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TITLE OF THE | NVENTI ON METHOD OF REMOVI NG COATED FI LM FROM SUBSTRAZE (Hisée"
SURFACE AND APPARATUS FOR REMOVI NG COATED FI LM BACKGROUND OF THE IwygNTICN
5 The present invention relates to a method of renoving 1 ¥m such
as a pelyimde resin film (provided for protecting a circuit pattern forned
on a substrate, e.g., a semiconductor wafer) lcoated on a substrate froma
substrate edge surface, and also relates to an 10 apparatus for
renmoving the coated film In a photolithographic proce5f|fo¥ a 4 by th

sem conductor device, a desired p | t |s usua y formed by e
steps of coating a photoresist ovgiigﬁ%éﬁf Qﬁa YENTEP | subj ecting the
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waf er formation step, is conplete e Insulating protéecting layer is

formed by gse of a spifh&optesehd iﬂ@eﬁeﬂsn\/@alaéeé nebhg hEERSE &PaLI Ng.
When the spin coater is used, a coating 25 solution is supplied to the
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is therefore dispersed and spread over the entire wafer
for protecting a circuit pattern formed on a substrate,

e.g., a semiconductor wafer) coated on a substrate from
a substrate edge surface, and also relates to an
10 apparatus for removing the coated film.

In a photolithographic process for a semiconductor
de#ice, a desired pattern circuit is usually formed by
the steps of coating a photoresist over a semiconductor
wafer, subjecting the coated resist film to a pattern-

15 exposure process, followed by performing dry-etching
using the resist film thus patterned as a mask.
Finally, a resin such as polyimide is coated on the
desired pattern circuit to form an insulating layer for
protecting the circuit. In'this manner, a preparatory

20 step of manufacturing a semiconductor device, namely, a
wafer formation step, is completed.

The insulating protecting layer is formed by use
of a spin coater in the same way as inhthe resist
coating. When the spin coater is used, a coating

25 solution is supplied to the center of the wafer while
the wafer is being rotated. The coating solution is

therefore dispersed and spread over the entire wafer



-2- surface by virtue of centrifugal force. The resultant filmcan be
obtained in a uniformthickness. However, the wafer coating nmethod with the
polyimi de resin by use of the spin coater has the 5 foll owing two
problens. First, aresin solution is partially atfached to a circunference
edge surface 9d of and a rear surface 9¢c tn Zhe-vicinity of 9d of the
wafer, as shown in FIG 2. Since the viscosity of the polyimde resin
solution is so high that it is 10 difficult to separate it
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The particles are scattered around the holder and attach to the wafer. To
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is applied to the coated film 30a by supplying a solvent froma nozzle

while the wafer io¥ keid@g st edrdfadd@csae thnRticasity oP3d RF ahe
wafer, as shown in FIG. 2. Since the viscosity of the
polyimide resin solution is so high that it is

10 difficult to separate it centrifugally from the wafer.
Second, with the passage of time after coating, the
film formed on the wafer edge surface 9 becomes thicker
than that formed on the other portion by the influence
of surface tension and the like. When the film 30a

15 coated on the wafer edge surface 9 presents the state
as shown in FIG. 2, an arm holder for use in
transferring the wafer adheres the coated film 30a
still wet. If so, when the wafer is removed from the
arm holder, the wafer jumps up, resulting in miss-

20 positioning (transfer error). When the polyimide resin
solution attached to the arm.holder is dried, it
changes into particles. The particleé are scattered
around the holder and attach to the wafer.

To remove the coated film 30a from the wafer edge

25 surface 9, side-rinse is applied to the coated film 30a
by supplying a solvent from a nozzle while the wafer is

being rotated in the same manner as in coating a



-3- posi-resist. Thereafter, the coated film30a is centrifugally shaken
off wwth the hel p of vacuum and bl ow, and dried. However, a sol vent
contained in the polyimde 5 resin solution is difficult to vaporize,

it therefore takes a long tinme to dry the coated filmconpletely at room

t enperature. Hence, when the coated film30 i3 renoved fromthe wafer edge
surface 9 by pouring the solvent to a half-dried coated film 30a, the
pol yi m de 10 resin solution partly flows out fromthe hal f-dried coated

film 30a duri h i de-r.i / Ki ng- of f h th f
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a vacuun}absorpti%ﬂo&yp%hgpd&ﬁ_hp the transfer error. However, the
vacuum absorption typ€ arm hol'der is conplicated in structure, so that it
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circunference surface, and a bevel surfaCe, and al so
room temperature. Hence, when the coated film 30 is
removed from the wafer edge surface 9 by pouring the
solvent to a half-dried coated film 30a, the polyimide
10 resin solution partly flows out from the half-dried
coated film 30a during the side-rinse/shaking-off step
and attached on the wafer edge surface 9 (coated film
removed portion). As a result, the saﬁe problems as
mentioned above such as the transfer error and particle
15 contamination may be arisen.

It may be possible to employ an arm holder of a
vacuum-absorption type to avoid the transfer error.
However, the vacuum-absorption type arm holder is
complicated in structure, so that it is unpreferable in

20 view of particle reduction.
BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method for removing a coated film from an edge surface
of a substrate, which is capable of rehoving the coated

25 film from the edge surface of the substrate including
peripheral portions of upper and lower surfaces, a

circumference surface, and a bevel surface, and also



-4- provide an apparatus for renoving the coated film The nethod for
removing filmfromthe edge surface of a substrate according to the present
i nvention conprises the steps of: 5 (a) formng an insulating
filmfor protecting a circuit pattern on the substrate by pouring an

i nsul ating resin solution on a circuit-parteﬁn fformation surface of the
substrate; (b) rotating the substrate having the insulating 10 film
coated thereon; (c) renoving the insulating filmby pouring a solvent on
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substrate is perfor le gas 1's being sprayed directly onto the edge
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solvent to be usedidduit st d On tHe 'Substrate by pouring an

insulating resin solution on a circuit-pattern

formation surface of the substrate;

(b) rotating the substrate having the insulating

10 film coated thereon;

(c) removing the insulating film by pouring a
solvent on the edge surface of the substrate, while the
substrate is being rotated; and

(d) accelerating dehydration of the insulating

15 film by takiné at least one action selected from the
group consisting of spraying gas to the edge surface of
the‘substrate and performing a local evacuation of a
region in the proximity of the edge surface of the
substrate, while the substrate is being rotated.

