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BACKGROUND _, OF THE | NVENTI ON . Thi s i nvention rela;es Ip.a,
coatlng apparatus for .. 5 appl ying a |iquid agent such as | A0reiist'

sol ution, to a substrate such as a sem conductor wafer or an LCD
substrate The photolithographylteehnique is used in a

proce'ss for manufacturing semiconductor devices. 10 In the
photol i t hography, a resist is coated on a sem conduct or wafer, then
exposed to have a pr edet er m ned attern and devel oped. As a
result, a resist film of a Wikl &teTHEdd, is formed on the

wafer. This resist fil S ed to a further 15 filmformng
treatment and an %9%“?&5 %é%%éﬁé thereby formng a circuit of a
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This invention relates to a coating apparatus for
5 applying a liquid agent such as a resist solution, to
a substrate such as a semiconductor wafer or an LCD
substrate.
The photolithography technique is used in a
process for manufacturing semiconductor devices.

10 In the photolithography, a resist is coated on a
semiconductor wafer, then exposed to have a
predetermined pattern, and developed. As a result, a
resist film of a predetermined pattern is formed on the
wafer. This resist film is subjected to a further

15 film-forming treatment and an etching treatment,
thereby forming a circuit of a predetermined pattern.
A series of resist coating treatments as above are
performed by a coating/developing apparatus as
described in USP 5,664,254.

20 Uniformity in the thickness of a resist film and
a reduction in the thickness are now being strongly
demanded to meet a recent tendency to reduce a line
width, employed in semiconductor devices, to a
submicron value. At present, a spin coating method is

25 mainly used to coat a wafer with a resist. 1In this
method, the thickness of a resist film is controlled by

adjusting the rotational speed of the wafer. In order



descrilyed in USP 5, 664, 254. 20 Uniformity in the thickness of a

resist fi]mand a reduction in the thickness are now being strongly
dermanded to neet a recent tendency to reduce a line wi dt h, enpl oyed
i n sem conductor devices, to a submi cron val ue. At present, a spin
coating nethod is 25 mainly used to €0oa2 a-wafer with a resist. 1In
this nmet hod, the thickness of a resist filmis controlled by
adjusting the rotational speed of the wafer. In order
-2- to, for exanple, thin the resist film,.the fer must

"be rotated at a hf9h 5peegrample, thin the ﬁeﬁﬁétchQ@ntF RalMafELi Bestoati ng

appar at us, however, the mechani cal, perfornmance of the spin chuck 5
is limted, and hEﬁchPﬂEGQB?Era;K;ihi%ﬂ%ﬁd’speed has an upper limt.

As a result, the thickpess, of the resist R .
less than a certain va?ﬁe?he conventf%ﬁ%l resist 6Jégfﬁ%n%%baggthgquced to

however, the mechanical performance of the spin chuck
5 is limited, and hence the wafer rotational speed has an
upper limit. As a result, the thickness of the resist
film cannot be reduced to less than a certain value.
In particular, in the case of coating a large-diameter
wafer of eight inches or twelve inches, the speed of
10 diffusion or spread of a resist solution on the wafer
is low, which makes it difficult to form a thinner
resist film than ever.
Moreover, immediately after changes in process
conditions such as a required film thickness, the kind
15 of resist solution, etc., a resist film coated on a
first wafer may well have a thickness which is not
equal to a target value. In this case, the coated
resist must be removed from the wafer, and resist
coating performed again.
20 BRIEF SUMMARY OF THE INVENTION
It is an object of the invention to provide a
compact coating apparatus of a simple structure capable
of thinning a resist film more than ever with a desired
film thickness maintained.
25 It is another object of the invention to provide
a coating apparatus capable of performing desired

liquid agent coating even immediately after the



| nppartgcular, in the case of coating a |arge-di aneter waf er of

ei ght inches or twelve inches, the speed of 10 di ffusion or spread of
a resist solution on the wafer is low, which makes it difficult to
forma thinner resist filmthan ever. . Mor eover,

I mmedi ately after changes in process - 3conditions such as a required
filmthickness, the kind 15 of resist solution, etc., a resist film
coated on a first wafer may well have a thickness which is not
equal to a target value. In this case, the coated resi st pust be

removed from the FRERirednmes ket stilm thickness, fhe&ing REdT8§aFh. 20
BRI EF SUMWWARY COF THE | NVENTI ON It is an object of the
i nvention to provFadukion, etc. axe changed. ng apparatus of a sinple

structure capable ﬂPcﬁ%fgéts‘pl L{‘gq%%%ﬁéi%fééi”h”"éhin@%%”r%&?%ﬁ"“”‘ a

desired ~filmt ! _ I's~anot her
O et g host oERLASY Ao Sotucton wRACULN MY, Bolacruplhe of
5 on a wafer is employed. The viscosity of the resist
solution is determined in consideration of, for example,
the amount of a solvent, such as thinner, to be mixed
therewith. The resist solution with the thus-
determined viscosity is contained in a tank, and put
10 into use. As a result, the resist film thickness can
be varied within a wider range than ever.

Actually, however, the resist solution and thinner
have no compatibility, and are inevitably separated
into layers in the tank. Therefore, a relatively large

15 agitator is necessary to agitate them. This is one of
the causes which make it difficult to reduce the size
of the resist film coating apparatus.-

Moreover, each time the required resist film
thickness is changed, the resist solution must be

20 exchanged in units of a tank. Further, to meet a
request for changing the resist film thickness, many
tanks which contain various kinds of resist solutions
must be prepared beforehand. To manage many tanks
requires a great amount of labor. 1In addition, even

25 when a resist solution of a predetermined viscosity is

used, resist films of the same thickness cannot

necessarily be formed if the daily ambient conditions



-3-7 by required resist filmthickness, the kind of resist
solution, etc. are changed. To deal with a denmand for stil
t hi nner resi st films, a resist solution which can easily be
di ffused 5 on a wafer is enployed. The viscosity of the resist
solution is determned in consideration of, 4or-exanple, t he anmount
of a solvent, such as thinner, to be m xed therewith. The resist
solution with the thus- determ ned viscosity is contained in a
tank, and put 10 into use. As a result, the resist filmthickness can
be varied within ¢iffemwer H}ﬁfeeft% #hen the ambient copdifiaPng dhbigver
the resist solution and t hi nn have no COEpatlbl|lté and are

K re,
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of the resist f' l n?:r?@éi{ﬁspga PP Q:t solutlon of an appropriate viscosity
5 may not always be prepared.

As described above, in the conventional resist
coating apparatus, the resist solution must be
exchanged in units of a tank each time the required
resist film thickness is changed. Further, to meet a

10 request for changing the resist film thickness, many
tanks which contain various kinds of resist solutions
must be prepared beforehand. Also, it is difficult to
appropriately deal with the slight change in film
thickness which depends upon £he daily ambient

15 conditions.

A coating apparatus according to the invention is
characterized by comprising: a substra£e holding member
for holding the substrate; a treatment solution supply
which contains a primary treatment solution mixed with

20 a solvent; a solvent supply which contains a solvent;

a confluence valve communicating with the solvent
supply and the treatment solution supply; first pump
means for supplying the primary treatment solution from
the treatment solution supply to the confluence valve;

25 second pump means for supplying the solvent from the
solvent supply to the confluence valve; a mixer

provided downstream of the confluence valve for mixing



Mogeovey, each tinme the required resist film t hi ckness i s changed,

the resist solution nust be 20 exchanged in units of a tank. Further,
to nmeet a request for changing the resist filmthickness, nmany

t anks which contain various kinds of resist solutions nmust be
prepared. beforehand. To manage many tanks- 5 - requires a great anount
of labor. In addition, even 25 when a resist solution of a
predet erm ned viscosity is used, resist filns of the same thickness
cannot necessarily be forned if the daily amhi ent .conditions.
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resist solution MRS R?xer, to the substrate held by the substrate
5 holding member; and control means for controlling the

first and second pump means to adjust a mixture ratio

of the primary treatment solution to be supplied from

the treatment solution supply to the confluence valve,

to the solvent supplied from the solvent supply to the

- 10 confluence valve.

Since in the above coating apparatus, the
viscosity of the treatment solution is adjusted
immediately before it is applied to the substrate, the
treatment solution can be sufficiently mixed with the

15 solvent (and hence the resultant solution has a uniform
viscosity) even when they are made of materials which
are liable to separate from each other. As a result,
a film of a uniform and accurate thickness can be
obtained. Further, a request for changing a film

20 thickness can be dealt with quickly. Also, it is not
necessary to beforehand prepare treatment solutions of
different viscosities, which enables the apparatus to
be made compact. Furthermore, slight variations in
film thickness due to differences in daily ambient

25 conditions can be dealt with easily.

Preferably, the nozzle means includes a discharge

valve located upstream of the mixer and in the vicinity



exghanged in units of a tank each tinme the required
t hi ckness is changed. Further, to neet a 10 request for changing the
resist filmthickness, many t anks whi ch contain various kinds of

resi st sol utions

to

A coating apparatus according to the invention is
conprising: a substrate hol di ng nenber for hol ding the substrate;
treatment sol ution supply
sol ution m xed wpfhth@0solutioroiischarge @intdnn foapPerititéAngoftai ns a

sol vent ; .
suppl y and the tisherswpt ey utheonfiepms the saludyps from thenpixersor

supplying the primary treatnent solution from the treat
sol ution supply to th¥oEenpratpeably; vehe QEFatmeQﬁu§9%?ﬁiﬂﬂa%ﬁégiy

resist film

nmust be prepared beforehand. Also, it is difficult
appropriately deal with the slight change in film
t hi ckness whi ch depends upon the daily aobignt- 15 condi tions.

whi ch contains a primary treatnent

a confl uence val ve comruni cating with the sol vent
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primary treatment solutions of different compositions;
the solvent supply has a single solvent tank which
contains the solvent; and the confluence valve includes
switch means for switching the treatment solution tanks
from one to another to switch, from one to another, the
primary treatment solutions to be supplied to the mixer,
a solvent passage communicating with the solvent tank,
a valve seat provided in the solvent passage, a first
valve body for opening and closing the solvent passage,
and a first cylinder for bringing the first valve body
into and out of contact with the valve seat.

Using the switch means constructed as above
enables the kind of to-be-coated treatment solution to
be changed easily, and also enables the selected kind
of treatment solution to be adjusted to an appropriate
viscosity immediately before the solution is applied.

Preferably, the switch means includes a plurality
of treatment solution passages each communicating with
a corresponding one of the treatment solution tanks,
valve seats each provided in a correspdnding one of the
treatment solution passages, second valve bodies each
for opening and closing a corresponding one of the

solution treatment passages, and second cylinders each

characterized by

a



-5, ® the primary treatnent solution and the sol vent supplied

from the confl uence val ve; nozzl e neans having a sol ution di scharge
portion for applying a solution from the m xer, to the substrate
held by the substrate 5 hol di ng menber; and control neans for
controlling the first and second punp neans to adjust a m xture
ratio of the primary treatnent solufion to be supplied from

the treatnment solution supply to the confluence val ve, to the

sol vent supplied fromthe solvent supply to the 10 confl uence val ve.

Since in the abO%ﬁ CB]‘?‘ ﬂdé"ﬂmfpapa&’ﬁf@slx}mmqu one ofVltfi%C’%bE)Snaf vhl§e

treatnment soluti tely before it is applied to

t he substrate, t t t to b ekl Abk ngnbxed
with the 15 QSd veann % écfﬁﬂean{gée] tig:ldrﬂeﬂsaﬁ%t gﬁlt%hsg E'[BI oﬁgﬁgsaa gnl form

viscosity) even §ﬁegh%h@g1@ge%ég@§eof materials which are liable to

separate from ea As a result
The control means may individually control the

5 supply rate of the primary treatment solution from the
treatment solution supply, and the supply rate of the
solvent from the solvent supply. This can promptly
deal with a request for changing the thickness of a
film to be coated on a substrate. Further, since in

10 this case, it is not necessary to beforehand prepare
treatment solutions of different viscosities, the
apparatus can to be made compact. Furthermore, slight
variations in film thickness due to differences in
daily ambient conditions can be dealt with easily.

15 It is desirable that the first and second pump
means each include a flexible tube which communicates
with a solution reservoir, and a third cylinder for
reciprocating the flexible tube. It is also desirable
that the apparatus further comprises a sensor for

20 sensing the amount of displacement of the flexible tube,
and the control means controls the third cylinder of
each of the first and second pump means on the basis of
a detection signal from the sensor.

Moreover, it is preferable that the control means

25 controls the third cylinders of the first and second
pump means to simultaneously operate at a time point tl,

and to simultaneously stop at a time point t4, and



a ;ilnwof a uniformand accurate thickness can be obt ai ned.
Further, a request for changing a film 20 t hi ckness can be dealt with
quickly. Also, it is not necessary to beforehand prepare treatnent
sol utions of different viscosities, which enables the apparatus to
be made conpact. Furthernore, slight variatigns_in filmthickness
due to differences in daily anbient 25 conditions can be dealt with
easily. Preferably, the nozzle nmeans includes a discharge

val ve | ocated upstreamof the mxer and in the vicinity

- 6- of ¢tomtsolsitihs shbont gassaas endf @nep@inithei fgearment
interrupting the flow of the solution fromthe m xer. Mor e
preferably, the tselehbtan BassAgeh ofupple apafluence vadvel tPality of
treatment solution tanks which contain 5  primary treatpent solutions
of different conp®ipulbpgeously °Peﬁlﬁ§'§oﬁw&ﬂ:Rﬁ&&&l}3h§§13h§ﬂﬁgi@t§ﬁlvent

tank which
than the time point tl1, and to simultaneously close at
5 a time point t6 slightly later than the time point t4.
This structure can effectively prevent. reverse flow of
the primary treatment solution from the mixer to the
confluence valve.
Further preferably, the apparatus further

10 comprises remaining solution exhausting means for
exhausting a solution remaining between the confluence
valve and the solution diséharge portion before
switching the treatment solution tanks, after the
switch means switches the treatment solution tanks.

