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[0001] The present invention relates to a wet-processing
apparatus which processes substrates, such as semiconductor
wafers or glass panels for liquid crystal displays (LCD panels),
by spouting processing liquids, such as resist solutions and
developers from processing liquid spouting nozzles onto
substrates. |

Description of the Related Art

[0002] Generally, a resist pattern forming method,
namely, one_ of methods of fabricating semiconductor devices
and LCD panels, forms a resist pattern on a substrate or a
semiconductor wafer (hereinafter referred to simply as “wafer”)
by a series of processes for forming a resist film on the wafer,
and developing the resist film exposed through a photomask.
Usually, the series of processes are carried out by a coating and
developing apparatus.

[0003] The coating and developing apparatus is provided
with wet-processing units including coating units for resist
solution application, and developing units for processing a wafer
processed by an exposure process by a developing process.
The coating units and the developing units are used to attain a
high throughput.

[0004] A coating unit for coating a wafer with, for
example, a resist solution has a spin chuck, namely, a substrate
holder, and a splash cup surrounding the spin chuck. The resist
solution is spouted onto a substantially central part of a wafer
held by the spin chuck. The spin chuck is rotated for spin
coating and centrifugal drying. The wafer coated with the
resist solution is subjected to side rinsing.

[0005] Since most resist solutions used as coating liquids
are expensive, it is desired to reduce the amount of the resist
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[0006] A technique to cope with such a problem is
proposed in JP-A 2008-135679 (Patent document 1). This
technique illuminates the tip of a nozzle with light emitted by a
light source, such as an LED lamp, forms an image of the tip of
20 the nozzle by a camera to obtain image data on the tip of the
nozzle, and analyzes the image data to find out a faulty
condition, such as the dripping of the coating liguid from the

nozzle.

25 SUMMARY OF THE INVENTION
The technique mentioned in JP-A 2008-135679 forms an
image of the tip of the nozzle by a camera and analyzes image
data on the image. Therefore, it is difficult for this technique
to decide whether or not the coating liquid was spouted from
30 the nozzle and whether or not changes occurred in the condition
of the coating liquid spouted from the nozzle onto a substrate,
such as bubbling resulting from inciusion of gas in the coating
liquid and the narrowing of a column of the spouted coating

liquid, occurred at an early stage.
35 [0009] The present invention has been made under such

circumstances and it is therefore an object of the present
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the prpgesstgiuesting spouting the processind liquid from the processing
liquid spouting nozzle toward the substrate, and an imaging
signal requesting the imaging device to start an imaging
operation; and a decision unit which decides’ whether or not the
processing liquid was spouted from the processing liquid
25 spouting nozzle and whether or not changes, such as bubbling
resulting from inclusion of gas in the processing liquid, dripping
of the processing liquid, narrowing of a column of the
processing liquid and change in the duration of spouting the
processing liquid, occurred in the condition of the processing
30 liquid spouted from the processing liquid spouting nozzle on the
basis of an image formed by the imaging device and expressing
the luminous intensity of light emitted by the light source, and
penetrated into and reflected by the processing liquid spouted
toward the substrate.
35 [0011] Since the light source illuminates the area
between the tip of the processing liguid spouting nozzle and the
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15 processing liquid spouting nozzle and the surface of the
substrate is illuminated, unnecessary reflection of light from the
directly illuminated processing liquid spouting nozzle and such
can be suppressed. Consequently, the image can be formed in
improved accuracy. '

20 , [0013] Desirably, the light source emits light toward the
surface of the substrate such that the light is reflected by the
surface of the substrate and the reflected light illuminates the
area between the plane containing the tips of the ‘processing
liquid spouting nozzles and the surface of the substrate or the

25 light source emits light toward a position on the substrate where
the processing liquid spouted from the processing liquid
spouting nozzle falls.

[0014] When the light source thus emits light, the
imaging device can form an image expressing the brightness of

30 the processing liquid column in improved accuracy because the
imaging device does not receive the light reflected from the
surface of the substrate. _

[0015] The imaging device may be disposed with its
optical axis aligned with a light path of the reflected light

'35 reflected from a point of incidence of the light emitted by the
light source on a processing liquid column in a direction at a
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10 are tubular bodies made of a transparent material, and the
imaging device is capable of forming an image expressing the
brightness'of the processing liquid in a passage formed in each
processing liquid spouting nozzie.

[0018] When the processing liquid spouting nozzles are

15 transparent, the imaging device can form an image expressing
the intensity of the light reflected from the processing liquid in
the passage formed in the processing liquid spouting nozzle.
Therefore, the decision unit can make a decision on the basis of
both the image of the area between the tip of the processing

20 liquid spouting nozzle and the surface of the substrate and the
image of the processing liquid in the passage of the processing
liquid spouting nozzle. Thus, whether or not the processing
liquid was spouted from the nozzle and whether or not changes
occurred in the condition of the processing liguid spouted from

25 the nozzle toward a substrate can be decided in improved
accuracy. '

[0019] Desirably, the wet-processing apparatus according
to the present invention further includes a storage device
storing reference data to be used for deciding whether or not

30 the processing liquid was spouted from the nozzle and whether
or not changes occurred in the condition of the processing liquid
spouted from the nozzle toward a substrate, and the decision
unit decides whether or not the processing liquid was spouted
from the nozzle and whether or not changes occurred in the

35 condition of the processing liquid spouted from the nozzle
toward a substrate on the basis of the resuit of comparison of
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t he tip of the processing 20 Iiquid outing nozzle and the surface of the
substrate and the inmage of the processing liquid in the passage of the
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the processing liquid spouting hozzles may be arranged in a row
15 = parallel to a straight line, and a single light source may emit a
flat light beam toward the area between a plane containing the
tips of the processing liquid s'pouting nozzles and the surfaces of
the substrates or light sources respectively corresponding to the
processing liquid spouting nozzles and arranged on a straight
20 line parallel to the row of the processing liguid spouting nozzles
may emit light. ' '

[0022] The light source may include a first light source
and a second light source, and the first and the second light
source are disposed symmetrically with respect to the vertical

25 axis of the processing liquid spouting nozzle such that an-angle
in a horizontal plane between the optical axis of the imaging
device and that of each of the first and the second light source
is in the range of 120° to 160°.

[0023] If the first and the second light source are placed

30 at an angular distance in a horizontal plane smaller than 120°
from the imaging device, the brightness of the processing liquid
column is low, the processing liquid column is inconspicuous. If
the first and the second light source are placed at an angular
distance in a horizontal plane greater than 160° from the

35 imaging device, the respective luminous intensities of reflected
light reflected from the processing liquid column toward the



present invention may further include a nozzle carrying mechanism for
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felation, a part on the side of the imaging device of the surface
of the processing liquid column spouted toward the substrate
can be illuminafed in a high brightness and the same is

25 conspicuous, which improves the accuracy of an image formed
by the imaging device.

[0027] Desirably, the processmg liquid spouting nozzles
are tubular bodies made of a transparent material and the
imaging device is.capable of forming an image expressing the

30 brightness of the processing liquid in a passage formed in each
processing liquid spouting nozzle.

[0028] When the wet-processing apparatus is thus
constructed, the imaging device can form an image expressing
the brightness of the processing liquid in the passage formed in

35 the processing liquid spouting nozzle, and the decision unit can
make a decision on the basis of not only the image of the area
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unit can ron on th the image of the area 8
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oot g’ nBioFESSRIPRARIA0IA, e s BroRhe proastngs ldad
: spouting nozzle on the basns of an image” of the processing
liquid in the passage of the processing liquid spouting nozzle
formed by the imaging device and expressing the brightness of
15 the processing liquid in the passage.

[0030] When the wet-processing apparatus is thus
constructed, a change in the level of the surface of the
processing liquid in the passage of the processing liquid
spouting nozzle, such as a rise or a descent of the surface of the

20 processing liguid held in the passage of the processing liquid
spouting nozzie from a predeté_rmined level and a change in the
shape of the surface of the processing liquid can be detected.
The predetermined level is the level of the surface of the
processing liquid sucked back into the passage of the processing

25 liquid spouting nozzle in a state after the completion of
spouting. '

[0031] Desirably, the light source is disposed at a level
higher than the predetermined level of the surface of the
processing liquid in the passage of the processing liquid

30 spouting nozzle such that an angle in a vertical plane between a
light path of light from the light source to a point on the surface
of the processing liquid at the predetermined level and a light
path of reflected light from the same point on the surface of the
processing liquid to the imaging device is in the range of 120°

35 to 1609°. -

[0032] If the angle in a vertical plane between the light



[0029] The light source illumi nates the processing |iquid spouting nozzles
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the surface of the processing liquid toward the imaging device

25 are enhanced, so that the surface of the processing liguid shines

in a high brightness, the surface of the processing liquid is

stably conspicuous and an image of the surface of the
processing liquid can be formed in improved accuracy.

[0034] The wet-processing apparatus of the present

30 invention can accurately decide whether or not the processing

liquid was spouted from the processing nozzle spouting nozzle

and whether or not changes occurred in the condition of the

processing liquid spouted from the processing liquid spouting

nozzle.
35



20 directly fallen on the surface of the processing liquid and |ight
reflected fromthe surface of the substrate toward the surface of the
processing liquid. Consequently, the respective |lumnous intensities of
reflected light and refracted light traveling fromthe surface of the
processing liquid toward the imaging d&@ice 25 are enhanced, so that the
surface of the'processing | iquid shines in a high brightness, the surface

of the processing || gubdefSpRIE I FONMOEUPHE BRAGINGTIUE of the surface

of the processing |iquid can din inproved accuracy. [0034] The
wet - processi ng appBBatjus of 't he present 30 invention can accurately decide

shether or not BT 9esahAY e UHed i 3O SEEeBle pCERS BO nozzl €

spouting nozzle her changes occurre e con I'tion of the
pr ocessi ng vartidad spotiveal f vo@wy heewechvelwg ofi quieoapogt iutgt nagzlRe. 10

BRI EF DESCR/ ggqg@'ﬁggs'\ﬂf%%wa% ih09¥Mst embodi éﬁt attofd é;éc Fhe a

hori zonPal % a vertrical sectl on VI eW, res ively, of a
coati ng unipresend iBveetigr,ocessing apparatus in a first enbodi nent

according to theﬁéesgew Cgvesre:lh'e‘?ﬂatlc sectld:ﬁsiﬂl Viel’ 8 S hﬁ?B&t% ?@Ct'ona'

vi ew of a proces and a processin quird supply system i°ncl uded
in the coatdergcanandslaomqqessi@g 1¢|ULLd)E‘»ly3P|Y3,SY§ﬁﬁn‘BBn£||léd@dd@ dihévat i ons -

of a proces N ogzzle included in the coating unit in the
first errboo‘ﬂétﬁ?ba"ﬁ“s posi hl ongadgo%/e a substrate and in a spouting
operatLOn, respedtigseBy amd 3B @reas;tduesematm@las gb‘daslemﬂtﬁfangvhl@wcbf a
part of Fi 5F;] | C | a f t e t ncl uded
%R_lcg@ﬂné ﬁ 7|8 &@uaéa kil B9E fk}g%tl erﬁf thes ﬁF%ﬁ

in the coa oWl in and Bare schemati c
pl an vi ews @rhﬂbndlmemm@énenposrtwmloﬁbgve a)lsu@swape nad| s aaAEOHtEIthgl e

light source,Lofbh! widpUdi\es) | ahBe FIgZ28€Sis 38 %ﬁlé‘?dé’&‘%@’@ﬂénal
view of a part of Fig. 3B;
15 Fig. 4 is a block diagram of an electric system mcluded in
the coating unit shown in Fig. 1;

Figs. 5A and 5B are schematic plan views of an
arrangement including a plurality nozzles and a single light
source for illuminating all the nozzles, and an arrangement

20 including a plurality of nozzles and a plurality of light sources
‘respectively corresponding to the hozzles, respectively;

Fig. 6 is a flow chart of a decision procedure to be
executed by a decision unit;

Figs. 7A, 7B, 7C and 7D are pictures of an area including

25 a procéssing liguid spouting nozzle when a processing liquid
spouting operation is stopped normally, when the processing
liquid was spouted normally, when the processing liquid dripped
or bubbled, and when a column of the processing liquid
narrowed, respectively, formed by a camera;

30 Fig. 8 is a schematic sectional view of a light source and
a wafer in a state where a light source projects a light beam on
a point on the wafer onto which the processing liquid is
spouted;

Fig. 9 is a schematic sectional view of a processing liquid

35 spouting nozzle, a light source and a camera arranged such that
the camera is disposed with its optical axis aligned with a line



20including a plurality of nozzles and a plurality of |ight sources
reSpectively corresponding to the nozzles, respectively; Fig. 6 is a
fl'ow chart of a deci sion procedure to be execut ed by a decision unit; Figs.

7A. 7B, 7C and 7D are pictures of an

ea including 25 a processin

spouting nozzl e when a pr.ocessing quaid spouting operation is stop

normal |y,

processi ngektétgm?dfﬁoqﬁeﬂw@r dlhbt&femcuaéﬁc‘ehéﬁ A lighituppant progeorext
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sect i onal
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processi ng

lquid is spouted; Fig. 9 is a schematic sectional view

processi ngbeafui d 35 spouting nozzle, a |ight source and a canera a

such that the caepraqios igi spaxeibrihtit isigeorlépationxiof al inroedssin
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normal at
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side el eva |on o a processing liquid spouting nozzle included in a
unit in a 8e§afRFienbodi ment according to the present invention di sposed

above a wafer;
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processing liquid spouting nozzle included in the coating unit in
the second embodiment according to the present invention
disposed above a wafer;

Figs. 12A, 12B and 12C are pictures of an area including
the processing liquid spouting nozzle of the second embodiment
when processing liquid spouting is stopped normally, when the
processing liquid is spouted normally, and when a column of the
processing liquid narrowed, respectively, taken by a camera;

Figs. 13A, 13B and 13C are pictures of an area inciuding
the processing liquid spouting nozzle of the second embodiment

g liquid
ped

eSS|ng
hemati c
ht

of a
rranged
a line

by the

eamto a
chematic
coating

FEg. 11 iis a sehermitie horizoonbhlsectidnanaliewi @f thet he

when processing liquid spouting is stopped normally, after the -

level of the surface of the processing liquid has risen, and after
the level of the processing liquid has descended, respectively;

Fig. 14 is a schematic side elevation of a processing
liquid spouting nozzle included in a coating unit in a third
embodiment according to the present invention moved to a
position above a wafer;

Fig. 15 is a schematic horizontal sectional view of the
processing liquid spouting nozzle disposed with its axis
extended vertically for assistance in explaining experiments in
which the angle in a horizontal plane between the optical axis of
a light source and the optical axis of an imaging device at an
image pick-up position is changed in angular steps of 10° from
90° to 180° '

Fig. 16 shows pictures taken by the imaging device at
different image pick- up positions during the experiments shown
in Fig. 15;



10 processing liquid spouting nozzle included in the coating unit in the
second ,enbodi nent according to the present invention di sposed above a

waf er Flgs 12A, 12B and 12C are pictures of an area including the
processing | i qui d spouting nozzle of the second enbodi ment 15 when
processing |iquid spouting is st opped Tormal Iy, when the processing liquid:
I s spouted normally, and mhen a colum of the processing liquid narrowed,

respectively, t n Aec|dPitigRd r &dyres of an
area including taﬂﬂg pr OCESSI ng rfémgtg'sss%%t |erllg né?gl 8%0 ?h@rds&econlgg

teﬂbofh rrelntllqmd/mml_mrmgepefm@ If®qua-°dSI§ ADEE N iEXRIatHpEd eXPeTHNeNtSaf t er
e leve
ﬁevhflglé\:{é@% ﬁagr?g?l% in (?ev@rrf’i Irag'led'b‘é‘ﬂ/\%éﬁ‘sthre' §ﬂtlﬁé‘ﬂw ter the

| evel of t Iqui d has respective 14 is a
schemat i c BgHe ﬁ‘bmatmenllghtaStpumstﬁbng pogit dorsptiml agrinsez tF\@I uded in

moved B abhatestind BKIE 20 sAFCRredReErARaRa ARl and M IRAR Dt o T
sectional gf eneftdctelde l;gl’ttcefselrmghla qiamesmmnt ngNnéhel sudfaggs¥fd thet h | ts
o eh he BRGPESIRL Rl 80, e 1fi2ART| Befite) & iinagpery .r%%?'dr”l ght
source andsteps (nft 168I fFMS98P bm 18448 agddbﬁec@'\éﬂmﬂl d@ml&é raredp
2010 | RN AN, LA 0 JrR Sy il sooung | D9,
posi tildhs dozzie atitbecapglilaepositiapanrelativegto 1he light source;
Fig. 18 shows pictures taken by the imaging device at
different image pick-up positions during the experiments shown-
in Fig. 17;
Fig. 19 is a schematic plan view of a coatlng and
15 developing apparatus provided with the coating unit of the
present invention;
Fig. 20 is a schematic perspective view of the coating and
developing system shown in Fig. 19; and
Fig. 21 is a schematic vertical sectional view of the
20 coating and developing apparatus shown in Fig. 19.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0036] First Embodiment
A coating unit as a first embodiment of a wet-processing
25 apparatus according to the present invention will be described.
The coating unit applies a resist solution, namely, a processing
liguid, namely, a substrate, and a thinner for facilitating the
spread of the resist solution over the surface of a wafer W to
the surface of the wafer W. In the following description, the
30 resist solutions and the thinner will be designated inclusively as
a coating liquid R. The outline of the construction of the
coating unit will be described.
[0037] Referring to Fig. 1, a coating unit 1 in a first
embodiment according to the present invention has three
35 wet-processing devices 2a, 2b and 2c arranged in a lateral row
parallel to the Y-axis in a box-shaped housing 30, a plurality of



Fig. 17 is a schematic side elevation of the processing |iquid spouting

- nozzle for assistance in explaining experiments in which the angle in a
vertical plane between the |ight path of Iight fromthe |ight source to a
poL.nt on the surface of the 5 procesqing liquid at the predeterm ned | evel
-and the light path of reflected |ight 9ron1the same point on the surface of
the processing liquid to the i magi ng device is changed in angul ar steps of
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[ 0036] First Enbodi ne )E choatl ng@unlt%ls@:]fl rstB enbodi nent of a
wet - proces§pﬁ§”EBa'W§ @ df-us according to the present invention will be
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Fig. 1, a GiﬂaEhﬁgdethnjg iqeseriptich, Qmiéod\vét@p?oaesgrr@ @ vioes Ha p2ésent

o ol o oS LR A Res St ey aed 1. 2,
of 15 [0039] The spin chuck 41 serves as a substrate holder
that attracts a wafer W by its lower central part by suction and
holds the wafer W in a horizontal position. As shown in Fig. 2,
the spin chuck 41 is connected to a driving mechanism 43,
namely, a spin chuck motor, by a spindle 42. The spin chuck

20 41 holding a wafer W can rotate and move vertically. Lifting
pins 44 are arranged around the spin chuck 41. The lifting pins
44 are moved vertically by a lifting mechanism 44a to move the
wafer W held on the spin chuck vertically. A wafer W carried
into the housing 30 by a carrying arm A3, namely, a carrying

25 means, is transferred from the carrying arm A3 to the spin
chuck 41 by cooperative operations of the carrying arm A3 and
the lifting pins 44. A wafer W is carried by the carrying arm A3
into the housing 30 through one of openings 30a formed in a
wall of the housing 30 as shown in Fig. 1A.

