1 APPARATUS AND METHOD FOR DETECTI NG SUBSTRATES TECHNI CAL FIELD [0001]
5The present invention relates to an apparatus and a nethod for detecting
conditions of a plurality of substrates stored in a cassette. In
particular, this invention is suitable fqr detecting conditions of a
plurality of sem conductor wafers stored in a wafer cassette (or FOUP). 10
BACKGROUND ART [ 0002] In the past, a nethod of mappi ng based on
shade det ecti on APPARATAS B Mé‘l'sl-d)@DsE@fRnD@TE@ﬂ'hNda SREBSHRA&T ES known as
the nethod of detecting the conditions of the plurality of wafers stored in
the wafer cassette (or FOUP). Nanely, this nethod is intended for
mechani cal | y scanni ng each edge pbECHMIOAL tHELWRf ers by using a

transm ssi on b?g t; switch. [0003] 20In addition, another method of
detecting th£ nAitions of the wafers by taking an imge of the wafers
stored irbthe waf eTheagpresentbynuehbipra cziates bndanheappacatessiangdt be

| mage has begl, Wc‘t(mforp‘sdé’f&tr? hegﬂggt géls' qf;' fey anlu‘Fah 90F 8 ABsEEftely S“Ch
a mappi ng sensor here 75 a ne taining a ana yzing nmultip

bri ght ness pstdidc ihineassedtth obsepaicbenvtbis imeeptiont s pait@idi foul ar to
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stored in a wafer cassette (or FOUP).

10
BACKGROUND ART

[0002]
In the past, a method of mapping based on shade
detection (i.e., a shade sensor scanning method) has been

15 known as the method of detecting the conditions of the plurality
of wafers stored in the wafer cassette (or FOUP). Namely, this
method is intended for mechanically scanning each edge portion
of the wafers by using a transmission light switch.

[0003]

20 In addition, another method of detecting the conditions
of the wafers by taking an image of the wafers stored in the
wafer cassette by using a camera and then processing the
image has been known. As one technique utilizing the image
acquired by such a mapping sensor, there is a method of

25 obtaining and analyzing multiple brightness profile lines, each
observed between two points perpendicular to each wafer
surface.

[0004]
Related Art Document
30 Patent Document 1: JP2005-5347A
Patent Document 2: JP2005-520350T
[0005]
While the aforementioned method of mapping based on
scanning each shade portion by using the sensor is simple and

35 thus convenient, there is a need for attaching the sensor to a

certain structural portion. Further, this method requires a



[ 0005] Wil e the af orenenti oned net hod of mappi ng based on scanni ng
each shade portion by using the sensor is sinple and 35 thus convenient,
there is a need for attaching the sensor to a certain structural

portion. Further, this nmethod requires a 52 relatively long tine for
mechani cal |y scanni ng each object (or edge portion). Besides, there is a
need for providing another sensor to be exclusively used for detecting
unwant ed projelativglyotong ofiswe i foris mechaows]ly scannipgr eeah abiect {ofeant
by "detectin n ; prgi | ONgH 1S ide LAg [ sone
waf ers t hat %P glésp?? I:a@qll))h t%%gf\#/aéfsgr E%%téségtéeeﬁm%(lé?ef%??jrégm r?tg % 3}% \/ngreg

rel ati ve to 8Epresdo pesexclusivaly used7for detectiog thavantest prajeiction t he
met hod of anatﬁﬁ%ﬁgcﬁ ﬁsbrightness profile lines obtained fromthe inage,
presence or absencé of éach wafer and/or crossing wafer is judged froma
posi tion »f E@GA6Jeak of the profile lines (this peak corresponds 15 to

reflection from eagh ugfer vﬁ‘??? Rer t Qén?”do‘gac‘“déf?&?nget (‘@ﬁﬂ/atr}’ﬂ%dg ‘o

adj acent profile lines. 'Therefore, thiS analySis 1S quite suScepti bl

| ocal di st urp&oiactignedss driessing: thei sopdiivrsnofosemetwmaterst thadaseng or
20 elimnati i L t a i i ikAg t he
nurber o the B ot L8, WEHTRF o dbeette WhieChrEl i gTER Ry LORHERE O

