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METHOD TECHNI CAL FI ELD [ 0001] The pr eser]I enbodi ment relate rate

10 carrying nechanismfor carrying a substrate, a substrate cartyipg ———-

met hod, and a recordi ng medium storing a programincluding a set of
instructions to be executed to acSPRUIFICATIONUbstrate carryi ng net hod. -
15BACKGROUND ART [ 0002] A sem conductor device fabricating system-
for fabricating senm conductor. devices or LCD panels (liquid crystal display
-panel s) is. pr@SUBSTRATE QARBYING ¢ EOHANIS MH SUBSTRATE OARRYHNGS - '

- ehantam car | METHESD!ANE RECORPIRE MED I AR NG IO GRAR L%,
subjhect Ehﬁa:ubil\lfﬁiﬂamlﬁ sEé'o@FeﬁNﬁ'ﬁRUqﬂFI&gSs'E@ BEf@(EGU?tErBIEIE)g:r ;ﬁ: ggof
ggfngniachanced andA@@@PiI rac aI ongﬁﬁﬁg gkgziﬁ(ﬂ@ég‘s?ﬂié@ng abgut a

vertical axis and of noving vertlcally - [0003] Substrate carrying -
nmechani sms nentioned in, for exafplgynfEpEEIglgeuments 1 and 2 are provided
"W th sensors for determ ning whether or not a Substrate received fromthe
processi ng nodul e [Q0Gk] dThe pressnte@mpodiment oelates kol ai aybstrate

10 carrying mechanism for carrying a substrate, a substrate
carrying method, and a recording medium storing a program
including a set of instructions to be executed to accomplish the
substrate carrying method.

15 - . BACKGROUND ART
o [0002] A semiconductor device fabricating system for
fabricating semiconductor devices or LCD panels (liquid crystal
display panels) Is provided with processing modules that
process substrates (herelnafter, referred to also as “wafers”).
+20 A substrate carrying mechanism carries substrates sequentially
to the processing modules to subject the substrates to
predetermined processes. The substrate carrying mechanism
has, for example, a base, and a substrate holdmg fork capable.
of  being advanced and being retracted along the base, of
25 turning about a vertical axis and of moving vertically.

[0003] Substrate carrying mechanisms mentloned in, for
example, Patent documents 1 and 2 are provided with sensors
for determining whether or not a substrate received from the
processing module is held at a correct position on the holding

30 fork.
| [0004] A semiconductor device fabrlcating system
disclosed In Patent document 1 is provided with a substrate
carrying mechanism including a carrying robot having an arm,
i.e,, holding fork, for holding a substrate. This semiconductor -
'35 device fabricating system determines a positional error of a
substrate In each of a plurality of units of the semiconductor
I
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30 fork. [0004] A sem conductor device fabricating systemdisclosed In

lP&t ent docunent 1 is provided with a substrate carryi ng mechani smi ncl udi ng
a carrying robot having an arm he., holding fork, for holding a substrate.
Thi s sem conductor 35 device fabri cati ng system det erm nes a positional
error.of a substrate in each of a plur@a ity of units of the sem conductor
1111211121121211212121121212112112121111 *@E00002* device fabricating system
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measur i ng. Gaighsroh B pREaHEY of FeKtsOr BiE SR o e atpsaERE 51 ok lp
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error of tfybmﬂbherofOfa ISP SHHBEd | & ecantdr-pBERFSH ERIIating unit, a
displacement calculating unit, and an arm control unit. The
position measuring unit mentioned in Patent document 2 is
mounted on the pick-up unit (holding fork) to measure the
15 position- of a substrate held by the pick-up unit. The
center-position calculating unit calculates the position of the
center of the substrate by using data provided by the position
measuring unit. The displacement calculating unit calculates a
positional error of the center of the substrate with respect to a
20 predetermined reference position, The arm control unit
controls the movement of the carrying arm unit such that the
positional error of the center of the substrate is corrected while
_the substrate held by the pick-up unit (holding fork) is being
carried to a desired position.
25 [0006] Patent documents
Patent document 1: JP-A H8-31905
Patent document 2: JP-A 2006-351884

DISCLOSURE OF THE INVENTION

30 _ [0007] The following problems lie In those substrate
carrying mechanisms and substrate carrying methods

mentioned in Patent documents 1 and 2.
[0008] The substrate carrying mechanism disclosed in
Patent document 1 is provided with only two sensors.
35 Therefore, a two-dimensional positional error of a wafer in a
horizontal plane cannot be accurately measured. The substrate



<20 predeternm ned reference position. The armcontrol unit controls the
‘mdverent of the carrying armunit such that the positional error of the
center of the substrate is corrected while the substrate held by the

pi ck-up unit (holding fork) is being carried to a desired position.

25[ 0006] Patent docunents Patent document 1: JP-A H8-31905 Patent document
2: JP-A 2006-351884 DI SCLOSURE OF THE INVENTICN 30[ 0007] The follow ng

P hode” merGaNIAd hRchARTe i n i ased" 1 pHESOE YkThnR e 2 18 hichiged™ ' "
carrying rrewiﬁml sthrgacl gxxsition Panessutitgentnitsi s gidvi d;}:eth\a tpaonl y two:
Q er in a
hor sont al. WSrAPAShSiarl SEa Rl S8R ob g N hblizchire PIERE! (y1ng
mechani sm ona;mlbcesameasnum .ent docurrent 2 |Is provi deg with three poa/; L,‘:‘)nl ]
S horl el bl adDo0sT orel L8l BRATARE s B R pfel R ARl ST o o
nanel y, wafRFovided,nith @enolth foabaossed tfor rositieningrtheowafeorinngst he
wafer 10 |\&agege TiBesanbERa! Eardiny MedReARth IS SAASE pteRet ont

docunent 2 erm nes t ositiron‘o rovi ded
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data provided by the three position measuring units. When one .
10 of the position measuring units measures the position of a part

of the notch, the part of the notch is understood to be a part of

the edge not provided with the notch. Therefore, if one of the

position measuring unit measures the position of a part of the

notch, a positional error of the wafer cannot be accurately
15 determined.

[0010] A known holding fork is provided with a guide
structure having a guide wall having a downward tapered inner
surface that surrounds a wafer to position a wafer at a correct
horizontal position on the hoiding fork. A wafer placed on the

20 holding fork is guided to a predetermined position on the

holding fork by the guide structure. When a wafer coated with

a coating film, such as a resist film, drops to the predetermined

position on the holding fork, there is the possibility that coating

film coating the edge of the wafer is abraded by the guide wall

- 25 and particles are produced. |

' {0011] In some cases, a holding fork that positions a

wafer at a horizontal position by holding the wafer by using, for

example, vacuum attraction instead of using the guide structure.

Since the holding fork that holds a wafer by vacuum attraction

30 Is not provided with the guide structure, the wafer is liable to be

dislocated in a horizontal plane. There is the possibility that a

trouble is caused in the holding fork or the wafer by some cause

and the position measuring units can operate abnormally under
such a condition,

35 [0012] The present embodiment has been made in

consideration of such problems and it is therefore an object of



10 of the position neasuring units neasures the position of a part of the
'nétch, the part of the notch is understood to be a part of the edge not
prOV|ded with the notch. Therefore, if one of the position neasuring unit
nmeasures the position of a part of the notch, a positional error of the
waf er cannot be accurately 15 determ nef. [0010] A known hol di ng
fork is provided with a guide structure havi ng a guide wall having a
downwar d tagered inner sur ac 'ﬂh Eurroun a wafer to position a wafer
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substrate, %Mh "Jtat?l 20 ngoAkY, ﬂcﬁﬁl talﬁ‘@ §?§E%Ct6fj fﬁl@thtﬂ dipngheork and
the stdse obasde foihsiorahsors d@t{edtl RRSUFE 13w
[0013] The g{rf%rent enbodi E a a?]ecterl zedﬂg?é?{tllgﬁ,lgbru{jﬁow n §rneans
for sol ving & B BFSnBFE RE © ubsgtate held s the subskaieng
mechani sm | Inohdmgr menﬁjmctwlt?ént fiee psals@tﬁate”h@ﬂﬂ|W‘tmembé'|d‘1foc}d%§’ase
- substrate h %ﬁ qr% ace n tﬂE base and t}{)a}'\/ ho
substrate a EP &F grepntelien Hia gegl@qsh\g/ Pfahﬁﬁse f our
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and corrects an error in a transfer position where the substrate
is to be transferred to a succeeding processing unit on the basis
of measurements measured by the detecting units excluding the
25 one detecting unit that detected the notch of the substrate.
[0015] A substrate carrying mechanism In a second
aspect of the present embodiment includes: a base; a substrate
holding member capable of holding a substrate and of being
advanced and retracted relative to the base; three detecting
30 units that detect different parts of the edge of a substrate held
- by the substrate holding member when the substrate holding
member holding the substrate is retracted; and a controlier that
decides whether or not a part of a notch formed in the edge of a
substrate received from a processing unit has been detected by
35 one of the detecting units on the basis of measurements
measured by the three detecting units, moves the substrate



20 detected by one of the detecting units on the basi s of neasurenents
'measUr ed by the four or nore detecting units and corrects an error in a
transfer position where the substrate Is to be transferred to a succeedi ng
processing unit on the basis of neasurenents neasured by the detecting
units excluding the 25 one detecting uBit that detected the notch of the

" substrate. [0015] A substrate carryl ng nechani smln a second aspect
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detecting units excludin e one detecting uni ted the
part of théatected obwt h@ngub@ﬁrm% dedectinga uoitst rame thar rpasig nef hod in a

third aspeche8§yrements measured by the detecting units; and
25 determining, if a part of the notch formed in the edge of the
substrate received from the processing unit has been detected
by one of the detecting units, a transfer position where the
substrate is to be transferred to a succeeding proceséing unit on
the basis of the measurements measured by the detecting units
30 excluding the one detecting unit that has detected the part of
the notch of the substrate.

[0017] A substrate carrying method in a third aspect of
the present embodiment, to be carried out by a substrate
carrying mechanism including a base, a substrate holding

35 member capable of holding a substrate and of being advanced
and retracted relative to the base, and three detecting units



the present enbodi nent, to be carried out by a substrate carrying nmechani sm
|nclud|ng a base, a substrate hol di ng 35 nenber capabl e of holding a
substrate and of being advanced and retracted relative to the base, and
three detecting units 6 that detect different parts of the edge of a
substrate held by the substrate hol di n§ nmenber when the substrate hol di ng
menber hol ding the substrate is retracted, Includes the steps of: deC|ding
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15 substrate is to be transferred to a succeeding processing unit on
the basis of measurements remeasured by the detecting units
after the substrate holding member has been moved relative to
the detecting units.
[0018] The substrate carrying mechanism and the
20 substrate carrying method according to the present embodiment
can accurately measure a displacement of a substrate having a
notch formed in its edge from the reference position when the
substrate is heid and carried by the substrate holding member,
can readily correct a positional error of the substrate, and can
25 find and correct the state of the substrate holding member and
the state of the substrate or the detecting units.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

30 Fig. 1 is a plan view of a resist pattern forming system
relating to a first embodiment according the present
embodiment; _

Fig. 2 is a schematic perspective view of the resist
pattern forming system relating to the first embodiment;

35 Fig. 3 is a side view of the resist pattern forming system
refating to the first embodiment;



relatlng to a first enbodi nent accordi ng the present enbodi nent;

Frg '2 is a schematic perspective view of the resist pattern fornrng system
relating to the first enbodinent; 35Fig. 3 is a side view of the resist
pattern forming systemrelating to the first enbodinment; 7 Fig. 4 is a
perspective view of a third unit; 7 Fig. 5 is a perspective view of a
carrying armincluded in a substrate carrying nechanrsnrrn the first

2o de view restid: foBs PURRRERE ViGN a Bt lingica™ b The substrate
carryi ng nechani Figl % tshe bersﬂeetrmedllewacécelﬂeylwgi‘aem ieghudddrent ;

L T o, SRR ok, RLEoRi o P 136 LRSRSAREAR duhle
t he presentpregsendi emixodiment; Fig. 8 is a bl ock di agram of detecting units
conbi nabion_wi th AISCHER AN 8BTS ATERA Yol AT 8 cifB, SHWar m and a
heating rod@s@eckielyledf rthehecamyinguairm Includedriig. the i substiritev chart
schenatic Senty erfdﬁzﬁ*%a‘s“ S o, 7 first emaerlERs ofe 8ok ARkl m i o
waf er t rangapPosiiEant;on;

Fig. 7 is an enlarged plan view of a holding fork Included

10 In the carrying arm of the substrate carrying mechanism in the
first embodiment of the present embodiment; |
~Fig. 8 is a block diagram of detecting units and a
controller;

Fig. 9 is a block diagram of the controller shown in

15 combination with a schematic, sectional side view of the
carrying arm and a heating module included in the third unit;

Fig., 10 is a flow chart showrng a substrate carrying
method;

Figs. 11A to 11E are schematic side elevations of a

20 heating module and the carrying arm in a wafer transfer
~operation;

Fig. 12 Is a graph typically showing the amounts of
received light respectively recelved by image sensrng elements
of a linear image sensor;

25 Fig. 13 is a plan view of a wafer and four linear image
" sensors in a state in which none of the linear image sensors
have detected a notch formed in the wafer;
~ Fig. 14 is a pian view of a wafer and four linear image
sensors in a state In which a notch formed In the wafer has
30 been detected by one of the linear image sensors;

Fig. 15 is a graph of assistance In explaining making a
decision that a holding fork is abnormally bent, typically
showing the amounts of received light respectively received by
image sensing elements of a linear image sensor;

35 Fig. 16 is a first enlarged plan view of a holding fork
holding & wafer;



Fig. 12 is a graph typically showi ng the anounts of received |ight
respectively received by i mage sensing el enments of a linear inmage sensor;
25Fig. 13 is a plan view of a wafer and four |inear i'nage sensors in a
state in which none of the linear inmage sensors have detected a notch
formed in the wafer; Fig. 148is a plan view of a wafer and four

|l i near i mage sensors in a state in which a notch fornmed in the wafer has 30
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ol 3 B PR ashal et St R SR P,
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i mage i@ns%ﬁtpegggﬁé:ﬁrﬁk at%ﬁrhgr%ge selns?r, aiy Fig. 20 1s a graph
of asstSta | ok i g PestivelY necelved dit thedmags s
abnormal , tganginglolephentanof EhinaePuMsg®isenisairt respectively received by
the imge sensi n‘%lc}? Efgegtgsraogh aolJ iar%%?srtainré%g?n Seefpsl%riﬁing making a
decision that a light source is abnormal, typically showing the
amounts of light respectively received by the image sensing

15 elements of a linear image sensor;

Fig. 21 is a first graph of assistance in explaining making
a decision that a linear image sensor is abnormal, typlcally
showing the amounts of light respectively received by the image
sensing elements of a linear image sensor;

20 Fig. 22 is a second graph of assistance in explaining
making a declsion that a linear image sensor is abnormal,
typically showing the amounts of light respectively received by
the Image sensing elements of a |Inear image sensor;

Fig. 23 is a flow chart showing a substrate carrying

25 method;

' Fig. 24 Is an enlarged plan view of a holding fork holding
a wafer in a state in which none of the linear image sensors
coincide with a notch formed in the wafer; .

Fig. 25 is an enlarged plan view of a holding fork holding

30 a wafer in a state in. which one of the linear image sensors
coincides with a notch formed in the wafer;

Fig. 26 is a flow chart of a substrate carrying method;
and |
Fig. 27 is a flow chart of a substrate carrying method.
35

BEST MODE FOR CARRYING OUT THE INVENTION



Fig. 21 is a first graph of a55|stance I n expl ai ni ng maki ng a deci sion that
'a |'inear image sensor is abnormal, typically showi ng the anounts of |ight
respectively received by the image sensing elenents of a |inear inmage
sensor; 20Fig. 22 is a second graph of assistance in explaining making a
decision that a linear image sensor isgabnornmal, typically show ng the
anounts of |ight respectively received by the | mge senS|ng elenents of a

| i near i mage sen

r. Fi is a flow chart
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whi ch one cde\téiepllmgsyrstarm.ge sensors coincides with a notch forned |n t he
wafer; Eig. 26 i S;a.,f f a substrate carrying nethod; and Fig. 27
is a flow chart Z?ﬁg %ﬁﬂ%ﬁ$2§én€arrying method. 35 9 [ 0020] A
substrate procesd mgsiststpatteroiodming slysaens thsttr dye commectirg reshani sm
according t dj ' o) | i to a
coati ng anaéa‘a‘g‘g%f%?ﬁg%s%f@% E@E &%Ebbgg\/%lﬁﬁhg S\qst%% g&@?‘%a?tern
f ormi ng syﬁttbﬁtb@ QthQCe:SﬁﬂngctSIYis@eEh exlpsing etayat éirst oembodimegt and-
devel opi ng m&p& t ﬁﬂﬁﬁg gpaY 0 a
first enbo rrren cor h)é p‘?’6§?ﬁ§ é’?‘té’%éﬂ ?Hlnrrgg BE‘FE{?N eéastoqr[%cﬁy
descri BBd MItH rfeferenéeet@cﬁlgs; J:.tgs4 1to 4.

