TI'TLE-QF THE | NVENTI ON APPARATUS FOR FORM NG COATI NG FI LM 5@2}/‘( -9

SEM CONDUCTOR PROCESSI NG ' BACKGROUND OF THE
| NVENTION 5 The present invention relates to an apparat us/fedre ‘/
formng a coating filmfor sem conductor p&ocessing, particul arly,
to an apparatus in which a thin plate- ~ “ like substrate such as a
sem conduct or wafer or a substrate of a liquid crystal display
(LCD) device is 10 coated with a processing solution such as a

phot or esi st sol ution or p3pg@vekoRyRd rRENTreN for formng a
coating filmon the substrate. The term "sem conduct or

processi ng"® not edppRRKGUSERORS FORMING CORFINGERUMBMNEDR SEMICONDURTORON M Ng
a sem conductor device, wirings and 15 el ectrodes, which are
connected to a SPROCESSIGGOr device, etc. by form ng predeterm ned
patterns of a sem conductor |ayer, an insulating |ayer, a
conductive | ayer, et cBAGKGROSNDI OFnOHE! ANVEBNTION an LCD substr at e,
etc. 20 In the manufacture of a sem conductor device or

an LCD degice, an app&het presentf dnviendiancyeilatgsf itioman apparatus for
forming a coating film for semiconductor processing,
particularly, to an apparatus in which a thin plate-
like substrate such as a semiconductor wafer or a
substrate of a liquid crystal display (LCD) device is

10 coated with a processing solution such as a photoresist
solution or a developing solution for forming a coating
film on the substrate. The term "semiconductor
processing" noted above represents various treatments
for forming a semiconductor device, wirings and

15 electrodes, which are connected to a semiconductor
device, etc. by forming predetermined patterns of a
seﬁiconductor layer, an insulating layer, a conductive
layer, etc. on a semiconductor wafer, an LCD substrate,
etc.

20 In the manufacture of a semiconductor device or
an LCD device, an apparatus for forming a coating film
is used in many cases. For example, the apparatus is
used for forming a coating film by coating a substrate
with a processing solutidn such as a photoresist

25 solution or a developing solution.

FIGS. 1A to 1C are cross sectional viéws

collectively showing a conventional apparatus for



‘is used in many cases. For exanple, the apparatus is used for
formng a coating filmby coating a substrate Wi th a processing
solution such as a photoresist 25 solution or a devel opi ng sol ution.
FIGS. 1A to 1C are cross sectional views 2 collectively showing a
conventional apparatus for - - - 2-
formng a coating filmused in the nmanufacture of a sem conduct or
device or an LCD device. As shown in FIG 1A, the apparatus, which

is called a caps6PAifg a coating EPTRMaSE§ fntéﬂé raR@¥aSufe CORL I NG
solution 2 housed 5 thereéin. A nozzle 3 1s arranged within the tank

1. TheseséniboAdu686ti A8v 86 Ut Odin ZL.ED Md&wEZdé e 3p§0kh&%n in
tively constitute a coating solution supply means 4. The nozzle 3

i s constructed FDGSpLA} theaappahetasatwhich is callédl atcap dodbefprma
band-1i ke upward stream During 10 operation of the apparatus, the
hei ght of the ncemprig8es a tank 1shawimgohleoatinghsobutiokl L hdBsed FlI G
1C. A substrate 6 such as a sem conductor wafer or an

LCD subshrate i&heeednpy A Bezzkepdaie srramged rabietn the tank 1.

These tank 1, coating solution 2 and nozzle 3 collec-
tively constitute a coating solution supply means 4.
The nozzle 3 is constructed to spurt upward the coating
solution 2 to form a band-like upward stream. During
10 operation of the apparatus, the height of the nozzle 3
is controlled as shown in FIG. 1B or FIG. 1C.
A substrate 6 such as a semiconductor wafer or an
LCD substrate is held by a chuck plate 5 and arranged
to face the nozzle 3. For forming a coating film on
15 the substrate 6, the coating solution is supplied
through the tip of the nozzle 3 onto the substrate 6,
and the coating solution supply.means 4 is moved in
parallel and relative to the substrate 6, as shown in
FIG. 1B.
20 In the apparatus shown in FIGS. 1A to 1C, the
discharge port of the nozzle 3 can be made long in
a direction perpendicular to the moving direction of
the nozzle 3 such that band-like stream of the spurting
solution covers the entire width of the substrate 6.
25 In this case, a desired coating film can be formed by
a single coating operation, making it possible to form

the coating film promptly in a short time.



~to fiace the nozzle 3. For formng a coating filmon 15 the substrate
6, the coating solution is supplied through the tip of the nozzle
3 onto the substrate 6, and the coating solution supply neans 4 is
noved in parallel and relative tp the substrate 6, as shown in
FIG 1B. 20 In the apparatus shown in FIGS. 1A to 1C, the

di scharge port of the nozzle 3 can be nmade long in a direction
perpendi cul ar to the noving direction of t he nozzl e 3 such that

band-1ike stream of ﬁ&eewyrta Nbating appaxdtild UsSP VIR THd anpRifdce- Wi dt h
of the substrate 6. I'n this case, a desired coating filmcan be

formed by ture %ﬁl@g&@nﬂ&&idﬂlﬁ:d}p&i@hw oXTeds LD tdepaicss e to form
the coating filmpronptly in a short tine.

- 3- requirtddeirrrecernoateans appdrataepalsies afh fdwnimenuf ac-

ture of a sem conductor device or an LCD device is required in
recent years t@ beoatpapl£ilh dbraviuniform thicknesmy ivigidh |deed notuniform
t hi ckness, which does not 5 contain cells, and is also required not
to giveS npact contain cebls heard bt ragkso mﬁ%tkﬁﬁd gk &Q el pRagt y of

to the substrate in addition to the capability of
forming a coating film promptly in a short time.
The conventional coating apparatus shown in FIGS. 1A
to 1C is unable to meet the above-noted requirements.
10 An extensive research -is being made in an attempt
to meet the particular requirements. For example,
disclosed in Japanese Patent Disclosure (Kokai)
No. 4-124812 is a technical idea that a coating film is
 formed by using a nozzle constructed such that the
15 discharge port, through which the coating solution is
spurted upward to form a band-like stream, is connected
to a coating solution reservoir via a plurality of
fine tubes. Further, disclosed in Japanese Patent
Disclosure No. 5-55133 is a technical idea that
20 a coating film is formed by using a nozzle arranged
above a spin chuck for holding a semiconductor wafer.
In this case, the nozzle comprises a coating.solution
reservoir having a rectangular cross section and
a plurality of fine holes made in the bottom portion of
25 the reservoir. Still further, disclosed in Japanese
Patent Disclosure No. 7-326554 is a coating film-

forming apparatus comprising a nozzle for supplying



“forming a coating filmpronptly in a short tine. The conventi ona
coating apparatus shown in FIGS. 1A to 1C is unable to neet the
above-noted requirenents. 10 An extensive research is being made
in an attenpt to nmeet the pa[;i%ﬁlqy requi renents. For exanple,

di scl osed in Japanese Patent D sclosure (Kokai) No. 4-124812 is a
technical idea that a coating filmis formed by using a nozzle
constructed such that the 15 di scharge port, through which the

coating sol uti @V developing solRiilfl UMY Ghdzk eOrin e thtidee £t eam is
connect ed to a coating solution reservoir via a plurality of

fine tubes. Furinhduded % ipligtliity ez lRateilles arranged &gl osure No.
5-55133 is a technical idea that 20 a coating filmis fornmed by using
a nozzl e arrangedottom portdwovef splevelduping oot thmgelastsen camtiuct or
waf er . In this case, the nozzle conprises a coating solution
reservoi r havi g preasseiren du ffrerimgs segher @grranpged in the aviginiy ty of
fine holes made in the bottomportion of 25 ~  the reservoir. Still
furthers di scl @fedhen npgzdiedwles for supprassines e PEeIFNTT- 326554 is a

coating film f or m ng .appar at.us conprising a nozzle for supplyin
d fluctuation of hénéevelopin&n;olutf%n. PRIYINg

The prior arts éxemplified above teach that
a coating film can be formed accurately on a substrate
having a uniform thickness. However, a semiconductor

10 wafer or an LCD substrate is not necessarily uniform in
thickness.

FIG. 2 shows a cross section of a general
substrate such as a semiconductor wafer or an LCD
substrate. It should be noted that a thickness d;

15 at one end of a substrate 7 held by a chuck plate 10
differs from a thickness d, at the other end of the
substrate 7. Where the substrate 7 has a thickness of
about, for example, 1 mm, the difference between d; and
dy reaches as much as scores of microns in some cases.

20 Where the substrate is not uniform in thickness, the
distance at one end of the substrate between the
discharge port of the nozzle and the coating surface
of the substrate appreciably differs from that at the
other end, even if the chuck plate for holding the

25 substrate is held perfectly horizontal. 1In other
words, it is impossible to maintain constant the

distance between the nozzle and the substrate over



- 4- a devel opi ng solution. The nozzle in this prior art
I ncludes a plurality of nozzle holes arranged in a bottom portion
of a devel opi ng sol ution chanber and a pressure buffering nenber
arranged in the vicinity 5 of the szgje hol es for suppressing the
pressure fluctuation of the devel oping sol ution. The
prior arts exenplified above teach that a coating filmcan be
formed accurately on a substrate havi ng a uni formthi ckness.
Hovever, a sentepen@éiiidie réyion ofaiy subsairdtel substrate is not
necessarily uniformin t hi ckness. FIG 2 shows a
cross section of a (¥marealthe distanceuflsttvwaeten siheh dischamge gaouafor waf er
or an LCD substrate. It should be noted that a thickness d[err]
15 at one tédyed rnofz zd es @t rtdiee coadidingy surfadaicki fihe csulgstrate
differs froma thickness d2 at the other end of the Substrate 7.
Wher e t he substiSat@t7 updsfarm hitdien@patdmg solutiompfaikls it aseamsi e, 1 nm
the difference between d[err] and dlerr] reaches as nuch as scores
of nicréns in fomBifaray CO@}tmn oM@ dhenendiipze raeion ofotththi formin
t hi ckness, the di stance at o end 4;ﬁ£g&s bstrate betmeen t he
di schar ge port S¥PSHRatRyz 2 TS APnupd oes not brjng e

substrate appr%%l t?:l Y %ro re%n flrnorg tc.ahactasaet wﬁ'lere subtle treatments

are not required. When it comes to the manufacture of
a semiconductor device or an LCD device, however, the
10 coating film, e.g., a resist film, is as thin as about
1.5 to 2.0 m. On the other hand, the variation in the
distance between the discharge port of the nozzle and
the coating surface of the substrate is as much as
scores of microns. It follows that, in the manufacture
15 of a semiconductor device or an LCD device requiring
subtle treatments, only a slight difference in the
condition of the coating solution attached to the
substrate greatly affects the uniformity of the coating
film formed on the substrate. What should be noted is
20 that a nonuniformity in the thickness of the substrate
brings about a nonuniform thickness of the resultant
coating film, leading to a low yield.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide
25 an apparatus for forming a coating film for semicon-
ductor processing, which permits forming a thin coating

film of a uniform thickness.



