossible.for the developing solution

to be attached to the rear surface of a new substrate G
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signal supplied froma control section 9 to allow the nozzle 20 to be
arranged in the vicinity of an edge of the | onger side of the substrate G
Then, the step notor 26a is rotated in the reverse direction to nove 10

the nozzle 20 toward the other edge of the substrate G It is desirable to
nount an optical sensor 29 consisting of e?§ight-enitting portion 29a and a
| ight receiving portion 29b to each of the support arm 25 and the guide arm
27 of the devel opi ng.sol ution supply 15 nozzle 20, as shown in FIG 4.
In this case, RRYRIENMs Ofothe perdessed. to the edge portion of the

substrate G can be detected by the sensor 29 and can be stopped by
suppl yi ng a detecti ontsspgoaldtalsbebeonvtedl teat) ohfotheé néxking |iquid
supply pipe 31 is connected to a 20 front portion of the . after-treating
liquid supply narzsers8te @l i®,prdcessed caftey washing splirehesyRRrAzt 32 are
formed in a rear portion of the nozzle 30. The process sol ution supply
nozzl e 30 can heimpVed with btheisweppert AinplAbleftl bpgstand A%fEy S| 33
arranged 25 in parallel wth the novable shaft 26a and with th guide
rail 28 to a posheiwashbogeligeid weraiRing ak| BheytiRePRFHOR HREKE -
22 - -
support pin 17 is attached to the rear surface of the
substrate G so as to bring about a so-called "water
mark". To overcome this difficulty, a drying means 55
for blowing a drying gas against the support pin 17
10 after the washing liquid ceased to flow outward is
arranged in this embodiment as shown in FIGS. 3, 5 and
7. As shown in FIG. 7, the drying means 55 comprises a
nozzle 56 for blowing an inert gas such as a nitrogen
gas (Ny) or an argon gas (Ar) against the support pin
15 17, an inert gas supply source 57 such as a gas tank, a
supply pipe 59 for supplying the inert gas from the-
inert gas supply source 57 to the nozzle 56, and a
switching valve 58 mounted to the supply pipe_59. Upon
receipt of a control signal supplied from the control
20 section 9, the switching valve 58 is opened or closed
so as to supply or stop supplying the inert gas. The
nozzle 56 is directed toward the tip portion of the
support pin 17 so as to blow the inert gas against the
tip portion of the support pin 17.
25 In the embodiment shown in FIG. 5, a branched

nozzle 56 having two gas spurting ports is .arranged at

two portions. However, it is possible to mount the.



In the enbodi nent shown in the drawing, an after- treating liquidis
supplied while the spin chuck 1 noved to its upper position is rotated.
Therefore, the nozzle 30 is positioned higher than the devel oping 5

sol ution supply nozzle 20, as shown in FI 3. In the present invention, an
over hangi ng portion of the substrate G e?tending over an edge of the spin.
chuck 1 is supported by a support neans. In this enbodi nent, the support
means is formed of a plurality 10 of support pins 17, e.g., four
support pins hbzzbd G6l-fam@agh iofhtt Her eugdoert neilnisheld? pl at e 15b, which is
a stationary portion, of the inner vessel 15. The support pin 17 is formed
of a material whi cietoass niesao artdye washirg means ufdaceashindethabstrat e
G For 15 exanple, the pin 17 is formed of resin, rubber or a soft

met al such as dsaassurfagdaimiibhe Audstnate & byl Bpursingeal washingdo
damage to the rear surface of the substrate G For exanple, the tip portion
of the pin 17 liifiwidiagadnshidie agar mekaqe sof thhm DIPSHeaR G 280 17,
whi ch supports the overhanging end portjion of the substrate G held by the
spi n chick 1, 8% YRUSHHHEd Fhe deviglaping spptri kel RR18%e spin chuck
1. It follows that .the surface of the substrate hel d by both the spin
chuck 1 and tREtRGhed £q £he fubstrate /a3y GHLhaceme pendi ng degree of

the overhanging por{ﬁ(¥héﬁpresent invention, the developing solution

coated on the front surface of the substrate G is
centrifugally removed by rotating the substrate G. The

10 developing solution scattered in this step tends to be

| partly attached to the rear surface of the substrate G.
To overcome this difficulty, a washing liquid spurting
means 60 is mounted in this embodiment as shown in
FIG. 3. After rotation of the substrate G for cen-

15 trifugally removing the developing solution, the
developing solution is washed away by supply of a
washing liquid and, at the same time, the washing
liquid is spurted from the spurting means 60 against
the rear surface of the substrate G. .

20 As shown in FIG. 8, the washing liquid spurting
means 60 comprises a washing liquid spurting nozzle 61
arranged below the substrate G held by the spin chuck 1,
a washing liquid supply source 62 for supplying the
washing liquid to the nozzle 61 through a washing

25 liquid supply pipe 64, and a switching valve 63 mounted
to the supply pipe 64. The valve 63 is opened or

closed by a control signal supplied from the control



the substrate G held by the spin chuck 1 is - 23 - proportional to the
di stance fromthe spin chuck 1. Naturally, the |argest bending occurs at

t he peripheral portion renotest fromthe spin chuck 1 of the substrate G
In this sense, it is desirable to nmount the support 5 pi ns along the
peri phery of the substrate G HoweverT s?hce-bending al so occurs between
adj acent support pins 17 and between the support pin 17 and an edge of the
spin chuck 1, it is.desirable to nount the support pins 17 equidistantly in

a regi on somewsttidhed d oA pherdPity oPehbpbeey oi,t8egslbgtagi£1&s though
It is of course possible to nmount the support pins 17 el sewhere. The

devel opi ng solekt, ciratépeieistanthe wobsteat e16ngsthenperipnalyyof enoved
for drying the substrate Gin the subsequent step, as will be described
herein 15 thed espin Idhudie Ueves ophownsbhuFien s awhardethéo t he support
pin 17 in this drying step, the devel opi ng solution nmay possibly be
attached to twashing skiquid b sulkstabtiably Sudhetef the, afitemshi ng neans
50 for washing the support pin 17 in the step of centrifugally 20
dryi ng Phe suBstaaing 1sawidint e iwashisgehbadideaupply sowveei 62F G 6.
The washi ng neans 50 conprises a :
for supplying a washing liquid to the nozzle 61 may be
the same as the after-treating ligquid supply source for
supplying an after-treating liquid to the after-
treating liquid supply nozzle 30. Also, it is possible
10 to arrange stationary the washing liquid spurting
nozzles 61 with the spurting angles to the substrate G
made different from each other. Alternatively, it is
possible to arrange a nozzle angle adjusting mechanism
(not shown) to make the spurting angle of the nozzle 61
15 variable.

FIGS. 9A to 9G collectively show the processing
procedures of the substrate G performed by the develop-
ing unit 88 of the present invention.

As shown in FIG. 9A, the substrate G loaded in

20 the developing unit 88 by the transfer arm mechanism
74b is disposed on the spin chuck 1 moved upward by the
vertically movable cylinder 4 so as to be held by
vacuum suction by the spin chuck 1. Then, the cylinder
4 is driven to move the spin chuck 1 downward. As a

25 result, the overhanging portion of the substrate G

extending over an edge of the spin chuck 1 is supported

by the support pins 17 so as to permit the substrate G



washing liquid passageway 51 extending froma base portion to reach a tip
portion of the support pin 17, a washing liquid supply section 53 for
supplying a 25 washing liquid to the support pin 17 through a washing

|l iquid supply pipe 52, a change-over valve 54a nounted to the washing

|l iquid supply pipe 52 and changed-over ~ 28 o1 - by a control signal .
supplied fromthe control section 9, and a flow rate control valve 54b for
controlling the flow rate of the washing liquid flow ng outward t hrough the

tip portion of #d&e I thd¥izdnta®, as shown Hre K10 r9s8. sanidern thigermits
the substrate Gto be rotated for centrifugally separating, for exanple, a

