TETCE OF THE | NVENTI ON METHOD AND APPARATUS FOR PROCESSI NG SUBSTR?FEOZQ7 -0
BACKGROUND OF THE | NVENTI ON The present invention relates to a neth 5355
apparatus for processing a substrate such as a sem - conductor. waf er' 'or” a
substrate of a liquid crystal display (LCD) device, particularly, to a

met hod and apparatus for processing a substrate, which includes an adhesion
treatment for bringing a substrate surface }0 - I nto contact- with a gas

for nodifying the substrate surface. Enployed in a photolithography process

IS a resist processing systemin which sem conductor wafers are

successively coated with a resist_solution, followed by 15 .. devel oping

the resist coating. Such a.resié?l?ﬁﬁnfggérﬂ I's disclosed in, for
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path, and a wafer is tra”SferrﬁﬂgﬁeRPUprégagggiSNeﬁﬁbgﬁ hani sm al ong t he
0 e c

hori zontal transfer path into €a SSINg its. In the resist

processi ng system of f%ﬁféﬁ%ééﬁ@tfﬁvéﬁﬁﬂ?ﬂefefQ%EE'Q@W@%ﬁﬁ%%ﬁ&ea§35te”‘is

expanded in a horizont ectron wt ncrease 1 n the nunber o
processi ng apparatus for processing a substrate such as a semi-

conductor wafer or a substrate of a liquid cryétal
display (LCD) device, pérticulaily, to a method and
apparatus fof procéssing a substrate, which includes
~an adhesion treatment for‘bringihg a substrate surface
10  into contact with a gas for modifying the substrate
surface. . |
Employed in a photolithbgraphy process is a resist
processing system in which semiconductor wafers are
succéssively coated with a resist solution, followed by
15 developing the resist coating. Such a resist process-
ing system is disclosed in, for example, U.S. Patent
Application No. 08/667,712. 1It is disclosed that many
processing units are arranged on both sides of a hori-
zontal transfer path, and a wafer is transferred
- 20 by a main arm mechanism along the horizontal transfer
path into each of these processing units. In the
resist processing system'éf the horizontal transfer
type, however, the system is expanded in a horizontal
direction with increase in the number of processing
25 units arranged along the horizontal transfer path,
leadiﬁg to an increased total floor area. Naturally,

the resist processing system occupies a large floor



25 * units arranged along the horizontal transfer path, |leading to an

I ncreased total floor area. Naturally, the resist processing system
occupies a large floor -2- area within a clean room leading to a high
manuf ac- turing cost and operating cost of the clean room Particularlvy,
since a down flow of a clean air is enployedéin the system as a neasure

agai nst particles, 5 the initial cost and® mai nt enance cost -of the air
conditioner, filter, etc. are increased if the clean- liness within the
systemis to be inproved. Another resist processing systemis disclosed in,

D Scl osur e (Kokal FZR. WAEBER 13 CLARR SodMacilaedanankP. falk-obh SEORART uni (s
are arranged on both_ sides of a_ vertical transfer path, and a wafer is
transferred by a ﬁHFﬁFHrﬁ?ﬁﬁcﬂ&ﬁiQHFﬁPGﬁ&gtﬁ855ePFigb? Fi&ﬁ§f§?°ﬂ&th into
Vertical transtor PESBACRMFELY A ROCReAnPE A tAeN; Off RoCTRETT Ao Fea of
the system occupl Sﬂpiﬂyédckﬁaghéog%tgﬁkhgg a' heBO83EPhGaliAstOWirticles,
| 5 the initial cost and maintenance cost of the air
conditioner, filter, etc. are increased if the clean-
.liness within the system is to be improved.
Another resist proéessing system is disclosed in,
- for example, U.S. Patent No. 5,664,254 and_dapahese
10 Patent Disclosure (Kokai) No. 4-85812. It is disclosed
that many processing unité are arranged on both sides
of a vertical transfer path, and a wafer is transferred
by a main arm mechanism along the vertical transfer
path into each of these processing units. The resist
15 processing system of the.vertical transfer type cer-
tainly pepmits diminishing_the floor area of the system
occupied in a Elean room, making it possible to lower
the manufacturing cost and operating cost of the clean
room. 'Also, since the main érm mechanism can obtain
20 access to the processing units promptly and can trans-
fer the wafer at a higher speed, the through-put is
increased. In the resist processing system of the |
vertical transfer type, however, a plurality of proc-
essing units are stacked one upon the other. 1In
25 addition, a heating unit, a cooling-unit, a transfer

unit, an adhesion unit, etc. included in the system

are of open type. It follows that these processing



the manuf acturing cost and operating cost of the clean room Also, since
the main arm nmechani sm can obtain 20 access to the processing units
pronptly and can trans- fer the wafer at a higher speed, the through-put is
i ncreased. In the resist processing systemof the vertical transfer type,
however, a plurality. of proc- essing units gre stacked one upon the other.

In 25 addition, a heating unit, a coolirg Unit, a transfer-unit, an
adhesion unit, etc. included in the systemare of open type. It follows
that these processing -3- units nutually affect each other, resulting in

failure for each processing unit_to performits function appropriately.
Particul arly, iNEhE @&&Q%i1Xnﬂﬁéfqgnﬁﬁﬁﬂnﬂ¢ﬁﬁﬁisF?%&%hbngkmEBfagégrgs in

P ocessi ng uni t TPENGRCHy BEREE S HUP b, o dih 1R 65 sEuBGE{Bnadver sely
ot ocessi ng. a s EpeaRrig ey uait e i fen it Vit 400 SR b8 B Ranber .
fol I oved a hexamethyldisilazane (HMDS) gas as in an adhesion
5 processing, the HMDS'gas leaking from the adhesion
processing unit tends to enter another processiﬁg
uniﬁ so as tb édversely Affectlthe processing in séid
processing unit.
In the conventional adhesion processing, a silicon
10 wafer is introduced into a process chamber, followed
by exhausting the process chamber and subsequently
introducing an HMDS gas into the process chamber so
as to bring thé'HMDS gas component into contact with
the silicon wgfer surface for modifying the wafer
15 surface. After completion of the processing, the HMDS
gas is forcedly dischargéd from within the process
chamber so as to prevent the HMDS gas.from leaking to
the outside of the process chamber. At the same time,
a purging gas such as a nitrogen gas is introduced
20 into the process chamber so as to purge the supply
piping and process chamber. In the adhesion processing
of this type, however, a purging gas is supplied at
a relatively high flow rate, with the result that
particles tend to be generated so as to be attached
25 to the wafer dependent.on the manner of supplying
the purging gas. _Also, the members in the vicinity

of the wafer table disturb the HMDS gas stream within



by éxhausting the process chanber and subsequently introducing an HVDS gas
into the process chanber so as to bring the HVDS gas conponent into contact
with the silicon wafer surface for nodifying the wafer 15 surface.
After conpletion of the processing, the HVDS gas is forcedly di scharged
fromw thin the process chanber so as to _prevent the HVDS gas from | eaki ng
to the outside of the process chanber. At the sanme tinme, a purging gas such
as a nitrogen gas is introduced 20 ~ into the process chanber so as to
purge ‘the supply piping and process chanber. In the adhesi on processing of

rate, wih the rde s shifireet Rl H8 BEtuint  theEhY.ge80 be
ot actied 2 e Bl RS eSOty TR Sl Bl BREERRLL, |
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surface of the Widesdiind Ald WMénddAdd Hénuniform, giving rise to |
5. a poséibility that the wafer surface is not modified
sufficiently in some regions.
“ _BRIEF.SUMMAﬁY OF TﬁE IﬁVENTION
An object of the present invention is to provide
an apparatus for processing a substrate, in which an
10 “atmosphere fbr proceséing a substrate with a gas such
as an édhesion processing atmospheie does.not adversely
affect another_procéssing atmosphere as in a resist
coatiﬁg process or a developing process.
'Anpther object is to provide a method and
15 apparatﬁs for processing a substrate, which permit
processing the substrate surface uniformly with a gas
while preventing particles from being attached to the
substrate surface.
In the adhesion processing, a silicon wafer is
20 heated, and an HMDS (hexamethyldisilazane) gas is
-brought into contact with the surface of the heated
wafer so as to convert the hydrophilic_wafer surface
info a hydrophobic wafef surface. To be more specific,
the HMDS gas serves to chemicaliy separate the bonding
25 of the OH group present between the si}icon wafer
surface and a silicon oxide film formed on the wafer

surface so as to remove water from the wafer surface.



processing is rendered nonuniform giving rise to 5 a possibility that
the wafer surface is not nodified sufficiently in sone regions. BRI EF '
SUMVARY OF THE | NVENTI ON An obj ect of the present invention is to provide
an apparatus for processing a substrate, in which an 10 at nosphere for
processing a substrate with a gas such as_ansadbesion-processing at nosphere
does not adversely affect another processing atnosphere as in a resist '
coating process or a developing process. Another object is to.provide a

met hod and 15 apparatus for processing a substrate, which permt

processing the substrate surface unifarmy wth.a ile preventing
particles from being g‘%?ﬁfﬁé‘&gt g'ot_t?e t‘élﬁ?s raastpeecstur%:c%g'\.@Iprf?%eenetadhes'i on -
processing, a silj er .| 0, n ' _
(hexanet hyl di si | %?%%ﬂf‘-“%ég Fggﬁ%o&&hlpljiaﬁrﬁtg%éﬁon%a%lp%v%m%%efogurpfré)ge of the

heated wafer SO 33slfgCNkapktiueetel Wl & YlRostR R R g of

hydr ophobi ¢ waf er surface. To be nore speci the HVDS gas serves to
chem cal I'y separ gt g1h4Pg1pe9pdbRdpLocess Ftdpie iH aPpAuRP RS W isudeieaie t he

silicon wafer surface and a silicon oxide filmformed on the wafer surface
So as to rgnove wot Be predekBedyaltempiisfidtfa transfer zone extending
in_a vertical direction; a plﬁrality of process groups
arranged to surrouhd the transfer zone for processing
the substrate, each process group consisting of a
plurality of process units stacked one upon the.other,
10 and each process unit having'an opening communicating
with the transfe:_zone.for tranéferring the substrate
into and out of the process unit} a main arm mechanism
movably mounted in the transfer zone for transferring
the substrate into and out of the process unit through
15 the opening; and down flow forming means for férming_
a down flow of a clean éir within the transfer zone,
wherein at least one.of the plural process groups
includes a plurality of thermal units for heating or
cooling the substraté,'a transfer.ﬁnit for transferring
20 the substrate into and out of the.transfer zone, and
a gas process unit for processing the substrate with
a gas, the opening of the gas procéss unit beihg
positioned lower than the openings of the thermal
units and the transfer unit.
25 In the substrate processing apparatus-of the

present invention, a down flow of clean air is formed

within the transfer zone. Also, the apparatus



- 5°- According to a first aspect of the present invention, there is
provi ded an apparatus for proc- essing a substrate in which a processing
consisting of a plurality of process steps is applied to a substrate 5

to be processed, conprising a transfer zone extending in a vertical
direction; a plurality of process groups arranged to surround the transfer
zone for processing the substrate, each Pprotess group consisti'-ng of a.
plurality of process units stacked one upon the other, 10 and each
process unit having an opening conmunicating with the transfer zone for
transferring the substrate into and out of the process unit; a _main %;m
mechani sm novabF9MBELREEJ2| RTORESE SFONE CORFdStIng: P& BIMLd itk ©

substrate into and out of .th it t ugh 15 h i ng: d
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transfer zone, ywherein at |east qne_ of | I | d
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zone, and
5 transfer unit for transferring the substrate into and

out of the process unit. It should be noted that the
‘gas processing-unit is arranged below the thermal units’
and the transfer uﬁit. As a result, the gas leaking
from the gas processing unit flows downward together
10 with the down flow of the cleaﬁ air.  It'fo1lows that
ﬁhe thermal units and the transfer unit positioned
above the gas processing unit are not affected by
the gas leaking from the gas processing unit.
It should also be noted that the'thérmal units
15 consist of heating units and cooling units positioned
below the heating units. In addition, the transfer
unit is positioned below the cooling unit. It follows
that it is possible to suppress a thermal interference
among the process units forming the process group.
20 - According to a second aspect of the preseht inven-
tion, there is provided an apparatus for processing
a substrate in which a substrate to be pfoéessed is
coated with resist, followed by subjectiﬂg a resultant
resist coating to a developing treatment, comprising
25 a transfer zone extending in a vertical direction; a
first process group arranged in the vicinity of the