30 [0040] The splash cup 5 stops mist scattered by a wafer
W rotating for spin coating from flying in the housing 30. The
mist collected by the splash cup 5 is discharged from the
coating unit 1. As shown in Fig. 2, the splash cup 5 has a first
ring 51 having a tapered upper part, and a second ring 52. A

35 space between the rings 51 and 52 serves as a fluid passage
51a through which a fiuid containing the mist scattered by the



13 processing liquid spouting nozzles 10 (hereinafter referred to sinply as
"nbzzlqs 10"), for supplying the coating liquids R such as a resist
solution and thinner, to the wet- proce53|ng devi ces 2a, 2b and 2c, a nozzle
catrying nechanlsn120 for 5 carrying the nozzles 10, a nozzle bath 14 for
hol di ng t he nozzles 10 therein, and aﬂ edge bead renover 6 (hereinafter
referred to as "EBR 6") for renoving a peripheral part of a resist film
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the wafer W, respectively. In Figs. 1A and 2, only some of the

eleven nozzles are shown for convenience. The coating unit 1
is provided with the ten nozzles 10 respectively for spouting ten

20 kinds of resist solutions and the one nozzle 10 for spouting the
thinner. However, if a wet-processing apparatus uses only one
kind of processing liquid, the wet-processing apparatus may be
provided with only one nozzle.

_ [0042] As shown in Fig. 1A, the nozzle carrying

25  mechanism 20 has a nozzle support arm 11 for supporting the
nozzles 10, a base 12 supporting the nozzle support arm 11, a
guide rail 13 for guiding the base 12, and a driving mechanism
15 (Fig. 4) for driving the base 12 for movement along the
guide rail 13.

30 [0043] Referring to Figs. 3A and 5A, the nozzle support
arm 11 has a nozzle head 11a holding the eleven nozzles 10,
and an arm 11b supporting the nozzle head 1la. Pockets in
which base parts 10b of the nozzles 10 can be fitted are formed
in the lower surface of the nozzle head 11la. The nozzles 10

35 can be attached to the nozzle head 1la simply by fitting the
base parts 10b of the nozzles 10 in the pockets. The eleven



14 wafer Wflows. A sunp 54 having the shape of a U shaped annul ar groove
and provided with a drain port 56 fornms the bottom of the splash cup 5. The
liquid scattered by the wafer Wis guided toward the sunp 54 and is drained
through the 5 drain port 56. The quiq flow ng through the fluid passage
S5la is discharged through a discharge ‘port 55 into an exhaust duct, not
shown. The exhaust duct carries the fluid outside the housing 30. [0041]
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en nozzles are shown C eni en The
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spouting t hi nner wever, if a wet-processing apparatus uses only one
ki nd of proo2zis rﬁ@ad ddiad, the wet - processi ng apparatus may be provi ded

with only one nOfé ;[%]aﬁ% shoynid naFlsg t Memmeazlexteddingng 25
mechani sm 20 has"a nozzle su Rort a&n111 for(agg rétg _qs %élﬁs 10, a
base 10 supgtweary thee nrzaieehsagdpdda &nd 1! %ﬁﬁ r2f¢n 1 tN§ui di ng
the base 12,430 & §réyh N oReRYEVE A substantially central part of the
wafer W held by the spin chuck 41. The base 12 is connected
to the driving mechanism 15. The base 12 is moved along the
guide rail 13 to move the nozzle support arm 11 in directions
15 parallel to the Y-axis shown in Fig. 11B. The base 12 is
provided with a lifting mechanism, not shown, and the base end
of the arm 11b is connected to the lifting mechanism. The
nozzle support arm 11 can be vertically moved in directions
parallel to the Z-axis.
20 [0045] The nozzle head 11a is moved so as to locate the
désired one of the nozzies 10 above a substantially central part
of the wafer W. Thus, the coating liquid R can be spouted onto
the wafer W,
[0046] The EBR 6 spouts a rinsing solution capable of
25 resolving a resist film and removes a peripheral part of a resist
film formed on the wafer W by rinsing to prevent a peripheral
part of the resist film from coming off. As shown in Fig. 1A, the
EBR 6 has a an EBR arm 61 holding a rinsing nozzle that spouts
the rinsing solution, a movable base 62 supporting the EBR arm
30 61, a guide rail 63 along which the base 62 moves, and an EBR
nozzie bath 64 in which the rinsing nozzle is held at a home
position when the EBR 6 is not used.
[0047] The coating liquid supply unit 7 for supplying the
coating liquid R to the nozzle 10 will be described with reference
35 to Fig. 2. The coating liquid supply unit 7 has coating liquid
supply mechanisms 70. Each coating liquid supply mechanism



15 (Fig. 4) for driving the base 12 for novenent al on the uide rail 1
30[0043] Referring to Figs. 3A and 5A, the nozzle supgort a?n111 has a °
nozzl e head 1la hol ding the el even nozzles 10, and an arm 11b supporting
the nozzl e head 1la. Pockets in which base parts 10b of the nozzles 10 can
be fitted are formed in the |ower surfléce of the nozzle head 1la. The
nozzles 10 35 can be attached to the nozzle head 1l1la sinply by fitting the
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the base 13 stHbkrtdfathé kgffecent &inds mfaooablm@ Hooids K.substantial ly central
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gui de rail
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shown, - and FTRYTdSd Wafhy i “pRZot pREGER Yailel 72 e’ ickepetk ot
rrechanlgm VEIgengaz| e Theppontofdr pnEl roati hevalyet i74l eighapvadows ct%reect i ons
paral el tOotari}?ng |IC|UI8 R to flow through the coating liquid supply pipe 71
or stops the coating liquid R flowing through the coating liquid
supply pipe 71. The suck-back valve 73 pulls back the coating
liquid R from the tip of the nozzle 10 when the coating liquid R
15 is not spouted. Thus, the ten kinds of coating liquids and the
thinner can be.selectively supplied. |
| [0049] As shown in Fig. 2, A controller 9 is connected to
the coating unit 1 and the coating liquid supply unit 7. The
controller .9 controls all the operations of the wet-processing
20 apparatus including the coating unit 1 and the component
instruments and devices of the wet processing apparatus.
[0050] Operations of the coating unit 1 for coating wafers
W with the coating liquid R will be briefly described. An
external carrying device carries a wafer W through one of the
25 openings 30a into the housing 30. The lifting pins 44 is lifted
up to receive the wafer W from the carrying device, the carrying
devices moves outside the housing 30, and then the lifting pins
44 are lowered to transfer the wafer W to the spin chuck 41 of
the wet-processing device 2 corresponding the opening 30a
30 through which the wafer W was carried into the housing 30.
'[0051] The nozzie carryin'g mechanism 20 is actuated.
Then, the nozzle carrying mechanism 20 lifts up the nozzles 10
held at the home position in a thinner atmosphere in the nozzle
bath 14 and moves the nozzle support arm 11 in the direction
35 parallel to the Y-axis. The nozzle arm 11 is stopped upon the

arrival of the nozzle 10 for spouting the thinner at a position



20[ 0045] The nozzle head 1la is noved so as to |ocate the desired one of

| the nozzles 10 above a substantially central part of the wafer W Thus, the
coatlng liquid R can be spouted onto the wafer W [0046] The EBR 6 spouts

a tinsing solution capable of 25 resglving a resist filmand renoves a

peri pheral part of a resist filmformdd on the wafer Wby rinsing to

prevent a peripheral part of the resist filmfromcomng off. As shown.in

Fig. 1A t t
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supply mec 'S’ conne nozzl e by the coating liquid
supp! yi @i peoﬁatlpgowatﬂedM!Skﬁp&@&dﬁ@ﬂfal%é@lﬁﬁpi'& C\%W/'ég 72 and a suck- back
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Rto flow throug he “coat1 ng e 71 or sto%the coating
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(R Soatt i RE-AE EHRE 43 ol e ot optyigemerg e 10 vhen
|'i qui ds andinyhthe hiesigtr flb@nbMeC%@tréfd-tga/leﬂwlﬁgppl Megnwhile, the nozzle
15 carrying mechanism 20 moves the nozzle support arm 11 in the
reverse direction to the nozzle bath 14. The nozzies 10 are
held in the nozzle bath 14 to suppress the drying of the resist
solution wetting the nozzles 10.
[0053] After the resist film has been dried by centrifugal
20 drying, the EBR 6 is actuated to remove part of the resist film
formed on a peripheral part of the wafer W.

[0054] Operations executed for carrying the wafer W to
the spin chuck 41 are reversed to carry out the wafer W coated
with the resist film from the housing 30 by the carrying

25 mechanism. Wafer carrying cycles are carried out to deliver |
wafers W sequentially at time intervals of, for example, 24 s to
all the wet-processing devices 2 and the wafers W are subjected
to the same coating process.

[0055] The coating unit 1 includes, in addition to the

30 foregoing components, a laser light source 110, namely, a light
source that illuminates an area between a plain containing the
tips 10d of the nozzles 10 and a surface W1 of a wafer W with a
laser beam L, a camera 17, such as a CCD camera, namely, an
imaging device, that forms an image of the nozzles 10 and an

35 area between the tips 10d of the nozzles 10 and the surface W1
of the wafer W, a control unit 9a that provides a spout signal



[0049] As shown in Fig. 2, Acontroller 9 is connected to the coating unit
1 and the coating liquid supply unit 7. The controller 9 controls all the
' operatl ons of the wet-processing 20 apparatus including the coating unit 1
and the conponent instrunents and devices of the wet processing apparatus.
[0050] Operations of the coating unit Bfor coati ng wafers Wwith the
coating liquid Rwill be briefly described. An external carrying device
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[0057] Referring to Figs. 3A and 3B, the laser light
source 110 that illuminates an area between a plane containing
the tips 10d of the nozzles 10 and the surface W1 of the wafer
25 W with laser beam L is disposed between the nozzles 10
attached to the lower surface of the nozzle head 11a and the
camera 17. The laser light source 110 is, for example, a
semiconductor laser. The highly directive laser beam L can
accurately illuminate only the area between the plane containing
30 the tips 10d of the nozzles 10 and the surface W1 of the wafer
W. The laser light source 110 is provided with an angle
adjuster, not shown, to adjust the angle of direction of the laser
beam L. Light emitted by an LED light source and condensed
by a condenser may be used instead of the laser beam L.
35 [0058] As shown in Fig. 5A the eleven nozzles 10

arranged in a row are held on the nozzle head 1la and the area



25 nmechani sm Wafer carrying cycles are carried out to deliver wafers W
seguentlally at tine intervals of, for exanple, 24 s to all the

wet - processi ng devices 2 and the wafers Ware subj ected to the sane coating
precess. [0055] The coating unit 1 includes, in addition to the 30 _
f oregoi ng conponents, a l|laser |ight sd& ce 110, nanely, a light source that
I1lumnates an area between a plain containing the tips 10d of the nozzles
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15 transparent resin. Light irregularly reflected in the coating
liquid R filling the passage 10e of the nozzle 10 can travel
outside through the tubular part 10c of the nozzle 10.

[0060] The coating unit 1 is provided with the eleven
nozzles 10 for spouting the ten kinds of resist solutions

20 respectively having different compositions and different resist
concentrations, and the thinner for facilitating the spread of the
resist solution over the surface W1 of the wafer W. The coating
liquids R have different reflectivity values dependent on their
concentrations and compositions, respectively. The respective

25 reflectivity values of the coating liquids R are measured
beforehand and the measured reflectivity values are stored as
reference data in a storage device 95.

[0061] As shown in Fig. 2, the camera 17 is connected
through an A/D converter, not shown, to the controller 9. The

30 decision unit 9b of the controller 9 decides whether or not the

' coatmg liquid R was spouted from the nozzle 10 and whether or
not changes occurred in the condition’ of the coating liquid R
spouted from the nozzie 10 toward the wafer W on the basis of
an image formed by the camera 17. Result of the decision is

35 displayed on the screen of a display console 8.

[0062] Referring to Fig. 4, the controller 9 includes the



[ 0057] Referring to Figs. 3A and 3B, the laser light source 110 that

il [um nates an area between a plane containing the tips 10d of the nozzles

~ 10 and the surface W of the wafer 25 Wwith |aser beam L is di sposed
between the nozzles 10 attached to the | ower surface of the nozzle head 1lla
and the canera 17. The laser |ight souf@e 110 is, for exanple, a

sem conduct or | aser. The highly directive |laser beamL can accurately
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8. such as a magnetic disk.
25 [0064] The decision unit 9b is a computer including a
central processing unit (CPU) 90a and a program storage device
94. The program storage device 94 stores computer programs
including sets of instructions to be executed to processing
~ images formed by the camera 17 and to decide whether or not
30 the coating liquid R was spouted on the basis of the images
formed by the camera 17, such as an image processing program
and a decision program. The program storage device 94 is a
storage medium, such as a magnetic disk. _ ’
[0065] An image processing procedure controlled by the
35 image processing will be described. The camera 17 is capable of
forming an image of all the nozzles 10 arranged in a row and an



[0062] Referring to Fig. 4, the controller 9 includes the 20 control unit
9a_for generally controlling the coating an devel opi ng apparatus i ncl udi ng
the coating unit 1, and the decision unit 9b that decides whether or not
the coating liquid R was spouted fromthe nozzle and whether or not changes
5 occurred in the condition of the coéﬁing liquid R spouted fromthe nozzle
10 toward the wafer W [ 0063] The control unit 9a is a conputer
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descri . camera 17 is capable of form ng an i mge oE élll theh nozzl es .
10 arranged in a f@@6ahdTae display console is cofinected to the

controller 9. The display console 8 displays results of decision
made by the decision unit 9b of the controller 9 by a monitor
according to instructions provided by the control unit 9b of the

20 controller 9 to inform the operator of the results of decision.
| [0068] Actions of the laser beam L emitted by the laser
light source 110 will be described. Referring to Figs. 3A and 3B,
the laser light source 110 emits the laser beam L from a
position between the nozzle 10 and the camera 17 toward an
25 irradiation point T1 on the surface W1 of the wafer W slightly on
the side of the laser light source 110 with respect to a falling
point T on the surface W1 of the wafer W at which the coating
liquid R spouted from the nozzle 10 falls. The laser beam L is
_ reflected by the surface W1 of the wafer W toward an area
30 be't\‘Neen the tip 10d of the nozzle 10 and the surface W1 of the
wafer W. A laser beam projecting angle is adjusted by an angle
adjusting device such that the laser beam L travels along optical
paths shown in Fig. 3A. -
[0069] The laser beam L projected toward the area
35 between the tip 10d of the nozzle 10 and the surface W1 of the
wafer W travels through the area without being irregularly



area between a plane containing the tips 10a of the nozzles 10 and the
sufface W of the wafer W The canera 17 gives an image of this area to the
deci sion unit 9b. The decision unit 9b executes the image processing
program for processing the 5 image to cut out a necessary part of the

i mge. For exanple, Figs. 7A, 7B, 7C &d 7D show pictures obtained by the
decision unit 9b by executing an i mage processing program [ 0066]

The deci si it / q . _ ) . .
formed by (arefidd WhéR WRCESaROY AoRAA KTy 6 Broieceet Pramdtfie tgnas, |
fromthe nbddl ef theendezlesildh hedaush these hnothingdhes rwiteets Whet her  or
not the Coétplre?rglaé%ﬁy:!ﬁgm@?% lét ed fromthe nozzle and whet her or not

e h ondr ti ¢

changes oc I'on of the spouted coating liquid. The
st orage devi ce 9p0020% Andnaggenedithis tigh af ignatrea aned. by

0067] The, di spl ' - t; . TRgydi spl
Consol & 8 e amers obfiTh edyhRIERERE T O URGRAITCEIE 72, TABY A 2P e
control | er réfibyted teset drearochraimge seicognized i ionthemiciwred and the control

L o2 O Wi BRARLECld Hark bRd W @ 185 ABREAESE vhiiche/q ol of

deci si on. ] TACti ons oOf 't aser beamL emtte the | aser
i ght sourdarklO will be described. Referring to Figs. 3A and 3B, the | aser

10%and the. caner 007 Wbk 28 281 HG L Ros" SERR WRen ERRETating 2% o
the waf@r VigalidgRt s spoutied $ratm dhet mozzieet) iighwl'ﬁﬁhr@étl'_liooﬁ(vithﬁ r espect
[ qui d R sieePedr Bl eng EURLEd Y AL o, T et A R e by
the surfacepoutetd fiemwaher nozetewel@ farmas ca GuatbegwigH d HOIIMN1Bd of the
0 2t uas e ey 5 B e P2 O o LA hpBERI o s, 210 e,
al ong opt i calrfpet W 1sbbwhei wafey W3ATH®08S¢r Deamas ropeeifd. tpms ekt ed
of"Sherhos sPeGArE3 BELVEER K $horG0LGP ErERgPele D Wil torssed oo v
refl ected Wydnof hecoatfiengM falis bR the coatmaijlisitiddceiusnnt Rd ang iHd of
Eﬂg 2?22'_ ¢ L DReAUSe ISy NALNLAS tRAatiRG! efibid NecbRRAR Pagm L in
Consequently, the coating liquid column R1 shines. The
irregularly reflected laser beam L travels into the coating liquid
20 R in the passage 10e formed in the tubular part 10c. Since the
tubular part 10c is'made of a transparent material, the shining
coating liquid R in the passage 10e can be recognized.
[0072] Fig. 7B shows a picture equivalent to an image of
the shining coating liquid column R1 and the shining coating
25 liquid R in the passage 10e of the nozzle 10 formed by the
camera 17. As shown in Fig. 7B, since reflected laser beam L
reflected by the coating liquid column R1 falls directly on the
camera 17, the coating liquid column R1 shines in the highest
brightness and the picture of the coating liguid column-R1 has
30 the h'ighest'lightnéss value V3. ' Since the reflected laser beam -
L reflected by the coating liquid R in the passage 10e of the
nozzle 10 is transmitted by the transparent tubular paft 10c and
falls on the camera 17, the coating liquid R in the passage 10e
of the nozzle 10 shines in a somewhat lower brightness and
35 hence the picture of the coating liquid R in the passage 10e has
a lightness value V2 lower than the lightness value V3 of the



[0070] An inmage of this condition of the area fornmed by 5 the canera 17 is
eqii valent to a picture shown in Fig. 7A. Any reflected | aser beam L can be
" recogni zed in the picture and the whole picture is dark and has a | ow

| i ght ness value VO and is dark. [0071] Figs. 3B and 3C show a state when
the coating 10 liquid Ris spouted fr f the nozzle 10, in which pat hs of
the | aser beamL are indicated by the arrows. The coating liquid R Spouted

from the nocaligal0a (Al BBIATEORY Nds i cbisdrielqtndthefioetantriRorsyy bet veen

the tip 1 ARGz 7 e surface e | aser
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t he shinin colum and t ining coating 25 liquid Rin
the passagspa@e.of the nozzle 10 forned by the canera 17. As shown in Fig.