[0021] Fig. 1 is a plan view of a resist pattern forming

system relating to the first embodiment. Fig. 2 is a schematic
perspective view of the resist pattern forming system relating to
the first embodiment. Fig. 3 is a side view of the resist pattern

15 forming system relating to the first embodiment. Fig. 4 is a
perspective view of a third unit, namely a COT layer.

[0022] Referring to Figs. 1 and 2, the resist pattern
forming system has a carrier block S1, a processing block S2
and an Interface block S3, An exposure system S4 is

20 connected to the interface block S3 of the resist pattern forming
system. The carrier block S1, the processing block S2, the
interface block S3 and the exposure system S4 are arranged
and connected in that order.

[0023] The carrier block S1 has carrier support tables 21

25 and a transfer device C. Carriers 20 are placed on the carrier
support tables 21. The transfer device C takes out a wafer W
from the carrier 20 and transfers the wafer W to the processing
block S2. The transfer device C receives a processed wafer W
processed In the processing block S2 and returns the processed

30 wafer W into the carrier 20.

[0024] Referring to Figs. 1 and 2, the processing block
'S2 has a shelf unit U1, a shelf unit U2, a first processing unit
(DEV layer) Bl, a second processing unit (BCT layer), a third
processing unit (COT layer) B3 and a fourth processing unit

35 (TCT layer) B4, The first processing unit (DEV layer) B1 carries
out a developing process. The second processing unit (BCT




[0021] Fig. 1is a plan view of a resist pattern formng systemrelating to
the first enbodinent. Fig, 2 is a schematic perspective view of the resist
pattern form ng systemrelating to the first enbodinent. Fig. 3 is a side
view of the resist pattern 15 form ng systemrelating to the first
enbodinment. Fig. 4 is a perspective viggv of a third unit, nanely a COT

| ayer, - [0022] Referring to Figs, 1 and 2, the resist pattern formng

2 A expd2yEl) 52 Rt e it R BREE AT BT RFeiac B BrEER 68 or 1 ne
re5| ts}]ep?HMmmg rEmgaBtlge@Bttlﬂ'hefld:rirr ruﬁdetblaacrfes&ts:n;ﬁrng U{ﬁeﬁggagngl ock
connect ed ﬁ'tc{%}l% ﬁéd@:ﬁ § G’gqg] H}E%re) é%'ﬁ%% rrg ah5§5§ rF’Pﬁ%‘gﬂpport
tabl es 21 Zasp!ahda%ionLan?&teﬁs dtheeﬂmrtﬁaprmmssiﬂg ani ()T@E‘el\%f tmhcarrl er
¢ r e
carrrer 520 ey oubdh AR REC N (o TR, BLacA P Sokmibg Hhe
transfer dewngeefiecdonifite aver acesistifilmier W processed in the processing
Ref e ring 1o FiodDoRahar BeCEREtE AR 010 is  SoitnR’ M ° Bhating” et 01

Referring :to _Figs t he processi g ) ) t Ul, a
shel f unit @iffergnt; HPEErQEe diesni t AsDBhawein Bg. 3 dcowdypobcessing

uni t (BCT |@ygpled éh&réﬁspépqﬁaauwiurks1&%5‘1@@@11&3 @P‘i‘.zaDE@‘z”h

T ¢ ¥ Bl
Eé???éiooutéﬁtéeﬁﬁsé TERL 37 SRASTRS 4ngre AaRlel up e gt aiHer acihe )
| ayer) B2 omellfe.mletmsanpamtshbam eﬁtm L flémé&rdﬁl!wrr%\%SFéStFaﬁ{stPEm ng an

antirefl ection bl | m,un rocessing unit

t
| ayer) B3 '%u'f‘sgaei[%cg ”ﬁarsa"%t?r'?)%lfa%ﬂﬁ Pati J‘h%rﬁﬁé%ﬁer e fBurt h
processing eanried T&€T waheer )WB4rom one to another of the processing

modules of the shelf unit U1.
‘15 [0026] The shelf unit U2 Is formed by stacking up
different types of processing modules. As shown in Figs.2 and
3 by way of example, transfer modules TRS6, TRS6 and CPL12
are stacked up in that order in the shelf unit U2.
[0027] The transfer modules indicated by a symbol CPL
20 in Fig. 3 serve also as cooling modules. The transfer modules
indicated by a symbol BF In Fig. 3 serve also buffer modules
each capable of storing a plurality of wafers W.
[0028] Referring to Figs. 1 and 3, the fist processing unit
(DEV layer) Bl has developing modules 22, a carrying arm Al
25 and a shuttle arm E. The developing modules 22 are stacked
up in two layers in the first processing unit (DEV layer) B1.
The carrying arm Al carries a wafer W to the developing
modules 22 stacked up In two layers; that is, the carrying arm
Al carries wafers W to both the developing modules stacked up .
30 in two layers. The shuttle arm E carries a wafer W from the
transfer module CPL11 of the -shelf unit Ui directly to the
transfer module CPL12 of the shelf unit U2,
[0029] The second processing unit (BCT layer) B2, the
third processing unit (COT layer) B3 and the fourth processing
35 unit (TCT layer) B4 have coating modules and processing
modules, such as heating/cooling modules, and carrying arms



5 carries out an antireflection filmformng process for formng an
antirefiection filmover a resist film [ 0025] The shelf unit U
formed by stacking up different types of nodules. As shown in Fig. 3 by vvay
of exanple, a transfer nodules TRS1, TRS1, CPL.11, CPL2, BP2, 10 CPL3, BF3,
CPL 4 and TRS4 are stacked up in that prder in the shelf unit Ul. As shown
in Fig. 1, a vertically novable transfer armD is installed near the shelf

O ook g KoL ShEY AR FeBRBRENR, “HY Bio SR ARulBsr e
formed by st grietneptimedtfprocass byﬁesecei quatiteg proressdbd ese gsrigbwn i n
Gt Sokea up GUE Byaihs P eeftifEP pfod Qe BhE W%%*ﬁﬁag%%%ﬁﬁéﬁ?iﬂ%@ﬁﬁdﬁ{ os
i ndi c?t ed Whea coating mcezag i nThieg Carr\skng/earHHSOAas AGolainty Abdalres. The
B
L1 ans! s ek aned ki Dha. S4BRRla Bfdd Bed s SEGE° lorasBier
Referring tI'ﬁOElllej%S to skransfer he Naé’el‘pV\bcfé‘an ngnanitv appvheayeof ) thm has
devel opi ng. %g%égu@s %?nghé] @séh@?g 1k, shuttle arm E. The

devel opi ng no ked up 1n ers in the first proce55|ng
unit (DEV |ayer) [80 Qﬂha- SE¢PRE A RCRFSG rl-IQéE BGAf Byan)t B2y nehe

devel opi ng tW@'ﬁ%c%%gﬁLOQ}?ﬁﬂ (‘GDT“IaR/‘@P)'@Seéﬁd ﬁH@tfoUFli(h 331%«:@%5%5 ng arm

th_the dev nodul es st ac in two

Al carr t I"opi n
| ayer sl Thé’mi'h'ut(if:?/ dPWeR cBfriase & pl '%Wf'ﬂoﬁpﬂﬁé"lﬁ%@féln dhdiff e CPL11
of the , sftﬂrﬁerentt chemicgict L.-mmtcvohbe treapetevenpdul eTRBL1ZheMmichp shel f

brocessi ng SHIRHOROER Payursd Y e %%go%p&%%s%%@mﬁﬁﬂﬁa%k%a
l'ayer) B4 IBXe zomht tivg nfoduﬂreSpaodessmgesanng (Mgl ésyeucB4ass an
heat 1 ng/ coq) | ARG 8 5ind P8 rh G A0t AP and the chemical solution to

15 be used by the third processlng unit (COT layer) B3 is a resist
solution.

[0031] The carrying arms Al to A4 correspond to
substrate carrying mechanisms of the present embodiment.
The carrying arms Al to A4 will be described later.

20 [0032] The transfer device C, the transfer arm D and an
interface arm F correspond to substrate carrying mechanisms of
the present embodiment as well. Hereinafter, the carrying
arms Al to A4 will be described as substrate carrying
mechanisms as t\/pical examples of the carrying arms Al to A4,

25 the transfer device C, the transfer arm D and the interface arm
F. ' : .

[0033] As shown in Fig, 1, the carrying arm Al is
provided with a support member 53 for supporting detecting
units 5. The transfer -device C, the transfer arm D and the

30 interface arm F may be provided with a support member 53 for

supporting detecting units 5 as shown in Fig. 1.

[0034] Referring to Fig. 4, the third processing unit (COT
layer) B3 will be described as a typical example of the second
processing unit (BCT layer) B2, the third processing unit (COT

35 layer) B3 and the fourth processing unit (TCT layer) B4.

[0035] The third processing unit (COT layer) B3 has a



A2, A3 and A4, respectively. The processing nmodules carry out a

pretreat ment process before a coating process to be carried out by the
coating nodul e, and a posttreatnment process after the coating process. The
carrying arms A2, A3 and A4 are 5 installed between the coating nodul es and
the processing nodules to transfer a wafer Wfromone to another of the

coating nodul es and the processing nodul es. [0030] The second
processi ng i BCT 52, .t t hir roc uniit (COT | aver) B3
and the fo& '}9(' JEBQ%’%?%O I'lqu'l‘tﬁ'tl g}? {"F‘}@”Eaﬁﬁm r('\g

cgnstru?:tld'ﬂneals&alﬁe.ugtfﬂér ésngbmmerb\paétas:kimglapSprdJe@smngl mdéqrule@e ) B2
cheni ca on Qcessi ng_,uni f er

and t he fog’ﬁjﬁir%‘ %gssﬁh%ﬁl t)b(§g§s$l§&9e ?n@ fess'ans‘ i @S| EPF(SWyfl | m
form ng solmiod ard tqoolbtgnincalules! utToe shelfSuhlt USedsbyispuseidtird

Carryi g SCBEORIS B AnelEostB b qyechns: T4 et pa armoarcidles of e

present enbdd BRACE betavesn thiengoating modeeAZBVandi the stesi€niried)3 at er .

20[0032] T f C F
ot respond HdIGHe ?i‘t ?éﬁﬁqégff‘% 4,008 srafste o hBs il h Bl Honr s
wel | . Her eWRfRreW, Is Heapsaferyiedy gtwge,m the carming ﬂUﬂdA‘SCIalrtﬂa@m

substrate 5[:&;5:391 Mesms as typical exanples of the carrying arnms Al
to A4, 25 he transfer device C, the transfer armCl and the interface arm
F. 0 [0033] H203RdAs shomyinFigi He the iiatface arm F is shalledd with a

support ”Enﬂiifthe%té?ﬂac%uﬁm SR LT ﬂgewrum% @% ofthd P?Bgéé’ém%ev' ce G

t he transf th interf ce ar pr ov
~ support ne Ekgéafo 6&8?’?4%35@\ cﬁrﬁlﬁ’ég}%ﬁﬁ ﬁsWQfﬁl‘éVErhﬁﬁWQEﬂth@ 1.

[ 0034] Ref exposire t t r ¢ 3 w |
be descri beﬂg ngt:fégtggﬁiaﬁ eéaoq‘mtdgeﬂgé;?igggf)?'o%gé%léﬁprt%.' CT layer)

B2, the thf Fng unit (COT 35 layer) B3 and the fourth processing
unit (8T Iayer)[%B?[]OOBﬁ»é Tiransher d deéveees st narenkfersCOldfayer )WB3 has -a

12 sequentially from the carrier block S1 to one of the transfer
modules of the shelf unit U1, such as the transfer module CPL2
corresponding to the second processing unit (BCT layer) B2.
The wafer W transferred to the transfer module CPL2 is

20 transferred to the carrying arm A2 of the second processing unit
‘ (BCT layer) B2. Then, the carrying arm A2 carries the wafer W
to one of the processing modules, such as the coating modules
and the thermal processing modules. The processing module
received the wafer W processes the wafer W to form an
25 antireflection film on the wafer W.
[0038] The wafer W coated with the antireflection film is
transferred through the carrying arm A2, the transfer module
BF2 of the shelf unit Ul, the transfer arm D, and the transfer
module CPL3 of the shelf unit Ul to the carrying arm A3 of the
30 third processing unit (COT layer) B3. The carrying arm A3
carries the wafer W to the processing modules, such as the
coating module and the thermal processing module, and then
the processing maodule forms a resist fllm on the wafer W.
[0039] After the resist film has been formed on the wafer
35 W, the carrying arm A3 carrles the wafer W to the transfer
module BF3 of the shelf unit U1,



coating nodule 23, a shelf unit U3 and the carrying arm A3. The shelf unit
'U3 is built by stacking up processing nodul es serving as thermal processing
nodul es, such as heati ng nodul es and cool i ng nodul es. The shelf unit U3 Is
di sposed 5 opposite to the coating nodule 23. The carrying arm A3 noves in
a space between the coating nodule 23 #hd the shelf unit U3. Indicated at 4
in Fig. 4 are transfer openings through which a wafer Wis transferred '

T o 1 the | hPDAAIEN A ERTda AT S ToRhdR SVeF shekeSBESIRT 3 near
t he $2«r=3| {N tfoi'mdg?omlf !(:ahdaefvafmfglsm rt@eebfmll’thSBrod’éEsihfgtLeng:aG'EC'ﬁga\s/iEr) rﬁgzl;le;:
ot "The shelt Ul Fags. of afekdy) VIHER A&y EIYSsBiEhe i SpERERRE, oW
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tsecond lE;)rot:E sesFrlr%nslf%rtC‘%P@%llélgg%&ﬁfﬁ%%p%ﬁgfg{;ﬁ ?‘an ?eﬁﬁggbpg‘:d he
transfer mproiceseM@ Unst(ICT dayereBded Theteasrrylng wirmy Ad wangiesf thene second
pr 0cessi ng yiptdr (PHS Y BrbcBsint By GAHIEN fFrRTdR Ahefidiifdciior he vaf er
grmdmnles, suc the c

Wto one of ?‘the pr ocessi as oatl ng nmodul es and t he
&l

thermal prd0Es QYRS fbeuresist Thimprics A dheogorsingedepdade tard vilier w

! ' f td ' H W
P0058] - The oy Al prickesirer Matufe. STAREP) HE: affireliettion, flif Me’ '
t hr oughOt hde&n fermedan Ahe waferr Wasthe eaaying Birmofdt gargasitheinit U,

he barryl MaRGUheabRer IR TRE be thELEE UIELPRS | 07k e
carryi ngyar?n A3 &Qi)ﬁ]dsﬁ-gﬁewﬂé?'éwwg%"igﬁ@ W%&gg‘& Fé)s'ﬁ’étfunésp‘) @’E@‘h as the
e PR i R A L
rt;ﬁ(e)'eﬁ formagﬁml {sh r@\ﬁ?é'—rgg \y\li‘r?‘}‘l%hcgﬁ?y?é\/@'g%fgﬁ] k§”'b rie HangEeer wto
the traBsf enotudied eBRE3anld TTRS4hed ftheni tradsfer Iodule 'CALAA40] TAre _
oty ofl ecluield apehSe! REPAGEOURE LARSLSN Thokl IR LIRS AR e o Wi
antireflectCRInlIi idiwautedstdothe freansferoverodule r@RLER. filThed hetv@fer Wis
oo s i ot B ot o e RS e 24 1
wafer Wto from pnedeansfey motilesCRbL2h form an antirefiection filmover
ol S205% Ly 1 OSSR Eaids! e IBHIP RIS teT
exposure system S4 to subject the wafer W to a predetermined
exposure process. The interface arm F transfers the wafer W
processed by the exposure process to the transfer module TRS6
of the shelf unit U2 in the processing biock S2. Then, the wafer
25 W is subjected to a developing process in the first processing
unit (DEV layer) B1. The wafer W processed by the developing
process is returned through the carrying arm A1, the transfer
module TRS1 of the shelf unit Ul and the transfer device C to
the carrier 20.
30 [0043] The carrying arms Al to A4, namely, the
substrate carrying mechanisms of the present embodiment, will
be described with reference to Figs. 4 to 6. Since the carrying
arms Al to A4 are the same in construction, the carrying arm
A3 installed in the third processing unit (COT layer) B3 will be
35 described by way of example. Fig. 5 is a perspective view of
the carrying arm A3, and Figs. 6A and 6B are a plan view and a



10 been forned on the wafer W the carrying armA4 carries the wafer to the
transfer nmodul e TRS4 of the shelf unit UL. [ 0041] The wafer W
provided with the resist filmor with the resist filmand the
antireflection filmfornmed on the resist filmis transferred through the
transfer armDf the transfer 15 nodul e$4BF3 and TRS4 to the transfer nodul e
CPL11. The shuttle armE carries. the wafer Wfromthe transfer nodul e
CPL11 direc h IeCP T the Interface armF of
the int erfa%gébY%é& %é%@i‘(@&s%ﬂ: agf?%lt\'ﬁe transfer nodule CPL12.
20[ 0042] The i nt dJC4] Refefringria Eiags hé tmﬁerthe/ carmtingeapms ABehagst em S4
to subj ect p er e po ro L0t erface
arm P tr andis s Tlingls K D3 CBeCag, 38L° B bRt S ocls M
transfer nonhecharksa &2 thaeahedrﬁvarmedtxaman‘tméw @eb 38, Bl ifting2. Then,
t he vva [ LHEF% 0 i St ocessi ng
unit ( f%yb\é\ré)gﬁr EE?‘&T Uﬁ'% %eggésgé gﬁ%g %‘?ﬁo: gb@ {.)(g?%[f dE)ro.(r:.’éa)és S

ret ur ned tmmllﬁiﬂefidraﬂlr bendeseribad, latee withnegferenoduioe FiRs180&ndhe shel f

unit U. andgthe transfer device Cto the carrier 20. 30[0043] The carrying
arms Al to A4, nam&*léE t he substrate carryi ng:i rrechanlsms of the present

enbodi ment, will K0 & davei haldiege fefks s3Bsare @rranaged the
| A3
carrying aréﬁcl’?‘ th tot:f’fsél r?dlam@%ﬂwesm g%TSPr HSH'QE%FIE eegahr étﬁ%’eggm o

installed in t rd pr OCESSI ng inl

by way 18 ek qse Iffjg caty pg fu U‘i/@ Vﬁ@tU\F%[f ai(lﬁsbcyaﬁﬁ?l'ﬂg’né'ﬂ% A3, and
Figs. 6A anhdehaisnt 32 an'ﬂH@‘Mcﬂﬂﬂwg’* fobksS BAC avicE B8 TIesRECha¥E! and Of t he

carrying arparts supported on the linear drive mechanisms 33A and 33B,
respectively. The holding forks 3A and 3B can be advanced and
retracted relative to the base 31 by the linear drive mechanisms

15  33A and 33B, respectively.
| [0046] The holding forks 3 (3A and 3B) correspond to the
holding units of the present embodiment. The holding forks 3A
and 3B do not necessarily need to be arranged vertically and
‘may be horizontally arranged. The number of the holding forks
20 may be one or may be three or greater. The plurality holding
forks may be arranged either in & vertical or a horizontal

arrangement.