devel opi ng sol wordi € {on drihe gl el opiisd rsdutGandsupdly o zaee 20 nis,
pernmts operating the change-over valve 54a so as to cause the washing
liquid to flowantawget ldbove the cughstiete i poriacs die tdwexhggimg pin
17.  Then, rotation of the substrate Gis stopped, and the change- over
val ve 54a is clpogeibmvincluding orw eshartir ebldermfothe substxgreo@ fl ow of
the washing liquid through the tip portion of the support pin 17. 15
Since thé washisuchithate thesbipadiotms 22 plrthe reezle pz‘gfalfehe support
pin 17, the washing liquid flows -
positioned about 5 mm inward of the shorter side of the
substrate G. Then, the nozzle 20 is moved to one end
of the substrate G while supplying a developing
solution onto the substrate G, thereby coating the
10 front surface of the substrate G with the developing
solution.
After the entire front surface of the substrate G
is coated with the developing solution by moving the
nozzle 20 to the other end df the substrate G, the
15 nozzle 20 stops its supply of the developing solution
and is held in its position in preparation for the next
coating operation, or is brought back to the original
waiting position, as shown in FIG. 9C.
Then, the spin chuck 1 is moved upward to move the
20 substrate G away from the support pins 17, followed by
rotating the spin chuck 1 at, for example, 10 rpm for
about 3 seconds so as to centrifugally spread outward
the developing solution coated on the substrate G.
Then, the spin chuck 1 is continuously rotated ét about
25 200 rpm so as to uniformly spread the developing

solution. In this step, the washing liquid is kept

flowing from the tip portion of the support pin 17 so



outward through the tip portion of the support pin 17 and, then, flows
downward al ong the outer circum ferential surface of the support pin 17 so
as to wash 20 the entire outer surface of the support pin 17. It
follows that, even if the devel oping solution is centrifugally separated by
rotating the substrate G the washing Iﬁcuﬁ%lfTomﬁng outward through the
tip portion of the support pin 17 prevents the devel oping 25 sol ution
frombeing attached to the support pin 17. Naturally, it is inpossible for
.the devel opi ng aw0ltd ipedentbertad (dahelbp ing hso T @eios Uf £ b@ing new

substrate G - 25 - which is to be processed. It should also be noted
that, if the netttaulisd riad ece isugpmcegsad Hf | eds velsdwmginfFite Spport pin
17, with the support pin 17 left to stand as it is, 5 t he washi ng

liquid remai ni ng at Imethe pnexot tswep pfthdicafgpettrepting7liguid t supply t o
the rear surface of the substrate G so as to bring about a so-called "water
mar k". To over oz kehi3) dig fiawed (o & dras itiomarko®s the Shbskraten Grying
gas agai nst the support pin 17 10 after the washing liquid ceased to

fl ow outward | SardakReEurPihia wivknoehidwukd stovkhe nsypsisrate § and

while keeping the substrate G rotated and, thus, to
stop the development. At the same time, a washing
liquid is spurted from the washing liquid spufting
nozzle 60 toward the rear surface of the substrate G so
10 as to wash away the developing solution attached to the
. rear surface of the substrate G, as shown in FIG. 9E.
Then, the substrate G is rotated for a predeter-
mined time for centrifugally removing the washing
liquid after stopping the supply of the washing liquid
15 from the after-treating liguid supply nozzle 30 and
also stopping, at the same time, the spurting of the
washing liquid from the washing liquid spurfing nozzle
60. 1In this step, flow of the washing liquid from the
tip portion of the support pin 17 is stopped, and a
20 drying gas is blown from the blowing nozzle 56 toward
the support pin 17 for drying the support pin 17, as
shown in FIG. 9F.
After completion of the operations described above,
the substrate G is detached from the spin chuck 1 and,
25 then, unloaded from the developing unit 88 by the
transfer arm mechanism 74a, as shown in FIG. 9G.

Further, the next substrate G is locaded in the



»

7. As shown in FIG 7, the drying neans 55 conprises a nozzle 56 for

bl owi ng an inert gas such as a nitrogen gas (N2) or an argon gas (Ar)

agai nst the support pin 15 17, an inert gas supply source 57 such as a
gas tank, a supply pipe 59 for supplying the inert" gas fromthe inert gas

supply source 57 to the nozzle 56, and & s3Ptching valve 58 nounted to the
supply pipe 59. Upon receipt of a control signal supplied fromthe control
20 section 9, the switching valve 58 is opened or closed so as to

supply or stop &é@i%%{'@%t&‘i’i{ g8 tp aﬁhe@ﬁaﬂ@f%{:eaﬁxﬁ h&cHhh8shedafovard

the tip portion of t pport pin 17 so as to ow the rnert gas afainst

the tip portioragd £tHe SHOPOALrds "ddderfBed above arkNrbP8a8ROdI MENt shown
in FIG 5, a branched nozzle 56 having two gas spurting ports is arranged

at two portions. HoOWeMErpréseht PAGEhELEN! @sMAUE! 1iREted to €Re- NOzzle 56
for each of the support pins 17. Let us describe the washing neans for

washi ng the regrefefose @fbédimenbsicateibellyabpvet i Nngoe sRakpbg, | iquid
agai nst the rear surface of the substrate G so 5 as to prevent the
devel opi B9 sol wtherembodibentigdast¢atbed abotée shéssuppertepinsivf dse.
fixed to a stationary member (inclined plate 15b) of
the developing unit 88, and the spin chuck 1 is
vertically moved upward by the vertically movéble
cylinder 4. Alternatively, it is possible to make the
10 support pins 17 vertically movable while making the
spin ¢chuck 1 immovable in a vertical direction, though
the spin chuck 1 is left rotatable, as shown in
FIGS. 10A to 10D. This modification is effective for
suppressing the bending of the substrate G because the
15 substrate G is kept in contact with the support pins 17
until the support pins 17 supporting the substrate G
are moved downward to permit the substrate G to be
disposed on the spin chuck 1 which is to be rotated.
In other words, it is possible to shorten the waiting
20 time of the substrate G ih a bent state.

The technical idea of the present invention is
applied to a developing unit in the embodiment
described above. However, the particular technical
idea can also be applied to other process units such as

25 a resist coating unit or a washing unit. Where the
technical idea of the present invention is applied to,

for example, a washing unit, a support means for



In the present invention, the devel oping solution coated on the front
surface of the substrate Gis centrifugally renoved by rotating the
substrate G The 10 devel opi ng solution scattered in this step tends to
be partly attached to the rear surface of the substrate G To overcone this
difficulty, a washing liquid spurting reardl 60-is nounted in this

enbodi nent as shown in FIG 3. After rotation of the substrate G for cen-
15 trifugally renovi ng the devel opi ng solution, the devel opi ng sol ution

hed jng. | L gR,
washing 11 aui 4 oE QAR Al 4 BUSsERke Ho B8 S8R he ST LohR
surface of thebedats, GhdQrep of brxﬁsﬁxfxm\,'}%. g Elh& sibstAgr¥ashi ng

l'iquid spurting nmeans 60 conprisé€s a washing liquid spurting nozzle 61

arranged bel ow the spbstiéte thdedcbddrdte €6 Pe ChHEkedsed wa8AI ABL! i qui d
supply source 62 for supplylng the washing liquid to the nozzle 61 through

a washing 25 bpe |1 tbs WP nCifibftdratodl, 2 B d€ReAwyadyf €BemuUNted to
the supply pipe 64. The valve 63 is opened or closed by a control signal

suppl i edsf rom tdemoiddblidea -o2 the yRdsamt Sinvept ioal cay bé mplbgedGl
eg. 8 nOZZ|€*}or the processing of various other substrates such
as a semiconductor wafer, a glass substrate, a CD
substrate, a photo mask, a printed circuit substrate
and a ceramic substrate.

10 Let us describe a second embodiment of the present
invention, covering a case where a developing unit 120
shown in FIGS..1l1l and 12 is incorporated in the process
system shown in FIG. 2. Specifically, FIGS. 11 and 12
are a front view and a plan view, respectively, sche-

15 matically showing the construction of the-deveioping
unit 120. As shown in these drawings, the developing
unit 120 comprises a spin chuck 121 for_holding the
substrate G by vacuum suction and rotating the -
substrate G and a cylindrical cup 122 open at. the upper

20 end and arranged to surround the spin chuck 121 holding
the substrate G. As shown in FIG. 12, the substrate G,
which is rectangular, has a longer side Lj and a
shorter side L. The spin chuck 121 is supported by
the upper end of a rotary shaft 126 of a motor 125 and,

25 thus, is rotated by the operation of the motor 125 so

as to rotate the substrate G. The motor 125 is

controlled by a control means 127 such that the



61, are equidistantly nounted al ong the periphery of the spin chuck 1, as
showmn in FIG 5. \Were the washing liquid is substantially equal to the
after- 5 treating liquid, the washing liquid supply source 62 for
supplying a washing liquid to the nozzle 61 may bé the sane as the
after-treating liquid supply source for-supbply+ng an after-treating liquid
to the after- treating liquid supply nozzle 30. Also, it is possible 10

to arrange stationary the washing liquid spurting nozzles 61 with the

spurting angl eg g d ity ﬂ@t&cﬁﬁweﬂ{é{fﬁgr éé&”bf %E‘ﬁétr

Al ternatively, |t 'S p055| e to arrange a noz gle a JUS Sﬁanlsm
(not shown) togmeke the ¢] ﬁﬂgle of the nozzle 61 15 varlable.
FIGS. 9A to 9G coll ective e . processi ng procedures of the substrate