15 This structure can prevent the primary treatment
solution applied before the change in the kind of
treatment solution from being again applied to the
substrate, which means that a desired kind of treatment
solution can be coated on a substrate which is first

20 fed after the change of the kind of treatment solution.

Also preferably, the apparatus further comprises
remaining solution exhausting means for exhausting a
solution remaining between the confluence valve and the
solution discharge portion before changing the mixture

25 ratio of the primary treatment solution to the solvent,
after the control means changes the mixture ratio.

This structure can prevent the primary treatment



coptains the solvent; and the confluence val ve incl udes sw tch

means for switching the treatnent sol ution tanks fromone to
another to switch, fromone to another, the 10 primary treatnment
solutions to be supplied to the m xer, a sol vent passage

comuni cating with the sol vent tank, - 9a valve seat provided in the
sol vent passage, a first val ve body for opening and cl osing the
sol vent passage, and a first cylinder for bringing the first valve
body 15 into and out of contact with the valve seat.

Using the switch meansiesnapplieddeformdhe change ignibeeyisresktndobs

t o- be-coated treatnent solution to be changed .éas

enabl es the- sel ectBg krgatment solytiqn JLromheidd Fgadn PBPﬁéegdfﬁgY%% to
n t di at bef t | I ed.
Breforably. the sGRPERTRBERSWHYEh eRR 'afé}%r el iR b Peedralpe ' ©
sol uti on passage h ti f
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the treatnent sol BPi ovi ded”in
correspondi pg one of, t nent, ,sol_ut g J | ve
bodi es eachE fe deE%Sﬁeghﬁg %. %|d§ﬁ%§’é”€%%%&§§i§§ ﬁgeoﬁggggﬂ?ﬁg
sol ution treat meng pagsages: and second cylinders each

It is desirable that the mixer is a static mixer

having a plurality of baffles linearly arranged across
a solution passage for mixing the primary treatment

10 solution and the solvent. Moreover, it is desirable
that each of the baffles of the static mixer is formed
by leftward or rightward twisting one side of a square
plate by 90°, and leftward twisted baffles and
rightward twisted baffles are arranged alternately in

15 the solution passage. In this case, it suffices if the
mixer has an inner diameter substantially identical to
that of a usual tube. Accordingly, thg mixer can be
made compact. This means that the amount of the
remaining solution to be exhausted when the coating

20 conditions are changed can be reduced, thereby reducing
the amount of the used treatment solution and solvent.

It is important to situate the static mixer such

that its downstream end is higher than its upstream end.
Otherwise, the multiple baffles arranged in the mixer

25 interrupt the flow of air and cause the air to form a
mass, thereby adversely affecting the mixing of the

treatment solution and the solvent. To avoid this, the



-7+ $ for
bodies into and o
val ve seats.
supply rate of th
sol ution supply,

sol vent supply. This can pronptly deal with a request for changing

t he t hi ckness of
in 10 this c

treatment sol uti oR&XBF dFf Fékeatedkbiguglys ox [ptood
Furthernore, sljght .. vari.atigns i.n fil m.thickness
doppstrean endkeRE Mighme Wbadis STEUCEN B G651t w th

be made conpact.
due to difference
easily. 15

means each i ncl ud

10

15

20

25

bringing a correspondi ng one of the second val ve
ut of contact with a correspondi ng one of the
The control neans may individually control the
e primary treatnment solution fromthe t r eat ment
and the supply rate of the10 - solvent fromthe

5

a filmto be coated on a substrate. Further, since

ase, it is_not necessary to beforehand pre

N TR N T e
upward to its downstream side and goes out of it. Thus,
predetermined capability of mixing can be maintained.
Specifically, it is desirable that the solution passage
of the mixer is inclined by 20° or more with respect to
a horizontal plane.

In addition, it is preferable that the apparatus
further comprises a main air valve for adjusting flow
or pressure of air to be supplied to the first, second
and third cylinders, and that the main air valve is
controlled by the control means.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may
be learned by practice of the invention. The objects
and advantages of the invention may be realized and
combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

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

preferred embodiments give below, serve to explain

are .
StralggﬁaW&FﬂstEEn to
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lightly later than the time point t1, and to
geatang/developing s¥stSHint t6 slightly later than the

FIG. 2 is a front view, showing the resist
coating/developing system;

FIG. 3 is a rear view, showing the resist
coating/developing system;

FIG. 4 is a sectional view, showing the overall
structure of a coating apparatus according to an
embodiment of the invention;

FIG. 5 is a plan view, showing the overall
structure of the coating apparatus;

FIG. 6 is a view, showing a resist/thinner mixer
incorporated in the coating apparatus;

FIGS. 7A and 7B are sectional views, each showing
a bellows pump in detail;

FIGS. 8A and 8B are sectional views, each showing
a confluence valve; '

FIG. 9 is a timing chart (a) to (e), showing the
operations of bellows pumps and valves incorporated in
a resist solution supply circuit;

FIG. 10 is a sectional view, showing the interior
of a static mixer;

FIGS. 11A and 11B are views, each showing a baffle
incorporated in the static mixer;

FIG. 12 is a block diagram, showing a control

system for controlling the resist/thinner mixer;



Thiis styucture can effectively prevent reverse flow of the primary
treatnment solution fromthe mxer to the confl uence val ve.
Further preferably, the apparatus further 10 conpri ses renaining
sol ution exhausting neans for exhausting a solution remaining
bet ween the confl uence val ve and_tthsoLution di scharge portion
before swtching the treatnent soluiion tanks, after the
switch means switches the treatnment solution tanks. 15 This structure
can prevent the primary treatnent sol ution applied before the
change in the kind of FIG. 13 ilsr @atviient, shbwingnaf fesibeyohiagetr nmapeti ed
to the substrate, which neans that a desired kind of treatnent
sol ution can be domicagoratadsdibstr abatihygchpparétustac@rdingfea after the
change of the kind of treatnent solution. Al so preferably, the
appar at us furt heramdirper sebodiment ofetheningesbionfon exhausting neans for
exhausting a sol ution remai ning between the confl uence val ve and
t he sol uti on dAISSharldd padt i1dB bekosecthanglnyiews, neachire 25
ratio of the primary treatnent solution to the solvent, after the
control nedns chahgednghe sionfdrencet valve accordipgstatauferkkeran prevent
the primary treatnent
embodiment of the invention; and
FIG. 15 is a block diagram, showing a control
system for a resist/thinner mixer according to a yet
another embodiment of the invention.
10 DETAILED DESCRIPTION OF THE INVENTION
Preferred embodiments of the invention will be
described with reference to the accompanying drawings.
As is shown in FIG. 1, a coating/developing
system 1 comprises a cassette section 10, a process
15 secﬁion 11, and an interface section 12. An exposure
unit (not shown) is located adjacent to the interface

section 12,
The cassette section 10 includes a mounting
table 20 provided with four positioning projections 20a
20 for positioning cassettes CR. The cassettes CR are
placed on the mounting table 20 in the X-axis direction.
In each cassette CR, twenty five wafers W are stacked
at regular intervals, usually. A first sub arm
mechanism 21 is provided such that it can move on the
25 table 20 in its longitudinal direction. The first sub
arm mechanism 21 has a holder for holding each wafer W,

a horizontally driving mechanism (not shown) for moving



- 9O~ > solution applied before the change in the viscosity of

the treatnment solution frombeing again applied to the substrat e,
whi ch neans that a desired kind of treatnent sol ution can be coated
on a substrate which is first 5 fed after the.change in the viscosity
of the treatnent sol uti on. - 13 -lt is desirable that the
mxer is a static m xer having a plurality of baffles linearly
arranged across a solution passage for nmixing the primry treatnent
10 solution and the solvent. Mreover, it is desirable t hat
each of the baff|®kedioldersimtthe rﬁ-)@ena slimeckden, a vertpgall¥tward or

rightward tw sting one side of a squa pl ate by 90[e and
leftward twi sted gﬁ Yirg meghanism (HQﬂ éﬂ¥¥@&kﬂﬂ9ﬁ EP@&nﬁaFgL g L?% Tarranged

alternately in 15 the sol utj on passa t his gase suffices if
t he mi xer 1Rakh@n? rakks Jé’rn'SLg?&d[ é‘n?q &]qtfiﬁl&é‘nfnﬁeg’fa nggm

(not shown) for rotating the holder about the Z-axis.
5 Behind the first sub arm mechanism 21, a third process
unit group G3 included in the process section 11 is
located, whereby the first sub arm mechanism 21 can
access an alignment unit (ALIM) and an extension unit
(EXT) included in the third process unit group Gj.

10 The process section 11 includes five process unit
groups G; - Gg and a main arm mechanism 22. Each
process unit group has units stacked on each other for
applying a resist to a wafer W. The arm mechanism 22
is surrounded with the unit groups.

15 As is shown in FIG. 3, the main arm mechanism 22
has a cylindrical support member 49 extending in the
Z-axis direction, and a wafer transfer unit 46 located
inside the cylindrical support member 49. A lower
portion of the cylindrical support member 49 is coupled

20 with the axis-of-rotation of a motor (not shown), and
the wafer transfer unit 46 is disposed to rotate about
the Z-axis, together with the cylindrical support
member 49.

The wafer transfer unit 46 includes a Z-axis

25 driving mechanism (not shown), a transfer table 47 and

a plurality of arm holders 48. The wafer transfer unit

46 is vertically moved within the cylindrical support



that of; a usual tube. Accordingly, the m xer can be made conpact.
This neans that the anmpbunt of the remai ni ng solution to be
exhausted when the coating 20 conditions are changed can be reduced,
t her eby reduci ng t he amount of the used treatnent solution and
sol vent . It is inportant to_sifgate the static mxer such
that its downstreamend is higher than its upstream end. O herw se,
the nultiple baffles arranged in the mxer 25 i nterrupt the flow of
air and cause the air to forma mass, thereby adversely affecting
the nixing of themember 49 thyeatheedt-axdksutichwiagdnedivasidwentEacio aavoi d
this, the - 10 - m xer is
situat ed obl i quelholaterstdBod sstsupipgirttedi bly aheadvancingfatrsatdarg end kept
high. In this structure, air having entered the m xer through the
upstream end novesechanism (notashows)i suciorhstretirean RdwarFydesl out of
It. Thus, 5 predeterm ned capability of m xing can be mai ntai ned.
retreat on the transfer table 47.
5 As is shown in FIG. 2, the first and second
process unit groups Gj and Gy are located adjacent to
each other at a front portion of the system 1. As is
shown in FIG. 3, the third process unit group G3 is
located adjacent to the cassette section 10, and the
10 fourth process unit group G4 adjacent to the interface
section 12. Further, as is shown in FIG. 1, the fifth
process unit group Gs may be additionally provided at
a rear portion of the system.
As is shown in FIG. 2, the first process unit
15 group G; has a resist coating unit (COT) and a
developing unit (DEV) stacked on the resist coating
unit. Thus, it is preferable to locate the resist
coating unit (COT) at a lower portion of the system 1
in order to simplify the structure of a drain treating
20 mechanism and to facilitate the maintenance working.
Each unit (COT, DEV) contains a cup CP and a spinner
process device with a spin chuck. Similarly, the
second process unit group G, has a resist coating unit
(COT) and a developing unit (DEV) stacked on the resist
25 coating unit. The resist coating units (COT) of the

first and second process unit groups Gj and Gy are

located adjacent to each other, while the developing



Specifigcally, it is desirable that the sol ution passage of the

m xer is inclined by 20[err] or nore with respect to a horizontal

pl ane. In addition, it is preferable that the apparatus 10

further conprises a main air valve for adjusting flow or pressure

of air to be supplied to the first, second 35 - and third cylinders, and

that the main air valve is controlled by the control neans.

Addi ti onal objects and advantages of the invention 15 will be set

forth in the description which follows, and in part will be obvious

from the descript upatso(DBEY of the fimst emch&EeapndPIOCESE BRiEhgroups

I nvention. The objects and advant ages of the invention may be

real i zed and G1 agdnBpnarpohecpied iadiagant f&l @R 8&hern t he appended

20 cl ai ms. BRI EF. DESCRI PTI ON OF THE SEVERAL VI EWs OF, THE

DRAW NG TRE d6cSRRYRYLAGE HF awt nddhe Wﬁ}’cﬁ?%ré’cieﬁéo PRdtat ed

In and constitute a part of the specification, il lustrate presentl
15a8 alifst ’

preferred enbodi n@%FP¥PoF3t FBCS 2 GORAIAY HPit &g PR FORLERTt Re

general desgri pti %gfer W plagiegeonnagon\{oeun nq:atbhlee %F‘Pt,éiallne%dglgggghpyn?@ of the

(AD) for imparting hydrophobic nature to the resist to
enhance its adhesion, an alignment unit (ALIM) for
aligning the wafer W, an extension unit (EXT) for
permitting the wafer W to stand by, two pre-baking

10 units (PREBAKE) for performing a heat treatment before
an exposure treatment, and two post-baking units
(POBAKE) for performing a heat treatment after the
exposure treatment. These eight units are stacked on
each other in this order. Similarly, the fourth

15 process unit group G4 includes a cooling unit (COL),
an extension cooling unit (EXTCOL), an extension unit
(EXT), a cooling unit (COL), two pre-baking units
(PREBAKE), and two post-baking units (POBAKE).

As described above, the cooling unit (COL) and the

20 extension cooling unit (EXTCOL), which employ lower
treatment temperatures, are located in lower positions,
while the pre-baking unit (PREBAKE) and the post-baking
unit (POBAKE), which employ higher treatment
temperatures, are located in upper positions. As a

25 result, thermal interference between the units can be
minimized.

The interface section 12 has substantially the



preferred enbodi nents give below, serve to explain t he

principles of the invention. FIG 1 is a plan view, show ng a
resi st coat i ng/ devel opi ng system FIG 2 is a front

vi ew, show ng the resist 5 coat i ng/ devel opi ng system

FIG 3 is arear view, showing the resist- 31§ - coating/devel oping
system FIG 4 is a sectional view, show ng the overal
structure of a coating apparatus according to an 10 enbodi ment of the
i nventi on; FIG 5 is a plan view, show ng the overal
structure of the semei Kgaappadarestional dimensiorF|ag e Precesew, show ng
a resist/thinner m xer I ncorporated in the coating apparatus; 15

FIGS. 7A and 7B afectéeni dhal andedssmabler showify directional dimension

than it. A movable pick-up cassette CR and a
stationary buffer cassette BR are stacked on each other
5 at a front portion of the interface section 12.