[0047] The linear drive mechamsms 33A and 33B are
placed Inside the base 31. A motor M shown in Fig. 9 is .

25 interlocked with the linear drive mechanisms 33A and 33B by a
transmission mechanism using timing belts or the like. . The
motor M drives the linear drive mechanisms 33A and 33B to
advance and retract the holding forks 3A and 3B relative to the
base 31. The transmission mechanism may be a generally

30 known one, such as a ball screw mechanism or a power
transmission using timing belts.

[0048] In Fig. 9, a drive mechanism 33 for driving the
linear drive mechanisms 33A and 33B Is disposed below the
base 31. The motor M drives the linear drive mechanisms 33A

35 and 33B to advance and retract the holding forks 3A and 3B
relative to the base 31. An encoder 38 is connected to the



[0044] Referring to Figs. 4 to 6, the carrying arm A3 has two hol di ng forks
'3 (3A and 3B), a base 31, a turning nmechanism 32, linear drive nmechani sns
33A and 33B, a lifting 5 table 34, detecting units 5 (5A to 5D) and a
controller 6. The controller 6 will be described later with reference to
Figs. 8 and 9. [0045] The two hol ding §®rks 3A and 3B are arranged such
that the holding forks 3A and 3B can overl ap each other. 10 The base 31 can

be turned abouyt vertical axis by t turni ng hani sm 32. The hol di ng
forks 3A an@#ﬂ"ﬂgve aEHH%E'ncF%H? g@pﬁ%ﬂ"\é@l %HPFﬁﬂe i?@é’ﬁt%rﬂ‘ﬁées
mechani sns g’?@p?emt@dBBﬁ,threeenecd'evasl.. The hol ding forks 3A and 33 can be
advanced and retracted.relative.tq.the bgse by .t lJ near driyve
mechani sns 15 SSAOZln‘{)ge]S@é, S'P%\é’ﬂem ici:\)grydf' €he '%W%SQEFE '#n‘g?'ﬁél Hpﬁsrforks 3
g3|Adand ?B)thmrtmﬂngd mechamisiel dBRg urThe diftinige tutsieer®4 eghpdibent. The
ol di ngf or

and e bev ST Bh FadYed Reat, o SERERE MESCET 2-Re o Ry 108t 00 ray”
be one or rsfyowa, tharadebtoghenreaxisTby plliiftialg medhanisny. f dihkes|ifbiyg be
o anoeq o githata, Y5hy. 623 behe a0k " RPbily JEBMTERL eyeh,as.d 00 A
nmot or M shdnmlliSCrEMg.mGFmanmim & mekleanwmhuﬂm la higaingibelt nkthani ss
motor M ar i (R, e Aas U 1B s thd e e T
r et r ac0t heiggh@nignf Gres cexensd BBh @ atovwer 536.t h&ppae verticahesnd
A o B BCBAU R B DS 2aBe NG hblreth KTRNN cBUBr 35CEafSsfab |
screw nmechani sm or a power transm ssion _using timng belts. 04 In Fig.
o, o drive HOPKhA| SRR raxieiGUIHG tk 36 parallel to the Y-axis.
[0050] The holding forks 3 and the detecting units 5 will
be described with reference to Figs. 5 to 8. Fig. 7 Is an
15 enlarged plan view of the hoiding fork 3A, in which holding
protrusions 4 (4A to 4D) are enlarged relative to the holding
fork 3A to facilitate illustration. Fig. 8 is a block diagram of the
detecting units 5 and the controller 6. The controller 6 shown
in Fig. 8 Is identical with the controller 6 illustrated in Figs., 9
20 and 11,
[0051] Referring to Figs. 5 to 7, the hoiding forks 3A and
3B are formed in a generally circular shape so as to surround a
wafer W. The holding protrusions 4 protrude radially inward
from the Inner surface of the holding fork 3A (3B) and are
25 arranged at equal circumferential Intervals, - A wafer W is held
on the holding fork 3A (3B) with parts of the edge thereof
seated on the holding protrusions 4. The number of the
holding protrusions 4 is three or greater. The holding fork 3A
(3B) shown in Figs. 5 and 6 is provide'd'wlth four holding
30 protrusions 4A, 4B, 4C and 4D to hold the wafer W by the four
parts of the edge.
[0052] Referring to Figs. 5 to 7, the holding protrusions
4A to 4D are provided with suction parts 41A to 41D,
respectively. When parts of the edge of the wafer W are seated
35 on the holding protrusions 4A to 4D, the suction parts 41A to
41D attract the parts of the edge by vacuum suction to hold the



li near drive mechani sms 33A and 33B Is di sposed bel ow t he base 31. The
'motor Mdrives the linear drive mechani sms 33A 35 and 33B to advance and
retract the holding forks 3A and 35 relative to the base 31. An encoder 38
is connected to the 15 notor M A pul se counter 39 shown In Fig. 9 counts
pul ses generated by the encoder 38. 16 [0049] As shown in Fig. 4, the
lifting table 34 lies under the turning nechanism 32. The lifting table 34

' be 5 i I traj ght, tjcal ,Z-axi ' il, t
Shoun, par aFPET 10 BHENS ARG Bt eI Ao Eh 4P orASTABOMT I KgSmechant om
mayhbe_ a gehethae | sudthonrpamshadids bo §ubhrr:gs subtibh taﬁte’sgmit@nngm or al
mechani sm L 1, e i pen e Z-axi ui de rai
and the i ﬁ?"ﬁﬁ“‘fdhwgﬁﬁgh@#&r bpeﬁh\ﬂéﬁgaswgghgﬁ %Qw_eqesﬁ&%%gg tical
end paLt.sYafnc_tvhn tr_u)vréhg.BSMgeheosueﬁbadihoI?e d@\ﬁert_o?ﬂzmncehhget aith?ﬂ a
tr - uide_ra r e | e
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to \I;}]gsh ﬁresp&cﬁivg.lyi Theavathium| piped DA a4 IBewWsoextémded! ﬂisrildeio[]k 3A,
[ [ ' ' 4.4 4 t] t
Ihgl di Ing fo&bgg/@%tp?r?égrﬁc%gt%é FPI(? ﬁso%&art %ﬁ%% eCﬂJ gﬁlggﬁ%{cﬁ{.‘ cta/'ﬁﬁ ameof
the dgéec{!(ﬁ@hﬁ!ﬁds s conneeted ot BoMasUUEN ExBausht Uit} enot sétcown. |12 Fi g.
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[0051] ot Ty ey SLCeRgh art€T Pa o U3 ThS tobmisdTar attaEs Chhed 1
a genetfl | yvafarcW By vachenmssustione surround a wafer W The hol di ng

rotrusions 4 pr [ pNFveHKd 3 heai r ‘Agen@f e
ﬁol di ng fork a&zggﬁngﬁgrgb%ngrran gé\r gﬁ?qﬁ%‘@?rﬁﬁ?éﬁgn?ﬁaﬁ&
Interval s. Nl r \W/tFBS'Péisddf&tQh@Dthdt% SustionPgre) 4 kAt 0 JkPs of the

edge ther eofh@eabed, tRet hldRIirBek P3AL F](!;B%;Géeé- n&‘%%ﬁg g%ufdt? hol di ng
I

52" 1o S UsrEaP iR acIEn & GHIRE 363 ANIDg: BrioWAWarS, ERSTRM 4D Lo
hol d th8 wdhaerWlrfatdarid¢apedlé Dfofurirdarefieg-a wafer W to guide the
wafer W to a predetermined position. Therefore, when a wafer
W coated with a coating film, such as a resist film, Is placed on .
the holding fork 3A (3B), there is no possibility that the coating
film coating the edge of the wafer W is abraded by the guide to
- 20 produce particles. '

[0054] This embodiment can accurately measure a
positional error of a wafer W on the holding fork 3A (3B) and
can readily correct the positional error, Therefore, the holding
fork 3A (3B) may be provided with a simple support structure

25 instead of the guide structure and does not necessarily need the
suction parts. :

[0055] Referring to Figs. 5 to 7, the number of the
detecting units 5 (5A to 5D) is four. When the holding fork 3A
(3B) holding a wafer W is retracted, the detecting units 5 (5A to

30 5D) detect positions of different parts of the edge of the wafer
W, respectively. When the holding fork 3A (3B) is retracted,
the detecting units 5 (5A to 5D) coincide with parts of the edge
of a wafer W held by the holding fork 3A (3B) in a plane. The
detecting units 5 (5A to 5D) are arranged at angular Intervals

35 on a circle corresponding to the edge of a wafer W held by the
retracted holding fork 3A (3B).



[ 0052] Referring to Figs. 5to 7, the holding protrusions 4A to 4D are
‘provided with suction parts 41A to 41D, respectively. Wen parts of the
edge of the wafer Ware seated 35 on the holding protrusions 4A to 4D, the
suction parts 41A to 41D attract the parts of the edge by vacuum suction to
hold the 16 wafer Won the hol ding prt&rusions 4A to 40. As shown in Fig,
7, the suction parts 41A to 41D has suction holes 42A to 42D forned in the

suct 1 on hol es- 42 XOPE O EREH HeteRtEF alfE 3 (5 SR SRl i 4nged he
hol di ng f orkdighk 80ureB 5% dHid;t B8, yS1ThervatDynamd p pdﬂ?to(dma):tmzi .
oxt ended |63 Korridls B9PaFoD2G, HufAIRy BHCliaPAM g sldalBse oo,
suction parkhe 4photodetautonus 2f anayd bean fart exam;zIeloaMhefarwmagmtcEgm
Pol di no2 pr SETOrLA2 §a2A S, B2 droBe . Dk N Roprt8 8L SR ore.
the hol di n®¥Br 018A Q'3|51leeaﬁa:cﬁhenél&ﬁa{nmﬂajée§l§ﬂﬂc52ur65MD\£|FZI§dfvvi th a
gu oo vl | S 09, SI)CUR IOASHSSED BRI €37 LAt Ser st e
Ther'ef or e, QRRGFIEE waides v arRactivglyn &f cshei r‘lﬁa?ﬁﬂ mV sbeld abya thesi st
he Copt i ot O e (o he i orar AN UM 7 18 RO Jul de to
zoe-pfgﬁél:e%&tﬁFPcﬁ’%" S of the eFG%‘S@? the wakasodY rheld Exnaé%dlﬁtéﬂéﬂ%ﬂ measur e
Correct the poorgrons e B 1O ore the. hal ding fotk AA (38) ey be
g(rjz)\r/iegltedt vviet EOZI ibﬁﬁyé Sl?[SSqunC{FFﬁ{yt’ Lﬁ'EhQ%%hﬁgiﬂ&;dggwqq]gﬁgﬁﬁig 9 ucture
E_nd dogst(r;(ﬂ?m)aomsthei Li?\eaeeimage sen%?grszaql’st? to 552[3%“%%5@?5@%@{“ Cﬁeao
the "ot di n? 818 Bl tERCTNg forlE 32 a8, FBAde thb-dkier Brlismbas | g
units 55(Sabave the same. When the light source 51 (51A to 51D) or the
linear image sensor 52 (52A to 52D) is disposed below the two
holding forks 3A and 3B, the light source 51 (51A to 51D) or the
linear image sensor 52 (52A to 52D) may be attached to the
base 31 or may be attached to the side of the lower holding fork
20 3B on the side of the base 31. When the light source 51 (51A
to 51D) or the linear image sensor 52 (52A to 52D) is disposed
above the two holding forks 3A and 3B, the linear image sensor
52 (52A to 52D) or the linear image sensor may be attached to
the base 31 or may be attached to the side of the upper holding
25 - fork 3A not facing the base 31.
[0058] In the case shown in Figs. 5 and 6, the light
sources 51 are attached to the base 31 and the iinear image
sensors 52 are attached to the support member 53 held on the
base 31.
30 [0059] Since the detecting units 5 are thus constructed,
the light sources 51 and the linear image sensors 52 can be
used for detecting the positions of parts of the edge of the
wafer W held by either of the holding arms 3A and 3B.
Therefore, the respective numbers of the light sources 51 and
35 the linear image sensors 52 for each of the carrying arms Al to
A4 are not large.



30 50) detect positions of different parts of the edge of the wafer W
respéctively. Wien the holding fork 3A (3B) is retracted, the detecting
units 5 (SAto 5D) coincide with parts of the edge of a wafer Wheld by the
hol ding fork 3A (35) in a plane. The detecting units 5 (5A to 50) are
arranged at angular Intervals 35 on a t8rcle corresponding to the edge of a
wafer Wheld by the retracted holding fork 3A (3B). 17 [ 0056] Each

det ect i it 5 ' 5C i nclud |i ght 51 (51A, 51B,
51 or 510) and 400l ARLE-Hetedata s B miey 08 wESd faru pach: oF o
!ight-;_ensitn@ dam:nh( nmingTh%rkamodmcbamr Whemfoupedetast am(vﬂti,s a5|1i3/near
i mge 5 se . | soyr
51C or 51D) ngéﬁﬁe‘%’fﬁggﬁ ?ﬂgég @Kéﬂ%@d@ag@{k?g%}é@”@z%ﬁo %gzﬁﬂﬁEre
di %spos\e/ghomml Qm'mEQSd e?dhgeamﬂ)egjzg_immg%epwss@?gn‘ss&%;de%ea%sf@eﬁqamg, _ ;)f t52e
waf er Wehel g lystehe (e Pe i 5?\9 @5 he gdetec I%qn#i units
to 5D 10 detect t { HreRATaY AP ted
hgl di ng fo?ﬁiggﬂv F0)'SrSIJ.Sec(t)ive|y,e[DEGE!SWI]I:':!MJT deld(rabtyetlyé mtgzeted Heoltirent esource
51 (51A tOf’é}Q):.m(r](B e |linear inmage sensor 52 (52A to 52D) is disposed

i N

bel ow t he two hol forks 3A and 3B and the other is disposed 15 above
the same. Wen t {808ighSiscarthe Soursdatectisgoynits ShéSAi beabDi)narg sensor

52 (52A t | ' m@q h i f th
i g§1t sou(r)ce 51 -ZER‘?\*'?O 1([1)?@;0?*#3 W#ggrwﬁhg%@aggﬁs%& %@gg;ﬁ@o'\l 52?)) may
be at t 8€hedNt BSt BEIBaG2N e ACGvsPtely satactrd iNocarryirgdihatwafes Wower

hol di ng f or; i ' hgeab Bk, e i e 51
(21a 19 pordpdane S’grf“ﬂ@%f‘?fﬁ'@a"’%al‘eﬁsofég%ﬁi5°zd/ﬁ*§8tés‘3}a) THE hUERHEE hove
the two hol¥i Hagrdgtact %ég Preach rhthe eafeyiRa HiMs2A LSt A% 52D) or

the linear meggBe shReer ¥A¥nbf AL t ached to the base 31 or may be attached
[008] i the calDOdEoTie Bobl SBurfa & Wil | bgnddksiized 90 B
attachts t @gsuambtion Thatnthé hieght nesurde e iseppoviRicRP viitA aht agped to the
re thus colantRrUBiRen ipAgh . B0t 51 MRiE (sNFIGtER, (sdiaBhsors 52
oo o vesschmsienpting (haardih sours protgcd gl ity peicr W
nﬁnber)s/ of Lt%sﬁrﬁhpasgu?geg%%igms@%gtqremq\ﬁl’ﬁ 8 ﬁﬁﬁ@”@l}ﬁo%”&?for each
of the carmpriowidedrwithl a singhe! LEDe anat al lime@r light-conducting member.
20 The linear image sensor 52 may be any one of linear image
sensors, such as linear CCD sensors (linear charge-coupled
device sensors), linear fiber sensors, photoelectric sensors and
such. Image sensing elements of the linear image sensor 52
may be CCDs, photoelectric sensors or such, In the following
25 description, the linear image sensors 52 are supposed to be
linear CCD sensors.
[0063] As shown in Fig. 8,'the detecting unit 5A has the
light source 51, the linear CCD sensor 52, a linear CCD sensor
control unit 54, a digital-to-analog converter (DAC) 55, and an
30 analog-to-digital converter (ADC) 56. The detecting units 5B,
5C and 5D, not shown in Fig. 8, have the same configuration as
the detecting unit SA.
[0064] The linear CCD sensor control unit 54 shifts
operating times of the CCDs of the linear CCD sensor according
35 to a clock signal generated by a clock, not shown, to move
signal charges sequentially from element to element. The




