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TI TLE OF THE 1 NVENTI ON METHOD AND APPARATUS FOR PROCESSI NG
BACKGROUND OF THE | NVENTI ON The present invention relates to a[ﬁﬁ)ﬁod and 5
apparatus for coating a substrate such as a sem con- ductor wafer or an LCD
(liquid crystal display) substrate with resist, followed by devel oping the
resist coating. Used in a photolithograpky groeess is a resist 10
processi ng systemin which sem conductor wafers are successively coated
with a resist solution and, then, the resist coating is devel oped. Many

process units are included in a prpeessSos ot ofneEntHenr esi st processi ng
system For exanple, in the resist 15 processi ng system di sclosed in

U S. Patent ApplMETHODNAND. ABBARKTUS 1POR NBROCHS SLRSSRESIEB \Are arranged on
both sides of a horizontal transfer path, and a wafer is transferred by a

mai n arm mechani sm al ong t he h®ACKGROAND OFNTHE INVENTIONO each process
unit for 20 a desired processing. Also, in the resist processing
system di scl osed i n Ur'Be Praeeant Nonvéntbdn2bdlahesyteracesthadi asdare
arranged around a vertical transfer path, and a wafer is transferred by a
mai n ar m rlechani aPParangs t fer veeattng arswkserapat sutht @s eacpenicon-

ductor wafer or an LCD (liquid crystal display)
substrate with resist, followed by developing the
resist coating.
Used in a photolithography process is a resist
10 processing system in which semiconductor wafers are
successively coated with a resist solution and, then,
the resist coating is developed. Many process units
are included in a process section of the resist
processing system. For example, in the resist
15 processing system disclosed in U.S. Patent Application
No. 08/667,712, many process units are arranged on
both sides of a horizontal transfer path, and a wafer
is transferred by a main arm mechanism along the
horizontal transfer path into each process unit for
20 a desired processing. Also, in the resist processing
system disclosed in U.S. Patent No. 5,664,254, many
process units are arranged around a vertical transfer
path, and a wafer is transferred by a main arm
mechanism along the vertical transfer path into each
25 process unit for a desired processing.
For processing a wafer accurately and wifh safety

within each process unit, the wafer must be positioned



25 ¢ process unit for a desired processing. For processing a wafer
accurately and with safety within each process unit, the wafer nust be

posi ti oned -2- with high accuracy within the process unit. It was
customary in the prior art to introduce a wafer, which is transferred from
a cassette section into a process section, inta an alignnment unhit for

adj usting the wafer 5 position relative to the process unit within the
process section. Also, every tine the position of a wafer taken out of a
process unit is deviajted, fromthe paosition_in the step of. trapsfer into the
process unit, tﬁglﬁgfe%gpsa F%ﬁ%?%r?éﬁﬁfﬂtBh?hErSFFSRnEH%tuni?gtBaio

adj ust the wafercposbhiod 21 e8! pedokehati 8 LALBR.REXL RLOGRSS HILD.

Particularly, inthe res coa evel oping uni e waf er

i s revol ved aboujgi {:Eaﬁ%eéﬂleéa?%' ng LRSsBERECSELRGon! RGLBOR! f:g?&téhg

position of the orientation t of the wafer taken out 15
process unit difgeseibhpMmihbet ahNal NgnbARR Qhikr 28%f @4 juBtenghener paess

unit. Therefore, the water nust be transferred to the alignnment unit for
adj usting s position relative to the process unit within the

process section. Also, every time the position of a
wafer taken out of a process unit is deviated from the
position in the step of transfer into the process unit,
the wafer is transferred into the alignment unit to

10 adjust the wafer position as desired relative to the
next process unit. Particularly, in the resist coating
or developing unit in which the wafer is revolved about
its own axis during the processing, the horizontal
position of the orientation flat of the wafer taken out

15 of the process unit differs from that in the step of
transfer into the process unit. Therefore, the wafer
must be transferred to the alignment unit for adjusting
the horizontal position of the orientation flat every
time the wafer is taken out of the particular process

20 unit. In this fashion, the main arm mechanism must
be moved for simply adjusting the wafer position.
It follows that a load given to the main arm mechanism
is increased. 1In addition, the wafer transfer time
is increased, leading to a low through-put and an

25 increased danger of particle adhesion to the wafer.

In the resist coating unit, the inner surface of

a drain cup is periodically washed using an exclusive



the horizontal position of the orientation flat every tinme the wafer is
taken out of the particular process 20 unit. In this fashion, the main
arm mechani sm nust be noved for sinply adjusting the wafer position. It
follows that a |oad given to the main arm nmechanismis increased. In
addition, the wafer transfer tinme is increasgd,-leading to a | ow

t hrough-put and an 25 I ncreased danger of particle adhesion to the
wafer. In the resist coating unit, the inner surface of a drain cup is

i odi cal | hed ' ' 3 hi I Hall
ol vent cuch ac SSPHLRRoPoPY SPASHLRSIReA e PR duicd af ALeRUA S (ne

nner sur face of ;§NEgUB. +bNMASHLNINENEEUR: LA N9 LaQ shaused

somewhere in the systemis transtferre the resist coating unit so

as to be mount edsposgoanhi EhUCkupfen sl haeyasly dhd Qlp TR Gshinighe Spin

chuck is rotated, e solvent is Spurted through hol es™made in the ~
circunferential wgbh AbukBa tepbwhever dnt REel BYRRcHUlifsAdeadfs flelte-edr &on cup

so as to dissolve the 10 resist attached to the inner surface of the
cup. 5 the resist coating unit so as to be mounted to a spin

chuck. When the washing tool mounted to the spin chuck
is rotated, the solvent is spurted through holes made
in the circumferential wall of the tool toward the
inner surface of the drain cup so as to dissolve the

10 resist attached to the inner surface of the cup.
After the washing, the washing tool is detached from
the spin chuck and is brought back to the original
housing region. It should be noted that, if the
washing tool fails to be brought back accurately to the

15 original position, the washing tocl cannot be mounted
to the spin chuck when the drain cup is washed again.
To overcome this difficulty, the washing tool is
transferred to the alignment unit after the washing
operation for positioning the washing tool as desired.

20 Then, the washing tool is brought back to the original
housing region. The requirement of transferring the
washing tool to the alignment unit naturally causes the
through-put to be lowered.

BRIEF SUMMARY OF THE INVENTION

25 An object of the present invention is to provide

a method and apparatus for resist processing, in thch

a substrate after the resist coating or developing step



After the washing, the washing tool is detached fromthe spin chuck and is
brought back to the original housing region. It should be noted that, if
the washing tool fails to be brought back accurately to the 15 ori gi nal
position, the washing tool cannot be nounted to the spin chuck when the
drain cup is washed again. To overconme this glifficulty, the washing tool is
transferred to the alignnment unit after the washing operation for
positioning the washing tool as desired. 20 Then, the washing tool is
brought back to the,original housi ng regi on., The rﬁguirenent of

transferring t hedWaiRn hﬂSBItgs FRESEFRGRNE Rt TEYCL VieSt GPUty 1E5u9¥8 ¢ he

t hrough-put to be Lomereg. B@IEF UWARY OF T@E #§¥ENT|CN 25 An
obj ect of the pr8§éﬁtnﬁﬁ efiPion<i $*£8° ?55F8e 8 &ﬁré &a§6p§P§tus for
resi st processing, .l i.ch .ate after the resist coating or
devel opi ng step gdjggnggr%ﬁg %ﬁ?gkag € substrate is revolved about its own

axi’s need not be trangferted ;2R 1Y o) Fovitle HAHARY drdep POSI tion.

5 apparatus for resist processing, in which a washing
tool for washing a drain cup need not be transferred
after the washing operation to another place for
adjusting its position.

According to a first aspect of the present
10 invention, there is provided a resist processing method
in which a substrate is successively transferred by
an arm mechanism into a plurality of process units for
successively processing the substrate, comprising the
steps of (a) loading a substrate having a reference
15 region which is aligned as desired relative to the
process unit and the arm mechanism in a horizontal
plane, into the process unit, the substrate being held
substantially horizontal by a spin chuck surrounded by
a drain cup, (b) rotating the spin chuck holding the
20 substrate and supplying a process solution onto the
substraté rotated together with the spin chuck, (c)
stopping the supply of the process solution and also
stopping rotation of the substrate, (d) detecting
a position of the reference region in the horizontal
25 plane of the substrate held on the spin chuck, (e)
rotating the substrate together with the spin chuck

based on the position detected in the step (d) to



‘Anot her object is to provide a nethod and 5 apparatus for resist
processing, in which a washing tool for washing a drain cup need not be
transferred after the washing operation to another place for adjusting its
position. According to a first aspect of the present 10 i nventi on,
there is provided a resist processing nethod in which a substrate is
successively transferred by an arm mechani slninto a plurality of process
units for successively processing the substrate, conprising the steps of