20 In the step (d), it is preferable that the local
evacuation of a region in proximity of the edge surface
of the substrate is performed while gas is being
sprayed directly onto the edge surface of the substrate.

In the step (b), it is preferable that the

25 substrate be rotated at a speed within the range of 10

to 1000 rpm.

As the solvent to be used in the step (c), it is



-5- preferred to use a solution mxture of isopropyl alcohol and either
normal nehtyl pyrrodi none or nethyl methoxypropionate. In the step (d), it
is desired to spray the gas 5 on the edge surface of the substrate
along the radius of the substrate froma center to a periphery of the
substrate. In the step (d), it is desired-to3supply the solvent in a
direction perpendicular to the circuit- 10 pattern formation surface of
the substrate. In the step (d), it is desired to spray the gas in _
substantially the that of the solvent is supplied; In

gg al ] el girection t !
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The apparatus for reno coated filmfrom an edge surface of g
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renoving the filmfromthe edge surface o ubstrate
of the substrate from a center to a periphery of the

substrate.

In the step (d), it is desired to supply the

solvent in a direction perpendicular to the circuit-
10 pattern formation surface of the substrate.

In the step (d), it is desired to spray the gas in
substantially the parallel direction to that of the
solvent is supplied;

In the step (d), it is preferred to increase the

15 intensity of the gas spray stepwise.

In the step (d), the gas spray is preferably
initiated after the solvent supply is initiated.

In the step (d), the gas spray is preferably
terminated after the solvent supply is terminated.

20 The apparatus for removing a coated film from an
| edge surface of a substrate, comprising:

a spin chuck for holding and rotating a substrate
having a circuit-pattern formation region coated with
film made of an insulating resin;

25 a nozzle for a solvent for melting and removing
the film from the edge surface of the substrate by

pouring the solvent on the edge surface of the



pouring the solvent on the edge surface of the -6- substrate on the spin
chuck; and dehydration accel erating neans for accel erating dehydrati on of
the filmby generating a gas flow in an anbi ent atnosphere surrounding the
edge surface of the 5 substrate on the spin chuck. The gas flowis
generated by the dehydration accel erati ng-ne&ns - n the anbi ent atnosphere
surroundi ng the edge surface of the substrate while the solvent is being
poured onto the edge surface of the substrate fromthe solvent nozzle. 10

The apparatus is fuyt referred tp ve contr |lers for controlling a
rotation speed of th@ F% gﬂuéée %P%%I@%%ﬁ $y amount from the sol vent

I dth fl h d t | t
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It is further preferable that the appalatus
by the dehydration accelerating means in the ambient

atmosphere surrounding the edge surface of the
substrate while the solvent is being poured onto the
edge surface of the substrate from the solvent nozzle.

10 The apparatus is further preferred to have
controllers for controlling a rotation speed of the
spin chuck, a solvent supply amount from the solvent
nozzle, and the gas flow formed by the dehydration
accelerating means.

15 The dehydration accelerating means preferably has
at least one selected from the group consisting of a
gas nozzle for spraying the gas to the edge surface of
the substrate and a sucking nozzle for evacuating an
ambient gas surrounding the edge surface of the

20 substrate.

It is further preferable that the apparatus
comprise nozzle moving means for moving the gas nozzle
to align the gas nozzle with the edge surface of the
substrate.

25 It is further preferable that the apparatus
comprise a coating-solution supply nozzle for coating

an insulating resin solution on the circuit-pattern



conprise a coating-solution supply nozzle for coating an insulating resin
solution on the circuit-pattern -7- formation surface in order to form
an insulating filmfor protecting the circuit-pattern formation surface on
the substrate. In the present invention, since the coated filmis 5
accelerated to dry by spraying gas onto the édge surface of the substrate
and by sucking the anbient atnosphere in the proximty of the edge surface
of the substrate, the substrate can be rotated at a | ower speed than that
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surface can be kQ%k:g%bsRﬁéﬁéﬁuL It should be noted in a conventi ona
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met hod that when a warer 8-inch dianeter is used as the substrate, a
solvent is supplied t fﬁF@hé ace; whd | t '
being rotated at a spge%r\%bé%é%‘gﬁﬁi gh as g%%’ r%lm%% g%%{% [ n#gfuﬂ(?:hi%s a

Posti 1. The pol v e i of LS SRS SR BN e 4R v ng
region to contamgigifdd of tHONHUBSEratd 4t B GREking el I Mbisitice the
atmosphere in the proximity of the edge surface of the
substrate, the substrate can be rotated at a lower
speed than that employed in a conventional apparatus.

10 Therefore, the flowing-out of the coated film toward
the edge surface of the substrate due to centrifugal
force (the flowing-out occurs even if.a difficult-to-
dry resin, such as polyimide, is used). can be prevented.
As a result, the substrate edge surface can be kept

15 clean.

It should be noted in a conventional method that
when a wafer W of 8-inch diameter is used as the
substrate, a solvent is supplied to the substrate edge
surface while the substrate is being rotated at a speed

20 as high as 500 rpm, a coated film such as a polyimide
film receives a large centrifugal force before it dries.
As a result, the polyimide film is broken and flows out
to the film removing region to contaminate it.

In contrast, in the present invention, since the

25 film is dried simultaneously with removing the film,

the rotation speed of the substrate can be reduced.