G perforned by the d?N@'éﬁ?gl@ﬂ éﬁ&fo@ﬁd?ﬁgtGﬁepéﬁiﬁnéhhekeﬂﬁioﬂol&§n§h0““
in FIG 9A, the substrat | oaded in 20 devel oping unit 88 by t

transfer arm m{wmmﬂﬂ&éssdiémwb@feah@oﬁﬂbnecmca YefRYE81 upward by
the vertically novable cylinder 4 so as to be held by vacuum suction by the

spin chusk 1. HiarectiwncylSpeteif dcaklyly | & episvonoredt belspfnachuck 1
downward. As a 25 result, the overhanging portion of the substrate G
ext endi ng over vaaxteidepel Iy m¢uah¢arcy1imdeﬁ 1305ﬂpp¢oiaddby1aha hnppbet pi ns
17 so as to permt the substrate G
132 to the outer surface of the cup 122, with the
result that the cup 122 is moved vertically in
accordance with elongation/shrinkage of the cylinder
10 130. The operation of the vertically movable cylinder
130 is controlled by the control means 127 referred to
previously.
An inclined wall 133 inclining inward is formed at
the upper end of the cup 122. Also, a ring wall 134
15 inclining inward is formed along the inner circum-
ferential surface of the cup 122 to form an annular
structure partitioning the inner space of the cup 122
into an upper and a lower region. The resultént lower
region constitutes a recovery vessel 135 positioned to
20 surround the substrate G in the subsequent stép of
recovering the developing solution from the substrate
surface. Also, the resultant upper region defined
betweén the inclined wall 133 and the ring wall 134
constitutes a casing cover 136 which is positioned to
25 surround the substrate G in the subsequent steps of

washing and drying the substrate G. When the cup 122

is moved downward by shrinking the vertically movable



¥

- 28 - to be held horizontal, as shown in FIG 9B. Under this condition,

t he devel opi ng sol ution supply nozzle 20 is arranged above the substrate G
to face the overhanging portion including one shorter side of the substrate
G5 such that the fine holes 22 of trméfmmzle'ZO are positioned about 5
mminward of the shorter side of the substtate G Then, the nozzle 20 is
noved to one end of the substrate G while supplying a devel oping sol ution
onto the substrate G thereby coating the 10 front surface of the
substrate G wi clyliimeledevidtQpitie sding iwall Afs gositdanad reovwerhhaiurf ace of
the substrate Gis coated with the devel oping sol ution by noving the nozzle
20 to the ot hethengudfstitates thdtalst &G thehepim chugipAAk afp daried t s
supply of the deveIoQin%:sqution_and is held in.its positiaon in

pr epar alt i on fobn ke ldekilineg iKW dgefhG ontloWwith Brhg RS W KR ¢ he
original waiting position, as showm jn FIG. 9C Then, the spin,chuck 1 is
moved upward t &Nforasing mever Lifhshs A IS LRRARA (YD AYHE r{gﬁ pins 17,

seconds. S0 as FHHAATT Gl 108 S A BE sV end LPIRASE FRPUL 2
is elongated to move upward the cup 122, the ring wall
is positioned higher than the substrate G held by the
spin chuck 121 as denoted by broken lines 154'. As a
result, the recovery vessel 135 is positioned to

10 surround the substrate G. |

An annular outer wall 141 and a partition wall 142

arranged a predetermined distance inward of the outer
wall 141 are mounted to a bottom wall 140 of the cup
122. The atmosphere within the casing cover 136

15 communicates with the space between the outer wall 141
and the partition wall 142. Also, the atmosphere
within the recovery vessel 135 communicates with the
space inside the partition wall 142. Waste liquid”
discharge ports 143 and 144 are formed through the

20 bottom wall 140 of the cup 122. The port 143 is
positioned to communicate with the space between the
outer wall 141 and the partition wall 142, with the
port 144 positioned to communicate with the space
inside the partition wall 142. Further, a plurality of

25 rear surface washing nozzles 145 are arranged in a
central portion of the bottom wall 140 of the cup 122

for spurting a washing liquid, e.g., pure water, toward



t he devel oping solution coated on the substrate G Then, the spin chuck 1
Is continuously rotated at about 25 200 rpmso as to uniformy spread

t he devel oping solution. In this step, the washing liquid is kept flow ng
fromthe tip portion of the support piq_173fo _ - 29 - as to prevent the
devel opi ng sol ution from being attached to the support pin 17, as shown in
FIG 9D. In the next step, the after-treating liquid supply nozzle 30 is

" noved to a position above the substrate G5 so as to supply a washing
liquid to the stitst¥ear sinfide cbcpingsubstsabet@aheld byt weeduand, thus,
to stop the devel opnent. At the sane tine, a washing liquid is spurted from
the washing | i RHGEEORIOR igheicsRie @malowb? Y- t he rear surface of the

substrate G so 10 as, to wash away the devel oping solution attached to
the rear surface of YWetRehstW@SENGsliawiA FUPRLYE nogzlendh0 apd a
substrate Gis rotated for a predeter- nmned tine for centrifugally
removi ng t he +EPI$?EH§FQ§1¥Hn?ﬁ%ﬁﬁH t e sHPHRYIBE aPRVRath®ng 1i quid

2t the sdre 11 ECTRERShOF R Y e RS VEPRRRLERTY oy YREARREN ng
liquid Spurtir“hfﬁ&f&? e.g., pure water, is spurted from the nozzle

150 toward a central portion on the front surface of
the substrate G. On the other hand, an inert gas such
as a Ny gas used as a drying gas is spurfed from the

10 drying gas spurting nozzle 151 toward a central portion
on the front surface of the substrate G. The operation
of these nozzles 150 and 151 is also controlled by the
control means 127. |

A developing solution supply nozzle 155 is

15 arranged upward and sideward (right side in FIGS. 11
and 12) of the cup 122 to supply a developing solution
(process solution) onto the front surface of the
substrate G held by the spin chuck 121. The nozzle 155
can be moved over and across the cup 122 by a driving

20 meéhanism (not shown). A liquid supply pipe 158 for
supplying a developing solution stored in a tank 156 by
operating a pump 157 is connected to the developing
solution supply nozzle 155. As shown in FIG. 13, a
large number of discharge ports 159 of the developing

25 solution are linearly arranged at a high density over
the entire width of the lower surface of the developing

solution supply nozzle 155. When the pump 157 is



60. In this step, flow of the washing liquid fromthe tip portion of the
support pin 17 is stopped, and a 20 drying gas is blown fromthe
bl owi ng nozzle 56 toward the support pin 17 for drying the support pin 17,
as shown in FIG O9F. After conpletion of t%ﬁ operations described above,
the substrate Gis detached fromthe spin uck 1 and, 25 - then,
unl oaded fromthe devel oping unit 88 by the transfer arm nmechani sm 74a, as
shown in FIG 9G Further, the next substrate Gis |oaded in the - 30 -
devel opi ng uni toperagedhtot pansitrthe ndevehopisg gdhutaod howsedoindures
descri bed above are regeated The present invention is not limted to the
preferred enbodthentadlstbsébtd beoveppibed ellanpugh theSpipe 158 tabodi nent
descri bed above, the support pin 17 is fixed to a stationary nenber
(i nclined plat eEh&bRoaElentsHevkhepievelopingssolnbioneispihseharged s
vertically noved upward by the vertically novabl e, cylinder 4.
Al ternatively, #¥°© tBS§§|§+§CP%:%%k%°¥ 3%°. Sip ﬁoFPeﬁ?nglﬁ?hQEQ?ically
novabl e i1 e maki n_chyuck nmova vertjca dlrectlon
though t1b spi ehbek 45 &Fp cpéstEiomei Eorace Sapfintpnsach Stner, °f
clearance is formed between adjacent streams of the
developing solution discharged from these discharge
ports 159, with the result that the developing solution
- is discharged from these discharge ports 159 in the
10 form of a film. The pump 157 is also controlled by the
control means 127 so as to set optionally the timing of
dischérging the developing solution.
The length L of the developing solution supply
nozzle 155 is set larger than the length Lj; of the
15 longer side of the substrate G (L>Lj). Therefore,
the developing solution can be supplied uniformly over
the entire front surfacé of the substrate G, if the.
developing solution supply nozzle 155 is moved over and
across the cup 122 while discharging the developing
20 solution to form a film from the large number of
discharge ports 159 of the nozzle 155.
As shown in FIG. 11, a recovery pipe 160 for
bringing the developing solution recovered in the
recovery vessel 135 from the surface of the substrate G
25 back to the developing solution tank 156 is connected