(a) loading a substrate having a reference 15 regi on which is aligned
as desired rel atj o .the G8S r qg%m

hori zontal plan % tt ez%;%ces?éju%étg %}ﬁ h;%t ?‘{E% el r?g'sgr?hdelrbd‘;'él
substantially h r| Wlw R &S RIS O%il’tr Q)qpqqp e & cups (b)
rotating the spln chuc ﬁbldlng the 20 % strate an% &gp ing a

process sol utiongyditd e MHaidtd %ﬁ&&@tr{eoq%&%rsswdltt heyrpi (g chuck,

(c) stopping the supply of the process solution and al so stopplng rotation

of the substrat enllcddigRf add RGBHANd idit ¥ff the iR adRgived n the
hori zontal 25 pl ane of the substrate held on the spin chuck, (e)

rotating she suhdie aubstagaidhdls Wdtatdie tepian pasia dmsad mﬁd}hetmm tion
detected in the step (d) to
reference region of the substrate is aligned with the
initial position.
It is desirable for the method of the present

invention to comprise after the step (f) additional

10 steps of (g) mounting a washing tool having a reference
region which is aligned as desired relative to the
process unit and the arm mechanism in the horizontal
plane, onto the spin chuck, (h) rotating the washing
tool together with the spin chuck and supplying a

15 solvent to the rotating washing tool to permit the
solvent to be centrifugally separated from the washing
tool and to strike an inner surface of the drain cup,
thereby dissolving an object adhered to the inner wall
in the solvent so as to remove the adhered object, (i)

20 stopping supply of the solvent and also stopping
rotation of the washing tool, (j) detecting a position
of the reference region of the stopped washing tool
held on the spin chuck, (k) rotating the washing tool
together with the spin chuck to permit the reference

25 region of the washing tool to be aligned to an initial
position in the step (g), and (1) transferring the

washing tool out of the process unit when the reference



- 5 - permt the reference region of the substrate to be aligned with an
initial position in the step (a) of |oading the substrate into the process
unit, and (f) unloading the substrate out of the process unit when 5

the substrate is rotated to a position at which the reference region of the
substrate is aligned wth the initial positign._It is desirable for the

nmet hod of the present invention to conprise after the step (f) additional

10 ~ steps of (g) mounting a washing tool having a reference region which
e ol RS Bk b5, RS E5 i, Al g, SRR o "
washi ng tool to BRFRLELRESESEOBAT To be entrifugal |y Separated from the -
G 5501 vi ng.an- obj cot - Adhared Es HEEITARIRC daP eHd eliRld) ff find HicERAC

renove the adher edy@Rik¢6h thhl 29 least! BRRI B LWPIinPled BE $okUEALAAN

al so stopping
5 and the horizontal position of the reference region

of the substrate be sequentially detected between the
steps (b) to (d) noted above.
In the resist processing method of the present
invention, a substrate having a reference region is
10 transferred in a predetermined direction to a spin
chuck. Also, a rotating means is controlled to permit
the horizontal position of the reference region of the
substrate taken out of the process unit to be equal to
that in the step of transferring the snwbstrate into the
15 process unit, making it unnecessary to transfer the
substrate taken out of the process unit into, for
example, an aligning unit for adjuéting the horizontal
position of the reference region.
Further, the rotating means is controlled in
20 response to a position signal supplied from a detecting
means to permit the horizontal position of the refer-
ence region of the washing tool taken out of a process
unit to be equal to the initial position in the step
of transferring the washing tool into the process unit,
25 making it unnecessary to transfer the washing tool
after the washing operation into, for example,

an aligning unit for adjusting its position.



rotation of the washing tool, (j) detecting a position of the reference
regi on of the stopped washing tool held on the spin chuck, (k) rotating the
washi ng tool together with the spin chuck to permt the reference 25

region of the washing tool to be aligned to an initial position in the step
(g), and (1) transferring the washing toal qut_-of the process unit when the
ref erence - 6 - region of the washing tool is nade aligned with the
initial position. It is also desirable in the nmethod of the present

ti t hat at t f th f 5 dth
rventi on that ol | eogl. ongygh LD RUEREL BlodoL oo Sprepoflld (e

tially d tief In th
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spin chuck. Al'so,”"a rotatlng ans 1S ¢ ed to perfit the horizontal
position of the Hﬁ]&[@%&‘éﬂ&ﬂ:@fréé&ﬁu%d at Sr L REEAI Yt a OdubderPEHCESS

unit to be equal to
5 having a reference region within the process chamber,
rotating means for rotating the spin chuck, a nozzle
for supplying a process solution onto the substrate
held on the spin chuck, a drain cup surrounding the
spin chuck and the substrate, an arm mechanism for
10 loading the substrate into the process chamber at a
constant direction and for unloading the substrate out
of the process chamber at the constant direction, and
control means for controlling the operation of the
rotating means to permit the reference region of the
15 substrate taken out of the process chamber to be
aligned with that in the step of loading the substrate
into the process chamber.
In the resist processing apparatus of the present
invention, a washing tool is arranged outside a drain
20 cup. Therefore, the apparatus is not enlarged. Also,
a process solution is supplied from above a holding
surface of a spin chuck. On the other hand, a washing
solution is supplied from below the holding surface of
the spin chuck. It follows that the process solution
25 supply mechanism and the washing solution supply

mechanism do not interfere with each other.

Additional objects and advantages of the invention



that in the step of transferring the substrate into the 15 process
unit, making it unnecessary to transfer the substrate taken out of the
process unit into, for exanple, an aligning unit for adjusting the

hori zontal position of the reference region. Further, the rotating neans is
controlled in 20 response to a positi.ongignal supplied froma
detecting neans to permt the horizontal position of the refer- ence region
of the washing tool taken out of a process unit to be equal to the initial

t th t ft f [ hi tool |nt h
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chanber, a spin c aving“a reference reglon,
substrate 5 BAd1 Agvantabese8eeth89i RPeMt { Bh'mb eber953§§zeaaanar

rotating neans for rotating the spin chuck, a nozzle
5 obtained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illust-
10 rate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments give below, serve to explain the principles of
the invention.
15 FIG. 1 is a plan view showing a resist processing
system;
FIG. 2 is a side view showing the resist
processing system of FIG. 1;
FIG. 3 is a back view showing the resist
20 processing system of FIG. 1;
FIG. 4 is a cross sectional view showing a resist
processing apparatus (resist coating unit);
FIG. 5 is a cross sectional view showing another
resist processing apparatus (resist coating unit);
25 FIG. 6 is a flow chart showing a series of resist
processing steps;

FIG. 7 is a flow chart showing the steps for



for supplying a process solution onto the substrate held on the spin chuck,
a drain cup surrounding the spin chuck and the substrate, an arm nechani sm
for 10 | oadi ng the substrate into the process chanber at a constant
direction and for unloading the substrate out of the process chanber at the
constant direction, and control neans for.captrolling the operation of the
rotating neans to permt the reference region of the 15 substrate taken
out of the process chanber to be aligned with that in the step of |oading

the substrate intq the process chanber. In the resist processing apparatus
of the present iAPIHBLIRT ADRa¥RERY POSHELONEr r anged outside a drain 20

cup. Therefore, the aratus i s not .enlarged. Al so, H 0Gess sq%ution
is supplied from abovgﬁ 'hdl di*n§ s OrFa& Wsﬁihr‘?wclﬁ’@c%. ":"C)‘f‘%t"“ﬁ:ee Sthher
hand, 2 washino s0kubhnd $oBiPRELR0LAATERELRN WE"Y dalg by ke of the
spin chuck. It follows at” the process solution supp mechani sm

and the washi ng gghykhQn supply nmechani smdo not interfere with each other
Addi ti onal objects and’advantages of the invention

5 FIG. 9 is a side view showing a chilling plate
unit equipped with a washing tool holder;
FIG. 10 is a flow chart showing the steps of
washing a drain cup included in a resist coating unit;
FIG. 11 is a plan view as seen from below of
10 a spin chuck;
FIG. 12 shows how the position of a semiconductor
wafer having an orientation flat is adjusted; and
FIG. 13 shows how the position of a semiconductor
wafer having a notch is adjusted.
15 DETAILED DESCRIPTION OF THE INVENTION
Let us describe preferred embodiments of the
present invention with reference to the accompanying
drawings, covering cases where a series of resist
processing is applied to a semiconductor wafer.
20 Specifically, FIGS. 1 to 3 collectively show a
resist processing system comprising a cassette station
10, a process station 20, and an interface section 30.
A cassette table 2, on which four cassettes 1 are
disposed, and a first sub-arm mechanism 4 are arranged
25 in the cassette station 10. The process station 20
includes five process unit groups Gl to G5, and a main

arm mechanism 21. Further, the interface section 30,



- 8- wll be set forth in the description which follows, and in part wll
be obvious fromthe description, or may be | earned by practice of the

i nvention. The objects and advantages of the invention nay be realized and
5 obtai ned by neans of the instrunmentalities and conbi na- tions
particularly pointed out in the appended cl ainms. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG The acconpanyigg draw ngs, which are

i ncorporated in and constitute a part of the specification, illust- 10
rate presently preferred enbodi ments of the invention, and together wth

th | d b d the detailed d t f th
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FIG. 1; FIG 4 1s a cross sectional view show ng a fTesist processing
apparatus (resigkps8aténgppathtusFs®. 5 is a cross sectional view show ng

anot her
5 The cassette 1 transferred by a transfer robot

(not shown) from another system is received by the
cassette station 10 and, then, transferred into the
process station 20. Similarly, the cassette 1 is
transferred from the cassette station 10 to the other

10 system. A plurality of wafers W, e.g., 25 wafers W,
are housed in each cassette 1.