The film therefore does not receive a large centrifugal



25 “filmis dried simul taneously with renoving the film the rotation
speed of the substrate can be reduced. The fil mtherefore does not receive
a large centrifugal -8- force before it dries. Consequently, the filmis
not broken and no contam nation occurs. Additional object and advant ages of
the invention will be set forth in the descri8ti-on which follows, and 5
in part wll be obvious fromthe description, or may be | earned by practice
of the invention. The object and advantages of the invention may be
realized and obtaipned b the insgrunenta es . and.¢ nbtna- I ons
particul arly p0|n#%ﬁc8u¥eE§thégaﬁﬁéﬁﬁéd é?gfﬁguegbiy the E&Eﬁ SCRF PTI ON
OF THE SEVERAL VI g drawi ngs, which are
BBiSh dbl PEAL a‘!, hEad PR 2E6RMBEONLRY dF Wl ng:

i ncorporated in and cons e specification, illus- trate

presently preferred enpady BhﬁloébSQEt'Qﬁﬁ”%&ngtéagg; geERSTiHQEHtﬁgﬁthe

general description given a ove et al escri.ption o

preferred enbodi - wﬂ?ﬁ]tﬁe%&%ngQE{:HWmSEh&edéQcﬂB{:i‘bﬁ {ASchr e8e ol85 Rhat he
invention. FIG 1 1s a block diagramof a coated film renoving apparatus

froma subsjrate sﬂlgzgawwﬁ B8 obv1aﬁ§0f9bﬂgthe a8serpdi 8RN 0P mbPebe
present invention; G Is a magni fied view of a substrate edge surface
coated with a fil mpaFh&d Byl pract®esi beefhaninsefBlibhi, edThbe¥b9éce and
advantages of the in&ention may be realized and
obtained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.
10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
15 and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.
FIG. 1 is a block diagram of a coated film
removing apparatus from a substrate edge surface
20 according to an embodiment of the present invention;
FIG. 2 is a magnified view of a substrate edge
surface coated with a film;
FIG. 3 is a magnified and simplified view of a
substrate edge surface and a coated film removing
25 apparatus when the coated film is remerd;
FIG. 4 is a magnified and simplified view of a

substrate edge and a coated film-removing apparatus



substrate edge surface and a coated filmrenoving 25 appar atus when the
coated filmis removed; FIG 4 is a magnified and sinplified view of a
substrate edge and a coated fil mrenoving apparatus -9- when the coated
filmis renoved according to another enbodinent; FIG 5 is a magnified and
sinplified view of a substrate edge and a~codt ed filmrenoving apparatus 5

when the coated filmis renoved according to still another enbodinent; FIG
6.is a magnified and sinplified vieM/of a substrate edge and a coated
filmrenoving apRafe Ush 14y Sa ' SERIEA: A5 LS DG AL, 2
further 10 enbodi rrent FIG gij? owc art owﬁ%ﬁ step of
renovi ng f|In1c0QH%%d{héﬁ@ substrate edge surface accordlng to an

enbodi mrent of the present i hvention; and 15 FI GS. 8A, 8B and 8C

show tim ng-charts w thrgespecs éQm&@bﬁfi@&eaﬁ@t@imﬁnlﬁpéedVLéQ'afné
di scharge amount, and gas spray anmount enployed for” rempving the coated

filmfromthe sutmibﬁmtﬁélge&igielréﬁéa dESREL £ VBhYrem®ving apparatus

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Now, preferable enbodinents of the

present indenti owhen |the cogted nedlmi id reaspesd docdbding to still
another embodiment;

FIG. 6 is a magnified and simplified view of a
substrate edge and a coated film-removing apparatus
when the coated film is removed according to a further

10 embodiment;

FIG. 7 is a flow-chart showing the steps of
removing film coated on the substrate edge surface
according to an embodiment of the present invention;
and

15 FIGS. 8A, 8B and 8C show timing-charts with
respect to substrate rotation speed, solvent discharge
amount, and gas spray amount employed for removing the
coated film from the substrate edge surface,
respectively.

20 DETAILED DESCRIPTION OF THE INVENTION

Now, preferable embodiments of the present
invention will be explained with respect to the
accompanying drawings.

As shown in FIG. 1, a coating unit (COT) 1

25 comprises a spin chuck 2 for holding a semiconductor
wafer W almost horizontally by absorption force, a

cup 8 surrounding a wafer W mounted on the spin chuck 2



acconpanyi ng drawi ngs. As shown in FIG 1, a coating unit (COT) 1 25
conprises a spin chuck 2 for holding a sem conductor wafer W al nost

hori zontally by absorption force, a cup 8 surrounding a wafer Wnounted on
the spin chuck 2 - 10 - for receiving a solution centrifugally separated
fromthe wafer Wand discharge it. A casing 8D of the coating unit (COT) 1
has a side opening 54. An arm hol der 61 of a transfer arm nmechanism60 is 5
| oaded/ unl oaded to/fromthe coating unit (COI) 1 through the opening 54. A

of & pul se motor B DAY s iR e st B Serdedidd eld by
a controller 20. Oe wafer arH‘ediM%gqé)Lifé{]e £Up %J(-)ljl'\]? cyaspat by an

evacuati on means {nhot shown) Via a cen he" bot by way of the

i nsi de of the pul {Eﬁéﬂ . i ' s POr 4 rmed in
t he bottom of theé%Jp . ﬁ%%%@#%gi J?%%ﬁ%r%jéé%m%?gp s"g%bnr&t%e to a 15
drain tank 6 by way) dr % fI'G# Na PSSP ard UddIAADER 66 hes drain tank 6 is

connected to a tank (not shown) set Iin a factory by way of a line 7. The

di scharge gol uti bdded/ eelvdded i srsie the corutingAnit TheoTpp 8 has an
upper opening. The wafer Wis nounted on 20 the spin chuck 52 by the

transfer arm meciiardedh 66hd Nepeting M4 LpEerlepeni Pt Noh eof helie tdpinipper
opemng chuck 2 is connected to a rotation-driving axis of a
pulse motor 3. The power source of the pulse motor 3
is controlled by a controller 20.