18 [ 0060] Four detecting units 5 may be used for each of the two
hol di'ng forks 3A and 313. Wen four detecting units 5 are used for each of
the two holding forks 3A and 3B, the light sources 51 and the linear inmge
sensors 52 of each detecting unit 5 for the holding fork 3A (3B) are

di sposed on the opposite sides, respectdvely, of a wafer Wheld by the
retracted holding fork 3A (3B). [ 0061] Si nce the four detecting

2 ot ch i e GGR SelE6E chBBE Py §' Rotinting] SnaL aSg¥oRe vat or

W and t he misoti dire lieveasr CEan slwsoembrht;rotcnrmbcﬁcbcton'thelmuuhmntotot he
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the |ight ssignaé g‘ﬂnamtadobydh‘m vindaraCCBEEEns@htcontrol iumit 4 drto or LEDs.
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menber . 20 I e

sensors, %?e#dt meg E@Eﬂ%éﬁi@éﬂ?? 'ﬁr%%%rgéc rge c éc‘aﬁg\fnd():e@ésgensors)

linear fi bd?"oé’éﬁggrl%y t ﬁdﬂ%’éﬁcéﬂ'lg iWiESfsors and such. I mage sensing

el ements of the I MRY Y SRREMg I iTey E‘P\/%mﬂ‘le p&@ﬂéﬁltﬁ?tégﬁ apensors
25 descrl pt1on, | near |1 mage sensbrs_ 52 are

or such.. In the foIIo
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" hear (oD oot Eﬁﬁ{‘?ﬁ?“' A T O v TV
and an 30 éierWJtBameth 557?1\%’1"(%1‘“@2@@ %‘%a%ma%m@ﬁ% ionthe 5B, Sc
and 5?A not{jrsdema rive lﬁngfr%hs?:gnmsmn%gggwog ﬁ?féfg 'd‘?n/teﬁ‘%éftﬁ' fﬁ ecting
335 ating t'Pﬁjé%”%ﬁ?q &hﬁc&sﬁfgiheac? éﬂawgeémo a
cl ock $_Sgnaﬂhegﬁftémgttablby34, @natly, rmtlmmlv\drlv_eorrmm‘ M hat|uclear pes 3
sa e s v et O EEare8 32 o0 The Iinear OCD sencor control unit 54
controls current [D@Gtﬂ"]eThegDﬂ(B@Er cenﬁér‘fﬁd socofitre| BAGnaS prowvided sy di gi tal
oo <1 VG O, B AT SO 593805 Al el 1
anal og si greignahamel gives tkeanalog soptral sigraktattie Hghtsourceesl, CCD
sensoraB? 4@ tefl ehé Hgrit 9Bakce SLIAAEYIACE EMghbiE! SHhEhdtt 5A
CCD sensor 52 receives light emitted by the light source 51.
Charges in the linear CCD sensor 52 are moved sequentially at
times according to a control signal provided by the linear CCD
sensor control unit 54. Then, the linear CCD sensor 52
25 generates a signal conveying an amount of light recelved by the
linear CCD sensor 52 when charges are moved. An output
detectlon signal conveying a detected value provided by the
linear CCD sensor 52 is converted into a digital detection signal
by the ADC 56, and then, the digital detection signal is given to
30 an arithmetic processing unit 61 included in the controlier 6.
[0067] The controller 6 Including the arithmetic
processing unit 61 measures the position of the edge of the
wafer W on the basis of the digital detection signal, calculates
the position of the center of the wafer W, calculates the radius
35 of the wafer W, and decides whether or not none of the four
detecting units 5A to 5D detected a notch WN formed in the



[ 0065] The detecting unit 5 gives the detection signal 10 conveying a

‘det eéted value to the controller 6. The controller 6 controls, through an
anplifier 57, five notors for five-axis driving, nanely, X-axis drive
notors ML and M2 included in the |inear drive nechanisnms 33A and 33B, a
Y-axis drive notor MB installed in the®pase 31, a Z-axis drive notor M4
Installed on 15 the lifting table 34, and a rotational drive notor M

cont ol si QHErEVbi Lol [ GRREET SB2r Qe ofoHEB O Rt I At o an
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unit 61 i nglgfdeshéa thbhmgcantrol ler 6. [0067] The controller 6
tig unit 61 neasures the position of the
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[0071] As shown in Fig. 9, the heating module 7
processes a wafer W by a heating process. A hot plate 72 Is
disposed In a processing vessel 71. The hot plate 72 is
provided with IIfting pins 73. A lifting mechanism 74 moves the

25 lifting pins 73 vertically. Indicated at 70 in Fig. 9 is a transfer
opening through which a wafer W is carried into and out of the
processing vessel 71.

[0072] The controller 6 has the arithmetlc processing unit

61, a storage device 62, a display 63 and an alarm generator

30 64, .
[0073] The arithmetic processing unit 61 is a computer
- including, for example, a memory and a CPU (central processing
unit). The arithmetic processing unit 61 reads a program
stored in the storage device 62, sends control signals according
35 to instructions included in the program to the components of the
resist pattern forming system to make the resist pattern



15 units U3 of the first processing unit (DEV |ayer) Bl, the second
‘procéssing unit (BCT layer) B2, the third processing unit (COT |ayer) B3
and the fourth processing unit (TCT | ayer) B4. [0070] Fig, 9 shows
the controller 6 in connection with the carrying arm A3 and the heating
nodule 7 of the third 20 processing umpt (COT | ayer) B3. [0071] As
shown in Fig. 9, the heating nodule 7 processes a wafer Wby a heating

' vessel 71. e hot

. A late .72 1s_di d ' '
bl at e 72 1 S0pyBeasTstESxPriR Geslat PRLETR Fofiti Heesstsm 7 9mves ¢ he
25 i ftitﬂganwhmem: \mbtbs$ldg.umiMd6Qav§dgst aZ@rb@gEhﬂ-st%fr'eta ant tgesfer
openin r . e rri 0 0 e propcessin
Vossel 71, Lo teYisd, B, End sehd€dariitel MidnBlte o8 heh mpFer b Mot ng
ugi)t 361, ha tot Mmgé theyicaerying armi A3 axccﬁedimgitaﬁnstm@i@nflanaIMe(?O 64,

7 e ard i esS) | [ ter, | Ln or
xanpl > o epits Pradialh dBRReERe Sanor SuprameR  r SRS iaat
processi ng wiafar B anshaarryipg mperations édr icarryimgsaovafer Wevi ce 62, sends
control signal ' 5 ' |0 I,pc rQgramto the
'corrponentS|sgof fh@ﬁ’?’zl !g‘ﬁquezt ?g@?ﬁbgﬁdﬁ%és% g% %3%@“1‘%&%‘%&%@ pattern
21 forning S§PEA@M dREiMR r BEArERg pRATOGTAMDr kO ndepr exesutad he thet hmetic
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Cends ontiarmeti BRoCedtiRG WL E,  THE HbiatR: FCIRAR ey 68 M "
accor diflg @Xampieud i Uexiblacdigied & compastpdigitam tbaeéx/ed ke amt ansfer
operationsrﬁggn@&gaafﬁgqkngkqug&ﬁgkyyand carrying operations for carrying
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a wafer W 4] The 'storage’ device 62 |Is a conputer-adaptive
storage medi um st[Qb % th@d&&ﬁiax %oEslef%c%@@m% taascgé)em mbmpqd ocessi ng
unit 61. TReitBt@r 'unoﬁﬁy i af I | B | , a
conpact di ?Eltﬁa@h%pgﬁitéﬁ r-a a%nést g%r 'gslgtl:al d% S%%ég??kr;&'c‘ésglﬂ [ 0075]
The di spl ayP @§CFEESt @M xafot%l e?@gﬂgeeﬁamtﬁéﬁ ATt hthe c fHhateate
Oper at 15ns grocess!my iprogessbs t ¢ai HPTadegeBIbY 6pEFSEAgatte I@EpRA} €ri ng
par aneters the substrate 15 processing processes can be achi eved by
operating t di splay 63.

[0076] The alarm generator 64 generates an alarm when

a trouble occurs in the components of the resist pattern forming
system including the carrying arm A3.

20 [0077] As mentioned above, the arithmetic processing
‘unit 61 sends predetermined control signais to the linear drive
mechanisms 33A and 33B of the carrying arm A3, the motors
M1 to M5 on the base 31, the lifting table 34 and the turning
mechanism 32, the encoder 38 and the counter 39 to control

25 the same. A program to be executed to carry out a substrate
carrying method of the present embodiment is stored in the
storage device 62,

[0078] Steps of the substrate carrying method In this
embodiment, by which the holding fork 3A of the carrying arm

30 A3 recelves a wafer W from the heating module 7 will be
described by way of example with reference to Figs. 9 to 14.
Fig_. 10 is a flow chart showing steps of the substrate carrying
method. Figs. 11A to 11E are drawings of assistance in
explaining operations of the heating module 7 and the carrying

35 arm A3 for transferring a wafer W from the heating module 7 to
the carrying arm A3. Fig. 12 is a graph typically showing the



[0076] The al arm generator 64 generates an alarmwhen a trouble occurs in

t he conponents of the resist pattern formng systemincluding the carrying
arm A3. 20[0077] As nentioned above, the arithnetic processing unit 61
sends predeterm ned control signals to the |linear drive nechani sns 33A and
33B of the carrying arm A3, the notors2ML to MS on the base 31, the lifting
table 34 and the turning nmechanism-32, the encoder 38 and the counter 39 to

carryi ng. A MOUTRE"phe BhE SekBilRdo e HREHYER, 18y e YirfRbel sBRSE Sevi ce
gz. i 1 [ﬂemn_& epshef Iinbarslnmageaser@t:smr g nd 3nis oglam \_ti\k/t'ws oérd)oslia;re\r/l\t/ :
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for transferiemngfa wafer Wandrihenfourdinesy image sensarst EéAcf;Cr B@lhg arm
A3, Fig. 1anig stabedh wWhiEhCfld YirddiMndgenBenddr HPH s Yetelfld d ecel ved

respectivel - I mage, sensi ng el enents I near |1 mage sensor.
Fig. 13 is %Ofpﬁ“ahv ifemdeé!’\ﬁaﬁewa‘?@%m the four |inear inmage sensors 52A

to 52D in a statgpi i f it h i r $HERQ S 52D have
5 detected a not gtgmmoﬁﬁegﬁenghieﬁ wg;de'r n%v@’ Ftlﬂijé1 %%Eigg%a&pl an |F of a

VN In t
waf er WandMEhBOANRS 13 reeRPHIRAEIeR ASERR St 8 tetacton sheR éstep which
the |inear $1RYE asaaadtion Bteds (sikire S £3),aa nadmlerVhos ok ¢dlduldtpornal er W
[ 0079] As sq:%wn IE FI% 0,. tcre.substrate_ carrz_&t 10 mat]hod has, a
reception stvgp (SteR !ﬁi’ %, qRAiFlon SSAPS(34ER g)fSPQ)S,e SRR B8N step
Es:ep g% ,(saepeFuér opaostiep @1&?} @gspkarcem?em (Swfglcl)@la‘iald% ;st@lpd@gﬁeq:i on step
step , e | e S step , a adl splacenen
cal cul ati oé@?i%w@%eﬁgg%%ﬁp@ ig‘f?%m step (step S18) 15[0080] In the
recep;ilﬁn istep (s[DQBCﬂllr]Zl,thme'etébtﬁom'g slbépS(s'tJEpSSp.lile,Eﬂhwrl]'iéﬁtir\@; pingV are 3
raised to 44t 0, t e 1fiting pins 7
as shown |J%lsé}%ﬁﬁq%eﬁ[af&yah%ﬁjﬁ-ﬁgepgfxl’(qgﬁqe%zﬁav‘éﬁt%W rachﬁ‘{ s hone -
_ position ﬁltdmg I‘tﬁtep)ﬁWVQ :cbyt dhe $ifting piner73 hes wifevnWresighoawAj n Fi g.
20 11B. T ol.di [ ' S ) in Fig. 1 to receive
t he waf er mer'é’m%pﬁehﬁmmgl g@@( %‘?‘o& %ﬁggﬁgggl @%I E’of”%ypﬁ%'g\amg up the
waf er W f r d@tonigethe X-aixis intes a7spacel undefi the vaferaV\eas\Bigwhnhie Aig.di ng
protruspons f8, L&A, the holding fork 3A is raised as shown in Fig. 11C
to receive the wafer W from the hot plate 72 of the heating
module 7 by picking up the wafer W from the lifting pins 73 and
holding the wafer W by the holding protrusions 4A to 4D.
[0081] In the retraction step (step S12) shown In Fig.
25 11D, the lifting pins 73 are lowered after the wafer W has been
‘held by the holding fork 3A. Then, the holding fork 3A is
retracted along the X-axis from the heating module 7 to the
home position as shown in Fig, 11E.
- '[0082] In the detection step (step S12), the controlier 6
30 calculates the position of the edge of the wafer W an the bases
of values detected by he linear Image sensors 52 after the
holding fork 3A holding the wafer W has been retracted as
shown in Fig. 11E.
[0083] The light sources 51 below the holding fork 3A
35 emit light upward after the holding form 3A holding the wafer W
has been retracted to the home position in the retraction step



[0081] In the retraction step (step S12) shown In Fig. 25 11D, the lifting
‘pins' 73 are lowered after the wafer Whas been held by the hol ding fork 3A
Then, the holding.fork 3Ais retracted along-the X-axis fromthe heating
nodule 7 to the honme position as shown in Fig. 11E. [0082] In the detection
step (step S12), the controller 6 30 cpgcul ates the position of the edge of
the waf er Won t he bases of values detected by he |inear inmage sensors 52
after the | di n ol ding the wafer W een retracted as shown
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(38) 1 o 900PORKIGM & £Qﬁs&%&g@a"r&é&ﬁtéwrs,f?"é‘?u%fv&? anbthg seqpnde.
25[0085] Asygieet inhesbrebspendsheo LEDpapr \umghéasete lofothe wafer W.

When the amount of light received is converted to 8-bit data,

the first value ni can be, for example, 0 and the second value

20 n2 can be, for example, a predetermined value not greater than
255. In Fig. 12, the number of the CCD at a reference position
where the light emitted by the light source 51 is shaded by the
holding fork 3A (3B) is 200, which will be described later with
reference to Fig. 15.

25 [0085] As mentioned above, the LED serving as the Iight
source 51 may be replaced by one of various kinds of light
sources. Each of the CCDs of the linear image sensor 52 may
be replaced by any of various kinds of light-receiving elements.