As shown in FIG. 1, four projections 3 are formed
on the table 2 in the cassette station 10 to permit the
cassettes 1 to be positioned as desired in the cassette

15 station 10. Each cassette 1 on the table 2 is posi-
tioned such that the opening for wafer transfer faces
the process station 20. Wafers W are held horizontal
a predetermined distance apart from each other within
the cassette 1.

20 The first sub-arm mechanism 4 includes a holder 4a
movable in an X-axis direction and a Z-axis direction.
The wafer W is selectively taken out of any of the
cassettes 1 by the holder 4a of the sub-arm mechanism 4.
The holder 4a is supported swingable by an angle 0

25 about the Z-axis. The wafer W is transferred between

the first sub-arm mechanism 4 and a main arm mechanism

21 via a transfer/alignment unit (TR/ALIM) 46 included



resi st processing apparatus (resist coating unit); 25 FIG 6is a
flow chart showing a series of resist processing steps; FIG 7 is a flow
chart showi ng the steps for - 9 - adjusting the wafer position; FIG 8
is an oblique view show ng the state of a washing tool when transferred
froma washing tool holder; 5 FIG 9 is a side view show ng a
chilling plate unit equi pped with a washi tool holder; FIG- 10 is a flow
chart showi ng the steps of washing a drain cup included in a resist coating
unit; FIG 11 is a plan view as seen from bel ow of 10 a spin chuck;

FIG 12 shows how the position of a sem conductor wafer having an
orientation fldtP & PIHCRESSe PN idh SR Q% shows how-the position of a

DESCRI PTI ON OF THE, (TR Aoes (Rt RECH) CHiH e%s (2 PLAEBY R of the
process units 23 and 41 to 54 arranged to surround
a transfer zone 22 and stacked one upon the other.

5 A series of resist processing is applied to each wafer
W in these process units, and the wafers are processed
one by one in these process units.

As shown in FIG. 1, the main arm mechanism 21 is
formed in the central transfer zone 22 of the process

10 station 20. A plurality of holders 26 for holding the
wafer W are mounted to the main arm mechanism 21.
These holders 26 are driven by a plurality of driving
mechanisms (not shown) so as to be movable back and
forth, movable in a Z-axis direction, and swingable by
15 an angle 6 about the Z-axis.

The process units in the process station 20 are
divided into five process groups Gl to G5. The first
and second process groups Gl and G2 are arranged side
by side in a front portion of the system. The third

20 process group G3 is positioned adjacent to the cassette
station 10. The fourth process group G4 is positioned
adjacent to the interface section 30. Further, the
fifth process group G5 is positioned in a back portion
of the system.

25 As shown in FIG. 2, the first process group Gl
includes two spinner type process units (DEV) and (COT)

stacked one upon the other. In the embodiment shown in



present invention with reference to the acconpanying draw ngs, covering
cases where a series of resist processing is applied to a sem conduct or
waf er. 20 Specifically, FIGS. 1 to 3 collectively show a resi st
processi ng system conprising a cassette station 10, a process station 20,
and an interface section 30. A cassette table 2, on which four cassettes 1
are disposed, and a first sub-arm nechani spp4 are arranged 25 in the
cassette station 10. The process station 20 includes five process unit
groups Gl to G5, and a main arm mechani sm 21. Further, the interface

t 30, whi ch d bet at 20
and a1 ght - expReAF 'Cratti}ie'(cﬂ% eLowuny. 3%?@5%@ PR ek A m

h 34 h - Th
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et teo, AR AL Sl ol 140 or LATRLRLE St oid
cassette Staii(H‘dH¥éIbﬁiH§(ﬁﬁE% (DEV) stacked on the coating unit
5 (COT). It is desirable to shorten the passageway of
the waste solution discharged from the resist coating
unit (COT) because the waste resist solution is more
difficult to be disposed of than the waste developing
solution. Therefore, the resist coating unit (COT) is
10 arranged below the developing unit (DEV). However, it
is possible to arrange the resist coating unit (COT)
above the developing unit (DEV), if necessary.
As shown in FIG. 3, seven open type process units
41 to 47 are stacked one upon the other to form the
15 third process group G3. To be more specific, the third
process group G3 includes an adhesion unit (AD) 47,
a transfer/alignment unit (TR/ALIM) 46, two chilling
plate units (CP) 45, 44, and three hot plate units (HP)
43, 42, 41, which are stacked one upon the other in
20 the order mention such that the adhesion unit (AD) 47
occupies the lowermost position. A cassette table 24
is included in each of these open type process units 41
to 47. Also, an opening through which the wafer W is
transferred by the main arm mechanism 21 is formed in
25 each of these process units 41 to 47. Naturally, the
opening is positioned to face the transfer zone 22.

The wafer W transferred through the opening into the



10 system A plurality of wafers W e.g., 25 wafers W are housed in
each cassette 1. As shown in FIG 1, four projections 3 are fornmed on the
table 2 in the cassette station 10 to pernmt the cassettes 1 to be
positioned as desired in the cassette 15 station 10. Each cassette 1
on the table 2 is posi- tioned such that the opening for wafer transfer
faces the process station 20. Wafers Warejheld horizontal a predeterm ned
di stance apart fromeach other within the cassette 1. 20 The first
sub-arm nmechani sm 4 includes a hol der 4a novable in an X-axis direction and

a Z-axis direction. The wafer W/s selective taken o of ,any of the
cassettes 1 by Q?ﬁF?ﬁﬁcﬁﬁlﬁa?%fdiﬁﬁoiﬁ -3#x¥hécﬁﬁg?§n¥%gl?h%2hglder 4a is

Funbor ed S 190l s e2a?'§ 81 BBorna ARTEe R A8 eBae, THSAELS Y
2 pupcs, | TSSOl IS S MGl 0l get) b 2gptoages o
and 41 to 54 argpMoey Qo Pei " P¥Gach of the chilling plate units (CP)

5 44 and 45. On the other hand, the wafer W passes
through the transfer/alignment unit (TR/ALIM) 46 when
the wafer is transferred between the cassette station
10 and the process station 20. Also, the wafer
position is adjusted relative to the process station

10 20 within the transfer/alignment unit (TR/ALIM) 46.
Further, the wafer W is processed with an HMDS gas
within the adhesion unit (AD) to make the wafer surface
hydrophobic.

The fourth process group G4 also includes seven

15 open type process units 48 to 54 which are stacked
one upon the other as in the third process group G3.
Specifically, the fourth process group G4 includes
a transfer/chilling plate unit (TR/CP) 54, a chilling
plate (CP) 53, and five hot plate units (HP) 52, 51, 50,

20 49 and 48, which are stacked one upon the other such
that the unit (TR/CP) 54 occupies the lowermost
position.

The fifth process group G5, which is arranged
behind the main arm mechanism 21, also includes a

25 plurality of open type process units which are stacked

one upon the other és in the third and fourth process

groups G3, G4, and is slidable in a Y-axis direction



a transfer zone 22 and stacked one upon the other. 5 A series of resist
processing is applied to each wafer Win these process units, and the

waf ers are processed one by one in these process units. As shown in FIG 1,
the main arm nmechanism?21 is forned in the central transfer zone 22 of the
process 10 station 20. A plurality of holders 26 for hol ding the wafer
Ware nmounted to the main arm nmechani sm 2114 These hol ders 26 are driven by
a plurality of driving nechanisnms (not shown) so as to be novabl e back and
forth, novable in a Z-axis direction, and swi ngable by 15 an angle O

about the Z-axis ’§$§L§é9ﬁ§§§8¥££Féﬁjn #Petﬁégﬁggé%z%%%éggsz r§5§ Egvided

into five procé%%o he TTrS pr oces roups Gl

and @2 are art angeg g df, g #%akls @I{&&digrg{téognxgef%éfgﬁnéym@ The

third 20 process group I s posi tione ace e cassette
station 10. The, t °H§h i 1{ho LRSEDELt 91t he
I nterface secti%éé%&Li%{ﬁ%%E??bg%e |¥%% %?%ggiéﬁdggﬂﬁﬁ%B ?s p%sitioned I n

a back portion &b fhecsysieMiPdte the maidSeSdoV® & Fh&E maint Bemfir st
process group Gl includes two spinner type process units (DEV) and (COT)

st acked gne upaiedhenidmezi. | n the enbodi ment shown in
The interface section 30 is equal to the process
station 20 in its length in the X-axis direction.
As shown in FIGS. 1 and 2, a movable pick-up cassette
31 and a stationary buffer cassette 32 are stacked one
10 upon the other in a front portion of the interface
section 30 such that cassette 31 occupies the upper
position. Also, a peripheral light-exposure device
33 and a second sub-arm mechanism 34 are arranged in
a back portion and central portion, respectively, of
15 the interface section 30. The second sub-arm mechanism
34 is movable in an X-axis direction and a Z-axis
direction so as to transfer the wafer W into the
cassettes 31, 32 and into the peripheral light-exposure
device 33. Further, the second sub-arm mechanism 34
20 is swingable by an angle 6 about the Z-axis to permit
transfer of the wafer W into the transfer/chilling
plate unit (TR/CP) 54 included in the fourth process
group G4 of the process station 20 and onto a wafer
transfer table (not shown) on the side of the adjacent
25 light-exposure device.
The resist processing system of the construction

described above is arranged within an air-conditioned



- 12 - the drawing, the developing unit (DEV) is stacked on the resist
coating unit (COT). The second process group & also includes a resist
coating unit (COT) and a devel oping unit (DEV) stacked on the coating unit
5 (COr). It is desirable to shorten the passageway of the waste
solution discharged fromthe resist coating unit (COl) because the waste
resist solution is nore difficult to be dilgposed of than the waste

devel opi ng solution. Therefore, the resist coating unit (COT) is 10
arranged bel ow the devel oping unit (DEV). However, it is possible to

arrange the resislo SO YLL (00N, ahoye G, dSVel Qg YL (D). i

necessary. As SHoWH™ im . Sevdn open type proces 0 47 are

stacked one up%ﬁ@eq{iﬁiﬁ G Heor B d NG @gfo s.stim:g[&égt%q@si KPR EBs TO

be nore specific process gro I nc an adhesion unit (AD)