transfer zone and including a resist coating unit and



a gas process unit for processing the substrate with a gas, the opening of
the gas process unit being positioned |ower than the openings of the

thermal units and the transfer unit. 25 In the substrate
processi ng apparatus of the present invention, a down flow of clean air is
formed wthin the transfer zone. Al so, the apparatus - 6 - conprises a

process group consisting of a plurality of process units verti.cally stacked
one upon the other and including a plurality of thermal units for heating
or cooling the substrate, a gas processing unit, and a 5 transfer unit
for transferring the substrate into and out of the process unit. It should
be noted that the gesepopirgsundgtusitckedavnangednbéhewotthen herawi ahits
and the transfer unit. As a result, the gas |eaking fromthe gas processing
unit flows downvwehe tregiéshecoa®ing uwiithandetbewdevedapdng nnidl dwving .
I't follows that the thermal units and the transfer unit positioned above
the gas processi ag openingethsoughst whieh Bhet ubgirateaiisnFrarsfierredms
processing unit. _ '
and the opening communicating with the transfer zone;
5 another process group arranged in the ﬁicinity of the
~transfer zone and including a heating unit, a cooling
unit, a transfer unit and an adhesion unit, each of
~the units having an opening through which the substrate
is transferred, and the opening communicating with the
10 .transfer zone; a main arm mechanism movable within the
transfer zone for transferring the substrate into and
out of each process unit through the opening; and down -
flow forming means for-forming a down flow of a clean
air within the transfer zone, wherein the adhesion unit,
15 transfer unit, cooling unit, and heating unit included
in the another process group are stacked in the order
mentioned such that the adhesion unit occupies the
lowermost position.
In the apparatus of the second aspect, a down
20 flow of air is formed within the transfer zone. Also,
the adhesion unit occupies the lowermost position in
the process units included in the another process group
and communicating with the transfer zone via openings
thereof. It follows that the gas leaking from the
25 adhesion unit flows further downward together with

the down flow of the air within the transfer zone,

making it possible to prevent the other process units



It should al so be noted that the thermal units 15 consi st of heating
units and cooling units positioned below the heating units. In addition,
the transfer unit is positioned below the cooling unit. It follows that it
I's possible to suppress a thermal interference anong the process units
form ng the process group. 20 According to a second aspect of the
present inven- tion, there is provided an’apﬁaratus for processing a
substrate in which a substrate to be processed is coated with resist,

foll owed by subjecting a resultant resist coating to a devel opi ng
treatnment, conprising 25 a transfer zone extending in a verti cal
direction; a firdshron dedng gaiigrted dbycthe nleaking cgasty dlsehesinadsfer
zone amd including a resist coating unit and - 7 - a devel oping unit

st acked one upon it asthagion dumtof ﬁ?ﬁﬂﬁ@%ﬁs@n%%ai¢%@1hﬁgtuahgrtﬁ@d

devel opi ng unit having an openjng through which the substrate is :
transferred, and RSRFigpeHHE d&ﬁ%’r}fﬁ%‘gt’r‘hg‘:w t PP HREY [ BFQFRF S L ghRuPsare
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5 unit occupies the lowermost position, it is possible
to suppress a thermal interference among these process
units. | | _
What should also be notéd is that the down flow
forming means includes a gas inlet port formed in an
10 upper end of the trénsfer zone, an exhaust port formed
in a lower end of the transfer zone, and a filter |
mechanism mounted in the gas inlet port for cleansing
the introduced éir. The particular construction makes
it possible to keep a.dowh flow of clean air formed
15 within the transfer zone. It follows that a very cleah
processing can be performed in the apparatus of the
present invention.
According to a third aspect of the present
invention, there is pro#ided a method for pfocessing
20 a substrate, comprising the steps of;
(a) transférring.a substrate into a hermetic
lprocess chamber;
(b) introducing a process gas through a first
fluid passageway into the process chamber to permit
. 25 the process gas to be blown against a central pdrtion

of the substrate while evacuating the process chamber

through an exhaust passageway to permit the introduced



unit’, a transfer

unit and an adhesion unit, each of the units having

openi ng through which the substrate is transferred, and the opening

conmuni cating with the 10 transfer zone; a main arm nmechani sm no
within the transfer zone for transferring the substrate into and out of
each process unit through the opening; and down flow form ng neans f
formng a down flow of a clean air within-th8 transfer zone, wherein the
adhesion unit, 15 transfer unit, cooling unit, and heating unit
i ncluded in the another process group are stacked in the order nentioned
such that the adhesion unit occupies the | owernost position. In the
appar at us of the prsss Zasedlo Halowpwrd at fd qeniphexal speéotied oft hin
the transfer zone. Also, the adhesion unit occupies the | owernost

in the process urfihe suRftyRde i Fherehndiadrinddds prtpsangas into

comuni cating with the transfer, zone via openi ngs_thereof.

the gas | eaki ng fGUHadfe with the, gapicirg, xRFion |had iR HREe BinkRRd

together with the down flow of the air wthin the transfer_zone, k
bossi bl e to prevaHDATRATS: et siostedelng the ibstras st el and'
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(c) introducing a substituting gas through a
second fluid passageway to permit the substituting
gas to be blown against a region somewhat deviant

from the center of the substréte'while evacuating

‘the process chamber through the exhaust passageway,

thereby to éxpel the process gas from within the
process chamber and substitute therefor the substi-
tuting gas within the précess chamber.

According to a fourth aspect of the pfesent
invention, there ié_provided an apparatus for proc-
essing a substrate, comprising a process chamber;

a substrate supporting ﬁechanism for supporting
a substrate substantially horizontal within_the
process chamber; a first gas supply system for
supplying substantially vertically a process gas
onto the substrate within the process chamber; a
second gas supply system for obliquely supplying
a substituting gas onto the substrate within the
process chamber;fand an exhaust mechanism for
evacuating the process chamber. |

" Further, according to a fifth aspect of the
present invéntion, there is provided ah appafatus

for processing a substrate, comprising a process

an
vabl e

or

osition

It foll ows that

ing it



- 8- frombeing affected by the | eaking gas. Al so, since the adhesion
unit, transfer unit, cooling unit, and heating unit included in the another
process group are stacked in the order nentioned such that the adhesion 5
unit occupies the | owernost position, it is possible to suppress a therm

I nterference anong these process units. Wat should al so be noted is that
the down flow formng means includes a gas iMlet-port formed in an 10

upper end of the transfer zone, an exhaust port fornmed in a | ower end of
the transfer zone, and a filter nechanismnounted in the gas inlet port for
cl eansing the introduced air. The particular construction nakes it possible
to keep a down flchambergl @easudistfarersshgportinginedcmanbsmt fanssvp-zone.

It follrows that a very clean processing can be perfornmed in the apparatus
of the present i Peafingna submtdiake tsnkstantipbipdrerizontel pyithan

i nvention, there is provided a nmethod for_ processing 20 a substrate,
conprising the sttdiss psocess) ahamhaw: r3 nflest IS rHRP I it SYSLAR ARFi ¢

process chanber; s&tgpllyr}_tnrgods%%sr{:ganatfarlofygs‘?eggfcéﬂguaClhpgoéleégtgas onto

5 the substrate within the process chambér; a second gas
supply system for obliquely supplying a substituting
gas onto the subgtrate within the proceés chamber;
and an exhaust mechanism for evacuating the process
chamber, wherein the substrate supporting mechanism

10 includes a base plate and a plurality of positioning
members mounted to a peripheral portion of the base
plate in a manner to project upward above the substrate
so as to be brought into contact with a peripheral .
portion of the substrate and to define the position

15 of the substrate, and wherein the exhaust mechanism
includes an exhaust port positioned above the substrate
supported by the substrate supporting mechanism.

In the present invention, a process gas and _
a substituting gas (purge gas) are supplied to the

20 process chamber through differenf fluid passageways,
making it possible to form the passageway of the
substituting gas not to adversely affect_the substrate.
Also, éince the process gas can be supplied to a
central portion of the substrate in a direction sub-

25 stantially perpendicular to the substrate surface,
the process gas can be supplied uniformly from the

central portion toward the peripheral portion of



flurd passageway into the process chanber to permt 25 t he process gas
to be bl own against a central portion of the substrate while evacuating the
process chanber through an exhaust -passageway to permt the introduced -
9 - process gas to flow upward at a peripheral portion of the substrate,
thereby to bring the process gas into contact with the entire region of a
surface of the substrate for nodifying the ddbstrate surface; .and 5
(c) introducing a substituting gas through a second fluid passageway to
permt the substituting gas to be bl own against a regi on sonmewhat devi ant
fromthe center of the substrate while evacuating the process chanber
through the exhaust gusstupbaysolds to aphieng eouBkferm:i RECEPEEARE gas
fromw thin the process chanber and substitute therefor the substi- tuting
gas Wi thin the pbcehe swHhsbeatewithdthg g8Sa f Bor theaShBer BAnfhe present
I nvention, there is provided an apparatus_fqr oc- 15, SSi a
?ubstrate, conpf#@ﬁrﬁPQﬁEﬁE&E%ggcﬁéﬁbé?;°Ql§HBE5Va?BPE&bﬁ8r?Pn&ﬂ%echanisnl'
or supportin
PP g substrate surface, making it possible to suppress
5 - the impact given by the substituting gas to the sub-
strate surface. Also, particles are prevented from
being attached to the substrate surface.
It should also be noted that the gas is discharged
from within the process chamber through an exhaust
10 port positioned above the substrate housed in the
pfocess'chamber. As a.result, the gas discharge is
not obstructed by the supporting mechanism of the
substrate, making it possible to'perform a more
uniform processing.
15 Further, in the substrate processing apparatus
of the present inventioﬁ, the substrate supporting
mechanism includes a plurality of positioning members
projecting upward around the substrate so as to define
the position of the substrate. Also, the exhaust
20 mechanism -includes an exhaust port positioned above
~ the substrate supported by the substrate supporting
mechanism. As a result, the discharge of the gas
from within the process chamber is not obstructed by
the positioning members and can be performed through
25 the exhaust port. It follows that the process gas
can be supplied uniformly so as to achieve a uniform

processing of the substrate with a gaé.



a substrate substantially horizontal within the process chanber; a first
gas supply system for supplying substantially vertically a process gas 20
onto the substrate within the process chanber; a second gas supply system
for obliquely supplying a substituting gas onto the substrate within the
process chanber; and an exhaust nechani smfor evacuating the process

chanber. 25 - Further, according te alRifth aspect of the present
i nvention, there is provided an apparatus for processing a substrate,
conprising a process - 10 - chanber; a substrate supporting nechani sm

for sup- porting a substrate substantially horizontal within the process
chanber; a first gas shpl gubstirand Euppoliyig greshiastizant ifaldbhesertically a
processs gas onto 5 the substrate within the process chanber; a second
gas supply systemifholudbsi guebpcsupfoy fgraiagbst ifree spages bertweearhe
substrate within the process chanber; and an exhaust nechani smfor
evacuating the prbhesbaspapibate andr &he snbssyaderamekdngpditt ipegsdddifani sm

to prevent particleé:effectively'from being attached

5 to the back surface of the substrate.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvioué from the.description, or may
be learned by practice of the invention. The objects

10 and-advantages of_the invention may be realized and
combinations particularly pdinted out in the appended
élaims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying dréwings, which are incorporated

15 in and constitute a part of the specification, illus-~
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the préferred embodi-
ments give below, serve to explain the principles of

20 the invention.