between the tank 156 and the waste liquid discharge

port 144. A regenerating means 161 for regenerating



FIGS. 10A to 10D. This nodification is effective for suppressing the
bendi ng of the substrate G because the 15 substrate Gis kept in
contact with the support pins 17 until the support pins 17 supporting the
substrate G are noved downward to permt the substrate G to be disposed on
the spin chuck 1 which is to be rotated. In other words, it is possible to
shorten the waiting 20 time of the substrate Gin a bent state. The
technical idea of the present invention is applied to a developing unit in
t he enbodi nent descdéveliopbngesohutibonr recauvepad: iButhe YeeANWPEX! idea can
al so be applied to other process units such as 25 a resist cogting uni t
or a washi ng urvesselnddd imempuphffchP FHEar8FOVREYPPABENEO nvehiftPon is
applied to, for exanple, a washing_ unit, a suggort means for - 31 -
hori zontal |y subPePReAgtaNg BeaRst 464oCRBPRLEEEsBed8an Bllsed in the step
of brush-washing the sybstrate. Furt , the substrat roce d need
not be linmited %PEEEF%BQSP?Eﬁég}SWnTg%héPrWBFHEYlPHeggbglggtgﬁﬁﬁi%g i dea
of the present inventio an _be_enpl A r L.n f ri ous
ot her suﬁgtrate§e§3¥ﬁr3 CYENPRSR ugﬁggt%g e%BSaBg gggggu%g?r§¥g, a CD
removing the impurities from the developing solution.

FIG. 14 is a flow chart showing the process steps
of the developing unit 120. In the first step S1, the
main arm 74a of the process system shown in FIG. 2

10 is moved into the developing unit 120 to load the
substrate G in the developing unit 120. 1In this step,
the substrate G is firmly held by vacuum suction by the
spin chuck 121. Then, the main arm 74a is moved out of
the developing unit 120.

15 In the next step, the substrate G held by the spin
chuck 121 is rotated by a desired angle by suitably
operating the motor 125 under control of the control
means 127 so as to permit the longer side of the
substrate G to be in parallel with the developing

20 solution supply nozzle 155, as denoted by a broken line
G" in FIG. 12 (step S2).

After the substrate alignment in step S2, the
developing solution supply nozzle 155 is moved over and
across the cup 122 by a driving mechanism (not shown).

25 During the movement of the nozzle 155, a developing

solution is discharged in the form of a film from the

many discharge ports 159 of the nozzle 155 so as to



substrate, a photo mask, a printed circuit substrate and a ceramc
substrate. 10 Let us describe a second enbodi nent of the present

i nvention, covering a case where a devel oping unit 120 shown in FIGS. 11
and 12 is incorporated in the process systemshown in FIG 2. Specifically,
FIGS. 11 and 12 are a front view and a pl agyvi ew, respectively, sche- 15
matically showi ng the construction of the developing unit 120. As shown in
t hese drawi ngs, the developing unit 120 conprises a spin chuck 121 for

hol ding the substrate Gb  suct i d rotatipg the.subst G and
2 cyl i nari cal CRPRLE ChENoRPOLHBLARpBP 18510 OFR KA APEARBOAPBEcurr ound

(e oPL1 ohuek et LU0, SUUELIELSCO s 8p°R0N0 | InE! Eoudigll | oo
L7 i S £t ! 1% BB LGRS VRREY B ORc bR STt 120
LT s’ S Epbhe Rl pabteCorlRaTL 0L MSo R RO 5
speed of g he substfsiR Enal Bet8loBRhOR2kh¥ment on the front surface
of the substrate G (step S4).
As already described, the substrate G is aligned
in step S2 to permit the longer side of the substrate G
to be in parallel with the developing solution supply
10 nozzle 155. Therefore, the developing solution supply
nozzle 155 is moved along the shorter side of the
substrate G in step S3 for supplying the developing
solution to the front surface of the substrate G. It
follows that it suffices to control the discharge
15 timing of the developing solution such that the
developing solution is discharged from the nozzle 55
while the nozzle 55 is moving along the shorter side of
the substrate G. The control means 127 contrglé tbé
operation of the pump 157 so as to control the dis-
20 charge timing of the developing solution.
As described previously, the length L of the
developing solution supply nozzle 155 is larger than
the length Lj; of the longer side of the substrate G.
Therefore, if the developing solution is discharged
25 from the nozzle 155, which is once moved to a region

above the substrate G, the developing solution

discharged in the form of a film can be supplied



The cup 122 surrounding the spin chuck 121 hol ding the substrate Gis
supported novable in a vertical 5 direction. Specifically, a piston
rod 131 of a vertically novable cylinder 130 is joined via a bracket 132 to
the outer surface of the cup 122, with the result ‘that the cup 122 is noved
vertically in accordance with el ongation/ gBriakage of the cylinder 10

130. The operation of the vertically novable cylinder 130 is controlled by
the control neans 127 referred to previously An inclined wall 133

ncl d h f_th 22, Al '
wal | 13415 antEBERT &Hﬁvg?@&a%é PERCaPoR ERES) RRoF el roum

ferential surfacgﬁg cupyéz %Rou?ﬁﬂbgnn3@Q§|§E $hia %ca%rgugﬁr%h%ioning

t he inner spacg 0 an a | ower
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e SU recoverin

devel opi ng sol y g&% ﬁgeﬁhﬁgngpbihg ﬁah\éhecsf £hg0nokkE e qg'sl b%a& upper

regi on defined”between I ne 133 and the ring wal
constituses a eagl ﬂ&n@%}ﬁebgléﬁ PhieCBhbetBeSkinaned ttqae2%ubstraw.ter @und the

substrate G in the subsequént steps of washing and drying the substrate G
When the cup lgdkiifigmaepodewpiar dobghsktenkithe 0Pl thigal ) mheabl e
developing solution and to make the developing '
treatment uniform. It is also. possible to shorten-the
moving distance of the developing solution supply
10 nozzle 155 so as to shorten the time for the developing
treatment.
Suppose the developing solution supply nozzle 155
is moved for supplying the developing solution under
the condition that the longer side of the substrate G
15 is perpendicular to the nozzle 155 as denoted by a
solid line G in FIG. 12. 1In this case, the nozzle 155
is moved along the longer side of the substrate G, with
the result that the developing solution must be kept
discharged from the discharge ports 159 duriné movement
20 of the nozzle 155 over the length L; of the longer
side of the substrate G. With increase in the moving
distance of the developing solution supply nozzle 155,
the developing solution supply time is also increased.
It follows that the front surface of the substrate G
25 is rendered non-uniform in the contact time with the

developing solution. To be more specific, the contact

time is made longer in the portion where the developing



- 33 - cylinder 130, the ring wall is positioned | ower than the substrate G
hel d by the spin chuck 121 as denoted by solid lines 134 in FIG 11, wth
the result that the casing cover 136 is positioned to surround the 5
substrate G On the other hand, when the cylinder 130 is el ongated to nove
upward the cup 122, the ring wall is positigped higher than the substrate G
hel d by the spin chuck 121 as denoted by broken lines 134'. As a result,
the recovery vessel 135 is positioned to 10 surround the substrate G