[0086] As shown in Fig. 13, an angle between a direction

30 in which the linear Image sensor 52A is extended and the Y-axis,
an angle between a direction in which the linear image sensor
52B is extended and the Y-axis, an angle between a direction in
which the linear image sensor 52C is extended and the Y-axis
and an angle between a direction in which the linear image

35 sensor 52D is extended and the Y-axis are angles 61, 62, 63
and 84, respectively. |



source 51 nay be replaced by one of various kinds of | i ght sources. Each of
the CCDs of the linear inmage sensor 52 may be replaced by any of various

ki nds of |ight-receiving elenments. [0086] As shown in Fig. 13, an angle
between a direction 30 in which the linear inmage sensor 52A is extended and
the Y-axis, an angle between a directi2n in which the Iinear inmage sensor
528 is extended and the Y-axis, an angle between a direction in which the

direction tn whi E9OBRS WiikAHd A B8%sch8 BitEed hl B Hofalid he " °
Y- ?éirsv\?irgfarlglaA 8Ehe8?a/af68 Whdis84at iraeerera:rvreéyposmbn, namew),O&?] V\hen a
\rNgference E@gng‘%ﬁ#‘“ﬁgﬁeﬁQBﬁkﬂﬁ%ﬁ’gPﬁﬁ{@ﬁ ﬁf“ls Hsggﬁ@“% (Fﬁt nthis
lspeci fi cat ishlowmdnshigwn 13 pointslad, motnandad &re ¢hase dnathee tisar on ]Ehe
[ 5 w
above the NS Sechs sZ U FRBBRAMIG L RS B, tAF 5468, 8 ¥ orer ence
posi tion gmﬁﬁéﬁl\M sbave the dinear imagEtWRmSEPw:EMnthi Waﬂisg‘EWsing: s 52
i
Cmmge sensiiddsgt 1 Referadte AECILH did RETpLE £ %?‘8. R B e o s
di spl aced ﬁh@ﬁﬁt% ther hﬂ@ﬁ&éﬁlﬂﬁﬁ SesFors 52 CWO@SB‘P“ gﬁ%ﬁﬁfﬁa Ab, Ac
and Ad are gfi E}NEF@' NP IBEvE tfﬁéjlmearbﬁﬁé@ l3§0|p§'9?55 b and

b', between t ol nts c et ween I£0| nts

respecl@velVilhe'Thghal sW@rﬁfesWAalS N@l A@Yarﬁﬂ‘%d"'@l ngx;ﬁﬁé‘ﬁs@& BNEx}§ essi ons
(1), (2), dp I@&@d(ﬁbm%e—réﬁé\@ﬁ’éér g&itfR at point a') - (Number of CCD

(Nubber of %;cé 2h68gd; s ei”ﬂaatéi\) Bboobt A Ayarks distaAber of
CCD at poi iHetWeen fHinpeinte’ sC@Ad a’, between the points b and b/
-between the points ¢ and ¢’ and between the points d and d’,
15 respectively. The distances Aa, Ab, A¢ and Ad are expressed
by Expressions (1), (2), (3) and (4).
Aa = {(Number of CCD at point a’) - (Number of CCD
at point a)} x Pitch of CCDs (mm) ....... (1)
Ab = {(Number of CCD at point b’) ~ (Number of CCD
20 ‘ at point b)} X Pltch of CCDs (mm) ....... (2)
Ac = {(Number of CCD at point c¢") - (Number of CCD
at point ¢)} x Pitch of CCDs (mm) ....... (3)
= {(Number of CCD at point d’) - (Number of CCD
at point d)} x Pitch of CCDs (mm) ....... (4)
25 The respective positions of the points a to d and the
points a’' to d’ are indicated by coordinates expressed by
Expressions (5) to (12)

Point a (X1, Y1) = (X-Rsin61, Y -~ RcosB1) v (5)
Point a’ (X1, Y1') = (X1 - Aasin81, Y1 - AacosB1)

30 = (X ~(R + Aa)sinB1, Y - (R + Aa)cosBl) .... (6)
Point b (X2, Y2) = (X-Rsin82, Y + Rcos82) cee (7)

Point b’ (X2, Y2") = (X2 ~ Absin62, Y2 + AbcosB2)
= (X -(R + Ab)sin 62, Y + (R + Ab)cos62) .... (8)
Point ¢ (X3, Y3) = (X + RsinB3, Y + Rcos83) veen (9)

35 Point ¢’ (X3, Y3") = (X3 + AcsinB3, Y3 + AccosB3)
| = (X+(R + Ac)sin 83, Y + (R + Ac)cos83) .... (10)



at point c)} x Pitch of CCDs (nmm (3) Ad = {(Nunmber of CCD at point d') -
‘(Nunber of CCD at point d)} x Pitch of CCDs (mm) (4) 25 The respective
positions of the points a to d and the points a' to d* are indicated by
coordi nates expressed by Expressions (5) to (12) Point a (X1, Y1) =
(X-Rsin01, Y Rcosel)(5) Poi nt a' (X1',28Y1') = (X1 - Aasinel, Y1 - Aacos8l)
30= (X -(R + aa)sfriel, Y - R+Aa)cos81) (6) Point b (X2, Y2) =

(o rotngz, ¥ TRRTREN Ol ' i R s A0S "2 v, - (x
+ Rsin03, Y + Rcpadd®d d’_(X4(,9Y435£0()M SAdIn84, Y4 Acesei{:) + Acsin83, Y3 +
Accos83) = (XH(R + Ac) sl pyed. pY * Alfisin @Ce?,cw?s—s?ﬁ - ad)ebdBhy 22 (12)
The respective coordinates (X1’, Y1), (X2/, Y27), (X3', Y3')
5 and (X4’ Y4') of the points &’, b, ¢’ and d' can be calculated by
using Expressions (6), (8), (10) and (12).
[0091] In the center-position calculation step (step S14),
the coordinates (X', Y') of the center position o/, namely, the
position of the center of the displaced wafer W, are calculated
10 using the coordinates of the three points out of the four points
a’, b, ¢’ and d".
[0092] For example, the center position o’ of the center
of the displaced wafer W is calculated by substituting the
respective coordinates (X1’ Y1), (X2’, Y2'), (X3’, Y3’) of the
15 points a@’, b’ and ¢’ into Expression (13) and (14).

[0093]
Y= XI'Z(YB'-Yz’)+X2'2(Y1'-Y3')+X3"(Y2’-Y1')-(Yl'-Y3')(Y3'-Y2')(Y2'—Y1’)v
2{X1(Y3-Y2 )+X2'(Y1-Y3")+X3'(Y2-Y1')}
... EXpression (13)
20 [0094]
Y1%(X2-X3"HY27%(X3'-X1)+Y3%(X1'-X2)-(X2'-X3") (X3 X1')(X1'-X2)
= 2{YI'(X2-X3 )+ Y2 (B3-X1)+Y3' (X1-X2')}
... EXpression (14)
25 [0095] A radius R’ is calculated by substituting the

-respective coordinates (X1, Y1'), (X2’ Y27, (X3’ Y3') and (X/,
Y') of the points a‘, b’ and ¢’ and the center position o’ into
Expression (15).

[0096]

30 Re \/{(X'X[')z + Yy Expression (15)

[0097] In the center-position calculation step (step S14),
the coordinates (X', Y’) of the center o’ of the displaced wafer W




Point d (X4, Y4) = (X + Rs1n84, V - Rcos94).... (11) Point d" (Xx4',
(X4 +Adi n04, Y4- Acos84) = (X + (R + Ad)sin 04, Y - (R - Ad)cos94)
- (12) The respective coordinates (X1', Y1'), (X2', Y2'); (X3, Y3")
Y4') of the points a', b', ¢' and d' can be cal cul ated by usi
Expressions (6), (8), (10) and (12). 4#091] In the center-position
calcul ation step (step S14), the coordlnates (X, Y') of the center
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[0098] In the decision step (step S15), a decision is

- made as to whether or not the notch WN in the edge of the

wafer W has been detected by any one of the four linear image
sensors 52A to 52D. E

[0099] The coordinates (X', Y') of the center o’ calculated
by using the coordinates of the three points out of the four
points a’, b, ¢’ and d’, and the radius R’ calculated In the
center-position calculation step (step S14) are examined.

[0100] A decision is made as to whether or not the radius

ng the
p0|nts

)

R’ calculated by the coordinates of the combination of the three .

points out of the four points is substantially equal to the known
radius R of the wafer W,

- [0101] When the notch WN of the wafer W is not near
any one of the points a’, b’, ¢" and d’ in a plane as shown in Fig.
13, the radius R’ -calculated by using the coordinates of any
three points out of the points a’, b’, ¢’ and d’ is substantially
equal to the radius R, When the radius R’ is substantially equal
to the radius R, it is decided that the notch WN is not detected
by any one of the four linear image sensors 52A to 52D,

[0102] In such a case, detected values detected by the
three linear image sensors 52 out of the four image sensors 52A
to 52D may be selected in the selection step (step S16).

[0103] When the notch WN of the wafer W is near one of
the points a’ b’, ¢’ and d’ in a plane as shown in Fig. 14, the
radius R’ calculated by using the coordinates of the three points

~out of the four points a’, b’, ¢’ and d’ excluding the point near

the notch WN is substantially equal to the radius R as shown in

Fig. 14, and the radius R’ calculated by using the coordinates of

the three points including the point near the notch WN is not
equal to the radius R. In this case, It is decided that the notch
WN of the wafer W is detected by one of the four linear image



20[ 0094]

25[0095] Aradius R is calculated by substituting the

respective coordinates (X1', Y1'), (X2', Y2'), (X3', Y3') and (X,
the points a', b'" and ¢' and the center position o' into Expression (15).
[ 0096] 3011[(X- X[ 92+ ejr-YlIrf}Expression (15) [0097] In the
center-position calculation step (step7514), the coordinates (X, Y') of

t he center

o' of the displaced wafer W 26 are cal cul at ed by usi ng

coordi nates of co
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[0105] In the displacement calculation step (step S17),
displacements AX and AY, namely, the differences between the
calculated coordinates (X, Y’) of the center o' and the
coordinates (X, Y) of the reference position o are calculated,

[0106] Displacements AX and AY are calculated by using
detected values detected by the linear Image sensors, namely,

~ the linear image sensors 52A, 52C and 52D In Fig. 14, excluding

15

the linear Image sensor detected the notch WN of the wafer W,
namely, the linear image sensor 52B in Fig. 14. Expressions

- (16) and (17) are used.

20

25

[0107]
AX =X'=X e (16)
AY =Y'-Y . (17)

[0108] In the transfer step (step S18), carrylng distances

with respect to the X-axis and the Y-axis by which the holding

fork carries the wafer W to the next processing module are
adjusted by the displacements AX and AY calculated in the
displacement calculation step (step S17) such that the wafer W
is placed at a proper transfer position in the next processing
module, In the transfer step (step S18), the transfer position

in the next processing module Is corrected such that the

30

calculated center o’ coincides with the reference position o.
After the transfer step (step S18) has been completed, the
‘wafer W is transferred to the substrate holding device of a
succeeding processing module.

- [0109] The succeeding processing module corresponds to

~ the succeeding processing unit of the present embodiment.

35

[0110] This embodiment can accurately detect the

displacement of a wafer W provided with a notch WN in its edge



15 R calculated by the coordinates of the conbination of the three points
‘out of the four points is substantially equal to the known radius R of the
waf er W [0101] When the notch WN of the wafer Wis not near any one
of the points a', b', cr and d in a plane as shown in Fig. 20 13, the
radius R calculated by using the coorgg nates of any three points out of
the points a', b', ¢' and d is substantially equal to the radius R Wen
the radius R is substantially equal to the radius R it |Is decided that

the notch WY thendecisdorcstap bteth o bnk whennthe ovefan Mede hekh@sbnsors
52A t0 52Dcagfidd) 18R 4 pedielonal aver GEtRE! eibpiateaswaRiien aghbind he thr ee

| i near 1 mage sensors our e sens may be
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Fig. 14, acﬁ g b% uiﬁ/tg i ng the coordinates of the three
poi nts i ncl ﬁ'?%(fetrﬁ ng&% 955 is not 35 equal to the radius
R In this case, [Oulglg Teei dietbctivat stap (stephSWB) pothe leenteteposition det ect ed
ot ch i o ruart S (STRET ST B e “HRrlsetin Caledartih,, T,
this cife, siepe(step &l lpsnayt betexdetytadafter divd wafar Wdges deesors 52 '
excl udi ng | jne d t fit wafer W
are sel ectte%?rilequqtﬁge L(lz:gg %‘?v%r?%ﬁaF &%@?ﬁﬁ th?e(T:%) geva utg!gtde ected. by
the three Idisplacemagé afethowaferaW sagsgaddemm &he waferciéds being [0105]
In the di s;?:laq.p B thal §%‘é(§’éécﬁﬁg é. %%q g ,ﬁ{@ 8d| spl acenents AX and AY,
culate

nanely, the d| erences coordinates (X, Y') of
the center o' andOld@]cddviai rakediment) can datecks vadnes pa¥Ianmal o are

cal cul gked gtaes t{)plg@op%)‘ WRELEENVaIf¥eand &Y HrfobMeu|ot eflghy, usi ng

detected val ues detec {_gthe I near |mag§ sehsors, napel I near

i mage sensdén§asured sHy theCElis iof the lingar 60 s@nsgrs 52. )MEthO ds
of detecting the abnormal bend of the holding fork 3A (3B), an

abnormal state of a wafer W, an abnormal state of the light
source 51 and an abnormal state of the linear CCD sensor 52
20 will be described.

[0113] The method of detecting the bend of the holding
fork 3A (3B) will be described with reference to Fig. 15 typically
showing the relation between the numbers of the CCDs and the
amounts of light received.

25 [0114] When the detecting unit 5 is separated from the
holding forks 3A (3B), part of light emitted by the light source
51 is shaded by the holding forks 3A (3B). Detected values
provided by the linear CCD sensors 52 when the partly shaded
light is received by the linear CCD sensors 52 are stored
30 beforehand. The shape of the holding forks 3A (3B) can be
periodically monitored on the basis of a measured value
provided by the linear CCD sensors 52 when the holding fork 3A
(3B) is retracted. The detecting unit 5 Is designed such that
the position of the holding fork 3A (3B) at different positions

35 can be c}etected when the holding forks 3A (3B) is retracted.
[0115] More concretely, the number of the CCD at a



15 the linear Image sensor detected the notch WN of the wafer W nanely,
the linear inmage sensor 52B in Fig. 14. Expressions (16) and (17) are used,
[0107] A X = X - X (16) 20AY =Y Y (17) ° [0108] In the transfer
Step (step S18), carrying distances with respect to the X-axis and the
Y-axis by which the holding fork carrigg the wafer Wto the next processing
nodul e are adjusted by the displacenents AX and AY calculated in the 25
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[0111] The @lptﬁetpm@smg mbenISlthe ﬁd}ﬂb@?rﬁﬁfh@m@é&'réébéhmﬁgon step
(step 514) htehere er Agecegggftiocnal ﬁgcheosn for example, about 700,
When the number of the CCD corresponding to the reference
position changes, it is decided that the holding fork 3A (3B) is
15 bent.

[0116] When it is decided, on the basis of the change of
the number of the CCD corresponding to the reference position,
that the holding fork 3A (3B) is bent several millimeters and a -

_ carrying operation for carrying a wafer W can be continued by

20 using the bent holding fork 3A (3B), the wafer W is carried in
the transfer step (step S18), and controller 6 makes the alarm
generator 64 generate an alarm upon the completion of the
carrying operation. If it is decided that the bend of the holding
fork 3A (3B) is extraordinarily large, the controller discontinues

25 the carrying operation for carrying the wafer W and makes the
alarm generator 64 generate an alarm. '

[0117] The controller 6 compares a position to which the
holding fork 3A (3B) holding a wafer W has been retracted with
the reference position of the holding fork 3A (3B) to decide

30 whether or not the shape of the holding fork 3A (3B) is
abnormal.

[0118] Since the carrying operation can be continued
when the holding fork 3A (3B) is bent slightly, the resist pattern
forming system can operate at a high operating ratio. Since

35 the position of the center of a wafer W is calculated and the

bend of the carrying fork 3A (3B) is examined In every carrying



10 step (step 517) may be executed after the wafer Whas been carried to
the succeedi ng processing nmodul e to detect a displacenment of the wafer W
caused while the wafer Wis being carried to the succeedi ng processing
nodul e. [0112] This enbodi ment can detect various abnormal 15 states by
usi ng detected values, i.e., amounts a0 !light, neasured by the CCDs of the
| i near CCD sensors 52. Methods of detecting the abnormal bend of the
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15 bent, [0121] Suppose that a wafer W is displaced from the
20 reference position SP and part of the wafer W juts out from the
holding fork 3A and no part of the wafer W coincides with the
linear image sensor 52C in a circular area I as shown in Fig, 16.
Then, the amount of light received by the CCDs of the linear
image sensor 52C excluding those shaded by the holding fork
25 3AIs the second value n2 as indicated by a broken line in Fig.
17, and the amount of light received by any one of the CCDs not
shaded by the holding fork 3A is not the first value n1. Thus,
when the amount of light received by the CCDs of any one of
_the linear Image sensors 52 not shaded by the holding fork 3A is
30 the second value n2 and the edge of the wafer W is not
detected, the controller 6 decides that the wafer W juts out
partly from the holding fork 3A.
[0122] Suppose that the wafer W is not at the reference
, position SP on the holding fork 3A and a fragment W1 in a circle
35 II lies between the wafer W and the holding fork 3A as shown in

Fig. 18. In such a case shown in Flg. 18, the amount of tight



[0116] When it is decided, on the basis of the change of the nunber of the
CCD corresponding to the reference position, that the holding fork 3A (3B)
is bent several mllimeters and a carrying operation for carrying a wafer W
can be continued by 20 using the bent holding fork 3A (3B), the wafer Wis
carried in the transfer step (step S1894 and controller 6 makes the alarm
generator 64 generate an alarm .upon the conpletion of the carrying

operation. If it is decided that_ the pbend of the hol di n%ezf.ork 3A (3B) is
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discontinues the carrying operatlon for carrying the wafer W
15 and makes the alarm generator 64 generate an alarm.
[0124] The controller 6 decides whether or not the wafer
W 'is partly jutting out from the holding arm 3A (3B) and
whether or not the wafer W [s broken on the basis of detected
values detected after the holding fork 3A (3B) holding the wafer
20 W has been retracted. Since the center of a wafer W is
calculated in every carrying cycle and the state of a wafer W
can be decided, a wafer W partly jl.itting out from the holding
~arm 3A (3B) or a broken wafer W can be immediately detected.
[0125] A method of detecting a failure of the light source
25 51 will be described with reference to Fig. 20 typically showing
the relation between the number of the CCD of the linear image
sensor 52 and the armount of light received.
[0126] When the light source 51 in an abnormal state
emits light, the CCDs normally not shaded by a wafer W held by
30 the holding fork 3A receive the light. It can be decided that the
light source 51 is in an abnormal state from detected values
detected by those CCDs. |
[0127] Suppose that the light source 51 is provided with
LEDs. Possible troubles that occur in the light source 51 are,
35 for example, burn-out of the LEDs, reduction of the luminous

intensity of the LEDs, the unclean |lenses combined with the



[0120] The position of the edge of the wafer Wcan be determ ned by
detecting the boundary between the CCD that 15 received the first anount nl
of light and the CCD that received the second anount n2 of |ight.
Accordingly, a state in which a wafer Wls held abnormally by the hol di ng
fork 3A (33) can be detected fromthe sgrounts of |ight received by the
CCDs. [0121] Suppose that a wafer Wis displaced fromthe 20 reference
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generate an alarm upon the completion of the carrying
operation. If the luminous Intensities of the LEDs, for example,
have greatly diminished and it is decided that a failure occurred

20 in the light source 51, the controller 6 discontinues the carrying
operation for carrying the wafer W and makes the alarm
generator 64 generate an alarm.