‘othef end, even if the chuck plate for holding the 25 substrate is
hel d perfectly horizontal. In other wor ds, ThfsshestHaEfﬁ&ﬁileﬂﬂcé‘d to
the

mai ntai n constant the di stance between the n
substrate over - 6 - :
entire region of the substrate. VWher e t meen

t he di scharge port of the nozzl e and the coating surface of the
substrate is not uniform the coating solution fails to assune

a uniformcondition a¢dordihgerd baer eaboAifbnthef the presempstrate. The

nonuni f orm condi ti on does not bring about a problemin the case
where subtl e trdavemttion, there iar proetidedqanr agpavbensi foeofesmiagt be

manuf act ure of a seni conduct or device or an LCD devi ce, however

the 10 cogpatgnig |fmlme fgr, semiesnductobirnpriosesas inki,ncampalising:
1.5to 2.0 [err]m On the other hand, the variation in the

di stance between thehﬁhﬁ%%i@@aﬁér¢°§fhpﬁélngzzléubﬁﬁrate‘ t he coating

surface of the substrate .is as _nuch as scores of m crons.

foll ows $hat, in theSP@hing Selatien supplyy mSa§§rrﬁ66ﬁé}G@fioit°d§9F§e°6P an

LCD device reqUIraggsurface of the substrate held by the holding means

and provided with a discharge port for supplying a
coating solution onto the one main surface of the
substrate, the coating solution forming a band-like

10 stream having a width smaller than that of the
substrate;

moving means for moving the coating solution
supply means in parallel and relative to the substrate
held by the holding means to form a coating region and

15 - a non-coating region on the one main surface of the
substrate; and

clearance retaining means for maintaining constant
the distance between the discharge port of the coating
solution supply means and the one main surface of the

20 substrate.

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

25 advantages of the invention may be realized and
obtained by means of the instrumenfalities and

combinations particularly pointed out in the appended

THIS SHEET HAS BEEN
REPLACED

5



“ subt<l e treatnments, only a slight difference in the condition of
the coating solution attached to the substrate greatly affects the
uniformty of the coating filmformed on the substrate. Wat
shoul d be noted is 20 that a nonuniformity in the thickness of the
substrate bri ngs about a nonunif'ormthickness of the resultant
coating film leading to a | ow yield. BRI EF SUMVARY OF
THE | NVENTI ON An object of the present inventionis to
provide 25 claéimgpparatus for formng a coating filmfor sem con-
duct or processing, which permts formng a thin coating filmof a

uni form thi cknesSRIEF DESCRIPTION OF THE SEVERAL VIEWS OF -THE DRAWING
Accordi ng to one enbodi nent of the present i nvention, there is

provi ded an appar at Uthd Gcdonpéniginy drawings ,Cogiiidly drd Mricwrppaateehduct or
processi ng, conprising: hol di ng means for holding a
substrate; 5 in and comsiaittute solparntorfsuhd speedifsicatriamged to face one
mai n surface of the substrate held by the hol di ng neans and’
provi ded with dldivitreate presertdy pngfepneg embodimentsc @ ithg sol uti on
onto the one main surface of the

invention, and together with the general description

given above and the detailed description of the

preferred embodiments given below, serve to explain

the principles of the invention.

10 FIGS. 1A to 1C are cross sectional views collec-
tively showing a conventional coating film-forming
apparatus used in the manufacture of a semiconductor
device or an LCD device;

FIG. 2 is a cross sectional view showing a general

15 substrate such as a semiconductor wafer or an LCD
éubstrate;

FIG. 3 is a plan view showing a coating film-~
forming apparatus for semiconductor processing
according to one embodiment of the present invention;

20 FIG. 4 is a cross sectional view showing a coating
film-forming apparatus for semiconductor processing
according to one embodiment of the present invention;

FIG. 5 is a plan view showing a coating region and
a non-coating region included in a coating surface of
25 a substrate;

FIG. 6 is a cross sectional view showing

a switching means used in a coating film-forming



“ substrate, the coating solution formng a band-like 10 stream havi ng

a wdth smaller than that of the substrat e; novi ng
means for noving the coating sol ution supply nmeans in parallel and
relative to the substrate hel d By the holding neans to forma
coating region and 15 a non-coating region on the one main surface of
t he substrate; and cl earance retaining neans arranged
to sandw ch the discharge port for mai nt ai ni ng constant the distance
bet ween the di a@?a&ae;umorszofsemeo@m@atw process iy Wdoordikigoty omens and
the one main surtace of the 20 substrate. Addi ti ona

obj ects and adeaboddeent dfhehenypeeisemwt inventionyi || be set forth in the
description which follows, and in part will be obvious fromthe
description, or mayHISS. 7A to 7Ceamecpllap prizets chofinche imowdmig on. The
objects and 25 advant ages of the invention may be realized and

obt ai ned by neasensf usiag st externalilyl shrgeded rod, whiglbiisatiseds

Pattlcuggrly p%@rgfggg%addqEET;—%%E%E%anpparatus for semiconductor
processing according to one embodiment of the present
invention;

FIG. 8 is a cross sectional view showing
a switching means used in a coating film-forming

10 apparatus for semiconductor processing according to one
embodiment of the present invention;

FIG. 9 is a cross sectional view showing a coating
film-forming apparatus for semiconductor processing
according to another embodiment of the present

15 invention;

FIG. 10 is a cross sectional view showing
a coating film-forming apparatus for semiconductor
processing according to another embodiment of the
present invention;

20 FIG. 11 is a cross sectional view showing
a coating film-forming apparatus for semiconductor
processing according to still another embodiment of
the present invention; and
FIG. 12 is an oblique view showing a resist
25 coating-developing system having a coating film-forming
apparatus of the present invention incorporated

therein.



* BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG The

acconpanyi ng drawi ngs, which are incorporated In and constitute a
part of the specification, 5 illustrate presently preferred

enbodi nents of the i nvention, agd together with the genera
description gi ven above and the detail ed description of the
preferred enbodi nents given bel ow, serve to explain the principles
of the invention. 10 FIGS. 1A to 1C are cross sectional views
col |l ec-
apparatus used in the manufacture of a sem conduct or device or an
LCD de}/i ce; FIGS. 3Fland 2 lared aCipdah 3deW @aml a/icwwsEhowi ng a
gener a
substrat e; sectional vil@, Yespextibvelyyi ewldeotiively clwwing film
form ng apparatus for sem conductor processing according to one
embodi ment of Bheoatddwntappanatuison;i.e2Q a coating Midm-fdrmmingr oss
sectional view showi ng a coating filmform ng apparatus for

seni conBuct or PPPEEAUsy for seml%@&%%ﬂ@%%&ﬁ%lw the

pr esent
regi on and one e@%m%ﬂfng}hee@r@ﬁ%%|wgdlﬁwa cdit ﬁﬂj’"ﬁhrlfnace of

25

10

15

20

25

tivel y pHIQWIED DESTRISATONUF qom IMVENTION or mi ng

15 substrate such as a semnm conductor wafer or an LCD

i nventi on; is a plan view showi ng a coating

a SUbSt%e draw1ngs, the coggfgg %pﬁ%f%éﬂéxg%ﬁ§¥¥éé¥“ﬂ hofﬁN 30w ng

means, e.g., a chuck plate 10, for horizontally holding
a substrate 7 such as an LCD substrate such that the
coating surface of the substrate 7 faces downward,
a coating solution supply means 20 arranged below
the substrate 7 to face the coating surface of the
substrate 7, a moving means 30 for moving the coating
solution supply means 20 in parallel to the substrate
7, and a clearance retaining means 50 arranged at both
end portions of the coating solution supply means 20
to maintain constant the distance between the coating
solution supply means 20 and the coating surface of the
substrate 7 over the entire region of the substrate 7.
The chuck plate 10 is provided with a vacuum
apparatus (not shown). The upper surface of the
substrate 7 is attached to the chuck plate 10 by vacuum
suction, with the result that the substrate 7 is held
by the chuck plate 10.
A pair of moving means 30 is used in the
embodiment shown in the drawings. It is seen that each

moving means 30 consists of an externally threaded rod



‘a swWwtching neans used in a coating filmformng

- 8- apparatus for sem conductor processing according to one
enbodi ment of the present invention; FIGS. 7TA to 7C are pl an
vi ews showi ng a novi ng means qsiP% an externally threaded rod,

whi ch is used 5 in a coating filmform ng apparatus for sem conductor
processi ng according to one enbodi nent of the present I nvention
FIG 8 is a cross sectional view show ng a switching neans used in

a coating fil m¥Oraprghgeld below dMASHDELHatle FeEMD KB Ocessi ng
according to one enbodi nent of the present invention;

FIG 9 is a creappeaidd )t & ipidrshdwvibegrdeeatiin@rranged atf idowH or m ng
apparatus for sem conductor processing according to anot her
enbodi nent of temispreeheitte xkel 32, a moomtbhlenmember 34 mountdd Go he s a

cross sectional view show ng a coating filmform ng apparatus for
senmi conduct or rod 32 argl eeersdiley igc ddvediaxg-alo ddmstcdore mfodihee modbh 32 he

5 in accordance with rotation of the rod 32, and a motor
33 for rotating the externally threaded rod 32. It
should be-nﬁted that movement of the movable member 34
causes the coating solution supply means 20 to be moved
in parallel to that surface of the chuck plate 10 which
10 holds the substrate 7.

The coating solution supply means 20 consists of a
nozzle head 22 arranged to face the coating surface of
the substrate 7, a solution reservoir 24 fixed to the
movable members 34 at both ends for storing a coating

15 solution, and a tube 23 for supplying the coating
solution from the solution reservoir 24 to the nozzle
head 22. The solution reservoir 24, which is fixed to
the two movable members 34, is movable in the axial
direction of the threaded rod 32 in accordance with

20 movenment of the movable members 34.

The nozzle head 22 includes a slit-like discharge
port 21 extending in a direction perpendicular to
the moving direction of the movable member 34. The
discharge port 21 is shorter than the width of the

25 substrate 7. The nozzle head 22 is also movable in the
axial direction of the externally threaded rod 32 in

accordance with movement of the solution reservoir 29.



‘present invention; 20 FIG 11 is a cross sectional view show ng

a coating filmform ng apparatus for sem conduct or processing
according to still another enbodi nent of the present invention
and FIG 12 is an oblique wyewshowng a resist 25

coati ng-devel opi ng system having a coating filmform ng appar at us
of the present invention incorporated t herei n.

- 9- DETAI LED DESCRI PTI ON OF THE | NVENTI ON

FIGS. 3 and 4 arte follaws Vil ancaattimsTegion 8 arkbd imrdlcoding
respectively, collectively show ng a coatlng apparatus, i.e., a
coating fil mforedginn 9 5are fomayrhraat tshe fowatsieny eandfsderoprideessi ng .
according to one enbodi nent of the present invention. As shown in
the draw ngs, tSwbszateg’ apahaws igofiG.sdy dfhdilt mpzzle head r@&ns,
e.g., a chuck plate 10, for horizontally hol ding a substrate 7

such as an LCDisuiqved in fdie tawkak i repg-ion °fcd'ahq fhraadetaad Ihe

coating sol ution supply neans 20
subst ra1(:§e ! fac%’lslldeovmlv?ow.].ng the nozzai.e head %2 to spurt t%'tpe ycoatlng '

arrange® bel ow¥
solution.

An elastic member such as a pair of springs 29
urging the nozzle head 22 toward the chuck plate 10 are
mounted between the nozzle head 22 and the solution

10 reservoir 24. Also, the tube 23 is formed of a member
which can be deformed, i.e., elongated or shrunk, upon
receipt of force larger than a predetermined magnitude.
It follows that the nozzle head 22 is movable in
a vertical direction, i.e., toward or away from the

15 coating surface of the substrate 7.