An annul ar outer W?IL 141 and a parfition wall 142 arranged, a edet er m ned

di stance i nwar d SH4HPDUTREYRBI IS PA L FourRY 1% B288t FBH‘F%FI 1240 of
W th the space BAGBIETIRR SHSHE Y ASHO LI Th e PhRERP R oA WPPBIAZY Al so.
nei de Che. par t A alt® 2o 3% ditt o o LT} BeCRoPPE 38 SR 144 are
bosi 11 oned Lo ccniRtne WASARIR itRoBl LR ilerditor BRaRBRL. JAS [
gggg gt iongwal | Idbtdfd Nid NoRd ot RPBAd4 anels £ Pa£QTFHRI §aLR W th the
crystal display, the non-uniformity in the contact time
with the developing solution causes the line width
characteristics on the front surface of the sﬁbstréte G
to be deteriorated, with the result that thick and thin
10 portions are broughf about in the developed pattern.
It may be conceivable to increase the moving speed of
the developing solution supply nozzle 155 in order to
make ﬁhe contact time with the developing solution
uniform over the entire front surface of the substrate
15 G. In this case, however, it is difficult to supply
uniformly the developing solution discharged from the
nozzle 155 in the form of a film over the entire front
surface of the substrate G, resulting in failuré to
form a solution layer of a uniform thickness on thé
20 substrate surface, said solution layer being formed by
surface tension of the solution. Further, if the
developing solution supply nozzle 155 is moved along
the longer side of the substrate G, the moving distancé
of thé nozzle 155 is increased, making it difficult to
25 shorten the time for the developing treatment.
In the second embodiment of the present invention,

however, the developing solution supply nozzle 155 is



inside the partition wall 142. Further, a plurality of 25 rear surface
washi ng nozzles 145 are arranged in a central portion of the bottom wall
140 of the cup 122 for spurting a washing liquid, e.g., pure water, toward
- 34 - the rear surface of the substrate G held by vacuum suction on the
spin chuck 121. Further, a washing |iquid g@pply nozzle 150 and a drying
gas supply nozzle 151 are arranged above the 5 substrate G held by the
spin chuck 121. A washing liquid, e.g., pure water, is spurted fromthe
nozzle 150 toward a central portion on the front surface of the substrate
G On the othermﬁgﬁﬁ aengn ROTES s4d ﬁﬁiﬁf Gar yiadd Ngas i s
spurted fromthe_10 S.S urt| 1 tomard a centra
portion on the fFoﬁPs§dP&§y§ §%Pﬁ$ 5u }*héP ﬁ@ﬁ%FP@h UFH8§e
nozzl es 150 and S | |.e h control 127
devel opi ng sol u?agklgu oy no%ﬁ"l&)gg g‘sq'lly‘lg‘ e cagrré{w&é:(? ngt'r}(?
S devard (11 ght 5dq, 'moele@saltgt RO Ny R A

ron sur

devel opi ng sol ufion process o) the ace o

substrates G hel g;Qy,t Rees Q:'o'?tt%la'éc'f:ﬂrélwfghe tHZdKh¥ping solution

is made substantially uniform over the entire ffont
surface of the substrate G in the second embodiment,
with the result that the developing treatment is
rendered uniform to make the line width characteristics

10 uniform on the front surface of the substrate G.
Further, since the moving distance of the developing
solution supply nozzle 155 is shortened, the treating
time is also shortened.

After completion of the developing treatment, the

15 vertically movable cylinder 130 shown in FIG. 11 is
elongated to move the cup 122 ubward. As a result, the
ring wall 134 is moved upward to a position above the
substrate G held by the spin chuck 121 as denoted by
broken lines 134’ to permit the recovery veesél 135 to

20 surround the substrate G. Then, a washing liquid, e.g.,
pure water, begins to be supplied from the washing
liquid supply nozzle 150 positioned above the cup 122
toward a central portion on the front surface of the
substrate G. Also, the motor 125 is operated under

25 control by the control means 127 to rotate the sub-
strate G held by the spin chuck 121 at a first rotation

speed. As a result, the developing solution forming



can be noved over and across the cup 122 by a driving 20 mechani sm ( not
shown). A liquid supply pipe 158 for supplying a devel oping sol ution
stored in a tank 156 by operating a punp 157 is connected to the devel opi ng
sol ution supply nozzle 155. As shown in FIG 13, a large nunber of

di scharge ports 159 of the developing 25 43 solution are linearly arranged
at a high density over the entire wdth of the |ower surface of the
devel opi ng sol ution supply nozzle 155. Wien the punp 157 is - 35 -
operated to permt t e deveggglng sol ution housed i

suppl i ed t hr ough't K EZE@dﬁ PReSHB29TE &%%Sl?ﬁgoaega?oﬁvhéégsﬁut.on s
i scharged fromt 5
ports 1%9 are g%§|$§§E£a§§83§9¥|§§@5§8é %r 8 ghsggrgggcaaggeag

eac no Cl earance 1S r med
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di scharge ports sul evel opin nis

di schar ged fron%ﬁ?&ig gésﬁB?F ﬁQEt héSQeEBV%Qﬁeggss?l h85M-@fedvEll M

The punp 157 is SO contro e contro ans So as to set
optional Iy the tha agvgﬁ.oghﬁﬁhQBQhESJohh%hQe&@h@@hﬂﬂaﬁ@bht b@"wh1BR hgngth L

of the devel opi ng sol ution sudpply
not markedly reduced.

The first rotation speed of the substrate G in.
step S5 can be set at, for example, 50 to 150 rpm. In
this case, substantially all the developing solution

10 can be centrifugally removed from the substrate G in
such a short time as about 1 to 3 seconds so as to be
recovered in the recovery vessel 135. Since a washing
liquid is not appreciably mixed in the developing
solution recovered in the recovery vessel 135, the

15 recovered developing solution has a sufficiently high
concentration. The recovered developing solution is
supplied through the recovery pipe 160 connected to the
waste liquid discharge port 144 to the regenerafing
means 161 for removing bubbles from the recovered |

20 solution and, then, filtering the solution. Further,
the filtrate is brought back to the tank 156. Since
the developing solution recovered in the recovery
vessel 135 can be brought back to the tank 156 without
adjusting the concentration of the solution, the

25 recovered developing solution can be reused easily.

Even after recovery of the developing solution in

step S5, the washing liquid of pure water is kept



nozzle 155 is set larger than the length L1 of the 15 | onger side of
the substrate G (L>L1). Therefore, the devel oping solution can be supplied
uniformy over the entire front surface of the substrate G if the.
devel opi ng sol ution supply nozzle 155 is noved over and across the cup 122
whi | e di schargi ng the devel opi ng 20 -sohgtiagn to forma filmfromthe
| arge number of discharge ports 159 of the nozzle 155. As shown in FIG 11,
a recovery pipe 160 for bringing the devel opi ng solution recovered in the
recovery vessel 135 fromthe surface of the substrate G 25 ck to the
devel opi ng sol usRBRligAkETCE the YARBLIRGJLAGLIEeFuUPR ¥t 3922156 120 t he
waste liquid discharge rt. 144. regen ting nmeans 161 for regenerating
- 36 - the dev&%ﬁ%ﬁgoggauﬂ%ﬁerEéﬁv‘éﬁ@dﬁg Pﬂgoréc(?\?é]r A POKE qf’;
nmounted to the recove | pe 160._The regenerating neans ,16 rises. a
gas-liquid sepaFB?iﬁBgﬁﬁgﬁgﬁién11§5eF0r%ﬁ8nﬁ9gﬁ§ &bﬁgﬁ?£¥%%$$%£“?%%r
recovered devel ppLng_s i d f] 63 f.ar. r ' i i $ies
fromthe develogghgggo?hgbgga E?Gfﬁ?4h#é%géél%ﬁa%ﬁaﬁgmgﬁgﬂgﬁ%q%héﬁﬁ#ﬁ%%ss
steps of 4he deyglop|pg+¥gil ¢2Re1lNoh"enb! 6plinSEoRcR-121"&t a second
rotation speed. What should be noted is that the
washing liquid, which is kept supplied onto the central
portion of the substrate G, is centrifugally moved
toward the periphery and, then, removed from the
10 substrate G, with the result that the substrate G is
washed with the washing liquid (step S6).
The second rotation speed of the substrate G in
step S6 is set at, for example, 100 to 200 rpm. 1In
this case, the substrate G can be washed in about
15 18 seconds. Also, the vertically movable cylinder 130
is shrunk in step S6 to move the cup 122 downward. As
a result, the ring wall is moved downward to a position
below the substrate G held on the spin chuck 121 as
denoted by solid lines 134 in FIG. 11 so as to permit
20 the casing cover 136 to be positioned to surround the
substrate G. Also, the washing liquid centrifugally
removed from the substrate G is received by the casing
cover 136. Then, the received washing liquid is
discharged to the outside through the waste liquid
25 discharge port 143 formed through the bottom wall 140
of the cup 122,

In step S6, the rear surface of the substrate G is



main arm 74a of the process systemshown in FIG 2 10 I's nmoved into the
devel oping unit 120 to |load the substrate Gin the developing unit 120. In
this step, the substrate Gis firmy held by vacuum suction by the spin
chuck 121. Then, the main arm 74a is noved out of the devel oping unit 120.
15 In the next step, the substrate.,G held by the spin chuck 121
is rotated by a desired angle by suitably ogérafing t he notor -125 under
control of the control nmeans 127 so as to permt the |onger side of the
substrate Gto be in parallel with the devel oping 20 sol ution supply
nozzl e 155, as deher cdashed wWibthea waabimy LagRELid of2 (EowepxBRpleif puxet he
substrate alignment in step S2, the devel oping solution supply nozzle 155

i s nmoved over aﬁﬂa%%¥o§§PP£éeéu§rQ@2tb? redri §urdapecwashdng( ROEz3Rown) . 25
During the novengnt of the nozzle 155, a devel oping solution is discharged
in the formof al4?|%P¥BiRNEIGmn}ldbevARAgEhBorear: SYTEACENOENEhE & 155