FIG. 1 is a ﬁlan view schematically showing
a resist Processing system; |

FIG. 2 is a side view schematically showing
a resist processing system;

25 FIG; 3 is a side view schematically showing
a resist processing system;

FIG. 4 schematically shows the flow of a clean



10 I ncludes a base plate and a plurality of positioning nenbers nounted
to a peripheral portion of the base plate in a manner to project upward
above the substrate so as to be brought into contact with a peri pheral
portion of the substrate and to define the position 15" of the
substrate, and wherein the exhaust mechani s includes an exhaust port
posi ti oned above the substrate supported by the substrate supporting
mechanism |In the present invention, a process gas and a substituting gas

(purge gas) are supplied to the 20 . process chanber through different
fluid passageways, making it _possible to farmthe passageway of the
substituting ga lﬁowthl§d9eF%fﬁftaﬁ?%%%eﬁﬁh?QMﬁ¥ﬁ¢éﬂﬁa Al so, since the

process gas can be Slﬁg.i ‘asd.sgﬁe?na(iﬁ@a{ﬂht n.ﬁ-[&é)%l?% fﬂ%sgfsérgigahn a

direction sub- 25 ant i Yy perpendi cular he substrat é surface,

the.process'gasaggnwg%hibpglE?%ngi%&%gg%sgggpgéﬂﬁgﬁgntral'portfon t owar d

t he peripheral portion o e substrate s dchi eve a uniform

processing of the sukgly,aee (W & deltfs JaectPordd e WidiPrsdkdiat {8811y
substituting gas is obliquely supplied to the :

5 showing an adhesion processing unit as a substrate
processing appératus of the present invention;
FIG; 7 is a.plén view'schematically'showing
a wafer supporting mechanism included in the'adhesion
'processing unit; |
10 . FIG. 8 schematically éhowé an HMDS gas generation
apparatus;
| FIGS,-9A and 9B are cross sectional views collec-
tively showing a part'of the adhesion processing unit;
and |
15 FIG. 10 is a flow chart showing a series of resist
processing steps including a substrate proceésing
method of the present_invention. _
DETAILED DESCRIPTION OF THE INVENTION
Let us describe preferred embodiments of the
20 . present invention with reference to the accompanying
drawings. Specifically; the processing-éystem of
the present invention compriseé a cassette station 10,
a process station 20 including a plurality of process
units, and an interface section 30 for delivering and
25 receiving a wafer W to and from an exposure device
(not shown) arranged adjacent to the process station 20.

The cassette station 10 receives cassettes 1



substrate surface, making it possible to suppress 5. - the inpact given by
the substituting gas to the sub- strate surface. Al so, particles are
prevented from being attached to the substrate surface. It should al so be
noted that the gas is discharged fromw thin the process chanber through an
exhaust 10 port positioned above the substrate housed in the process
chanber. As a result, the gas discharge fs A8t obstruct ed by the supporting
mechani sm of the substrate, making it possible to performa nore uniform
processing. 15 ' Further, in the substrate processing apparatus of
the present invention, the substrate supporting nechani smincludes a
plurality of poseachbnhogsimgb2bssplécent Wafexswilr @sapdurBiesE FdRhT ate so
as to edefine the position of the substrate. Al so, the exhaust 20

mechani sm i ncl udeeoeesssfausaigorasgesitesodedeingy Erens fegred O™ yupport ed

by the substrate supporting nmechanism As a result, the discharge of th
gas fromwithin '@%Eg?ﬁc‘él@t@‘fa&ﬁ@it showay) 10380 FXERFIEFS: %g'epé’g:ﬁq%ﬁﬁ%g

[hat t he- pr ocessWBREZBaM Rn4E i, AFRd NaRerek iy L6 Seces Ren dve 1 dHHEIm
processingsof thgngggg;rg§gtg%£h a gas. ’ _
| -As shown in FIG. 1, four projections'B are formed
6n a caésette table 2 within the cassétte station 10
such that these projections 3 are aligned in a direc-
tion of an X-axis. The cassettes 1 are arranged to
10 surround the projections 3 such that the opening of
each cassette 1 for-transferfing the wafer W faces the
process station 20. The wafers W are held horizontal
within the cassette 1 disposed on the cassette table 2.
The cassette station 10 comprises a sub-arm mecha-
15 nism 4 having a holder 4a for transfer;ing'the wafer W
to and from the cassette 1. The sub-arm mechanism 4,
which is arranged between the cassette table 2 and
the process station 20, includes an X-axis driving
mechanism (not shown), a %-axis driving mechanism
20 (not shown), and a swinging mechanism (not shown).
Therefore, the holder 4; of the sub-arm mechanism 4 is
movable in an X-axis'direction and Z-axis direction and
swingablelabout the z-aiis by an angle 6. The wafer W
taken out of the cassette 1 by the sub-arm mechanism 4
25 is transferred by the sub-arm mechanisﬁ 4 into a trans-
fer unit (TR) 46 belonging to a process group G3, shown

in each of FIGS. 3 and 5, of the process statibn 20.



- 12 - The substrate supporting nmechani smfurther includes a spacer for
formng a free space between the base plate and the substrate, making it
possible to prevent particles effectively frombeing attached 5 to the
back surface of the substrate. Additional objects and advantages of the.
invention will be set forth in the description which follows, and in part
wi Il be obvious fromthe description, or“may?be”| earned by practice of the
i nvention. The objects 10 and advant ages of the invention may be
realized and conbi nations particularly pointed out i'n the appended cl ai ns.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG The acconpanyi ng
drawi ngs, which are ih@tperbity @6 procefs nBiEsnEPrt BERCESEARY of the

speciffcation, illus- trate presently grefer[ed enbodj ments of the
i nvention, and t'RRrRFeRW Wite FeeLFhl 2Btsirehrded tivEhe BE9EeEAd t he
detail ed descri pt.ian, of e preferred enbodi - nents give, hel.ow . serve to
expl ai n the pHlﬁﬁ?ﬁiﬂP(#JEK)Thes?hﬁr?ﬁﬁﬁﬁt?ﬁh.s are “alvided Thes"5

process groups Gl, G2, G3, G4, G5. 1In each 6f.these_
5 prédeés groups, a piurality of process units aré

stacked one upoﬁ the other. As shown iﬁ_FIGS. 3 and 5,
a transfer zone 22. extending in a Z%-axis direction is
.formed in'é central portion of the piocess station 20.
A main arm mechanism 21 is arranged in the transfer

10 éone 22 to transfer the wafer W to each process unit.

| The process groups Gl to_GS are positioned to

surround the transfer zone 22, Specifically, the first
and second process groups Gl and G2 are arranged side
by side in a front portion of the process station '20.

15 The third process group G3 is arranged adjacent to the
cassette station 10. Thé fourth process group G4 is
arranged.adjacent to the interface section 20. Further,
the fifth process group G5 is arranged in a rear
portion of the-proceés station 20.

20 As shown in FIG. 2, two spinner type process
units, i.e., a .resist coating unit (COT) and a devel-
oping unit (DEV), are arranged in the first process
group Gl. 1In the.embodiment shown in the drawing,
these resist coating unit (COT) and developing unit

25 (DEV) afe-stacked one upon the other in this order.

As shown in FIG. 5, a spin chuck 23a surrounded by

a cup 23b is arranged within each spinner type proéess



FIG "1 is a plan view schematically showing a resist processing system

FIG 2 is a side view schematically show ng a resi st processing system 25
FIG 3 is a side view schematically showing a resist processing system

FIG 4 schematically shows the flow of a clean - 13 - air within a
resi st processing system FIG 5 schenaticalgg shows the flow of a clean
air within a resist processing system FIG is"a cross sectional view
schematically 5 showi ng an adhesi on processing unit as a substrate
processing apparatus of the present invention; FIG 7 is a plan view :
schematical l'y shomnng a wafer supporting nechanlsn1|ncluded i n the adhesion

processing unit; yplt FIG 8 schematically shows an HVDS gas
generat Fon apparatus, IGS 9A and 9B are cross se tlonal V|ews CQIIec-
tively showi ng a part tﬁBlﬁﬁﬂEngﬂep9688§§§anb €., a reslst

‘coating unit (COT) and a develpplng.unit (DEV), are
also stacked one upon the other in the second process
5 group G2 as.in the first process group Gl. In each of
'these process groups Gl and G2, the resist coating unit
(COT) is positioned below the developing unit (DEV).
It should be noted in this connection that the waste
liquid discharged from the resist coating unit'(COT) is
10 morelcomplex in its components and, thus, more diffi-
cult to handle than.the waste liquid discharged from
the developing unit (DEV). Therefore, it is necessary
to make the drain line .of the waste liquid discharged
from the resist_doating unit (COT) as short as possible
15 and, thus,.the resist coating unit (COT) is positioned
- below the developing unit (DEV). However, the resist
coating unit (COT) may be poéitioned above the devel-
oping unit (DEV), as required.
As shown in FIGS. 3 and 5, seven oven type process
20 units 41 to 47 are stacked one upon the other in the
third process group G3. To be more specific, arranged
in the third process group G3 are an adhesion unit
(AD) 47, a transfer unit (TR) 46, two chilling plate
units (CP) 44, 45, and three hot plate units (HP) 41,
25 42, 43. These process units 47 to 41 are stacked one
upon the other in the order mentioaed; As.shown in

FIG. 1, a plate-like wafer table 24 is mounted in each



and 15 - FIG 10 is a flow chart showing a series of resist
processi ng steps including a substrate processing nethod of the present

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON Let us describe preferred
enbodi nents of the 20 present invention with referernce to-the
acconpanyi ng drawi ngs. -Specifically, the processing system of the present
i nvention conprises a cassette station 10~ aldrocess station 20 including a
plurality of process units, and an interface section 30 for delivering and
25 receiving a wafer Wto and from an exposure device (not shown)
arranged adj acent to the process station 20. The cassette station 10

recei ves cassetteprecess- unit incdadiedhdumsithe higld iprnress cgroup 483 an

obj ect 10 be processed, said cassettes 1 being transferred from anot her

system (not shownpuchnghatatbeeafere Widicpesad war dthe waigr crkakle 2dused

in the cassettes 1, to said 5 anot her system As shown in FIG 1, four
proj ections 3 ar ehpatpdyg cooled, or subjected to an adhesion processing.

A heat treatment such as a pre-baking or post-
5 .baking is applied to the wafér W in these hot plate
units (HP) ‘41, 42, 43. On the.bther hand, the wafer W
'is cooled in these chilling plate units (CP) 44, 45.
._Fuﬁther, the transfer ﬁnit (TR) 46 is for transfer of
the w5fer W between the cassette station 10 éﬁd the
10 process station 20. Still furthér, an adhesion proc-
essing using an HMDS gas for making the surface of
the wafer W hydrophdbic is carried out in the adhesion
unit (AD) 47.
As shown in FIG..3, seven oven type process
15 units 48 to 54 are also stacked one upon the other in
the fourth process group G4 as in the third process
group G3. To be more_specific, arranged in the fourth
process group G4 are a trénsferring—chilling plate unit .
(TR-CP) 54, a chilling plate unit (CP) 53, and five hot
20 plate units (HP) 52, 51, 50, 49, 48. These process
units 54 to 48 are stacked one upon the other in the
order mentioned. As shown in FIG. 1, a plate-like
wafer table 24 is also mounted in each process unit
included in the fourth process group G4 such that
25 the wafer W disposed on the wafer table 24 is heated
or cooled.