[0130] Thus, the controller 6 decides whether or not a
failure occurred in the light source 51 on the basis of detected

25 values detected by the CCDs that are not expected to be shaded
from the light emitted by the light source 51 by a wafer W held
by the-holding fork 3A (3B).

[0131] Since the process can be continued when a failure
occurred in the light source 51 is negligible, the resist pattern

30 forming system can. operate at a high operating ratio. Since
the center of a wafer W is calculated and the state of the light
source 51 can be examined in every carrying cycle, a failure of
the light source 51 can be immediately found.
| [0132] A method of detecting a trouble in the linear

35 image sensor 52 wiil be described with reference to Figs. 21 and
22, Figs. 21 and 22 are graphs typically showing the relation



t he positional change of the edge of the wafer W the controller 6

di scontinues the carrying operation for carrying the wafer W15 and nmakes
the al arm generator 64 generate an alarm [0124] The controller 6 decides
whet her or not the wafer Wis partly jutting out fromthe holding arm 3A

(3B). and whether or not the wafer WIsgroken on the basis of detected

val ues detected after the holding fork 3A (3B) holding the wafer 20 W has

been retracted. Since the center of a wafer Wis calculated in every
carryi ng cpatwegny theengimber ¢ thefEP of e beegsciraaae sensdeSan partly

| e o o orlg ererdmaglichnighe readnEbhyothe crpken Hot o o o he 1 ght
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LEDs. Possible t[0134gsTheanethodrof detketihiggan sbnormalbstate,of3thd or
examl ey i imlel ek, LA ind JRebHBb G BekBE ARG e o o1
sonme 010 callersd ofrier hiohdinghforkeBA (3B) heteres baforehand a meas@®®8] In
by a waf or GwReRG B0 TG Bhpibtel ey AFR Y6 KohBG S A etidfke Varue n2
to be neasvedueby Amébooraakstatee of it liseardmageisensemBR. camdref or e,
vei o W ncl B ine B eaRLICEr Mo refERERAIBALY [0 RIS DY 1P,
n2, the control | §018deSiupposentbat a rtsopbde, such as a failure of the
15 CCD or CCDs or breakage of some of cables connecting the
linear Image sensor 51 to the controller 6, occurred In the linear
Image sensor 52.
[0136] Then, the amount of light received by the CCD not
shaded by a wafer W held by the light source by the holding
20 fork 3A from light emitted by the light source does not coincide
with the second value n2, which is the amount of light to be
naturally measured by the CCD. For example, when a defective
CCD cannot detect light at all, the defective CCD detects an
amount of light different from the second value n2, such as the
25 first value nl. Thus, the controller 6 decides that the linear
image sensor 52 is defective if the CCD or CCDs of the linear
image sensor 52 measure a value other than the second value
n2 when any wafer W is not held by the holding fork 3A.
[0137] Suppose that the CCDs in a range AR shown in Fig.
30 22 are defective. Then, the amounts of light respectively
measured by the CCDs in the range AR are equal to the first
value nl. Consequently, a position E where the measured
value changes from the first value nl to the second value n2 is
different from a position EQ0 where the measured value changes
35 from the first value nl to the second value n2 when the linear

image sensor 52 is in a normal state; that is, the detected



10 occurred in the light source 51. [0129] When the reduction of the
lum nous intensities of the LEDs, for -exanple, is slight and it is decided
that the carrying operation for carrying the wafer Wcan be continued on

t he basis of the change in the detected value, the carrying 15 operation In .
the transfer step (step S18) is contingged to carry the wafer W The
controller 6 nakes the aIarn1generator 64 generate an al arm upon the
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carrying the wafer W is discontinued and an alarm is generated,

[0139] The controller 6 compares the reference value
detected when the linear image sensor 52 is in a normal state
and a detected value detected when the holding fork 3A (3B)

20 holding a wafer W is retracted to decide whether or not the
linear Image sensor 52 is in an abnormal state. :

[0140] Since the process can be continued when the
linear image sensor 52 is slightly defective, the resist pattern
forming system can operate at a high operating ratio. Since

25 the state of the linear image sensor 52 is examined in every
carrying cycle, the defective state of the linear image sensor 52
can be immediately detected, ' :

[0141] The linear image sensor 52 of this embodiment
may be replaced by a camera and the position of a wafer W may

30 be determined from an image formed by the camera. When a
camera is employed, positional information about four points on
the edge of a wafer W is necessary. Therefore, four cameras -
are not necessarily néEde_cI to obtain positional information
about four points on the edge of a wafer W, A single camera

35 capable of obtaining positional information about four points on
the edge of a camera may be used. When a single camera is



[0134] The nethod of detecting an abnormal state of the |linear inage sensor
52, simlarly to the nethod of detecting the 10 bend of the holding fork 3A
(3B), ~stores beforehand a nmeasured anount of light emtted by the Iight
source 51 as a reference value. An abnormal state of the linear inmage
sensor 52 can be determ ned on the bags of the reference value. [0135]
Suppose that a trouble, such as a failure of the 15 CCD or CCDs or breakage

of some of cables copnecting the |inear | mage sensor 51 to the controller
6, occurre@mﬁ‘q A %eﬁam%ﬁﬁé"‘?é(nE%rS@%PO ed’a o[V@léB? t%ﬁp'_ﬁm amount
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[0143] A substrate processing method relating to the
second embodiment is different from the substrate processing
method relating to the first embodiment in that the holding fork

25 is moved relative to the detecting units when any one of the
detecting units detects a notch WN in a wafer W.

[0144] The substrate processing method is carried out
also by the resist pattern forming system in the first
embodiment built by combining the substrate processing system

30 and the exposure system and hence the description of the
substrate processing system wili be omitted.

[0145] The substrate processing system is provided,
similarly to the substrate processing system in the first
embodiment, with four detecting units 5. The number of the

35 necessary detecting units 5 is three or greater. Therefore, one
of the four detecting units 5 may be omitted,



[0139] The controller 6 conpares the reference val ue detected when the
linear image sensor 52 is in a normal state and a detected val ue detected
when the holding fork 3A (3B) 20 holding a wafer Wis retracted to decide
whet her or not the linear Image sensor 52 is in an abnornmal state.

[0140] Since the process can be contimged when the |inear inmage sensor 52
Is slightly defective, the resist pattern forning system can operate at a

exar ned 1 ever JOCABIy Pty 23cis% 3 fiRiN qEhatk Pha RUDSSTAMNETTYER | mage
sensor 52 easthed] MIRdt ¢buoﬂmﬁ dexstripfidAllit TOsuppd,i PRroagagessor 52 of
t hi s enmbodi nent | a and, t he posi.tion of a.wafer W
may 30 be &é@é‘ﬂﬁﬁeﬁ‘ﬁt Eﬁﬁ %é?f&rﬁ'ggigyo?h‘éh%a&g!’@ iNgh&m Adrera Is
enpl oyed, pasehesnal wareer watfr@m dheuthelaiig nhodide op, t Thedaatefom wafer W
bosi ¢ oat i BERERETaBUE 7 S BBR earingatBage" & thAEREIS WE A <ingl e
canmera 35 ¢hahbMashﬁtedUalﬁ@ngtn95|t|onal i nformation about four points on
canera may b Sﬁﬁg%?zﬂ%ﬁéséf‘ﬁ?%@ S B ek R Setka s et tPR Luppor
menber constRRpdES223)t & defectisn. step (step 523) and a center-position
calculation step (step S24) may be considered to be the same
10 as the reception step (step Si1), the retraction step (step S12),
the detection step (step S13) and the center-position calculation
step (step S14) mentioned above.
[0148] In a decision step (step S25) a decision is made
| as to whether or not any one of the four linear.image sensors
15 52A to 52D detected a notch WN in the edge of the wafer W.
. [0149] Description will be made on an assumption that
none of the linear image sensors 52A to 52D coincide with the
notch WN of the wafer W in a plane.
[0150] Fig. 24 is an enlarged plan view showing a state
20 in which the holding fork 3A holding the wafer W and none of
the linear image sensors 52A to 52D coincide with the notch WN.
In Fig. 24, it is supposed that the wafer W is held at a reference
position and the center of the wafer W coincides with the center
of the holding fork 3A in a plane to facilitate explanation. As
- 25 shown in Fig. 24, points a’, b’, ¢’ and d’ on the linear image
sensors 52A, 52B, 52C and 52D corresponds to parts of the
edge of the wafer W, respectively.
[0151] A radius R1’ calculated by using Expressuon (15)
and positional data on the points d, a’ and b’ provided by the
30 linear image sensors 52D, 52A and 52B is typically indicated by
a straight line L1 with an arrow head extending from the center
of the wafer W to the linear image sensor 52A. A radius R2’
calculated by using positional data on the points a’, b’ and ¢’
provided by the linear image sensors 52A, 52B and 52C is
35 typically indicated by a straight line L2 with an arrow head
extending from the center of the wafer W to the linear image



[0142] Simlarly to the nmethod using the linear image 5 sensors 52 of this
‘embodi ment, a nethod of obtaining positional information about four points
on the edge of a wafer Wby using a canera fornms an-image of the wafer W
hel d by the holding fork 3A (3B) retracted to the honme position by the
camera, and then the image formed by tdye camera is processed to obtain 10
positional information about four points on the edge of the wafer W Then,

a query is made to see whether or not any one of the four points coi nci des
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1f he "four detec

Therefore, one 0 units 5 may be omtted. 36

[0146] Fig. 23 i §0458oWhamit ls)ﬂacmeéuas&heaﬂeccfaanysm fetem&29)n the
fol I omgg Qﬁﬁfrﬁé’ﬁé%tﬁé fbﬁr R ve@léy %dﬁé&e&t’é‘a hol di ng

fork 3 e carrying arm A eat1 ng nodul e
7. The st attBeoﬂOSCiﬂ hW Mt £heg Wﬂ(ﬁ%f Ny aarﬂiSP'@éTe(faﬁﬂp wcufaﬁm $t€P he sanme

as that illgpspatet), naki gntdfmodule transfer step (step S27) and a
displacement recalculation step (step S28) are executed.
[0154] The displacement calculation step (step 526)
20 calculates, similarly to the displacement calculation step (step
S17), displacements AX and AY of the calculated center o’ at
o’(X’, Y') from the center o of the wafer W at the reference
position o(X, Y) by using Expressions (16) and (17). In the
intermodule transfer step (step S27), the carrying arm A3
25 whose holding fork 3A Is holding the wafer W is moved from a
preceding processing module to the succeeding processing
module. Operations in the displacement recalculation step
(step S28) are the same as those of the displacement
_ calculation step (step S26). When it is decided that none of
30 the four linear image sensors 52A to 52D detected the notch-
WN of the weafer W in the decision step (step S25), the .
displacement recalculation step (step S28) may be skipped.
[0155] Suppose that the notch WN of the wafer W
coincides with one of the linear image sensors 52A to 52D in a
35 plane. :
[0156] Fig. 25 is an enlarged plan view of the holding



[0147] A reception step. (step 521), a retraction step (step 522), a
detection step (step S23) and a center-position calculation step (step S24)
-may be considered to be the sane 10 as the reception step (step 511), the
retraction step (step S12), the detection step (step 513) and the
center-position calculation step (ste38914) nentioned above. [ 0148]
In a decision step (step S25) a decision is nmade as to whether or not any

f th | o | .S 15, 52A. t t . h WN i
the edge ofothaALPifing tREGarer 8IS < srats b Ry BIcR PRESE BRe i o
aﬁsurrpt i ﬁnim'iafge sensoos 52A to 2D doingid e&n&iths_tﬁéﬁnmtquWNcofrtﬁajedwi It h
the notc e . i e an
vi ew show x\@@?s\b’gt J@ﬁén%ﬁﬁéﬂsﬁw%%&%’%oﬁgﬁ& @II i"g I.'teeﬂéa%gf er IoW
and none otheheeferanae posigionsambtbeseanter sftthwiwafete Wi adincidesnot ch W
In Fig.=24,, ' t waf IS ¢ It
and thedoottlkh tfe NAREETER R HolEME RFic B 1% PR S TIPSR P £ o'
3A in a pl &xplanatiani| iAsishawpliankig.od5, points shobh ¢mardgd’ ar theoints a',
b, ¢ dd ; | ' : ds
Co parts of NG ithafe peidbrs, ORI 1 parssor e W Bl Y | SaFte
Rl cal cul A@f@rofy, iSFRECE¥E¥ssi on (15) and positional data on the pointsa’

db - ' ded : e o F

an provi ae Pg(:;sz; &8 dHdWa i rp%gz%gﬂgﬁﬁujffbsé@%h%%‘gﬁohﬁt

typically indicat .a strai ghth arrow head extending from
the cebPer borcalneidgs withathe RGEh WiNar i nage sensor 52A. A radius R2'

CRecll e Tagcl01sBIA Ve Kleniehsn by meposkionstasta gy, g b
Straight | thE ROINES(ty &n aid by ATEXES BohENE d SR MRGECSRRERTS B 2bhe wat er
Wto the |igpmrandreE®B i8typrealy 1hdfcathd 8y usstidigheling ateditty awsi ng
positional data on the points ¢ and d . provid ﬁ by the |jpnear | e
sensors 52I§,rr%‘é’cﬁﬁﬁg %&%q%'%&%I@PQiHE|W%§ Syg%ngetrraf &ﬁ? WP%QLS with
an arrpy hagdiethenthearfimagehsensort G241 RheadhisRW talduietad Ibynear
B A e N e e P SN
|'s typi cal llingardimagedsénsars S24,952B and 52Cwig by picadlyr invdibated st endi ng
[om e, <alisEraihe’ (fe"Ehcull'dh el 1ia | SRRARG 78 pbiE157) A1
, near the center of the wafer W to the linear image sensor 52B.
20 A radius R3’ calculated by using positional data on the points b’,
¢’ and d’ provided by the linear image sensors 52B, 52C and
52D is typically indicated by a straight line L3 with an arrow
head extending from a point near the center of the wafer W to
the linear image sensor 52C. A radius R4’ calculated by using
25 positional data on the points ¢, d’ and a’ provided by the linear
image sensors 52C, 52D and 52A is typically indicated by a
straight line L4 with an arrow head extending from a point near
the center of the wafer W to the linear image sensor 52D.
Expression (15) is used for calculating the radii R1’, R2’, R3’ and
30 R4
[0159] The radii R2’ and R4’ are equal to the radius R,
and the radli R1" and R3’ are slightly shorter than the radius R.
Then, it is decided in decision step (step S25) that the notch
WN of the wafer W has been detected by some of the four linear
35 image sensors 52A to 52D. '
[0160] Fundamentally, the radius R2’ ought to be



radius R Then, it is decided In the decision step (step S25) that none of
the four I|near i.mage sensors 52A to 52D detected the notch WN of the wafer
W [0153] Wien it is decided in the decision step (step S25) 15 that none
of the four linear inmage sensors 52A to 52D detected the notch WN of the
wafer W a displacement cal culation stagp (step S26), an internodul e
transfer step (step S27) and a di spl acenent recal cul ati on step (step S28)

ted. [0154] Th I t | cul at

cal cul at es SlESeFETEr Frpmo e BUBPadbroniOURYETa: i SaIS sRep 17).
di spl acerreatpiorAXimIafﬂeM eauahetd:adwlreédadscwtiw gomet aa@seX., Yt)il§romthe
center o of the wafer the ref er oSiti Si
Expr essi on&© (‘fé;erfnﬁ R r@pﬁ%p B@ﬁ %y M(E‘? tE"qf'827) t he
]gar rying argupis 3 lyéms?séﬂ(th@ galdfus; lR:Bﬁchcdiat@hi rigytthaﬁn\gafpersm\ibna{jrr})ved
roma precedin cessin rmu €, Suc in e ul e
Oper at i dla% %é"ootl IB@ Y a't:l dn %ﬁi‘ﬁl g?gﬁﬁé g?‘@%e?he sane
gs pgoze (ﬁﬂ'l‘tdrefmllrs,pltacamﬂmo , fdealdmﬂ anitirre_ stemisiost sfeslsiep BRS) that s .
eci ded t n 0 tecte
the not on SREcotalt vyt Y Afer. WiERHs PERPCBRICEL pycsape BRd 6F
di spl acenether fau doleari maQEesensore&p 528 tonke hé Itligipett is difficulip155]

S th § f t I
Tmnge sensapSSRE RS the BERIFATIN 19 ERE' ABTe'h LBy R ol "
vi ew o0t hel’ Holsﬁmg cases.ork 3A holding the wafer Win a state in which one
f the | 2 h f th
O Lhe ) Toar, | TROEIATRRISRPA 557 BRIGISCURToNY tEchRGIpGbRIIY of the
ref erence ;655@;@. 534énéﬁt$|>ée¢:‘éﬁﬂdera fser t aedigplacement ralauatoni ster he

center of t(g ‘g? g fork 3A|n a plane to facilitate explanation. As
shown in Fig. g)gl nts a on the |inear |nmage sensors 52

“correspond to pafPd6gf Qﬁer@&fé’-‘ofmt ﬁBem&F%ﬁ’laﬁFm%ﬁb cy@yon step

[0157] 18s S(B@é\@ Isnﬁg 2p. be smnappeéecthtdset Wetl‘li@' @ﬁsﬂ%cbmél@t nci des
wth the noti@ usi n

posi ti onal C@AEWasion I‘%%K%ﬁpa Zénd ﬁn p?'bv'ﬂ'i@ o al g'l' &F §
sensors 5209 Assmq S&Eeléartrymgaém IABilﬁav‘.'mb Bhea I‘ﬁdlﬁm@hﬁoﬁk' rﬁLl with

an arrow hPh Cidl g eﬂ'\é ng/afretqnil\]’a O'rr%vggafrom a preceé)ng processmg
module to the succeeding processing module.