LRI e S T TS Rt ST
suppl i ed tg)the §g§Et§3% aééofg also centrifugally removed from the
substrate G so as to be received by the casing-cover
136 and, then, discharged to the outside through the
waste liquid discharge port 143. '
| After the substrate G is rotated at the second

10 rotation speed for about 18 seconds for centrifugally
removing the developing solution in step S6, the
washing liguid supply from the nozzle 150 positioned
above the cup 122 is stopped, followed by starting the
supply of an inert gas such as a Ny gas from the drying

15 gas supply nozzle 151 positioned above the cup 122
toward the central portion on the front surface of the
substrate G. Also, the rotating speed of the motor 125
is changed under control by the control means 127 SO as
to rotate the substrate G held on the spin chuck 121 at

20 a third rotation speed. In short, a drying gés is.kept
continuously supplied onto the surface of the substrate
G during rotation of the substrate G at the third
rotation speed so as to dry the substrate G (step S7).

The third rotation speed of the substrate G in
25 step S? is set at, for example, 1200 to 2000 rpm. In.

this case, the substrate surface can be dried in about

20 seconds. If the substrate G is rotated in step S7



surface for a predeterm ned period of time so as to 5 performthe
devel oping treatnent on the front surface of the substrate G (step S4). As
al ready described, the substrate Gis aligned in step S2 to permt the

| onger side of the substrate Gto be in parallel with the devel oping

sol ution supply 10 nozzl e 155. Therefgje, .the devel opi ng sol ution
supply nozzle 155 is noved along the shorter side of the substrate Gin
step S3 for supplying the devel oping solution to the front surface of the
substrate G It follows that it suffices to control the |scha e 15
timng of the déVeFoﬁpﬁgtééﬂuﬁP@ﬁdsﬁﬁﬁe?ﬁthtHQOQeFBWGngﬁ ¥8F Mn is

di scharged fromthe nozzle 55 while the nozzle 55 s nD on

shorter side ofl FHEl§u6§PF§9§uEP1#KereﬂﬂY?é fﬁ8§n§ f2§“ ﬁgﬁgﬁs gﬁ%ace
operation of the 157ﬁ§O as_to contro

éhe ?evelopin? éﬁlﬁggﬁﬁer BBSFPFBeB ﬂﬁﬁ%lou Pya Fﬁguﬂgﬁgt ghﬁﬁglng °
evel opi n
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| onger side of or e eveloping solution is

osthged 20 el ORDRRREZAE AR sbuchcns e oA stk
filmcan be S“p&' %dstep S7 is lower than 1200 rpm, the drying time is
rendered excessively long.

After the drying in step S7, supply of the drying
gas from the nozzle 151 positioned above the éup 122

10 is stopped. Also, the rotation of the motor 125 is
stopped under control by the control means 127 so as to
stop rotation of the substrate G held by the spin chuck
121, thereby finishing the treatment in the developing
unit 120 (step 8).

15 Then, the main arm 74a of the processing system
shown in FIG. 2 is moved to enter the developing unit
120 so as to receive the substrate G held on the spin
chuck 121. Then, the main arm 74a is moved out of the
developing unit 120, thereby unloading the gubstrate G

20 from the developing unit 120 (step S9).

Support pins 117 similar to the support pins 17
used in the first embodiment and a mechanism relating
to the support pins 117 are also used in the second
embodiment as shown in FIG. 11. These support pins

25 117 are the same in function as the support pins 17
described in conjunction with the first embodiment. To

reiterate, these support pins 117 make it possible to



- 38 - uniformy over the entire front surface of the substrate G Wat
shoul d be noted is that it suffices to discharge the devel oping solution
fromthe discharge ports 159 only during novenent of the nozzle 155 over 5
the length L2 of the shorter side of the substrate -G naking it possible to
shorten the supply tine of the devel oping g ution and to nmake the

devel oping treatnment uniform It is also possible to shorten the noving

di stance of the devel opi ng sol ution supply 10 nozzle 155 so as to
shorten the tinme for the developln treatnent Suppose t he devel opi ng
sol ution suppl y Bf&VAnRE Baing henteviaashing ot i on
under the conditiagn that the | onger S|de of th substrate G 15 S

per pendi cul ar té“t’tfé’%fzqaé:lf% HEFREFDF U WG9 line Gin FIG 12. In
E:Iatfﬁsfhetrgszﬁfzt qﬁas nnveg al.on téﬁﬁéﬁi er S|de of the1§#§fd§gte
o e 6 B Bl B s L B
vl Socns 2o e O N I, R R e Bt
front surface Ofﬂ&t&e%’,bsﬂﬂéa%?eﬁod of the present invention can also
be employed for an etching treatment, a washing
treatment, etc., Also, the present invention can also
be employed for the processing of other substrates such
10 as a silicon wafer. Further, the washing liquid supply
nozzle 150 can be constructed to be movable over and
across the cup 122 like the developing solution supply
nozzle 155. Still further, the drying gas supply
nozzle 151 can be made stationary.
15 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific detaile and representative-embodiments
shown and described herein. Accordingly, various
20 modifications may be made without departing.from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalent.



25 -t-s-render-ed._.non-uniformin the contact tinme with the devel opi ng

sol ution 0 be nore specific, the contact tine is nade | onger in the
portionm fﬂmmmmm pi ng - 39 - solution is supplied earlier, and is
made sh ot i on where the deve#%fing solution is supplied
later. As a resul't, *it*is difficult to per mT he devel opi ng treat nent
uniformy. Wiere, for exanple, a 5 pattern is fornmed on a gl ass
substrate for liquid crystal display, the non-uniformty in the contact
time with the devel opi ng sol ution causes gipgMs ne wi dt h characteristics on
the front surface of the substrate Gto be deteriorated, with the result
that thick and thin 1D. A poodessingrapimmighs, abmpriginde devel oped
pattern. It may be conceivable to increase the noving speed of the
devel opi ng sol ution shphidingoredns 1f5r i rotathlly hokdking e sthatrate it

wi th the devel oping solution uniformover the entire front surface of the
substrate 15 bas progessed; case, however, it is difficult to supply

uniformy the devel opi ng sol ution discharged fromthe nozzle 155 in the
formof aSilmover t$ePRAEE RLIRHEOL FYRRIC NG RN INRFRARAERY resul ting

in failure to forma solution |ayer of a uniformthickness QP t he
portion of the substrate extending over an edge of the

holding means so as to maintain the substrate surface
horizontally flat;
process solution supply means for supplying a
10 process solution to a front surface of the substrate
held by said holding means and supported by said
support means;
lift means for vertically moving the sgbstrate‘
held by the holding means relative to the support
15 means; and
rotating means for rotating the substrate moved
upward relative to the support means.
2. The processing apparatus according to claim 1,
wherein a washing liquid flow-out section is formed at
20 the tip of the support portion of said support means.
3. The processing apparatus according to claim 1,
further comprising drying means for blowing a drying
gas against the tip of the support portion of the
support member. .
25 4. The processing apparatus according to claim 1,
further comprising means for supplying an after-

treating liquid to the front surface of the substrate



substrate surface "said solution |ayer being fornmed by surface

ESESI :“nﬂtutlﬂrmurttrtrut;;ﬁ "Site of the substrate & the moving Uistance

of the nozzlé 155 f's i ncreased, making it difficult to 25 shorten the
time for the developing treatnent. In the sddond enbodi ment of the present
I nvention, however, the devel oping solution supply nozzle 155 is - 40 -

noved al ong the shorter side of the substrate G naking it possible to

shorten markedly 4 aci% | QR : 17)5 e, &Oé@?é'

case where the noz 1}:% %ﬂ}%’\}é@ Lé{ong WI olr%ielr stT de ae{ﬁe su%strate
G 5 Al so, thg ngzgabgﬁfgtéyth t he devel opi ng solution is nade
substantially uniformover the entire front surface of the substrate Gin

the second enbodi nent,s W tdhd Re-dsdd ind i pd e e vt @k dithd e R im | 5,

rendered uniformto nmake the I'ine width characterrstrcs 10 uni f or m'on

the front surfac&uﬁtﬁdxacaﬂpﬁﬂgﬂ :G Further, since the noving distance of

t he devel opi ng sol uti on supply nozzle 155 is shortened the treating tinme

is al so shértened. /ﬁt&ﬂrennnﬁnyrqnssﬁlt&urahgeﬂ(nnrqprr@nﬁdmﬂﬂe t he
substrate;

process solution recovery means which permits
rotating the substrate at a first rotation speed so as
to recover the process solution centrifugally removed

10 from the substrate in said recovery vessel}

washing means which permits supplying a washing
liquid onto the front surface of the substrate and also
permits rotating the substrate at a second rotation
speed so as to wash the substrate; and

15 drying means which permits rotating the substrate
at a third rotation speed so as to dry the substrate.