Further, a pair of rollers 50 are arranged at
both end portions of the nozzle head 22. The rollers
50, which run along the non-coating region 9 of the
substrate 7, act as a clearance retaining means. What

20 should be noted is that the rollers 50 are allowed to
run along the non-coating region 9 of the substrate 7.
It follows that a predetermined clearance can be
maintained between the coating surface of the substrate
7 and the nozzle head.22 over the entire region of the

25 substrate 7, even if the thickness of the substrate 7

is nonuniform. Of course, the coating surface of the

substrate 7 and the nozzle head 22 are kept in parallel



‘t he substrate 7 to face the coating surface of the substrate 7, a
nmovi ng nmeans 30 for noving the coating sol ution supply neans 20 in
parallel to the substrate 15 7, and a cl earance retaining nmeans 50
arranged at both end portions _of 5he_coating sol ution supply neans
20 to maintain constant the dist&nce bet ween the coating

sol ution supply neans 20 and the coating surface of the substrate
7 over the entire region of the substrate 7. 20 The chuck pl ate

10 is provided wol BaRnV3TWR, It folldkB2tAhYS a( BehtiRgMEiinTbg upper
surface of the substrate 7 is attached to the chuck plate 10 by

vacuum aSUliiFeFm Wnikknbesr eaunl bel Fakmelde opukler @b@tings held
by the chuck plate 10. 25 A pair of noving neans 30 is used in

t he enBagifaee ofhewe shbsheadeawi.ngs. It is seen that each
nmovi ng neans 30 consists of an externally threaded rod

- 10 - 32 Ther sodadt ibal aeselrgoduh@dr dse conaed tedt &babl v
supported by a pair of bearings 31 arranged at both ends of the
rod 32, B novabRecpatiag ZIplubdonegupplyhsource 26 via a coating

solution supply tube 25. As shown in FIG. 3, a pump 27
and a valve 28 are mounted to the tube 25. These tube
25, coating solution supply source 26, pump 27 and
valve 28 collectively form a discharge control means

10 for controlling the discharge of the coating solution
from the discharge port 21 of the coating solution
supply means 20, as follows. Specifically, if the
coating solution is supplied to the solution reservoir
24 by driving the pump 27, with the valve 28 opened,

15 the coating solution is spurted from the nozzle head
22. On the other hand, when operation of the pump 27
is stopped, the valve 28 is closed. As a result, the
coating solution ceases to be spurted from the nozzle
head 22. Incidentally, it is possible to drive the

20 pump 27 in a reverse direction without closing the
valve 28 for allowing the coating solution to cease to
be spurted from the nozzle. 1In this case, the spurting
of the coating solution can be stopped promptly, making
it possible to prevent an undesired coating solution

25 from being spurted out of the nozzle. It follows that
a coating film can be formed accurately in the coating

region alone of the substrate.



"rod 32 and novable in the axial direction of the rod 32 5 I n
accordance wth rotation of the rod 32, and a notor 33 for
rotating the externally threaded rod 32. It shoul d be noted that
movenent of the novabl e menber 34 - causes the coating solution
supply nmeans 20 to be noved in parallel to that surface of the
chuck plate 10 which 10 hol ds the substrate 7. The
coating solution supply nmeans 20 consists of a nozzl e head 22

arranged to face thepeDeinggosUtReGoud 27 is contPELBeWShy a4 EcdntPol -
solution reservoir 24 fixed to the novabl e nenbers 34 at both ends

for storing a coatihy cdfnected st UherpumnR A dnbeh@DdOLs sePpiyé ng t he
coating solution fromthe solution reservoir 24 to the nozzle

head 22. The sdtakabing edtreetiogndiratet ing isgsbd cof the extéheallyp
novabl e menbers 34, is novable in the axial direction of the
t hreaded rod 3XhreadedreptcImitie. 2®n the rasiemf ofthe heotmtviad e menber s
34. The, nozzl e head 22 includes a slit-like discharge
port 21 %ext endiMFeTtirnind (rSrtiarparaediaf the motor 33 helordw ng
Shor ter than 1 MPAR GEFGHEShe thss on-of & aantagle Of THORUEAS Hfoad 22 i s
32 b e o, o ey e SRy rdRd .
direction of the pump 27 is also controlled by the
controller 71. Alternatively, it is possible to mount
10 a sensor for detecting the presence or absence of the
coating solution supply means 20 at a predetermined
position. 1In this case, the on/off itself and driving
direction of the pump 27 are controlled by the control-
ler 71 in response to a signal generated from the
15 partiéular sensor.
A switching means for allowing the nozzle head 22
to be positioned in the operating position or in the
waiting position is included in the coating apparatus
shown in FIGS. 3 and 4. Of course, the term "operating
20 position" noted above denotes the case where the
discharge port 21 of the nozzle head 22 is positioned
close to the substrate 7 so as to be ready for the |
spurting of the coating solution. On the other hand,
the term "waiting position" denotes the case where
25 the discharge port 21 is positioned a predetermined

distance apart from the substrate 7.

The switching means consists of a guide roller 52



It follows that a coating region 8 and a non-coating region 9 are
formed on the coating surface of the substrate 7 as shown in FIG
5, if the nozzle head 22 is nmoved in-the axial direction of the
threaded rod 32 5 while allow ng the nozzle head 22 to spurt the
coating sol uti on. n elastic nmenber such as a pair
of springs 29 urging the nozzle head 22 toward the chuck plate 10
are nount ed between the nozzle head 22 and the solution 10

reservoir 24. mbusted ho itheendzzile headed20tand EEBYAtionary guidbki ch can
be deforned, i.e., elongated or shrunk, upon recei pt of force

| arger than a paddeBadr,mwhddhmage shden in FIG. 6.t fIol dwes coaatinghe nozzl e
head 22 is novable in a vertical direction, i.e., toward or away
fromthe 15 appagediuisn@ fsdhieaperesenthd nyenstioat,e a7 horizontal

Further, a pair of rollers 50 are arranged at both end portlons of
the nozzl e heaghaft 5HeQXG-Ie|ndrl$19 in paraljel ko dher swbsitaaget feand
non-coating region 9 of th substrate 7, act as a cl earance

retai ni g nean?erﬂﬁﬁﬂlQﬂ@ar to dheupxisd ddregtion & thee therrded 50 are

|1
al'loved 1o shaft 32 is mounted to the nozzle head 22. Also,

the guide roller 52 is mounted to each end of the

horizontal shaft 51. Further, the guide rail 53 is

mounted to that surface of the chuck plate 10 which
10 supports the substrate 7.

Incidentally, the guide roller 52 and the guide
rail 53 are arranged not to be in contact with each
other when the nozzle head 22 is positioned in the
coating region 8 of the substrate 7 and to be in

15 contact with each other when the nozzle head 22 is
positioned outside the coating region 8. Also, the
guide rail 53, which has a switching portion 54
positioned outside the coating region 8 and projecting
toward the solution reservoir 24, serves to perform

20 switching in the position of the nozzle head 22 between
"the operating position and the waiting position
referred to previously in accordance with movement of
the nozzle head 22 in a horizontal direction. When
the guide roller 52 is moved to the position of the

25 switching portion 54, the nozzle head 22 is moved
downward so as to increase the distance between the

nozzle head 22 and the substrate 7, compared with the



“run-along the non-coating region 9 of the substrate 7. It follows
that a predeterm ned cl earance can be mai nt ai ned between the
coating surface of the substrate 7 and the nozzl e head 22 over the
entire region of the 25 substrate f5 even if the thickness of the
substrate 7 I's nonuniform O course, the coating surface of the
substrate 7 and the nozzle head 22 are kept in parallel

- 12 - to each other. It follows that a coating film of

a uni for m t hi ckases whareba Heomozd 1en helhdl 2Qatisngositioned swithdee thfe t he
Substrate 7. The solution reservoir 24 is connected to 5

a coating sol ucpatiswgplegiomulBce 26 via a coating sol ution supply
tube 25. As shown in FIG 3, a punp 27 and a val ve 28 are nounted
to the tube 25. Thedd tigogdesirable tpsmounkt iingthel weiiddnguPoisitiom ce 26,
punp 27 and val ve 28 col |l ectively forma di scharge control neans
10 for coRPted aheviend goatrdngs 48 %ﬁ@%@& engodyenti 4# of the f,om
t he di scharge port 21 of .the coating sol ution syppl y ans, 20, as
fol | ows? Specigﬂﬁﬁﬂﬁﬁ solutijon such’ atoihengodyenti 42 S SHHRER to the

sol ution reser%%%% the surface of the roller 41 in accordance with

rotation of the roller 41. The container 43 is
arranged to permit the solvent 42 to be supplied from
the roller 41 into the discharge port 21 of the nozzle

10 head 22, when the nozzle head 22 stays in its waiting
position. It follows that, in the non-coating step,
the coating solution is prevented from being hardened
or denatured at the discharge port 21 of the nozzle
head 22.

15 The coating apparatus of the present invention,
i.e., film-forming apparatus for semiconductor
processing constructed as described above, is operated
as follows. 1In the first step, the substrate 7 is
transferred by a transfer means (not shown) onto

20 a predetermined position on the holding surface of the
chuck plate 10 and sucked by a vacuum apparatus (not
shown) so as to be held stationary on the holding
surface of the chuck plate 10.

Then, the valve 28 is opened, and the pump 27 is

25 operated, with the result that the coating solution is
supplied from the coating solution supply source 26

into the solution reservoir 24 via the coating solution



" 24 by driving the punp 27, with the valve 28 opened, 15 t he coating

solution is spurted fromthe nozzl e head 22. On the other hand,
when operation of the punp 27 i s stopped, the valve 28 is closed.
As a result, the coating sdtuicybcqgses_to be spurted fromthe
nozzl e head 22. Incidentally, it Is possible to drive the 20
punp 27 in a reverse direction wthout closing the val ve 28 for
allowing the coating solution to cease to be spurted fromthe
nozzle. In thi sugpky tiulse 28U tiTie coating s¥ldtiorons IAgramation can be
stopped pronptly, making It possible to prevent an undesired
coating sol uti gmpplbied frdm drheesialg tsipur tebenmtoiof 2heimtay Allee ndizIel | ows
t hat a coating filmcan be forned accurately in the coating
regi on al one ofhaafk & pshreugh the tubes 23 so as to be spurted from - 13 -
Driving of the punp 27 is controlled by a control - . ler 71
connected to tHSHFSharge (IRt maymtesk at the tip sfatriargld rect i on )
and rotating speed the externally threaded rod 32, i.e., on the
basis of® the rdtsad %2 5in thigyistens fheanezadmhens Sfedtays e not or
33. To be one of the waiting positions and, thus, the coating
solution spurted from the discharge port 21 is
discharged onto the roller 41. The coating solution
continues to be discharged onto the roller 41 until the
10 discharge rate and composition of the coating solution
spurted from the discharge port 21 are stabilized.
After stabilization of the discharge rate and
composition of the coating solution, the motor 33
is driven so as to cause the nozzle head 22, which
15 continues to spurt the coating solution, to be moved
from one waiting position to the other waiting
position. In this step, the nozzle head 22 is guided
from the waiting position to the operating position by
the guide roller 52 mounted to the nozzle head 22 and
20 the guide rail 53 so as to start coating the coating
region 8 of the substrate 7.
If the nozzle head 22 is moved to the operating
position, the guide roller 52 is put in a position
apart from the guide rail 53, and the rollers 50
25 mounted at both ends of the nozzle head 22 are brought

into contact with the non-coating region of the

substrate 7. During movement of the nozzle head 22



"nore specific, the on-off control of the punmp 27 is _ perfornmed by
the controller 71. Further, the driving direction of the punp 27
is also controlled by the controller 71. Alternatively, it is
possi ble to mount 10 a sensor for_dejgcting the presence or absence of
t he coating solution supply nmeans 20 at a predeterm ned _
position. In this case, the on/off itself and driving . direction of
the punp 27 are controlled by the control - ler 71 in response to a

si gnal gener at edithm the ofératin@apds Ltidh, SENSOFollers 50 are A

swi tching neans for allow ng the nozzle head 22 ~to be positioned
in the operatinylbosédi bm ounialdeme the non-co@tinggregsohi 0f thei ncl uded
in the coating apparatus shown in FIGS. 3 and 4. O course, the
term "oper at i ngsulPgtrate Pposwitlnthearesh hibhovies tetle esohheoatsrgwher e t he

di scharge port 21 of the nozzle head 22 is positioned close to the
substrate 7 so ¥@9ienef rihel\sykgtrake 7 and thegplischagrgé poet cOhtang
solution. On the other hand, the term"waiting position” denotes
the case wher e M@intaineqd (pazakleh e eanh othex whthtaopeedetermiredr ni ned

di stance apart fromthe substrate 7. . The switchi ng neans
consi sts of a gsLﬁ)eb%e rmqgc&’% tﬁxerebetween. Since the nozzle head 22

is moved in parallel to the substrate 7 while spurting

the coating solution, a coating film is formed in the

coating region of the substrate 7 in a width determined
10 by the width of the discharge port 21.