47, a transfer/@al | @y UHdrdabd AlHdVic 1Han i sENid4 itie Ridissphdds (CP)
45, 44, and three hot plate units (HP) 43, 42, 41, which are stacked one

upon the other itk the tfigstler nention such that the adhesion unit (AD)
47

5 Let us describe the spinner type process units
(DEV) and (COT) with reference to FIGS. 4 and 5. These
process units (DEV) and (COT) are included in each of
the first and second process groups Gl and G2. Each of
these process units (DEV) and (COT) comprises a drain

10 cup 23, a spin chuck 71 and a nozzle 73. The drain cup
23 is formed to surround the outer circumferential
portion and lower portion of the spin chuck 71. Also,
a discharge passageway (not shown) is formed in a
bottom portion of the drain cup 23. The nozzle 73 is

15 arranged above the spin chuck 71 to permit a resist
solution or developing solution to be supplied through
the nozzle 73 to the wafer W disposed on the spin chuck
71. The spin chuck 71 is open in its upper surface to
form a vacuum suction hole (not shown) such that the

20 wafer W is held on the spin chuck 71 by vacuum suction.
Further, a lower portion of the spin chuck 71 is joined
to a driving shaft 72a of a motor 72.

In the spinner type process unit shown in FIG. 4,
the number of rotations of the wafer is detected by

25 a optical sensor 74 equipped with a light-emitting
element and a light-receiving element. As shown in

FIG. 11, an alignment mark 6 is put on an lower surface



occupies the | owernost position. A cassette table 24 is included in each of
t hese open type process units 41 to 47. Al so, an opening through which the
wafer Wis transferred by the main arm nechanism 21 is formed in 25
each of these process units 41 to 47. Naturally, the opening is positioned
to face the transfer zone 22. The wafer Wtransferred through the opening
into the - 13 - process unit is dispaseggon_.the wafer table 24. The
waf er W di sposed on the wafer table 24 is heated in each of the hot plate
units (HP) 41 42 43 and is cooled in each of the chilling plate units
(CP) 5 g On the ofh hand, Vg ass rou h t he
transfer/allgnH% ttﬁﬁlfp%?ﬁfﬁﬁFkﬂ?AG eﬂe ﬁ8t§gf§¥ £ gt?Hﬁ%F@ r 8§ Bgfmeen
the cassette stajion e_pLpcess jan AIs fer
bosi £ on 1 5 ad) [bt edrePAETOL IS5  ReoRRaEeathE, AErBRE 16 M85 Rerhi n ¢ ne
transfer/align (% é% r @B e Rsoggssed
with an HVDS gggggfgﬂién E/a hgélégtﬁE?tE %Df ogﬁggg %ﬁﬁ%&% e% gﬁrface
hydr ophobi c. the wafer W. It should be noted that, when the wafer W
5 is disposed on the spin chuck 71, the alignment mark 6
is positioned exactly on the optical axis of the
optical sensor 74.
In the spinner type process unit shown in FIG. 5,
the rotation angle, or the number of rotations, of the
10 driving shaft of the motor 72 is detected by an encoder
76. Also, the optical sensor 74 and the encoder 76 are
connected to the input terminal of the controller 75.
Upon receipt of a detection signal generated from the
optical sensor 74 or encoder 76, the controller 75
15 supplies a command signal to the power source circuit
of the motor 72 so as to control the driving of the
motor 72. To be more specific, the controller 75
supplies a command signal to the motor 72 based on
the rotation detecting signal so as to permit the
20 horizontal position of the orientation flat acting as
a reference region of the wafer W taken out of the
process unit to be equal to that in the step of
transferring the wafer W into the process unit.
It should be noted that, since the holder 26 of the
25 main arm mechanism 21 is moved into and out of each

of the spinner type process units (DEV) and (COT) in a

predetermined direction, the wafer W can be positioned



The fourth process group 4 also includes seven 15 open type process
units 48 to 54 which are stacked one upon the other as in the third process
group G3. Specifically, the fourth process group &4 includes a
transfer/chilling plate unit (TRICP) 54, a chilling plate (CP) 53, and five
hot plate units (HP) 52, 51, 50, 20 -491and 48, which are stacked one
upon the other such that the unit (TR/ CP) 54 occupies the | owernost
position. The fifth process group G5, mhich is arranged behind the main arm
mechani sm 21, m

whi ch are stacke gglégeaFﬁé%Xthan aﬁéyfhlrdlfnéxgﬁh??ﬁfpfgéépgts
groups G3, G4, ?Qd hﬁbﬁh?QEgheth@ 8p¥1§éhs H@3§'1¥1and ﬁ$£4$ndﬂd%Q97%

guide rail 67, process group I's sli axi s
direction, a SUEB&:CHSGEcE&ﬁé %Hécﬁo'tét%?x' LRl Qﬁh't'?ﬂz LhgRiyl arm

mechani sm 21 so as to facilitate the maintehance of the main arm 5
mechani sm 21. The i nter kach ingCithen isddrs stiiflcd ®f RPIREESS cup 23,
5 a washing tool 84 having an alignment mark 84a put
thereon as shown in FIG. 8 is mounted to the spin
chuck 71. Further, a solvent such as a thinner is
supplied from another nozzle (not shown) positioned
below the nozzle 73 to the washing tool 84. The nozzle

10 for supplying the solvent is disclosed in, for example,
U.S. Patent Application No. 08/653,341. If the solvent
is supplied from the solvent-supply nozzle fo the
washing tool 84, which is kept rotated about its own
axis, the solvent is centrifugally scattered from the

15 washing tool 84 toward the inner surface of the cup 23.
It should be noted that the solvent-supply nozzle is
positioned below the resist solution-supply nozzle 73
as already described. It follows that these two
nozzles do not interfere with each other.

20 As shown in FIGS. 8 and 9, the washing tool 84 is
housed in the chilling plate unit 44 included in the
third process group G3. The inner space of the
chilling plate unit 44 is partitioned by a rest 82 into
a lower stage in which a chilling plate 81 is arranged

25 and an upper stage in which a washing tool holder 83 is
arranged. Pins P are used for moving the wafer W onto

and away from the chilling plate 81.



station 20 inits length in the X-axis direction.
2, a novabl e pick-up cassette 31 and a stationary buffer cassette 32 are

st acked one 10

upon the other in a front portion of the interface

section 30 such that cassette 31 occupies the upper position. Al so, a
peri pheral |ight-exposure device 33 and a second sub-arm nmechani sm 34 are
arranged in a back portion and central porggon, respectively, of 15

interface section 30. The second sub-arm nechanism 34 is novable in an
X-axis direction and a Z-axis direction so as to transfer the wafer Winto
the cassettes 31, 32 ﬁnd info th

Further, the second E

bout the Z-axi j fer,of the.wafer Wintg th
ranster s chi |14 RTRE oL OnFeCe TP CPposyer i Bt hohEer o3, RupPotbet

g oup 1 of, 1 RORGESCS" 84! 9. 2RoBBdaoDA Pt ChchEgTale! 28 fofact

shown) on the si

- exposur e devi ce.

As shown in FIGS. 1 and

t he

i.ph | 1ight- re device 33.
B unhhoagnEapl bl S5 oprov ey BB b s REsEe ool e o

resi st

processi ng systege ofadRengOPShI UELL ONrHESKE L ReS-APRYENLR1 8R! 279BE i ERI N an

air-condi ti oned
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the washing tool 84 to be transferred between the
chilling plate unit 44 and the resist coating unit
(corT).

In washing the cup, the washing tool 84 is mounted
to the spin chuck 71. After completion of the washing,
operation of the spin chuck 71 is controlled by the
controller 75 to permit the horizontal position of the
alignment mark 84a of the washing tool 84 detached from
the spin chuck 71 to be'equal to the initial position
in the step of mounting the washing tool 84 to the spin
chuck 71, as in the case of transferring the wafer W
into and out of the resist coating unit. It should be
noted that the washing tool 84 is mounted outside the
drain cup 23 of the resist coating unit. Naturally,
the resist coating unit itself is not rendered bulky.