6. The processing apparatus according to claim 5,
wherein said first rotation speed is 50 to 150 rpm,
said second rotation speed is 100 to 200 rpm, and said

20 third rotation speed is 1200 to 2000 rpm.

7. The processing apparatus according to claim 5,
wherein said process solution recovery means serves to
supply a washing liquid onto the front surface of the
substrate.

25 8. The processing apparatus according to claim 5,

wherein said washing means serves to supply a washing

liquid onto the front surface of the substrate.



vertlcally novabl e cylinder 130 shown in FIG 11 is elongated to
ane t wmt“ﬁ“ As a result, the ring wall 134 is noved upward to
a pommﬁ \ bstrate G held by the spin chuck 121 as denoted by
br oken es 4324 t%o pernit the recovery vessel 135 to 20 surround the
substrate G Then, a washing liquid, er-g.48pure water, begins to be

supplied fromthe mashing l'iquid supply nozzle 150 p03|tioned above the cup
122 toward a central portion on the front surface of the substrate G Al so,

the motor 125 is opemat ednengebcéddsing aPpar@ituldy adt®redMyd do MM 527 to
rotate the sub- strate G held by the spin chuck 121 at a first rotation

speed. As a resyhbretiResdenebeping fmehHti 88riesMtadsu Fp1y4& dr@&n@pgaaved
| ayer by surface tension on the substrate Gis centrifugally renoved from

t he substrate Goatoathkofkenteeqyeaed b the sabsegagevessel 135 (step S5).
It should be noted that the recovery vessel 135 receives 5 t he
devel opi ng sol uti onl10he Thecemrbrassdngobpphiratuiss acaoradnigedoy claduwc&d. The
first rotation speed of the substrate Gin step S5 can be set at, for
exanpl e, 50 to wBérepm shidt bubstzste sebseattngulypraiand iseidepeooeissg
sotution solution supply means is moved along the shorter side

of the rectangular substrate for supplying a process

solution onto the front surface of the substrate.

11. A processing method, comprising the steps of:

10 (a) coating a front surface of a substrate to be
processed with a process solution, said substiate being
held by holding means and having an ovefhanging portion,
which extends over an edge of said holding means,
supported by support means to maintain said front

15 surface of the substrate horizontally flat;

(b) moving upward the substrate held by the
holding means relative to said support means; and

(C) rotating the holding means to centrifugally
remove said process solution from the substrate.

20 12. The processing method according to claim 11,
further comprising after said step (C) the step of
supplying an after-treating liquid to the front surface
of the substrate and also supplying a washing liquid to
the rear surface of the substrate.

25 13. The processing method according to claim 11,

wherein the washing liquid is allowed to flow out

through the tip portion of the support means during



be centrifugally removed fromthe substrate Gin such a short

10
tinme %n@m "ﬂym’ econds so as to be recovered in the recovery vessel
135. e ﬂi quid is not appreciably mxed in the devel opi ng
sol ution recoverell in the recovery vessel 135, the 15 recovered

devel opi ng sol ution has a sufficiently high4Boneentration. The recovered
devel oping solution is supplied through the recovery pipe 160 connected to
the waste liquid discharge port 144 to the regenerating neans 161 for

renovi ng bubbl es £§§g%£gph&eﬁovered 20 solution and, then, filtering

t he sol ution. ur iltrate is brought back to the tank 156. Since

the devel opi ng sol uthgn repavpLedeslihfenbenBMChY.c¥eainl £35ctammbe3br ought
back to the tank 156 without adjusting the concentration of the solution,

the 25 recov@hedednval apiifgSghyt i8nbeawnbagaeusedthasiliy. pbyefoaft er
recovery of the devel oping solution in step S5, the washing liquid of pure

water is kept of &Be—sa¥§§kteﬂeahsnatherwashbngt&bqubd shpplvgshangl e 150
posi ti oned above the cup 2 onto a central portion of the substrate G

Then, the gotati bhgapdedlolv-bhe febmr thaStip pbatded b¥ the supppok neans
127 so as to rotate
means.
15. The processing method according to claim 11,
further comprising the steps of:
arranging a recovery vessel to surround the
10 substrate;
rotating the substrate at a first rotation speed
to centrifugally remove a process solution from the
substrate surface, the removed process solutién being
recovered in said recovery vessel;
15 supplying a washing liquid onto the front surface
| of the substrate while rotating the substrate at a
second rotation speed so as to wash the substrate; and
rotating the substrate at a third rotation speed
so as to dry the substrate.

20 16. The processing method according to claim 15,
wherein said first rotation speed is 50 to 150 rpm,
said second rotation speed is 100 to 200 rpﬁ,'and said
third rotation speed is 1200 to 2000 rpm.

17. The processing method according to claim 15,

25 wherein a washing liquid is supplied onto the front‘

surface of the substrate in the step of recovering the

process solution.
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noved tomard‘tWe per

substrate ‘Gheld on the spin chuck 121 at a second rotation
noted is that the washing liquid, which is kept
Eﬂral portion of the substrate G is centrifugally

hery and, then, renoved fromthe 10 substrate G

with the result that the substrate Gis wasib&d wi th the washing liquid
(step S6). The second rotation speed of the substrate Gin step S6 is set
at, for exanple, 100 to 200 rpnt In this case, the substrate G can be

hed i bout 15 18 £ d
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the washing liquid centrifugally renoved fromthe substrate

by the casing cover 136 TN prdeRssa ﬁ?‘ YRENGRS RidtdAd iy Gtd T 1H ise ey
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t he outside through the waste I|qU|d

G 11 so as to permt 20
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t hrough thg bott emhesdin A Gefoiidly &egskd? isl mot er@mgddaos earrmiuddace of

the substrate Gis

the substrate in said washing step and drying step.

20. The processing method according to claim 15,

wherein a drying air is supplied to the front surface

of the substrate in said drying step.

10 21, The processing method according to ciaim 15,

wherein said substrate is rectangular and said process

solution supply means is moved along the shorter side

of the rectangular substrate for supplying a process

solution onto the front surface of the substrate.

15 22. A processing apparatus, substantially as

hereinbefore described with reference to FIGS.

2 to 14.

23. A processing method, substantially as

hereinbefore described with reference to FIGS. 2 to 14.



- 43 - also washed with a washing liquid of, for exanple, pure water
supplied fromthe rear surface washing nozzle 145 shown in FIG 11 toward
the rear surface of the substrate G The washing liquid used for washing
the 5 rear surface is also centrifugally renoved fromthe substrate G
so as to be received by the casing cover -13§3and, then, discharged to the
outsi de through the waste liquid discharge port 143. After the substrate G

is rotated at the second 10 rotation speed for about 18 seconds for
centrifugally renoving the ut.l I ep washi ng
liquid supply fromthe nozf%% %@% ggi&ﬁb bgggﬁbggiﬁ (?§5 153 i S stopped,
foll owed by starting the gn N2 gas fromthe
drying 15 gas supply Jig ﬁ%’g%@%@%&?g& AIRe %@Rﬁ% toward the

central pogtion on the g &@%% the Su strate so the rotating
speed of the notor 125 is change under control by the control means 127 so

as to rotate the substﬂa%&o%%flg Odngf)tas L lq}%c %satc offprisirgy third

rotation speed. 1In shor ylng nti nuously suppli’ed onto

the surface of t e} Wil Gedlrsqn phloddie Slsiidie sGpily he
third rotation sg&g‘?’m?g?to ‘dry “the substraté G (step S7). The tpﬁryél

rotation speed Ofmeté}% SUbSEd alerf@,i Aintd rotatItRP mdarnss S@ salbstrertexal e,
1200 to 2000 rpm
10 be processed is rotatably held by the holding means.
An overhanging portion of the substrate extending over
an edge of the holding means is supported by the
support means to maintain a front surface of the
substrate horizontally flat. A process solutibn is
15 supplied from the process solution supply means onto
the front surface of the substrate held by the holding
means and supported by the support means. The sub;
strate held by the holding means is vertically moved by
the 1ift means relative to the éupport means.. Further,