When the discharge port 21 has passed through the
coating region 8 to reach the non-coating region 9, the
guide roller 52 is brought again into contact with the
guide rail 53, with the result that the nozzle head 22

15 is moved away from the substrate 7. In this step, the
pump 27 is driven in the reverse direction to permit
the coating solution to be sucked back, thereby to stop
spurting the coating solution onto the substrate 7.

Further, the nozzle head 22 is moved to the other

20 waiting position. The substrate 7 having a coating
film formed thereon in this fashion is transﬁerred by
a transfer means (not shown) from the chuck plate 10 to
a succeeding process step. .

In the coating apparatus of the present invention,

25 the mechanisms shown in FIGS. 7A to 7C can also be used
as the moving means 30. Specifically, in the mechanism

shown in FIG. 7A, a single motor 30 is used in place of



f- 14 - nmounted to the nozzle head 22 and a stationary guide

rail 53, which are shown in FIG 6. In the coating apparatus of the
present invention, a horizontal shaft 51 extending in parallel to
the substrate 7 and 5 perpendi cul grp to the axial direction of the

t hr eaded shaft 32 is nounted to the nozzle head 22. Al so,

the guide roller 52 is nounted to each end of the hori zontal shaft
51. Further, the guide rail 53 is nounted to that surface of the

chuck plate 10tMa &wo kdtors 3IBURMWNS iltheI1RUbSLr alls Gpparent from
I ncidental ly, the guide roller 52 and the guide rail 53 are

arranged not t @dasviingyg,C @leatieclanistacdmprises a ddisrinthgulley n@zz| e head
22 is positioned in the coating region 8 of the substrate 7 and to
be in 15 roomttzst bei tthecamitadtimgy shiadit toife ther adacdread 22 idciven
positioned outside the coating region 8. Also, the guide rail 53,
whi ch has a swipnddiew Jdomoumtesly at one endpedi Eagied®fHotths dava he coating
region 8 and prOJectln%ﬂt toward the solution reservoir serves

to perférm 20externaj mhqr@ad@dt FedsoHdsi @irdofa tuwmﬂqasl‘%ela?d 22 bet ween

the operating position and the Mﬁltlngi£OSItI0n referred to
previously in tehadk fthe two driven pulleys 11 and

the driving pulley 12,
The mechanism shown in FIG. 7B comprises the
externally threaded rod 32, the movable member 34
10 mounted to the externally threaded rod 32, the motor
33 joined to one end of the rod 32, a guide rod 38
arranged in parallel to the threaded rod 32, and
a slidable member 39 mounted to the guide rod 38. The
slidable member 39 is slidable along the guide rod 38.
15 Also, the movable member 34 and the slidable member 39
are fixed to the ends of the coating solution supply
means 20.
The mechanism shown in FIG. 7C comprises the
externally threaded rod 32, the movable member 34
20 mounted to the rod 32, the motor 33 joined to one end
of the rod 32, a pair of guide rods 38 arranged in
parallel to the threaded rod 32, and the slidable
member 39 mounted to each of the guide rods 38.
In this embodiment, the movable member 34 is fixed to
25 the coating solution supply means 20. On the other
hand, the two slidable members 39 are fixed to the ends

of the coating solution supply means 20.



" the'nozzle head 22 in a horizontal direction. Wen the guide roller
52 is noved to the position of the 25 switching portion 54, the
nozzl e head 22 i s noved downward so as to increase the distance
bet ween t he nozzl e head 22 and tlae substrate 7, conpared with the
- 15 - case where the nozzle héad 22 is positioned within the
coating region 8. It is desirable to nount in the waiting
position not ed above a contai ner 43 housing a solvent 42 of the

S coating sol utrinORhelehalthalg bpparaltueniof4Zhes predRnted nvention, onto
the surface of the roller 41 in accordance with rotati on of the

roller 41. Thethentsaiitehify imeans for swdtchiged the perzulle heads@2vent 42
to be supplied from the roller 41 into the discharge port 21 of
the nozzle 10betweeneddhe?¥aithiay Positdon endeddie? Dpsrayfrd ngn poss-bA@n i ng
position. It follows that, in the non-coating step, t he coating

sol ution is prepasisdts afmasdimFheagiddedrail 53 angt thenguided at the
di scharge port 21 of the nozzle head 22. 15 The coating

appar at s of tKel3exs&i- | Aldernghively, the switching means may be

constructed as shown in FIG. 8. Specifidally, a motor
56 is arranged in a side portion of the solution
reservoir 24. A driving pulley 57 is mounted to the
rotation shaft of the motor 56. On the other hand,

10 a driven pulley 55 is mounted to the shaft of the guide
roller 52 mounted in a side portion of the nozzle
head 22. Further, a belt 58 is stretched between these
driving pulley 57 and driven pulley 55. It follows
that, if the motor 56 is driven when the nozzle head 22

15 stays in the switching portion 54, the nozzle head 22
is moved to the operating position or the waiting
position. Specifically, driving of the motor 56 causes
the driving pulley 57 to be rotated. 1In accordance
with rotation of the driving pulley 57, the driven

20 pulley 55 is also rotated so as to cause the guide
roller 52 to run along the switching portion 54 of
the guide rail 53. As a result, the nozzle head 22
is moved to the operating position or the waiting
position. Incidentally, the motor 56 is driven in

25 response to a signal generated from, for example,
a sensor 59 serving to detect the presence or absence

of the nozzle head 22.



“i.e., filmformng apparatus for sem conduct or processi ng
constructed as descri bed above, is operated as follows. In the
first step, the substrate 7 is transferred by a transfer neans
(not shown) onto 20 a predeter m'_nedz(gos_ition on the hol ding surface
of the chuck plate 10 and sucked by a vacuum apparatus (not
shown) so as to be held stationary on the hol di ng surface of the
chuck plate 10. Then, the valve 28 is opened, and the punp 27
is 25 oper at edin vild dritsod Btant ddsir ided ABSvEY B UbdLDinG
supplied fromthe coating solution supply source 26 into the

sol uti on reser\wnlutliowisupphky asEns R Galaitaxanged below the

- 16 - supply tube 25. The coating solution is further

suppl i ed from tsosgrake oh and diheighurk ipliate hed raupperting the head 22
through the tubes 23 so as to be spurted from t he di scharge port
21 nounted at tHPEE¥ALR hozAKermtivelipadipis possible steparxargeozzl e
head 22 stays i one of the waiting positions and, thus, the

coating? tq‘%d?‘tﬂ’?jdiﬂ SHAYEPT (RRe Rfanh AQabre the| s
substrate 7 and the chuck plate 10.

FIG. 9 is a cross sectional view showing a coating
apparatus according to another embodiment of the
present invention. As apparent from the drawing, the

10 coating apparatus shown in FIG. 9 is substantially
equal in construction to the apparatus shown in FIG. 4,
except that the apparatus shown in FIG. 4 is turned
upside down to constitute the apparatus shown in
FIG. 9. If the nozzle head 22 is positioned above the

15 substrate 7 as shown in FIG. 9, the spring 29 shown in
FIG. 4 need not be arranged between the nozzle head 22
and the solution reservoir 24 because the nozzle head
22 is gravitationally pushed against the substrate 7.

Also, in the coating apparatus shown in FIG. 9,

20 the moving means 30 comprises a pair of support member
37 arranged at both end portions of the solution
reservoir 24 for supporting the reservoir 24 and a pair
of moving rollers 36 mounted to the lower ends of the
support member 37 for moving the support member 37 in

25 parallel to that surface of the chuck plate 10 which
supports the substrate 7. 1In the construction in which

the coating solution supply means 20 is positioned



* di scharged onto the roller 41. The coating sol ution continues to
be discharged onto the roller 41 until the 10 di scharge rate and
conposition of the coating solution spurted fromthe discharge
port 21 are stabilized. Aft stabilization of the discharge
rate and conposition of the coating solution, the notor 33

Is driven so as to cause the nozzle head 22, which 15 continues to
spurt the coating solution, to be noved fromone waiting position

to the other Weildwg the substRdsd 17 pnthe Mding shepnstBe shawheimead 22 is
gui ded fromthe waiting position to the operating position by

the guide rol |l ef162 Irocum sl twsédeimogdd et imadt@ 2t hadnmo?ing meansed3@ui de
rail 53 so as to start coating the coating region 8 of the
substrate 7. shown in FIGIf4the nozzle head 22 is noved to the operating
position, the guide roller 52 is put in a position apart fromthe
guide rail 53, and the amny|ef stlse emgodimenps rdescrnibedt abevids bhet he
nozzl e head 22 are brought into contact with the non-coat]
region o the coating %%%%%%%ﬁeSWPP¥me%©P%D%%n%ﬁtm%Ye@h@°ﬁb§9?€a%£gd 22
- However, it is also possible to move the substrate 7

and the chuck plate 10 within horizontal planes, with

the coating solution supply means 20 held stationary.

FIGS. 10 and 11 collectively show a coating film-

10 forming apparatus (coating apparatus) for semiconductor
processing according to still another embodiment of
the present invention. In this embodiment, a pair of
support member 60 for supporting the coating solution
supply means 20 are held stationary, with the chuck

15 plate 10 and the nozzle head 22 made movable in the
horizontal and vertical directions, respectively.

In the embodiment shown in FIGS. 10 and 11, the
paired support member 60 for supporting the coating
solution supply means 20 are arranged in parallel to

20 each other and held stationary. As seen from FIG. 11,
a plurality of rollers 61 arranged in series are
mounted to the lower portion of each of the support
member 60. The chuck plate 10 is pushed toward the
support member 60 such that the substrate-holding

25 surface of the chuck plate 10 is brought into contact

with the rollers 61, and is movable in a direction

parallel to the substrate 7.