[ 0009] Howevarprasettpesifiltove i mage processing method utilizing 25 the
reflectiygn OL()@@?IIT waf er edge portion, the reflectance should be |lowered if
each wafler is coated with a certain coating agent or the like. Therefore,
in some cases, theOnefthetethémahandaniot the avetbadelof dvelyizéag thes

ot Soue | PPEERRR BrORRL FREL 38 e B el a5 aRipnotet
| N\VENTI ON absence of each wafer and/or crossing wafer is judged from a
position of each peak of the profile lines (this peak corresponds
15 to reflection from each wafer edge portion) and each space
between two adjacent profile lines. Therefore, this analysis is
quite susceptible to local disturbance.
[0008]
To solve this problem, one method of reducing or
20 eliminating negative impact of such local disturbance by
increasing the number of the brightness profile lines to be
added has been proposed.
[0009]
However, in the above image processing method utilizing
25 the reflection of each wafer edge portion, the reflectance should
be lowered if each wafer is coated with a certain coating agent
or the like. Therefore, in some cases, the reflected image
cannot be adequately detected, thus relatively degrading the
reliability, as compared with the wafer detection method
30 utilizing the transmission light switch.

DISCLOSURE OF THE INVENTION

[0010]
The present invention was made in light of the above
35 problems of the related art. Therefore, it is an object of this
invention to provide a new substrate detection apparatus and a



[ 0010] The present invention was made in |ight of the above
35problens of the related art. Therefore, it is an object of this invention
to provide a new substrate detection apparatus and a 3 nethod of using
this apparatus, which can detect nore acgqurately and rapidly the conditions
of the plurality of substrates stored inthe cassette. [0011] 50ne feature
of the present invention is a substrate detection apparatus adapted for

det ecting com’dethcuﬂts off @siplaur dhis yappasabiss r andscht ocanl idﬁfﬁcttas%l@trEe,

comrising: cEOHdR! | 98T SHEer dhacatslafionee &F dmal siteaRtyr Yty o

substr at es; i on frean ure 0 ralate | I'ght anar
state towardsubétltatIGIS| sietriedgir élneaﬁssettech that edge portions of the
substrat es arf g fc[gtted in an optical path of the light; inmage acquiring
means configufe acquire a passing light inmage including the edge
portions ®f the subste afestureheofpalisd nprésght imepetibai rig foor sebistiatene

col I1mting etLeqbfr dopdtiild Neabbabh Al etkdihg hedidnghest gt eal rom

the illum nation nea OCGSSI ng means igured to process
t he passing pilg?ﬁlltvrreﬁy:e smbatraéasbystohedu iage acysselteg wewmnprisimer eby

detect 19 MERRASK TS ALelh IUBELASkES SN Shd gt e sERg Iy A 010

Pref erably, i on Irncl a surtace |1 source. 013]
Preferably, substtdtesi nidtltummaﬂnansrmemmgdmnﬁgpoedtt(1>n@«rhatzs kgt da a

confi gur. ta 4 %t%t[ghgow ref cﬂhmftlﬁﬁl lrb?%tc't £8£he%8t F?Qct ed

retroreflectobr configure V\/mc hasS "beén're
and col |'i mat pdrbpnshef ctdmlel snrbtstrajesefalrectomatedomrah tdmtt«;a)ll pnarcrtatoﬁghe

el ee o oL FBREL 0ERE! HARking BReRRLr ko ERteRo Lo EcBld T asRY im0
light |mage mcIudmg the edge portlons of the substrates, the
passing light image being formed on the collimating reflector
15 with the light radiated in the planar state from the illumination
means; and image processing means configured to process the
passing light image obtained by the image acquiring means,
thereby detecting the conditions of the substrates stored in the
cassette.
20 [0012]
Preferably, the illumination means includes a surface light
source.
[0013]
Preferably, the illumination means includes a point light
25 source configured to radiate the light toward the collimating
reflector, and a retroreflector configured to reflect the light,
which has been reflected and collimated by the collimating
reflector, toward the collimating reflector.