20 the substrate moved upward relative to the support

means is rotated by the rotating means.



this case, the substrate surface can be dried in about 20 seconds. If the
substrate Gis rotated in step S7 - 44 - at a fotation speed exceeding
2000 rpm the washing liquid centrifugally renoved fromthe substrate
surface is scattered to forma mst. As a result, the washing liquid is
attached again to the substrate surfag the other hand, if the
rotati on speed of the substrate Gin J; S? Is |ower than 1200 rpm the
drying time is rendered excessively long. After the drying in step S7,
supply of the drying gas fromthe nozzle 151 positioned above the cup 122
10 Is stopped. Also, the rotation of the notor 125 is stopped under
control by the control neans 127 so as to stop rotation of the substrate G
hel d by the spin chuck 121, thereby finishing the treatnent in the
devel opi ng unit 120 (step 8) e —the—H arm 74a of t he
processing system sho Syt -___~_ :

SO as to receive the ¢ g
arm 74a i s noved out of the devel oping unif
substrate G 20 from the devel opi ng uni t

201 t her eby Qpload|no t he
O'(step S9).
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Support pins 117 simlar to the support pins 17 used in the first
enbodi nent and a nechanismrelating to the support pins 117 are al so used
in the second enbodi nent as shown in FIG 11. These support pins 25 117
are the sane in function as the support pins 17 described in conjunction
with the first enbodiment. To reiteragﬁ/1(pese support pins 117 make it
possible to - 45 - prevent the substrate G from being bent, leading to a
uni form coating of a process solution. In the second enbodi nent, the
processing nethod of the present invention is applied to a devel oping unit
5 incorporated in the process systemof an LCD substrate. However, the
net hod of the present invention can also be enployed for an etching
treatment, a washing treatnent, etc. Al so, the present invention can al so
be enpl oyed for the processing of othéy substrates such 10 as a silicon
wafer. Further, the washingi-gGid supply nozzle 150 can be constructed to
be novabl e over and 7{)35 the cup 122 &gkgthe devel opi ng sol uti@g supply
nozzle 155. Still fuytNher, the drying gas\ Supply nozzle 151 can be nade
stationary. 15 ; Addi t i onal advanté%fs and nodi fications QEBI




readily occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limted to the specific details and representative
enbodi ments shown and descri bed herein. Accordingly, various 20

nodi fications may be nmade wi thout departing fromthe spirit or scope of the
general inventive concept as defined QZ/gpe appended clains and their

equi val ent . - 46 - CLAIMS 1. A processi’ng apparatus, conprising: holding
means for rotatably holding a substrate to be processed; 5 - support
means for supporting an overhangi ng portion of the substrate extendi ng over
an edge of the holding nmeans so as to maintain the substrate surface

hori zontally flat; process solution supply nmeans for supplying a 10

process solution to a front surface of the substrate held by said hol ding
means and supported by satgl suppQrt mneags; Ihft nmean®for vertically noving
t he substrate held evpol di ng neansIrel @i ve to the support 15

nmeans; and {
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rotating neans for rotating the substrate noved upward relative to the
support neans. 2. The processing apparatus according to claiml, wherein a
washing liquid flow out section is formed at 20 the tip of the support
portion of said support means. 3. The processing apparatus according to
claim1, further conprising drying ”quf gor bl owi ng a dryi ng gas agai nst
the tip of the support portion of the uL ort nmenber. 25 4. The
processi ng apparatus according to claim1l, further conprising neans for
supplying an after- treating liquid to the front surface of the substrate
- 47 - and also supplying a washing liquid to a rear surface of the
substrate. 5. The processing apparatu o claiml, further
conprising: 5 a recover surround the
substrate; process solution re s iBrig ng the

ery neans whi ch perm

substrate at a first rotati on/Speed so as to recover thé rocess solutlon
centrifugally renoved } ﬂ" “fromthe $ubstrate in said rebqurﬁ vesse
)t‘/_;’—"\\ \
—'\--’17 ' ) . ~ - \
& /5 : o, 17--00°
, / C’ l\‘ \ \\
/ / \ \
/ / Y \
| / \ ,96
[ A\ ) ,{ AN
| e Y0 ' olg~ !
{ 56-7 <\ 1% !
\ |
i !

FIG 5

17 /50
51 _
CONTR%IL | 9
52 54b
/ @ 540

15
FIG 6



™

washi ng means which permts supplying a washing liquid onto the front
surface of the substrate and also permts rotating the substrate at a
second rotation speed so as to wash the substrate; and 15 drying
means which permts rotating the substrate at a third rotation speed so as
to dry the substrate. 6. The processig%/fgparatus according to claimb5,
wherein said first rotation speed is 0 150 rpm said second rotation
speed is 100 to 200 rpm and said 20 third rotation speed is 1200 to
2000 rpm 7. The processing apparatus according to claimb5, wherein said
process solution recovery nmeans serves to supply a washing liquid onto the

front surface of the substrate. 25 8. The processing apparatus
according to claimb5, wherein said washi ng neans serves to supply a washing
liquid onto the front surface of the substrate. -48- 9. The processing

apparatus according to claim5, wherein said drying neans serves to supply
a drying gas onto the front surface of t substrate. 10. The processing

apparatus according to ClFL%IS’.ﬁ'"“"Mh in said substrate isggectangul ar
and said process —-- === == CONTROL 9 /{/
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A 17
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59
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solution supply nmeans is noved al ong the shorter side of the rectangul ar
substrate for supplying a process solution onto the front surface of the
substrate. 11. A processing nmethod, conprising the steps of: 10

(a) - coating a front surface of a substrate to be processed with a process
solution, said substrate being held by ngplng means and havi ng an
overhanglng portion, which extends ove edge of said hol di ng neans,
supported by support neans to maintain said front 15 surface of the

substrate horizontally flatg, (b) noving upward the

hol di ng nmeans rel ative to said support nmeans; and ( &ﬁ”@% %g dlng
nmeans to centrifugally renove sail sgl uti1on SHBS fbstrate.

12. The processing net hod according ]oLclaim:tL further conprising after

said step (C) the step of supplying ah after-treating liquid to the front

surface of e te a so supplying a himg liquid to the rear
surface of ﬁéﬁi leg Eg”?5 13. The p cggsing nmet hod accordi ng

to claim1l, wherein the washing liquid is allowed to flow out through the
tip portion of the support means durin <
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said step (C). 14. The processing nethod according to claim 13, wherein a
drying gas is blown against the tip portion of the support neans after

conpl etion of the washing 5 liquid flowout fromthe tip portion of the
support neans. 15. The processing nethod according-'to claim 11, further
conprising the steps of: arranging a rfefdQery vessel to surround the 10
substrate; rotating the substrate at a first rotation speed to
centrifugally renove a process solution fromthe substrate surface, the
renmoved process solution being recovered in said recovery vessel; 15
supplying a washing liquid onto the front surface of the substrate while
rotating the substrate at a second rotation speed so as to wash the
substrate; and rotating the substrate at a third rotation speed so as to
dry the substrate. 20 16. The—pkocessing net hdyl according to claim
15, wherein said first rotation speed i -d- second

rotation speed is 100 to 200 rpm and sa third rojationfdpeed is 1200 to

2000 rpm 17. The processing net hod acco 'ﬁb to cléin115 25 wherein a
sur he dfrate in the

S S

washing liquid is supplied onto the fron
step of recovering the
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process sol ution. - 50 - 18. The processing nethod according to claim
15, wherein a washing liquid is supplied onto the front surface of the
substrate in said washing step. 19. The processing nethod according to
claim15, 5 wherein a recovery vessel is not arranged to surround the
substrate in said washing step and drgi;ngostep. '20. The processing net hod
according to claim 15, wherein a drying arr is supplied to the front
surface of the substrate in said drying step. 10 21. The
processi ng nmethod according to claim 15, wherein said substrate is
rectangul ar and said process solution supply neans is noved al ong the
shorter side of the rectangul ar substrate for supplying a process sol ution
onto the front surface of the substrate. 15 22. A processing
apparatus, substantially as herei nbefore described with reference to FIGS.
2 to 14. 23. A processing nethod, substantially afzaereinbefore descri bed
with reference to FIGS. 2 to 14. -_—
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