“within the operating position, the rollers 50 are allowed to run
al ong the non-coating region of the substrate 7, with the result
that the non-coating region of the substrate 7 and the discharge
port 21 are 5 mai nt ai ned parallel 9 each other with a predetern ned
space provi ded therebetween. Since the nozzle head 22 I's noved in
parallel to the substrate 7 while spurting the coating solution, a
coating filmis fornmed in the coating region of the substrate 7 in

a width deternm ned The coatling agpardithisoshoke dins@FI@sye 100ENd2 11

When the discharge port 21 has passed through the coating region 8
to reach the naiscozbmpyiseg anweighitereducing mgainde compres ing ithebr ought
again into contact with the guide rail 53, with the result that
the nozzl e heagupportsmemberi $0poeewiaway lf streticheduioyveratas npwardlyhi s
step, the punp 27 is driven in the reverse direction to perm:t

the coating soswelddngo Pextioakéd pickhe: suppeyt: sexhsey 60 and haydngiing

t he coating solution ontqo the substrate 7., . Further, the
nozzl e Bead 22°0€ PPFedoigedhdooither sojytion rggerviednddint @dd  The
substrate 7 havi a coatin filmformed thereon in this, fashion

i s transferredab%%lance Wel%hﬁr§ﬁsP@Pgﬁ§§h§rPWoF%§h6WWFrfﬁﬁﬁlPEet@ﬁuck
plate 10 to . o8 S cc& din% ro ess.steQh i ght—red dn the
coating appar al'd€ofhe 1fy &0ENFASHy @kt M§ANg the weight-reducing

means of the particular construction, the pressure
applied from the rollers 50 to the substrate 7 can be
10 controlled, as desired, by changing the weight of the
balance weight 82, making it possible to suppress the
damage done to the substrate 7 by the pressure applied
from the rollers 50.
The coating apparatus shown in FIGS. 10 and 11
15 also comprises the switching means referred to
previously. Specifically, the guide rail 53 is moved
in a horizontal direction in accordance with movement
of the chuck plate 10 in a horizontal direction so as
to achieve switching of the nozzle head 22 between the
20 operating position and the waiting position. 1In this
embodiment, waiting portions 40 of the nozzle head 22
are fixed to the end portions in the moving direction
of the chuck plate 10 so as to permit the waiting
portions 40 to be moved in a horizontal direction in
25 accordance with movement of the chuck plate 10 in

a horizontal direction.

As described previously, the coating apparatus



" 25 ¢ t he mechani sms shown in FIGS. 7A to 7C can al so be used as
the novi ng neans 30. Specifically, in the nechani sm shown in FIG
7A, a single nmotor 30 is used in place of

- 18 - the two motors 33 showgqin FIG 3. As apparent from

drawi ng, the nmechani sm conprises a driving pulley 12 nmounted to
the rotating shaft of the notor 30, a driven pul l ey 11 nounted at
one end of each of the two 5 externally threaded rods 32, and a
timng belt 13shown in FIG®! QedirbtMeompadsesf o height -dredueringul | eys 11
and the driving pulley 12. The nmechani sm shown in
FIG 7B conpri semrishe However, edtt drsngdsys ibiliee acbe cbnridd 1313, wetigghtmevabl e
menber 34 10 nounted to the externally threaded rod 32, the notor

33 joined to omeduwing mdeng dy FAxingdihde posd ti®n of the sgluddigad in
parallel to the threaded rod 32, and a slidable nmenber 39 nounted
to the guide réT(?S@&'VOPma 24 relativg itqtthe smpRertamenbeyt bdabl e al ong t he
gui de rod 38. Al so, the anabIe menber, 34 and the slidabl e nenber
39 5 ar é’ufn%!@ﬂ onnEch@f dthe e 8l A doinadkasihe v

neans 20.
solution reservoir 24 in this embodiment for control-

ling appropriately the pressure applied from the
rollers 50 to the substrate 7. Alternatively, the
pressure control can be achieved by joining one end of

10 the wire 81 to a vertically movable member of the
coating solution supply means 20 such as the nozzle
head 22 while fixing the position of the solution
reservoir 24 relative to the support member 60.

The coating apparatus of the present invention

15 described above permits forming a coating film such as
a resist film of a uniform thickness, which does not
contain cells, in a short time on a substrate without
giving impact to the substrate. Also, the apparatus
permits selectively forming a coating film on the

20 coating region alone of the substrate. In other words,
since an undesired coating film is not formed in the
non-coating region of the substrate, it is unnecessary
to carry out a treatment for removing the coating film
formed in the non-coating region. Further, since a

25 coating film can be formed selectively in the coating
region alone of the substrate, it is possible to

decrease the amount of the coating solution required



The  nmechani sm shown in FIG 7C conprises the external ly threaded
rod 32, the novabl e nenber 34 20 nmounted to the rod 32, the notor 33
j oi ned to one end of the rod 32, a pair of guide rods 38 arranged
in parallel to the threaded rod,32, _and the slidable

menber 39 nounted to each of the guide rods 38. In this

enbodi nent, the novable nenber 34 is fixed to 25 the coating sol ution
supply nmeans 20. On the other hand, the two slidable nenbers 39

are fixed to tiere#d¥ming a des@irelheoB@ahignEigal.ution supply means 20.
In the coating apparatus of the present invention, the sw tching

means for sw tchi ng Inhanyoo#l e¢hkecefbddiments desbetibeednabbeeyaitheng
position and the operating position consists of only the guide
rail 53 and theogtiitg apparatusolisensdd. foal fermingvel yestisé swatdhigng
means may be constructed as shown in FIG 8. Specifically, a

not or fidm ongangh§dd subpsirateempdet pdn Sprt Bxagpleyi ghass.
reservoir 24. A driving pulley 57 is nounted to the . rotation shaft
of the Botor 5§pweyeghet5@héppﬁ§ﬁ&ys can also be used in a developing

apparatus. Further, the apparatus can be used for
forming a coating film of a process solution such as
a polyimide series coating solution (PIQ) or a glass-
containing coating solution (SOG).

10 The coating apparatus of the present invention
permits forming a coating film most efficiently when
used for forming a coating film on a rectangular
substiate such as an LCD substrate, as in the
embodiments shown in the accompanying drawings.

15 However, the apparatus can also be used for forming
a coating film on a circular substrate such as a
semiconductor wafer or a compact disc (CD). Further,
the apparatus can be used for forming a green film on
an electric board.

20 Throughout the description given above, the common
members of the coating apparatus are denoted by the
same reference numerals so as to omit the overlapping
description in respect of, for example, the operations
thereof.

25 The coating film-forming apparatus (coating
apparatus) of the present invention for semiconductor

processing can be used singly for forming, for example,



10 a driven pulley 55 is nounted to the shaft of the guide

roller 52 nmounted in a side portion of the nozzle - head 22.

Further, a belt 58 is stretched between these driving pulley 57
and driven pulley 55. It follows - 24hat, if the nmotor 56 is driven
when the nozzle head 22 15 stays in the switching portion 54, the
nozzl e head 22 is moved to the operating position or the waiting
position. Specifically, driving of the nmotor 56 causes _ the driving
pulley 57 to bea nésist. coatugof ilaNcen an LCD sihéfra®éaisomof the
driving pulley 57, the driven 20 pulley 55 is also rotated so as to
cause the gui deche embodimentsrslidivi ain whel avgompenging cltagingst i on 54 of
the guide rail 53. As a result, the nozzle head 22 s novgd to the
oper ati ng posi tfwrther { Hehewaapparptus can begasidoxporaved demtal tysiste
motor 56 is driven in 25 response to a signal generated from for
exanpl e, ' i elIping \S¥RfE e et gubsioratesswck as amskCRe

COaQ.

of the nozzle hegd 22. - 20 -
In the éhbomlnﬁﬁhﬁﬁﬁﬁﬁ?bed above, the.coating sol ution supply

means 20 is arrange%{ﬁﬂ(%%tfgaan oblique view showing a resist

coating-developing system having a coating apparatus of.
the present invention incorporated therein. As shown
in the drawing, the system comprises mainly a loader

10 section 90, a first processing section 91 for applying
a first treatment to the substrate transferred through
the loader section 90, and a second processing section
92 disposed adjacent to the first processing section
91 for applying a second treatment to the substrate.

15 Further, a relay section 93 is interposed between
the first and second processing sections 91 and 92.
The resist coating-developing system shown in FIG. 12
is combined with a light-exposure apparatus 95 for
exposing the resist film formed on the substrate to

20 light through a mask of a predetermined fine pattern.
It is seen that a transfer section 94 is interposed
between the second processing section 92 and the
developing apparatus 95 for transferring the substrate
therebetween.

25 The loader section 90 included in the resist
coating-developing system shown in FIG. 12 comprises

cassettes 96 each housing untreated substrates,



substrate 7 and the chuck plate 10 supporting the substrate 7.
Alternatively, it is possible to arrange 5 the coating sol ution
supply nmeans 20 above the substrate 7 and the chuck plate 10.
FIG 9 is a cross sectional view showi_ngyg coating appar at us
accordi ng to.anot her enbodi nent of the present invention. As
apparent fromthe draw ng, the 10 coating apparatus shown in FIG 9
is substantially equal in construction to the apparatus shown in
FIG 4, cassktept Yhakathehappahgt tEeakkted subsftrates,i s turned

upsi de down to constitute the apparatus shown in FIG 9. If the
nozzl e head 22ai sapseitteotatdleb®@Behbirdnglihe cassefttesatdsd ,798s shown in
FIG 9, the spring 29 shown in FIG 4 need not be arranged between
t he nozzl e headigposed thereand &hd sopatiropfr éxemsdier Pincersudd .t he
nozzl e head 22 s gravitationally pushed agai nst the substrate 7.
Al so, in the cBhei pdnggpsr Pusernewtoi fakpGungreargd substiyatesvong neans
30 conprises a pair of support nember 37 arranged at both end
portiond of thefskhg Fagsettes 36 fexotyapeisx pd theppetredtedne reservoir
24 and a pair of .moving raqllers 36 mounted to . the | Qquwer ends of
the S BPBSEEERpENtS, ther LiBe BT ORESSapdoRE el a7 i 25
paral l el to that r.face,of the ch c&Rpl te 1 i_.ch supports the
Ssubstrate 7. | 1#%&18 ﬁsF ﬁcPﬂBﬁ%F§ ig%rve %oWQS%e the treatéd

substrates out of the first processing section

for transfer of the treated substrates into the

10 cassettes 97.

The first processing section 91 comprises washing
devices including a brush-washing device 103, and a jet
water-washing device 104, an adhesion treating device
105 for applying a treatment to make the substrate

15 hydrophobic, a cooling device 106, a resist coating
device 107, a coating film-removing device 108, and
a main arm 100 acting as a substrate transfer means.
In this embodiment, the coating film-forming apparatus
of the present invention for the semiconductor

20 processing is used as the resist coating device 107.
As seen from the drawing, these members of the first
processing section 91 are arranged side by side on both
sides of a transfer path 102 along which the main arm
100 is moved. Also, the main arm 100 is used for the

25 transfer of the substrates between the adjacent member

devices of the system, between the member device and

the transfer pincers 99, and between the member device



the coating solution supply neans 20 is positioned

- 21 - above the substrate 7, the noving neans 30 shown in

FIG 9 can be used in addition to the noving nmeans 30 shown in FIG
4. In any of the enbodinents esgribed above, the 5

coating solution supply means 20 is noved ﬁorizontally. However, it
Is also possible to nove the substrate 7 and the chuck plate 10

wi thin horizontal planes, with t he coating solution supply neans 20
hel d stationary. and the relay set&®onl@3and 11 collectively show a coating
film 10 form ng apparatus (coating apparatus) for sem conductor
processi ng accordi ng Rotsansifexntabde ddlodsmakranfied on the uppepresent

i nvention. In this enbodinment, a pair of support nmenber 60 for
supporting the cearifagesoifuthenrelay sectsoppbp.neThe 80batzrahel treated
stationary, with the chuck 15 pl ate 10 and the nozzle head 22 nade
movabl e in the in the fhixsit; progessingysectian 8ir est iontsher sgpesdi vel y.