20 [0163] In a notch avoldance step (step S31), the holding
fork 3A is moved relative to the linear image sensors 52A to.
52D such that the notch WN is not detected by any one of the
linear image sensors 52A to 52D. More concretely, the holding
fork 3A is advanced slightly such that the coincidence of the

25 notch WN with any one of the linear image sensors 52A to 52D
is avoided.

[0164] Preferably, a distance by which the holding fork
3A is advanced in the notch avoidance step (step S31) Is not
shorter than a predetermined distance effective In displacing the

30 wafer W such that none of the linear image sensors 52A to 52D
detect the notch WN. When the notch WN is a triangular
depression having a depth, namely, a dimension along the
diameter of the wafer W, of for example, 1 mm and a
circumferential width, namely, a dimension along the

35 circumference of the wafer W, of, for example, 3 mm, the
predetermined distance is, for example, 4 mm.



15 Wto the linear imge sensor 52A. A radius R2' cal culated by using
positional data on the points a', b and c' provided by the |linear inage
sensors 52A, 52B and 52C is typically indicated by a straight Iine L2 with
an arrow head extending froma point near the center of the wafer Wto the
| i near | mage sensor 52B. 20 A radius Iﬁj) cal cul ated by using positional
data on the points b', ¢' and d' provided by the linear imge sensors 52B,
52C and 52D is typically indicated by a straight line L3 with an arrow head
ext endi ng from a[pPaieoH] %bardlsplaqeemeart of thegvakereWV vanobeeomreaied | mage

' 52Cy 43 2 Atlerd th
;glnrs]?; c', fé)?%ﬁdﬁ gr oVl %Eéb fdt:{‘ﬂ é?tl EF@?n§3E9§laénsorseg2%b g% ang 52A
i s typi cal Inpcaiclilagion 559Pa(5dilelpa5§ﬂﬂ) |arrda a_sisplacement rresalcal@tion endi ng
froma poi na.?:fgea st(e'be ggqgrer o] Cﬁ%}@ty@f@r thtEJet h_%rhletae%gutrrqge ghnsor 520.

Expr essi_on S use cal tin radii and 30 R4

[0159] Fhe FﬁQ@tﬁCt@n Shapristen S33halthe qefnc,teramaigiqn rmlwl@tm.l Rl‘

and R3' ar %téb' @@Eép’ 93‘9] tefid ttipan di@;@ldc@i'héﬁt RecHlélatidn 'Site QS
deci sion ste §ste 925)" that the notcu éer Wh beep det ected
by some of 2¥&) EEFPEEH &by, d9aynRgeSicrizb o E‘Mﬁ% &5 @)C?r(ﬁ jout In

Fundanent althe, ddﬁctmh lsteBZ(smwrszsgw, e Iendetiposition’ reaictkeiordi us
R However, he r.a '\ LS r 0X eI al e radius i n" some
cases. It |$ @an(ﬁ §%a npﬁ@:’ﬁ i3 q@mpg SBW? Pel quLg%eRo t he
radi usi® b@@@); reg@e¢m| R2' cal cul ated by using positional 5 data on
e ot o L Bl ol ook 8 P BRCAR R DS,
has been dejfethedinsarsimagensensorsisZAo ERiedetechgbesroban B2kt o 520
though, 11 i AoEhCHlbidicehds (HBHNE5 1) ek B WAt ndir i Mt O
' sensors 52A to 52D colncide with the notch WN. Therefore, the
15 displacements AX and AY of the wafer W can be accurately
~ determined by using positional data provided by the three linear
image sensors out of the four linear image sensors 52A to 52D
in the redetection step (step S32), the center-position
recalculation step (step'533) and the displacement recalculation
20 step (step S34).

[0167] Then, the wafer W is carrled to the succeedlng
processing module in a carrying step (step S$35).. The
movement of the holding fork 3A is corrected by distances
respectively corresponding to the displacements AX and AY

25 calculated In the displacement recalculation step (step S28 or
step S34) such that the wafer W can be transferred to a
predetermined position, namely, a transfer position, in the
succeeding processing module. The transfer position Iis
corrected in the carrying step (step S35) such that the

30 calculated center position ©’ coincides with the reference
position o.

[0168] Preferably, displacements calculated in the
displacement calculation step (step S26 or step S29) are not
used in the carrying step (step S35) because there is the

35 possibility that an error is made in the intermodule transfer step
(step S27 or step S30) after the displacement calculation step



[0161] In such a case, a displacenent recal culation step (step 534) is
executed after a displacenent calculation step (step S29). [0162]
Qperations in the displacenent cal culation step 15 (step S29) nay be
simlar to those in the displacenent calculation step (step S26), In an

I nternmodul e transfer step (step S30), 4pe carrying arm A3 having the
hol di ng fork 3A holding the wafer Wis hoved froma precedi ng processing
nodul e to the succeedi ng processi ng nodul e. 20[0163] In a notch avoi dance
step (step (3%&p, S26e droistepg S29 )k s i beanveamideted vando befiere i therr i nege

52A,1 h ' ' f th
hear i naquSBLIEINEHE rebdlalidfioRy step el o8P e depbussny S of 1
advanced sléxgcutedsucl thetdispiacsneditaesrisutatethén Zhestisplagemedh any one
B of or "HG@CH%%§@§SK%$?%§ﬁ§é£ $T29), 80, fhose calchIIed in

Preferably, I'c ] I's advanced 1 n the
notch a®oi dive alisplacemerh regajculation steRrissert HaR ar Ftedebern AR

di stancé ef  ve \i | e ucihd haf; rAént he

| i near i rragéé&géldsOFQ@S(ZBA%L@Z%EEE?%@{:W@& Xﬁﬁ&l{l‘ V\Eﬂﬁﬁ% notch WN i s
a triangul a¢alGél!ﬁfé@'§iﬁiﬁphﬁﬁﬁﬁgsaso‘é'bﬁﬁ?pré%@ aY B HERSr on al ong the

di arrr,t er 01(‘1. t he yﬁ)‘lqg]\/\mfgt ,hsdbsy;crgg@rnanr?yirﬂg mpa}at:cﬁ-\ der fendédr wﬁém:c ‘W dt h,
nanel y, a di nensi pn Qn e Ci[C erenc e er. or
oxanp! o, 3 i e bdedepnsteaed 16 dhesibstrde tUERBRL Unias thao
[0165] 1fhe gljsadadipe Proeeskimg Weiedul caftebetivor certyddgbstepedsteémg a
redet ection ég p (step 532), a center-position recalculation step (step
533) and a Cf §r acenent recal culation step (step S34). (Operations to be
carried out in thOEGEdEt ethisorersbeditmiry $he) displacesnent - pbstheé on

(tep Saa. ) Waret cedn s BtruyBReIv, hiash il M BRRubRRE Bl REENT T (e
det ecti on stmp (stegp STH) andhthe evoteh-pesidainee st (step &3kt epeqsifep S24)
0166] 18 nothe EaREF OIS ThVIERS ¥AR[ 8, Fte 1T anli 8Pyt i the.,
| mage sensodispiademeriotanidieeceadty conrentet | A poeitienaheenasi abbide step
ot oh v THBHIFSE Wefer WEGHn HE HEfpIERS medsu S e anclantl Dt oo
accuratel y fatienotrprovigedswitd E@@igtﬂidﬁaﬁtrdlmtﬁr%rf@?iméid“bg theewafege | i near
'rSﬁgfeif{‘i‘ﬁv@tt@‘sﬁg@f%%é%@ﬁ%?b?ﬁ!?gﬁﬁﬁz*f??%ﬂaﬁ‘ PPk RS ESREIAC  ep
S33) ardD t htheipgsitiosat errereanche £eqelily corrected. |
[0171] Since this embodiment executes the notch
avoidance step (step 531)', the number of the detecting unlts 5
" does not necessarily need to be four and may be three.
[0172] The second embodiment, similarly to the first
25 embodiment, can detect the extraordinary bend of the holding
fork, an abnormal state of the wafer W, malfunction of the light
source and malfunction of the linear image sensor. The second
embodiment either generates an alarm upon the completion of
the carrying operation or discontinues the carrying operation
30 and generates an alarm, depending on the degree of a trouble
that occurred in the resist film forming system. :
First Modification of Second Embodiment
A substrate processing method in a first modification of
the second embodiment according to the present embodiment
35 will be described with reference to Fig. 26.
[0173] The substrate processing method in this



20 step (step S34). [0167] Then, the wafer Wis carried to the
succeedi ng processing nodule in a carrying step (step S35). The novenent of
the holding fork 3A is corrected by distances respectively corresponding to
the displacenments AX and AY 25 calculated In the displacenment recal cul ation
step (step S28 or step S34) such that 441e wafer Wcan be transferred to a
predeterm ned position, nanely, a transter position, in the succeeding

processi ng nodul e. The transfer position is corrected in the carrying step
(step S35) mgéificadent ise diffecant dramedhecaubptiasei PreFessingomeihngss wit h

the ref erengetpessétdid CemsiditheRt ahetRBL Vih i HRUAeE MRING i§ahfovedf €d in
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| et €d h i I t
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calculation ste 526 or_ st S29) and those cal cul ated in fhe
di spracelrrentsregeibigﬁgtidﬁslsé' 5?8’?% )@'{f"iﬁ'ssﬁip et u% e gﬁhaltb's, t he
di spl acenermedificatibatisdtha sdmedasrthecsubatbradzel processmg stnehodt Bp S26 or
t S29 . . ' ' i
cnded when D Tist arpaciment, M fs.cafédSUE Bay L estit, BBRA °0r ' e
10 suctBedifogmingcsystieny budulby ebheecting thergxposstesyssenp t6 e
0170] In thi ' | t
<[accur }at elny #@a}éﬁgmﬁ\;fel%ép&%ﬁﬁ%ﬁﬁggﬁgbgﬁkgt% p%%gfﬁ'p%%ﬂg“’t he notch

avoi dance ssufistrateprocessiegesysternsvithbevardtted.i s provi ded with a notch
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[0176] Fig. 26 is flow chart of a substrate carrying -
method. The substrate carrying method relating to this
modification will be described on an assumption that holding
fork 3A of the carrylng arm A3 receives a wafer W from the

20 heating module 7 by way of example. The state of the heating
module 7 and the carrying arm A3 when the wafer W is
transferred from the heating module 7 to the carrying arm A3 is
the same as that illustrated in Figs. 11A to 11E,

[0177] Operations in a reception step (step S41), a

25 retraction step (step S42), a detection step (step S43), a
center-position calculation step (step S44), a decision step (sfep
S45), a displacement calculation step (step S46), an
intermodule transfer step (step S47) and a displacement
recalculation step (step S48) may be the same as those in the

30 reception step (step S21), the retraction step (step S22), the
detection step (step S23), the center-position calculation step
(step S24), the decision step (step S25), the displacement
‘calculation step (step S26), the intermodule transfer step (step
S27) and the displacement recalculation step (step S28) of the

35 second embodiment, respectively.

[0178] In this modification, when it is decided that the



20 the positional error can be readily corrected.
enbodi nent executes the notch avoi dance step (step S31),

[0171] Since this
t he nunber of the

detecting units 5 does not necessarily need to-be four and may be three.
[0172] The second enbodinment, simlarly to the first 25 enbodi nent, can
detect the extraordinary bend of the ding fork, an abnormal state of the
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recalculation step (step S53) are executed after the intermodule
transfer and notch avoidance step (step S50). Operations In
the redetection step (step S51), the center-position
recalculation step (step S52) and the displacement recalculation
step (step S53) may be the same as those in the detection step
(step S43), the center-position calculation step (step S44) and
the displacement calculation step (step S46), respectively.

[0180] Since the holding fork 3A is moved relative to the
linear image sensors 52A to 52D in the intermodule transfer and
notch avoldance step (step S50), the notch WN does not
coincide with any one of the linear image sensors 52A to 52D.
Therefore, displacements AX and AY of the wafer W can be
accurately calculated by using positional data provided by the
three linear image sensors out of the four linear image sensors
52A to 52D in the redetection steps (step S51), the
center-position recalculation step (step S52) and the
displacement recalculation step (step S53).

[0181] In a carrying step (step S54), an error In a
transfer position where the wafer W is transferred to the
succeeding processing module is corrected such that the
calculated center position o’ coincides with the reference



20 heating nodule 7 by way of exanple, The state of the heating nodule 7
and the carrying arm A3 when the wafer Wis transferred fromthe heating
nodule 7 to the carrying armA3 is the sanme as that illustrated in Figs.
11A to 11E. 25 center-position calculation step (step S44), a decision step
(step S45), a displacenment cal culationggtep (step S46), an internodul e
transfer step (step S47) and a di spl acenent recal cul ation step (step $48)
may be the sane as those in the 30 reception step (step S21), the
retracti on BRIIOEOep S22), the detection step (step 523), the
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t he gaﬁg as thosﬁ n ?:Ee et ec? | o%&gtaée%#%m% %ﬁ%ﬁéﬁﬁg %@?t%grsﬁ%esﬁ?%n

cal cul ati orthe apafe ¥ isdrpnsferredetei s mﬁtecauwpatwﬂts@ eph @st ep

546 0 _

rel ;t [ \r/gst)ggl?% %qlﬁgarpﬁorggggm%ng%@s@ AéfttgrSS'h)é: Eat”f?ﬁ pnt er Eocgul e tr ansf er.
and 25 not cA5%Voi dance step (step S50), the notch WN does not coincide with

any one of the | neped] TRARs setifieabioh {Cak2Beclhsrery 0rrﬁea§UF@' geements AX
and AY of the waf er Wcan be acqgura }éégglq%‘li (11 é usi n tional data
h

provi dé® bydisplacamant iQfea WAiGE fake I| rBY mage
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Tecal cul a1 GANSER 4 dgtenAvOI0ahet; stap 136 M0k vahile e GTeRY, an
error in a held by the holding fork is being carried and an error In the
displaced wafer W can be readily corrected. Even in a case
25 where a wafer W is carried by the holding fork not provided with
the guide structure, the displacement of the wafer W can be
correctly measured and a positional error of the wafer W
corresponding to the displacement can be readily corrected.
[0185] Since this modification executes the intermodule
30 transfer and notch avoidance step (step S50), the number of
the detecting units 5 Is not necessarily four and may be three.
[0186] This modification, similarly to the first
embodiment, can detect the extraordinary bend of the holding
fork, an abnormal state of a wafer W, malfunction of the light
35 source and malfunction of the linear image sensor. This
modification elther generates an alarm upon the compietion of



transfer position where the wafer Wis transferred to the 35 succeeding
processing nodule is corrected such that the cal eul ated center position of
coincides with the reference 44 position o, [0182] Preferably,

di spl acenents cal cul ated in the displacenment cal culation step (step S46 or
step $S49) are not used In the carryi ng4$tep (step S54) because there is the
5 possibility that an error is nade in"the internodule transfer step (step
S47) or the internodul e transfer and notch avoi dance step (step S50) after
t he di spl acdveertareyingl epératicn epr (disgonsitues e caagindgaeperaiioronpl et ed
and before | t I ' Prik St r 3) is
execut ed. I#H?hgéq%a}l%g”?gcgmﬁ%’éﬂaécﬁu@glgzgﬁi F]ﬁéh%@%é%;%ldgc%rsrﬁerﬁg b¥e -

cal cul at i orthatepcquitrep itheresisspliion doranimg systerdal cul ated in the

di spl acenent rec [ : AénQ" i are equal, the
di spl acenent s caﬁ:%%’?aeyﬁﬁ{%glﬁtsogﬁtcerreﬁta@tgﬁ?dﬁﬁton step (step S46 or
step $48) may be Aisutbstrate mycessing umsthadein & sAGRG bFePAIfiEAioR ended

when t he i ' n t t ' e
SncCeeni ng OF th! seeoha eficdifnet WIfl BOTCRmEIRIRY, refrerte 180

This modi fi&i@kidh can accurately neasure the 20 displacenent of a wafer W

provided with a Ny IWHY axetvhtadideediongshrattdEan( sheps&ddndand the
|nternodul Mgs er aa&fnlpt g_h av |dan% '§tep gaé%espiswl)‘wvt\:/w le. the wafer W
hel d by th FAHONAITers FOMdthe sHbslrateqP $188 Methed M Eheaced
I bl o A A S eyt Rt
g?;[): gcen%nm%ﬁsqrﬁg \)%%F‘ \ﬂfg n c‘ﬁ?f%rcmrhﬁsag%ggﬁ ﬁﬁariﬁap(%gi E?'gnal .
error of thsugededing processingdmogidle.t he di spl acement can be readily
Cranst er and not aahE oPupshERe, BB e thE” BT The tliscct i ng
units 5 i s nudificatiosais thefsamenad they substhatee processing method in

15 the first embodiment and is carried out by the resist pattern
forming system built by connecting the exposure system to the
coating and developing system and hence the description of the

- substrate processing system will be omitted. |
[0189] This modification, similarly to the second

20 embodiment, needs at least three detecting units 5 and hence
one of the four detecting units 5 may be omitted.