10 The inside of the cup 8 is evacuated by an
evacuation means (not shown) via a center of the bottom
by way of the inside of the pulse motor 3. A plurality
of discharge ports 4 are formed in the bottom of the
cup 8. Each of the discharge ports 4 is connected to a

15 drain tank 6 by way of a drain passage 5. Furthermore,
the drain tank 6 is connected to a tank (not shown)
set in a factory by way of a line 7. The discharge
solution is discharged outside the unit (COT). The
cup 8 has an upper opening. The wafer W is mounted on

20 the spin chuck 52 by the transfer arm L mechanism 60
through the upper opening. Note that the upper opening
of the cup 8 is designed to be covered with a closable
cover (not shown).

A first nozzle 11 is detachably provided at a free

25 end portion of a horizontal arm 14 by means of a

holder 17. The base end portion of the horizontal

arm 14 is supported by a nozzle operation mechanism 15.



of the‘cup 8 is designed to be covered with a cl osable cover (not shown). A

first nozzle 11 is detachably provided at a free 25 end portion of a
horizontal arm 14 by nmeans of a holder 17. The base end portion of the
horizontal arm 14 is supported by a nozzle qperati on nechani sm 15. The

nozzl e operation mechani sm 15 has an X—aiislﬂnvrhg nmechani sm Y-axis noving
mechani sm and Z-axis noving mechanism (all are not shown). A Y-axis guide
rail 16 is formed on a unit bottom plate 52. The nozzle 5 operation

nmechani sm 15. i s q:ﬁ)éaﬁb%zil% %)?)%rgiﬁ)éins F\%icrf%%iis% ¥ ﬁ‘pc'% tf}e iﬁéﬁ%%‘%&'ﬁ%gr

Y-axi s nmovi ng nmechani sm rst nozz I's vertically nova
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in the coating unit The nozzl e stan ace 1n

which the first Bgzzbemby ool al RNAREHRLLYM platicdyd N9 nozae for the
operation. In the stand-by position, the solution discharge port of the

first nozzbke 11 bperBE3bhChelchatiStl SN AIMRAUMY & L RAB S axdf\e Nozzle
hol der 17 houses a tenperature controller (not shown) which controls a

coating sol uti onqdiréetabacdibngmhie rdd1 16 Wy theozzd:6i sl i iy cOnst ant
tenperature. An edge surface cleaning mechaniSm 25 is provided

mechanism. A first nozzle 11 is vertically movable
together with the arm 14 by the Z-axis moving mechanism.
The nozzle 11 is further movable in the X-axis

10 direction by the X-axis moving mechanism.

Note that a nozzle stand-by position (not shown)

is provided next to the cup 8 in the coating unit
(COT) 1. The nozzle stand-by position is a place in
which the first nozzle 11 not in operation is standing

15 by for the operation. 1In the stand-by position, the
solution discharge port of the first nozzle 11 is
inserted in a solvent atmosphere chamber. The nozzle
holder 17 houses a temperature controller (not shown)
which controls a coating solﬁt;on discharged from the

20 first nozzle 11 at a constant temperature.

An edge surface cleaning mechanisﬁ 25 is provided

in the proximity of the edge surface 9 of the wafer W.
The edge surface cleaning mechanism 25 comprises a
second nozzle 21, a third nozzle 22 and a sucking

25 nozzle 23 for evacuation. The second nozzle 21 is

connected to a solvent supply source 42 and works for

discharging a solvent toward the edge surface 9 of the



in the proximty of the edge surface 9 of the wafer W The edge surface
cl eani ng nmechani sm 25 conpri ses a second nozzle 21, a third nozzle 22 and a

sucki ng 25 nozzl e 23 for evacuation. The second nozzle 21 is connected
to a solvent supply source 42 and works for discharging a solvent toward
t he edge surface 9 of the - 12 - wafer. WyaThe sol vent supply source 42

contai ns solvents such as isopropyl alcohol and either nornal
met hyl pyrrodi none or methyl methoxypropionate. The third nozzle 22 is
connected to. a gas supply source 44 5 and used for spraying gas to the
edge surface 9 ovafhe Waf eThe/ sPAvegds ssyppllyy seouncee 424 comrdadinss an i nert
gas such as a nitrogen gas or an argon gas. The third nozzle 22 is novably
supported by an aphvents shnownpsofisepropaile ahoohod madheditherd@orkaile t hat
dry air may be 10 supplied to the third nozzle 22 instead of the inert
~gas. The tips of mgtbrhaygyeoganegeopr metdydome thosypropd onetsl.es Thg, 23 are
made thinner. For exanple, the inner dianmeters of the second and third -
nozzl es 22, 23 aFBludsnAggaRd22. dspronnestes: iteeldy gasSsyeplyuseuaces 44
thin-tip szzles taus cgnﬁtructed are enpl oyed, the solvent and gas can be
sprayed out vi goPBisP§edi hereSEFAYiNG Sase oV ithe £608 SRTiagea IoPakhfg
ability. The sucti n zzI§523 for evaﬁyation I s connected to a,suction

n
side of an evacug?ESH ppafdBugasg supplyy sourcg 44 CRRLAIRS.AT AL Ehe edge

surface 9 of theg&@fgﬁcgyas a nitrogen gas or an argon gas. The third

nozzle 22 is movably supported by an arm (not shown) of
a ﬁozzle moving mechanism 46. Note that dry air may be

10 supplied to the third nozzle 22 instead of the inert
gas. The tips of discharge ports of the second and
third nozzles 22, 23 are made thinner. For example,
the inner diameters of the second and third nozzles 22,
23 are 0.5 mm and 1.0 mm, respectively. .Since such a

15 thin-tip nozzles thus constructed are employed, the
solvent and gas can be sprayed out vigorously,
increasing film-removing ability and a cleaning ability.

The suction nozzle 23 for evacuation is connected

to a suction side of an evacuation apparatus 48, so

20 that the region near the edge surface 9 of the wafer W
is widely evacuated. The suction port of the
evacuation suction nozzle 23 is sufficiently wide to
cover the wafer edge surface 9 iﬁcluding the rear
surface 9c.