Seven oven type process units are also stacked



on a cassette table 2 within the cassette station 10 such that these
projections 3 are aligned in a direc- tion of an X-axis. The cassettes 1
are arranged to 10 surround the projections 3 such that the opening of
each cassette 1 for transferring the wafer Wfaces the process station 20.
The wafers Ware held horizontal within the %gssgtte 1 di sposed on the

cassette table 2. The cassette station_lo-co rises a sub-arm mecha- 15

nism 4 having a holder 4a for transferring the wafer Wto and fromthe
cassette 1. The sub-arm nechanism 4, which is arranged between the cassette

(not “shown), a 790 S b%"q?é%snié‘?#?%efi%ﬁé?ééﬁs%%ﬁﬁd@"%%“LZ{“ng
hani* h A 4 ' - [ 4

o movabl e i an Sh B ek SRR R EFecafe corbife s BLEES S about

he sub or m rechantor i g Brodelfs Fhdip L A navhnte alEna A bhiRe.
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5 be formed behind the main arm mechanism 21 by sliding -
the fifth process group G5 in the Y-axis direction,
a.maintenance operation can be_applied easily to the:.
main arm mechanism 21 from behind the mechanism 21.
The interface section 30 is eQual in length in
10 = the X-axis direction to the process station 20. As
shown in FIGS; 1 and 2, a stationary buffer cassette 32
and a flexible pick-up cassette 31 are stacked one
upoh the.other in this,oider in a front;portion of
the interface section 30. On the other hand, a
15 | peripheral light-exposure device 33 is arranged in
a rear portion of the ihterface secfion 30. Further,
a second sub-arm mechanism 34 having a holder 34a
is mounted in a central portioh of the interface
section 30. The second sub-arm mechanism 34 is movable
20 both in an x-axis'direction and in_a Z-axis direction
so as to transfer the wafer W into the cassettes 31, 32
and thé periphéral light-exposure device 33. Further,
the second sub-arm mechanism 34 is swingable about the
Z-axis by an angle 0 so as to transfer the wafer W
25  into the transfer-chilling plate unit (TR-CP) 54
included in the foﬁrth process group G4 and onto

a wafer relaying plate (not shown) on the side of



A plﬂrality of process units for processing the wafer Wwith resist are
i'ncluded in the process station 20. These process units are divided into 5
process groups Gl, &, G, A, G. In each of these 5 process groups,
a plurality of process units are stacked one upon the other. As shown in
FIGS. 3 and 5, a transfer zone 22 extending ;8 a Z-axis direction is fornmed
in a central portion of the process station A main arm mechanism 21 is
arranged in the transfer 10 zone 22 to transfer the wafer Wto each
process unit. The process groups Gl to G5 are positioned to surround the _
transfer zone 22. Specifically, the first and second process groups Gl and
& are arranged SFQE;%ﬁgﬁﬁtﬁﬁp?ﬁﬂF?rGﬂYlﬁﬁrtlon of the process station 20.

15 The third process rou rran ed adj acent ,to the cassette
station 10. The fourth$ %%%E@ngouE B4rP léFrﬁkaﬁﬂsﬁapgcﬁﬁﬁt?ﬂ tfe

i nterface section 20. Fu

he fifth d
rear portion of twm%és%lé%% S’ 36t sBRAEELEnS HRegR hiofty BFET,! " o
spi nner type. Process: é{gﬁs ?%6$Sb§t ggﬁlggruEéte£E%§ll?gg¥a devel

oping unit (DEV), are arran e process grou

enbodi ment gshown é&bﬂf%b&”ﬁ%%ﬂﬂn EﬂésgyéééhSEoCQQttGngPtﬁefciﬂbréGQ

devel opi ng un|t
the cleanliness in each part of the system.

FIGS. 4 and 5 séhémaﬁically show the flow of clean
air within the reéist processing_system;_ As.shown.in
FIG. 4, air supply chambers 10a, 20a; 30a are formed
10 above the cassette station 10, the process station 20
and the interface section 30, respectively. A filter
effective removing dust, e.g.; a ULPA filter 55; ié
mounted to extend below the air supply chambers 10a,
20a, 30a. Air is introduced through pipes (not shown)
15 into the air supply chambers 10a and 30a. Then, a
clean air passing throuéh the ULPA filter 55 is sup-
plied as a down flow into thé cassette station 10 and
the interface section 30.
As shown in FIG. 5, a porous plate 57 having air
20 supply ports 25 formed therethrough is used as the
ceiling plate of the transfer zone 22 of the main arm
mechanism 21. Also,_énother porous plate 57 having air
discharge ports 26 formed therethrough is used as the
bottom plate of the transfer zone 22. The air supply
25 = chamber 20a communicates with both the air supply ports
25 and an air supply pipe 98. As described previously,

the ULPA filter 55 is mounted below the air éupply



25 * (DEV) are stacked one upon the other in this order. As shown in FIG
5, a spin chuck 23a surrounded by a cup 23b is arranged within each spinner
type process - 16 - unit. Two spinner type process units,.i.e., a resist
coating unit (COI) and a developing unit (DEV), are al so stacked one upon
the other in the second process 5 - group Q? as in the first. process
group Gl. In each of these process groups éﬁ and &, the resist coating
unit (COT) is positioned bel ow the devel oping unit (DEV). It should be
noted in this(con?ection that the waste |iquid discharged fromthe resist
coating unit (COT) is 10 nore conplex in its conponents. a t hu nor e
diffi- cult to hahfwbamhAPa he Qhsthe 18T 'Eﬁ’é‘i & SEPHIGR) ¢ B%Eegﬁpi ng
unit (BEV). Therefore, it is necessary to make the drain line.of.the waste

i qui d di schar gedf 9% FAMITEL IR IR THE RS B £° HMot°As Possibl e
LB et opr s bl S B4 9 b P Rd 64 210 el O e
positioned above the ngihaust chamber 20b islformed'below the trans-
5 fer zone 22 of the main arm mechanism 21.in a manner-
to communicate with both the air discharge ports 26
and an overall air discharge pipe 99'for collectively
discharging the waste air from within the entire system.
An exhaust fan 58 is arranged within the exhaust
10 chamber 20b. Furfher, a.pressure adjugting means such
as a slit démper 59 is mounted between the exhaust
-chamber 20b and the air discharge pipe 99. During
the process bf_supplying air from an air supply device
(not shown) into the process station 20 through the
15 pipe 98, the air is cleansed by the filters 56 and 55.
Then, the clean air flows downward within the transfer
zone 22 from the air supply ports 25 toward the air
discharge ports 26.
As shown in FIG. 4, a free space above the
20 cassette table 2 within the cassette station 10
is partitioned from a moving space of the sub-arm
mechanism 4 by a vertical partition plgte 5.
As shown in FIGS. 4 and 5, a ULPA filter 55a is
mounted in the ceiling plate of the resist coating
25 - unit (COT) arranged in the lower portion of éach of
the process groups Gl and G2 included in the process

station 20. The air supplied from the air supply



optng unit (DEV), as required. As shown in FIGS. 3 and 5, seven oven type
process 20 units 41 to 47 are stacked one upon the other in the third
process group G3. To be nore specific, arranged in the third process group
G3 are an adhesion unit (AD) 47, a transfer unit (TR) 46, two chilling
plate units (CP) 44, 45, and three hot gla&g unirts (HP) 41, 25 42, 43.
These process units 47 to 41 are stacked ofie upon the other in the order
.mentioned. As shown in FIG 1, a plate-like wafer table 24 is nounted in

- each - 17 - process unit included in the third process group G3 such

‘that the waf di the waf ;s heated, ool ed, -
Subj ected to- anc ABRBSFoROPy BLBYE HG-OHSHoRPS, PERRAM Cehct S S o- baki ng
§- 5 - baking,| lied tot L0t t. jlate unit
OO S, RO THEPLALekS BRECHEHY! o e BRI U 5
plate units (CP)_44, Fugt h it (TR 46 is for transf
o the wat or  wERE6o600TP; B8k B BRRRTEIOR, N0 a0 Cprocess
station 20, St Tyh! BReniflg 34N9% 28MERCin the side wall, which

5 faces the transfer zone 22,.of each of the spinner the

process units (COT) and (DEV). The wafer W and an arm
holder 2la are transferred info éndgdut of each of .
these procesé units through the opening 64. A shutter
(not shown) is mounted to each of these openings 64.

iO As shown in FIG. 5, openings 4la to 47a.are formed
in the process units 41 to 47, respectively,.included
in the third process group G3. The wafer W and the
holder arm 21& are transferred into and out of these
process units_41 to 47 through these openings 4la

15 to 47a. Incidentally, the 6pening 47a of the adhesion
unit 47 is positioned lower than the openings 64 of
the spinner type process units (COT) and (DEV). Also,
a shutter (not shown) is mounted-té the opening 47a
of the adhesion unit 47. Furthef, the cup 23b_of

20 the spinnef type process unit (COT) communicates with

an exhaust passageway 28b. Likewise, the cup 23b of

the spinner type process unit - (DEV) communicates with

another exhaust passageway 28b. These exhaust pas-

sageways 28b are combined to form a main exhaust

25 passageway 28a, whiéh further communicates with the
overall air discharge pipe 99. As described previousiy,

-all the waste gas generated within the clean room is



essi‘'ng using an HVDS gas for making the surface of the wafer W hydrophobic
Is carried out in the adhesion unit (AD) 47. As shown in FIG 3, seven oven
type process 15 units 48 to 54 are al so stacked one upon the other in
the fourth process group &4 as in the third process group G. To be nore.
specific, arranged in the fourth process gr%%p A are a
transferring-chilling plate unit (TR CP) "54,%“ ¢hilling plate unit (CP) 53,
and five hot 20 plate units (HP) 52, .51, 50, 49, 48. These process
units 54 to 48 are stacked one upon the other in the order nentioned. As
shown in FIG 1, a plate-like wafer table 24 |s also nD ted |n ach

process unit |ncFQdé@CtHVFﬂa'ﬁd&Fﬁﬁrﬁﬁﬁké§% FrtEd €  the

waf er W di sposed on the wafer t%gle 24 is heated or cooled Seven oven type
process units ar 818charge. Hise 18 - one upon the other in the fifth

process 9roup G 25 | ol i shet T UAd) U ERA AL B Brd e The
| process group G3 is shown in detail in "FIGS. 6 to 9.

5 - As shown in FIG. 6, the adhesien unit 47'has a small
process chamber 71 in which the wafer W to be processed
is supported sﬁbstantially horizontal bj a substrate
supporting mechanism 72. JThe substrate supporting

* . mechanism 72 comprises a base plate 73, a sﬁacer 74,
10 and a positioning hember 75. Employed in the adhesion
unit 47 is a so-called "proximity process system" in
whlch the wafer W is held such that the both surfaces
of the wafer W are positioned close to the inner wélls
of the process chamber 71, and a gas is circulated
15 through a narrow space defined between the wafer W and
the inner wall of the pfocess chamber 71...
As shown in FIG. 7, four spacers 74 are mounted
-on the base plate 73 and arranged along the outer
periphery. Also, the positioning members 75 are
20 mounted to the spacers 74. Each of these spacer 74
'aﬁd positioning member 75 is screwed to the base
plate 72. The positioning membef 75 ie upwardly
tapered from the periphery toward the center. If
the wafer W is Qisposed on the substrate supporting
25 mechenism 72, the outer periphery of the wafer W is
guided by the weight of the wafer W along the tapefed

surface of the positioning member 75, with the result



rail 67 in a Y-axis direction. Since a free space can 5 be forned
behind the main arm nechani sm 21 by sliding the fifth process group Gb in
the Y-axis direction, a maintenance operation can be applied easily to the
‘mai n arm nmechani sm 21 from behi nd the nechani sm 21. The interface section
30 is equal in length in 10 the X-axis gdjrection to the process station
20. As shown in FIGS. 1 and 2, a stationary buffer cassette 32 and a
flexi bl e pick-up cassette 31 are stacked one upon the other in this.order
in a front portion of the interface section 30. On the other hand, a 15

peripheral |ight-exposure device 33 is arranged in a rear portion of the
i nterface secti &paé-gt?puyp%&r LA @e&ﬂﬁ}weﬂ?rﬁ iFMEE R ng a

hol der® 34a i s nt. i,n central .portjion of the interface,section 30. The
second sub-aréﬂﬁéﬁéﬁ%ﬁﬁ%ﬁi?”i? WA Gt sh?ﬁﬂl1*§1%ﬂ?%éé& s*Wirection
and in a Z-axis 4j ti 0 a o] r | ssettes
31, 32 and the B%H glr%g’rea H%%geh?-zéxpglglgepcyo eevﬂl; rc%g)%eeﬁun%%gr?o‘%ﬂg égcond

sub- ar m nechani %éﬁéwl@%ﬂnﬁk@%} g&ea;%péﬂ‘f)ﬁ%ﬁnﬁp%i &ferr] so as

to transfer the wafer _ o the transfer- g plate unit -
(TR-CP) 54 i ncl ydeddvrdine s awit,h ﬁtﬁgeﬁe FHA CA R HE ha ¥BAGT

rel aying plate (not shown) on the si
temperature of the wafer W is controlled by the
contrdlier 101. | | | :
A plate 76 iS'detaghably:mounted-in an upper
portion of the process chambér 71. _Alsé}_a_gas supply
10 portion 77 and a gas di&charge portion 78 are mounted
above the plaﬁe 76. An inner_fluid passageway 80,
whbse inner diameter is kept substantiélly cohstant
by a plurality of spacers 79, is formed within the
plate 76. Also, a hole 81 communicating with the
15 process chamber 71 is formed through an'outer periph-
eral portion of the bottom of ﬁhe plate 76. The waste
gas generated in the process chamber 71 flows through
the hole 81 into the inner fluid passageway 80.
Two gas supply pipes 82a, 82b are mounted to the
20 gas supply portion 77. The pipe 82a is connected via
a flow rate éontrol-valve 83a to an HMDS gas supply
source 90, with the other pipe 82b being connected via
a_flow rate control_vaive 83b to a nitrogen gas supply
source 100. The operations of these flow control
25 valves 83a, 83b are controlled by the controller 101.