Further, a peripheral exposure unit 23 is provided at a
rear portion of the interface section 12. Moreover,
the interface section 12 includes a second sub arm
mechanism 24, which has an X-axis driving mechanism

10 (not shown), a Z-axis driving mechanism (not shown) and
a 0 rotation mechanism (not shown). The second sub arm
mechanism 24 is accessible to each cassette CR, BR, the
peripheral exposure unit 23, the extension unit (EXT)
which is included in the fourth process unit group G4,

15 and a wafer transfer table (not shown) located on the
exposure unit side,

In the coating/developing system 1, the fifth
process unit group Gg can be added behind the main arm
mechanism 22, This process unit group Gg is slidable

20 along a guide rail 25 in the Y-axis direction. Where
it is shifted in the Y-axis direction, a space will be
defined at the rear side of the main arm mechanism 22,
through which space the mechanism 22 can be inspected
or repaired easily.

25 Referring then to FIGS. 4 and 5, each resist
coating unit (COT) will be described.

An annular cup CP is provided at a center portion



a bellows punp in detail; FI GS. 8A and 8B are sectional views,

each show ng a confluence val ve; FIG 9 is atimng
chart (a) to (e), showing the 20 operations of bellows punps and

val ves incorporated in a resist solution supply circuit;

FIG.10 is a sectional view, show ng the interior of a static

m xer ; FIGS. 11A and 11B ar<e Ji7%ews, each showing a baffle 25
i ncorporated in the static m xer; FIG 12 is a block diagram
showi ng a control system for controlling the resi st/thinner mxer;
- 12 - FIG 13 is a view, show n si st/ thinpe

i ncorporated i n af cB3¢R e RbPEr &RAELNE Wtk r‘é:O{Ig ,“and"a SRABt ﬁg 5%gd| nent

of the invention; FI GS. 14A and 14B are sectional views, each
is provided at a center portion of the annular cup .

A plurality of suction holes (not shown) are formed in
the upper surface of the spin chuck 52, thereby

5 enabling a wafer W to be held on the spin chuck 52 by
a vacuum force. A lower portion of the spin chuck 52
is coupled with the driving shaft of the motor 54.

The body of the motor 54 is inserted through an

opening 50a formed in a unit bottom plate 50. An
10 aluminum flange cap 58 covers an upper portion of the
motor 54. Through the flange cap 58, the motor 54 is
coupled with an air cylinder 60 and a vertically
movable guide 62. Power supply circuits for the motor
54 and the cylinder 60 are connected to the output side
15 of a controller 131 shown in FIG. 12.

At the time of resist coating, the lower end of
the flange cap 58 is in tight contact with the unit
bottom plate 50 around the opening S50a, thereby sealing
the resist coating unit (COT) in an airtight manner.

20 As is shown in FIG. 5, a carry-in/carry-out port DR is
provided in one side surface of the resist coating unit
(COT), through which the wafer W is carried into and
out of the unit (COT) by the arm holder 48 of the main
arm mechanism 22. At the time of transfer of the wafer

25 W, a rod is protruded from the cylinder 60 to raise the
spin chuck 52, lift pins (not shown) are protruded from

the spin chuck 52 to raise the wafer W, the arm holder



5 . showi ng a confl uence val ve according to a further enbodi nment
of the invention; and FIG 15 is a block diagram showi ng a
cont rol system for a resist/thinner m xer according to a yet

anot her enbodi ment of the invention. 10 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Preferred enbodi nents of the invention wll
be described with reference to t-he i®ccenpanyi ng draw ngs.

As is shown in FIG 1, a coating/devel opi ng system 1 conprises a
cassette section 10, a process 15 section 11, and an interface section

12. An exposure unit (not shown) is |ocated adjagent to %Ee
i nterface 48 ceftthg Mm@in arm mechanism 22 1?hé“§§§%8§t&“§§€t 8 10

T UeS B oMt L. watpr )y LS i Bk BRI o o
T o e TRl PReAR L ol A5 R pong 491 0 7T
oo L me e S icun o pEEEORRT TR AR G R el Co
arm rrechangsm thngswgfgglﬁe{hégéompl qi %v?earmbo%fi%"n Y& the cup CP
communicates with a drain passage, through which a
drain centrifuged from the wafer W during its rotation
is exhausted to the outside of the unit(COT). The
annular cup CP is covered with an openable/closable 1lid
10 (not shown).
A resist nozzle 86 is detachably attached to a
free end of a scan arm 92 by means of a holder 100.
Thé proximal end of the scan arm 92 is horizontally
supported by a first nozzle operating mechanism 96.
15 The first operating mechanism 96 has an X-axis driving
mechanism, a Y-axis driving mechanism and a Z-axis
driving mechanism (which are not shown). A Y-axis
guide rail 94 is provided on the unit bottom plate 50.
The nozzle operating mechanism 96 is moved by the Y-
20 axis driving mechanism along the guide rail 94 in the
Y-axis direction. Further, the nozzle 86 is vertically
moved by the Z-axis driving mechanism, together with
the scan arm 92, and is moved by the X-axis driving
nmiechanism in the X-axis direction.
25 As is shown in FIG. 5, a nozzle stand-by section

90 is provided adjacent to the cup CP in the unit (COT).

The nozzle stand-by section 90 is where a plurality of



a horizontally driving nmechani sm (not shown) for noving

- 13 - the holder in the X-axis direction, a vertically

driving nechani sm (not shown) for noving the hol der in the Z-axis
direction, and a [err] rotation nechanism (not shown) for rotating
t he hol der about the Z-axis. 5 Behind the first sub arm nechani sm 21,
a third process unit group G3 inrcld@ed-in the process section 11 is
| ocat ed, whereby the first sub arm nechani sm 21 can access an
alignment unit (ALIM and an extension unit (EXT) included in the

?ELLSdEEC’??SZ o ERSEAC TR 168 186 as) desgrised, ppovEFERRT BRradiadYe ar m

' 22. E . . it h ' h
other for oo SRt disepdrRaRyte dreSiael, 1 ndfet S0 0h NaiFEn Peg 25
I's surrounded with t%& fﬁ“é éHf%&%% at%%sphere chaﬁﬁef? S?R@Qe'HoEEEESS’ the

mai n ar m mechani §%™
86 are used to discharge resist solutions of different

5 kinds and viscosities, and respectively connected to
resist solution supply sources 711 - 71ln (see FIG. 13)
for supplying the resist solutions.

The holder 100 attached to the free end of the
scan arm 92 is used to pick up one of the resist
10 nozzles 86 from the nozzle stand-by section 90. The
holder 100 is also attached to a thinner nozzle 101,
which is provided for applying thinner to the wafer
before the application of the resist solution. 1In
other words, the thinner nozzle 101 performs so-called
15 "pre-wet" coating.
A second nozzle operating mechanism 99, which has
a similar structure to that of the first nozzle
operating mechanism 96, can also move along the guide
rail 94. The second nozzle operating mechanism 99
20 supports the proximal end of a horizontal scan arm 120.
A rinse nozzle 122 for side rinsing is attached to the
free end of the horizontal scan arm 120.
As is shown in FIG. 4, each of the resist nozzles
86 is connected, via a corresponding resist solution
25 supply tube 88, to a corresponding resist/thinner mixer
70 located in a chamber below the resist coating unit

(COT).



has a cylindrical support nmenber 49 extending in the Z-axi s

direction, and a wafer transfer unit 46 | ocated I nside the
cylindrical support menber 49. A | ower portion of the cylindrical
support nenber 49 is coupled 20 with the axis-of-rotation of a notor
(not shown), and the wafer transfer unit 46 is disposed to rotate
about the Z-axis, together with 4 heOyl-i ndri cal support

menber 49. The wafer transfer unit 46 includes a Z-axis 25
driving nmechani sm(not shown), a transfer table 47 and a plurality

of arm holders 48. The wafer transfer unit 46 i ' .
within the cylindri caRes8EpdbRe then toL%iGS. 6 - 10, %hgsrggggksghk nggyeg4

- nmenber 49 th -axis drivi nechani,sm Each arm
hol der 48 is supﬁb??ﬁd?%ywh lgﬁ%a.%ﬁ?ﬁﬁ9%§$iﬂﬂﬁéﬁill' mechani sm ( not

shown) such that it cgn agvange,and rrq. 6, dl G188 /HATnhEE"RERExt 201 ©

70 comprises a resist tank 71 which contains a resist
5 solution, a thinner tank 71 which contains thinner as
a solvent, a confluence valve 75 for simultaneously
opening and closing the passes of the ;esist solution
and thinner to make them confluent, a resist bellows
pump 73 for pumping the resist solution contained in

10 the tank 71 and introducing it into the confluence
valve 75, a solveﬁt bellows pump 74 for pumping thinner
contained in the thinner tank 72 and introducing it
into the confluence valve 75, a static mixer 76 for
mixing the resist solution and thinner having passed

15 the confluence valve 75, and a valve 77 connecting the
static mixer 76 to the resist nozzle 86 via the resist
supply tube 88. The above elements are connected to
each other by means of, for example, a teflon tube
which has a high corrosion resistance;

20 The resist tank 71 and the thinner tank 72 are
located outside the body of the coating/developing
system 1, and respectively connected to the resist
solution bellows pump 73 and the solvent bellows
pump 74 via tubes 78a and 78b which extend from the

25 interior to the exterior of the system 1.

Referring now to FIGS. 7A and 7B, the bellows

pumps will be described. Since the bellows pumps 73



5. . As is showmn in FIG 2, the first and second process unit
groups Jerr] and Jerr] are |located adjacent to each other at a
front portion of the systeml. As is shown in FIG 3, the third
process unit group G3 is | ocat ed adj acent to the cassette section
10, and the 10 fourth process unit group GA adjacent to the interface
section 12. Further, as is shown in FIG 1, the fifth process unit
group G5 may be additionally provided at a rear portion of the
system As is showmn in FIG 2, the first process unit 15

group Jerr] has anded@shageathagseametstoomjuemd enly the bejdpwisoPuRg uni t
(DEV) stacked on the resist coating unit. Thus, it is preferable to
| ocate the resist?3 will bgodeprgibadt (COT) at a | ower portion of the

e L to et Bl BT bat s ST R O e U 9 20
(Cor. o) cont el nsadith o 0deR PhaRigr and o FEEG Rl HsBRE 0 °
(B 20019 UNlin i faagkErTs B RYBLEBLE S DR g 2ok o

expandable/contractible bellows made of a soft resin,

The flexible tube 102 has one end thereof coupled with

‘the flange 145 of the solution feeder 140, and the

other end coupled with the flange 147 of a blind

10 patch 146.

The rod 107a of the air cylinder 107 is coupled
with the back surface of the blind patch 146. The air
cylinder 107 communicates with a coﬁpressed air supply
(not shown) controlied by the controller 131. A

15 shielding plate 137 is attached to an outer surface
of the blind patch 146.
Two pairs of sensors (108, 109), (135, 136) are
provided in the vicinity of the flexible tube 102 for
~ sensing displacement of the tube. Wheh the rod 107a is
20 retreated into the cylinder 107, thereby expanding the
flexible tube 102, detection light beams from the light
emitting sections 108 and 135 of the first and second
sensors are shielded by the shielding plate 137 (see
FIG. 7A). When, on the other hand, the rod 107a is
25 protruded from the cylinder 107, thereby contracting

the flexible tube 102, the detection light beams from

the light emitting sections 108 and 135 of the first



first and second process unit groups Jerr] and Jerr] are | ocat ed
adj acent to each other, while the devel opi ng

- 15 - units (DEV) of the first and second process unit groups

GL and & are |ocated adjacent to each other. As is shown in
FIG 3, the third process unit group G3 includes a cooling unit
(COL) for cooling a 5 waf er Wpl aced a2:n & nount table SP, an adhesion
uni t (AD) for inparting hydrophobic nature to the resist to

enhance its adhesion, an alignment unit (ALIM for aligning the
wafer W an extension unit (EXT) for permtting the waferr Wto
stand by, two prénﬁak$%@nd1@ensor§nﬁ?%9¥F#ﬂ&yﬁﬂﬂptfGPCEéVFGBhFﬁﬁté°H§at
treatment before osure, treatnment, and_two poit baki ng units
(POBAKE) for per#8?nfAg %13§1ea¥ TR HEY of%es Fl%e 7B)- &xposur e

g;ggﬁheg}nirgsstSbﬂgo}gnltiSfrgb§Ef§¥lc%he on/off ope Ql %he% tﬂ this
cylinder 107 on the basis of detection results from
5 both sensors (108, 109), (135, 136), thereby causing
each bellows pump 73, 74 to feed an appropriate amount
of solution.

The solution feeder 140 includes a solution
reservoir 141 and a pair of ball valves 142 and 143.

10 The ball valve 142 is located upstream of the solution
reservoir 141, while the ball valve 143 is located
downstream of it. The upstream ball valve 142 has a
hard ball 104 made of, for example, ceramic, and a
stopper 144. Similarly, the downstream ball valve 143

15 has a hard ball 105 made of, for example, ceramic, and
a stopper 144.

When the flexible tube 102 is expanded, the
upstream ball valve 142 opens, the solution is
introduced into the solution reservoir‘141, as is shown

20 in FIG. 7A. On the other hand, when the fiexible tube
102 is contracted, the downstream ball valve 143 opens,
the solution is pushed from the solution reservoir 141
to the supply circuit 78a, as is shown in FIG. 7B.