[0190] Fig. 27 is a flow chart of a substrate carrying
method. The substrate carrying method in this modification
will be described on an assumption that the holding fork 3A of

25 the carrying arm A3 receives a wafer W from the heating
module 7 by way of example. The state of the heating module
7 and the carrying arm A3 when the wafer W is transferred from
the heating module 7 to the carrying arm A3 is the same as that
illustrated In Figs. 11A to 11E.

30 [0191] Operations in a reception step (step S61), a
retraction step (step S62), a detection step (step S63), a
center-position calculation step (step S64), a decision step (step
S65), a displacement calculation step (step S66), a notch
avoidance step (step S67), a second detection step (step S68),

35 a second center-position detection step (step S69), a second
displacement calculation step (step S70) and an intermodule



[0186] This nodification, simlarly to the first enbodi nent, can detect the
extraordinary bend of the holding fork, an abnornmal state of a wafer W

mal function of the light 35 source and mal function of the l|inear inage
sensor. This nodi fication either generates an al arm upon the conpl etion of
45 the carrying operation or disconti s the carrying operation and
generates an alarm depending on the degree of a trouble that occurred in
the resist filmform ng system Second Mdification of Second Enbodi ment 5A
substrate giranstry rﬁ@eﬁet(ﬁgapi R74 )s&aayd beodihe s@men ass thrsesda okhe

enbodi ment padel ri : r I PO [ 2 [ 7] The
substrate pr‘r@g('? §§?‘ng‘% tllggﬁ Y]S%}E)e’ gégond nggi?)ﬁcsg?Pogﬂ(ﬁa‘ fsezrzs)’f rai% t he

substrate ieJessiamgtep: ksten 523b toesceoker-posidenenalamatina step
carri 0.t o CLoP. SR4R theVldeciamie Mk Tetep BT, P8, Al et
pr ocessﬁng QﬂalFHtﬁf'?rh $ﬁps(_5?¥69! §§§A¢ gbﬁ ﬁ'%tq?héV%ﬁén% SFﬂE (SEeRtPAL Y
G e A R S I - SR
the coati ng'ﬁ"SPd &WEI g%i g Yyseh aﬁg%ﬁerfrl}g 'ﬁ?ﬁa g@%‘é?gptﬁﬁ'ﬁ%oé’fm\%&r
substrate pespettivedysystemw ||l be omtted. [0189] This
rodi {1 cation St o thouti gt R B ARk e 08 e
omtted) S72), BOtAed dérger=0osision thboulabiort stép {steps373) cackrirgi ng
O o SRR Ao Bl AP SRR [ S 40 E" B 5Py, g
A3 recei vey(siepaiSits Waneorexdautiedatafbgr niitel ietérimodude @farsferpstep The
Cranst or red EPBnsrnd: na2prfatiafine e Bt A B e BT S 1 s
that il usthhe dhrirch eenfer-positian 1a@culation step (step S73) and the
15 third displacement calculation step (step S74) are the same as
those in the detection step (step S63), the center-position
calculation step (step S64) and the displacement calculation
step (step S66), respectively. Thus, displacements by which
the wafer W is moved during the transfer of the wafer W to the
20 succeeding processing module can be measured after
displacements have been measured for the first time in the
displacement calculation step (step S66) or the second
displacement calculation step (step S70).
[0193] In the carrying step (step S75) following the third
25 displacement calculation step (step S74), an error in a transfer
position where the wafer W Is transferred to the succeeding
processing module such that a calculated center position o’
coincides with the reference position o.
[0194] Preferably, displacements calculated in the
30 displacement calculation step (step S66) are not used in the
carrying step (step S75) because there is the possibility that an
error is made in the intermodule transfer step (step S71) after
the displacement calculation step (step S66) has been
completed and before the third displacement calculation step
35 (step S74) is executed. If the displacements calculated in the
displacement calculation step (step S66) and those calculated in



30[0191] QOperations in a reception step (step S61), a retraction step (step
S62), a detection step (step S63), a center-position calculation step (step
S64), a decision step (step 565), a displacenent cal culation step (step
S66), a notch avoi dance step (step S67), a second detection step (step
S68), 35 a second center-position det qlgtion step (step S69), a second

di spl acenent cal cul ation step (step S70) and an internodule 46 transfer
step (step S71) may be the same as those in the reception step (step 521),
t he retractherthirddisplagens2ol caltidatimrestepr(step 574) apesapyal, tihe
cent er - posiyt td st S -5l AR p S25),
t he di spl atlgté%@%f:%ghgg#%uﬁﬂteysﬁn@gt (Qa'?) ?g?egfg&gg:?ﬁ%ﬂ?r%t@#azbﬁd%n e step
(step S31) (ster SGhlemay ienUsedp (step S34) and the internpdul e transfer

step (step S27 o ) S ' . i$ OSHESH WRley [0192] -
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§
after the mterrmd‘fﬁe transfer” step zstep S71t‘)1ei.é Qperations in ghe third
detection §7e'-:f3)'(step S72), the third center-position calculation step (step
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followng t
holding fork not provided with the guide structure for guiding

15 the wafer W to a predetermined position on the holding fork is
used and the positional error can be readily corrected.

[0197] In this modification, the notch avoidance step
(step S67) may be executed by using the three detecting units
out of the four detecting units 5. '

20 - [0198] This modification, similarly to the first
embodiment, .can detect the extraordinary bend of the holding
fork, an abnormal state of the wafer W, malfunction of the light
source and malfunction of the linear image sensor.  This

~ modification either generates an alarm upon the completion of

25 the carrying operation or discontinues the carrylng operation
and generates an alarm, depending on the degree of a trouble.

[0199] Although the invention has been specifically
described in its preferable embodiments, the present
embodiment Is not limited in its practical application to the

30 specific embodiments described herein and various changes and
modifications are possible therein without departing from the
scope of the invention.



25 displacenent calculation step (step S74), an error in a transfer
position where the wafer Wis transferred to the succeedi ng processing
nodul e such that a cal cul ated center position o' coincides with the
reference position o. [01941 Preferably, displacenents calculated in the 30
di spl acenent cal culation step (step S are not used in the carrying step
(step S75) because there is the possibility that an error is nade in the

i ntermodul e transfer step (step S71) after the displacenent cal culation
step (step S66) has been conpleted IMPore the third di spl acenent

cal cul.ation step 35 (step S74) is executed. If the displacenents cal cul ated

in the displacenment calculation step (step S66) and those calculated in 47
the third dissphaSeheiate faenying Hhe@iéﬁb's é 2\NQYy e equal, the
di spl acenents calgcyghgéed in the displacement calculation step (step S66)

may be used. [0195] The subsirat.e carrying operatjon is, ende 5 the
wafer Wis transfaersr‘btb&my? héoghﬂgt @Fﬁgg'ﬁ)pﬁﬁc%i‘?ﬂ o?h? hgagﬁ\é\@g&di ng
" processi ng gapible afft éyoltireg car sybstraecarict of béimg advancelo®dd In this
nodi ficatiaqn %&g(ﬁi slpltacegen oé %%_e waf er Wcan be accurately neasured by
executing tf&" DR ?ébe( ¥ $65) and the notch avoi dance step
(step 967) even ifbua onfeore Idetpctinigddaits trespaatively Wormretacting In the
di spl acene adi c C ) L, r i spl aced
waf er W ca i@ﬁ%@éfﬁ%%tgl& hﬁﬁs@@ég é\f/ﬁgnsﬁhgﬁﬁg%dﬁ%@ P&r ﬁﬁ%oﬁjbpgrtg%é;ed W th
t he gui de HHoldingr mémbeguindiery the substrate holding member holding

the substrate is retracted; and

a controller that determines whether or not a notch

formed In the edge of the substrate has been detected by one of

the detecting units on the basis of measurements measured by

the four or more detecting units and corrects an error in a

transfer position where the substrate Is to be transferred to a

succeeding processing unit on the basls of measurements

measured by the detecting units excluding the one detecting

unit that detected the notch of the substrate.

2. A substrate carrying mechanism comprising:

a base; : _

a substrate holding member capable of holding a
substrate and of being advanced and retracted relative to the
base; ' '

three detecting units that detect different parts of the
edge of a substrate held by the substrate holding member when
the substrate holding member holding the substrate is
retracted; and

a controller that decides whether or not a part of a notch
formed in the edge of a substrate received from a processing
unit has been detected by one of the detecting units on the
basis of measurements measured by the three detecting units,
‘moves the substrate holding unit relative to the detecting units
such that no part of the notch will be detected by any one of the
detecting units when it is decided that a part of the notch has



15 the wafer Wto a predeterm ned position on the holding fork is used and
‘the posltional.error can be readily corrected. [0197] In this

nodi fication, the notch avoi dance step (step S67) nmay be executed by using
the three detecting units out of the four detecting units 5. 20[0198] This
modi fication,simlarly to the first emggdi nent, can detect the
extraordinary bend of the holding fork, an abnormal state of the wafer W

mal function of the light source and | functigp of the linear inmge sensor.
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four or norgetéetieng unitsunits respectively for detecting different parts of
the edge of a substrate held by the substrate hol di ng nenber when the
substrate hol di ng nmenber hol ding the substrate is retracted; and -
controll er that t ef e ressbstirate @aroyingrmechainism fatearding toheladoye of the

substrat e hagebseR RS Hb BnPRAIGY chREISRES! bR LF e EBRERSI < o

measur enent’s neasur our or nore detect S and corrects an
error in aaft e rsarbsibala ityh ughag pesisionsof e pasts ®méheradgeedfed to a
succeedi Ng #py [ URL ' S LAk n ~the
detecting u%eggﬁgégﬁgi_ggtt?ﬁgé%@ g@?e?te?%aﬂﬁgi Pnﬁ%t éggyggtégggét%}?not ch of
t he substrgantrol opesation suehddiatythy crlewated pesition of e gepter;

of the substrate coincides with a predetermined position.

4. The substrate carrying mechanism according to any
one of claims 1 to 3, wherein the controller compares a position
to which the substrate holding mémber holding the substrate
has been retracted with a reference position of the substrate
holding member to decide a state of a shape of the substrate
holding member.

5. The substrate carrying mechanism according to any
one of claims 1 to 4, wherein a plurality of substrate holding
members are arranged so as to be superposed, and the
detecting units detect a position of the edge of the substrate
held by one of the substrate holding member when the
substrate holding member holding the substrate is retracted,

6. The substrate carrying mechanism according to any
one of claims 1 to 5, wherein each of the detecting units
includes a light source and a light-sensing device formed by
arranging a plurality of light-sensing elements, disposed
opposite to each other on the opposite sides, respectively, of a
substrate held by the retracted substrate holding member.



a substrate hol ding menber capable of holding a substrate and of being
advanced and retracted relative to the base; three detecting units
that detect different parts of the edge of a substrate held by the '
substrate hol di ng nenber when the substrate hol di ng nenber hol ding the
substrate is retracted; and a cogwroller that deci des whether or not
a part of a notch fornmed in the edge of a substrate received froma
processing unit has been detected by one of the detecting units on the
basi s of neasur enent $heesdbst@tecariiyingreechanismi ageceid!ng, tanslaian t he

- substrate hgl gimerelAl Ehé%ﬁﬂ;ﬁgﬁP%%B%u@é&e&ﬁimdﬂﬂﬂ Bf SHPHL Ehafcte@ part of
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the substrate 1's retracted. 6. The substrate carrying nmechani sm

according to any one of clainms 1 to 5, wherein each of the detecting units
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substrate. substrate carrying mechanism inciuding a base, a substrate

holding member placed on the base and capable of being

advanced and retracted relative to the base, and four or more

detecting units for detecting different parts of an edge of a

substrate held by the substrate holding member when the

substrate holding member holding a substrate received from a



11. The substrate carrying nechani smaccording to any one of clainms 1 to
10, wherein the substrate hol ding nmenber is provided with suction parts for
attracting a substrate by vacuum suction, and the suction parts attract a
substrate by vacuum suction to hold the substrate on the substrate hol ding
menber . . 12. A substrate carryinggnethod to be carried out by a
substrate carrying nmechanismincluding a base, a substrate hol di ng nenber
pl aced on the base andﬁ&?pable of belngaadva ced and retracted relative to
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52 hol di ng L{,nlt has been noved relative to the detecti ng units.
deciding whether or not a part of a notch formed in the
edge of a substrate received from a processing unit has been
detected by one of the detecting units on the basis of
measurements measured by the three detecting units;
moving the substrate holding member relative to the
detecting units such that no part of the notch will be detected
by any one of the detecting units when it is decided that a part
of the notch has been detected by one of the detecting units;
remeasuring positions of parts of the edge of the
substrate by the detecting units after the substrate holding
member has been moved relative to the detecting units; and
determining a transfer position where the substrate is to
be transferred to the succeeding processing unit on the basis of
measurements remeasured by the detecting units after the



14. The substrate carrying method according to claim 12 or 13, wherein the
position of the center of a substrate is cal culated by using positions of
parts on the edge of the substrate detected by the detecting units, and a
control operation is executed such that the cal cul ated position of the
center of the substrate coincides wthga predeternined position. 15.
The. substrate carrying nethod according to any one of clains 12 to 14,
wherein a position to which the substrate hol di ng nmenber hol di ng

substrate HidiegMnithasbesn R Eeiative ta t&'egdﬁ@@ﬂﬁg WSS ¢ | oﬁ of the

substrate hol ding nenber to decide a state of the shape of the substrate
hol di ng nenber. 16. The substrate carryjng nethod accordj to any
one of clains 12 3% 1@2’1%%’1!:?‘@ farr4ing W‘@%hgabépFQF '%&Bi ﬁlgarl nber s
are arrangexR sgr ag,t wHeretn e groitionndft the dRirfteri 8 HRubstefleess a
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| i ght - sensicantereofethe substrateedoinmides twithoa gredetenmined pdsitiopposi te
sides, respectively, of a substrate held by the retracted substrate hol di ng

. menber . 18. The substrate carrying nethod according to claim17,
wherei n an anountlff Thghsubstratedaryyirng metiod smoordirgdor aogiongl by t he

| i ght - sensi t ok @l . sha, S a he
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state i n win@mpeaE teudecids 8 skate af thﬁnﬁ'éapﬁsOfnbhekﬁﬂQﬁﬁﬁgt%ﬁlmdUlﬁst rate Is
measured andehahbpre of the light-sensing elements is detected fromthe
measured anmount of [|ight. 20, The substrate carrying net hod

according to any one of clains 17 to 19, wherein the |ight-sensing devices

are linear inmge 1NSPRE substrate Zarrylifg THESH 6@ CHEING 1O ARY
according to an% one&gf clilms 2 to O,éi\her_eln it is decided that a
substrate iaf GRIRA dhefOohe, oWhEIEIReRe AU tYnials SybsErate g‘@iﬂmgans of
two di fferemterigbew egetfm—rsﬁgedofsd hQFSltbS_ttﬁélt %gpterpgfedg\ﬁanﬁ"etﬁé’hbﬁrate
carrylng negno ccor n 0 ny on 0 | B , erel e
substrate té)‘&ﬂqg %%tﬁ %ﬁieﬁgévpeéﬁ:'%t# @}thdclgg Sgrq substrafe B& ing a
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23. A conpd?@rd-i%gam?r&éegf’@?‘gﬁ\zg Er@ﬁi%ﬂ?%f@% h@rﬁﬁ'%&ﬁﬁs to be executed by a
conputer to carry out the substrate carrying nethod stated in any one of
clainms 12 to 22. 17. The substrate carrying method according to any one

of claims 12 to 16, wherein each of the detecting units includes

a light source and a light-sensing device formed by arranging a

plurality of light-sensing elements, disposed opposite to each

other on-the opposite sides, respectively, of a substrate held by

the retracted substrate holding member.

- 18, The substrate carrying method according to claim
17, wherein an amount of light emitted by the light source and
received by the light-sensing elements normally not shaded by a
substrate held by the substrate holding member is measured,
and failure of the light source is detected from the measured
amount of light,
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- 19. The substrate carrying method according to claim 17
or 18, whereln an amount of light emitted by the light source
and received by the light-sensing elements in a state in which
the substrate holding member is not holding any substrate Is
measured and failure of the light-sensing elements Is detected
from the measured amount of light. '

20. The substrate carrying method according to any one
of claims 17 to 19, whereln the light-sensing devices are linear
image sensors. :

'21. The substrate carrying method according to any one
of claims 12 to 20, wherein it is decided that a substrate is
broken when one of the detecting units detects positions of two
different parts on the edge of the substrate.

22. The substrate carrying method according to any one
of claims 12 to 21, wherein the substrate holding member is
provided with suction parts for attracting a substrate by vacuum
suction, and the suction parts attract a substrate by vacuum
suction to hold the substrate on the substrate holding member.

23. A computer-adaptive storage medium storing
programs to be executed by a computer to carry out the
substrate carrying method stated in any one of claims 12 to 22,