First and second horizontal fluid passageways 84a,

84b communicating with the pipes 82, 82b, respectively,



- 19 - the light-exposure device. Incidentally, the resist processing
systemis arranged within an air-conditioned clean room In addition, a
down flow of clean air is effectively 5 supplied within the system so
as to further inprove the cleanliness in each part of the system FIGS. 4
and 5 schematically show the fl ow of clean r within the resist processing
system As shown in FIG 4, air supply cﬁangérs 10a, 20a, 30a are forned 10
above the cassette station 10, the process station 20 and the interface
section 30, respectively Afilter effective renoving dust, e.g., a ULPA

fil 55, el h
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section 30. As S?§€Qe¢%lFf£%1§ pgsg 8%3 b%t%h§Zhh§§'%géﬂ rfaht ab&V&mﬂy

ports 25 forned roa use
a central portion of the base plate 73. On the other

5 hand, the second horizontal fluid passageway 84b com-
municates with a plurality 6f.radia11y branchéd fluid
passagéways 86 which afe dpén at pottionélsomewhéf |
deviant from the cénter.of the base plate 73. To be
more specific, the HMDS gas is blown perpendicuiarly

10 - against the wafer W through the vertical fluid pas-
sageway 85. On the other hand, the nltrogen gas passes
through the radially branched fluid passageways 86 so
as to be obliquely blown against the wafer W. It is
desirable for the first horizontal fluid passageway 84a

15 to have a diameter larger than that of the second
horizontal fluid passageway 84b, because it is nec-
essary for the flow rate of the nitrogen gas (purging
gas) to be higher than that of the HMDS gas.. '

A gas exhaust passageway 87 is formed in the gas

20 discharge portion 78, which communicates with both
an inner passageway 80 of the plate 76 and the fluid
passageway of an exhaust pipe 88. An ejeétor (exhaust
pump) 89 is mounted to the exhaust pipg 88. Also,
the exhaust pipe 88 communichtes with the collective

25 discharge pipe 99. 1If the ejéctor 89 is operated by
the controller 101, the gas within the process chamber

71 flows through the inner passageway 80, the gas



ceiling plate of the transfer zone 22 of the main arm nechani sm21. Al so,
anot her porous plate 57 having air discharge ports 26 forned therethrough
is used as the bottomplate of the transfer zone 22. The air supply 25
chanber 20a conmunicates with both the air supply ports 25 and an air
supply pipe 98. As described previously,_th; ULPA filter 55 is nounted
bel ow the air supply - 20 - chanber 20a. Eh the ot her hand,. a chem cal
filter 56 for renoving organi ¢ substances such as am nes is rnounted above
the air supply chanmber 20a. An exhaust chanber 20b is forned bel ow the

e Sate w P a5 LB RRBAEE Bl 0B PR el
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5 .source 90. As shown in the drawing, the HMDS gas
supply source 90 includes a hermetic 5ar.94 for storing
a liquid HMDS 91. The upper open end of the jar 94
is covered with aﬁ upper lid 96. Also, an HMDS supply
pipe 92 extends through the upper lid.96_such that
10 the open end of the pipe 92 is positioned in the vicin-
ity of the bottom of the jar 94. The suppiy pipe 92
communicates with an HMDS liquid supply source (not
éhown) so as to permit the HMDS liquid'to be supplied
into the jar 94. 1Incidentally, a heat insulating
15 material (not shown) is wound about the jar 94.

A nitrogen gas supply pipe 93 and the HMDS gas
supply pipe 82a referred to previously also_inserted
into the jar 94 through the upper 1id 96. The open

"end of the nitrogen gas supply pipe 93 is positioned
20 above the liquid surface within the jar 94. Further,
the open end of the HMDS gas supply pipe 82a is
positioned within the jar 94 above the open end of
the nitrogen gas supplj pipe 93. ‘An overflow pipe 95
is also mounted to the uppér lid 96 for releasing the
25 overflow to the outside. If a nitrogen gas is blown

through the gas supply pipe 93 against the surface of

the liquid HMDS 91 within the jar 94, the liquid



(hbt-shomn) into the process station 20 through the 15 pi pe 98, the air
is cleansed by the filters 56 and 55. Then, the clean air flows downward
within the transfer zone 22 fromthe air supply ports 25 toward the air

di scharge ports 26. As shown in FIG 4, a free space above the .20

cassette table 2 within the cassette statiqn 10 is partitioned froma
novi ng space of the sub-armmachanism4"by2 vértical partiti.on plate 5. As
shown in FIGS. 4 and 5, a ULPA filter 55a is nounted in the ceiling plate
of the resist coating 25  wunit (COTI) arranged in the | ower portion of

each of the progess groyps GlL and @& included in the process station 20. .
The air supplieHMPFOﬁﬁtHé partdyppvpporates) to. foranisa BMRS fdass wikiradugh

the ULPA filter 55a and, then, into process space 27 of the resist
cogti ng unit (CSY) SPBP%FFH g%&ﬁﬁa‘f @\ﬁ. HMDS, &g SYPpAY) Pims B2 itP t he side

et el o) BEReb Ao AR 1 g fonitBle o WP e 1P
' pressurized nitrogen gas or a heated nitrogen gas
5 into the jar 94. |
FIG: 10 is a flow chart-éhowihg how to process
.a.wafef'W.' In the first step, the cassette l.houSing
a plurality of wafers W before procéssing is disposed
on the'caSSette table 2. Then, the first sub-arm
10 mechanism 4 obtains acceés to the cassette 1 and takes
a éingle wafef W out of the cassette 1 (stép S1).
Further, the first sub-afm mechanism 4 obtains access
from_the front side to.the transfer-alignment unit
(TR) 46 included in the third proceés grdup G3 so as
15 to deliver the wafer W onto the wafer table 24. 1In
the transfer-alignment unit (TR) 46, the orientation
flat of the wafer W is aligned in a desired direction,
and the wafer W is centered. As a result, the wafer W
is positionedlas desired relative to the érocess
20 station 20 and the main arm mechanism 21 (step S2).
After the positioning of the wafer W, the main arm
mechanism 21 obtainé access frém the back side to
the transfer-alignment unit (TR) 46 so as to allow
fhe holder 4a to take up the wafer W from the wafer
25 ~ table 24. Then, the main arm mechanism 21 transfers
wafer W first into the adhesion unit (AD);47 (Step s3).

'In the adhesion unit (AD) 47, the process



hol der 2l1a are transferred into and out of each of these process units
t hrough the opening 64. A shutter (not shown) is nounted to each of these

openi ngs 64. 10 .- As shown in FIG 5, openings 4la to 47a are forned
in the process units 41 to 47, respectively, included in the third process
group G3. The wafer Wand the hol der arm are transferred inte and out
of these process units 41 to 47 through these openings 4la 15 to 47a.

I ncidentally, the opening 47a of the adhesion unit 47 is positioned | ower
t han-t he openings 64 of the spinner type process units (COTl) and (DEV).
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cpinner type pPYcsis SISRBLBR-IORRSR She So YAt dafaeh e’ e
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air discharge g&g@egg.cﬁgm@%§0@hbqgﬂgﬁa§4}§ly,.aII the waste gas generated
within the clean roomis _ :
5 As shown in FIG. 9A, the HMDS gas is blown through
the vertical fiuid-paésageway 85 perpendiculafly
agaihst the wafer W and flows radially outward along
the.surface of the wafer W and, then, flows upward so
as to be discharged to the outside through the hole 81,
10 the innér passageway 87, the exhaust passageway 87,.
the discharge pipe 88 and the collective discharge |
pipe 99 (step S5). Since the HMDS.gas flows upward of
the process chamber 71, turbulence or convection of
the gas stream does nOf occur in the péripheral portion
15 of the wafer W. As a result, the adhesion treatment is
applied uniformly oﬁer fhe entire region of the wafer W.
It follows that nonuniformity in the hydrophobic prop-
erties is unlikely to take place between the peripheral
portion and the central portion of the wafer W. Inci-
20 dentally, the HMDS gas is discharged downward of the
process chamber 71 in the prior art. As a result,
the gas stream is obstructed by the peripheral members
such as the positioning member 75, giving rise to
turbulence or convection of the gas stream in the
25 peripheral portion of the wafer W so aé to make the

adhesion treatment nonuniform.

In the next step, the process chamber 71 is



center. éf_

- 22 - collectively discharged to the outside through the discharge pipe
99. The adhesion.unit (AD) 47 included in the third process group G3'is
shown in detail in FIGS. 6 to 9. 5 As shown in FIG 6, the adhesion
unit 47 has a small process chanber 71 in which the wafer Wto be processed
I's supported substantially horizontal by a _substrate supporting nechani sm
72. The substrate supporting nechanisnr722§onﬁrises a base plate 73, a
spacer 74, 10 and a positioning menber 75. Enployed in the adhesion
unit 47 is a so-called "proximty process systent in which the wafer Wis
hel d such that the both surfaces of the wafer Ware positioned close to the
i nner wal | s of fohee@iycevscupsabeso7as hpdpxeygaati $hei HPSaga§ ffirom

t hrough a narrow space defined between the wafer Wand the inner, wall of .
the process chigpkingilinpe thewkrpRsfet zener ddr sphcéhe #AMG &iMSimted on

e s P 00,20 208002, 0 AL BEH! ROl Yoc Py | pose
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stitute the nitrogen gas within the process chamber 71
(step S6). The nitrogen gas is blown_bbliquely against
‘the wafer W through the radially.branched fluid pas- -
sageways 86 and, then, flows_radiallyloutward along
the sﬁrface of the wafer W. Further, the nitrogen
10 gas flowé upward through the hole 81 and, theﬁ, is
discharged to the outside through the inner passage-
way 80; the exhaust passageway 87, the exhaust pipe 88,
and the collective discharge pipe 99. As.a result, the
HMbS gas is expelled from within the process chamber 71,l
15 and the nitrogen gas is substituted in the process
chamber 71.
In order to expel the HMDS gas promptly from
within the process chamber 71, it is necessary for the
flow rate of the nitrogen gas to be higher than that qf
20 the HMDS gas in the adhesion step. It should be noted
in this connection that, if a nitrogen gas introduced
into the process chamber 71 at a high floﬁ rate strikes
perpendicularly against the wafer W, particles are
likely to be generated by the impact of the striking.
25 In the present inventioﬁ, however, the. nitrogen gas
is blown through the radially brgnched fluid passage-

ways 86 obliquely against the wafer W. As a result,



thé wafer Wis disposed on the substrate supporting 25 mechani sm 72, .
the outer periphery of the wafer Wis guided by the weight of the wafer W
along the tapered surface of the positioning nmenber 75, with the result