The solution reservoir 141 of the first bellows

25 pump 73 communicates with the interior of the flexible
tube 102 and the resist supply tube 78a. The solution

reservoir 141 of the second bellows pump 74



15- process unit group <4 includes a cooling unit (CQL), an

extension cooling unit (EXTCOL), an extension unit (EXT), a cooling
unit (COL), two pre-baking units (PREBAKE), and two post - baki ng
units (POBAKE) . As descri bed above, the cooling unit (CO.) and
the 20 extension cooling unit (EXTCOL) 3V\/nich'enploy | ower

treatnent tenperatures, are located in I6me? posi tions, whi |l e the
pre-baki ng unit (PREBAKE) and the post-baking unit (POBAKE), which
enpl oy hi gher treatnent tenperatures, are |located in upper
positions. As a communidAd twithheheBhinkBeblesenere beldREP1E Nubei 162 can
be m ni m zed. The interface section 12 has
substantially theand the thinner supply tube 78b. As is show® in FIG. 6,
sane X-axis directional dinmension as the process section 11, and a

smal | er Y-axis ditigetdeyialt Gupply @ircuit 78at AAd the thimweblsupplk- up
cassette CR and a
circuit 78b is confluent at the confluence valve 75.

5 As is shown in FIG. 4, the static mixer 76 and the
valve 77 are provided at the tube 88 between the
confluence valve 75 and the nozzle 86. It is
preferable that the valve 77 is located in a position
downstream of the static mixer 76 and as close as

10 possible to the nozzle 86. The length L1 of the static
mixer 76 is determined such that its capacity meets the
amount (e.g. 5 cc) of the solution discharged from the
nozzle 86 at one time. Further, the average inner
diameter d3 of the static mixer 76 is about 3.2 mm.

15 ~ Referring to FIGS. 8A and 8B, the confluence valve
75 will be described.

The confluence valve 75 has first and second
introduction passages 115 and 116 and a single
discharge passage 119. The first and Eecond

20 introduction passages 115 and 116 communicate with the
thinner supply tube 78b and the resist solution supply
tube 78a, respectively. A first valve body‘ll3 is
rotatably supported by the rod of a first air cylinder
111 for opening and closing the first introduction

25 passage 115. A second valve body 114 is rotatably

supported by the rod of a second air cylinder 112 for

opening and closing the second introduction passage 116.



stationary buffer cassette BR are stacked on each ot her 5 at a front

portion of the interface section 12. Further, a peripheral exposure
unit 23 is provided at a rear portion of the interface section 12.
Mor eover, the interface section 12 includes a second sub arm
mechani sm 24, which has an X-axis driving-neghanism 10 (not shown), a
Z-axi s driving nmechani sm (not shown) and a 0 rotation nechani sm
(not shown). The second sub arm mechani sm 24 is accessible to each
cassette CR, BR, the peri pheral exposure unit 23, the extension
unit ( EXT) AnARSning/AdlasiagdpPRtiAR pEUERA ﬁ%&%é%e%.‘fab‘f%uv

15 and a wafer_ transfer tahle %not shown) Iocateg

exposure unit sideis substantially h?héaESaPFnﬁhﬂEv% oBﬂ%gC%?g%%ﬁﬁqg t he
fifth process unit group Gb can be added behind the nmain arm
mechani sm 22. Thi s""’b\f‘ﬁfcgs%' unit group g err] Is slidable 20 al ong a
guide rail 25 in the Y- XIS directiaon ted in the
Y-axis direction, a spa {%ﬂ?nce Valvedé?.ﬁ&& gtw%ﬁ%h a%r %%o% t he

B g dpp VAR MR 365, SRTE A 7 G2
4 and 5, each res'éﬂout 50 mm. The first and second introduction
passages have an inner diameter dl of 4.35 mm, and
the discharge passage 119 has an.inner diameter d2 of
4.35 mm., Each portion of the confluen&e valve 75 is
10 made of PTFE resin. _
When the first and second valve bodies 113 and
114 are separated from their valve seats as shown in
FIG. 8A, the resist solution and thinner flow into
the discharge passage 119, pass the tube 88 and reach
15 the static mixer.76. The controller 131 operates in
synchronism with the on/off operations (i.e.
discharging and pumping operations) of each bellows
pump 73, 74 to operate each air cylinder 111, 112,
Referring then to the timing chart of FIG. 9,
20 the operation of each element will be described.
FIG. 9 (a) shows the operations of the first
bellows pump 73 for the resist solution, FIG. 9 (b)
shows the second bellows pump 74 for thinner,
FIG. 9 (c) shows the second valve body 114 (for
25 thinner) of the confluence valve 75, FIG. 9 (d) shows
the first valve body 113 (for the resist solution) of

the valve 75, and FIG. 9 (e) shows the downstream



coating unit (COT) wll be descri bed. An annular cup CP is

provided at a center portion - 17 -
of each resist coating unit (COTl), and a spin chuck 52 i's provided
at a center portion of the annular cup CP. A plurality of suction
hol es (not shown) are fornmed in t he upper surface of the spin chuck
52, thereby 5 enabling a wafer Wto-b&%held on the spin chuck 52 by
a vacuum force. A lower portion of the spin chuck 52 i s coupl ed
with the driving shaft of the notor 54. The body of the notor

54 is inserted thr%i%h an Qgening 50a formed in a unit bottom plate
50. An 10 al ¥ALRENT {r aRGEPRSPL %8 Xovers an upper portion of the

rotor S Thioual the Lhange £aPand: skS b Ppmed b bt !
circuits for the g?%%itaneously opened at a time point tl1l, and closed
at a time point t4. The period from tl to t4 is about
5 2 - 3 seconds. The first and second valve bodies 113
and 114 of the confluence valve 75 are simultanecusly
opened at a time point t3 about 20 ms later than the
time point tl1, and closed at a time point t6 about 20
ms later than the time point t4. The period from t3 to
10 t6 is about 2 - 3 seconds. The downstream valve 77 is
opened at a time point t2 between the time points t1
and t3, and closed at a time point t5 between the time
points t4 and t6.
If the confluence valve 75 is opened at a time
15 point before the time point tl at which each bellows
pump 73, 74 starts to discharge, the remaining solutién
of the previous wafer treatment cycle may reversedly
flow into the pump. To avoid this, it is desirable to
set the time point t3, at which the confluence valve 75
20 is opened, after the time point tl at which each
bellows pump 73, 74 starts to discharge. Further, it
is desirable to simultaneously open the valve bodies
113 and 114 of the confluence valve 75. Moreover, when
the downstream valve 77 is opened slightly earlier than
25 the valve bodies 113 and 114 of the valve 75, the
resist solution and thinner can smoothly flow into the

tube 88 and be smoothly mixed in the static mixer 76.



54.and .t he cylinder 60 are connected to the output side 15 of a

controller 131 shown in FIG 12. At the tinme of resist
coating, the | ower end of the flange cap 58 is in tight contact
with the unit bottom pl ate 50 around the opening 50a, thereby

seal i ng the resist coating unit (L£OBg i an airtight manner. 20
As is shown in FIG 5, a carry-in/carry-out port DR is provided in
one side surface of the resist coating unit (Car), through which
the wafer Wis carried into and out of the unit (COI) by the arm

hol der 48 of the main As is shawm iechERi sH 2 thenstatdc miwest 76r BASf er of
the wafer 25 W arodis Erotruded fromthe cylinder 60 to raise the
spin chuck 52, |ifitcplandeheelsabainlese ks Médednd §aventy fourpefepin
chuck 52 to raise the wafer V% t he. ar m hol der )

- 18 - ggapplepebadihesr M ki g rhereins e EaghyRatflene

rai sed wafer and_the Lift pi :
W 117 1is fgrmeglgg @&f%éfﬁ%”éﬁ% 52%%§bf a square plate by

5 90° to the right or left as shown in FIGS. 11A and 11B.
FIG. 11A shows a baffle twisted to the left, while
FIG. 11B shows a baffle twisted to the right. 1In the
static mixer 76, leftward twisted baffles and rightward
twisted baffles are arranged alternately. The resist

10 solution and thinner pass the cylindrical tube 76a with
their flow directions changed from right to left and
from left to right, alternétely. As a result, they are
mixed efficiently.

It is preferable to set the inner diameter d3

15 of the cylindrical tube 76a of the static mixer 76
at a value (e.g. a value falling within a range of
2 mm - 8 mm) equal to that of a connecting tube. If
the iﬁner diameter d3 of the tube 76a is less than 2mm,
the tube 76a is liable to be blocked. ‘' If, on the other

20 hand, the inner diameter d3 is more than 8 mm, a great
amount of solution must be exhausted when the kind of
resist solution or the viscosity of the resist solution
is changed, thereby reducing the amount of the used
resist solution and thinner. The inner wall of the

25 tube 76a and the surface of each baffle 117 with which
the resist/thinner mixture is brought into contact are

coated with a film of a high corrosion resistance,



the wafer Wis transferred onto the arm hol der 48. The cup CP
surrounds the spin chuck 52 and hence 5 the wafer Wthereon. A | ower
portion of the cup CP comuni cates with a drain passage, through
which a drain centrifuged fromthe wafer Wduring its rotation

I s exhausted to the outside of the unit(COTl)27 The annular cup CP is
covered with an openable/closable Iid 10 (not shown). A
resi st nozzle 86 is detachably attached to a free end of a scan arm
92 by means of a hol der 100. The proximal end of the scan arm92 is
hori zontal |y suchsapper tetirafluvoroethyIrne | xesiverkiimhg anvdiddnemigs.

15 The first operating nmechani sm 96 has an X-axis driving.

mechani sm a Y- axPéa&PFivghémmeéh'ﬁhqf sk Hnd & Tufganee treated %rlil\lﬂlng
mechani sm (whi ch are not _shown). A Y-axis guide rail 94 is provided

on the unit bottoMPpts: &8l Bmlte film, ¢¥@: nozzle operatlng mechani sm 96 is
noved by the Y- 20 axi_s r|V|n Ismalong th ui d 94 in
t he Y-axis dir&i8ns ?Hf‘t ﬁg HIEighegho - %%Ur 'V/%f%ﬁ ?aqr ?S?

roved by, Uhe 2 axis (b BULMPSIAN R oS PRI S "idh an upstddify 36" 27

thereof and inclined at an angle a. Situating the

downstream end higher than the upstream end of the

static mixture 76 enables easy movement of air to the

downstream end and hence easy discharge of it through
10 the nozzle 86.

Moreover, it is desirable to set the inclination
angle a of the static mixer 76 not less than 20°. 1In
this case, air can be prevented from remaining in the
static mixer 76. In the mixer 76, the multiple baffles

15 117 interrupt the movement of air toward the downstream
side, and therefore air is liablé to remain in it,
which weakens the force of mixing the resist solution
and thinner.

Referring to FIG. 12, the control system for the

20 coating apparatus will be described.

The controller 131 controls a main air valve 132
and first and second air flow control sections 133 and
134 on the basis of detection signals output from the
two sensor light receiving sections 109 and 136.

25 The main air valve 132 is an electromagnetic valve
connected to an air supply 121. The first and second

air flow control sections 133 and 134 control a



mechani.smin the X-axis direction. 25 As is shown in FIG 5, a
nozzl e stand-by section 90 is provided adjacent to the cup CP in
the unit (COT). The nozzl e stand-by section 90 is where a plurality
of - 19 - resi st nozzl es
86 as described above stand by and have _ , their discharge ports

i nserted in holes 90a which are forne% I n a solvent atnobsphere
chanber. These nozzl es 86 are used to discharge resist solutions of
different 5 ki nds and viscosities, and respectively connected to

resist solution sippindeyourocesnébkporated(saetit Geddgt solutiorf or
supplying the resi'st sol utions. The hol der 100 attached to the

free end of the pellows adp FIN 9Ad & byednberpiCk imcanomoftddenr adiest
10 nozzles 86 fromthe nozzle stand-by section 90. The hol der

100 is al so attachethder ddlliowsepumpz7he t8&pectively. witheh maipradvd ded f or
appl ying thinner to the wafer
valve 132 is connected to the air cylinders 111 and 112,
5 and an air cylinder 118 for opening and closing the
valve body (not shown) of the downstream valve 77.
The controller 131 supplies a signal indicative of
a control amount set by the operator, to the two air
flow control sections 133 and 134 for the bellows pumps
10 73 and 74. The discharge rate of each bellows pump 73,
74 is controlled by adjusting the air supply amount of
the air cylinder 107. |
Since the mixture ratio of the resist solution and
thinner can be set easily by controlling the discharge
15 rate of each bellows pump 73, 74, the viscosity of the
resist solution to be coated on the wafer W can be
adjusted easily.
In addition, upon receiving the signal output from
ény one of the optical sensors 135 and 136, which
20 indicates termination of the discharge step of a
corresponding one of the bellows pumps 73 and 74, the
controller 131 closes the main air valve 132 and turns
off the air cylinders 107, 111, 112 and 118 of the
confluence valve 75, the discharge valve 77 and the
25 bellows pumps 73 and 74.