25 The third nozzle 22 and the suction nozzle 23 for
evacuation serve as a dehydration accelerating means

for coated films 30a and 30 when a solvent (coated film



I's widely evacuated. The suction port of the evacuation suction nozzle 23
Is sufficiently wide to cover the wafer edge surface 9 including the rear

surface 9¢c. 25 The third nozzle 22 and the suction nozzle 23 for
evacuation serve as a dehydration accelerating neans for coated filns 30a
and 30 when a solvent (coated film - 13 13rempving solution) is poured.

For exanple, dry air or dry nitrogen gas is supplied fromthe third nozzle
22. The third nozzle 22 and the suction nozzle 23 for evaluation may be
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transferred to tggF%Q§h! ﬁggk§£ﬁggtg%d%%ﬁgfgﬁétggﬂ1Hgggggi§§1§§6 The waf er

Wis inserted to er W der e arm nechani Sm into the

coating unit via | I | 4 n.15 _ the
spin chuck 2 (St eey%l‘{a%%%ayﬂ%:%v%a efgq'?gﬁg S%H?%gms{%%ﬁg%ﬁugt &o/n
absorptiong s be@yhd¥¥éﬂégaéﬂyp.predeternined speed, a predeterm ned
anount of the polyimde resin“solution is poured dropwi se fromthe first

nozzle 11. In this manggr, &S0 WdAhirS how to remove the coated film
from the wafer edge surface with reference to FIGS. 7
and 8A to 8C.
After formation of a predetermined circuit pattern
10 on the wafer surface is completed, the wafer W is
transferred to the coating unit by the transfer arm
mechanism 60. The wafer W is inserted together with
the holder 61 of the arm mechanism 60 into the coating
unit via the loading/unloading port 54 and mounted on
15 the spin chuck 2 (Step S1). While the wafer held on
the spin chuck by absorption is being rotated at a
predetermined speed, a predetermined amount of the
polyimide resin solution is poured dropwise from the
first nozzle 11. In this manner, the solution is
20 spread over the entire surface of the wafer W to form
an insulation protection film 30 (Step. S2). The
thickness tl of the insulating protecting film 30 thus
formed is almost uniform within the range of 3 to 10 um
except the wafer edge surface 9. However, the
25 insulating protecting film 30a is formed thicker on the
wafer edge surface 9 than that of other portion, as

shown in FIG. 2, since the polyimide resin solution is



26 .spread over the entire surface of the wafer Wto forman insulation
protection film30 (Step.S2). The thickness tl of the insulating protecting
film30 thus formed is alnmost uniformwi thin the range of 3 to 10 [err]m

except the wafer edge surface 9. However, the 25 " insulating protecting
film30a is fornmed thicker on the wafer edgeldurface 9 than that of other
portion, as shown in FIG 2, since the polyimde resin solution is - 14

- highly viscous. The "wafer edge surface" used herein inclﬁdes a W
peri pheral portiop, f tte fqrmation surface of the substrate

a bevel surface 9 }8§l%eyﬁgﬁgggr p@ﬁ?ioﬁggfrbﬁsgﬁes f?h:ﬁﬁ@g, ?:§ﬁ5of
circunference edg e t r C rQl s oper at

t he nozzl e novinggg%ggéggug ggrggﬁggggrkgkgﬁgnpggi%&%ﬁ n@ag%ﬁF%ectlon of

h le 22 rel api : Bnt t Lt @4.(S : tathon af the wafer W
}seigﬁffafed a[eag%gMStHBFi%gr%§P%t6$oE2é %ﬁ%ﬁﬁ§%#eFﬁ%.%8k%W§@e “§§ € At a

time point 11 aflgh,!Bepedihben1speedich vBeqtalfle PeoaTler LISty 2t 2

normal speed of 200 rpny solvent supply fromthe second nozzle

waf er edge surfaceifchferbhtat edgensaprapBuoy, Vo (m/nin) as 15 shown
in FIG 8B (Step 5). Subsequently, spray gas supply fromthe third nozzle

22 is initiated at a tThe pontiollerTR® TupRrvla WY dperdedfilorlofViHe OM a
time point T2 to atine point T3, so that the intensity of

nozzle moving apparatus 46 to determine a position and
a direction of the nozzle 22 relative to the substrate
(Step, S3). Rotation of the wafer W is initiated at a

10 time point Tg as shown in FIG. 8A (Step S4). At.a time
point T; after the rotation speed of the wafer W
reaches constant at a normal speed of 200 rpm, solvent
supply from the second nozzle 21 to the wafer edge
surface 9 is initiated in an amount Vg (ml/min) as

15 shown in FIG. 8B (Step 5). Subsequently, spray gas
supply from the third nozzle 22 is initiated at a time
point Tp. The supply amount is kept at V; from a time
point Ty to a time point T3, so that the intensity of
the sprayed gas is weak as shown in FIG. 8C (Step S6).

20 At a time point T3, opening dégree of a valve of a
flow-rate controller is switched in such a way that the
supply rate of the gas from the third nozzle 22
increases from V; to Vp. The gas is supplied in an
amount of V; from time T4 to time T4z (Step, S7). The

25 supply of the solvent from the second nozzle 21 ig

terminated at a time point Tg (Step S8). As mentioned

above, it is preferable that the spray amount of the



the sprayed gas is weak as shown in FIG 8C (Step S6). 20 At a tine
point T3, opening degree of a valve of a flowrate controller is swtched
in such a way that the supply rate of the gas fromthe third nozzle 22
increases fromV1l to V2. The gas is supplied _in an amount of V2 fromtine
T4 to tinme T6 (Step, S7). The 25 supp1y¥§ the sol vent fromthe second
nozzle 21 is termnated at a tinme point T5 (Step S8). As nentioned above,
it is preferable that the spray anount of the - 15 - gas be initially

ouand nereasel U U eerRpa o RNt Wi, VI ds Pl

rate of the gas is contro owever, a plura

supply rates (3 Qfel{rgqxea)tiw. b%&l:%eq:}hﬁy tHd %HES)&)?.&I %ate diltShe iF?F:lSi is

possible to efficie y prevent attachment o es and droplets onto

f fi i ] f f It o
the edge surface @ icQated il J&@%‘Qg‘,g.r{o%vglilh% \Bé#gra e&'—é’; SWepﬁagl;fs 9 be

preferable that the region in the proXimty o su

continuously evaggid, Yates @ o%“?&dx@) Yy e tﬁ@se%v_acg%t ivqri.lt?]l%goélfet ﬁg at

least in a tine period fromtinme T1 to time”"T6 (S5 to S

vapori zed sol venthyd i@tiégﬁiééi'bl@%oore@ﬁi@i@thI% :ﬂi%\)é@'ﬂcte%t%fa@ﬁm%‘ﬁrtf ace
9, with the result that the dehydration of the fil enoval region