7B, since refl ecpﬁﬁzé?s% Bgeﬁ&nt ?Ho"c‘étoeiﬁeb d hSeC@(TéCnLQeHI oy dthel um R1

falls directly o canera e coatl _g urd colunmm Rl shines in the
hi ghest0 br dekisiess uaild Ahwilli ke deseribere c B@l FRCIBIQUIUNIE P B OREShas 30

the hi ghesg?tédqﬁlﬁ ol “?h%/:)sto%g%ed%@‘g éejs ectrpd lenaerkeattarief | ect ed

by the coa t he nozz] e 10|stra smtted
by the traaspamnage ofiuicandition IID(W'&W@ thﬁl@aimnﬂHéQ‘é'%hs $POUtRE coating
liquid Rint S zl hioe n fnower

bri ght ness gﬁﬁﬁ@@?hz&ﬁﬁ 'gtﬁg ﬁoéﬂureerigi f%rﬁ'geoéét Pg %Pé c%rﬁ@Fé’V"ﬁﬂ] l passage
10e has a reghbness tmalana ustrusent gavenhdol that ﬁ@§§r%@rue9v Yoith€he 23

ansnfe: eBHsfaERe T Rof spmistet 17087k SRTMAEACAmE T OF 1 e
camer a 17 fbheeXarlulpilar Z;EH}mS(whElﬁllﬂ'@ quitmg;tlqulidl Bvier bein g sPeisedhng
hence the c%uhgﬁﬁ% %EO‘%HHW | ctt 2LtiBArt -?19@ 5}"7‘§I le%' éﬂﬁ?ﬁ‘@ﬁ by dieness

val ue V1. ure o ﬁ sur oun the pozzle 10
and the coaamerdi qu7 d arel ucmnmrt‘l@l vontecdirdit + dégisal ssiﬁft‘%ﬁsngof hat

reflects 1ighty 4 ARk SRAEGIUtion capable of producing images in 256
20 gradation levels. As mentioned above, Fig. 7A an image of
reference data on a normal spout stopping condition and Fig. 7B

is an image of reference data on a normal spouting condition.

The storage device 95 stores the two images shown in Figs. 7A

and 7B as pieces of reference data. The reference data stored

25 in the storage device 95 can be displayed by the monitor of the
display console 8 to enable the operator to recognize and select

the reference data. '

[0074] The decision unit 9b provided with the storage

‘device 95 storing the reference data can decide whether or not

30 the coating quuid R was spouted and whether or not changes
“occurred in the condition of the coating liquid R spouted from
the nozzle 10 through the comparison of an image formed by

the camera 17 and the reference data in terms of the brightness

of light irregularly reflected in the coating liquid R.

35 [0075]Fig. 6 is a flow chart of a decision procedure to be
executed by the decision unit 9b. Upon the start of the coating



[0073] A decision procedure to be executed by the 10 decision unit 9b wll

~ be described. The decision unit 9b stores reference data in the storage

. device 95. The reference data is an inmage of a condition in which the
coating liquid Ris spouted normally fromthe nozzle 10, formed by the
canera 17 in response to an instructi il given to the controller 9 by the 15
operator. The canmera 17 picks up inmages at tine intervals of, for exanple,

200 ms whi | gt he ﬁ@tdétgsidrﬂtumtRabSré@emm@mmgyfamwdmbysqmt| ng
action. The anaro | mages forne e canmera 17. ar ogﬁ g(g% o8b|t
di gital 5|cgﬁmlefao(ig7alFpﬁ'é%ilét%mﬂ-nea’xr%‘é%mt'%'ﬁ‘a@gpéfblsgeﬁf E d g i nages
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t he roni totref(efrenlce datplafy thenkppeesof A &ifine! SRaY 'rﬂsgr Fon gni ze
and sel ect;t dBereTF%hQaF@sponse to th@oaﬂbrihﬂadﬁcmlsnep@]tozbs provi ded
e ‘de

with the s%ora vice 95 storing t eref dat a d et her or
not 30 thenegativey mqu&ﬂYRs\Nﬁ%a@%o‘@té& eRng! @%egﬂée%r'?%e iﬁiﬂa%ee\é%@occurred
in the Conﬁg%@ﬁe Plwithe tﬁ‘éatﬁe’f'éréhéé” daBaS@ﬂUttﬁé ﬁmagé hef r@zmbented t hr ough
t he conpar ?

anlmage or ned Iyt eca andthe:{%ﬁegﬁe dat a
in terlfs oStmpplng|@¢m©@s§ ewn i ightFigr r ébu &Weef MESPOLFPS ARE dBati ng
liquid R %ﬁ{ Q7P p S Sf0§ 5h§‘“€qmtlsoéff@rrﬂawm ostepo @t eand be
executed by rh

eC| sion unit U on the start ,of .t he t unit 1,
the decisi GiQdiareyenaaiedes & tl @ad’@sip@ﬂws@d Bgdenln c%t'rtrﬁgg éE%tﬁ ;ét ep

S101. A qu Sy gd t Gdéé Foreaniitr opt analydamdhei s
provided b 1[ %%ﬁt?’op%uiéﬁp%g&gge Otl—%e o ¥

i's affirmimeage doqdetgrming l’;’ﬁ;ﬁj@&%espépa gga%dkge@hf%;gaﬁgxp aﬁﬁﬂep S102
;ﬂg%'f?l WhEReEhens ehififAGe cHALBIONB AfspIERIE Wardingr BRYniSpiog ithg acti on
cause of abnormality in step S105.

[0076] More concretely, upon the start of the coating unit
1, the control unit 9a executes the process control program to
operate the camera 17, the driving mechanism 15 of the nozzle

20 carrying mechanism 20, the coating liquid supply mechanisms
70, the pneumatic valves 72, the suck-back valves 73 and the
laser light source 110. The control unit 9a glves a coating
liquid supply signal to the pneumatic valve 72 to make the
pneumatic valve 72 open to spout the coating liquid R from the

25 nozzie 10 and at the same time, gives a confirmation signal to
the decision unit 9b.

[0077] The coating liquid supply signal opens the
pneumatic valve 72, and then the coatmg liquid R is spouted
from the nozzle 10. The camera 17 forms an image of those

30 actions and gives the |mage to the decision unit 9b in step S101.
The decision unit 9b makes a query in step S102 to see if the
confirmation signal is received. If the response in step S102 is
affirmative, the decision unit 9b compares the reference data,
namely, the picture shown in Fig. 7B, and the image in terms of

35 lightness, and analyzes the result of comparison. If the
decision unit 9b decides that the image is identical with the



in'Fig. 7B. If the response to the query nmade in step S102 is negative, a
query i,s made in step S106 to see if the image is identical wth the
reference data on the image of a normal 10 stopping action shown in Fig.

7A. If the response made in either of ﬁt eps 5103 and S106 is affirmative,
steps S101 and S102 are repeated. If t'2 e response nmade in either of steps
S103 and 5106 is negative, the decision unit 9b anal yzes the imge to

det er mi ne r?ﬁh‘éed@lfa ahROFaBhOhYe it thepqGey madlel 5n ratepsSLRS ¢ spl ay
I Sp

consol e 8 ay a warni signifying.the ¢ or. Jmal i | L ste
ca0a. © ° affiroatisr aprotdadadia tabhE CRHEE MuBr ORER BT |
the contr ofrouRithedRoPsREUES Thethls s, teatdedisiorognitnto dogsr BOE t he
camer a 1_7, the driving machanhsm_ 5 of the nolzzlefnéﬁ c%éyb C%EP ni sm 20,
the coati ngive qanyl SiRly tRedRgnieRIaN, QMO de s gg ) ?he
;:J\Slé-sb?léog% ng | izguiggéghsgld16!:?“,1\1/2%?%?@@:11‘3 P gl:iugnr(bd) tlhfntakgat he
pneunati c dhﬁméwgoﬁﬁéﬁetg: s tg'tSIPéaXOQPPﬁBPé]i gglﬁﬁfl@a}@oé tV}Z%rrggghozzl e 10
and at thesgeyEviL"E, OTNES de@8ldn I pRbgeans dmalexerutbd deci sinvagenit 9b.

[0077] The coating |iquid sugél Sll nal opens the pneumatic valve 72, and
then the ceampRriFPRAdRMI p%ﬂﬁé( '¥rom t he nozzle 10. The canera 17

forms an inmage o ep3&iaaal ragdnginesthehdmaggefarmedebyedhsi on uni t
9b in step 236, Olopnegeastiganl wap o i

the cdrl i r gaMerA s1i7gﬂ|%IeSCelr"§tl Eac né/téjc?.gct')#l‘sa"{(ﬁ%‘if%ﬁhé&%%ﬁg%séﬁgéﬁssee a
af firmativep t Ressiesss i @ thel qubycanade en sbepr8lo2eizmapatiyendhs! y, the
picture shown in Fig. 7B and the IYE‘% e.in ter o{nﬁ?ﬁljl |:|%j S Sda ,d
anal yzes t Gecision undf 2Bnp@MRINES tNERITRLS Sqn%q' t egg @‘?. d%sﬁ?hat t he
i mage is i defhieh! té thictlife shown in Fig. 7A, in terms of lightness. If
it is decided that the image is identical with the reference data
15 shown in Fig. 7A, the response to the query made in step 5106
is affirmative and it is decided that the coating liquid R was not
spouted from the nozzie 10. In this case, the decision unit 9b
does not give any signal to the display console 8 and the
procedure returns to step S101 and the display console 8
20 remains displaying "NORMAL".

[0079] An image formed by the camera 17 is sent to the
decision unit 9b in step S101. When the decision unit 9b
receives a confirmation signal from the control unit 9a, i.e., the
response to the query made in step $102 is affirmative, it is

25 decided that the image is not identical with the reference data,
i.e., the response to the query made in step S103 is negative,
and image analysis proved that the image is identical with the
picture shown in Fig. 7A, the decision unit 9b decides in step
S104 that the coating liquid R was not spoUtéd from the nozzle

30 - 10. In this case, the decision unit 9b gives a-warning signal to
the display console 8, and then the display console 8 displays a
warning, "ABNORMAL, NO SPOUTING" in step S105.

[0080] As mentioned above, the coating unit 1 can
decide whether or not the coating liquid R was spouted from the

35 nozzle 10 and can decide whether or not changes occurred in
the condition of the coating liquid R spouted from the nozzle 10.



25 reference data the response to the query nade in step S103 is
affirmative and it is known that the coating liquid R was spouted fromthe
nozzle 10. In this case, the decision unit 9b does not give any signal to
t he display console 8 and the proceduhg 5 returns to step S101. When any
signal is not given to the display cofiSole 8, the display console 8

di splays a warning, "NORVAL". The decision programis executed for inage

conpari son and iigRge; Em@{ Y FORFRd Ays tﬁa%amaewm@ sgnt lte thage
formed by the 10 canera 17 1S sent tothﬁgﬁg1 nunt 9h, S101.
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returns thﬁHeﬁn§ glaﬁ%qiyé.@ep%ﬁébabha:tomﬁel m&ge0ig erari msemmeal avithg

" NORIVAL" g (r)?r gbythe carrertg}%bé c&ésgthe
deci si on uthe I@llﬁt!—lﬁesﬁé‘BWS\lOm {he hgedeS&iYRNuAY EEl

confirmati | O\ t$Pbutifig the. coattng K eld%wmﬁethe t he
query rradegl rﬁste E%ﬂ'@???fm@%e gltt IS gm éttggt fhe image is

25
not i ddhti narzld tllQ ishimpEpeesncEnddtis, case. the I‘ij@cr‘%'QﬁbHE WEbery made
in step Sl%r‘n?nﬂeggﬁéne todifel @?‘Qﬂagn@o\f‘ﬁskﬂep@\t@drﬁé‘ﬁé the drsmeyi s

lﬁeé‘i ep S10anenia Bhedismarng | naing A BNOREYEGS (HHONE, SERUI5 e 5o
In thig gﬁﬂg" tlheaé@glgnes UNMhé® tHe efedsis nimig 9bgreteivest ae

dlsplay cons en the display console 8 S a_warnl

" ABNORVAL, CROfisATRETe NGianalsrepn Shes congoebH nils 9@e ﬁﬂidoh%%r%%\?e tipge’

coati unito1pg Cl 8o oK f“@het B@nﬂ@maﬁ"@nl sigha Bneaghgpout ed
from t'he 3%5%0 F\Ne%gn A \ggﬁégem dg et he ﬂ_:}hsf occu%red in the

condi tion deCEﬁQO(Ebe |th@ imaged |R¢§ﬁob?e@e?'rrd@rd’ Fh@ ﬁHE'izng OrpSPOYgn
[0081] An %ﬁﬁﬁgﬂ%mﬁ Rhﬁ‘d"rﬁ”@fé"néozlé 1B ifproperdeci sion unit 9b in

step S101. I Sl on unit es not recejyve a conflgmatlon si gnal

fromthe cont _roI [0RBR]9H, trlCléllngtWetm%ﬁﬂﬁE@gttﬂlﬂ'ﬁe Rotremn) thsutiA A0& ep S102
I's negativey thalSozzle 10, namely, dripping, or inclusion of gas in the

20 coating liquid R at the start of spouting from the nozzle 10,
namely, bubbling, occurs, a picture shown in Fig. 7C s
equivalent to the image. Since dripping or bubbling breaks the
coating liquid column R1, the reflected light cannot travel into
the nozzle 10 and hence the nozzle does not shine. A resist

25  film of an irregular thickness is formed when the coating liquid
R drips down on the wafer W or the bubbled coating liquid R is
spouted onto the wafer W and hence faulty exposure results.

[0083] When the camera 17A forms an image equivalent
to a picture shown in Fig. 7C, the decision unit 9b receives a

30 confirmation signal from the control unit 9a in step S102, and
decides that the image is not identical with the reference data,
namely, the picture shown in Fig. 7A or 7B, l.e. both the
responses to the queries made in steps S103 and S106 are
negative. The decision unit 9b proceeds with image analysis.

35 The decision unit 9b decides in step S104 that dripping or
bubbling occurred on the basis of results of comparison of the



5 decided that the image is not identical. with the reference data, i.e.,
the response to the query made in step S103 is negative, and i mage anal ysis
proved that the image is not identical with the picture showm in Fig. 7B,
the decision unit 9b decides in step §]704 that timng of spouting the
coating liquid R fromthe 10 nozzle 16'is inproper. In this case, the
decision unit 9b gives a warning signal to the di'splay console 8 to nmake
the displ sQlign 834 i a9ippiABNCRMAng VIRNG SRCHIT e NG' i n
step SlOS%ﬁ‘/é@% %ghd%c@‘fﬂéﬁéu%fr@@% r@gg?e?logs a con%i roation Sl nﬂ from

t he contrdbubbled seoaiiagdt Hauddi B gteres 15 tﬁﬁgslé%'f%%nd?mecer g?e% n of the

confirmati | hesr i g0 ghet BRetufegeespectivelpehdemged t hat
timng of (g%g@g?fr%dtﬁéeﬁ%%aﬁrng%ﬁuﬁg R?rg t he no rzJIe 19%6‘& i np %per.