The confluence valve 75, the discharge valve 77

and the bellows pumps 73 and 74 are turned on and off



before.the application of the resist solution. In ot her words, the

t hi nner nozzle 101 perforns so-called 15 "pre-wet" coating.
A second nozzl e operating nechani sm 99, which has a simlar
structure to that of the first nozzle operating mechani sm 96, can
al so nove al ong the guide rail 94. Jhe second nozzle operating
mechani sm 99 20 supports the proximal end of a horizontal scan arm
120. A rinse nozzle 122 for side rinsing is attached to the
free end of the horizontal scan arm 120. As is shown in FIG
4, each of the red stigbtiyedifferent P6insscofinetied, Thea slight espondi ng
resist solution 25 supply tube 88, to a correspondi ng resist/thinner
?ixe; 70 digcairesicies dnchambecahebovalde adpisted dayt ighpngiintg

Car) . ‘ - 20 -

the lengths of air supply tubes which connect the main
air valve 132 to the air cylinders 107, 111, 112 and
5 118. If as described above, the time point t3 is set
earlier than the time point tl, the remaining solution
of the previous wafer treatment cycle may reversedly
flow into the confluence valve 75. To. avoid this,
the confluence valve 75 is opened 20 ms after the start
10 of the compression step of each bellows pump 73, 74.
Further, when each bellows pump 73, 74 enters its
contraction step, it is preferable to close the
downstream valve 77 before the confluence valve 75, i.e.
to set the time point t5 earlier than the time point t6,
15 in order to prevent the resist éolution from dripping
from the nozzle 86 onto the wafer W.
The operation of the above-described coating
apparatus will now be described.
The operator beforehand inputs, to the controller
20 131, data for setting the viscosity of each resist
solution to be coated on the wafer W. The set
viscosities are obtained from a table which shows the
relationship between the viscosity of each resist
solution and the stroke rate (i.e. the discharge rate)
25 of each bellows pump 73, 74 at a resist coating
temperature. The supply amount of a resist/thinner

mixture in each wafer treatment cycle is determined on



Referring then to FIGS. 6 - 10, the resist/thinner m xer 70 will be

described in detail. As is showmn in FIG .6, each

resi st/thinner m xer 70 conprises a resist tank 71 which contains a
resist 5 solution, a thinner tank 71 which contains thinner as

a solvent, a confluence valve 75 for sinultaneously openi ng and
closing the passes of the resist solutien 30 - and thinner to nake them
confluent, a resist bellows punp 73 for punping the resist solution
contained in 10 t he tank 71 and introducing it into the confluence

val ve 75, a solvent bell ows 74 for nt ai ned

] (ot {5 oS S5 o e v
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| ocat ed Ouﬁs'de EHEP g{g % £Q§u8@aﬁﬁémgﬂgﬂﬁ¥ %&'%ﬂe resist 8%$hefbh and

respectively connec e he resi
required in one wafer treatment cycle.

Upon receiving viscosity setting data from the
operator, the controller 131 reads, from the table,
data concerning a corresponding stroke rate of each

10 bellows pump 73, 74, for example, and supplies a signal
indicative of a control amount corresponding to a
desired stroke rate, to each of the two air flow
control mechanisms 133 and 134 for controlling the air
cylinders of the bellows pumps 73 and 74, respectively.

15 As a result, the stroke rate, i.e. the discharge rate,
of each bellows pump 73, 74 is set for obtaining a
desired resist solution viscosity.

After completion of the setting, the controller
131 opens the main air valve 132. When the main air

20 valve 132 is opened, the air supply 121 supplies air to
the air cylinders 107, 111, 112, 118 of the confluence
valve 75, the discharge valve 77 and the bellows pumps
73 and 74, thereby simultaneously compressing the
bellows pumps 73 and 74 and opening the confluence

25 valve 75 and the discharge valve 77.

Accordingly, the resist solution and thinner

pumped from the resist tank 71 and the thinner tank 72



solution bellows punp 73 and the sol vent bell ows punp 74 via tubes
78a and 78b which extend fromthe 25 interior to the exterior of the
system 1. Referring now to FIGS. 7A and 7B, the bell ows

punps wi ||l be described. Since the bellows punps 73

- 21 - and 74 have the sane structyyre, only the bellows punp

73 will be descri bed. The bell ows punp has a flexible tube
102, an air cylinder 107 with a rod 107a and a sol ution feeder 140
5 with a flange 145. The flexible tube 102 is an
expandabl e/ cont r atbi bhe bellows puwss 0f3 @arsbftéd rjedinn together imhthe| exi bl e
tube 102 has one end thereof coupled with the flange 145 of the
sol ution feeder 1tonfangnchevalve 75, carbrflond iodepltde witakichBikernge- 147

of a blind 10 patch 146. . . The rod 107a of the air cylinder
107 is coupled They are mixed in the mixer 76, and discharged throu

the nozzle 86 via the tube 88.
5 When the discharge step of one of the bellows
pumps 73 and 74 is terminated, the sensors 108, 109,
135 and 136 supply a position detection signal to the
controller 131, The controller 131 in‘turn closes
the main air valve 132. When the main air valve 132
10 is closed, the compression (discharge) step of each
bellows pump 73, 74 terminates and shifts to the
expansion (pumping) stép caused by the elastic
restoring force of the flexible tube 102.
Simultaneously, the confluence valve 75 and the
15 discharge valve 77 are closed. Thus, the supply of
the resist solution to the wafer W is completed.
In the above-described coating apparatus, a resist
solution is mixed with thinner to be thinned to a
desired viscosity, which means that the resist solution
20 can be made to have any viscosity by p?eparing only
a single resist solution tank and thinner tank.
Accordingly, the coating apparatus of the embodiment
can promptly and flexibly deal with a demand for
changing the thickness of a resist film formed on a
25 wafer. It is a matter of course that the apparatus can
easily deal with changes in resist film thickness due

to differences in daily ambient conditions.



w th the back surface of the blind patch 146. The air cyl i nder 107
comuni cates with a conpressed air supply (not shown) controlled by
the controller 131. A 15 shielding plate 137 is attached to an outer
surface of the blind patch 146. . Two pairs of sensors
(108, 109), (135, 136) are provided 3on the vicinity of the flexible
tube 102 for sensi ng di spl acenent of the tube. Wien the rod 107a is
20 retreated into the cylinder 107, thereby expanding the

flexible tube 102, detection |ight beans fromthe |ight emtting
sections 108 and 135 oWheheihi the embodimenfd, the visansmidar 9fatdeshi el ded
by the shielding plate 137 (see FIG 7A). Wen, on the other hand,
the rod 107a is 2gsist pepbutieedid rgmngrd &a mpelr they depgadefpr
contracting the flexible tube 102, the detect.ion Ii%ht beagg from

the |ight em ttinghaegipgnsheobhifknass of & FesistsEiln to be form

- 22 .
on a wafer, all resist solution which was prepared

5 before the viscosity change and still remains in a tube
incorporated in the resist supply circuit is exhausted.
Specifically, all the remaining resist solution is
exhausted by, fof example, moving the resist nozzle 86
to its retreat position, and continuously supplying

10 the mixture of the resist solution and thinner. The
mixture is supplied in an amount which exceeds the
capacity of the pipe line located downstream of the
pumps 73 and 74, and is prepared according to the
discharge amount setting conditions of the pumps 73

15 and 74 set after the viscosity change, thereby
exhausting the remaining solution in the pipe line
through the nozzle 86. As a result, a resist solution
of a viscosity different from a target value is
prevented from being applied to the wafer W, which

20 means that a resist film of a desired £hickness can
be formed even on a wafer W first fed after the film
thickness change.

Referring to FIGS. 13, 14A, 14B and 15, a coating
apparatus according to a second embodiment of the

25 invention will be described. Concerning the elements
common to the first and second embodiments, no

explanations are given.



and second sensors reach the light receiving sections 109 and 136,
respectively (see FIG 7B). The controller 131 controls the on/off
operation of the cylinder 107 on the basis of detection results
from 5 both sensors (108, 109), (135, 136), thereby causing

each bellows punp 73, 74 to feed an apprQpri3gt e_anount of sol ution.
The solution feeder 140 includes a solution reservoir 141 and a
pair of ball valves 142 and 143. 10 The ball valve 142 is |ocated
upstream of the sol ution reservoir 141, while the ball valve 143 is
| ocat ed downst Thanroating appangiuts @efmtm |se\¢a>m¢eemh2dha§n5

hard ball 104 nmade of, for exanple, ceramc, g 144,
Sinilarly, the dohasindas @awmw\;eofztzeswt taﬁ%5§ alﬁardww 168 nade
of, for exanple, ceramc, and a staopper When t he
flexible tube 102CP§té*Baﬁﬁ%HStt?RQ“tlons ° ﬁé@ﬁ&&ﬁpﬁaFPmQBF%Elﬁaﬁ opens,

the solution is i ntrod the solytion_reservoir 141, as is

shown 20 in Epe r?ﬁmtcﬁa Ce7dJo]t er! e G847 é’n 2 FdTPEXFBLETt ube
102 i's contpacted, the,dowpstreamball MAME 183uReASRn, respectively.

The first through n-th resist solutions Rl - Rn have
different compositions such as phenol-based novolak
resin resist, a chemical amplification type resist,
etc., and have respective predeterminea densities

10 (viscosities). Bellows pumps 731 - 73n are provided
for resist supply circuits for the resist tanks
711 - 71n, respectively. Moreover, a single thinner
tank 721 is commonly used in the coating apparatus of
the second embodiment. Specifically, a thinner supply

15 tube 78b for the thinner tank 721 and resist supply
tubes 78a - 78n join together in a confluence valve 751.
A static mixer 761, a discharge valve 771 and a nozzle
861 are provided across a tube 88 provided downstream
of the confluence valve 751. The static mixer 761 and

20 the discharge valve 771 are substantiaily identical to
those employed in the first embodiment.

Referring then to FIGS. 14A and 14B, the
confluence valve 751 will be described in detail. The
confluence valve 751 has first through n-th resist

25 introduction passages 361 - 36n, a single thinner
introduction passage 351, and a single discharge

passage 719. The introduction passages 361 - 36n join



the solution is pushed fromthe solution reservoir 141 to the
supply circuit 78a, as is shown in FIG 7B. - The solution
reservoir 141 of the first bellows 25 punp 73 comruni cates with the
interior of the flexible tube 102 and the resist supply tube 78a.
The sol ution reservoir 141 of the seaond bell ows punp 74
- 23 - comuni cates with the interior of the flexible tube 102
and the thinner supply tube 78b. As is shown in FIG 6, t he resi st
supply circuit 78a and the thinner suppLF ) circuit 78b i.s confl uent
at the confl uencethal désghargespassage 7I9din $hehepnfilvence valvendsdratic
m xer 76 and the val ve 77 are provided at the tube 8§ getﬁpen t he
confluence val ve #8d9akBet AtSRB3LIR BSsage (id9 communicates, yiit gt the
valve 77 is located in a_positio downstream of the static m xer 76
and as close as TSZZTepgigiBf% {%Ptqﬂp§m%%1e .%%fﬁ FEFGEHN L1 of the
static introduction passage 361 communicates with the first
5 resist tank 711 via a supply tube 781, and the second
resist introduction passage 362 communicates with the
second resist tank 712 via a supply tube 782.
Similarly, an n-th resist introduction passage 36n
communicates with an n-th resist tank 71n via a supply
10 tube 78n. Further, the thinner introduction passage
351 communicates with the thinner tank 721 via the
supply tube 78b.
A first valve body 340 is movably supported by
the rod of a first air cylinder 311, and disposed to
15 open and close the thinner introduction passage 351.
A second valve body 341 is movably supported by the rod
of a second air cylinder 321, and disposed to open and
close the first resist introduction passage 361. A
third valve body 341 is movably supported by the rod
20 of a third air cylinder 322, and dispoéed to open and
close the second resist introduction passage 362. An
(n + 1)th valve body 34n is movably supported by the
rod of an (n + 1)th air cylinder 32n, and disposed to
open and close an n-th resist introduction passage 36n.
25 An opening/closing section for the downstream discharge

valve 771 is substantially identical to that of the

confluence valve 751, and includes an air cylinder 318



m xer %6 is determ ned such that its capacity neets the anount

(e.g. 5 cc) of the solution discharged fromthe . hozzle 86 at one
time. Further, the average inner di aneter d3 of the static mxer 76
is about 3.2 nm 15 Referring to FIGS. 8A and 8B, the confluence
val ve 75 will be descri bed. - 35 - The confluence valve 75
has first and second I ntroducti on passages 115 and 116 and a single
di scharge passage 119. The first and second 20 i nt roducti on passages
115 and 116 comunicate with the t hi nner supply tube 78b and the
resi st solution sappshown in FIGubkb 78&he alarst ibpsligs 3Aaf i-r 3dnyEPYe body
113 is rotatably supported by the rod of a first air cylinder

111 for opening anpesingi apdt@togingtthatmasdedt ispdution infxedugeiens. A
second val ve body 114 is rotat abl supported by the rod of a second
air cylinder 112 papsages 361 gpedfm@rmdkaRtosilagachexsetindornPredukithn

passage 116. ] - %ﬂ -
corresponds to a resist solution selected by the

5 operator.
The confluence valve 751 has a width W3 of about
30 mm, a height W3 of about 30 mm. When the number of
the introduction passages is ten, the confluence value
751 has a length W4 of about 330 mm. The thinner

10 introduction passage 351 and the first through n-th
introduction passages 361 - 36n have an inner diameter
d3 of 4.35 mm, and the discharge passage 719 has an
inner diameter d4 of 4.35 mm. Each portion of the
confluence valve 751 is made of PTFE resin.

15 Referring to FIG. 15, a control system
incérporated in the apparatus of the second embodiment
will be described.

A controller 431 controls a main air valve 232 and
a numbe; n of air flow control sections 331 - 33n on

20 the basis of detection signals output from two sensor
light receiving sections 109 and 136. The main air
valve 232 is an electromagnetic valve connected to
an air supply 221, The first and second air flow
control sections 331 and 332 control a cylinder 107

25 incorporated in a bellows pump 731 for the first resist
solution R1l, and a cylinder 107 incorporated in a

bellows pump 732 for the second resist solution R2,



An: openi ng/ cl osi ng portion of the downstream valve 77 IS

substantially the sane as that of the confluence . valve 75.

The confluence valve 75 has a width WL of about 5 30 mMm a height W
of about 30 nm and a |l ength W2 of about 50 mm The first and
second i ntroduction passages have- amg nner dianmeter dl of 4.35 nmm
and t he di scharge passage 119 has an inner dianeter d2 of

4.35 mm Each portion of the confluence valve 75 is 10 made of PTFE
resin. When the first and second val ve bodies 113 and

114 are separ at edTPEPRFLABELYval &2 Behh skl ByyuFqErol sectiong33ga the

resist solution and thinner flow int the discharg ssage 119,
pass the tube 88 §R&tredé&na ¢ylindey h%o'étlaliq‘?:rﬁ’ﬁ%e‘s@n al'ﬁ’@ rol ler 131
A Schargi ng and pEMBPAd SBpEP: RBNRTBITEREAT R MOn Hoi- (pw P4T 74 to
operate each air SIbSShsAst sddfion agy copeemn SAALIRAT T © °
descri bed. 5 incorporated in a thinner bellows pump 741.