(particularly 150f pdrhadieid RIRT Ardpliddso®ndd the RRIGeAle A koMt i o
region) is accelerated to obtain a cl'ean surface. The "particles and
droplets are effi(@catddy faNe irsiRETid'Hegion) of the wafer W.
It is preferable that the region in the proximity
of the wafer edge surface 9 be continuously evacuated
10 by suction using the evacuation nozzle 23 at least in a
time period from time T; to time Tg (S5 to 89). If so,
the vaporized solvent will not stay in the proximity of
the wafer edge surface 9, with the result that the
dehydration of the film removal region’ (particularly
15 the peripheral portion 9a of the pattern formation
region) is accelerated to obtain a clean surface. The
particles and droplets are efficiently and increasingly
prevented from attaching to the surface.
. At time Tg, the gas spray from the third nozzle 22
20 is terminated (Step S9). Then, at a time point Ty, the
rotation of the wafer W is terminated (Step S10).
Thereafter, the transfer arm mechanism 60 accesses the
coating unit. The wafer W is picked up from the spin
chuck 2 by thé holder 61 and unloaded from the coating
25 unit (Step S11).
According to the aforementioned embodiment, the

dehydration of the polyimide resin is accelerated by



prevented fromattaching to the surface. At tine T6, the gas spray fromthe
third nozzle 22 20 Is termnated (Step S9). Then, at a tine point T7,
the rotation of the wafer Wis termnated (Step S10). Thereafter, the
transfer arm nechani sm 60 accesses the coating unit. The wafer Wis picked
up fromthe spin chuck 2 by the holder 64 akfd unl oaded fromthe coating 25
unit (Step S11). According to the aforenenti oned enbodi nent, the
dehydration of the polyimde resin is accel erated by - 16 - the gas

Torsl o 23 for evRAARREBRRERIEReN T Tored s elehd G (Y IOy be
e dri ed oven | o PReBETETIS| ENE GRE CPAAE T et e Yampation. | 0 o
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1500 rpm. As a result, reattachment of the removed
film to the edge surface 9 of the wafer W due to .the
centrifugal force can be prevented.

10 As the wafer rotation speed, its upper limit is
preferably set at 1000 rpm to prevent reattachment of
droplets onto the rear surface 9c of the edge surface 9.
On the other hand, it is preferred to set the lower
limit at 10 xrpm. This is because if the rotation speed

15 of the wafer W is excessively lower, the film 30a
melted with the solvent is nﬁt efficiently shaken off.

As the solvent supplied from the second nozzle 21,
normal methylpyrrodinone (NMP), methyl
methoxypropionate (MMP), and isopropyl alcohol (IPA)

20 may be appropriately used. To accelerate the
dehydration of the film 30, IPA is preferred to be used
together with either NMP or MMP.

The present invention is not limited to the
aforementioned embodiments and may be modified in

25 various ways. For example, as the dehydration

accelerating means, the gas nozzle 22 may be provided

alone as shown in FIG. 4. Alternatively, the suction



As the solvent supplied fromthe second nozzle 21, normal nethyl pyrrodi none

(NMP), net hyl nethoxypropi onate (MW), and isopropyl alcohol (IPA) 20

may be appropriately used. To accelerate the dehydration of the film 30,

| PAis preferred to be used together with either NMP or MWP. The present

invention is not linmted to the aforenenti ongd enbodi nents and nmay be

nodified in 25 various ways. For exanple, as the dehydration

accel erating neans, the gas nozzle 22 nmay be provided al one as shown in

FIG 4. Alternativelx, t he suction .- 17 - nozzle 23 for _evacuati on may

be provi ded al onBP&31€hdinfPE eVacustipp MA¥ BpoPERYACRINEACBRHEE FBSWN t he

gas is sprayed fromthe nozzle %g to_the wafer W.in the direction fromthe
t

periphery to thelBeftEr 3rondMt hBesaforepgptiened, gbedimepte the §8871 e 22
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dry-state inert gféviaéﬁ a8 @nlwn in PrB[OFCQnE2S tAR 3X4RNcFATne®’ 2
car bon di oxi de gas. _
nozzle 22 is set at an angle o with the film 30 of the
wafer W. 1In this case, the gas from the nozzle 22 is
sprayed outwardly from the center of the wafer W. If
10  the latter case is employed, particles and droplets are
leaving from the wafer. Therefore, they may not attach
onto the wafer W.
As the spray gas for use in dehydration, dry air
may be used other than a dry-state inert gas such as a
15 nitrogen gas; an argon gas, or a carbon dioxide gas.
The gas to be used herein is desirably set at room
temperature. However, to accelerate the dehydration of
the film, the temperature may be set at a temperature
slightly higher than room temperature within the range
20 of 30 to 40°C. When a hot gas is used, the temperature
of the hot gas may not exceed 100°C, desirably.
In the aforementioned embodiment, a difficult-to
dry polyimide resin is used as the coating solution.
Other coating solution such as a photoresist is
25 applicable in the present invention. It should be
noted that the present invention is particularly

advantageous if a difficult-to-dry resin such as the



The gaé to be used herein is desirably set at roomtenperature. However, to
accel erate the dehydration of the film the tenperature nmay be set at a
tenperature slightly higher than roomtenperature within the range 20