FIGS. 6 and 7 are flow charts each showing the
steps of processing the wafer W. In the first step,
the first sub-arm mechanism 4 is operated to take a
single unprocessed wafer W having an orientation flat 7
out of the cassette 1 on the cassette table 2 (step S1).
Then, the wafer W is transferred by the first sub-arm
mechanism 4 into the transfer/alignment unit (TR/ALIM)

46 included in the third process group G3. Within the



- 15 - clean room Further, a down flow of a clean air is formed within the
resi st processing systemitself so as to further increase the cl eanliness
of the atnobsphere within the system 5 Let us describe the spinner
type process units (DEV) and (COT) with reference to FIGS. 4 and 5. These
process units (DEV) and (COT) are includedign each of the first and second
process groups GL and &. Each of these process units (DEV) and (COl)
conprises a drain 10 cup 23, a spin chuck 71 and a nozzle 73. The

drain cup 23 is for to .surround the ouie [ erential. porti.on and
| ower portion of PR '4%%ﬂﬂﬂﬂ?éhﬂnlqédﬁhgﬁgﬁgbhaqgétgﬁé éﬂgﬁb (ot

shown) 1 1 or Tod i3 bt L0 AU vl Glortdia Gl 6P 28 crllgnargle 73 15

15 arranged “above t He spln C resi st solution or

devel opi ng sol uti;qn t@hat%kﬁ%%pléﬂ%d wa¥ u"f;{%ﬁﬁ‘fgéeed 3t the wafer W

di sposed on the spin e spinc S open in its upper

surface to for mp,MAGUHNHE b9 & s ShWYe 13O d RA e Blcess

wafer Wis held on the spin chuck 71 by vacuum suction. Further, a | ower
portion of the gpati®ie0 (ktep jg@yned to a driving shaft 72a of a notor

72. In the spinner type process unit shown in FIG 4,

In the next step, the main arm mechanism 21
takes the wafer W out of the transfer/alignment unit
(TR/ALIM) 46 and, then, transfers the wafer W into the
adhesion unit (AD) 47. 1In the adhesion unit (AD) 47,

10 an adhesion treatment is applied to the wafer surface
by supplying an HMDS gas while heating the wafer W
(step 83). Further, the main arm mechanism 21 takes
the wafer W out of the adhesion unit (AD) 47 and, then,
transfers the wafer W into any one of the chilling

15 plate units (CP) so as to cool the wafer W to about
room temperature (step S4).

Then, the main arm mechanism 21 transfers the
wafer W into the resist coating unit (COT) included in
the first process group Gl so as to put the wafer W on

20 the spin chuck 71. Under this condition, the spin
chuck 71 is rotated at a predetermined speed, and é
predetermined amount of a resist solution is supplied
from the nozzle 73 onto the wafer W so as to coat the
wafer surface with the resist (step S5). During the

25 resist coating operation, the rotation speed of the
wafer W is detected by the sensor 74 and/or the

encoder 76.



the nunber of rotations of the wafer is detected by 25 a optical sensor
74 equipped with a light-emtting elenent and a light-receiving el enent. As
shown in FIG 11, an alignnment mark 6 is put on an | ower surface - 16 -
of the spin chuck 71 and detected by the optical sensor 74. A controller 75
counts the nunber of tinmes of detection so as to detect the nunber of
rotations of the wafer W It should be notegg that, when the wafer W5

i s di sposed on the spin chuck 71, the alignnment mark 6 is positioned
exactly on the optical axis of the optical sensor 74. In the spinner type

process unit shown in _FIG 5, the rotation angle, or the nunber of
rotations, of the 10AfteTyEng FgsdiFds tsoc}‘f“‘ill?é'grﬁﬁaosres?fq PYSWRREFL Dy an

Che. i mput i er m REPROFRBREOFARET dir oFOFa 0T h S0 AP0 CGR It i i gnal
generated 110 EBEoBBl| 69 p3 DRk RASH S50 L sE0 P IR oS 1S
to control the @hpyi Nghaf whB8r w is positioned as desired within the
5 resist coating unit (COT) (step S6).
FIG. 7 is a flow chart showing how the wafer W is
positioned as desired within the resist coating unit
(COT) in step S6 noted above. Specifically, the wafer
W is transferred into the spinner type process unit
10 (step S21). 1In this step, the initial pocsition of the
alignment mark 6 put to the spin chuck 71 1s detected
by the sensor 74, and the result of the detection is
stored in the memory of the controller 75. Then, the
wafer W is rotated together with the spin chuck 71
15 supporting the wafer W (step S22), and the number of
rotations of the wafer W is detected by the sensor 74
and/or the encoder 76 (step S23). Based on the
detected number of rotations of the wafer W, the
controller 75 supplies a command signal to the motor 72
20 so as to stop rotation of the spin chuck 71.
Incidentally, it is impossible for the spin chuck
71 to stop its rotation simultaneocusly with transmis-
sion of a control signal from the controller 75 to the
motor 72 because the inertia causes the spin chuck 71
25 to make an additional slight rotation. In the present
invention, the actual position at which the spin chuck

71 stops its rotation is detected by the sensor 74



‘motor 72. To be nore specific, the controller 75 supplies a command si gnal
to the notor 72 based on the rotation detecting signal so as to permt the
20 hori zontal position of the orientation flat acting as a reference
region of the wafer Wtaken out of the process unit to be equal to that in
the step of transferring the wafer Winto the process unit. It should be
noted that, since the holder 26 of the 25 21 womin arm nmechanism 22l is
noved into and out of each of the spinner type process units (DEV) and
(COT) in a predeterm ned direction, the wafer Wcan be positioned - 17 -
as desired easi| InC|dentaII§ i% is 55|b F to u%e hg cogglnat on the
optical sensor 490 thR SRCoder 76-f 88?e5 Fnﬁop E°rofati r?BQéd of
the wafer W In S o:th n $ ac d a
washi ng t ool °%§v?%§ ﬁ E |gn§%n%%nark8§§5 Emtﬁg 8%%§ own in FIG. 8
Is mounted to ti\?d &5 %&é"c‘ﬁéﬂﬂ:h FH EHQ g NhoSYER ﬁso‘}‘ tRLNARS p!
supplied froma i ozzl e (no? 9 Sog ﬁeh %elo% t he nozng 93 to
the washing toothgdk J@ﬁn@?&ééew1th the initial position (step S24).
5 Where the judgment indicates "NO", the steps S22 to
S34 are repeated until the actual stopping position
coincides with the initial position. To be more
specific, the wafer Wl is rotated by an angle 61 as
shown in FIG. 12 to bring the orientation flat 7 back
10 to the initial position. Where a notch 8 is formed
in the wafer W2 as shown in FIG. 13, the wafer W2 is
rotated by an angle 61 as shown in FIG. 13 to bring
the notch 8 back to the initial position. Where the
judgment indicates "YES", the main arm mechanism 21
15 takes the wafer W out of the process unit (step S$25).
In the next step, the main arm mechanism 21
transfers the wafer W into any one of the hot plate
units (HP) for pre-baking the resist coating (step S7)
and, then, into any one of the chilling plate units
20 (CP) for cooling the wafer W (step S8). Further, the
main arm mechanism 21 delivers the wafer W onto the
second sub-arm mechanism 34 in the interface section 30.
Then, the second sub-arm mechanism 34 transfers the
wafer W into the peripheral light-exposure device 33
25 for selectively subjecting the peripheral region of the

resist coating to a light-exposure treatment (step S9).

Further, the second sub-arm mechanism 34 delivers the



- 10 for supplying the solvent is disclosed in, for exanple, U S. Patent
Application No. 08/653,341. If the solvent is supplied fromthe

sol vent -supply nozzle to the washing tool 84, which is kept rotated about

its own axis, the solvent is centrifugally scattered fromthe 15

washing tool 84 toward the inner surface okothe cup 23. It should be noted
that the solvent-supply nozzle is positioned bel ow the resist

sol ution-supply nozzle 73 as already described. It folloms that these two

nozzl es do not in FIGS. 8

terf th th
and 9, the mashlgﬁer ere ¥ ﬁgﬂ§@g “%'Fﬁ@ &EQHQQﬁfﬂMQﬂ9§ é%qvnd4 %hcl uded
in the third h f .th | at t
44 is partitionddhy ?"3&% S G EREeE vacr?evs% 5 S0P T ng bl ate
81 is arranged ﬁ t%r;:dwag ug,qﬁ,_r bS't erq]._g‘% I 5 442, el der 83
i

i s arranged. Pi AS P are use t he "wa er o an away fromthe
chilling plate 8lyaferThQuNRS 5 lngﬁ 0 n§4 J£S P A@xt L HRS3 cadapt ed
ol der

to receive the washing tool ch t hat th ol d 83 i s engaged
with the gecess g0 ads i sijéct the entire region of the re51st
coating to a light-exposure treatment (step S1ll).

The wafer W after the light-exposure treatment on
the entire coating region is delivered from the third
sub-arm mechanism (not shown) to the second sub-arm

10 mechanism 34 (step S12). Then, the second sub-arm
mechanism 34 transfers the wafer W into the transfer/
chilling plate unit (TR/CP) 54 included in the fourth
process group G4.