The main air valve 232 is connected to the air
cylinders 111 and 112, and an air cylinder 118 for
opening and closing the valve body (not shown) of the
downstream valve 77,

10 The controller 131 supplies a signal indicative of
a control amount set by the operator, to the two air
flow control sections 133 and 134 for the bellows pumps
73 and 74. The discharge rate of each bellows pump 73,
74 is controlled by adjusting the air supply amount of

15 the air cylinder 107.

Since the mixture ratio of the resist solution and
thinner can be set easily by controlliﬁg the discharge
rate of each bellows pump 73, 74, the viscosity of the
resist solution to be coated on the wafer W can be

20 adjusted easily.

In addition, upon receiving the signal output from
any one of the optical sensors 135 and 136, which
indicates termination of the discharge step of a
corresponding one of the bellows pumps 73 and 74, the

25 controller 131 closes the main air valve 132 and turns

off the air cylinders 107, 111, 112 and 118 of the

confluence valve 75, the discharge valve 77 and the



FIG 9 (a) shows the operations of the first bel |l ows punp 73 for
the resist solution, FIG 9 (b) shows the second bell ows punp 74
for thinner, FIG 9 (c) shows the second val ve body 114 (for 25
t hi nner) of the confluence valve 75, FIG 9 (d) shows the first
val ve body 113 (for the resist solution) -of 37 - the valve 75, and FIG
9 (e) shows the downstream 25
val ve 77, respectively. The first and second bell ows punps 73
and 74 are si nul taneously opened at a tinme point tl1, and cl osed
at a time point tkellpespernps ?¥0m¢4I7Q<)tQQQ:?%ﬂmﬁﬁilndﬁr 3181is gsed
seconds. The first and second_ val ve bodies 11 and 114 of the
confl uence val ve ¥3 aPensapd| ¢hpeushs valve bo‘jé’pe(ﬁ’@d" z§lh°¥nt)| RE BBEnt t3

about 20 nms | ater than the ilﬂE point tl1, and closed at a tine
point t6 about 20 °Wn3treaﬂsv?£Y%r hran the time point t4. The perlod from

t3to 10 16 is abgyt Z;; 39660005 32T SRR UL ¥810Eib

5 supply incorporated in the confluence valve 751 are
connected to the main air valve 232 via electromagnetic
valves 211 - 21n, respectively. The controller 431
selects that one of the resist solutions Rl - Rn which
is to be coated on a wafer W by controlling the

10 operations of the electromagnetic valves 211 - 21n.
Specifically, the controller 431 opens only that one
of the electromagnetic valves which corresponds to
the selected resist solution, and closes the othef
electromagnetic valves. Further, the controller 431

15 controls the main air valve 232 so that air can be
supplied only to the air cylinder 107 of a bellows pump
dedicated to the selected resist solution, and also
controls each air flow control mechanism 331 - 33n.
The viscosity of each resist solution is adjusted in

20 the same manner as in the first embodiment. When the
kind of resist solution to be used is changed from one
to another, all resist solution remaining in the resist
solution supply tube 88 downstream of the confluence
valve 751 is exhausted.

25 Although in the above-described embodiments, the
invention is applied to an apparatus for coating a

resist solution on a semiconductor wafer, it is also



opened at a tine point t2 between the tine points tl and t3, and
closed at a tine point t5 between the tine points t4 and t6.

I f the confluence valve 75 is opened at a tinme 15 poi nt before the tine
point t1 at which each bell ows punp 73, 74 starts to discharge, the
remai ni ng sol ution of the previous vwgfer- treatnent cycle may
reversedly flowinto the punp. To avoid this, it is desirable to
set the tine point t3, at which the confluence valve 75 20 i s opened,
after the tine point t1 at which each bell ows punp 73, 74 starts to
di scharge. Furtheapplicable to am apmwratbise fiar sioadingnddgsirgsépén the

val ve bodi es 113 and 114 of the confluence valve 75. Mreover, when
t he downstream vas$ebuionsoppenetbsiiafin gthesy (than ihe, sepdcondughery | ve
bodi es 113 and 114 of the valve 75, the resi st solution and thinner
can smoothly floWwdfes (Red- an LCD (syRSEHAtErd be snoothly nixed in the

static m xer 76. . . . . . -~ 26 - .
Since in the invention, the viscosity of a resist

5 solution can be adjusted to a target value immediately
before it is coated on a substrate, a uniform resist
film of a target thickness can be coated thereon even
if the resist solution and its solvent are liable to
separate.

10 Further, since in the invention, a resist solution
of a target viscosity can be prepared at the actual
coating stage, a change in treatment condition such as
film thickness can be promptly dealt with. Also, in
the invention, it is not necessary to prepare many

15 resist solution supplies for supplying resist solutions
of the same kind but of different viscosities. Only
one resist solution supply enables a resist solution of
one kind to have different viscosities, which enables
the coating apparatus to be made compact. Moreover,

20 the invention is free from variations in resist film
thickness due to differences in daily ambient
conditions.

In addition, in the invention, the on/off control
of supply of a treatment solution and a solvent to

25 mixer means by treatment solution/solvent supply means
is performed in synchronism with the opening/closing

control of valves provided across solution supply tubes



As:is shown in FIG 10, the static m xer 76 has a cylindrical
stai nl ess tube 76a and seventy four (for exanpl e) baffles 117
cont ai ned therein. Each baffle 117 is formed by twi sting one side
of a square plate by 5 90[err] to the right or left as shown in FIGS.
11A and 11B. FIG 11A shows a baffl eggw.sted to the left, while
FIG 11B shows a baffle twisted to the right. In the static m xer
76, leftward twi sted baffles and rightward tw sted baffles are
arranged alternately. The resist 10 solution and thinner pass the
cylindrical tube @@enstreéam of the tinigier mMeansdi ridemedys efigagévedyom ri ght
to left and fromleft toright, alternately. As a result, they are
m xed efficient|ypreventing reverxse iklqy «ffertdiy &neatyent; gelpkiep andnet er
d3 15 of the cylindrical tube 76a of the static m xer 76 at a
value (e.g. a val tBef&PLYABtwi thin a range of 2 nm- 8 m) equal to
that of a connecting tu the in i ter d3 of ., tube 76a

is less than 2mm Agg'i?hf@n?hb%dmt?%esf ia&%{ é‘golccg1 ad:llt?éfea’.ltl:i?, on the
other 20 ;5 hand, 4.l 0080, YEBIHe ThiidP & thAN &M rRedlesle,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
10 spirit of scope of the general inventive concept as

defined by the appended claims and their equivalents.,




anount eof sol ution nust be exhausted when the kind of resi st

solution or the viscosity of the resist solution T +s—ehanged, _

t her eby reducing the anmount of the used resi st ' T
thinner. The inner wall of the 25 tube 76a and thu,mﬂ’ﬂﬂﬂﬁm
baffl e 117 wi th which the resist/thinner mxture is~hro I'¥¥t o
contact are coated with a filmobL agbigh corrosion resistance,

- 27 - such as a tetrafluoroethylene resin film a ninfluoric
plated film a TiCfilm a Tuframe treated film a white alumte
film etc. As is showmn in FIG 4 the stdatic m xer 76 has 5
a downstream end thereof higher than an uﬁgﬁFg§n1end t hereof and

the upstream end of thk A Coatihe, APparatis E57eCenkb et ottt Bheannt o
air to the witdP AN 34 18RS e cABY fiaghar ge of it through
a substrate holding member for holding the
5 substrate;
a treatment solution supply which contains a
primary treatment solution mixed with a solvent;
a solvent supply which contains a solvent;
a confluence valve communicating with the solvent
10 supply and the treatment solution supply;
first pump means for supplying the primary
treatment solution from the treatment solution supply
to the confluence valve;
second pump means for supplying the solvent from
15 the solvent supply to the confluence valve;'
a mixer provided downstream of the confluence
valve for mixing the primary treatment solution and
the solvent supplied from the confluence valve;
nozzle means having a solution discharge portion
20 for applying a solution from the mixer, to the
substrate held by the substrate holding member; and
control means for controlling the first and second
pump means to adjust a mixture ratio of the primary
treatment solution to be supplied from the treatment
25 solution supply to the confluence valve, to the solvent

supplied from the solvent supply to the confluence

valve.
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10- .the nozzl e 86. Moreover, it is desi rab1—e—{e—set_i_he_

i nclination angle a of the static m xer 76 not Ies o
In this case, air can be prevented fron1renaining q ’ﬂ ""”
static mxer 76. In the mxer 76, the nultiple baffles 15 *

interrupt the novenent of air toward the downstream Si de and
therefore air is liable to remaininit, - 431 - which weakens the force of
m xi ng the resist solution and t hi nner. Referring to
FIG 12, the control, systemfor the 20 coating apparatus will be
descri bed. The controller 131 controls mai n_air_val ye 132
and first and second afr YRRy AT aRRAGAHS §§§°5ﬁang to clai®alen the
basi s of detection signals output fromth nsor

recei vi ng secti on€ha¥Rinddie 922 ?SmeansTPré‘cr]eriﬁsa?r %‘?%r‘l%zv?:gv

e sctromaanet ¢ vaLut o iR KO LA B TP Rl it o
the solution discharge portion for permitting or
5 interrupting the flow of the solution from the mixer.
3. The coating apparatus according to claim 1,
wherein
the treatment solution supply has a plurality
of treatment solution tanks which contain primary
10 treatment solutions of different compositions;
the solvent supply has a single solvent tank which
contains the solvent; and
the confluence valve includes switch means
for switching a primary treatment solution passage
15 communicating with the treatment solution tanks from
one to another to switch, from one to another, the
primary treatment solutions to be supplied to the mixer,
a solvent passage communicating with the solvent tank,
a valve seat provided in the solvent passage, a first
20 valve body for opening and closing the solvent passage,
and a first cylinder for bringing the first valve body
into and out of contact with the valve seat.
4, The coating apparatus according to claim 3,
wherein the switch means includes a plurality of
25 treatment solution passages each communicating with
a corresponding one of the treatment solution tanks,

valve seats each provided in a correspondin onelof the
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- 28 - - cylinder 107 incorporated in the resist Solution

|
bell ows punp 73, and a cylinder 107 incorporated in the um"“uﬂ
bel l ows punp 74, respectively. The nain air val ve , m:m”“m
to the air cylinders 111 and 112, 5 and an air cylindet F18tfot s '«
openi ng and cl osing the val ve body (ppt shown) of the downstream
val ve 77. The controller 131 supplies a signal indicative of
a control anmount set by the operator, to the two air fl ow control
sections 133 and 134 for the bellows punps 10 73 and 74. The
di scharge rate of tesatmeall sadupiiop géssages, secohd valod boidies lach
adjusting the air supply anount of the air cylinder 107.
Si nce the ni xtur e fioat iopenfinghendeslssinglatdarreapbnding ong [ifkdye can be
set easily by controlling the discharge 15 rate of each bellows punp
73, 74, the viscosiolptdpnt hyeatment passagas sdnd isgrand iwyldadess eacthhe
waf er Wcan be adj usted easily. _ I n addi ti on, upon
recei ving the sigf@r badpgingr anforresponding siwe &f thhe Gaoand vedivsors 135
and 136, which 20 i ndi cates term nation of the discharge step of a
bodies into and out of contact with a corresponding one
of the valve seats.

5. The coating apparatus according to claim 4,
wherein the first and second pump means each include
a flexible tube which communicates with a solution

10 reservoir, and a third cylinder for reciprocating the
flexible tube.

6. The coating apparatus according to claim 5,
further comprising a sensor for sensing the amount of
displacement of the flexible tube, and wherein the

15 control means controls the third cylinder of each of
the first and second pump means on the basis of a
detection signal from the sensor.

7. The coating apparatus according to claim 5,
wherein the control means controls the third cylinders

20 of the first and second pump means to simultaneously
operate at a time point tl, and to simultaneously stop
at a time point t4, and controls the solvent passage
and one of the treatment solution passages of the
confluence valve to simultaneously open at a time point

25 t3 slightly later than the time point tl, and to

simultaneously close at a time point t6 slightly later

than the time point t4.

THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED

RO




corfespohding one of the bellows punps 73 and 74, the controtter—

131 closes the main air valve 132 and turns of f Hmutmmﬂﬂ”u
107, 111, 112 and 118 of the confluence val ve 75 ,ﬁ

valve 77 and the
confl uence val ve

25 bel |l ows punps 73 and 74.

75, the discharge val ve=7743 - ‘and the beIIoMs punps

73 and 74 are turned on and off
at slightly different points of tine. The slight

dl fferences in tine cag. berke seofehins apparatuangcogding to clhgml epgt hs of

air supply tubes

point t3 is set
sol ution

flowinto the confluence valve 75. To qvoid this, ) €
val ve 75 i s openesergonssenses tgmmigiasdion of the operation of the third

5

10

15

20

25

whi ch connect the nmin

earlier than the tine point t1, the renmining
pfindey preed wentwasodutiiosatmdntheysbéveny wheorrthkel y

cylinder of one of the first and second pump means.

9. The coating apparaﬁus according to claim 1,
wherein the control means individually controls the
supply rate of the primary treatment solution from the
treatment solution supply, and the supply rate of the
solvent from the solvent supply.

10. The coating apparatus according to claim 3,

further comprising remaining solution exhausting means

for exhausting the solution remaining between the
confluence valve and the solution discharge portion

before switching the treatment solution tanks, after

the switch means switches the treatment solution tanks.

11. The coating apparatus according to claim 1,
further comprising remaining solution exhausting means
for exhausting a solution remaining between the
confluence valve and the solution discharge portion
before changing the mixture ratio of the primary
treatment solution to the solvent, after the control
means changes the mixture ratio.