In the enbodi ment shown in FIGS. 10 and 11, the pai red su Rort
nenber 605for suppEEEESINGhEeCEionng2 are temP§6FiETt’-llb’nd§§BBF?dr@§ng 80 are

rran in r II el
arranged para ans%%r table 114.

The second processing section 92 includes
a heating device 109, a developing device 110 and
a main arm 115 acting és a substrate transfer means.
10 These member devices are arranged side by side on both
sides of a transfer path 116 along which the main arm
115 is moved, as in the first processing section %91.
Also, the main arm 115 is used for transfer of the
substrates between adjacent member devices, between the
15 member device and the relay section 93, and between the
member device and the transfer section 94.
The transfer section 94 includes transfer tables
113 and a pair of transfer pincers 112 for transfer of
the substrates between the transfer tables 113 and the
20 developing device 95. It should be noted that the
substrates treated in the second processing section 92
or in the developing device 95 are temporarily disposed
on the transfer tables 113.
The resist coating-developing system constructed
25 as described above is operated as follows. 1In the
first step, the untreated substrate is taken out of the

cassette 96 by the transfer pincers 99 and delivered



20 - each other and held stationary. As seen fromFI G 11, a

plurality of rollers 61 arranged in series are nounted to the

| ower portion of each of the support menber 60. The chuck plate 10
i s pushed toward the support nenbegr, 60 such that the
substrate-holding 25 surface of the gﬁucﬁ plate 10 is brought into
cont act with the rollers 61, and is novable in a direction
parallel to the substrate 7. - 22 -

The coating appapafelds tHeP WA i) a%n(ﬁ-ool.o e Lhbstrate #ee%%isaygqmr mags a

wei ght -reduci ng nmeans conprising the support er”60, a wre 81

stretched over aprPWRdli% transferr@elinitdd ther breRhbyaghinke devipeer t
menber 60 and havi ng 5 one end joined to the solution reservoir 24,

and a baloanddxaigh br@dnarghigg.r orheht ehkesubadraftet ie
wire 81. In the case of using the weight-reducing means of the
particul ar const fustther, trensfeasedr dnto the jeipmaited-fasminige deglicer s 50
to the substrate 7 can be 10 controlled, as desired, by changing the
wei ght of sthe 103 forhatashdmgwiidht aghighapiregsurepdedi Magere suppress
the After the washing treatment, the substrate is
transferred into the adhesion treating device 105
arranged adjacent to the jet water-washing device 103
for application of a treatment to make the substrate

10 hydrophobic and, then, cooled in the cooling device
106. Further, the hydrophobic substrate is transferred
into the resist coating device 107, i.e., the coating
apparatus of the present invention, for formation of
a resist film on the surface.

15 After formation of the resist film, an undesired
portion of the resist film in the peripheral portion
and side portion of the substrate is removed in the
coating film removing device 108. Then, the substrate
is transferred by the main arm 100 onto the transfer

20 table 114. The substrate is further transferred by
the main arm 115 from the substrate table 114 into
the heating device 109 for application of a baking
treatment to the resist film formed on the substrate.
After the baking treatment, the substrate is disposed

25 on the substrate table 113 by the main arm 115 and,

then, transferred into the light-exposing device 95

by the transfer pincers 112 for exposure to light in



danmage done to the substrate 7 by the pressure applied fromthe
roll ers 50. The coating apparatus shown in FIGS. 10 and 11

15 al so conprises the switching nmeans referred to previ ously.
Specifically, the guide rail 53 is noved 9 - in a horizontal direction
I n accordance wi th novenent of thg chuck plate 10 in a horizonta
direction so as to achieve switching of the nozzle head 22 between
the 20 operating position and the waiting position. In this

embodi ment, wai t jngreAkitePRIndd phtitBennozzl e head 22 are fixed to
the end portions in the noving direction of the chuck plate 10 so

as to permt the waitpfger exposurBOtbl 2Aght( thebeubritedtien id Refanzsont al
direction in 25 accordance with novenment of the chuck plate 10 in

a horizontal dir€efkrired. again by the piAgegtesqnibdadom ehieoldlght-exposdalg ng

appar at us - 23 - shown in

FIGS. 10 and 11 denprces®S aniwei §he- sebstrage table ll3sanSherdowdher, it is

possible to omt the weight- reduci ng means by fixing the position
of the sobution substrateré§e¢v@nsfs¢reé|byiwgetma@Weasmpﬁdﬁt1m¢@béh660.

developing device 110 for application of developing
treatments including development with a developing
solution and washing with a rinsing solution. After
the developing treatment, the substrate is transferred
10 by the main arm 115 onto the substrate table 114 and,
then, into the cassette 97 by the main arm 100 and the
transfer pincers 99.
In the resist coating-developing system described
above, the coating film-forming apparatus (coating
15 apparatus) of the present invention for semiconductor
processing is used as the resist coating device, as
already pointed out. It follows that the resist
coating-developing system shown in FIG. 12 permits
forming in a short time a resist film, which does not
20 contain cells, of a uniform thickness without giving
an impact to the substrate, making it possible to apply
a resist coating-developing treatment to the substrate
in a short time to achieve a high yield.
Also, as already pointed out, the coating
25 apparatus of the present invention permits selectively
forming a coating film in the coating region alone of

the substrate so as to avoid formation of an undesired



"5 - Further, one
reservoir 24 in thi
the pressure applie
Al ternatively, the
end of 10 t he
coating solution su
fixing the position

end of the wwre 81 is joined to the sol ution
s enbodi nent for control - | ing appropriately
d fromthe rollers 50 to the substrate 7.

pressure caontr can be achi eved by joining one

wire 81 to a vertically novabl e nenber of the
pply nmeans 20 such as the nozzle head 22 while
of the solution reservoir 24 relative to the

support nmenber @®ating film in thEN@GIRAJAAMPRVYRAE of dhe present

i nvention 15

descri bed above permts formng a coating filmsuch as

a resist film ofsubstrdter.m tIiy doldtes Whath idoes ninecessary toonissE n

cells, in a short t
substrate. Al sotheh
coating filmon the
ot her words, the
non-coati ng region

out a tréatnent &Sor
non- coat i ng reglon

sel ectively in
possible to

ime on a substrate w thout giving inpact to the

eaiparatfiidm-removingeteniice ddlfcin vdley dameniwhere

20 coating region alone of the substrate. In
coadiimee appanatas ofd Weatpnepdnt rinvemnsion dgismasdgd t he
of the substrate, it is unnecessary to carry
themAsIfE Ceatdag ideyigs mo7. Furth%wmnq% tthe

Furt m csalnn e 25 coa,tl r}ghgll_rlgm ca[}é{)ag_‘lfqoqr rngl

region X roenaeseoft Thd TRy stroaftet ST RLEN: So'f’t*ér?e“ ety ed

solution used can be decreased in the case of using the

coating apparatus of the present invention.

10

In the embodiment shown in FIG. 12, the coating

apparatus of the present invention is used as the

resist coating device included in the resist coating-

developing system. Alternatively, the coating

apparatus of the present invention can be used as

15 the

developing device included in the resist coating-

developing system shown in FIG. 12. 1In this case,

the

development can be achieved uniformly because

a developing solution can be coated uniformly, making

it possible to apply a resist coating-developing

20 treatment to the substrate in a short time with a high

yield.

Further, since the coating apparatus of the

present invention permits forming a coating film

selectively in the coating region alone of the

25 substrate, the amount of the developing solution used

can

be decreased in the case of using the coating

apparatus of the present invention as the developing



- 24 - for formng a desired coating film I n any
of the enbodi nents descri bed above, the coating apparatus is used
for form ng a resist coating filmon an LCD substrate nmade of, for
exanpl e, gl ass. 5 However, the appgy atus can also be used in a

devel opi ng apparatus. Further, the apparatus can be used for
formng a coating filmof a process solution such as a polyimde
series coating solution (PIQ or a gl ass- cont ai ni ng coating

sol ution (SOG .devdikre included The tloatsysrempEiadinsinfiFIde 3@ esent

i nvention permts formng a coating filmnost efficiently when
used for form ng a chddingohal mdmrtagst samglinodifications sty ate such as
an LCD substrate, as in the enbodi ments shown in the acconpanyi ng
drawi ngs. 15 readikyeoeeurtte tpee alisllet @l dheanksed Therdiayesng

a coating filmon a circular substrate such as a . sem conduct or
waf er or a conpek® Hpeentipy it dyroader aspeqife Hmptatbidniddd 4 used

for formng a gre ap electric board. .20

en filmon ] s
Thr oughoBit t he REFPPEHHIC At DAY TSRFSFIATLIVe embodipeffi s of the

coating appar ats%ov% ealqgngéggr%eé r’i'(:"erein. Accordingly, various

modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



sane reference nunerals so as to onit the overl apping " description

in respect of, for exanple, the operations THi KRS REs BeerdRplaced

The coating filmform ng apparatus (coating p t he
present invention for sem conductor processi ﬂ“ﬂ‘m qiﬂ)mmb singly
for formng, for exanple, - 32 - 5 -

a resist coating filmon an LCD substrate as in t he enbodi nents
shown in the acconpanyi ng draw ngs. Further, the apparatus can be
i ncorporated in a resi st coatiqg-developing system of a substrate
such as an LCD 5 substrat e. CLAIMS FIG 12 is an oblique view
showi ng a resi st coati ng-devel oppLng system havin . £oating
appar at us of l'thénp?ggéﬁgtPﬁvgﬂ¥itﬁﬁ#h%%r%o?%?gﬂn hg}gmréoﬁs shown
in the draw ng, _the system conprises.nmminly a |oader 10 section 90, a
first processinﬁegéEPﬁgﬂcgkrfg?°ﬁﬁﬁf§?ﬁg COMPrisingicirst treatment to the

substrate transferreﬂo&gg_ﬂaggﬁalals f°re%5g§}£§ageé?§§?%%9€f90’ and a second

processi ng section spos atent rst processing
section g coating solution supply means arranged to face

one main surface of the substrate held by said holding
means and provided with a discharge port for supplying
a coating solution onto said one main surface of the
substrate, said coating solution forming a band-like

10 stream having a width smaller than that of the
substrate;

moving means for moving said coating solution
supply means in parallel and relative to the substrate
held by the holding means to form a coating region and

15 a non-coating region on the one main surface of the
substrate; and

clearance retaining means for maintaining constant
the distance between the discharge port of the coating
solution supply means and the one main surface of the

20 substrate.

2. The apparatus according to claim 1, wherein
said discharge port of the coating solution supply
means is positioned below the substrate held by said
holding means.