On the other hand, the main arm mechanism 21 gains

15 access from the opposite side to the transfer/chilling
plate unit (TR/CP) 54 so as to take the wafer W out of
the unit (TR/CP) 54. Then, the main arm mechanism 21
transfers the wafer W into the developing unit (DEV)
so as to develop the resist coating selectively exposed

20 to light to form a pattern (step S13). After the
developing treatment, the position of the wafer W is
adjusted within the developing unit (DEV) (step S14).
The positioning step S14 is substantially equal to the
step S6 described previously. To reiterate, the steps

25 S21 to S25 shown in FIG. 7 are repeated, as required.

Then, the main arm mechanism 21 transfers the

wafer W into any one of the hot plate units (HP) for



‘the washing tool 84. The main arm nmechanism 21 permts 5 t he washi ng

tool 84 to be transferred between the chilling plate unit 44 and the resist
coating unit (COT). In washing the cup, the washing tool 84 is nounted to
the spin chuck 71. After conpletion of the washing, 10 operation of the

spin chuck 71 is controlled by the controllgg 75 to pernit the horizontal
position of the alignnment mark 84a of the washing tool 84 detached fromthe
spin chuck 71 to be equal to the initial position in the step of nounting

t he washing tool 84 to the spin 15 chuck 71, as in the case of
transferring thePRE&tePaling: shgnader Bf (Fhepr €453t gkt ithgTuniintq @nshoul d

be noted that the washing tool 84 is unted ,outside the drai.n cup .23 of
the resi st coatiﬁ&euﬁ’it.t91 FgﬁéﬁFﬁg EgtFeEP§Fscégpﬂn i P h& not

dered bul ky. 20 FIGS. 6._and 7 fl h i h
gfgpgrgf p?ocgsswﬁéefh§°M§P8Ptmf°PW F%@PFFPS%%$té%ge%hgﬁ%ﬁrgﬁ%gﬁﬁﬁgﬁ%Pg the
hani 4 i t i. ngl -
or i ont ati on 1t Heonp Lo o esialpl F1 BUIIRRRCENE et YA o))

25 Theg, theryahlrel/ad ibnfBatenhed Mhe/iesi ol SHtoAliRaTRahay sm 4
into the transfer/alignment dnit (TRIALIM 46 1ncluded in the third process
group G3. WthinghBearm mechanism 4. Still further, the first sub-arm

.mechanism 4 puts the wafer W on a predetermined

position within a predetermined cassette 1 (step S17)

so as to finish a series of the resist processing.

10 In the embodiment described above, the wafer W is
transferred into and out of each of the spinner type
process units (DEV) and (COT) in the same horizontal
position in respect of -the orientation flat, making it
unnecessary to transfer the wafer W into the transfer/

15 alignment unit (TR/ALIM) 46 after the coating treatment
and the developing treatment, leading to an improved
through-put of the resist processing.

FIGS. 8 to 10 collectively cover the case of
washing the inner surface of the drain cup 23 of the

20 resist coating unit (COT). 1In the first step, the main
arm mechanism 21 takes the washing tool 84 out of the
chilling plate unit 44 and, then, transfers the washing
tool 84 into the resist coating unit (COT) so as to
mount the washing tool 84 to the spin chuck 71 (step

25 S31). Under this condition, the spin chuck 71 is

rotated, and a thinner is supplied from a thinner

supply nozzle (not shown) arranged separately from the



- 19 - transfer/alignnment unit (TRALIM 47, the wafer Wis centered, and
the horizontal position of the orienta- tion flat 7 of the wafer Wis
adjusted so as to position the wafer Was desired relative to the process 5
station 20 (step S2). In the next step, the main arm nmechani sm 21 takes the
wafer Wout of the transfer/alignnment unit (TRALIM 46 and, then,
transfers the wafer Winto the adhesi on-un24 (AD) 47. In the adhesion unit
(AD) 47, 10 an adhesion treatnment is applied to the wafer surface by
suppl ying an HVDS gas while heating the wafer W(step S3). Further, the

mai n ar m mechanj . t he of .t d i Aj Al 47
and, then,trz;%gggéyf%éﬁﬁégéﬁ %ygéi% éﬁgg%ﬁeggfgﬁﬁg gﬁ§|§€ﬁggﬁé Qoghplate
units (CP) so agy t0,00alq tHe YREeLp it OnabRUY 1! 0Ot §NPEEAT UL echstep S4).
Then, the main arm nechani sm 21 tr%nsfers the wafer Winto the resist
coating unit ((Xﬂinﬁ&@|Lgkﬁbﬁfkiﬂﬁiéilffs@ﬁQESEédQEPEQ HlesRasnihg put t he

wafer Won 20 the spin chuck 7 nder this condition, the spin
tool 84 so as to collide against the inner surface of
5 the cup 23 and, thus, to dissolve the resist attached
to the inner surface of the cup 23. It follows that
the resist is removed from the inner surface of the cup
23 so as to cleanse the cup 23.
After completion of the cup~washing operation, the

10 washing tool 84 is positioned as desired, as in the
case of coating the wafer W with resist (step S33).

To be more specific, the steps 321 to S24 described
previously are repeated in the positioning step S33 so
as to permit the angular position of the washing tool

15 84 to be equal to the initial position in the step of
transferring the washing tool 84 into the resist
coating unit (COT). After the positioning step, the
washing tool 84 is detached from the holder 83 by the
main arm mechanism 21 (step S34).

20 Further, the main arm mechanism 21 transfers the
washing tool 84 from the resist coating unit (COT) into
the original storing place of the chilling plate unit
44. What should be noted is that the washing tool 84
is brought back to the chilling plate unit 44 in the

25 angular position equal to that before use. It follows

that the washing tool 84 need not be transferred into

the transfer/alignment unit (TR/ALIM) 46 for adjusting



chuck 71 is rotated at a predeterm ned speed, and a predeterm ned anount of
a resist solution is supplied fromthe nozzle 73 onto the wafer Wso as to

coat the wafer surface with the resist (step S5). During the 25 resi st
coating operation, the rotation speed of the wafer Wis detected by the
sensor 74 and/or the encoder 76. - 2. - After the resist solution ceases

to be supplied fromthe nozzle 73, rotation of the spin chuck 71 is stopped
so as to finish the resist coating operation. Then, the wafer Wis
positioned as desired within the 5 resist coating unit (COT) (step S6).
FIG 7is a roW%aﬁQg‘éﬁﬁﬁmﬁf@sWQh@ EE- Wis p05|t|oned as desired
within the resist co | un I t ecifically,

3 ? ste 6 oied. £
the wafer Wis transf ??ﬁ HVeRTh uﬁ?t AY (step
tsﬁé)épi Inncthm:i 3 ddl E[f]%é%i/ ‘ﬁﬁe tséelgr)és]‘ﬁ)ér)fafgfP and (raH?c?éels{r]IB%Ci(ojg1 Itoﬁte ‘o
detection is Stha?Plde tf%?sﬁ‘fé‘i?é)’ Fof NEx&Hd O dmboditfidhed Ne
5 described above cover the cases of a resist coating
treatment and a developing treatment. However, the
present invention can also be employed for other
spinner type processing such as a washing-drying
treatment.
10 Also, the above-described embodiments cover the
cases of processing a semiconductor wafer having
an orientation flat as a reference region. However,
a semiconductor wafer having a notch can also be
processed in the present invention. Further, it is
15 possible to process in the present invention substrates
other than semiconductor wafers. For example, it is
possible to process LCD substrates, glass substrates,
photo masks, and printed circuit boards.
As described above, rotation of a spin chuck
20 holding a substrate is controlled in the present
invention to permit the horizontal position of a
reference region of the substrate taken out of a
spinner type process unit to be equal to that in the
step of transferring the substrate into the spinner
25 type process unit, making it unnecessary to adjust the
horizontal position of the substrate taken out of the

spinner type process unit before transfer of the



wafer Wis rotated together with the spin chuck 71 15 supporting the
wafer W (step S22), and the nunber of rotations of the wafer Wis detected
by the sensor 74 and/or the encoder 76 (step S23). Based on the detected
nunber of rotations of the wafer W the controller 75 supplies a comand
signal to the notor 72 20 so as to stopgotation of the spin chuck 71
Incidentally, it is inpossible for the spin chuck 71 to stop its rotation
sinmul taneously with transm s- sion of a control signal fromthe controller

75 to the nmotor 7 ecause, the inertia cayses the spin chu 71 25 to
roke an addit i of PSRRI GRDS S BRRER Hhient AKEOR A3 Aien

position at whi ?%steh%fsm&}ﬁ;h cI%1 7d]r(fsfn0 pl Eﬁﬁnd’l%f%]& an, S r(%es{i Gt ed by the
- ) en, ol'le

sensor 74 - and/ or encoder e contr r- 75 reads

out the initial o%%it,{nglm’a f %ﬁ&&ﬁﬁﬁ%ﬁﬁjﬁ% Méle_.,té.{lq{go%lact ual

stopping position of the spin c col nc elin sition

(step S24). 5 tcakditicud r JHHlORY SNSRI Nt diteSiRRp1edddd S34
are repeated until the actual stopping position
5 of the washing operation can be made equal to that in
the step of transferring the washing tool into the
resist coating unit. As a result, the angular position
of the washing tool need not be adjusted in the next
cup~washing step, making it possible to mount easily
10 the washing tool to the holder in the next cup-washing
step.

Additional advantages and modifications will
readily occurs to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

15 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



coincides with the initial position. To be nore specific, the wafer W is
rotated by an angle [err]1 as shown in FIG 12 to bring the orientation
flat 7 back 10 to the initial position. Were a notch 8 is forned in
the wafer W2 as shown in FIG 13, the wafer W2 is rotated by an angle 01 as
shown in FIG 13 to bring the notch 8 back to the initial position. Were
the judgnent indicates "YES', the main af@heehani sm 21 15 t akes the
waf er Wout of the process unit (step S25). In the next step, the main arm
mechani sm 21 transfers the wafer Winto any one of the hot plate units (HP)
for pre-baking the resist coating (step §Qap@fd, then, into any one of the
chilling plate units 20 (CP) for cooling the wafer W (step S8).