- 23 - that the wafer Wis positioned stably, as desired. Incidentally, a
heater (not shown) is enbedded in the base ate 72. The power source (not
shown) of the heater is connected to an?nﬂ%ﬁn termnal of 5 - a
controller 101, with the result that the heating tenperature of the wafer W
is controlled by the controller 101. A plate 76 is .detachably nounted in an

upper portion of the process chanber 71. Also, a gas supply 10 portion
77 and a gas di Saigwasdr tgld??W?%rfé‘Wﬁ@ﬂedbcﬂ%e’ e tg?%t"éa%? Bnlf nner

fl ui d-passageway, 80, whosge i nner dianeter is kept substantiall onstant by
a plurality of : Wq"%i,eﬁ% G FURRIRTS ¢ pﬁ%#el . ‘ﬁré%%[aglﬂ%re 81
COMTUNI O3t 0 ey, SR SRR Plpefe e g fapagn o outer
branched fluid passageway 86 relative to the Z-axis
5 should desirably fall within a range of 30 to 60°.
| In the present invention, the adhesion treatment
is carried out within a_semi-opén unit 47, which is
not completely hérmetic; with the result that the-HMDS 
gés tends to leak to the outside. If thé leaking gas
10 enters the process atmosphefes of thé other open type
process units 41 to 46 and the process space 27 of
the solution process type units such as the resist
coating unit (COT) and.the developing unit (DEV),
the précessing in these units tends to be adversely
15 affected. .
'In the present invention, however, the adhesion
unit (AD) 47 in the third process group G3 is posi-
tioned lower than the hot plate units (HP) 41 to 43,
the chilling plate units (CP) 44, 45, and the transfer
20 unit (TR) 46. 1In addition, a down flown of clean air
is formed within the.trahsfer zone 22, It follows that
the HMDS gas leaking from the adhesion unit (AD) 47
flows downward promptly together with the down flow
of the clean air so as to be released to the outside
25 through the air discharge port 26, making it substan-

tially impossible for the leaking gas fo_enter another

process unit. Naturally, the HMDS gas can be prevented



gas generated in the process chanber 71 flows through the hole 81 into the
i nner fluid passageway 80. Two gas supply pipes 82a, 82b are nmounted to the
20 gas supply portion 77. The pipe 82a is connected via a flow rate
control valve 83a to an HVDS gas supply source 90, with the other pipe 82b
bei ng connected via a flow rate control valyve 83b to a nitrogen gas supply
source 100. The operations of these flow catror 25 val ves 83a, 83b are
controlled by the controller 101. First and second horizontal fluid
passageways 84a, 84b communicating with the pi pes 82, 82b, respectively,

- 24 - are fornmed within the gas supply portion 77. The first horizontal
fluid passagewayr8fa2g¥rriflyaedfonting the Mafar M Jdind aneshepe BECSSS i ch
is open right aboye a central portion of the base plate 73. On the other 5.
hand, the secon¥™&rizontal fluid passageway 84b com nunicates with a

plurality of radially.branchedq.flyi.d passageways 86 which are open at
portions sonewhat deélgﬁ't’ o l"t%g:rt‘éﬁf@‘r esc%@nd’&% at e A Hnore

specific, the HYD$:038p)S 49!, OWhP T RAEE 1Y (TR) 46, the two
_5 chilling plate units.(CP)'45, 44, and the three hot
plate units (HP) 43, 42, 41 are.staéked one upon the
other in the order mentioned,.as already pointed out.
. It follows that it is possible to avoid thermal inter-
.férence among these units.
10 Ny After completion 6f the adhesion process, the
- main arm mechanism 21 transfers the wafer W out of
the adhesion unit 47 (step S57), folloﬁed by cooling
the wafer W in any of the chilling plate units (CP)
(step S8). Then, the main é;m mechanism 21 transfers
15 the wafer W into the éoating unit'(COT) and dispose the
wafer W on the spin chuck 23a. Further, the wafer W is
rotated about its own axis while evacuﬁting the cup 23b
for coating the adhesion-treated surface of the wafer W
‘with a resist (step §9).
20 In the next step, the main arm mechaﬁiSm 21
transfers the wafer W into any of the hot plate units
(HP) for pre-baking the resist coating to a prede-
termined temperature range (step S10). Then, the main
arm mechanism 21 transfers the wafer W into the chill-
25 ing plate unit (CP) 53 included in the fourth process
group G4 for_coéling the wafer W (step. S11). After

the cooling step, the sub-arm mechanism 34 takes



10 agai nst theswafer Wthrough the vertical fluid pas- sageway 85. On
the other hand, the nitrogen gas passes through the radi-ally branched fluid
passageways 86 so as to be obliquely blown against the wafer W It is
desirable for the first horizontal fluid passageway 84a 15 to have a
di aneter |arger than that of the second hogizontal fluid passageway 84b,
because it is nec- essary for the flow raté@ of the nitrogen gas (purging
gas) to be higher than that of the HVDS gas. A gas exhaust passageway 87 is
formed in the gas 20 di scharge portion 78, which connunlcates with both

ZQhLEQ?rpFFZSS S e O F B LERS oRRy 185 1R EE aﬁﬁﬁy%r&fst
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di scharge pipe § tm-:-tf@si)é@efiﬁﬁn{:'boﬂlﬁehio(§%eb0512).. | |
5 _ Further, the sub-arm mechanism 34 takes the
| wafér W out of the peripheral light-exposuré device 33 |
and transfers the wafer W”into the trahsfér-chillihg
plate unit (TR-CP) 54. The wafer W is held within
the transfer-chilling plate unit (TR-CP) 54 until the
10 light-exposure device (nof shown) becomes usable. When
the light-exposure device becomes usable, the sub-arm
mechanism 34 delivers the wafer W to an arm mechanism
(not shoWn) of the light-exposure mechanism (ndt shown)
(step S13). Then, the wafer W is disposed on a table
15 (not shown) within the light-exposure device for selec-
tively exposing the entire region of tﬁe resist film
to light to form an exposing pattern (step S14).
| Upon completion of the light-exposure treatment
over the entire region, the sub-arm mechanism 34
20 receives the wafer W from the arﬁ mechanism of
the light-exposure device. Futther, the wafer W .
is delivered to the main arm mechanism 21 via the
transfer-chilling plate unit (TR-CP) 54 (step S15).
Then, the main arm mechanism 21 transfers the wafer W
25 into the developing unit (DEV) and puts the wafer W on
the spin'chuck 23a. Under this condition, the cup 23b

is evacuated. At the same time, the wéfer W is rotated



be discharged to the outside. FIG 8 shows in detail the HVDS gas supply 5
source 90. As shown in the drawi ng, the HVDS gas supply source 90 includes
a hernetic jar 94 for storing a liquid HVDS 91. The upper open end of the
jar-94 is covered with an upper lid 96. Al so, an HVDS supply pipe 92
extends through the upper lid 96 such that 10 t he open end of the pipe
92 is positioned in the vicin- ity of theebod2omof the jar 94. The supply
pi pe 92 comunicates with an HVDS |iquid supply source (not shown) so as to
permt the HWDS |iquid to be supplied into the jar 94. ‘Incidentally, a heat
i nsul ating 15 material (not shown) is wound about the jar 94. A
nitrogen gas suppbypupi pes9dwanaxils, Hvidb agatewinpingigel B2oneierred to
previodsly also inserted into the jar 94 through the upper .1id 96. The open
end of the nitrogpplied topphe piafe iduping titthetptation sha® the
liquid surface within the jar 94. Further, the open end of the HVDS gas
suppl y pi pe 82a fAsvVgdept thRed ightriaxrafed aredisabldm t (Rt ehlehd of the
nitrogen gas supply pigg 93. An overfl ow pi |s al so mounted to the

upper lid 96 for rel e§¥PPRg ORPlEAF1on %@eﬂ‘?$g‘3@9‘? PpENG eEpEments o
nitrogen gas is bl own A" QU methadisr PP Yall LG GRALNSE e sy face of
the developind ﬁnit (DEV) and transfers the wafer W
into anf of-the hof plate.units (HP) for post-baking
the tesist film to a predetermined temperatﬁre range
(step S17). Further, the main arm mechanism 21 takes
10 ‘the wafer W out of the hot platé unit (HP) and trans-
- fers the wafer W into any of the chilling platé'units
(CP) for the cooling purpoée (step S18). .After the
cooling step, the main arm mechaniém 21 takes the
wafer W out of the chilling plate unit (CP) and trans-
15 fers the wafer W into the transfer unit (TR) 46. Then,
the sub-arm mechanism 4a.takes the wafer W out of |
the transfer unit (TR) 46 and puts the wafer W in
the cassette 1 disposed on the cassette table 2 so as
to finish a series of the processing of the wafer W
20 with resist.
The present invention is not limited to the
embodiments described above, and can be ﬁodified
in various fashions. For example, the embodiments
described_above cover an adhesion process as a gas
25 process. However, the techhical idea of the'present
invention can alsq be applied to another gas process.

Since the technical idea of the present invention can



the'liquid HVDS 91 within the jar 94, the liquid - 26 - HWS 91 is
partly evaporated to forman HVDS gas, which is supplied through the HVDS
gas supply pipe 82a to the process chanber- 71. It is possible to blow a
pressurized nitrogen gas or a heated nitrogen gas 5 into the jar 94.
FIG 10 is a flow chart show ng how to proce a wafer W In the first
step, the cassette 1 housing a plurality of fers Whbefore processing is
di sposed on the cassette table 2. Then, the first sub-arm 10 mechani sm
4 obtains access to the cassette 1 and takes a S|ngle waf er Wout of the

cassette 1 (step S1) urt the first sub-arm nmechanism 4 obtalns access
fromthe front sifife atHP]t"r‘F‘éPt‘?oar?sf%?s a?’?%‘?ﬁr%%tmiﬁﬁ‘{ %ﬁ{) a7 AGREFHRR i n the

third process gr &B so ,as 1 I|ver t he Io th waf er

table 24. In thé"forcaﬁ%%'ertafb? ca?ﬂfe%ti Hﬁc%e% orﬁ\’/yé fI at of
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' invention can be applied to the processing of various

5 éubstrates such as an LCD substrate, a glass substrate,

‘a CD substrate, a photo mask, and a substrate for a
prlnted circuit. o | |

As described above in detail, the adhesion unit
is positioned lower than the other units in the present

10 invention, with the résult that a gas processing unit
does not affect other process ﬁnits. Also, the present
invention permits eliminating particle attachment,
nonuniform processing, .etc. so as to carry out a satis-
factory gas processing.

15 ) Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects it not limited to

"the specific details and representative embodiments
shown and describéd herein. Accordingly, various

20 modificétions may be made without departing from the

spirit of scope of the general inventive concept as

defined by the appended claims and their equivalents.



20’ station 20 and the main arm nmechani sm 21 (step S2). After the
positioning of the wafer W the main arm nechani sm 21 obtains access from
the back side to the transfer-alignment unit. (TR) 46 so as to allow the

hol der 4a to take up the wafer Wfromthe wafer 25 table 24. Then, the
mai n arm mechani sm 21 transfers wafer V[figit into the adhesion unit (AD)
47 (step S3). In the adhesion unit (AD) 47, the process - 27 - chanber

71 having the plate 76 set therein is evacuated by the ejector 89. Then,
the flowrate control valve 83a is opened so as to introduce an HVDS gas
into the process chanber 71 (step $4). 5 As shown in FIG 9A, the
HVDS gas is blown through the vertical fFﬁﬁgyﬁhssagemay 85 perpendicul arly

e, e, " e WP A kY R Re o et € L
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Since the HVDS gagphl 94s appaidh o a substrate to be processed, '
5 comprising:
a transfer zone extending in a vertical direction;
a plurality of process groups afranged to surround
said transfer zone for procéssing said substrate, each
process group consisting of.a plurality of process
10 units stacked one upon the 6£her, and each process unit
having an opening COmmﬁnicating with the transfer zone
for ttansferring the substrate into and out of said
procesé unit; |
‘a main arm mechanism movably mounted in the
15 transfer zbne for transferring the substrate into and
out of the process unit through said opening; and
down flow formin§ means for forming a down flow
of a clean air within the transfer zone, _
wherein at ;east one of the plural process groups
20 includes a plurality of thermal units for heating or
cooling the substrate, a transfef unit for transferring
the substrate into and out of the transfer zone, and
a gas process unit for processing the suBStrate with
a gas, the opening of said gas process unit being
25 positioned lower than the-oﬁenings of the thermal units
ahd the transfer unit. o |

2. The apparatus according.to-ciaim 1, wherein
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t he process chanber 71, turbul ence or convection of the gas stream does not
.occur in the peripheral portion 15 of the wafer W As a result, the
adhesion treatnent is applied unifornly over the entire region of the wafer
W It follows that nonuniformity in the hydrophobic prop- erties is
unlikely to take place between the perlghers portion and the central
portion of the wafer W Inci- 20 dentalTy, the HVDS gas is discharged
downward of the process chanber 71 in the prior art. As a result, the gas
streamis obstructed by the peripheral menbers such as the positioning

25 Zi’riSLZiﬁﬁiéLE?F%%fts%r?ﬁé BaPoPogieI R douhe. Te® FRi el |

t r eat ment nonun%LgEH%l Egg next step, the process chanber 71 i's - 28 -
forcedly evacuare prevent the HVDS gas from |l eaking into the

ansrer e £ ISR, NSRS S B0 L
stitute the nitgQganp@asat théﬂmhﬁeuﬂﬁ%e%%c(l%@b%r héhting unit for
5 heating the substrate and a cooling unit for_cooliné
the sﬁﬁstrate, and said.cooling unit is_bositioned
lower than sald heatlng unit.
4, The apparatus according to claim’ 1, wherein
said down flow forming means includes an air supply
10 means for supplying a clean air from above said
transfer zone into the transfer zone and an exhaust
portion having an exhaust port commnnicating with the
transfer zone for evacuating the transfer zone, and
said exhaust port is positioned lower than the opening
15 of_the gas process unit.
-5, The apparatus according to claim 1, wherein
a shutter is mounted in the opening of each of the
process units qther than the thermal unit, the transfer
unit and the gas process unit for isolating the inner
. 20 atmospheres of said other process units from said
transfer zone. | |
6. The apparatus according to claim 1, wherein
the opening of each of said thermal unit, the transfer
unit and the gas process unit communicates directly
25 with said transfer zone.