[0082] If lighthessgvalteshyOcsat VAgte i the forar age: RE the '& tHe nozzle
10, _nagl ymigir icggiengthé)r%%ﬁ‘ﬁ,!)dz’rﬁiL?HitOthﬂ@vleQ bhevahifgakidwall itqutideR at the

start spout i ng fromt |l e 10, nanely, bubbli ,, OCcurs, ,a picture
shown in Fdigplag censgle BiliansteR DHES ﬁﬁg@%/a@ ntg’!@ dﬁgBﬁWé:o&g%ﬁbgl i ng
br eaks thedﬁsgﬂékgé’ Wéﬂﬁ‘iing%‘o‘?!lBNGR?MLt,@R!{PHI@G@R BUBBLINGMOt travel into

t he nozzle hence e nozzle does not shine. A resist 25 fil q_nof an

irregul ar thi cknE@@84d MehaBd CAlemn hBAEW I INYNEW R NRTTRYIAGwWE Ton t he
waf er W or ﬁ@ec@é‘ﬁﬁbgﬂq%@é‘técﬂﬁrﬁ?%%goﬁ firfe DRI IRiid R)eovedes, W and

hence faul Fy exposu results. ) Ve tEe canera 17A.forns an i mge
equi val@nt picturepsbowe iRHdan 15 18 @ptained. neCalimey BRTIAMINS P TR &i ves a
30 confirmaidon §langlcy nesek Raaigentrolsuerst bl het epafit@ licaid Beci des
that the inage i S not identical with the reference data,. naﬁy .tge

pi cture shompénfectly. im® dhermozzie. 1o@an H'g‘er QS sNAHG R GUPS es made
in steps S a S i V) S| it paatkerisiswi t h

i mage anal 3/:2?? rtglg ‘:}:ﬁg gggi g?gﬂ%%nlﬁ?zg%edlgic%ism@ lt?t eggglo that dri pping
or bubbl i ngpetded sapsaperty baxnsthe nezzler L0of @%Pi%@ﬁ%'q%és 97 i mage
W th iC he.dripping coating liquid R or the bubbled coating :
l'i qui 31% s%iéga&flf %hh%éﬁgfor age device 95 and cal cul ated ratj Oﬁ o{ areas in
the picture respd®08A Jf e mpmiegat Ads fouasued Vade \BddyaRBt{® al area
of the picture..: } it deeicskan it dasion waithiorg si gnal
to the di séﬁgyp&%fr"%‘s% %%W*@?é&-%ﬁ%ﬁf?ﬁgk?toﬁé thiFespl 2y consol 6 8 di spl ay
a warni ng, reseioRre, corirPatoosigoeBLiram the Contr?'oe'@i'j c%ﬁéﬂ eSRim

narr ow ng, I L i tH Y dl b Sl edrdrive coati ng
Taud R LR degltls SaE R L R i A e
narrowR0g atata,snahesly; iBespiskubadhasnvia %189_ s GOKST HEbK-EBhe@URMHS | i qui d
R inperfectly.int n ; i lg qué ives fTHen t he
tip 10d of E%Ehﬁoggéﬂgfoﬁéaﬁfﬁi%cggggi _%@®[3icgﬁibdg%0iasg§égb%§mi n’groperl y from
t he nozzl e décistmh uanitn&tr losgeds Mligslf@ﬁg@f amalyping@nd decidefolfis] | f

the camera 47 focii5,ap, Limge SRR drothbecahehd Siqiiaweolamd ® 7D in

step S101, recei a confirmation signal fromthe

control unidc@arred snethestaEsisafi thadth&f ¢omapartaRn iof tha IMags W with
the refZPSr'enSepicture of a narrowed coating liquid column stored beforehand
in the storage device 95 and the comparison of the width of the
image of the coating liguid column R1 and the width of the
~ coating liquid column of the reference data, namely, the picture
shown in Fig. 7B. In this case, the decision' unit gives a
30 warning signal to the display console 8 to make the display
console 8 display a warning, “ABNORMAL, COATING LIQUID
COLUMN NARROWED". |
[0086] The lightness of the picture of the coating liquid R
in the passage 10e of the nozzle 10 is V2. The decision unit 9b
35 can decide that the coating liquid R contains bubbles when black
spots of the lightness value VO or V1 are found in part of the



20 data, nanely, the picture shown in Fig. 7A or 7B, i.e., responses to the
queries made in steps S103 and S106 are negative. The decision unit 9b
proceeds with image analysis and decides in step S104 that the narrow ng of
the coating liquid colum R occurred gn the basis of results of conparison
of the image with 25 a picture of a n Pr owed coating liquid colum stored
bef orehand in the storage device 95 and the conparison of the width of the
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series. The light-emitting time for Whl the coating I|qu1d R
emits light can be considered to be eqgual to spouting time for
which the nozzle 10 spouts the coating liquid R. The decision
25 unit 9b measures the light-emitting time for which the coating
liquid. R emitted light from the image formed by the camera.
The decision unit 9b can decide whether or not the measured
light-emitting time is normal through the comparison of the
measured light-emitting time with light-emitting time stored in
30 the storage device 95. If the measured light-emitting time is
abnormal, the decision unit 9b gives a warning signal to the
display console 8 to make the display console 8 display a
warning, "ABNORMAL DISCHARGE:. S -
: - [0089] When the decision unit 9b decndes that the
35 coating liquid R was not spouted or the coating liquid R was

spouted abnormally, the decision unit 9b gives a faulty spout



30 -the storage device 95. If t he measur ed light-emtting time is abnormal,
the degision unit 9b gives a warning signal to the display console 8 to
make the display console 8 display a warning, "ABNORVAL DI SCHARGE: . -

[ 0089] When the decision unit 9b deci gs that the 35 coating liquid R was
not spouted or the coating liquid R spout ed abnormal ly, the decision
unit 9b gives a faulty spout .29 warning signal to the control unit 9a.
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i mage formed, by nbheq GRIR frotalthe nozzle 10 and narrowing of the coating

20 liquid column R1, occurred and determine spouting time for
which nozzle 10 spouted the coating liquid R through the
analysis of the image formed by the camera 17. Thus, the
coating unit 1 can accurately decide whether or not the coating
liquid R was spouted from the nozzle 10 and whether or not

25 changes occurred in the condition of the coating liquid spouted
from the nozzle 10. Therefore, increase in loss resuiting from
abnormal spouting of the coating liquid R from the nozzle 10
can be suppressed and loss of the coating |iquid R can be
limited to the least extent.

30 [0091] Since the laser beam L |Ilum|nates only the area
between the tip 10d of the nozzle 10 and the surface W1 of the
wafer W, unnecessary direct illumination of the nozzle 10 and
such and unnecessary reflection of ||ght can be suppressed,
which improves the accuracy of an image formed by the camera '

35 17. : _
[0092] The laser light source 110 projects the laser beam



30.L toward the irradiation point Ti on the surface WL of the wafer W
~slfghtl,y on the side of the laser |light source 110 with respect to a

“ falling point T on the surface WL of the wafer Wat which the coating
liquid R spouted fromthe nozzle 10 fs | s such hat 5 the |laser beamlL is
reflected by the surface W of the wafér Wtoward the area between the tip
10d of the nozzle 10 and the surface WL of the wafer W Therefore, the
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decide the condition of the coating liquid R on the basis of both
the image of the area between the tip 103 of the nozzle 10 and
the surface W1 of the wafer W and that of the coating liquid R in
20 the passage 103. Thus, the decision unit 9b can accurately
decide whether or not the coating liquid R was spouted from the
nozzle 10 and whether or not changes occurred in the condition
of the spouted coating liquid R.
[0094] The decision unit 9b has the storage device 95
25 storing reference data, namely, the image formed by the
cameral 17 when the coating liquid R was spouted by a normal
spouting action. The decision unit 9b decides whether or not
the coating liquid R was spouted from the nozzle 10 and
whether or not changes occurred in the condition of the spouted
30 coating liquid R on the basis of the results of comparison of a
picture equivalent to an image formed during the spouting
operation and a reference picture, namely, the reference data,
" in terms of lightness. Thus, the decision unit 9b can make an -
accurate decision. .
35 [0095] The nozzle carrying mechanlsm 20 carries the
nozzles 10 above the wafer W held by the spin chuck 41. The



nozzl e carrying nechanlsn120 has the nozzle support arm 11 supporting the
el even ,nozzl es 10 arranged in a row. The |aser beamL enmitted by the |aser
l'ight source 110 hel d beside the row of the nozzles 10 falls on the surface
WL.of the wafer Win 5 a line in the q;ea bet ween a pl ane containing the

. tips 10d of the nozzles 10 and the sur Tace W of the wafer W Thus, the
area between the plane containing the tips 10d of the nozzles 10 and t he
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nozzl es 20 be "ar ran% ow parallel to the row of eé{;e nozzl es
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[0098] In the Bt faskri Nghtesbiuret amodiredtly fheminseds |'dr®‘|t

source 110 emts Paser beam™ from a position be We Io? nozzl e 10 and
t he caneraarea dD@thMeehethEr éﬂaaﬁl SPBREIPI Gt the B‘rﬁ’st a@ M%f the

vater }"(];' 'F;Pc}“éétlésro'ﬂot hRgStRE Sfirfdee hegebr! iHhtwar op Wl@\ Which |agsipect to
beam L. It is satisfactory to emit light into the area between a
15 plane containing the tips 10d of the nozzles 10 and the surface
W1 of the wafer W. For example, as shown in Fig. 5B, the
eleven nozzles 10 may be arranged in a row on the nozzle head
11a of the nozzle arm 11 of the nozzle carrying mechanism 20,
and eleven laser light sources 110a respectively for the nozzies
20 10 may be arranged in a row parallel to the row of the nozzles
10 to illuminate points on the surface W1 of the wafer W with
spots of laser beams La.
[0097] The laser light sources 110a thus arranged can
accurately illuminate areas each between the tip 10d of each of
25 the nozzles 10 and the surface W1 of the wafer W with the laser
beams La. _ :

[0098] In the coating unit 1 in the first embodiment, the
laser light source 110 emits the laser beam L from a position
between the nozzle 10 and the camera 17 toward the irradiation

30 point T1 on the surface W1 of the wafer W slightly on the side
of the laser light source 110 with respect to a falling point T on

 the surface W1 of the wafer W at which the coating liguid R
spouted from the nozzle 10 falls. Then, the laser beam L is
reflected by the surface W1 of the wafer W toward the area

35 between the tip 10d of the nozzle 10 and the surface W1 of the
wafer W. Since the laser beam L needs only to be projected



the surface WL of the wafer Wat which the coating liquid R spouted from
thge nozzle 10 falls. Then, the |laser beamL is reflected by the surface W
of the wafer Wtoward the area 35 between the tip 10d of the nozzle 10 and
the surface WL of the wafer W Since the | aser beam L needs only to be
projected 32 into the area between tH®tip 10d of the nozzle 10 and the
surface WL of the wafer W the |aser light source 110 may emt the |aser
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accur at el y&?;ﬂ}ﬁ ti n tness. 15[0100] In the coating unit 1 in the

first enmbo ta 17 is held such that the canera 17 can form an
i mage of the ar e@Ob@tgaeWhehetrm daesecdiglat siougcehé 10i padidheotameranozz| es
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canera 17 diarama s Tt RN G0 B PR Ve hendiths Eaferd no,
shown, for jexaapl Eorrmaoan imagesioayrately indicatir@lightwesa. t he camera 17 is
I N A AR A e
of the |rrag-_eam[9%027 iSehefd! ftrdivthatnthe camera 17 can form an image
of the area between the plane containing the tips 10d of the 8
nozzles 10 held on the nozzle head 11a and the surface W1 of
the wafer W. The camera 17 may be held at a position shown
20 in Fig. 9. In Fig. 9, the laser beam L falls on the coating liquid
column R1 at an incident angle a and is reflected by the cbating
liquid column R1 at a reflection angle a. The camera 17 may
be disposed on a line at an angle a equal to the reflection angle
a to the line perpendicular to the coating liquid column R1 at
25 the point of reflection as shown in Fig. 9. In his case, the
camera 17 and the laser light source 110 are fixed by fixing
means, not shown, for exa'mple, to the housing 30.
[0101] When the camera 17 is thus disposed, the camera
17 forms an image on an optical path of reflected light having
30 the highest luminous intensity, which improves the accuracy of
the image. _
[0102] Second Embodiment
In the coating unit 1 in the first embodiment, the laser
beam L is projected into the area between the plane containing
35 the tips 10d of the nozzles 10 and the surface W1 of the wafer
W. An infrared emitter 111 may emit infrared radiations 1



In:the coating unit 1 in the first enbodinment, the |laser beamlL is

proj ectied into the area between the plane containing 35 the tips 10d of the
nozzles 10 and the surface WL of the wafer WAn infrared emtter 111 may
em-t infrared radiations | 33 toward éhe area between a pl ane contai ni ng
the tips 10d of the nozzles 10 and th% surface WL of the wafer Wand toward
the nozzles 10 as shown in Fig. 10, and the decision unit 9b may neasure,
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spout signal requesting the nozzle 10 to spout the coating liguid
20 R toward the wafer W and a imaging signal requesting the
camera 17A to start an imaging operation, and a decision unit
9b, not shown, which decides whether or not the coating liquid
R was spouted ffom the nozzle 10 and whether or not changes
occurred in the condition of the coating liquid R spouted and
25 whether or not the surface R2 of the coating liquid R in the
| passage 10e of the nozzle 10 changed on the basis of analysis
of the brightness of an image of the coating liquid R irradiated

with the infrared radiations I emitted toward the coating liquid R,
~ penetrated into the coating liquid R and reflected by the coating
30 liquid R and the brightness of an image of the coating liquid R in

the passage 10e of the nozzle 10.

[0104] The infrared emitter 111 is an infrared LED

illuminator. The infrared emitter 111 can irradiate the nozzles

10, an area between a plane containing the tips 10d of the

35 nozzles and the surface W1 of the wafer W and the surface W1
of the wafer W with infrared radiations I. There are many kinds



of the wafer Wwith infrared radiations |I. There are many kinds 34 of
coating liquids R of different colors. Wien a red, blue or green resist
solution is used for formng a resist filmon the wafer W and visible

i ght having a wavel ength in the rangggof 400 to 700 nmis used for
irradiation, the visible light is 5 a forbed and reflected and weak visible
light is transnltted by the resist solution, which makes it difficult to
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t ransparen
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the infraréd ra ons for |rra|%t|n ftqre nozzl es n_area

bet weelD a pEF aﬁ@cbfﬁﬁ Hradirtione it i 8iffoed H&& 6271/ gﬁé\ ltﬂ OLF Pace W

of the wafg @é&#&%@lth‘?ﬁcéaﬂm ||E’1Lﬁd9co|lﬂmntﬂw i Wharethernftaredl11
i ncl udes a |rst rared emtter 1lla a a, second I&J‘r red emtt 111b.

The first iradiatieasehi m@\émgl].aléoéfﬂﬁatrﬁé'v ¥olf'g WaNE t1q'& are
di sposed 5¥8PﬁPFé 8ilon, MHAE dRRAFELIIGAIA RoIuaT IRBlamKitheoburfaze@z] e 10
in a

The angl e or| pl ane, bet ween P h axis.of the first
infrared emftthe@ C.an;J'anQnHQUI% %p@a%abeaﬁt%blfﬁ @ 5 h%aa ragar difgst f angl e
5in al@ﬂ'fﬁ%”&@lorpb?‘@ﬁeb@é?‘ﬁﬁ@ GGG P Cal"he&éfére)flrhhgese@f)radil kifdsar ed

emtter tic

axi s of the canﬁ{ N@g @%t he .ran
1200 to 167, COBSING rlsUidst Racad &f (€a5iy 1 aam& oY ar ed
em tter 11]#30‘?%5}1’1‘ nf[réf%éé"éd'ﬁbtr' ﬂ*&%dlah@\f@r dThh@ n@?é'@)a'lt@n 0|| hid

hi gh-intensity réeflecte

nd refract ﬁg I nf rar dla travel
rom the SianiuonntRa_oost ihg FHEACE do2u boateﬁd]?m RER
spouted fr 1 ign ededigiom de of
p gggg %Idgﬁ(%ilv%d 9\/}%@%@%@{ @)flﬁﬁékﬁﬁ 4 wrbmg .

the coatin In a ear contrast. Thus 6 Si da of ,the
coati ng05 [dmuthie chasisn of1 reskltseohi GRRIGShRIPCESEING (F%g eofedHECoat i ng

liquid col upp, &1 [ansbe depepiie td "RsRY aheChiffafed radiations I for
irradiating the nozzles 10, and an area between a plane
containing the tips 10d of the nozzles and the surface W1 of the
wafer W.

25 [0105] As shown in Fig. 11, the infrared emitter 111
includes a first infrared emitter 11la and a second infrared
emitter 111b. The first infrared emitter 111a and the second
infrared emitter 111b are disposed symmetrically with respect
to the vertical axis of the nozzie 10. The angle y in a horizontal

30 p‘lane between the optical axis of the first infrared emitter 111a
'and the optical axis of the camera 17A and the angle & in a
horizontal plane between the optical axis of the second infrared.
emitter 111b and the optlcal axis of the camera 17A are in the
range of 120° to 1600. The first infrared emitter 111a and the

35 second infrared emitter 111b emit infrared radiations I toward
the nozzle 10 so that high-intensity reflected -and refracted



[0106] The vertical axis of the nozzle 10 will be described. The angles y
angd 5 respectively specifying the respective positions of the first
infrared emtter 11la and the second 10 infrared emtter 111b are shown in
Fig. 11. The angle y is an angle in a horizontal plane between a verti cal
pl ane parallel to the optical axis of ¥he canera 17A and tangent to the
side on the side of the second infrared emtter 111b of the coating liquid

Rin the PAHFEPE 1P£di§fuotdl.e INeEAlE HOANeha ¥Rid 'dfai:hé| é@étﬁh@ q:iqrmual ni ng
XIS
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nt S e I’are

experi nove 111b to changé the angle 5 I'n
angul ar stdapmdfccmummrlblncwobmforme d§ HABRAVER FGragy: 25 The canera

17A tormed an | M&j%é Dertielr akrd ofreid Abz3(klB0 wikasd deaverbedt, each

angul ar positio I's an angle in a horjzontal plane petween a
vertical plTdee pagis ey taj'\fﬂ h® orpﬂSR%ﬁtl%w&'le speeifinnEhe 12aPSAHVYEangent

to the si d‘@o%r?t@)ﬂ% %fd‘%hgf fﬁfr%?ed“férﬁitfﬁéremltltaeraﬁélﬁhéf se@engoat i ng

liquid R 3 t he nozzl e 10 _and a vertical plane containing
the opt0 calln'ér)alrgdoﬁrmlh@l’séddrtd aref FRPHN éﬁ1 Fier 1111pThaRpelery ismah
vertical F‘rﬁée%r?zdhﬁmt R HEtWé@ﬁaé %ﬁtﬁf@la&lam“e pdrape tiee

i nfrared em er 1btothes rface t

e coatin qui d in the
passage 10d&hef Olpﬂimaioazllseoidl”@diaﬁlﬁr@hﬂﬁa@ﬁdoﬁa@geﬁglt@cm@ $igHe 2Ned

radiations t"h‘aefI Eegfffl‘i’@‘ %%E?ﬁar ﬁ’ﬁ%rga mitber CPMb”@Jf' tﬁé' éoBtllnrg the

passage 10€ of e nozzl e rom-t 6 surface mer a

fixed at 128puid R in th@cplar&qagﬂadxqﬁ@§ tf\m)w@zzle Ri% anﬂGaV\)é‘?@'Q(;ﬁt%laﬁ@d by “The
gl(pgg'n IR %9 rgé?nﬁ{gcg Sc{&geyre %lgaﬁgg{rﬁl fgﬁ%ﬁt @ﬁfrb?édg@ﬁil}titfgslldﬂéyid tccr)]laurm
coating |i quihvel arodlend malaa]ng& ieradwridentalnelanfybetwaen & VERECRhnge of
igg?. tng ﬁ?&%a&ecgraranégwgc]he'bbg‘ﬁ%lf&%ﬁ%d%F '@F}E cé‘ﬁ\érﬁaﬂ?éggtnfjgl?r%é‘ﬁt gf the
col um Rl danhbe sigehpghthgrside ahdhet figst nnfraarsai letwraauld{aapflt%ﬁ) is
Found that caitinky SeETHi B, tr the, Paspage 308 g e e e e el i ng
t owar d20he vartical mVaﬂn@r@nt@mmgjthﬁeo;)tkﬂféloﬁﬂﬁh@f &bt sagoNdgifr @ um R1
cannot be hélgm,deq.hifgb\_/\hen the infrared irradiator 111b is positioned
[0107] Experiment was conducted. ~ The experiments
moved the infrared emitter 111b to change the angle & in
angular steps of 100 from 90° to 180° as shown in Fig. 15.
25 The camera 17A formed an image when the infrared emitter
111b is positioned at each angular position. The angle 0 is an
angle in a horizontal plane between a vertical plane parallel to
the optical axis of the camera 17A and tangent to the side on
the side of the first infrared emitter 111a of the coating liquid R
30 in the passage of the nozzle 10 and a vertical plane containingv
the optical axis of the second infrared emitter 111b. Angle B in
a vertical plane between a light path of infrared radiationé_from
the infrared emitter 111b to the surface R2 of the coating liquid
R in the passage 10e of the nozzle 10 and a light path of
35 reflected infrared radiations reflected from the surface R2 of the

coating liquid R in the passage 10e of the nozzle 10 from the



15-with the angle 5 in a horizontal plane greater than 1600. Although
reflee}ed rays and refracted rays froma central part of the coating liquid
colum Rl can be detected, respective intensities of reflected rays and
refracted rays traveling fromthe side of the coating liquid RL are | ow and
the side of the 20 coating liquid col ¥ R1 cannot be hi ghl i ght ed when the
angle 5 in a horizontal plane is 1700 or 1800. [0110] In the

experi Ment s, piily Roey $8R0ASIdIG 87 A0WHY fiket ddYpgeas di sposed on t he

right side o I'rradi ate side of the coatlng
liquid col um RL[GLOB]t Rictesepnsharsy inafiigt ildnswere vpREainech byhéhei r st