12. The coating apparatus according to claim 1,
wherein the mixer is a static mixer ha&ing a plurality
of baffles linearly arranged across a solution passage

for mixing the primary treatment solution and the

‘This Shieet Has Been Rep] T SHEST 1?,5\: %EEI\T}

Wi e

air valve 132 to the air
cylinders 107, lliheddPnarlte cdntrol hbdns ktops dhecsuppdyabbvehet he tine

t he confl uence
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10 - of the conpression step of each bellows punp 73, 74 '
Further, when each bellows punp 73, 74 enters its l Img IM'
it is preferable to close the downst ream val ve 77

confluence valve 75, i.e. to set the time point t5 earlier than t
time point t6, 15 in order to prevent tj}g resist solution from

dri ppi ng fromthe nozzle 86 onto the wafer W The
operation of the above-described coating apparatus will now be
descri bed. The operator beforehand inputs, to the controller
20 131, data fawlvssttt.ing the viscosity of each resist sol ution
to be coated on the wafer W The set viscosities are obtained from
a tabl e which shows tHé. The copglingi BRBArptHet ABCATARRI IRy 14/ each
resist solution and the stroke rate (i.e. the discharge rate) 25

of each bel | ows puwheredn pack of thsi §\‘.—‘-f§b§§|ﬂ§ the Stat%‘é &t . The

supply anount of a reS|st/th|nner xture
Cycleyls det er mi ndpmed by leftward or rlgﬂkward ths lng gﬁéeglé @Fnt

5 square plate by 90°, and leftward twisted baffles and
rightward twisted baffles are arranged alternately in
a solution passage.
14. The coating apparatus according to claim 12,
wherein the static mixer has a downstream end thereof
10 located at a higher level than an upstream end thereof.
15. The coating apparatus according to claim 12,
wherein the static mixer has a solution passage thereof
inclined by 20° or more with respect to a horizontal
plane. |
15 16. The coating apparatus according to claim 1,
wherein the confluence valve has a plurality of
solution introduction passages, and a single solution
discharge passage.
17. The coating apparatus according to claim 16,
20 wherein one of the solution introduction passages
communicates with the solvent supply, and the other
introduction passages communicate with the primary
treatment solution supply.
18. The coating apparatus according to claim 5,
25 further comprising a main air valve for adjusting flow
or pressure of air to be supplied to the first, second

and third cylinders, the main air valve being
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- 30 - ¢ the basis of position detection data output from the
sensors 108, 109, 135 and 136. For exanple, 0.5 cc
added to first 1lcc of a resist solution di schargAJ“ﬂ I(H I“Hﬂ“wull

86. This addition manner of 5 t hi nner can reduce the andunt ot the~
resi st solution required in one wafer treatnent cycle.

Upon receiving viscosity setting data fram gabe - operator, the
controller 131 reads, fromthe table, data concerning a
correspondi ng stroke rate of each 10 bel l ows punp 73, 74, for exanple,
and supplies a signal indicative.of a control anmount correspondin
to a desﬁ%J I?tlrlcﬁge thatté'le £OnEESL BP3PRe two air flow P °

control nechani sns 13 %Z}Sféj é{%fctr E%%Qg Eggggain? to cla |{ nders of

t he bel |l ows punps 73 esul T, e Stroke

rate, i.e. the dlﬁ%harqg @ Gubstrate 1%f e@%ﬂl@@hh&@@QPuﬂQfg§; gﬁd'@héEt

for obtaining a es red resist solutlon Vi scos)t

After conpletion §ﬁb%{¥%€¥ﬂﬁdfﬁln&JM%ﬂH¥P'fy Ierspln chucklﬁéroﬁ§ﬂ§tiﬁ@ mai n

air valve 132. Wen
5 the semiconductor wafer held thereon.

20. The coating apparatus according to claim 1,
wherein the primary treatment solution contained in the
treatment solution supply is a resist solution of a
predetermined concentration mixed with a predetermined

10 amount of a solvent.

21. A coating apparatus, substantially as

hereinbefore described with reference to the

accompanying drawings.
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20 - val ve 132 is opened, the air supply 121 supplies air to t he

air cylinders 107, 111, 112, 118 of the confl uence val ve 75, the

di scharge valve 77 and the bell ows punps 73 and 74, thereby

si mul t aneously conpressing the bel | ows punps 73 and 74 and openi ng

t he confluence 25 val ve 75 and the discharge valve 77.

Accordingly, the resist solution and thinneag - punped fromthe resi st
tank 71 and the thinner tank 72 - 31

- to the bellows punps 73 and 74 join together in the
mixed in the mixer 76 and APSERABEF (THBIRSCEISHRE UEEE 811 o 86 via the
bunps 73 and 74 is term nated. the SURSHE 7HRARAES " M3 and 136
iggglglﬁefoigaifg ?5$§£2+%ék§§éﬂggpéf%€d§eaccordingCQBtﬁﬂélfﬁvéﬁ@ioﬂhe
comprises a spin chuck for holding a substrate, resist
5 solution tanks which contain a primary resist solution,
a thinner tank which contains thinner, a confluence
valve communicating with the thinner tank and the
resist solution tanks, first pumps each for supplying
the confluence valve with the primary resist solution
10 from a corresponding one of the resist solution tanks,
a second pump for supplying thinner from the thinner
tank to the confluence valve, a mixer for mixing the
primary treatment solution and thinner supplied from
the confluence valve, a nozzle for applying a solution
15 from the mixer, to the substrate held by the spin chuck,
and a controller for controlling the first and second
pumps to adjust the mixture ratio of the primary resist
solution to be supplied from each of the resist
solution tanks to the confluence valvé, to thinner to

20 be supplied from the thinner tank to the confluence

valve.

©
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the main air valve 132. Wien the main air valve 132 10 is closed, the

conpression (discharge) step of each bell ows punp 73, 74 term nates
and shifts to the expansi on (punping) step caused by the elastic
restoring force of the flexible tube 102. Si nul t aneously, the
confluence valve 75 and the 15 di scharge valve 77 are closed. Thus,
the supply of the resist solution to the wafer Wis conpl et ed.
In the above-described coating appaidﬂ&s, a resist solution is
m xed with thinner to be thinned to a desired viscosity, which
means that the resist solution 20 can be made to have any viscosity by
preparing only a single resist solution tank and thinner tank.
Accordi ngly, the coating apparatus of the enbodi nent can pronptly
and flexibly deal with a demand for < changi ng the thickness of a
resist filmforned o pfEse that the
appar at us can E changes=mn.resist fi ggThickness due
to differences in dpi BV\Q‘? = O
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- 32 - When in the enbodi nent, the viscosity of the

resist solution is changed to neet the demand for changi ng t he

t hi ckness of a resist filmto be forned on a wafer, all resist

sol ution which was prepared 5 before the viscosity change and stil
remains in a tube incorporated in the resist supply circuit is
exhaust ed. Specifically, all tiz $enaining resist solution is
exhausted by, for exanple, noving the % st nozzle 86 toits
retreat position, and continuously supplying 10 the m xture of the
resist solution and thinner. The m xture is supplied in an anmount
whi ch exceeds the capacity of the pipe line | ocated downstream of
t he punps 73 and 74, and is prepared according to the

di scharge anmount setting conditions of the punps 73 15 and 74 set
after the viscosity change, thereby jexhausting the remgining
solution in the pipe lin t hrough the nozzle 86. As afgesult, a
resi st solution 3\ a viscosity diffgxent froma targeéﬁvalue is
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prevented frombeing applied to the wafer W which 20 means that a

resist filmof a desired thickness can be fornmed even on a wafer W
first fed after the film t hi ckness change. Ref erri ng
to FIGS. 13, 14A, 14B and 15, a coating apparatus according to a
second enbodi nent of the 25 invention will be described. Concerning
the el enents common to the firg?1gnd second enbodi nents, no
expl anations are given. - 338 -
The coating apparatus of the second enbodi nent i ncl udes a nunber n
of resist tanks 711 - 71n which contain resist solutions of
di fferent conpositions. The resist tank 711 - 71n contain a first
resi st 5 solution RL - an n-th resist solution Rn, respectively.
The first through n-th resist solutions RL - Rn have di fferent
conpositions such as phenol - based novol ak
i< o {l ’}O
i
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resin resist, a chemcal anplification type resist, etc., and have

respective predeterm ned densities 10 (viscosities). Bellows punps
731 - 73n are provided for resist supply circuits for the resist
t anks 711 - 71n, respectively. Mreover, a single thinner
tank 721 is commonly used in the coating apparatus of t he second
enbodi nent. Specifically, a thinner sg&gh; 15 tube 78b for the thinner
tank 721 and resist supply tu 8a - 78n join together in a
confl uence val ve 751. A static mxer 761, a discharge valve 771 and
a nozzle 861 are provided across a tube 88 provided downstream
of the confluence valve 751. The static m xer 761 and 20 t he di scharge
valve 771 are substantially identical to t hose enpl oyed in the
first enbodi nent. Referring then to FIGS. 14A and 14B, the
confl uence val ve 751 wi '\ be 8 cribed in detail. The conf |l uence
val ve 751 has first thropgh n resist 25 i ntroducti on passages 361 -
36n, a single thinner i ntroduction single
di schar ge passagg 719. The inypod 36n join
48
L
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- 34 - t he di scharge passage 719 in the confluence valve 751

and t he di scharge passage 719 communi cates with the nozzl e 816 via
the tube 88. The first resist i ntroducti on passage 361 conmmuni cates
with the first 5 resist tank 711 via a supply tube 781, and the
second resi st introduction passage 362 comruni cates with the

second resist tank 712 via a supply tq§7 §§2. Simlarly, an n-th
resi st introduction passage 36n é nmuni cates with an n-th resi st
tank 71n via a supply 10 tube 78n. Further, the thinner introduction
passage 351 communi cates with the thinner tank 721 via the

supply tube 78b: . A first valve body 340 is novably supported
by the rod of a first air cylinder 311, and disposed to 15

open and cl ose the thinner introduction passage 351. A second val ve
body 341 is novably supported by the rod of a second air cylinder
321, and disposed to open and close the first resist introduction
passage 361. A

90
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thi'rd val ve body 341 is novably supported by the rod 20 of athird air
cylinder 322, and di sposed to open and cl ose the second resi st

i ntroducti on passage 362. An (n + 1)th valve body 34n is novably
supported by the rod of an (n + 1)th air cylinder 32n, and di sposed
to open and close an n-th'resist introduction passage 36n. 25

An openi ng/cl osing section for the dowB§H@$an1discharge val ve 771
is substantially identical to that of e confl uence val ve 751, and
i hcludes an air cylinder 318 - 35 -
as shown in FIG 15. The val ve bodies 34a - 34n for openi ng and
closing the resist solution introduction passages 361 - 36n are
kept cl osed except for one which corresponds to a resist solution
selected by the 5 oper at or. The confl uence val ve 751 has
a wdth WB of about 30 nm a height WB of about 30 mm When the
nunber of

8a 73

86

_._/E

e

FIG.6



the introduction passages is ten, the confluence val ue 751 has a

| ength W of about 330 mm The thinner 10 I ntroducti on passage 351 and
the first through n-th i ntroduction passages 361 - 36n have an
i nner di aneter d3 of 4.35 mm and the di scharge passage 719 has an
I nner di aneter d4 of 4.35 mm Each portion of the confl uence val ve
751 is made of PTFE resin. 15 ferring to FIG 15, a contro
system i ncorporated in the apﬁg/ us of the second enbodi nent
wi || be described. A controller 431 controls a nmain air valve
232 and a nunber n of air flow control sections 331 - 33n on 20
the basis of detection signals output fromtw sensor | i ght
recei ving sections 109 and 136. The main air val ve 232 is an
el ectromagneti c val ve copnected Ay r suppl 218h The first and
second air flow Eanﬂéﬁl sbetQDns SS?géﬁ% 332 coﬂ??b?aa cylinder 107
25 I ncorporated in a-tell unp 7% foh_thqd% rst h std4d
solution RlL, and a cylinder 1 I ncor port&@éed ¥in a Q43 punp 732
for the secondypyesi st solﬂéio
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36 - . respectively. An n-th air flow control section 33n

controls a cylinder 107 incorporated in a bell ows punp 73n for an
n-th resist solution Rn. A last air flow control section 341
controls a cylinder 107 5 i ncorporated in a thinner bellows punmp 741.
The main air valve 232 is connected to the air cylinders 111 and
112, and an air cylinder 118 for peni ng and cl osing the val ve body
(not shown) of the downst reanﬁ\/a‘ﬁe 77. The controller
131 supplies a signal indicative of a control anmount set by the
operator, to the two air flow control sections 133 and 134 for the
bel | ows punps 73 and 74. The discharge rate of each bellows punp
73, 74 is controlled by adjusting the air supply anmount of 15

the air cylinder 107. Since t m xtureratio of the resist

sol ution and t hi nner can be set e ly by trolling the discharge
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rat-e of<each bellows punp 73, 74, the viscosity of the resi st

solution to be coated on the wafer Wcan be 20 adj usted easily.