25 3. The apparatus according to claim 1, wherein
said discharge port of the coating solution supply

means is positioned above the substrate held by said

WA A T A S ST A P
* C L M s *

REPLACED




91 for applying a second treatnent to the substrate. 15 Further, a

relay section 93 is interposed between the first and second
processi ng sections 91 and 92. The resist coating-devel oping
system shown in FIG 12 is combined with a |ight-exposure
apparatus 95 for exposing the r8Sist filmforned on the substrate
to 20 | i ght through a mask of a predeterm ned fine pattern

It is seen that a transfer section 94 is interposed bet ween t he
second processing section 92 and the devel opi ng apparatus 95 for
transferring t q§ﬂ6§iﬂ@ﬂ@95' t her ebet ween.

5 The | oader
section 90 included,in e res coati.n e

2
' - devel api h
in FIG 12 conprised" e app'g%tgxg.&st B5CHE A, t}?gl?ia\r/ﬁ“ 37%{ Sg”ﬁ%égltnem Shen

substrates, . . . - -
cassettes 97 eascahldhgt?sﬁtr%gngt rsgéltugd‘oélugélrplp%?es'ﬂeans carg%eamggs?gette tabl e 98

having the caseilieemi®11y by said mollinoggddder eon. and a pair of
transfer pincers 99. The pincers 99 serve to take untreated

substrates out 5 5, ahd RPppaFatelt @ecdifly HARSLm of, Wil eat ed
substrates into the first processing section 91.
said holding means can be moved horizontally by said
moving means.
6. The apparatus according to claim 1, wherein
said clearance retaining means permits the discharge
10 port of the coating solution supply means to be moved
in a direction perpendicular to one main surface of the
substrate held by the holding means.
7. The apparatus according to claim 1, wherein
said clearance retaining means comprises a pair of
15 rollers arranged at both ends of the discharge port of
the coating solution supply means to run along the non-
coating region on one main surface of the substrate.
8. The apparatus according to claim 1, wherein
said coating solution supply means comprises a solution
20 reservoir housing a coating solution, a nozzle head
movable in a vertical direction and including said
discharge port, and defo;mable tubes for supplying the
coating solution from the solution reservoir into the
nozzle head.
25 9. The apparatus according to claim 1, wherein
said holding means consists of a chuck plate.

10. The apparatus according to claim 8, further

e



Li kew se, the pincers 99 serve to take the treated substrat es out

of the first processing section for transfer of the treated
substrates into the 10 cassettes 97. The first
processi ng section 91 conprises washing devi ces including a
brush-washi ng device 103, and a jet - 34 -water-washing device 104, an
adhesion treating device 105 for applying a treatnent to nmake the
substrate 15 hydr ophobi c, a cooling device 106, a resist coating

device 107, a coating filmremving device 108, and , ] in arm 100
acting as a sul‘f:ﬂ“fpé"c’%%"r?aﬁéﬁlé:rc fieans which pexmits é’fﬁ)‘éhiq%eﬁr%%}art‘—’r‘?e
coating filmfaorm,nng apparatus . of .th resent, i nvention for the
sem cogduct or Bt o %?eoc?é’sssli n[eéi l?s]é)(feastot %éper essqe%ﬁt]%%ﬁ i"ﬂberhef&nece 107.
As seen fromt 1.n0, gﬁgﬁ . J . r i ng
section 91 arer%%lﬁa\g ﬁéd%egi% | eq{)lzml%% h’ﬁetﬁlr{ S'Ehe?sicc?eastlol}é)a %i ansf er

path 102 al ong gfitgfe idihdBidteAHB1d by thel Hb IS AP YRAnN a1 4 main arm

1OQ is used for the 25 _transfer of the substTates between the _
adj acentg rrerrberpermj_ts théiQi/ﬂsQﬁﬁaz@‘e tﬂiﬁrtsbtﬁ %aybeﬂﬂ\’%ﬁﬂvéiflﬁir{@”ber devi ce

and the transfer pincers 99, and betweeén the nenber ‘device
position away from the substrate when the discharge
port is positioned outside said coating region.
11. The apparatus according to claim 10, wherein
said switching means comprises a guide rail which is
10 stationary relative to the substrate held by the
holding means and a guide roller which is stationary
relative to the discharge port, said guide rail being
shaped such that, when the discharge port is positioned
within the coating region of the substrate, the guide
15 rail is positioned away from the guide roller and, when
the discharge port is positioned outside the coating
region, the guide rail is brought into contact with the
guide roller.
12. The apparatus according to claim 11, further
20 comprising a motor mounted in said solution reservoir,
a driving pulley mounted to the rotating shaft of said
motor, a driven pulley mounted to the shaft of the
guide roller, a belt stretched between said driving
pulley and said driven pulley, a sensor for detecting
25 the presence of said coating solution supply means in a
predetermined position, and a controller for performing

the on/off control of the motor and for controlling the

s



- 27 - and the relay section 93. A transfer

table 114 is arranged on the upper surface of the relay section
93. The substrate treated in the first processing section 91 or in
t he second 5 processi ng section 92 are tenporarily disposed on the
transfer table 114. The secdnd —processi ng section 92 includes
a heating device 109, a devel opi ng device 110 and a main arm 115
acting as a substrate transfer nmeans. 10 These nenber devices are
arranged side by side op, both sides of a transfer path 116 al ong
whi ch the nainé%+ﬁlng dlrecﬁﬂﬁpl%fHHV%Jw§£¥|¥?t4ﬁ§994§ﬂ Fe &SGR
section 91. a%sgﬁ |n arm 115 is used for transfer of the
substrat es bet v%léﬁplajtﬁ (t’ %‘Eﬁﬁrces bet ween the 15 menber
device and the rel se n,.93 ar d vi ce and
the transfer sectl?):yn3 94%1“:9 appar c{}r °erC15aelc |orf 3&‘ | nc%udes

transter tablesggig wahtlﬂ%gé@é‘ficforpan{cﬁdéé aJ'%;aPlrt ﬂﬁﬁﬂ&bﬁ

transfer of trates between the tran f%% and t he
20 gevel 0%&%%%% Belvdit StWUrb ke it d f}ﬁirﬁ ¥ the nozzle

substrates treat e second processing section or in the
devel opi ng devigead®s are tenporarily disposed on the transfer
tabl es 113.

14. The apparatus according to claim 10, wherein
said waiting portion comprises a container housing a
solvent of said coating solution and a roller rotatably

10 mounted in said container for supplying a solvent to
the nozzle head when the discharge port is positioned
in said waiting position.

15. The apparatus according to claim 1, further
comprising discharge control means for controlling the

15. discharge of the coating solution from the discharge
port of said coating solution supply means.

16. The apparatus according to claim 15, wherein
said discharge control means comprises a coating
solution supply source housing a coating solution which

20 ~ is to be supplied to said coating solution supply
meéns, a supply tube having one end connected to said
coating solution supply source and the other end
connected to said solution reservoir, a valve mounted
to said supply tube, and a pump mounted to the supply

25 tube and positioned between said valve and the solution

reservoir.

17. The apparatus according to claim 16, fﬁrther

* c L M S *



The resi st coating-devel opi ng system constructed 25 as descri bed

above is operated as follows. In the first step, the untreated

substrate is taken out of the cassette 96 by the transfer pincers
28 -

99 and del i . -
onto the ma;ml wﬂ]!ﬂ‘uuﬂl&'l lubst rate hel déby the nmain arm 100 is
transferred =Nt o ~Washi ng device 103 for the

brush-washi ng. Then, the substrate is further transferred into the
j.et water-washing device 5 103 for washing with a high pressure jet
wat er . COmprisgRgra t%‘%ﬁ%ﬁlﬂi% fore Rerdarning theon/atd | s
transferred into the adhesion treating device 105 |, arr.anged

adj acent to th§?ré1ir%t%$-§/%’sq1imﬂ“ﬁje\ﬂ ascpyslance with gthe &‘Sﬁ‘lﬁté‘g’t'ﬁ on of a

treatment to make,the substrate . 10 hydy.ophobi c and,, then, cooled in
the cool i ng deviit Moving élﬁ%l%ﬁ%éﬁgt #ﬁ%%’dﬁtc’ substrate is
transferred I nt | Qg#g | C . €y coati ng
appar atus of the pr]éas'entlﬂ}%l\r;%éale%{n&%o%r (#%La(ae\(‘)er? %ljacgﬂ o %heé:te:lglsi st film

Szdégfrgﬁrface-saﬁésmoving mearf¥ (Smfr N8 0] AfedMalNSs ittrddddd rJa
which is stationary relative to the substrate held by
said holding means and parallel to the other main
surface of the substrate, and a movable member mounted
to said threaded rod and movable in accordance with

10 rotation of the threaded rod, said coating solution
supply means being joined to said movable member.

19. The apparatus according to claim 4, wherein
said moving means comprises a support member for
supporting said coating solution supply means, and

15 a roller mounted to said support member to enable the
support member to be moved horizontally.

20. The apparatus according to claim 5, wherein
said moving means comprises a support member, which is
fixed stationary, for supporting said coating solution

20 supply means, and a roller mounted to said support
member to enable said holding means to be moved
horizontally.

21. The apparatus according to claim 3, further
comprising weight reducing means for reducing the

25 pressure applied from said coating solution supply

means to the substrate held by said holding means.

22. The apparatus according to claim 21, wherein



" portion of the resist filmin the peripheral portion and_'sim(_jlé"

portion of the substrate is renoved in the cBustSheptyHisiBeen Replaeadi ng
devi ce 108. Then, the substrate i s transf erreE!ﬂiTIM“lmmpr m 100
onto the transfer 20 table 114. The substrate i ferred
by the main arm 115 fromthe subd7rate table Into t he
heating device 109 for application of a baking treatnent to the
resist filmfornmed on the substrate. After the baking treatnent,

the substrate is di 580568 25 . on the substrate table 113 bx the main
arm 115 and, Sa}d etghh reduring pegns ntFPRESEFgfit YeXBoSPig el Ce 95
P o 11ANST CTeRuERRAac e PO EAPATHOST R bOMkeLBn supply peansycti e 10
light, the b i - r j t Lage 12
LN he SubsheShRebublghE connecred {8/ LAY BPRLE kol B BPECHEcA12

Then, the 5 ang 8UBSHPEEE hembEANSHELE CFhPY¥nt 881 8B Ara" BkténdsNEQrt he
devel opi ng device 110 for application of devel opi ng treatments

i ncl udi ng devel gpppottPh§hsaideyea©Ph§idsolution sEPplyi ABaasBd washing with
a rinsing solution. After _
23. An apparatus for forming coating film for
semiconductor processing, substantially as hereinbefore
described with reference to FIGS. 3 to 12 of the

accompanying drawings.

Iy




the devel oping treatnment, the substrate is transferred 10 by the main
arm 115 onto the substrate table 114 and, then, into the cassette
97 by the main arm 100 and t he transfer pincers 99.

In the resist coating-devel opi ng system described above, the
coating filmformng apparatus (coating -1388 - apparatus) of the present
I nvention for sem conduct or processing is used as the resist
coating device, as al ready pointed out. It follows that the resist
coat i ng-devel opi ng systemshown in FIG 12 pernmits formng in a

short time a resist film whi crARRERAGRHIOF XHE DISCENSURE cEHIG. I a

uni form thi ckness w thout giving an inpact to the substrate,

maki ng it possible to appk IS ' ' t r eat nent
to the substrate §%§§§$§E§d§g§rgkgqﬁggﬁggﬁﬁﬂggﬁ#gﬁ93¥§?d.