Further, the nain arm neghagd s Hréebsyhs hoenY@l eh WOBKOat he second
sub-arm nechanism 34 in the interface section 30. Then, the second sub-arm

mechani sm 34 t raulsd®erstd his Ve N i vd Dy t heamef é Phed dby | agharexposur e
device 33 25 for selectively subjecting the peripheral region of the

resi st coating neclailigitirtpos phutakibtyeof gostepsSAnitsirfder, the second
sub-arm nechani sm 34 delivers the
5 successively processing the substrate, comprising the
steps of: |
(a) loading a substrate having a reference region
which is aligned as desired relative to the process
unit and the arm mechanism in a horizontal plane, into
10 said process unit, said substrate being held substan-
tially horizontal by a spin chuck surrounded by a drain
cup;
(b) rotating said spin chuck holding the
substrate and supplying a process solution onto the
15 substrate rotated together with the spin chuck;
(c) stopping the supply of said process solution
and also stopping rotation of the substrate;
(d) detecting a position of said reference region
in the horizontal plane of the substrate held on the
20 spin chuck;
(e) rotating the substrate together with the spin
chuck based on the position detected in said step (d)
to permit the reference region of the substrate to be
aligned with an initial position in the step (a) of
25 loading the substrate into the process unit; and
(£) unloading the substrate out of the process

unit when the substrate is rotated to a position at

Y g



- 22 - wafer Wonto a third sub-arm nechani sm (not shown) on the side of
the light-exposure device (step S10). The wafer Wis put by the third
sub-arm nechani smon a wafer table (not shown) of the |ight-exposure device
5 SO0 as to subject the entire region of the resist coating to a

| i ght -exposure treatnent (step S11). The wafer Wafter the |ight-exposure
treatnent on the entire coating region is @gli-vered fromthe third sub-arm
mechani sm (not shown) to the second sub-arm 10 mechani sm 34 (step S12).
Then, the second sub-arm nmechani sm 34 transfers the wafer Winto the

transfer/ chilli | ate un CP). 74 ed the fourth . process
group 4. On thgﬂgfﬁe§hﬁaﬁgfef%8c r#gépﬁ\ﬁgcﬁﬁ |§% fr6§£h§sl§ll 9NCftcess
fromthe opposi i de 05 RADSS I1ing plate unit (TR CP) 54 SO as
to take the mafgﬁt&/ %h # %é%&nﬁ%: ”g 54. Then, the main arm

mechani sm 21 transfens t kg Vgl Iaa&m%gd%elcqml@g UNignd BN 0 as to
devel op the resist coating selectively exposed 2 to light to forma

pattern (step Sidhst Ahkebft kpedeNgiven RE trro%ttmts, arlde apRpilldon of the

wafer Wis adjusted within the developing unit (DEV) (step S14). The

positioni Bg st epoSi4ion sEbskdd isalbisitratwalist @elguentially detected
during said steps (b) to (d).

3. The method according to claim 1, wherein said
substrate is coated with a resist solution in said
step (b).

10 4. The method according to claim 1, wherein a
developing solution is supplied to said resist coating
on the substrate in said step (b).

5. The method according to claim 1, wherein said

substrate is a semiconductor wafer having an orienta-
15 tion flat as said reference region.

6. The method according to claim 1, wherein said
substrate is a semiconductor wafer having a nptch as
said reference region.

7. The method according to claim 1, which further

20 comprises after said step (f) additional steps of:

(g) mounting a washing tool having a reference
region which is aligned as desired relative to the
process unit and the arm mechanism in the horizontal
plane; onto said spin chuck;

25 (h) rotating said washing tool together with the
spin chuck and supplying a solvent to the rotating

washing tool to permit said solvent to be centrifugally

R )



"step S6 described previously. To reiterate, the steps 25 S21 to S25
shown in FIG 7 are repeated, as required. Then, the main arm nechani sm 21
transfers the wafer Winto any one of the hot plate units (HP) for -. 23
- post-baking the wafer W(step S15) and, then, into any one of the
chilling plate units (CP) for cooling the wafer to about room tenperature
(step S16). Further, the main arm nechanispp21 delivers the wafer Wvia the
5 transfer/alignment unit (TRIALIM 46 onto the first sub-arm nmechani sm
4. Still further, the first sub-arm nmechanism 4 puts the wafer Won a

predet er i ned POSPALODCMI EDLR. P8B! SIERPLY! D8Y) CARACLLesdrLRECRRSIERCRO. 25

to finish a seri process odi nment

described aboveg,ihg.uafer Yhig smnéf‘g@r@ﬂekaggeaggswm sachpgbothe

spi nner type process units same horrzontal “position
in respect of tQ&h@fé&”%@téQEdfiﬁﬁer”ﬁklmglhtsHEHe§8§§éﬁ¥ kg hkampsfer the

wafer Winto the transfer/ alignnment unit (T 46 after the
coating treat nrepénetrd the qugfgalagjéeegtnent Ieadlng to an i nproved
5 (i) stopping supply of said solvent and also
stopping rotation of the Qashing tool;
(j) detecting a position of said reference region
of the stopped washing tool held on the spin chuck;
(k) rotating the washing tool together with the
10 spin chuck to permit the reference region of the
washing tool to be aligned to an initial position in
the step (g); and
(1) transferring the washing tool out of the
process unit when the reference region of the washing
15 tool is made aligned with said initial position.
8. A resist processing apparatus, comprising:
a process chamber;
a spin chuck having a reference region, and for
holding a substrate having a reference region within
20 said process chamber;
rotating means for rotating said spin chuck;
a nozzle for supplying a process solution onto the
substrate held on the spin chuck;
a drain cup surrounding said spin chuck and the
25 substrate;

an arm mechanism for locading the substrate into

the process chamber at a constant direction and for

R )



- through-put of the resist processing. FIGS. 8 to 10 collectively cover the
case of washing the inner surface of the drain cup 23 of the 20 resi st
coating unit (COT. In the first step, the main arm nmechani sm 21 takes the
washi ng tool 84 out of the chilling plate unit 44 and, then, transfers the
washing tool 84 into the resist coating wnBD ¢COT) so as to nmount the
washing tool 84 to the spin chuck 71 (step 25 S31). Under this
condition, the spin chuck 71 is rotated, and a thinner is supplied froma

thinner supply Hﬂiéhﬁlﬁﬁothéhg%ét%&é”%@ SEPEh! ?‘Jﬂb ers%mcth'&'ﬂ\be at?4 -

resi st solution supply nozzle onto the washi ng nounted to the

spin chuck 71. fpeachas¥hht aggegahaﬂeraha centrlfugally separated fromthe
washi ng tool 84 so as to collide agalnst the inner surface of 5 the cup

23 and, thus, to di sgehteolihteads Foratbathed llitd hhd MRIratildmes of the
cup 23. It folloms that the resist is renoved fromthe inner surface of the

cup 23 so as tosaldapseathfagchpansd. t&f permianehetd @@ fefrente eeg-ioasbifng
operation, the
5 the substrate taken out of the process chamber to be
aligned with that in the step of loading the substrate
into the process chamber.
9. The apparatus according to claim 8, further
comprising detecting means for detecting a position of
10 the reference region of the substrate or spin chuck
which has ceased to rotate, said detecting means
supplying an electric signal denoting the detected
position to said control means to control operation of
the rotating means.
15 10. A resist processing apparatus, comprising:
a process chamber;
a spin chuck having a reference region, and for
holding a substrate within said process chamber;
rotating means for rotating said spin chuck;
20 a drain cup surrounding the spin chuck;
a washing tool held on the spin chuck;
an arm mechanism for loading the substrate or the
washing tool into the process chamber at a constant
direction and for unloading the substrate or the
25 washing tool out of the process chamber at the constant
direction;

a first nozzle for supplying a resist solution

A g



10

washi ng t oo

the initial

20 Further, the main arm mechani sm 21 transfers the washing too
84 fromthe resigt, GOt i d\gh 'gtéCﬁgi | ghochBes Qi hkRakkstoring place of
the chilling plate unit 44. at s ou?d be noted Is that the washing tool

84 is brought back tg éé@oﬁaihbkagepkakesup'pnyiﬂgi A tbevéht to &ngul ar
posi ti on equal

need not be trapsdleingdeodl chéhe dnabhéespahi gnagki unit (TRALIM 46 for
25 - the angul ar position thereof. The present invention is

to that before use. It follows that the washing tool 84

limted to the detecting means for detecting a position of the

adj usting
not

5

10

15

20

reference region of the washing tool or spin chuck; and
control means for controlling the operation of
said rotating means based on the horizontal position
detected by said detecting means to permit the
reference region of the washing tool taken out of the
process chamber to be aligned with that in the step of
loading the washing tool into the process chamber.

11. The apparatus according to claim 10, wherein
said washing tool is arranged outside of said process
chamber, and transferred into the process chamber by
said arm mechanism.

12. The apparatus according to claim 10, wherein
said first nozzle supplies a resist solution from above
the holding surface of the spin chuck, and said second
nozzle supplies a solvent from below the holding
surface of the spin chuck.