7. The apparatus according to claim 1, wherein

said gas process unit is an adhesion unit for making
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(stép S6). The nitrogen gas is blown obliquely against the wafer Wthrough
the radially branched fluid pas- sageways 86 and, then, flows radially
outward along the surface of the wafer W Further, the nitrogen 10 gas
flows upward through the hole 81 and, then, is discharged to the outside

t hrough the inner passage- way 80, the exhaggt passageway 87, the exhaust
pi pe 88, and the collective discharge pipe “As a result, t-he HVDS gas
is expelled fromwi thin the process chanber 71, 15 and t he nitrogen gas
is substituted in the process chanber 71. In order to expel the HVMDS gas
pronptly fromwthin the process chanber 71, it is necessar or the flow
rate of the nitreMRreRaEtFatesurEpee hydrophabiss usang antﬁ@DﬁNBSSQas in

t he adhesi on ste shoul d be noted_i-n-this connection.that, if. a
ni trogen gas |ntPoducéd |ﬁ?oaPH@rﬁgH§e§9rcR&HE&FS+P969 gubsiratedn at e
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5 a developing treatment, comprising: '

a transfer zone extending in a vertical direction;
'é firét process grbup arranged in the viciniﬁy of
said transfer zone énd indluding a resist coating unit
and a developing unit stacked one upon the other, each

10 of said resist coating unit_and said'developinﬁ unif
having an opening through which éaid substrate is
transferred, and said opening communicating with said
transfer zone;

a second process group arranged in the viéinity

15 of the transfer zone and including a heating unit,

a cooling unit, a transfer unit and an adhesion unit,
each of said units having an opening through which
the substrate is transferred, and said opening com-
municating with the trahsfer zone;

20 a main arm mechanism movable within the transfer
zone for transferring'the substrate into and out of
each process unit through said opening; and

down flow forming means for forming a down flow
of a clean air within the transfer zone,

25 whe;einlsaid édhesion-unit, transfer unit; cooling
unit, and heating unit-included in séié a second pfoc-

ess group are stacked in the order mentioned such that .

NER ) )




- 29 - the inpact given by the nitrogen gas to the wafer Wis dininished so
as to suppress the particle generation. Incidentally, the inclining angle
of the radially branched fluid passageway 86 relative to the Z-axis 5
shoul d desirably fall within a range of 30 to 60. In the present invention,
the adhesion treatnent is carried out mﬁghig a sem -open unit 47, which is
not conpletely hernetic, with the result th ?-the HVDS gas tends to leak to-
the outside. If the |eaking gas 10 enters the process atnospheres of
the other open type process units 41 to 46 and the process space 27 of the

. ‘ . h he.resi . : d. th
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Wi thin the transfSimd®Nen 2n hbpbP! LRWSoENBhe t PRAAVES 986ns SakhNExhh@8Yt he
adhesion unit (AD) 47 _

.5 | port formed in a lower end of the transfer zone, and
a fiiter mechanism mounted in said gas inlet poit for
cleansing the ihtroduced air,.said exhaust port being
positioned lower than the openihg-of said adhesion unit.

10. The apparatus according to claim.8, wherein

10 a shutter is mounted in the opening of each of said
resist coating unit and the developing unif.included'
in said first process grbup so as to isolate the inner
“atmospheres of these resist coating unit and developing
unit from the transfer zone.

15 11. The apparatus according to claim 8, wherein
the opening of each of said heating unit, cooling unit,
transfer unit and adhesion unit communicates directly .
with the transfer zone. |

12. A method for processing a substrate, compris-

20 ing the steps of: |

(a) transferring a substrate into a hermetic
process chamber;

(b) introducing a process gas thrqugh a fifst'
fluid passageway into said process chamber to permit

25 said process gas to be blown against a central pbftién
of said substrate while_evacuating fheiprocess chaﬁber

through an exhaust passageway to permit the introduced
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fl ows downward pronptly together with the down flow of the clean air so as

to be released to the outside 25 t hrough the air discharge port 26,
making it substan- tially inpossible for the |eaking gas to enter another
process unit. Naturally, the HVDS gas can be prevented - 30 - from

adversely affecting the wafer Win anot her ocess unit. Also, inthe third
process group G3, the adhesion unit (AD) 4 the transfer unit (TR) 46, the

two 5 chilfing plate units (CP) 45, 44, "and the three hot plate units
(HP) 43, 42, 41 are stacked one upon the other in the order nmentioned, as
Fer once 22{)256?@%2%%1# e 3 J‘v?tuﬁww?e#’°ia§'rp§4€:téwf%f RoECLBReSfon |
ahes: on unit 4 FLrREEnHeY o PP G g S ek %‘&sa%éa%{i?sf the
'?Pi’il\ls:‘ggspllgte %ﬁ%&mﬁﬁg}\%@% o%?i%%eg{gfabf J‘%1‘%?udr?laltan(% di spogé t he

substrate for modifying said substrate.surface; and
5 (c) introducing a substitutihg gas thrdugh a
second fluid passageway td permit said substituting gas
to be blown againét a'region-sbmewhat deviant from the
center of the substrate ﬁhile evacuafing the process
chamber through said exhaust passageway, thereby to
10 expel said pfocess gas from within the process chamber
and substitute therefor said substituting gas within
the process chamber. |
13. The method according to claim 12, wherein said
process gas is blown perpendicularly against the sub-
15 strate in said step (b), and said subspituting gas is
blown obliquely against the substrate in said step (c).
14, .The method according to claim 12, wherein said
fifst fluid passageway has a single gas outlet port,
and said second fluid passageway has a plurality of gas
20 outlet ports. |
15. The method'according to claim 12, wherein said
exhaust passageﬁay'includes a space formed above the
process chamber.
16. An apparatus for processing a substrate,
25 comprisings |
a process chamber;

a substrate supporting mechanism for supporting

_
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wafer Won the spin chuck 23a. Further, the wafer Wis rotated about its
own axis while evacuating the cup 23b for coating the adhesion-treated
surface of the wafer Wwith a resist (step S9). 20 I n the next
step, the main arm nmechanism 21 transfers the wafer Winto any of the hot
plate units (HP) for pre-baking the resist §§a1ing to a prede- term ned
tenperature range (step S10). Then, the main arm nmechanism 21.transfers the
wafer Winto the chill- 25 - ing plate unit (CP) 53 included in the
fourth process group &4 for cooling the wafer W(step S11). After the

The eni1 11 ng' pl & SUFE P b v L v sl et Ro (he

peripheral |ight. I.ce 33 for exposing the peripheral region of
t he resist fiIn&?ﬁﬁ%gﬁigﬁ%?ﬁg%h812). 5 Further, the sub-arm

o traser e ene E AR A Mt ok PRt Sy LSl OB ey o5
54. The wafer Wdisih§} eMditidlly a process gas onto said substrate
| 5 - within the process chaﬁber; | | ) |
a second gas supply system for 6bliquely supplying
a substituting gas onto the substrate within the
process chamber; and
an exhaust mechanis@ for evacuating thé process
10 . chamber. |
17. The épparatﬁs according to claim 16, wherein
éaid exhaust mechanism iﬁcludes an exhaust poﬁt pqsi;
tioned above the substrate supported by said substrate
supporting mechanism. |
15 18. The apparatus according to claim 16, wherein
said first gas supply system has only one discharge
port, and said second gas supply system has a plurality
of discharge ports.
19. An apparatus for processing a'substrate,
20 comprising: | |
a process.chamber;
a.substrate supporting mechanism for supporting
a substrate substantially horizontal within said
process chamber; |
25 : a first gas supply syétem for supplying substan-
tially verﬁically a process gas onto said substrate

within the process chamber;
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the Transter-chiTTing plate unit (TR-CP) 54 until the 10

T e B
devicgﬁggga}ﬁpg¥pke. ones usable. \Wen the |ight-exposure ngb ﬁ%ﬁ&%ﬁ?ﬁen.

usabl e ]l irad | chani sm 34 delivers the wafer Wto an grm m
(not s ' ﬂﬂb, [Sht-exposure mechani sm (not shown) (step S13). Then,
the wa WS | ed on a table 15 _ (pgt shown) wi thin the

| i ght - exposure device for selec- tively exposing the entire region of the

resist filmto. light to forman exposing pattern (step S14). Upon

conpl etion of the light-exposure treatnent over the entire region, the-

sub-arm nechani sm 34 20 c %éeceives tge mafgg VVf%on#ﬁhe agn1nechgnLSn1of

the |ight-exposure deVitEOMarIR3, PUPREYWEYE W e d8PrvaPEdYt §UPRe Yo

arm mechani sm Zja"é&bé&f‘tdéﬂﬂ fﬁéé CQJ# 'Qﬂepjs%ggﬁgjcé {iI&%ﬁ) gﬁé (step
chants e Wal er 2

S15). Then, the Tain arm ne m ransfers into the

devel opi ng. uni t ! th fer Won the spin chuck 23a. Under
R e LA

this condition, _cup : S bvapuated. At the same time, the wafer Wis
rotated = - 32 - aboyl ékRa@¥P MAEtAan?Bfl 2oPe¥eheRhBInGOLHE PRotess
5 - chamber, '

wherein said substrate sdpporting mechahism
includes a base plate and a plurality of_positioniﬁg
- members mounted to a peripheral portiéﬁ of.said base
plate in a manner to project upward above the substraté
10 so as to be brought into contact with a periphefal
portion of the substrate and to define the ?osition
of the substrate, and |
wherein said exhaust mechanism includes an exhaust
port positioned above the substrate supported by the
15 '-subsfrate supporting'mechanism.
20. The apparatus according to.claim 19, wherein
said substrate supporting mechanism fu;ther includes
a spacer for forming a free space between said base
plate and the substrate.
20 ; 21. A method and apparatus for processing
substrate, substantially hereinbefore described with

reference to the accompanying drawings.
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appl|ed‘TfTTTE?VEEz;—]&;E;—eg its rotatlon so as to develop t i F ——
I i ght- exp%gghd’eﬁﬁbgt’en eph ‘%step S16) .“.Upon conpl etion of the devél%}; AS_ BEEN
treat ment, arm nmechani sm 21 takes the wafer W ISRHRED
developing “ transfers the wafer Winto any of the hot plate
units (HP) post - baki ng the resi st f||ﬁ1tg a predeterm ned tenperature

range (step S17). Further, the main arm nech ﬁisﬁ121 takes 10 . t he wafer
Wout of the hot plate uni t (HP) and trans- fers the wafer Winto any of

the chilling plate units (CP) for the cooling purpose (step S18). After the
cooling step, the main arn1nechan|sn121 t akes the wafer Wout of the

chilling plate unit (CP) afPSTIRHGE Of THE RISCLQSHRE A I%y i 10Db t he

ot of the transt er unMEHRR A ﬁmﬂﬁéﬂ@%h@%ﬁﬁ%&ﬁw "

di sposed on the cassett %ggigsg?sg?agntggg |nven?rb%%cg 5?&ﬁg{gﬁﬁ;5lng

of the wafer W20 resrs n1s no imtéed to

the embodi nent s deﬁg%@gdl&b@gfchaadg 8elEs dbEhSQs’tE 4A6lEOUS hashing

For exanple,_the e I ment escrib ove_ over an adhesion pProcess ds a
gas 25 Process. $@W§féées§hStéEQhEécabplﬂéa b hhgupPkesdRe to be

processed. The apparatus comprises a transfer zone .
extehding in a vertical direction, .a plurality of
process groups arranged to surround the.transfer

zone for processing.the substrate, each process group
" 10 consisting ofTa plurality of process units stacked.one
| upoh the other, and each process unit having an opening
communicating with thé transfer zone for transferring
the substrate into and out of the process unit, a main
arm mechanism movably mounted in the transfer zone |
15 for transferring the substrate into and out of the
process unit-through_the opening, and down flow forming
means for forming a down flow of a clean air within
the transfer zone. At least one ef the plural process
groups includes a plurality of thermal units for
20 heating or coolinglthe substrate, a transfer unit
for transferring the substrate into and out of the
transfer -zone, and a gas process unit for processing
the substrate with a gas, the opening of the gas
process unit being positioned lower than fhe openings