I nfrared e a 3¢ r osed
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ri ght and at1'ng |1 qui e highlighted.
[0111] As $hewangle ﬁllg inLbhetra@gg p§tl Qﬁrtarbﬁogm tter 11la is disposed at

a | evel hi gher tEBEO@ pﬁ?@?g'ésuc ﬁ§5£ﬁé!€' aR ¥hnd h'e”%uc’]é%F ¢hB in the

passage 10e of the no that’ the an vertical plane
bet ween thé:qatéﬂﬂ lsainl eplumay & dg @laacplaltecmdf Sﬂ%e cpfmthare@a@ﬁgtter

111a to th h d
Fevel P and Gl |.gHWaﬁi1 oraheeTER Afighitey R TENB! IHRGPER 120
fromth@ surfatater bt bhtS (ﬂﬁ&ltlﬁ@eldi qmtb Rhenanigde paskage hodzentalhe
nozzl e 10 f4) H‘et I Jf%ﬁ%nR%gdbs ff%Lﬂr?d*ﬂhtht' Ehéhﬁ'\té %Zcﬂﬂ‘ 120 to

160. The pr eterm ned | evel at wh the sur ace of the
sucked baclre&mtedgrayeuaﬂdRreféaﬁt,ed nra\ﬁ?e tlsayela@e fowast the ea@2Ar@ 10 when

th t ¢ 111b
di gpgggdl ggln;}’;lb\gérﬂedlﬁv %wﬁ‘q;?'\ {2}& 6??5‘2 emt Iuﬁ @dlﬁf% ﬁﬁ% en t he 'S
i nfrared erﬁetreug@hgmdamhqnlmerl@frafm arlfaadi@é@r 1hébslﬁf irpegf t he
coatings!i Qi R dNGIPFS {9l HoProhtl HERES gredteratnahed gash both

thelnrare ?atlon | en direct yont esur ace e reflected
i nfrared rdkll[thougﬂﬂsreféect&ﬂ edysramd treéraciiesr ray s fremancentnad ptioft ensity
of therefl ar d fr fr ations
Cravel ing 1 5m RS0 1 10U R GRS cilla#]g b Aatrted, BBk 2"y
t he nozzle m@ensmm theeﬂe@éed nays damdsre raetedrrame tRa2velinghéremat i ng

P aren bOEISIFERE e Satlnd IFARTIE I 130 bnd 1l gCrih e
20 coating liquid column R1 cannot be highlighted when the angle 0
in a horizontal plane is 1700 or 1800°. _

[0110] In the experiments, only the second infrared
emitter 111b was disposed on the right side of the nozzle 10 to
irradiate the left side of the coating liquid column R1 with the

25 infrared radiations I. When both the first infrared emitter 111a
and the second infrared emitter 111b are disposed
symmetrically with respect to the nozzle 10 on the left and the
right side, respectively, as viewed in Fig. 11 to irradiate the left
and the right side of the coating liquid column R1 with the
30 infrared radiations I, both the right and the left side of the
coating liquid column R1 can be highlighted. |

[0111] As shown in Fig. 10, the first mfrared emitter
111a is dlsposed at a level higher than a predetermined level P
of the coating liquid R in the passage 10e of the nozzle 10 such

35 that the angle B in a vertical plane between the light path of
infrared radiations from the infrared emitter 111a to the surface



surface R2 can be formed in inproved accuracy. [0113] As shown in
_Fig. 1%, the angle p in a vertical plane between the light path of infrared
radi ations fromthe infrared enmitter 111 to the surface R2 of the coating
liguid Rin 25 the passage 10e of the nozzle 10 and the |ight path of
reflected infrared radiations reflectéd fromthe surface R2 of the coating
liquid Rin the passage 10e of the nozzle 10 fromthe surface R2 to the

canera 17AR;ﬁa§)ﬁr§:§%ngr§ggh@ fiogih R &t i @Be&@%ﬁrﬂm&?c?e(/@l Pananehthe

canera 17A every an In_a horj zontal
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R can be st,ablyqai 98! igfeed. il igleddtdimnidapniyeiap (91 homestective

i nt ens fl ect ed rared I ati ons and the refracted
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vertical praReppsSebs TREPRIneInenH L GohRErahe FOStBUDNOUId RIS ( ace
R2 of the ot spgutédui diiRei secmsduindraned oirgdiatersiiiiacés FiSeOSERe

coating Ii I.lI d@?lfﬁgr}(ﬁ%@gsp%&gat% Wéq.nlwﬁhangl e 13 i n a vertical

pl ane is g exanpl e, when g@ a vertical
pl ane 168 1700 or [180Q] WbeDOMhﬁarwfraéedeémlttt\%rssLﬂrlf ealF{Q éfll{mear@oatl ng

radi at i one thepr AR oG S\ EEE RA G IneicRdly Gy TR AfrEthe o116
The caner a plassagey 10e af thegpogalesds n’a@dlﬂt@CbﬁNlitbr PRy e iinhRrest a
obj ect i rradld?éﬁgegnn£$£éﬁjed|rjé t%% r‘_argé 3)&@5%‘3 RZT@n&aﬂ?é aré'fTé’cﬁe% not

limited to'& 0117] A
deci si on urnfrated nadiatéons nre;fl@@trﬁd (fl"DBT the swarﬁGFaW ya @ﬁh@@%cﬁ"tﬁ on unit

ob of jke LhEshSRIeH IR rer Rl ACH A MCHIGTat RN Bnd Dh & QRiFTAGd AUl d R

was sp anges oOccurre condi tion of
coating 20 ihfrared Radiatioes travel inige firaryz ke 1sufacenB2batitheo£opsng t s of

oD e Ukl PR pesenskoldElof MesRiond sOhadh Ry e clitorgre 2
enbodi ment 17Kke ofThus,r ébporsdinigce oRZhosk tﬂTetmatflngstlquId R in the :
passage 10a of the nozzle 10 can be irradiated with the infrared
20 radiations of a sufficiently high intensity and image of the
' surface R2 can be formed in improved accuracy.

[0113]' As shown in Fig. 17, the angle B in a vertical
plane between the light path of infrared radiations from the
infrared emitter 111 to the surface R2 of the coating liquid R in

25 the passage 10e of the nozzle 10 and the light path of reflected
infrared radiations reflected from the surface R2 of the coating
liquid R in the passage 10e of the nozzle 10 from the surface R2
to the camera 17A was changed in angular steps of 10° from
90° to 180° and the camera 17A formed images at every angle

30 B. The angle & in a horizontal plane was fixed at 120°.

[0114] Pictures shown in Fig. 18 were obtained by the
experiments. Experiments proved that a clear image of the
surface R2 of the coating liquid R in the passage 103 of the
nozzle 10 can be formed when the angle B is in the range of

35 120° to 160° and the surface R can be stably highlighted.

[0115] It was found that that the respective intensities of



25. enbodi nent are denoted by the sanme reference characters and the _
description thereof will be omtted. [0119] Actions of the infrared
“radiations | emtted by the first infrared emtter 1l1la and the second
infrared emtter 111b will be described. Referring to Figs. 10 and 11, the
first 30 infrared emtter 11la and the3&econd infrared-emtter 111b
irradiate the nozzle 10, an area between the tip 10d of the nozzle 10 and

h ; '
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Coating 11 deabpuigRrkdu et NTE Shrfaee RE oL 3 o HRE 58id AR o
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Bi cture of Ce‘ﬁzgfﬁgﬁié agﬁpgﬁggfoﬁofi ?%3’3&?85%@%‘8&%@&‘ nﬁﬂr%rléﬁarraeg]:ti ons
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part 162 athiy AL PR GRS SR ™ns | radi ated tovard ¢ he coating | qui d
ZRSI n :_he t_:quI fa(r]I [;33;117]10@; deaidies tumeitc SMeriaclvdedt re pi comteolder t Be

coatin . : 0 . i

[0122] The SiIEREAte Y dLEoict, &R obTBr e Brsd " h@PbRiRher Wt e
pr edet er ni ngelcidevevhé&thdr tdre rair fthee deatiig t hgeuitbaR i wasl ispauter feidl in the
poutd 1 oHNERBER 2 NB Fyaden b el b U6 Al o e PRt ca
pl ane pg inigbil Raspsdutedl 2690mt ¢h&6A0zzRkhel Guwr abe Basis of radulsedfwith
both the i nfra{ed r%opn%;i:rﬁg(glteedl rectly fallen on the surface R2 and the

infrared ra@0andT d fromthe wafer W
[0118] The second embodiment is the same as the first

embodiment in other respects and hence parts of the second

embodiment like or corresponding to those of the first

25 embodiment are denoted by the same reference characters and
~ the description thereof will be omitted.

[0119] Actions of the infrared radiations I emitted by the
first infrared emitter 111a and the second infrared emitter 111b
will be described. Referring to Figs. 10 and 11, the first

30 infrared emitter 111a and the second infrared emitter 111b
irradiate the nozzle 10, an area between the tip 10d of the
nozzle 10 and the surface W1 of the wafer W, and the surface
W1 of the wafer W with the infrared radiations I. The nozzle 10,
the area between the tip 10d of the nozzle 10 and the surface

35 W1 of the wafer W, and the surface W1 of the wafer W are
irradiated with the infrared radiations I emitted by the infrared



35 Therefore, the infrared radiations | that fall on the canera 17A has a
high igtensity because the sane infrared radiations I 40 include both the
infrared radiations | reflected by the surface R2 of the coating liquid R
i n-the passage 10e of the nozzle 10 apd the refracted infrared radiations
|. Therefore, the surface R2 of the c® ting liquid Rin the passage 10e of
the nozzle 10 can be 5 highlighted and a clear imge of the surface R2 of

t he coati i ' h sfage wWired thhe i ida d
Thus, ther%rﬂtgref%)? ?Eghsﬁ? %ce Rg has ﬁghﬁi Sﬁgglﬁqeilg tlﬁeg\sb%arli(ﬂrem\em-
[0123] Fi spdiedsfroms Hhenezaie 1dhui val ent to an image 10 formed by the

The coating |1 adtd Lt SR s e Bl e g i d
col urm R1 forsnedt Eyoths | ganTay AN Ui GIaha. Hasidara b el the
Surtace Wogfutdte #BhP" il d8ZIENi ehihed! AbkAN | tHamremlectsdtiy t he
infrared radiations I is in a space surrounding the nozzle 10, the
image of the space has a low lightness value Y0. The first
infrared emitter 111a and the second infrared emitter 111b are
disposed symmetrlcally with respect to the vertical axis of the
10 nozzle 10 such that the angles y and 6 in a horizontal plane are
in the range of 120° to 160°. Therefore,, when the coating
liquid R is sucked back into the passage 10e and an air-filled
space is formed in part of the passage 10e near the tip 10d, the
infrared radiations I emitted by the first infrared emitter 111a
15 and the second infrared emitter 111b are reflected by the inner
side surface of the air-filled part of the passage 10e and hence
the picture of the air-filled part of the passage 10e has the
highest lightness value Y4
[0121] The picture of the tubular part 10c irradiated with
20 the infrared radiations I has a lightness value Y3 lower than the
lightness value Y4. Only the infrared radiations I transmitted
by the coating liquid R and the tubular part 10c among the
infrared radiations I radiated toward the coating liguid R in the
tubu|ar part 10c reaches the camera 17A, the picture of the
25  coating liquid R in the tubular part 10c has a low lightness value
Yi. o
[0122] The infrared emitters 111a and 111b are at a
‘level higher than the predetermined level P of the surface R2 of
the coating liquid R held in the passage 10e of the nozzie 10
30 while the Coating liquid R is not being spouted from the nozzle
10 as shown in Fig. 12A. The angle B in a vertical plane is in
the range of 120° to 160°. The surface R2 is irradiated with
both the infrared radiation I directly fallen on the surface R2
and the infrared radiations I reflected from the wafer W.
35 Therefore, the infrared radiations I that fall on the camera 17A
has a high intensity because the same infrared radiations 1



15 liquid colum R reach the camera 17A. Therefore, the picture of the
coatirfg liquid colum RL has a lightness value Y2 slightly higher than the
| i ght ness value Y1 of a picture equivalent to an inage of the coating
ligquid Rin the tubular part 10c formed by the infrared radiations
transmtted by the coating liquid R i A0t he 20 tubul ar part 10c.

[0124] The angles y and 6 in a horizontal plane specifying the p03|t|ons of
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higni 1 ghted and W0brad, FiFcoal: shpvs & Flchifie By fivaRmoo aRama0e  ory
gr\g\é\nen?)hghgcl)wm% bof thbecan‘aem’:rgl.T{Agulhdlectth@nﬁoﬁlln@aﬂi%é oBt i N9[ 0125]
by di sposi i %tullfgd IE#S fﬁ?em Z’Jée?l;b 11?2‘ Ega% ﬁggdneqﬁtsﬁ%%gﬂ(?dagoﬁl ! ?Eteed
gggf !srlgnl loﬁhteﬂgogglmﬂﬂ?ioms bec@%lt?ﬂgyllﬁldbderc\péblm%r%l ANSIARFANRRYMY a wrong
can be red@?&&v %‘%bg QE ﬁ@?ub%%‘ egrg?%/l%sﬁ?wghae%@%ﬁgéiéﬁﬁggggtthg Hgag:n
lbgagb'z)al {lﬁ@vt)%er‘p:\/mceé'?elqgnfﬂa&fedna@éldiyOlaSsﬁ ﬁm%mﬁ@&@y thegeoahhgy zi ng
nmay be ?|qu1§ 88hjerﬁ9e%sﬁé8ggnw€| e@%ﬁﬁiz& Capﬁér%ﬂbrgfssty@ pietlireol | et
i nexpensi vepfpid coating liquid column R1 has a lightness vaIue Y2 shg%tly
higher than the lightness value Y1 of a picture equivalent to an
image of the coating liquid R in the tubular part 10c formed by
the infrared radiations transmitted by the coating liquid R in the
20 tubular part 10c.
[0124] The angles y and & in a horizontal plane
specifying the positions of the first infrared emitter 111a and
the second infrared emitter 111b disposed symmetrically with
respect to the vertical axis of the nozzle 10 are in the range of
25 1200 to 160°. The first infrared emitter 111a and the second
infrared emitter 111b emit the infrared radiations I toward an
area between the tip 10d of the nozzle 10 and the surface W1 of
the wafer W. Therefore, reflected infrared radiations and
refracted infrared radiations respectively having high intensities
30 travel from the side of the coating liquid column R1 formed
between the tip 10d of the nozzle 10 and the surface W1 of the
wafer W toward the camera 17A. Thus, the side of the coating
liquid column R1 can be highlighted, and hence the picture of
the side of the coating liquid column R1 has the highest
35 lightness value Y4. Since a clear image of the side of the

coating liquid column R1 can be formed, the side of the coating



[0126] A decision procedure to be executed by the 15 decision unit 9b wll
be, desgribed with reference to Figs. 4, 6, 12 and 13. _ The decision unit
9b stores an inmage forned by the canmera 17A while the coating liquid Ris
spouted normally fromthe nozzle 10, nanely, reference data, in the storage
‘devi ce 95 when the operator gives an fdstruction to the controller 9. As 20
ment i oned above, when the coating liquid Ris spouted by a normal spouting

oper ati on. ;g ff ebifrsROVAN Be BeFét%bI\}'Zﬁrg}'rW@ﬁté@faﬂ’fdiraCelem’i ictura obr mal

Spout stoppl ng condition and pi cture sh in Fj 2B |ves ref erence
data on a tktﬁmlatﬂ'pg)drltqmg @@Ir‘rdﬂﬂr Bh. PW@'SS tﬁh%”%‘r&&ﬁ % dE & the A and
12B 25 are d rage device 95. - [0127]
The deci SI% §d| @%Idmrém@?\gﬁ&rgéeﬁtt?rg drﬂetf%e?gﬁce dat ae%pr] t he giora e device

95, decides V\het[Hh‘rZB} Siecectha sifte 1afgkher cRakHRg Jikil Hidth zzle 1-0
and wh outéaoéromg’ %haﬂagﬂteecgw a?’s;?]@srh@e tﬁ@nfilhfﬁa%dOfenﬁrlu@er@amm liquid

R 30 s the“noZzle 1 basi s resylts of ari son of a

co
pi cture eqandalddb 29 raﬁntmarg%d Elateet)! Wt@@%@rﬂ@'g?@@ﬁﬁnt ¢@Ference

data in te d riskl %%k, $ WY Qj@@,@ﬁb@?@h execut es
t he sane p?ocedur’é as t hat eagcurte (gf;il the f| rst .enbodi nent. A spﬁut 35

si gnal opehaStSanp‘ﬁéuiﬁﬂ ] d@éﬁv‘ébt;aznre@r Y PEResRsipg EeollNag% cababfng
liquid RTrom, “%ﬁé:% 3&%1@&@6@6@@%0@!‘1%&@@ sidé inege efigehe

spouti ng opera%ron e is given tot ecision unit 9b in step

S101. 1\Mencanebaeob§amedu’mt m@ceéémgxetbea'wq fbrVatai §HMPIGARATOFESn t he
control \rha?;‘% ég\aggm S@ Ry rcﬁwsrt%ré%tdrﬁrarlqversvr@wdeth@ toresslag i s

affirmati ve on unit 9b ana i mage ares the
i mage wi t hcapacityf ef sheecanirg)lendmalyy b eaS'iSi ,ualé é}ﬁiﬁﬁ?%ﬁ nPPi " stored

in the Stof:%ebged(ur‘heb?ﬁaé%ﬁﬂﬂﬁ% MekpaRERRS parté. the conpari son proved

that the irmage I den referenced it is |g§gthat t he
coating |iquid R[0A26dpdht €Cision. prﬂFecdd-érer eE‘?)o §e q)@%‘t&@g 6 & in step
S103 1 al L B! it B8 Mkl %%Sgiﬁgkli‘ﬁ)é@%ﬁt'hoﬁ‘eﬁé?énc%bt@OF«‘i@sﬂOll @ve any

si gnal |s pl"ay conso rocedure returns to ste& S101.
[ 0129] TheIcQaMrchlB?ATberﬂ;e@ﬁlql’hﬂ@et&msbq)mfsaﬂ"henéﬂ renedePYidEEsi on

uni t 9b in . trﬁ@rac‘gloﬂA Wﬁllénwhé‘?:’bfa‘tfrf?tnqmdlﬁ r§'s%@|tedsnﬁﬂham,cq?rdmd from

t he control setot

ry in st 3102 is
negat i ve the dozkks drﬁ),urnam@u, é@ﬁ@‘aﬂ@@ﬁ tqﬁiarfn'ﬁgeh%rﬁiof?rﬂer@?elf@gg dat a,
namel y, the, pLAL e afeb ap?hstrbctiTooiné ichitherer 91 iAs i s
deci ded th eimge i s |d ntica

he reference data E’ if the
20 respOnsencotiongdrgbarde Whest spescoeting ealﬂ(ﬂﬁ—”rqrﬁr'vc'eSpPﬂ—'t?Q Ycidded t hat

the coating A4} &5 YaRgNBHhePRABREdal bRBUrBE shown in Fig. 12A gives

reference data on a normal spout stopping condition and a

picture shown in Fig. 12B gives reference data on a normal

spouting condition. The pictures shown in Figs. 12A and 12B

25 are stored as reference data in the storage device 95. '

[0127] The decision unit 9b, which stores the reference

data in the storage device 95, decides whether or not coating

liquid R was spouted from the nozzle 10 and whether or not

changes occurred in the condition of the coating liguid R

30 spouted from the nozzle 10 on the basis of results of

comparison of a picture equivalent to an image formed by the
camera 17A and the reference data in terms of lightness.