Al so, as already pointed out, the coating apparatus of the present
I nvention permts selegtjy . or.m.n G lng: filmj

coating region al one gI?léCfJ)yed ] sat};o%%lﬁgaft%’ ?oojggéé%gla%i%n#éo’hrén%fq on of

an undesi red film for semiconductor processing, cotfbfising holding

means for holding a substrate, coating solution supply
means arranged to face one main surface of the
substrate held by said holding means and provided with
a discharge port for supplying a coating solution onto
10 said one main surface of the substrate, said coating
solution forming a band-like stream having a width
smaller than that of the substrate, moving means for
moving said coating solution supply means in parallel
and relative to the substrate held by the holding means
15 to form a coating region and a non-coating region on
the one main surface of the substrate, and clearance
retaining means for maintaining constant the distance
between the discharge port of the coating solution

supply means and the one main surface of the substrate.



-coating filmin the non-coating region of the substrate. It

follows that it is unnecessary to use the coating fil mrenoving
device 108 in the case where t he coating apparatus of the present
i nvention is used 5 as the resist coating device 107. Further, since
a coating filmcan be formed selectively in the coating

regi on al one of the substrate, the anpunt of the resist sol ution
used can be decreased in the case of usi&27the coat i ng appar at us
of the present invention. 10 t he enmbodi nrent shown in FIG 12,
t he coating apparatus of the present invention is used as the
resi st coating device included in the resist coating- devel opi ng
system Alternatively, the coating apparatus of the esent

i nvention can be used as 15 t he devel opi ng devij ; in the
resi st coating- devel opi ng system shown in| é this case,
t he devel opnment can be achi eved unifprn e zzzzmF7ia vel opi ng
solution can be coated uniformy, nmaki nfyf———aggt—=possifile to apply a
resi st coating-devel oping 20 tr eaypEME—* 0 —SHbST 2in a short
time with a high yi el d. 3 , Sijpgde the coating
apparatus of the L prjs t invent permis formgjla ?oating film
selectively in the Codaling reglon al one stfate, the

anount of the devel opi ng sol ution used
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- €an be decreased in the case of using the coating

present invention as the devel oping

device included in the systemshowm in FIG 12.

apparatus of the

Addi ti onal advant ages

and nodifications will readily occur to those skilled in the art.
Therefore, the invention in its broader aspects is not limted to the

specific details and representative enbodi nents

shown and descri bed

herein. Accordingly, various nodificagypns my be made wi t hout departing
fromthe spirit or scope of the general inventive concept as defined by

t he appended clains and their equival ents.

- 32- CLAI M5

for formng a coating filmfor
conpri si ng:

3 54 32

1. An apparatus

senm cpnduct or pr ocessing,
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- ~hokdi ng nmeans for holding a substrate;
means arranged to face one nai

sai d hol di ng
suppl yi ng

means and provide
a coating solution o

5 coating solution supply
n surface of the substrate held by

d with a discharge port for

nto said one main surface of the

substrate, said coating solution formng a band-like 10 stream havi ng

a width small er

than that of the

substrat e; novi ng

means for noving said coating solution3/7 supply means in parall el

and relative to

t he substrate

coating region and 15 a non-coati
t he substrate; and

to sandwi ch the

di scharge port for

bet ween the di scharge por{ of the coati
and the one main surface gf the 20
appar atus according to cléin11, wher ei n

coating solution supp

hel d by said

according to claima1,

sol ution supply
sai d

hel d by the hol ding nmeans to forma
ng region on the one main surface of
cl earance retaining neans arranged
mai nt ai ni ng constant the distance
ng sol ution supply neans
substrate. 7 2. The
sai d_di scharge-port of the

neans

i s positioned bel ow{t he substrate

[di ng neansi 2

Herein il
nmeans is p rit

.i-_
\hi
'-1

5 3. The jappar at us
sai d di scharge pont jof the coating
i oned above the sybdqtrate held by

AN AN NNV




- % 33 - hol di ng nmeans. 4. The apparatus according to
claim1, wherein sai d coating solution supply neans can be noved
hori-zontal ly by said noving neans. 5 5. The apparatus accordi ng
to claim1, wherein sai d hol di ng neans can be noved horizontal ly
by said novi ng neans. 6. The apparatus according to
claim1, wherein sai d cl earance retaining neans permts the
di scharge 10 port of the coating 8 ution supply neans to be noved
in a direction perpendicular to one nmain surface of the Ssubstrate
hel d by the hol di ng neans. 7. The apparatus according to
claim1, wherein sai d cl earance retaining nmeans conprises a pair
of 15 rollers arranged gf both en of the dischargggport of
t he coating solution supply n
region on one main surface dAthe sibsirhte. 32._ & {{he apparat us
according to claim1, wherein | safd coating soluliop supply nmeans
conprises a solution 20 reservoil hq)usé"{lg a coating sgléjti on, a
nozzl e head ~ :

coating
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wowable in a vertical direction and including said di scharge port,
and deformabl e tubes for supplying the coating solution fromthe
solution reservoir into the nozzl e head. 25 9. The
apparatus according to claim1, wherein sai d hol di ng nmeans

consists of a chuck plate.

10. The apparatus according to

claim8, further - 34 -

~conprising switching means which perm 6g7sai d di scharge port to be
positioned close to the substrate when the di scharge port is
positioned within the coating region of the substrate held by the

hol di ng means and al so

wai ting
port is positi&hg

permts the discharge port to stay in a

t be ,substyate when the discharge

_ . 11. The

{0 said switching neans
onary relative to the
. geapssand a guide roller which is
ehagge port, said guide rail being

43

42

367

FI1G 9



~shaped such that, when the discharge port is positioned wi thin the
coating region of the substrate, the guide 15 rail is positioned away
fromthe guide roller and, when t he di scharge port is positioned
outside the coating region, the guide rail is brought into contact
with the guide roller. 12. The apparatus according to
claim1l, further 20 conprising a notor nounted in said solution
reservoir, a driving pulley megpnted to the rotating shaft of said
notor, a driven pulley nounted to the shaft of the guide roller, a
belt stretched between said driving pul l ey and said driven pulley,
a sensor for detecting 25 the presence of said coating solution supply
nmeans in a predeterm ned position, and a controller for perform ng
the on/off control of the nmotor and for controlling the

- 35 - driving direction of the notor in response to a signa

supplied fr %00 sor. 13. The a ratus a rding to
claim 10, éﬁg}ei o 24.3aiQ3waitiﬂ%:p35|tlon P%?Iudeq aqult?ﬁb portion
for
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5 ~supplying a solvent to the discharge port of the nozzle

-~ head. 14. The apparatus according to claim 10, wherein
said waiting portion conprises a container housing a sol vent of
said coating solution and a roller rotatably 10 nounted in said
contai ner for supplying a solvent to t he nozzl e head when the
di scharge port is positioned in said waiting position.
15. The apparatus according to claim7y7 further conpri si ng
di scharge control nmeans for controlling the 15 di scharge of the
coating solution fromthe discharge port- of said coating solution
supply neans. 16. The apparatus according to claim15, wherein
sai d di scharge control neans conprises a coating sol ution supply
source housing a coating solution which 20 is to be supplied to said
coating solution supply ‘means, a supply tube having one end
connected to said coating solution supply source and the other end
connected to said solution reservoir, a valve nounted to said
supply tube, and a punp nounted to the supply 25 t ube and positioned
bet ween said val ve and the sol ution reserfoir. 17.
The apparatus according to claim 16, further ng s

F16G 12



punp i n“accordance with the position and noving d

di scharge port. 18. The apparatus according to -
wherein 5 sai d noving neans conpricses an external |y thieddedFERdiil
which is stationary relative to the substrate held by sai d hol di ng
means and parallel to the other main surface of the suUBSTTate, and
a novabl e menber nounted to said threaded rod and npvable in

?Qoﬁprﬁsing'a controller for performng the on/off :8' L Qf
IR
c
h

accordance with 10accordifigattiooBnef embpdientded tee praiséntoating
sol ution supply means being joined to said novabl e nenber.

19. The appar atiusentiondi theire dkaipiot.ideddensl Apparatus foal doimdiingg areans
conprises a support menber for supporting said coating solution
supply nmeans, eapdtibh§ film omwolskeevconducedrt proaied simgpocomperisdngt:o
enabl e t he support nenber to be noved horizontally.

20. The apparatus abedddinggmeens| fom Bolghiageian substrate;sai d novi ng neans
conprises a support nenber, which is fixed stationary, for
supporti ng sai d coafPAFLi8g §Cilekiong suUPPlYsHesnF REx3fgesnyos fase ene

nmounted to said support nmenber to enabl e . said holding neans to be
moved mainpgurface of the sE%strate held by the holdf%g means

and provided with a discharge port for supplying a
coating solution onto the one main surface of the
substrate, the coating solution forming a band-like
10 stream having a width smaller than that of the
substrate;
moving means for moving the coating solution
supply means in parallel and relative to the substrate
held by the holding means to form a coating region and
15 - a non-coating region on the one main surface of the

substrate; and

clearance retaining means arranged to sandwich the discharge port for
maintaining constant the distance between the discharge port of the coating

solution supply means and the one.main surface of the
20 substrate.

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

25 advantages of the invention may be realized and
obtained by means of the instrumentalities and

combinations particularly pointed out in the appended



“horizontally. 21. The apparatus accordi ng to-claim.-3,.fucther
conpri sing wei ght reducing neans for reducing the 25 Rgpmggj%femm ed
fromsaid coating solution supply means to theg substrate

sai d hol di ng neans. 22. The apparatus accaor orn{g g,..g,l aﬁ;@ 1,
wher ei n - 32 -- 37 - 'sard fetght
reduci ng neans conprises a wire having one end conhected. to said
coating solution supply neans, a bal ance wei ght jconnected to the
ot her end of said wre, and a support nenber about—which~satd—ni—+e
extends for 5 ‘supporting said codilAKMSol uti on supply neans.

23. The apparatus according to claim1, wherein said cl earance

retai ning means is Jar a‘?fge?PRquad:q%nfg?If AN a gRatddng dillg o d

di scharge port The a parat us according to claim1l1, wherein
sai d cl eaﬁeé‘h‘éipr}%’c%ﬁ‘?ﬁ @Qﬁg" ‘"t:’d'f%‘t ant the distance

i 0 one mai n sur{ A BEY h@é’%tﬁéif%‘*it 4}%5"' SR said one main

surfaC% of the Stﬂﬁgééﬁfhg solution supply means arranged to face

one main surface of the substrate held by said holding
means and provided with a discharge port for supplying

a coating solution onto said one main surface of the

e substrate, said coating solution forming a band-like
10 stream having a width smaller than that of the
substrate;

moving means for moving said coating solution
supply means in parallel and relative to the substrate
held by the holding means to form a coating region and
15 a non-coating region on the one main surface of the
substrate; and

clearance retaining means arranged to sandwich the discharge port for
maintaining constant the distance between the discharge port of the coating

- solution supply means and the one main surface of the
20 substrate.

2. The apparatus according to claim 1, wherein
said discharge port of the coating solution supply
means is positioned below the substrate held by said
holding means.

25 3. The apparatus according to claim 1, wherein
said discharge port of the coating solution supply

means is positioned above the substrate held by said

N
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said weight reducing means comprises a wire having one
end connected to said coating solution supply means, a
balance weight connected to the other end of said wire,
and a support member about which said wire extends for
supporting said coating solution supply means.

23. The apparatus according to claim 1, wherein said
clearance retaining means is arranged in a longitudinal
direction of said discharge port.

24. The apparatus according to claim 1, wherein said
clearance retaining means maintains constant the distance
between said discharge port of the coating solution supply
means and said one main surface of the substrate by

contacting said one main surface of the substrate.
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