25 of the thermal units and the transfer unit.



i nvention can al so be applied to another gas process. Since the technical

i dea,.of the present invention can : .- 33 - :pe applied to a gas process

ot her” than an adhesi on process, the object to be processed is not linited
to a sem conductor wafer. Specifically, the present. i nvention can be
applied to the processing of various 5 substrates such as an LCD
substrate, a glass substrate, a CD substrate, a photo mask, and a substrate
for a printed circuit. As described above in detail, the adhesion unit is
positioned | ower than the other units imsghe present 10 i nvention, with
the result that a gas processing unit does not affect other process units.
Al so, the present invention permts elimnating particle attachnent,
nonuni f orm processing, .etc. so as to carry out a satis- factory gas
processing. 15 Addi ti onal advantages and nodifications wl|
readily occur to those skilled in the art. Therefore, the inventen in its
broader aspects is not linmited to the specific details and representative
enbodi nent s ()
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shown and descri bed herein. Accordingly, various 20 nodi fications may
be.made without departing fromthe spirit of scope of the general inventive
concept as defined by the appended clains and their equival ents. - 34 -
CLAIM5S 1. An apparatus for processing a substrate-in which a processing
consisting of a plurality of process steps is applied to a substrate to be
processed, 5 conprising: a transfer zone extending in a vertical
direction; a plurality of process groups arranged to surround said transfer
zone for processing said substrate, each process group consisting of a
plurality of process 10 units stacke@/8ne upon the other, and each
process unit having an opening conmmunicating with the transfer zone for
transferring the substrate into and out of said process unit; a main arm
mechani sm novably nmounted in the 15 transfer zone for transferring the
substrate into and out of the process unit through said opening; and
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down.flow formng means for formng a down flow of a clean air within the
transfer zone, wherein at |east one of the plural process groups 20
includes a plurality of thermal units for heating or cooling the substrate,
a transfer unit for transferring the substrate into and out of the transfer
zone, and a gas process unit for processing the substrate with a gas, the
openi ng of said gas process unit being 25 positioned | ower than the
openings of the thermal units and the transfer unit. 2. The apparatus

according to claim1, wherein - 35 - said transfer unit is positioned
| ower than said plural thermal units. 3. 3f& apparatus according to claim
2, wherein said plural thermal units include a heating unit for 5

heating the substrate and a cooling unit for cooling the substrate,
said cooling unit is positioned |ower than said heating unit. 4. The
apparatus according to claim1, wherein said down flow form ng nmeans
I ncl udes an air supply

and
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x

10 means for supplying a clean air from above said transfer zone into
the transfer zone and an exhaust portion having an exhaust port

comuni cating with the transfer zone for evacuating the transfer zone, and
sai d exhaust port is positioned | ower than the opening 15 of the gas
process unit. 5. The apparatus according to clairm 1, wherein a shutter is
nounted in the opening of each of the process units other than the thernal
unit, the transfer unit and the gas process unit for isolating the inner 20
at nospheres of said other process units fromsai.d transfer zone. 6. The
apparatus according to claim1, wher ei n 4/fe openi ng of each of said therm
uni-t, the transfer unit and the gas process unit communi cates directly 25
with said transfer zone. 7. The apparatus according to claim1l, wherein
said gas process unit is an adhesion unit for making - 36 - the
substrate surface hydrophobic using an HVDS gas. 8. An apparatus for
processing a substrate in
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whi ch a substrate to be processed is coated with resist, followed by
subjecting a resultant resist coating to 5 a devel opi ng treatnent,
conprising: a transfer zone extending in a vertical direction; a first
process group arranged in the vicinity of said transfer zone and incl uding
a resist coating unit and a devel oping unit stacked one upon the other,
each 10 of said resist coating unit and said devel opi ng unit having an
openi ng t hrough which said substrate is transferred, and said opening
comruni cating with said transfer zone; S¥8second process group arranged in
the vicinity 15 of the transfer zone and including a heating unit, a
cooling unit, a transfer unit and an adhesion unit, each of said units
havi ng an openi ng through which the substrate is transferred, and said
opening com nunicating with the transfer zone; 20 a main arm
mechani sm novabl e within the transfer zone for transferring the substrate

i nto and out of each process unit through said openinggs and down fl ow
form ng neans for formng a down flow of a clean air §¥1hyn the transfer

zone, 25 wherein said adhesi-on-—unit —tran cooling unit,
and heating unit incl udegoi n sai P& ¢econd proc- '
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ess group are stacked in the order nentioned such that - 37 - the
adhesi on unit occupies the | owernost position. 9. The apparatus according
to claim8, wherein said down flow form ng neans includes a gas inlet port
formed in an upper end of the transfer zone, an exhaust 5 port forned
in alower end of the transfer zone, and a filter mechani sm nmounted in said
gas inlet port for cleansing the introduced air, said exhaust port being
positioned | ower than the opening of sai%ﬂfdhesion unit. 10. The apparat us
according to claim8, wherein 10 as ter is nounted in the opening of
each of said resist coating unit and the developing unit included in said
first process group so as to isolate the inner atnospheres of these resist
coating unit and developing unit fromthe transfer zone. 15 11.

The apparatus according to claim8, wherein the opening{Qf each of said
heating unit, ,cooling unit, transfer unit and adhesion unit comuni cates
directly with the transfer zone. 12. A ne hﬂ% (t,Rg é)d‘jﬁééulng a substrate,
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Jo ing the steps of: (a) transferring a substrate into a hernetic
proocess chanber; (b) introducing a process gas through a first fluid
passageway into said process chanber to permt 25 said process gas to
be bl own against a central portion of said substrate while evacuating the
process chanber through an exhaust passageway to permt the introduced -
38 - process gas to flow upward at a peripheral portion of the substrate,
thereby to bring the process gas into c act with the entire region of a
surface of the substrate for nodifying Said substrate surface; and 5

(c) introducing a substituting gas through a second fluid passageway to
permt said substituting gas to be bl own agai nst a region sonewhat devi ant
fromthe center of the substrate while evacyati ng2ghe process chanber

t hrough sai d exhaust passageway, thereby to expel said process gas
fromw thin the process chanber agg subgjg tu Ol AMDS GBSt tuting

e /1™

gas within the process chanber. \J —_—
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'fb. The nethod according to claim 12, wherein said process gas is bl own
perpendi cul arly agai nst the sub- 15 strate in said step (b), and said
substituting gas is blown obliquely against the substrate in said step (c).
14. The method according to claim 12, wherein said first fluid passageway
has a single gas outlet port, and said second fluid passageway has a
plurality of gas 20 outlet ports. 15. The nethod according to claim
12, wherein said exhaust passageway i ®Budes a space forned above the
process chanber. 16. An apparatus for prpcessing a subgtrate, 25
conprising: 8 e e g-jubstrate s ' '
supporting Bst ant i al
process chant ystem f
vertically a ‘e substrate
chanber;

WAFER POSITIONING 182 | | Exposure— o =812

Y
TRANSFER OF WAFER _]_g3

[

Y : . Y
INTRODUCTION OF _] g4 LIGHT-EXPOSURE ON _| _g14
HMDS GAS ENTIRE SURFACE
Y Y
EXHAUST -] | | DELIVERY OF WAFER -{~S15
Y | . oy :
No GAS SUBSTITUTION--S6 DEVELOPMENT  4-S16
S | = v .
TRANSFER OF WAFER OUT| o/ PORT-BAKING ~ -~S17
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- : Y
COOLING S8 COOLING 518
) A s
B | PUTTING OF WAFER IN |
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tituting gas onto

.. I ” , it
MSubstrate supported by said substrate supporting nechanism 15

1 Xf\ﬁFm@mgﬁmd' ng to claim 16, wherein said.first.gas supply
vs?em Ly one di

. . 1 Y
as_on scharge- port—and-sat-d—second—gas—supply—systemhas—a

s

plurality of discharge ports. 19. An apparatus for processing a substrate,
2P METHOD ANID -ARPARATHS FORBROEIESS BIdBbARA I 1pporti ng nmechani sm f or
S
c
t
c

Ibhﬂl';ﬁhﬁﬂflﬂl‘tﬂl%ﬂ;l
S

a su

Lpporting a substrate substantially horizontal within said process _
chanbepic 1dekd is an appardtud FrShroBesSing UP BbstratStnewhichra propessingnepnsistisg afia
al | Bé;?lﬁ/reafiiy' cﬁadragl esé sRpOREPRISRD PRIStrERI6 bR USEesHdS THE bppdratul CoRpREBSS
pand transfer zone (22) extending in a vertical direction, a plurality of process groups
(G1,G2,G3,G4,G5) arranged to surround the transfer zone for processing the substrate, each
process group (G1,G2,G3,G4,G5) consisting of a plurality of process units (41-47) stacked
one upon the other, and each process unit having an opening communicating with the transfer
zone (22) for transferring the substrate into and out of process unit (41-47), a main arm
mechanism movably mounted in the transfer zone (22) for transferring the substrate into and
out of the process unit (41-47) through the opening, and down flow forming means for
forming a down flow of a clean air within the transfer zone (22). At least one of the plural
.. process groups includes a plurality of thermal units (HP,CP) for heating or cooling the
substrate, a transfer unit (46, TR) for transferring the substrate into and out of the transfer zone
(22), and a gas process unit (41-47) for processing the substrate with a gas, the opening of the
gas process unit being positioned lower than the openings of the thermal units and the transfer

unit (46,TR). '

Figure 10.
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- 407- a second gas supply system for obliquely supplying a subélzzﬁg D7~
gas onto the substrate within the process chanber; and an exhaust I'sm
for evacuating the process 5 chanber, wherein said substrate suphﬁﬁfﬁpg
nmechani smincludes a base plate and a plurality of positioning nenbers

nmounted to a peripheral portion of said basegplate in a manner to project
upward above the substrate 10 so as to be brought into contact with a

peri pheral portion of the substrate and to define the position of the
substrate, and wherein said exhaust nechani smincludes an exhaust port

posi tioned above the gubstbaleq agpea%gqg @éystt'&ﬂl ¥or o g%&é;:ltsg,p}%q{%l ng

mechani sm 20. The apparatus accordi ' ai m 19,
supporting mechaqi subdtitheing nghydesta ﬁﬁéCthEQEaEQrﬁh@ﬁli fthee space

bet ween sai d base plate and the substrate.
prqcess chamber; and
an exhaust mechanism for evacuating the process
5 chamber,
wherein said substrate supporting mechanism
includes a base plate and a plurality of positioning
members mounted to a peripheral portion of said base
plate in a manner to project upward above the substrate
10 so as to be brought into contact with a peripheral
portion of the substrate and to define the position
of the substrate, and |
wherein said exhaust mechanism includes an exhaust
port positioned above the substrate supported by the
i5 substrate supporting mechanism.
20. The apparatus according to claim 19, wherein
said substrate supporting mechanism fu;ther includes
\ a spacer for forming a free space between said base

plate and the substrate.
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