[0128] The second embodiment executes the same

procedure as that executed by the first embodiment. A spout

35 signal opens the pneumatic valve 72 for a moment to spout the

coating liquid R from the nozzle 10. The camera 17A forms an



nozzle 10. In this case, the decision unit 9b does not give any signal to
thg display console 8, the procedure returns to step S101 and the displ ay
consol e 8 renni ns displaying "NORVAL". 25 [0130] The canera 17A fornms an
i mage and gives the sanme to the decisign unit 9b in step S101. If it is
deci ded that the decision unit 9b recéaved a conformation signal fromthe
control unit 9a, i.e., the response to the query nade in step S102 is

affirmati Vﬁ?ﬁgdﬁf rEF\ed§§b§t|W§] BP'e‘i*a@ifé)rﬁnahmzﬂﬁie tieageHgegR@&raNd tmpar es

t he i mage e reference namel y

, ﬁ_. r{:cturesovmn]:ergctg 12B.
If it is cdeciséant bait t9e imegten sSABL i daNietaIthe (#EEIRION cHBY dat a,
e, If trtbggégégﬁgts&gﬁﬂrHé‘EI&Veilﬁngqe‘dﬁo'nﬁ e roptPa! itnibeyal iive, ind the

anaIyS|s pr e image is”identical erence dat
nanel y, t hgheSaisgaunrse sthoamquarr.r@admn sken §£Qé 'éea?ff“ﬁﬂétt@’ £/S18 ¢ hat

the coati ngotluhduRit'ah Wipigeey! ! B ereDEBmpdPes THmn intdge 43

deci si grve ay consol & 8 a warni ng Si I makes t he

di spl ay cowngth ehie diefprence: d/aaham ngmethmurmW@&DT ‘RIC? Ifgfseép S105.

[0131] Theagc?,ﬁe&i r]g \Fiﬁéts&d} £ e8d9eMe didFRRE @famngiﬁwei@ WhER biee or not
ute

th t th zle 10 a d

can furt hecotmarisonhproesd Shahoh e EAGES SRt 6al itk RESCHHATENGR of ¢ he
t | h 3 d | d

coating | Tgukg. R SoHethdd amdkheneoeghntO ligld R wils Cposts i | quid

uid Rextenln g‘%ﬁ he t.i
nozzl et0L0 &hd Iem:)(sml%a@ea\/\ﬂu@ﬂ’\’tﬁéa%f'@r SWRaﬂ 'Sar’l rEﬁ}}‘\é shofn in

Fig. 12C i l-pe vgkahqpcs |Ivio TRedoes not
suck back ?Iﬂfegbtg%asltél ﬁth éawdmsﬁﬁ??%eﬁ??lﬁ&?g thevngggii 10 and t he
coating |i qusplay dDhﬁQ@%\mnﬂrmﬁ Pﬁ@cﬁﬂb‘rﬁd’c&%”éf G REER ﬁ 10. Narrowi ng

occurs al so ‘M’e“\klb ]Oarmé“g;émeradmxl $oﬁmts %@puhw%@r@pdr vdg aimet he

nozzle 10. Narromng s a sign o t he .canera 17A

forms an i sageectpithel éﬁﬁlsﬂ@ntuﬁﬂpﬁ’l@t'@r ét%FPlcﬁ/\]ﬂo?-n ﬁ%g’ﬂn)if@r]erE?E'anml
the degisi ool ts Moraledigedatontithel cdAeicl iitiJast.ep, O dspansehe

deci si fecei ved a con

I rmation signal m t control |t 9a,
that the iragehé gueity NueGeiiBastam B Q2 ieMNauati er gh ré;%%' §| cture
S b Z'rcg:rnﬁé(gpgvterﬂezﬁnatd&gépgs%mé Fepengtee Tdétﬁ”&famfélvﬁﬂﬁ!elmcal@s 5103

shown in fig. 12A, in terms of lightness. If it is decided that
the image is identical with the reference data, i.e., if the
20 response to a query made in step S106 is affirmative, it is
decided that the coating liquid R was not spouted from the
nozzle 10. 1In this case, the decision unit 9b does not give any
signal to the display console 8, the procedure returns to step
S101 and the display console 8 remains displaying “NORMAL",
25 [0130] The camera 17A forms an image and gives the
same to the decision unit 9b in step S101. If it is decided that
the decision unit 9b received a conformation signal from the
control unit 9a, i.e., the response to the query made in step
S102 is affirmative, and the decision unit 9b analyzes the image
30 and compares the image with the reference data, namely, the
picture shown in Fig. 12B. Ifitis decided that the image is not
identical with the reference data, i.e., if the response to the
query made in step S103 is negative, and the analysis proved
that the image is identical with the reference data, namely, the
35 picture shown in Fig. 12A, it is decided in step S104 that the
coating liquid R was not spouted from the nozzle 10. Then, the



25 proceeds vvith i mage anal ysis. The deci si on unit 9b decides in step S104
t hat dr.i pping or bubbling occurred on the basis of results of conparison of
the image with a picture of a narrowed coating liquid colum stored in the
sterage device 95 and conparison of the imge and the reference data on the
picture 30 of the coating liquid col uf® RL in terms of width. In this case,
the decision unit 9b gives a warning signal to the display console 8 in
step S105 L ilaY thenafifad EbsobRy 8aa Waaming, sighRNGRML,
NARROW NG'agfﬁéﬁﬁ%_e@%ﬁyléng unlat ‘jiq.ngt he second errb‘%%\%& En deci de
whet her nomakesidgbe displayPnsPlend display.a rAGH NEne W igfd Rin
t he passag ?]_eh- % I on the basis 44 of an inmage expressing

t he bright sg S oﬁ{l hgﬁcoa H%g'qlelc’)qui d Rin the pass%ge 10e ,of the nozzle 10.

g

[0135] The suck-patR1jaThe v@atingks!Mihck the §658PNAgeMBAAHMRNELE®Tgh t he

tip 10e-in S &c /mithe |iquid
RI Pn t-ﬁ%l pgggja%% V{flgéeaﬁ) 'g) Eeﬁﬁogg%étdl%wgé lgéuplrcigefﬂ’ﬁsgégt%\fg? P \/\ﬁenI gw '
spout i ng opezale d ias me@tlﬂlm@tdeé.bol\ffe,tﬁ@dsﬁ@ﬂiB—Htgﬁrtcﬁ%c'gﬁcl@’-%l?rval ve 73

|5 Sxcess) ¥ Woflgh uPHEG ARettRe dendiRiciP@rom@Ratites picarlet Rr mi ned

level P, b arediable to formin the coating 10 liquid R when the
coating |i gpioditRdi &ospdincefozate dPouti ng operation will be mstined.

0136] Fig. 13A ir§1a-8i Gk g} d | ! .
condi 11 on. i n v B Pe L o g R TR ever P |

s held.at the predetermned,level P in
the pasBagéiqLod &fexmm@gzb@tweenlgwaﬁépilr@%?feﬁﬁérﬁ%?é?smiﬁ'ad éﬁ& 111b
are at thed cye eghghgf tQE?\Naffﬁuewrr?&ﬁ*o%@ gegidtavelsiwh iheiguLpace R2 of
t he coatlngullqw eldinthe p

] assage 10e of the nozzle 10 whi I7%Tt he
coating |i i dbfinechot NPBOMEAY CSEURe WHEN 1R ofU€E 'é?arﬁ&z\{fﬂé@o. he
infrared em r 1 a i smc WV20nendhe p in a
verti cal plraaiéeseﬂ‘z?t\}ééﬁ:@%%* éﬁ? Eg?ﬁh??q’?ﬁ-ﬁ?aﬁe%#%égﬁﬁ%’s rf:.ro tCGe
infrared emazze 101and1the)coasingdiauick Rearivs owRdToFa ey tiR E"& at the
predet egm t |} af enépafiad liadidati ons
reflecfgd -ﬁ%ﬁ%#@%ﬁ?ﬁgé @rg?ﬁ{?ﬁgp@géoéa]%r%ngrsﬁ ck;\ﬂfé{jﬁ%hzen thel ,?\aé@g e 10e of
the 25 nozzReslnofrepotted quionaréy PO thte NQZ7Se al97A NRMOWINGe IS #hge of
1200 to 1600 S'p ?-6 f‘ urface R2 is irradiated with both the infrared

ibe@t‘;}h gls

radi ati ons 51'98 ling on the surface R2 and the infrared r@cgii ations

| reflected from (e 3hflérthe camerd t heAsfanaseaRoiMage rESHRIEN e
intensities,of C e} ed riadeatd n A1t rg ed
radi ations ttl}%\%&{“"@ %ﬁ%ﬁ(} ”:'ﬂ:geéalanégr: e{ﬂléi%ﬂare %?’gﬁhgﬁ%égﬁéﬁguur?gcg R2 of

the coaOi ngdécigiasy &fter teecigiagsiyestem DF02 hEhalozhee degizan bait

DALl 98t eCincHVRg 8 RHHFRIRT SRESUEIGReLTE daRrbheri oo s e pess
35 the | eveimatet e nair fdertical witksrefereneandaka Fingmebs e FP]'@EE\E/et he
position of @, ClYKg0T IN& S YHBACKH s PddpbAEs kb HEAES made in
steps S103 and S106 are negative. The decision unit 9b
25 proceeds with image analysis. The decision unit 9b decides in
step S104 that dripping or bubbling occurred on the basis of
results of comparison of the image with a picture of a narrowed
coating liquid column stored in the storage device 95 and
comparison of the image and the reference data on the picture
30 of the coating liquid column R1 in terms of width. In this case,
the decision unit 9b gives a warning signal to the display
console 8 in step S105 to make the display console 8 display a
warning, “YABNORMAL, NARROWING".
[0134] The coating unit in the second embodiment can
35 decide whether not changes occurred in the surface R2 of the

coating liquid R in the passage 10e of the nozzle 10 on the basis



45-Y4 ri ses. [0137] In a picture equivalent to reference data on a
“normal ,spout stopping condition shown in Fig. 13A, the surface R2 is flat.
As shown in Fig. 13A, which is a picture of a 5 condition in which the
suetion of the suck-back valve 73 is %cessively hi gh, the surface R2 has
an upward convex shape. Such changes I'n the shape of the surface R2 can be
recogni zed. [0138] When the'coatlng liquid Ris sucked back into the

passage 1 i PR riightaesedf theardatdigtifguitiORpassage 10e
near the ?ﬁﬁ: Qﬁogﬁﬁgé %X&hééﬁﬂlgs 19 the inner side surface of the

air-fill edhﬁapﬁséﬁgﬁhboﬁﬁsﬂﬁ% nﬂ?ez ‘?gfq)ect s the infrared radiations | and
shi nes. Si nce tﬁ] ];afﬁg ki & Mlgearyd 1s1uld;k§armacd4 &pesedaﬁng] t hat
t he angl e orizont al ane between }kP‘ %%Z[Zﬁ gm S R %hﬁ?%' rst -
infrared JJ$qurd tRethilolugihaﬁaietH@ g catoa & LHmEPane t he
angl e 3 | No@ralt! #01IGH tRARBaN tgwqmahﬂ qpt thel passagef 10ke cfetivad

an

i nfrar ter he opt’l c

axis_of the camera 17 t he
range of 1QO®ZEEO 1068D,a @rﬁ@dﬁﬁ@rmrhﬂ“?gr leyedR Wl 3 SROULI 1@%{6&@@ t he

i nfrared f%’ .ﬁ% A ted. ovardiihaespegane &0 th@, dihek-packacal R FBi ries
brightly.

ctlon of the suck-back valwve, 73 . X Y/ i gh as
shown in Feyceisllge"{h@l@brfm e ssEtachd Rdhe! Ssﬂ?égga thweydan(f ¥h$I gd
space '”Crg @éteﬁﬂﬁ@ﬁq%%hm Blh‘ﬁbléﬁlﬁtrb pébtdﬂetobfmght||nyttse|aoatgn9art of

t he i nner ace o e sid saelOeln ase 5 it is
possi WG tbqklmbwﬁfmhﬁér tbe r?@tattﬂga BEW S P P Sé‘tsdl é#%ﬁgd Rin

the passagglple(}?tl N W?ﬁ t;@%ﬁis‘i‘lr%%dhas changed through the examination of a
shi ni ng par ac

,. the sha (fof t rface % Oé
bri ght ness of théOilBﬁér Figr f 484 df @nePISTHES of th% ed'g&,cgg 0?0140]

Wen the c NESSdIErBH VR Sk dhOthBEs fatermzsscmid. n Fi
e, L, CiEEhqr SPple mBpping ek | o g

t. 9b t f
data shown atrthe @re@gmrmlmggﬂggg; P V’gﬁlﬁ% asr,seazgl%l %9 g‘:ﬁ‘@aﬁﬁﬁg%& ef erence

deci descth JFRQEL | denki gld W 1 Dbt beeratettwdeveaualgrrerstep
S103 3§S(tﬁteh% Q@Sonse téorﬁtlﬁ@iﬂS 1295

than the predetermmed lgverrlageoF thSt eBrfsm?’R'ZsoP%ﬂ%t 'cgghn@fter

liqguid R held in the passage 10e of the nozzie 10 while the
coating liquid R is not spouted from the tip 10d of the nozzle 10.
The infrared emitters 111a and 111b are disposed such that the
20 angle B in a vertical plane between the light path of infrared
radiations from the infrared emitter 111a (111b) to the surface
R2 of the coating liquid at the predetermined level P and the
light path of reflected infrared radiations reflected from the
surface R2 of the coating liquid R in the passage 10e of the
25  nozzle 10 from the surface R2 to the camera 17A is in the range
of 120° to 160°. Since the surface R2 is irradiated with both
the infrared radiations I directly falling on the surface R2 and
the infrared radiations I reflected from the wafer W toward the
surface R2, the respective intensities of reflected infrared
30 radiations and refracted infrared radiations traveling toward the
camera 17A are high and the surface R2 of the coating liquid R
in the passage.loe of the nozzle 10 can be highlighted. Thus,
a picture of the surface R2 has the highest lightness value Y4.
When the suction of the suck-back valve 73 is excessively high,
35 the level of the surface R2 rises as shown in Fig. 13B and hence
the position of a picture of the surface R2 having the lightness



deciding in step S102 that the control unit 9a did not provide a 46

copfirmation signal (the response to the query nmade in step S102 is
" negative). The decision unit 9b further proceeds with i mage analysis to
determ ne the shining part of the surface R2, the shape of the curved
surface R2 and the length of a shini ng4% part of the inner surface of the
side of the passage 10e, and conpares the image with an image of the risen
surface mYﬁtﬂggg bef orehand in the storage device 95, and decides in step
S104 that the Surface R2 is risen. In this case, t}e deci si,op_unit _9b g| ves
t he display con560é38’]a1waanlpﬂ©tl-ﬁ’|99r%ﬂlu'tV@lﬁﬁl'(etQ Herereure pAala cBRsal e

di splay a ﬁ{%trﬁ-“ég Hgﬁ?%ng%& h'A&BWEM Fif. iR, $AB5surface

[0141] Whe ns an | mage_equi val ent to a, pi ct ur@g shown in
Fig. 13C i RXxtisp fEI01, Ahesteynsiion Fu@rtlﬁﬂfcté\fﬁiéheés aPd PTG, & Bhe | mage

and Lhes T oL B BABrITha IR B, Surtfos o%sghénsaemaz Vhgid e sisand

deci des th not 1 denti he reference dats%én step

S103 (the rescqmslssxeeltyohlgié, ﬁbér?uﬁﬁt@ |F¥Z ap AL MPWErcheRRY 6 SRR Sy
deci di ng '%ﬁél’?%h%%%%n‘?tth[ehsenz%@tdfofhé’@drfg@eCkZi et bérr@ﬁo%maedoz »

confirmati esponse t quer n. ste

negative). The dé@llﬁ&inV‘Uheﬂ @lﬁ coetieg |tﬂlé)'(§jeéd§ aHeked kg kdﬁ‘g@ S to
det er m ne tdﬁ%ﬁﬂﬁé"?@ ?ﬁH ?f ﬁlfﬂﬂf;ae@ﬁae& id ff@rﬁ‘i’é@ﬁn()fpéﬁﬂeoﬁlﬂheed

surface R2 1&3 part of I.nner surgace of
si de ol0t hq:a&amel(l@meamdh@oh';ﬁhr tde Shﬁt{ej@ W tﬁﬂgarﬁ%é €oth ‘?*Pnr

descended @Ea&grlf eZ0f 3 ghar se- ﬁ?ﬁ%@rﬁﬁ?@@f't‘hé passh éagsedféﬂe:@s%e and

decides in the surface R2 has é\;tﬁ}nﬁ In this %ase the
deci si on unnfreﬁ‘lecblr‘a@ktatlﬁélsdllspﬂély stoRgst e 8IRC af@r&ﬁalemﬁ fike the
di splay co a r Qi BNGRIWAL: h SAURFACEa HAFe DESGRNRED" i n
step S105. ngg} 1%{%! Tﬁeq'?bnf?}z;?e I%t%se&r 111 of Eﬁfe coatarﬂ%% Eﬁlt I n,the

second enmbdubrieantahiplanehdetwiaeit dne epHcabexis ebvdied ftrs UIFEAreft ween

the ti ﬁﬁé?g%ﬁpgt}? 1% q‘?\dl({h%“ gthé’als‘é%@cé’f \éﬁeOEaH\@raNalfﬁA MMd Tees ef or e,

the in ions enetrate 1 nt ecoatlng id Rs g_ﬂedfrom
the nozzle ang/e&(ﬁtmemﬂzwtﬁaﬁhﬁmﬁebﬁh\*’ﬁéﬂa@hﬁa PhiGabndXis ¥ at ed

i nto the coall gy!ihfH et £1o HhdtnehBpeRal s drithél dméhg canera
17A are in the range of 120° to 160°, and the infrared emitters
111a and 111b emit the infrared radiations I toward the nozzle

20 10, the surface R2 shines brightly. If the suction of the
suck-back valve 73 is excessively high as shown in Fig. 13B, the
surface R2 rises and the size of the air-filled space increases.
Consequently, the length of the brightly shining part of the inner
surface of the side of the passage 10e increases. o

25 [0139] it is possible to know whether or not the surface
R2 of the coating liquid R in the passage 10e of the nozzle 10
has changed through the examination of a shining part of the
surface R2, the shape of the surface R2 and the brightness of
the inner surface of the side of the passage 10e.