of 30 to 40[err]C. Wien a hot gas is used, the tenperature of the hot gas
may not exceed 100[err]C, desirably. In the E8orenmentioned enbodinent, a
difficult-to dry polyimde resin is used as the coating solution. Qher
coating solution such as a photoresist is 25 applicable in the present
invention. It should be noted that the present invention is particularly
advant ageous if Pelyimiderresinris resed- s bprtheymere, a ﬁﬁwiéﬁﬂé%ﬁﬁﬁEka
resin is used. Furthernpre, a,sem conductor wafer,is used as a substrate in
the_aforenentioné@aéﬂ%oﬁ?n%ﬁ?g.a?bﬂe% STERLe ptRsbit FHOETHIS R ot
limted to the sem conduct or meﬁeré and @qubstratg for 5t' quyid
crystal display oPMPRLINERES ny HEEEYREY. TR RF AT t HRYRR bﬁ%§§%f“’

i nvention, since {he,dehydration_is.accel € sugkh n gased t he
proximty of the tﬁ%ig?gtgoeéb% §ﬁ?+%%%8%§#$% ?%@ggblgéﬁtgi% %lng(%dﬁgéd
on it, as pl ai ngd : . . O. p sgdhisgrate can
be reduced$¥ Ch_t%e}ggﬁég ﬁ%ﬂ%?égtdfgp%ggg%%l€h§of%g%3g% hFeeeattachnent-of
the removed resin fil mydug-henGeBbr LhuIpkebBhES  AYEALIn NEiACkYEREde Tesi N

(difficult to dry) is use ge surface of t he substrate can be
efficiently dehydration. is accelerated by sucking the gas from the
proximity of the substrate edge surface while the
solvent is being poured on it, as expiained above, the
10 rotation speed of the substrate can be reduced. On the
other hand, it is possible to prevent reattachment of
the removed resin film due to centrifugal force even if
the polyimide resin (difficult to dry) is used. Hence,
the edge surface of the substrate can be efficiently
15 cleaned. If the rotation speed of the substrate falls
within the range of 10 to 1000 rpm, the reattachment of
the removed film to the edge surface and the rear
surface in the vicinity thereof due to the centrifugal
force can be efficiently prevented. Furthermore, IPA
20 is used in combination with either NMP or MMP as the
cleaning solution, the coated film can be more
efficiently removed from the substrate edge surface.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
25 the invention in its broader aspects is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly, various



15 cleaned. |If the rotation speed of the substrate falls within the
range of 10 to 1000 rpm the reattachnent of the renoved filmto the edge
surface and the rear surface in the vicinity thereof due to the centrifugal
force can be efficiently prevented. Furthernore, |1PA 20 is used in
conbination with either NVP or MW as the cg aning solution, the coated
filmcan be nore efficiently renoved fromthe substrate edge surface.
Addi ti onal advantages and nodifications will readily occur to those skilled
in the art. Therefore, 25 the invention in its broader aspects is not
limted to the spedificadeébasl magnber spdeseithbutedephptingnfsomhens and
descri bed herein. Accordingly, various - 19 - nodifications may be nade
wi t hout departi ngpiirdin oheseppei bfothecgpeenhlt heavgrhival congepti &8 concept
as defined by the appended clains and their equival ent. 20 CLAIMS 1. A
met hod of renovi dgfanedabydthel appeoded péaipheant thgivneghivwatehstrate
conprising the steps of: 5 (a) formng an insulating filmfor
protecting a circuit pattern of a substrate by pouring an insulating resin
solution on a circuit-pattern formation surface of the



substfate; (b) rotating the substrate having the insulating film 10
coated thereon; (c) renoving the insulating filmby pouring a solvent on -
t he peripheral region of the substrate, while said subst ratEliq%edoHilsrB;enRepiaced

rotated; and (d) accel erating dehydration of_, the insulating
taking at | east one action selected fromt h@ogrd'up consistin ﬂ’m)}w
a gas to a border region between a region having the coating film

and a region having no coating filmthereon and perform ng | ocal evacuation
of aregion in proximty to the peripheraleidiumg region of the substrate,

while the substrate is being rotated. 2. The nmethod according to claima1,

wherein, in said step {d),aAthethodabs eVartM AP BoRtd®Uf Olin i frdd Qi Mty of
21 the peripheral region of the substrate is perforned while gas is being

supplied to the huiglersuefid®. of.a THbdBtdws cgarid ity tithe |stigpsl ofwher ei n,
in said step 5 (b), the substrate is rotated at a speed within the
range of 10 to 1000 rppa) 4fodiEngrednotnswlat thaof i m cfer npAotediaimy i as

the solvent to be used in said step (c¢), a solution m xture of 10
i sopropyl & coholciaruh it teetrteron neff aretuhd tyatreo dyn @mumingretrhyilnsulating
met hoxypropi onate, is used. 5. The nethod according to . claim1, wherein, in
said step resin solution on a circuit-pattern formation surface
of the substrate;
(b) rotating the substrate having the insulating
film coated thereon;

10 (c¢) removing the insulating film by pouring a
solvent on the edge surface of the substrate, while
said substrate is being rotated; and

(d) accelerating dehydration of the insulating
film by taking at least one action selected from the

15 group consisting of spraying a gas to the edge surface
of the substrate and performing local evacuation of a
region in-the proximity of the-edge surface of the
substrate, while the substrate is being rotated.

2. The method according to claim 1, wherein, in

20 said step (d), the local evacuation of a region in
proximity of the edge surface of the substrate is
performed while gas is being poured on the edge surface
of the substrate.

3. The method according to claim 1, wherein, in

25 said step (b), the substrate is rotated at a speed

within the range of 10 to 1000 rpm.