13. A processing resist, substantially as
hereinbefore described with reference to the

accompanying drawings.
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84 is positioned as desired, as in the case of coating
the wafer Wwith resist (step S33). To be nore specific, the steps 521 to
S24 described previously are repeated in the positioning step S33 so as to
permt the angul ar position of the washing tool 15 84 to be equal to

position in the step of transferring the washing tool
the resist coating unit (COT). After the-pd&itioning step, the washing tool
84 is detached fromthe holder 83 by the main arm nmechani sm 21 (step S34).

84 into
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enmbodi nrents descri bed above and can be nodified in various fashions. For
exanpl e, the enbodi nents 5 descri bed above cover the cases of a resist
coating treatnment and a devel opi ng treatnent. However, the present

i nvention can al so be enpl oyed for other spinner type processing such as a
washi ng-drying treatnent. 10 Aksp2 the above-described '
enbodi nents cover the cases of processing a sem conductor wafer having an
orientation flat as a reference region. However, a sem conductor wafer

havi tch I b ' [ i gn. Further, i
o 157 "possi bie to prosbRERkar ae S BERELERERE, R¥IRE 7. O other

than sem conduct or wakgkeuoFChN xggphﬁAEgg gﬁgpgﬁébgggIhg ﬁﬁggggs LCD

substrates, glass substrates, photo nas rint circulrt boards. As

described above, rotal ir@3;gh proPe8siiyChetfod inh@mdichd adshbasragee IS
controlled in the present invéntion to permt the horizontal position of a

reference regi opsokutBessibslyateahakerredt bof aa apimNReEhBYREmPiAEESa unit
to be equal to that in the step of transferring the substrate into the

spi nner 2%. p¥peapiegens phrbtessakniigsi founsaceessiyely papuetsiihg
hori zontal position of the substrate taken out of the

the substrate, comprising the steps of (a) loading
a substrate having a reference region which is aligned
as desired relative to the process unit and the arm
mechanism in a horizontal plane, into the process unit,

10 the substrate being held substantially horizontal by
a spin chuck surrounded by a drain cup, (b) rotating
the spin chuck holding the substrate and supplying a
process solution onto the substrate rotated together
with the spin chuck, (c) stopping the supply of the

15 process solution and also stopping rotation of the
substrate, (d) detecting a position of the reference
region in the horizontal plane of the substrate held
on the spin chuck, (e) rotating the substrate together
with the spin chuck based on the position detected in

20 the step (d) to permit the reference region of the
substrate to be aligned with an initial position in the
step (a) of loading the substrate into the process unit,
and (f) unloading the substrate out of the process unit
when the substrate is rotated to a position at which

25 the reference region of the substrate is aligned with

the initial position.



spi nner type process unit before transfer of the - 26 - substrate into a
subsequent process unit. Also, in the case of washing a drain cup included
in a resist coating unit, the angular position of the washing tool taken
out of the resist coating unit after conpletion 5 of the washing
operation can be made equal to that in the step of transferring the washing
tool into the resist coating unit. As a result, the angular position of the
washi ng tool need not be adjusted in the next cup-washing step, making it
possi ble to nount easily 10 the washing tool to the holder in the next
cup-washi ng step. Additional advantages and nodifications will readily
occurs to those skilled in the art. Therefore, the invention in its broader
aspects is not limted to 15 the specific details and representative
enbodi nents shown and descri bed herein. Accordingly, various nodifications
may be made w thout departing fromthe spirit or scope of the general

I nventive concept as defined by the apd?nded clainms and their equival ents.
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- 27 - CLAIMS 1. A resist processing nmethod in which a substrate is
successively transferred by an arm nechanisminto a plurality of process
units for 5 successi vely processing the substrate, conprising the steps
of : (a) loading a substrate having a reference region which is aligned as
desired relative to the process unit and the arm nmechanismin a horizontal
pl ane, into 10 said process unit, said substrate being held substan-
tially horizontal by a spin chuck surrounded by a drain cup; (b) rotating
said spin chuck holding the substrate an? ;upplying a process solution onto
t he 15 substrate rotated together w 7t he spin chuck; (c) stopping the
supply of said process solution and al so stopping rotation of the
substrate; (d) detecting a position of said reference region in the

hori zontal plane of the substrate held on the 20 spi n chuck;
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(e) rotating the substrate together with the spin chuck based on the
position detected in said step (d) to permt the reference region of the
substrate to be aligned with an initial position in the step (a) of 25

| oadi ng the substrate into the process unit; and (f) unloading the
substrate out of the process unit when the substrate is rotated to a

position at - 28 - which the reference region of the substrate is
aligned with said initial position. 2. The nethod according to claiml1,
wherein at | east one of the nunber of rotations and angular 5 position

of said substrate is sequentially detected during said steps (b) to (d). 3.
The met hod according to claim1, wher ei #’%ai d substrate is coated with a
resist solution in said step (b). 10 4. The nethod according to
claim1l1, wherein a developing solution is supplied to said resist coating
on the substrate in said step (b). 5. The method according to claim1,
wherein said 30 20 i0

i / 5

| |r
‘l G4 22 l'
/ / i)
{ 7 l
+ 7 - G63
48 7
T HP HP -4
P Hp HP H-42
50—+ HP TZS HP 143
5!47 HP CP 44
: 45 |
52— HP J’Z)i cP ™ g,
— TR 146 |52
53—+ cp ALIM =Z=|/
ll 54— IR AD H-—47 }
}l ] I!l
l- I |

FIG 3



substrate is a sem conductor wafer having an orienta- 15 tion flat as
said reference region. 6. The nethod according to claiml, wherein said
substrate is a sem conductor wafer having a notch as said reference region.
7. The nmethod according to claim1, which further 20 conprises after
said step (f) additional steps of: (g) mounting a washing tool having a
reference region which is aligned as desired relative to the process unit
and the arm nechanismin the horizonteu4/y ane, onto said spin chuck; 25

(h) rotating said washing tool together with the spin chuck and supplying
a solvent to the rotating washing tool to permit said solvent to be

centrifugally - 29 - separated fromthe washing tool and to strike an
i nner surface of the drain cup, theregby d}isol ving an object adhered to
said inner wall in said solvent so a renmove the adhered object; 5
(i) stopping supply of said solvent] pnd al so stopping rotation of the
washi ng tool ; 23
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(j) -detecting a position of said reference region of the stopped washing
(k) rotating the washing tool together with
spin chuck to permt the reference region of the washing tool to

t ool
the 10

be aligned to an initial position in the step (9g);

hel d on the spin chuck;

and (1) transferring the

washing tool out of the process unit when the reference region of the
ned wist/h said initial p05| tion.
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- 30 - unloading the substrate out of the process chanber at the constant
direction; and control neans for controlling the operation of said rotating
means to permt said reference region of 5 t he substrate taken out of

t he process chanber to be aligned with that in the step of |oading the
substrate into the process chanber. 9. The apparatus according to claim8,
further conprising detecting neans for detecting a position of 10 t he
ref erence region of the substrate or spéfv chuck which has ceased to rotate,
sai d detecting neans supplying an electric signal denoting the detected
position to said control neans to control operation of the rotating neans.
15 10. A resist processing apparatus, conprising: a process
chanber; a spin chuck having a reference region, &@ for holding a
substrate within said process chanber; rotayipg nmeans for rotating said

spi n chuck; 20 a draipjcup surround hg_spi n chuck; a washing
ymln__ theggubstrate or
QLS4

tool held on the spin chuck; an arm nmechani g
t he washing tool into the process er

44\ g
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direction and for unloading the substrate or the 25 washi ng tool out of
the process chanber at the constant direction; a first nozzle for supplying

a resist solution - 31 - onto the substrate held on the spin chuck; a
second nozzle for supplying a solvent to the washing tool held on the spin
chuck; detecting neans for detecting a position of the 5 reference

regi on of the washing tool or spin chuck; and control neans for controlling
the operation of said rotating nmeans bgafd on the horizontal position
detected by said detecting neans to permt the reference region of the
washi ng tool taken out of the 10 process chanber to be aligned with
that in the step of |oading the washing tool into the process chanber. 11.
The apparatus according to claim 10, wherein said washing tool is arranged
out side of said process chanber, and transEbkreci:? t he process chanber
by 15 said arm nechani sm 12. The apparatTs |agcévding to clai m 10,

/ 6

wher ei n

FI16.11
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said first nozzle supplies a resist solution from above the!kol di'ngl skr+ &&e

of the spin chuck, and said second nozzle supplies a solvequqﬂ[0§1be£2§Q§he
hol di ng 20 T

10

15

20

surface of the spin chuck. |

Ca VPO
onto the substrate held on the spin chuck;
a second nozzle for supplying a solvent to the
washing tool held on the spin chuck;

detecting means for detecting a position of the
reference region of the washing tool or spin chuck; and

control means for controlling the operation of
said rotating means based on the horizontal position
detected by said detecting means to permit the
reference region of the washing tool taken out of the
process chamber to be aligned with that in the step of
loading the washing tool into the process chamber.

11. The apparatus according to claim 10, wherein
said washing tool is arranged outside of said process
chamber, and transferred into the process chamber by
said arm mechanism.

12. The apparatus according to claim 10, wherein
said first nozzle supplies a resist solution from above
the holding surface of the spin chuck, and said second
nozzle supplies a solvent from below the holding

surface of the spin chuck.
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