30 [0140] When the camera 17A forms an image equivalent
to the picture shown in Fig. 13B in step S101, the decision unit
9b compares the image and the reference data shown in Fig.
13B in terms of lightness, analyzes the image and decides that
the image is not identical with the reference data in step S103

35 (the response to the query made in step S103 is negative) after
deciding in step S102 that the control unit 9a did not provide a



receive the infrared radiations | reflected fromthe coating liquid R and
can forman i mage expressing the intensity of the reflected infrared
radiations |I. The decision unit 9b can deci de whether or not the coating
‘liquid R was spouted fromthe nozzle 5 10 and whet her or not changes
occurred in the condition of the coatﬂﬁg liquid R spouted fromthe nozzle
10 on the basis of results of analysis of the image_ of the infrared

radi ati ons ef | - h ' § ] U juery trhadeodt i siepni t i
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fromthe nthelshdge afnthe auyedsusteeaRy. GF‘%t ﬁ?é"% a3 %I'ﬂa i% R can
be 15limited to I nof ti0epian 111
i rradi iasr(nesp?ﬁé %Eg?eﬁq?rwgpﬁ;%t}%% ?fnftpgr ggdbrl?g] tl?-digg;r)lggl aggﬁd teg:rﬂftr:i si on
unit 9b cagorepsacdss Ve Henage Mbthcﬁé}ng@'tﬁg%u‘ét rigeN o PUBA St 2 of t he
surface R2of, 10 GaALHORY irfivhd Bdrdddiachies B aAd oécldes RO stepzl e 10
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fromthe pP evel P and change in_the.shape of,th face R2,
occurred | §10% thatf the sarface: Re déaflﬁgéj‘-l im!@'ﬁ? q'héh%agggg%g%e of

t he nozzle 10 T f . , | oAk thes si
he nor et o bR L Tyep g s o gl ot 1o

¢ y hegef ngeease in
| 0ss 2£0 r eslispiang conepleBndisriry 8pyaiNHP of AB %H'néﬁlﬁﬂ% |?z&srom t he
nozzle 10 %&ﬁﬁ’é @@éﬁsgféﬁfd the loss of the coating liquid R can be

limted to tent. [0144] In the coating unit in the d
enbodi nent, the fliodskl]i Whendheganpera 14AA TR ém qu.yé'feg{ﬁ:nem tter
the sur t aciore HELTE Shody T ol eI R O e o the. nors! o 10
Such that  tdumpayes and enalvaesi G TSR 06l HoG & REENFoIRe Hat (OB
o rar €8 LA PACTIAL RIS o Ponkabesrad et Bidn GRS | e
passage 10enef idiértinakwith Iheanafanenas grtapgat iten 87 e eihidng
radiations troeftlh%th%%r{/rﬂ{‘%&Qem step S103 is negative] after deciding in
step S102 that the control unit 9a did not provide a
confirmation signal (the response to the query made in step
20 S102 is negative). The decision unit 9b further proceeds with
| image analysis to determine the shining part of the surface R2,
the shape of the curved surface R2 and the length of a shining
part of the inner surface of the side of the passage 10e, and
compares the image with an image of the descended surface R2
25  stored beforehand in the storage device 95, and decides in step -
S104 that the surface R2 has descended. In this case, the
decision unit 9b gives the display console 8 a warning signal to
make the display console 8 display a warning, “ABNORMAL,
SURFACE HAS DESCENDED” in step S105.
30 [0142] The infrared emitter 111 of the coating unit in the
second embodiment emits the infrared radiations I toward the
area between the tip 10d of the nozzle 10 and the surface W1 of
the wafer W. Therefore, the infrared radiations I penetrate into
the coating liquid R spouted from the nozzle toward the wafer W
35 and the infrared radiations I penetrated into the coating liquid R

are reflected by the coating liquid R. The camera 17A can



48 surface R2 of the coating liquid Rin the

i passage 10e of the nozzle 1

~ fromthe surface R2 to the canmera 17A is in the range of 1200 to 1600. Tge
angl e p specifying the respective positions of the first infrared enitter

114a and the second 5 infrared enbitter 111b may be properly changed so
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21(‘) Ehe nozz![e 10 and the surface WL of the nger \a/t\;ea . \Nef(r)llzlg]e El'lhg tod
ating unj t
it t o0 Thcd il e 7 AREA TERAHLIENE: [ ref '%I?E%"'?’?é‘?“t‘f@lﬁd”ﬂﬂ“?g‘é”“ cond
:RHar eg eRi tared tanbfofme anr $Magd r EXPACSHING Q1 MFEARY \fh% gi%
are em ter m
verti cal egfeqliliﬁ’ﬁgé% rgéc]ﬁ%? suc Y TR deeistor e 19 decidée

that _the angl es d
pl ane are. Whéﬁmeerr(aamgetdmeLzoattl’tQ ligond wgﬁ@wuwiéﬁqﬂﬂg EI%_?D a%h |“an?2§ 2|d

emittere 1116 209 {MaAHEEdATbr LRghogRubceAEd Wxheecynaitionsofeareor T he

i nfrar own I n 4, f
111c may beodtﬂ’@émidp;&)sﬂpwtﬂb fé@ﬁ%rﬁ"@.?%’ﬁ—‘%n ﬁ%s%c %lgb%%réegggr;l tet i(r)

and the auxi I| ry r
ol oy STXRSURSY oF L8hE fﬁgo%ﬁhgﬂﬁozzl ° S1 apeegrremees eeliationgO i nf rar ed

Zm Her 11]:ef|&ndedl‘b?/ athﬁl cpating fligiid sBurc%‘nffzt'&%ec%ﬂﬁahﬁﬂjgn{r}z?bgr ed
o ot T | esBCoRdisIRBRR o Rahe sbaraniTy: aetide vitiethepnor ingt thes norz! e

e pre et ermnéd | e
;Eel 25100awm|ngqmmdmuwasr@mm @om)g gfnc\plg%!eng, Z@@Qe\@ﬁgglaﬁngteq{stz ?Le
ot ten 'bg ot Eha B! Wedthe hordigion st bnef coatinay dguiddRat i ons

er 111c fromthe in d
surface R2 spouted Ifeom Fh%mIﬂOZZI@ |1@htln§5@ﬁ56f'mn 55 efngLtﬁrStuB to the
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can be suppressed and loss of the coating liquid R can be
15 limited to the least extent.

[0143] The infrared emitter 111 irradiates the nozzle 10
with the infrared radiations I, and the decision unit 9b can
decide whether or not changes, such as rise or descent of the
surface R2 of the coating liquid R in the passage 10e of the

50 nozzle 10 from the predetermined level P and change in the
shape of the surface R2, occurred in the surface R2 of the
coating liquid R in the passage 10e of the nozzle 10 on the basis
of results of analysis of an image expressing the brightness of
the passage 10e of the nozzle 10. Therefore, increase in loss

25 resulting from abnormal spouting of the coating liquid R from
the nozzle 10 can be suppressed and the loss of the coating
liquid R can be limited to the least extent.

[0144] In the coating unit in the second embodument the
first infrared emitter 111a and the second infrared emitter 111b

30 are disposed at a level higher than the predetermined level P of
the surface R2 of the coating liquid R in the passage 10e of the
nozzle 10 such that the angle B in a vertical plane between the
light path of infrared radiations from the first infrared emitter
111a (the second infrared emitter 111b) to the surface R2 of

35 the coating liquid R in the passage 10e of the nozzle 10 and the
light path of reflected infrared radiations reflected from the



range of 1200 to 1600. [0148] The auxiliary light source 112 is, for
exanpl ¢, an infrared LED |ight source. The auxiliary |ight source 112 is
" di sposed opposite the infrared emtter 111c with respect to the 35no0zzle
10: The auxiliary light source 112 cag irradiate the nozzle 10, an area
between the tip 10d of the nozzle 10 Bd the 49 surface W of the wafer W
and the surface W of the wafer Wwith infrared radiations I. [ 0149]

When the i ear adpemidst ghe 1dd&tiand ligRAadarxiihi ey basgdgeolOeecofithere thus
di sposed, %l;g gur?‘ace o?ﬁthe coafing 5 lLiquid colu | of the
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fallen on %%Q%u%g?@ B dg;_h% §0AdcoW 1 ©f theRwarerhw, passage 10e of the
| ra

15 nozzl e drnfrare lations reflected fromthe f Ther ef or e,
reflected infrarfdléddi Ahicor®HG r Hﬂ”iac'tnegklen &9[ r%}%ﬁm\%}‘%d\gi ng hi gh
i ntensi ti eﬁrbﬁ?‘i@ \R:fchht RReCANBN thitdfedCensietarentlit, haensly, ftve fiRstof the
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bl ock S2 has12 may be used instead of the in red emittars a~a

111b. As shown in Fig. 14, the infrared emitter 111c may be

disposed opposite the camera 17A with respect to the nozzle 10,

and the auxiliary light source 112 may be disposed opposite the

20 infrared emitter 111c with respect to the nozzle 10.

[0147] When the infrared emitter 111c and the auxiliary
light source 112 are used, the infrared emitter 111c is disposed
opposite the camera 17A with respect to the nozzle 10 at a level
higher than the predetermined level P of the surface R2 of the

25 coating liguid R in the passage 10e of the nozzle 10 such that
the angle B in a vertical plane between the light path of infrared
radiations emitted by the infrared emitter 111c from the
infrared emitter 111c to the surface R2 at the level P and the
light path of infrared radiations reflected by the surface R2 at

30 the level P from the surface R2 to the camera 17A is in the
range of 1200 to 160°. |

[0148] The auxiliary light source 112 is, for example, an
infrared LED light source. The auxiliary light source 112 is
disposed opposite the infrared emitter 111c with respect to the

35 nozzle 10. The auxiliary light source 112 can irradiate the

nozzle 10, an area between the tip 10d of the nozzie 10 and the



a first block Bl (DEV |ayer) that executes a devel opi ng process, a second
bl ock B2 (BCT |l ayer) that forns an antireflection film beneath a resi st
~film a third block 63 (COT layer) that forns a resist film and a fourth
bl eck B4 (TCT layer) that fornms an 35% tireflection filmon a resist
filmThe first block Bl, the second bl"ock B2, the third block B3 and the
fourth block B4 are 50 stacked up in layers in that order. [ 0153]

The secon\cjl\?@h%%lé f21 (FFHhé avs mgah@th@%-&ﬁfabbowq Bf tHE€whegreV) are

: far . : .
provi ded coat | n_g units 1 enbodying the present invention for formng
an ant i r ef Wiéth infrasedinadiatioaswaf er Wby applying a chemical solution by

Spin coating to E(gf&éﬁ%e?f tReVRifeard¥ OFIERYSLDYcuahdsti@radneiticimg and
cooling for a pretreatnent process and a posttreatent Qr cess before and

f
after, resligbtiseusce tHe g thyspdirRese ost & WAy P Ping
uni t s aﬂﬂ i&”&%ﬂ% G {4 hangi ¥ okOtieacda e FR OSEAl (Belrneeratieiebgoat i ng
unit 1 -and''BH processi ng units to transfei1 a_waf er VY,bﬁf:ween eaﬁ of the
coating unbothitheninfsaced @mitier or bteandghenpexiliarye!I9RE SPWicSck 183 (cor
I ' . ' ' ' I fe&8m

ayer) s E@ﬁa@ﬁﬁd@”ﬁ%@ﬁfi@ 's‘?ﬂblﬁxfjé%atth@ie chendid nd Mlceck uses a

resi st sol tea chem'cal solution. 15[0154] Referring to
Fig. 21, tam taageoi MYPIAVES JEEUR@bked up in two [ayers in the first

bl ock BL (DEV I aygi ko) el rfedrdd @ttoiiri £1 peayidieposeihas e fgvelg arm A

that carries a evel oping units_st ed up.in two. ] ayers.

The cat®@yi igghemtaropbeaeyel Rofdie Sttlféa'ﬁﬁ‘w‘{%l&fgﬁb%icr@ﬁrhgt'équ%ﬁ [ 0155]

/Qf SEO\QQ iﬁ,aFﬂ AR 13 of tHEelHokt 105510 6h ithettatHedinglet Beimpraocessi ng
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a fi'rst transfer arm D1 capabl e of ng Ln vertical
di recti ons viertitiad ppleee fedn the rande aniltZQS’S.toTﬂg&'r rs-th@'Féjrr?{lee?tr%ﬁ m D1
transfers : ¢ t radidtiepks Gretblvafdltemsirer unit
in the She}@r%ée}%???@%ﬁ@ﬁﬁ%é aﬁs?ﬁy ?ﬁgﬁg?grﬁ?ﬁ'@cmz rgorry or}di to the
second bl odkeBsu(BCE RZ 6f theaceating HgWHANR A hf‘%t%ﬂsisé’(ﬂ? rﬁﬁ?@ stetbr%nd

L2 i i femndff er uni t
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1 as antireflection filmformng ynits and
heati ng andTlextfiorg, urefiectezd imigyedriciaions @rﬂd srqu?ﬁ#eo{:E U ered | ecti on
filmon waf ol GESER] i i arraviedf teCcth@nchmenhas7Aeen
formed on t't%edﬁa/}a/}lpenrs \X}a\{lﬁg ?ﬁgﬁsf@?ég?% ??Igﬁqsaft(fs thec. fer Wfirom a
transfer unConBeEQuemthhetbaestriate RB f &Ner 4RSFE dh‘ﬂ‘t'}%vﬁs"i‘n hfie shel f
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is formed osutfacenBPeof Whiencoating liquid R can be stably highlighted an
| the camera 17A can form an image in improved accuracy. ‘
[0151] The coating unit 1 will be described as applied to
a coating and developing apparatus. The coating and
developing apparatus has a carrier block S1. A transfer arm C
25  takes out a wafer W from an airtight carrier 100 placed on a
table 100a installed in the carrier block S1 and carries the wafer
W to a processing block S2. The transfer arm C carries a
processed wafer W from the processing block S2 and returns
the processed wafer W to the carrier 100.
30 [0152] Referring to Fig. 20, the processing block S2 has
a first block B1 (DEV layer) that executes a developing process,
a second block B2 (BCT layer) that forms an antireflection film
beneath a resist film, a third block B3 (COT layer) that forms a
resist film, and a fourth block B4 (TCT layer) that forms an
35 antireflection film on a resist film. The first block B1, the
second block B2, the third block B3 and the fourth block B4 are



51-the third block B3 (COT |ayer). Then, the carrying arm A3 transfers the
wafer Wto a transfer unit BF3 in the shelf unit U5, and the transfer arm
D1 transfers the wafer Wto the transfer unit BF3 in the shelf unit U5.
‘When necessary, an antireflection 5 filmis fornmed in the fourth bl ock B4
(TCT |l ayer) on the resist filmformed?h the wafer W In such a case, the
wafer Wis transferred froma transfer unit CPL4 to the carrying arm A4

‘and, after I hanid i een formed on the wafer W a
carrying a?%grpreweﬁ%%n%ftgrmvr??oé}tehe éBr(s_ﬂsfer nit T S4.f 1q_t 0157] A
shuttle arm E i s[0bEBAI Tha secanduBlReK fpbdd ‘taIY@rE)E@”pa ¢ B e
shuttle ar | s gyse | us)et8! Yafor gHovegedy Wt yeogtimghafiaitswirom a
transfer um&:%ﬂﬁﬁ ?-rl;eifﬁe k?eﬁf .?Jl.ﬁﬁot Us toég t ransfer ulnig}tl.vaq?uﬁpi n a
shel f uni t edBbodyiNg ridvesfRnesanh MVeRHRSr £05 Tkd g &N \eRUEEILECUPPh the
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uses a resist solution instead of the chemical soiution.

15 [0154] Referring to Fig. 21, two developing units are
stacked up in two layers in the first block B1 (DEV layer). The
first block B1 is provided with a cérrying arm Al that carries a
wafer W to the developing units stacked up in two Iayers. The
carrying arm Al operates for both the two developing units.

20 [0155] As shown in Figs. 19 and 20, a shelf unit U5 is
instalied in the processing block S2 and a first transfer arm D1
capable of moving in vertical directions is disposed near the
shelf unit US. The first transfer arm D1 transfers wafers W one
by one from the carrier block S1 to a transfer unit in the shelf

25 unit U5, such as a transfer unit CPL2 corresponding to the
second block B2 (BCT layer). A carrying arm A2 installed in the
second block B2 (BCT layer) carries the wafers W one by one
from the transfer unit CPL2 to processing units, such as
antireflection film forming units and heating and cooling units.