4. The method according to claim 1, wherein, as

[




(d), the gas is being supplied onto the border region-15 - aloeng the -

radi us of the substrate in a direction froma center taq,. [J ery ?f t he
substrate. 6. The method according to claim1, wherei n?}iﬁggd cep Beplecef)

the solvent is supplied in a direction 20 per pendi c

circuit-pattern formati on surface of the Sub&trale. HEET 22
7. The nethod according to claim6, wherein, in said step (d), gas is
supplied in substantially a parallel direction to that in which the solvent

is supplied. 5 8.thbespriBad QBCBéththQnCEQEH]%tgpgg&ﬁggéigéiﬁkgoﬁtep

(d), the intensity of the gas supply Is Increase e et hod

according to claiﬁu&tuw@ebgimsob@0§§lda§&ggoioand efdhert H8-R8S supply IS
initiated after the solvent supply is initiated. 10. The nmethod according to

claim1, wherein, meBhydpgrebainbiy, ok hRegRF1 SHERhYxyBrbpiBhadked: af hgeqt he
sol vent 15 supply is termnated. 11. The nmethod according to claim1,

wherein, in the step (@)., &hedrmeghedobctogdihgnper alluim 15 wuprkiag @ato
t he border region. 20 12. The method according to claim1, wherein, in said
step (d), aSheatedaddysgep (d)suphei gdsohsosphaybdrdarthe edge surface
of the substrate along the radius of the substrate in a
direction from a center to a periphery of the substrate.
6. The method according to claim 1, wherein, in
said step (d), the solvent is supplied in a direction

10 perpendicular to the circuit-pattern formation surface
of the substrate.

7. The method according to claim 6, wherein, in
said step (d), gas is sprayed in substantially in a
parallel direction to that the solvent is sprayed;

15 8. The method according to claim 1, wherein in
said step (d), the intensity of the gas spray is
increased stepwise. '

9. The method according to claim 1, wherein, in
said step (d), the gas spray is initiated after the

20 solvent supply is initiated.

10. The method according to claim 1, wherein, in
said step (d), the gas spray is terminated after the
solvent supply is terminated.

11. The method according to claim 1, wherein, in

25 the step (d), a dry gas of room temperature is sprayed

on the edge surface of the substrate.

12. The method according to claim 1, wherein, in
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regi on. 23 13. An apparatus for renoving a coated filmfroma peripheral
regi on of the substrat onprising: a spin chuck for holding and rotating
a substrate havi NG gngsHa 3 %%rn formation region coated with film nade
5 of an insul at ] u nozzle for supplying a solvent for nelting
and renoving the fli eri pheral™ redi oim of the substrate by
pouring a solvent on the peripheral region of the substrate on the spin
chuck; and 10 dehydration accel erating neans for accel erating

dehydration of t Nl nerAatj gﬂﬁ,f 4 iyga gqﬁﬁngre
surroundi ng the %garlldpr%e?/ @@ ic?ﬁﬂc%aqiegie S béa(rggtleéqo% e sg}{r\ chuck;” sai d

gas flow being gengraied d¥ tile Aajaidiald on accelerating neans in the 15
anbi ent at nosphere surroundi ng the peripheral region of the substrate while

the solvent is being jppur ek fa}ipaﬂa%doqrdﬂofi@n@vﬂrﬁﬁ!aorbdaté&efﬁwwﬁte
fromthe solvent nozzle. 20 14.The apparatus according to claim 13, further
conprising contreln &dgd Gurtfitld df iaGubstdiaald o figd he spin chuck,
a solvent supply anmount fromthe solvent nozzle, and the gas flow forned by
t he dehydrgti on accel & adpirg omals.for holding and rotating a substrate

having a circuit-pattern formation region coated with
film made of an insulating resin;
a nozzle for supplying a solvent for melting and
removing the film from the edge surface of the
10 substrate by pouring a solvent on the edge surface of
the substrate on the spin chuck; and
dehydration accelerating means for accelerating
dehydration of the film by generating a gas flow in;an
ambient atmosphere surrounding the edge surface of the
15 substrate on the spin chuck; said gas flow being
generated by the dehydration accelerating means in the
ambient atmosphere surrounding'the edge surface of the
substrate while the solvent is being poured onto the
edge surface of the substrate from the solvent nozzle.
20 14. The apparatus according to claim 13, further
comprising controllers for controlling a rotation speed
of the spin chuck, a solvent supply amount from the
solvent nozzle, and the gas flow formed by the
dehydration accelerating means.
25 15. The apparatus according to claim 13, wherein
said dehydration accelerating means has at least one

selected from the group consisting of a gas nozzle for
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24 15. The apparatus according to claim 13, wherein said dehydration
accel erati ng neanghiisbeerias BeaReplaneé sel ected fromthe group consisting of a

gas nozzle for supp to a border region between a region having
the 5 coating f d a region_having no coating filmthereon
and a sucki ng nozzl r-evacuating an aftbi €t Jas surroundi ng the -
peri pheral region of the substrate. 16. The apparatus according to claim 15,
further conprising 10 nozzl e anLng nmeans for moving the gas nozzle to
align the gas nozprayingh thae ghar e/ thedelBetbuiliacaliDy ke subbelite
apparatus according to ¢laim I3, further conprising a coating solution
supply nozzle fopn@oat shgkdnglozzlel FoW BhaRUateHgN a30 atbii@RtORakhe
circuit-pattern formation surface in order to form™an insulating filmfor
protecting the Csbedtounddngeithel otgal sar favel oge thle Sudstylgerate. 20
18. The nethod according to claim1, wherein said insulating resin solution

is a solution containéng Mheyappdeatesi acdogdingedo @laimoliggntfurther

5 comprising nozzle moving means for moving the gas
nozzle to align the gas nozzle with the edge surface of
the substrate.

17. The apparatus according to claim 13, further
comprising a coating solution supply nozzle for coating
10 an insulating resin solution on the circuit-pattern
formation surface in order to form an insulating film
for protecting the circuit-pattern formation surface
oaf the substrate.
18. A method of removing coated film from
15 substrate edge surface and apparatus for removing
coated film, substantially as hereinbefore described

with reference to the accompanying drawings.
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