I n addition, upon receiving the signal output from any one of the
optical sensors 135 and 136, which i ndicates term nation of the

di scharge step of a correspondi ng one of the bellows punps 73 and
74, the 25 controller 131 cl oses %?i main air valve 132 and turns

off the air cylinders 107, 111, 112 an §8 of the confl uence val ve
75, the discharge valve 77 and the - -
37 - bel l ows punps 73 and 74. The air cylinder 318 is used

to open and cl ose the val ve body (not shown) of the downst r eam

val ve 771. The air cylinders 321 - SSSEEB&DgeSiSt sol ution 5
supply incorporated in the confluence val ve {513 connected to

the main air valve 232 via el ectromagnetic
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val-ves 211 - 21n, respectively. The controller 431 sel ects that one
of the resist solutions RL - Rn which is to be coated on a wafer W
by controlling the 10 operations of the electromagnetic valves 211 -
21n. Specifically, the controller 431 opens only that one

of the el ectromagnetic valves which corresponds to t he sel ected
resist solution, and cl oses the other el ectromagneti c val ves.
Further, the controller 431 15 dda(1%ls the main air valve 232 so that
air can be supplied only to the air cylinder 107 of a bellows punp
dedi cated to the selected resist solution, and al so control s each
air flow control nechanism 331 - 33n. The viscosity of each resist
solution is adjusted in 20 the sane manner as in the first enbodi nent.
When t he ki nd of resist solution to be used is changed from one

to another, all resist solution remaining in the resist sol ution
supply tube 88 downstream of the confl uence val ve 751 i s exhausted.
25 Al t hough in the above-descri bed enbodi nents, the

invention is applied to an apparatus for coating a resi st solution
on a sem conductor wafer, it is also
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- 38+« applicable to an apparatus for coating the resi st

solution on a substrate other than the sem conduct or wafer, e.g. an
LCD substrate. Since in the invention, the viscosity of a
resist 5 solution can be adjusted to a target value i medi ately

before it is coated on a substrate, a uniformresist filmof a

target thickness can be coated thereop Z n if the resist solution
and its solvent are liable to E pgrate. 10 Further, since

in the invention, a resist solution of a target viscosity can be
prepared at the actual coating stage, a change in treatnent

condi tion such as filmthickness can be pronptly dealt with. Al so,
in the invention, it is not necessary to prepare many 15

resi st solution supplies for supplying resist solutions of the sanme
kind but of different viscosities. Only one resist solution supply
enabl es a resist solution of 78he kind to have different

vi scosities, which enabl es
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the coating apparatus to be nade conpact. Mreover, 20 the invention
Is free fromvariations in resist film t hi ckness due to differences
in daily ambient condi tions. In addition, in the

i nvention, the on/off control of supply of a treatnment solution and
a solvent to 25 m xer nmeans by treatnent sol ution/solvent supply neans
Is perfornmed in synchronismwth the E?ﬂ%ng/closing control of

val ves provided across solution suppl@ es

- 39 - downstream of the m xer neans, thereby effectively
preventing reverse flow of the treatnent solution and t he sol vent.
Addi ti onal advantages and nodifications will 5 readily occur to those
skilled in the art. Therefore, the invention in its broader

aspects is not limted to t he ﬁggf‘strf i C Qfégf S anchéggrl-esent ative
embodi ment s SOLUTION SOLUTION  SOLUTION
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shown®and descri bed herein. Accordingly, various nodi fications may

be made wi thout departing fromthe 10 spirit of scope of the general

i nventive concept as defined by the appended clainms and their

equi val ent s. 40

CLAI M5 1. A coating apparatus configured to coat a substrate with a
treat nent sol ution, conprising:13 1 a substrate hol di ng nenber
configured to hold the substrate; 5 é:ireatnent sol ution supply having a
plurality of treatnent solution tanks which contain t r eat ment
solutions of different conpositions; a solvent supply which contains
a sol vent; a confluence val ve coupled to the solvent supply and the
treatment solution supply, said confluence valve including: 10 a
mai n treatnent solution passage, switch nmeans for selectively
switching a transfer of a treatnent solution fromsaid plurality of
treatnment solution tanks to said main treatnent sol ution passage, a

sol vent passage coupled to the solvent tank,
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a-valve seat provided in the solvent passage 15 _a first valve body for
cl OSEARGH—ISR@E@R’E‘&# dagfisstioadid 9704611-4 first val ve cylinder

f’ g the first valve body ijnto and out of contact with the

et ; first punp nmeans {for supplying the treatnent sol ution

frqr@moﬁqﬁm@tsmg@ on supply to the confluence val ve, said

firlst _punp neans including a first flexible tube—20 cobtmi-ed —
tr at ment sol ution reservoi r, and a first punp cyli ndef FE%% 1;(;\:‘?1;11"”3!-1. -
recf procating the flexible tube; second punp neans [For supp[yl ng t he
solivent fromthe solvent supply to the confluence alvg, 'QE’EEL&EC )n(h
punpp means including a second GOATINGAPRARATUSpl ed to |a soI vent
reservoir, and a second punp cylinder nmeans for reciprdqcating the flexible

<

t ubg; 41 a_

m xer pr g mﬁh&?e&ﬁ ffs%k\aes AR 5208 lIdiy 01 X the
trent rren {l gﬂf &kgfi’)e‘%ﬁlcﬁ‘é p fp ’(5 pf&ﬁﬁml! o
cgﬁ bRl e
f e
sSLst rat@z)‘ngp‘;d g S‘St Hfl?é ) eéw{} PLRP qg )éam of
t he| mi xarlvedds) Wltilﬁhe PFB‘FW {;91851501191]1@1 BRA céorre pon fSP Bd to
perfrit dnaksi (@ bra sgeond pumpn(79) for sunplxing shipnesfrem dhet i‘eftt&“lf the

confluence valve (75), a mixer (76) for mixing the primary treatment solution and thmner
supphed from the confluence vaive (75), a nozzle (86) for applying a solution from the
mixer (76), to the substrate held by the spin chuck (52), and a controller for controlling the
first and second pumps to adjust the mixture ratio of the primary resist solution to be
4 supplied from each of the resist solution tanks to the confluence valve (75), to thinner to be
' supplied from the thinner tank (72) to the confluence valve (75).

Fig. 4.
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second cylinder neans on the ‘badis® of a detectign jsignal, froms
sensor means thereby controlling the first and second {pynpt 3 Gt #84n
adjust a mixture ratio of the treatnent 4blution to be dupplied fromih
treatnment solution supply to the confluence valve, tolthe solvent suppl{ed
fromthe CLABMSvent supply to the confluence val ve Ymel5 2 The
coating apparatus according to claim1, wherein the switch neans includes a
plural i1y Of1. iy SAHHE Bhpatls donBBuRA S EHER ARG SANMRERLIIGIMbAN 2
correspondlng one of the treatment solution tanks, valve seats each
provi ded in a g&ggspondlng one of the treatment sol ution passages,
second val ve H? “each for opening and closing a 20 correspondi ng one
of the solutlo tre ssa d.s nd .val ve cylinders each

for bringi ng‘“ﬁt1 E%lge ‘%@’ &@%@Mﬁﬂ@%@e bodi es into and out of
contact with a correspondi ng one of the valve seats. 3. The
coat i ng d@ppas aatmentselutian sepplyohaying aplaralishefitesatmant solutéon tanks whigheonfainps t he
42
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treatment solutions of different compositions;
a solvent supply which contains a solvent;
a confluence valve coupled to the solvent supply and the treatment solution supply, said
e confluence valve including:
10  amain treatment solution passage,
switch means for selectively switching a transfer of a treatment solution from said
plurality of treatment solution tanks to said main treatment solution passage,
a solvent passage coupled to the solvent tank,
a valve seat provided in the solvent passage,
15 afirst valve body for opening and closing the solvent passage, and
a first valve cylinder for bringing the first valve body into and out of contact with the
o valve seat;
first pump means for supplying the treatment solution from the treatment solution
supply to the confluence valve, said first pump means including a first flexible tube
20  coupled to a treatment solution reservoir, and a first pump cylinder means for
reciprocating the flexible tube;
second pump means for supplying the solvent from the solvent supply to the confluence
valve, the second pump means including a second flexible tube coupled to a solvent

reservoir, and a second pump cylinder means for reciprocating the flexible tube;



"s'uppl y of the treatnment solution and the solvent when the s

term nati on of ““l"”"l IH""W tion of the first and sedond punp
cylinder neans. I Ao Hlilthe coati ng apparatus accor{dingf @ojéjlfﬂaggml,
wherein the control” néans i'hdi'vi dual l'y 5 controlsi{a jsupply rate o

the primary treatment solution fromthe 4lreat nent sol ution
supply, and a supply rate of the solvent fromthe sol vent
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5. The coat isgixepmovided downsteadi ofthe confligicewvilve bnd tdnfiguedripmistheg r emal ning
solution exhausting neans for exhausting a solution remai ning between the

confluence \gdaMferfBSlution and thOsol{dhe siiiplitd i tlé SGHTRERR VBt |
swtching the treatnent solution tanks, after the

on before
swi tch neans

Swi tches t h%o%l%%e%ﬁ{%ou?%gﬁén L@&'n}'ﬁﬁ' d having a solution dischﬁré-g%%ﬂfb%%* ng

appar at us accor urther conpri

ng r

I'ng sol ution

exhausti ng neaps for ,exhausti,ng a sol utiaon, renajni bet ween the confluence
valve and  appIyings sotytiondsem thedniien s substrats beldhy e strate haliig.g t he

m Xture ratio of the treatnent solution to the solvent, after

t he cont ol TH&EP; changes the nixture ratio. 7. The coating

apparatus according to claim1l, wherein the mxer is a stat

ic mxer

havi ng a pl wrdikdhaggeoklviedbdated slownsteeatd §f the nixeyand acthe swimtydithe nozrlepassage

for mxing the 20 treatnent solution and the sol vent

8. The coat ifgns BREEASreA6 pertinshdiftefrupt AMldw 0P\l SolElich Rah hexhiken® thaf f | es

of the static
nozzle means;

- a sensor means for sensing an amount of displacement of said flexible tubes; and

10  control means for controlling said first and second cylinder means on the basis of a

detection signal from said sensor means thereby controlling the first and second pump

means to adjust a mixture ratio of the treatment solution to be supplied from the

treatment solution supply to the confluence valve, to the solvent supplied from the

solvent supply to the confluence valve.

15

2. The coating apparatus according to claim 1, wherein the switch means includes a

plurality of treatment solution passages each communicating with a corresponding one

of the treatment solution tanks, valve seats each provided in a corresponding one of the

treatment solution passages, second valve bodies each for opening and closing a

20  corresponding one of the solution treatment passages, and second valve

cylinders each

for bringing a corresponding one of the second valve bodies into and out of contact with

a corresponding one of the valve seats,

3. The coating apparatus according to claim 2, wherein the control means stops the




mxer is formed by | eftward or Frightward twi sting one side pf. a g
pl at e by 43
90. degree., and Ieftv\Hl“I{"mHmHI"MHI es and rightward twistel barfiteh 2831 d
arranged alternatedydn®a solwution passage. oL._The coating

(:\
apparatus according to claim7, wherein 4he static mxer hgs a 5

downstream end thereof |ocated at a higher level than an upstream end

t her eof . supply of #H2 trektigent S6lhiiDardRRG s whEE tHe GbiOr Senseéd tainithationvdfer ei n
the static nlxer has a sol ution passage thereof inclined by
20. degr ee.

coating appara us accor |ng to clai

faﬁoM"bHB HEtRAE SecbRd MBEWI fkardl ane. 10 11. The

rein t he confluence val ve has a

plurality of solution introduction passages, and a single solution
di schar ge passage. 12. The coating apparatus according to claim1l
wherein one of the solutio . i ntraoduction_ passages communicates with

the sol vent %Jbspwnnaﬁap%@s agaqrding terclaim b twhsrein the confzel sngges indbAdHANY c at e

with the primary treatnent sol ution supply.

5

10
15
e
20

controls a supply rate of the primary treatment solution from the treatment solution

supply, and a supply rate of the solvent from the solvent supply.

5. The coating apparatus according to claim 1, further comprising remaining solution
exhausting means for exhausting a solution remaining between the confluence valve and
the solution discharge portion before switching the treatment solution tanks, after the

switch means switches the treatment solution tanks.

6. The coating apparatus according to claim 1, further comprising remaining solution
exhausting means for exhausting a solution remaining between the confluence valve and
the solution discharge portion before changing the mixture ratio of the treatment

solution to the solvent, after the control means changes the mixture ratio.

-7. The coating apparatus according to claim 1, wherein the mixer is a static mixer

having a plurality of baffles linearly arranged across a solution passage for mixing the

treatment solution and the solvent.

8. The coating apparatus according to claim 7, wherein each of the baffles of the static

mixer is formed by leftward or rightward twisting one side of a square plate by



13. The coating appm‘at—us——ae—eer—di—ng_t_o_ claim?2, further corrw'p[sgm,,:ag‘frrgHgET

air valve ada gne of a flow and pressure—gfm@wa:--x,o.be
supplledtotheflrst ,ﬂ#mm val ve cylinders, ndthafl,;s a%
second punp cyl i nder a| r valve being 20 fcoptfdll” e%ti 5\3& he
control neans. 14 The coati ng af3paratus according te--el-akm-i
wherein the substrate is a sem conductor wafer, and |the substrate

hol di ng nenigerdepfee 2 asdleftwartstéPbafiey Al riphtw42& twisted ba
hel d t her eon. 424/ 45 15.

The coating ? o claim1, wherein the primary treatnent
sol ution cgﬂ al ngidM|Sdns~i"%:"ﬁ8[l Foar ément solution supply is a resist solution

of a predetermned concentration nmixed with a predeterm ned anount of a
sol vent . 16. The coating apparatus according to claim1, wherein at
| east those ortlons of the conf.luence valve and the m xer, which cone in
contact wit PFQﬁElPEaP%#E$ accerding toglaim 7, gihereist the siemireghas 2 h a
tetrafl uoroet hyI ene resin film(TiC, and a netal or alloy.

5  downstream end thereoflocated at a higher level than an upstream end thereof.

10. The coating apparatus according to claim 7, wherein the static mixer has a solution

passage thereof inclined by 20.degree. or more with respect to a horizontal plane.

10 11. The coating apparatus according to claim 1, wherein the confluence valve has a

plurality of solution introduction passages, and a single solution discharge passage.

12. The coating apparatus according to claim 11, wherein one of the solution
introduction passages communicates with the solvent supply, and the other introduction

15  passages communicate with the primary treatment solution supply.

s 13. The coating apparatus according to claim 2, further comprising a main air valve
adapted to adjust one of a flow and pressure of air to be supplied to the first and second
valve cylinders, and the first and second pump cylinder means, the main air valve being

20  controlled by the contro] means.

14. The coating apparatus according to claim 1, wherein the substrate is a
semiconductor wafer, and the substrate holding member is a spin chuck for rotating the

semiconductor wafer held thereon.
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15. The coating apparatus according to claim 1, wherein the primary treatment solution
contained in the treatment solution supply is a resist solution of a predetermined

concentration mixed with a pred‘etermined amount of a solvent.

16. The coating apparatus according to claim 1, wherein at least those portions of the
confluence valve and the mixer, which come in contact with a liquid, comprise at least

one of a coating with a tetrafluoroethylene resin film (TiC), and a metal or alloy.