30 Those processing units form an antireflection film on wafers W.

[0156] After an antireflection film has been formed on

the wafer W, the transfer arm D1 transfers the wafer W from a
transfer unit BF2 in the shelf unit U5 to a transfer unit CPL3 in

the shelf unit US, and a carrying arm A3 carries the wafer W

35 from the transfer unit CPL3 of the shelf unit U5 to the third

block B3 (COT layer). A resist film is formed on the wafer W in



wafer Wfromthe transfer unit TRS1 to a transfer table w

| acecessi,bl e by the transfer armC, and the transfer armC rgPLpng {ﬁggﬁafer
Wto the carrier 100. In Fig. 19, indicated at Ul to U4 are thermal units

each formed by stacking up heating 35units and cooling units. [ 0159]

Al though the coating unit embodying t 9d present 52 invention has been

described as applied to a coating and devel opi ng apparatus, the coating

scri | to a coating and
et - proces b AR LS B8 T Bt T o L b

_ or “appl yi a processing sol utj |
of a5 sertramsfers thewsséer ¥/ 18 altsadsiabeinit e 1 G ahelyubh Uarspi ay-°
][re Y, _?_R@IﬁgDBrggr@%Ha@?p atl‘.Pr&aDi' ﬂ@rpsfggﬁefhélwafémwam&.héttl:arfsfercl eani ng
vaf ers. r S i quid mentioned hereinis not limted tg.only a
csga{/\lhntg soliptt Bﬁ3amtm3ﬁhidf urgt WxampVBENaNereaprny #n @,ﬂﬁﬂre&}egtlagvel oper .
53 Whaty | SeEkeldetiii J/ANE OB SBRAS BRNETCT UsyeRFlomrineseststa
ubstrate Nori: 'y hel y a substrate holder b wet, ocess. t hat
spouts progiéssifogmeadyanishauppafiesdWy dnpsYeBs§i ﬁéséi %ied 5Pl Ws’?st em

onto a surface of 1hesYRSLT BlfsréRl dnit CPL4 to the carrying arm A4

and, after an antireflection film has been formed on the wafer W,
a carrying arm A4 carries the wafer W to the transfer unit TRS4.
10 [0157] A shuttle arm E is installed in an upper space in
the DEV layer Bl. The shuttle arm E is used exclusively for
directly carrying a wafer W from a transfer unit CPL11 in the
shelf unit U5 to a transfer unit CPL12 in a shelf unit U6. The
transfer arm D1 transfers the wafer W coated with the resist
15 film and the antireflection film from the transfer unit BF3 via the -
" transfer unit TRS4 to the transfer unit CPL12. The shuttle arm
E carries the wafer directly to the transfer unit CPL12 in the
shelf unit U6, and then the wafer W is delivered to an interface
block S3. In Fig. 21, transfer units denoted by “CPL" serve also
20 as cooling units, and transfer units denoted by “BF” serve also
as buffer units each capable of hoiding a plurality of wafers W.
[0158] Subsequently, an interface arm B carries the
wafer W into an exposure system S4. After the wafer W has
been processed by a predetermined exposure process, the wafer
25 W is placed in a transfer unit TRS6 in the shelf unit U6, and
then the wafer W is returned to the processing block S2. Then,
the wafer W is subjected to a developing process in the first
block B1 (DEV layer). The carrying arm A1l carries the wafer W
processed by the developing process to a transfer unit TRS1 in
30 the shelf unit U5. Then, the first transfer arm D1 transfers the
wafer W from the transfer unit TRS1 to a transfer table within a
range accessible by the transfer arm C, and the transfer arm C
returns the wafer W to the carrier 100. In Fig. 19, indicated at
U1l to U4 are thermal units each formed by stacking up heating
35 units and cooling units.
[0159] Although the coating unit embodying the present



- processi ng apparatus conprising: processing liquid spouting nozzles .
respectlvely for spouting the processing |iquids supplied by the processing
liquid supply system a light source for illumnating an area between a
pl ane containing tips of the processigg i quid spouting nozzles and the
surface of the substrate; an imaging tévice for formng an i mage of at
| east the area between the plane containing the tips of the processing

liquid spg twefﬁq id1PZR5ES Iﬁ%’&wtaéséﬁbfe@eagf atﬂpﬂl@dlbscbrat ecdating argh

i ncl udi ng rocessin I qui spoutln t he
substrat e; detve ingl aDﬁﬁfaWFat E% fﬁ%ﬁékggngﬂég’t@fﬁgﬂspouu ng
the proces B%ph gwlé él%%mﬂdwe&hm?ﬁ@l R blwetdpmﬂsmg apparaeus owar d

the substrat & i madi n esting th i evijcce,to start
an i magi ngfo:rpeaapi\dﬁg add processmg Sestingot hg,d magi-pg-deyice,

5 semiconductor wafer or a glass panel for a liquid crystal display,
namely, an LCD panel, and to a single-wafer cleaning apparatus
for cleaning wafers. The processing liquid mentioned herein is
not limited to only a coating solution and may be, for example,

a cleaning liquid or a developer.



a decision unit that decides whether or not the processing liquid was
spouted fromthe processing |iquid spouting nozzle and whet her or not

* changes occurred in the condition of the processing |iquid spouted fromthe
precessing liquid spouting nozzle on the basis of an inmage forned by the

i magi ng device and expressing | uninou®3 ntensity of 1ight enitted by the

|l i ght source, and penetrated into and reflected" by the processing liquid

spout ed tow% L':J‘ﬁﬁl.aiH.FésVé]r@I e. 2. The wet - processi ng appar at us

accordi ng erein the light source emts light toward the
surface of the substrate such that the light is reflected by the surface of

the substrate ang the refvb%&p?&g@sgm ilé%@@hgs that arfrdceatwsena 54 the

pl ane cont ai ni ng~t he lpi ps rocessi qui d spouting nozzl es and 't he
surface of stbstiatesthatizontally held. byhe \A%ltlb%trré_&@sﬁ%éeapgé{rét u¥€Sccor di ng

to claimi1_ wh i i 1S dlel i icddd on the
substrate W@F%?ﬁgagﬁé&%g}?grﬁlefgt%gﬁ—‘oﬁg]p%@f%dg?é8ﬁ1epﬁ29p€o@€e§dsei@n Jiquid
spouti ng niizzli¢ Bappy system 4ontheawsturniaeee s ﬁbeaﬁbﬁ}%ﬁ‘éeraé%é‘?di ng to
claim 2, wherein N i i i isposed with its optical axis

al i gned wi %etépﬁ)%fs%g?ﬁbggr?ﬁ%é ?@{‘f‘égﬁ@% i ght refl ect edp_f rom a _point of

i nci dence of the protessingttbauby tFRoufige: 8&drles orﬁe&PEFB'e’@i\éi ?f&ﬂ i quid
colum in i [ eghi e 2N i lieiigt of

i nci dence %Hﬁ#ﬁ%rtggegé?%gﬁ%gu%u% %#?Fg{q%délb?tg?%ﬁorﬁscsﬁen i[aq(r?g;l e to the
normal at tsupplgisystam) nci dence. 5. The wet - processi ng apparat us

according 1o clalMhWOSLPLD (dieiIRICRRBEINY dri GHed HeAWaely iqAahes are
tubul ar bodi es nide90f 3 ransparent material, and the |nqg|n ggélce is
capabl e of doortaimiggabi psnefjéhexpreesssind: Hault ispRUtERg NAZZ/Re fg? §si ng
liquid in a ' i cach processing liquid spouting nozzle.

6. The metﬁ%ﬁﬁaéggﬁﬁg&%gggﬁgﬁﬂgﬁaccording_to claiml further comprising a
storage device staor iimpgieigedendee diara foombeguaBdimagedef at dgadhdffer or

changes bedliEbd At e e e A e O A o rom ¢ he
nozzl e t owdiguichspsutiing anezzieseoidn thReSUEECS O a'ﬁﬁtSldié%tiré 8 Whéfher or
changes boctrndEnd Y S¥SRrBERSSY OTd SOt G P om ¢ he
nozzl e t owagyrfbbe cfutise satbstoatahe basis of results of comparison of the
| mge formed By LPecREY "Anfie Wi PrévidesT 8T 8pBlteshA Irecl st
spouting the processing liquid from the | processing liquid
spo'uting' nozzle toward the substrate, and an imaging signal
requesting the imaging device to start an imaging operation;
and
a decision unit that decides whether or not the
processing liquid was spouted from the processing liquid
spouting nozzle and whether or not changes occurred in the
condition of the processing liquid spouted from the processing
liquid spouting nozzle on the basis of an image formed by the
imaging device and expressing luminous intensity of light
emitted by the light source, and penetrated into and reflected

by the processing liquid spouted toward the substrate.

2. The wet-processing apparatus according to claim 1,
wherein the light source emits light toward the surface of the
substrate such that the light is reflected by the surface of the
substrate and the reflected light illuminates the area between



7. The wet-processing apparatus according to claim6, wherein the reference
data is an image of the processing liquid normally spouted fromthe
processing liquid spouting nozzle formed by the inmagi ng devi ce. 8.
The wet - processi ng apparatus according to claiml further conprising a
nozzl e carrying nechanismfor carryin 4 he processing liquid spouting
nozzles to a position above the substrate held by the substrate hol der,
wherein th r Si i Ogui-d Okt I i i shuditew
paral o 108 RS shftpirida AE “§ el 1Ok Faairce i 14 5 fat 11ght beam
toward an noealdscanddme Berfacthel dbet avhFH@tEhe tips of the processing

| i qui d spouting nozzles and the surfaces of the substrates. 9. The
wet - processi ng apparatus according to claim1 further conprisin nozzl e
carryi ng mechani 3m e caetyprarassen gr apPasA S IaQﬁﬂrG“BEgEQ ifﬁ@”ﬂo zles to a
posi tion abqgve the t ileh b o] Retmet he

pr ocessi ngV‘I %ﬁ.ﬁ“g E@%ﬁﬁ’ﬁg sﬁoo'jz}?:eggé?ﬁlrttg.glg?‘gngée\ggirrﬁ g lrpg’?vﬁtpl)ovglgl ek to a
strai ght | snbsteate | wgteresotheespreeassinpyveliGUidy r ngrQ'@ t Kge

processing |iguigd [ E)rbqf& Paig ayl@nged on a straight line parallel
to the row%f’gghgmﬁggtéﬁsd;% g |Ilé]§|5n spgutai ng nozzles emt |ight. 10.

The wet - processing apparatus according to claiml1, wherein the |light source

ncludes a first |1 ohheSQUAchrGEAnseappirht gl acaidifg eodclee 2, st and
| sy

the second |ight 'sourcé are sposed”s etricall y_g t.h resPect1 to a
vertical awsecddint ibepimadsondevigai i spsRassy i dtSueRtERat3%R angl e
in a horiz I et t f1eal i flithe Ferhetted deyince and.
that of ea fﬁe(fh\@ﬂﬁi ?slilé\gﬁggﬁbe%geggﬁdr??éﬁ?gséﬁrCE bg in the range of
1200 to 16@Dint of inddemge aftthe dEdEsemjtigihanatns HOOSRWES 8McPaim 1,

wherein the i [ liGe~anNFnhhe ki ArefEmsethdepasiate wth
respect toRrI?g%%Svn\?%sﬁ]t 'g_%@éggbsﬁng ?Iﬁ?&?@m %g spout i ng, noz ef and an
auxil i ary Ingtmasatrihe poirt ofdasiiapeRan herrrageasingdigel GPIYMespect
to the row of 1he processii i o ty ROEARAS. at the pdtht Toe

wet - pr ocess%({%é'a&?gr%[tquzﬁg(rg%orlrﬂd%gltegpﬁawﬁlo, wherein the Br ocessi ng

i quid spouhicidemozzl es are tubul ar bodi es made of a transparent material,
and the imagi ng device is capable of form ng an i mage expressing the

bri ghtness of the processing liquid in a passage fornmed in egfhgﬁ)rﬁcessi ng
| i qui d spouting rozzée wet-procggsmmeam@mq[wéc@ggpggl%&&r 4§ atcor di ng
to claim12 [ h [ Fourige il W S |®€ ogessitngulamui d
spouti ng no‘é’?}ggg[@ g%é ?ﬁécggélnﬁc!lglﬁégl Sﬁﬁdﬁﬁ%@éi gtgsﬁmhet her or not there
is any changedies madeedf af transparard oraterialprandsiedmagngddeN'¢Ghe
passage of each cessd Ligui-d; ti 2l heRsEs off tH | nage
of the proc'é:‘sg?ﬂgbr% §Eisf|8??rr]1mt énp}ar?gg'éeégﬁr?ﬁ%'ﬁgreg@gséﬁgg | i qui d._spouting
nozzl e fornprotysdihg liquid iy depassagedosrip@dni AFCRNRrREeHIAUUE t he
processing Liquid j passage. 14. The wet-processing apparatus
accordi ng t%F’@IJEI?‘rq @9?9%1& ein the light source is disposed at a | evel

hi gher than a predeterm ned | evel of the processing liquid in the passage

of the processing.li gui ug | I a, | @i BlAnYerti cal
pl ane between an gpt ﬁtﬁg %’%t%hbté]%élgg?ﬁg ?_Pg);éﬁ?tgﬁlggllé%ﬁ?mggg}r co to a point on
the surfacefwftherecagmpetsingng stoqape aeviagestardast e@repgeI edd t@refa 1 ght
path of reflected |i f.ram o] t - iHhevas
processi ng P?Sgi gofoggh@bgag\&ngtﬁgwgg Pgeiﬂﬂ%h ??gﬁgggelﬁg? IF12£l'(l)ltjto 160.
15. The wet spoatedsirom ahpanazzie andowbietger @rcnat GNENJg&MEEEHATQthEN
processing llquid out i z et L ar fel spar ent
mat eri al , ahagtﬁ%naﬁh%ﬁ n@gaggi ét&égéééggaﬂpglI(gfs_é)dgg%@?gﬁ@ﬁ?itq}n%faeg?(%azrzgéflessi ng
the bright neswaot! the spbstests ;nyhergin dhendecisier d4ritidrHegsi WNeieRT
processing Ic>'rqH'oI1.I the processing liquid was spouted from the nozzle and
whether or not changes occurred in the condition of the
processing liquid spouted from the nozzle toward the substrate
on the basis of results of comparison of the image formed by

the imaging device and the reference data in terms of lightness.



spouting nozzl e. 16. The wet-processing apparatus according to claim
15, wherein the light source illum nates the processing |liquid spouting
nozzl es al so, and the decision unit deci des whether or not there is any
change in "a level of a surface of the _processing liquid in the passage of
each processing |iquid spouting nozzl ®%n the basis of an | mage of the
processing liquid in the passage of the processing |liquid spouting nozzle

formed by the i mgi ﬁq}%qﬁég_?sr%r&gsgw e§§?g.ga§r{§3 dudorlimgsto dlatrhe6,

processing liquidi e passa rocessin .arelp rat us

e, e _wet -
accor di ng wherkéi rthla6reﬁﬂfemen%ﬁﬁé ISi Qﬁtirﬁégﬁc@fﬁgedBE‘B6§%ﬂn liguidy e|

hi gher than_a_npr e f BE ssq0™ | 4 nign Hdezl@assage
of the proEQEEﬁgﬂﬁ[@f (gasggfgllc}ﬁ{nghﬁo?zrlegesug?t hqat an %I egi n a verti cal
pl ane bet weemad| bygtthepimnbgbigldepicei rom the |ight source to a point on the

surface of the processing liquid at the predeterm ned | evel and a |ight
path of reflected |light fromthe sanme point on the surfacet of the
f

processing |i qui 8. t oThaewataprogesiic & RRANaTUSH 8RR Bt 581011600,
further comprising a nozzie carrying mechanism for carrying the

processing liquid spouting nozzles to a position above the
substrate held by the substrate holder, wherein the processing
liqguid spouting nozzles are arranged in a row parallel to a
straight line, a single light source emits a flat light beam toward
an area between the plane containing the tips of the processing
liquid spouting nozzles and the surfaces of the substrates.

9. The wet-processing apparatus according to claim 1
further comprising a nozzle carrying mechanism for carrying the
processing liquid spouting nozzles to a position above the
substrate held by the substrate holder, wherein the processing
liquid spouting nozzles are arranged in a row parallel to a
straight line, and light sources respectively corresponding to the
processing liquid spouting nozzles and arranged on a straight
line parallel to the row of the processing liquid spouting nozzles
emit light.

10. The wet-processing apparatus according to claim 1,
wherein the light source includes a first light source and a
second light source, and the first and the second light source
are disposed symmetrically with respect to a vertical axis of the
processing liquid spouting nozzle such that an angle in a
horizontal plane between an optical axis of the imaging device
and that of each of the first and the second light source is in the
range of 120° to 160°.

11. The wet-processing apparatus according to claim 1,
wherein the imaging device and the light source are disposed
opposite with respect to the row of the processing liquid
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spouting nozzles, and an auxiliary light source is disposed
opposite the light source with respect to the row of the
processing liguid spouting nozzle. '

12. The wet-processing apparatus according to claim 10,
wherein the processing liquid spouting nozzles are tubular
bodies made of a transparent material, and the imaging device
is capable of forming an image expressing the brightness of the
processing liquid in a passage formed in each processing liquid
spouting nozzle.

13. The wet-processing apparatus according to claim 12,
wherein the light source illuminates the processing liquid
spouting nozzles also, and the decision unit decides whether or
not there is any change in a level of a surface of the processing
liquid in the passage of each processing liquid spouting nozzle
on the basis of an image of the processing liquid in the passage
of the processing liquid spouting nozzle formed by the imaging
device and expressing the brightness of the processing liquid in
the passage.

14. The wet-processing apparatus according to claim 13,
wherein the light source is disposed at a level higher than a
predetermined level of the processing liguid in the passage of
the processing liquid spouting nozzle such that an angle in a
vertical plane between an optical path of light from the light
source to a point on the surface of the processing liquid at the
predetermined level and a light path of reflected light from the
same point on the surface of the processing liquid to the
imaging device is in the range of 120° to 160°.

15. The wet-processing apparatus according to claim 11,
wherein the processing liquid spouting nozzles are tubular
bodies made of a transparent material, and the imaging device
is capable of forming an image expressing the brightness of the
processing liquid in a passage formed in each processing liquid
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spouting nozzle.

16. The wet-processing apparatus according to claim 15,
wherein the light source illuminates the processing liquid
spouting nozzles also, and the decision unit decides whether or
not there is any change in‘a level of a surface of the processing
liquid in the passage of each processing liquid spouting nozzle
on the basis of an image of the processing liquid in the passage
of the processing liquid spouting nozzle formed by the imaging
device and expressing the brightness of the processing liquid in
the passage. '

17. The wet-processing apparatus according to claim 16,
wherein the light source is disposed at a level higher than a
predetermined level of the processing liquid in the passage of
the processing liquid spouting nozzle such that an angle in a
vertical plane between a light path of light from the light source
to a point on the surface of the processing liquid at the
predetermined level and a light path of reflected light from the
same point on the surface of the processing liguid to the
imaging device is in the range of 120° to 160°.