[0014]

30 Preferably, the point light source and image acquiring
means are arranged substantially coaxially relative to each
other.

[0015]

Preferably, the surface light source or point light source
35 includes a light emitting diode.
[0016]



[ 0015] Preferably, the surface |ight source or point |ight
source 35includes a light emtting diode. [0016] 4 Preferably, the
collimating reflector includes a parabolic mrror. [0017]

Preferably, the collimating reflector ingludes a curved 5mirror fornmed of a
plurality of flat mrrors conbined together into a substantially curved
surface as a whole. [0018] Anot her feature of the present invention
is a method of det Begfarghlvie thendgotlimeding nafeqionr inclugest aspestbalies
stored in 10 thescassette, conprising: an illumnation step of radiating
light in a planar 'state froman illunination nmeans toward a collimating
reflector | o€80ddJon one side of the substrates such that edge portions of

the substrates ar engfe&Fa%‘i'y,i D QBFJF;Qrﬁ?Hn&atr?éf?écttoﬁeibEgMés aﬁ IR9Ed
acquiring step of taking a passing I'g i Tageé | ncl uding the edge
portions »f thigraufermedsoby wunglith dfnflgé edgrons wembimed tagethessi ng
| i ght i mge | gpach |4 L ' with the |ight
radi ated in ?ﬁdgqgléllﬁ%r S @?lé&}t@orﬁl]%tdngﬂﬁjéﬁa%g :\/@ﬁ&%réans; and a detection
step of proc€88ilBd the passing |ight inmage obtained by the i mage 20

acquiring neans by i | e~pPriecessi n reb ' t he
conditions of the éﬁ%stﬁrggﬁés#tm?gogg]t%% ﬁbggnﬁﬁ@f@%ﬁa@@, I(gt éeﬂﬁﬁﬁ}nq ﬁt I on
means i ncl udésteainguthaceondigrans afr the RBIrpHIOROIf substrate® steredlin, in

ofl et o {1 o acisrnrer cornPElints STl SrRatR St B eI tid Mot
refl ected anth cé@l | praad Isyatae feoi i @it i Huménadonor méans hdowatd eet ed
toward the cohiiABHIY reflector located on one side of the substrates such
that edge portions of the substrates are located in an optical
path of the light; an image acquiring step of taking a passing
15 light image including the edge portions of the substrates by
using an image acquiring means, the passing light image being
formed on the collimating reflector with the light radiated in the
planar state from the illumination means; and a detection step
of processing the passing light image obtained by the image
20 acquiring means by using an image processing means, thereby
detecting the conditions of the substrates.
[0019]

Preferably, the illumination means includes the surface

light source.
25 [0020]

Preferably, in the illumination step, the light is radiated
toward the collimating reflector from a point light source, and
the light, which has been reflected and collimated by the
collimating reflector, is then reflected toward the collimating

30 reflector by a retroreflector with the edge portions of substrates
located in the optical path of the light.
[0021]

Preferably, the point light source and image acquiring

means are arranged substantially coaxially relative to each
35 other.
[0022]



30 reflector by a retroreflector with the edge portions of substrates

| ocated in the optical path of the light. [0021] Preferably, the
poi nt |ight source and image acquiring nmeans are arranged substantially
coaxially relative to each 35 other. [0032] 5 Preferably, the

surface light source or point light source includes the light emtting
di ode. [0023] Preferably, the collimating reflector includes the parabolic
Smirror. [0024] Preferatdyerthll gurtate dight ravreg orefmastdighbEawss t he
curved mirroknfeideRd F&:ﬂﬁ It o flat mrrors conbi ned together
into the subét(gl(relltlal F@éé rvegthliarbgcéfelogse'a whol e. 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS[P0@2d] Fig. 1A is a side view showi ng general
construction of a i a | I ment
of 15 this inventi gﬁ@ﬁr&gl ,ﬁﬁ%ﬁf{?}ﬂ@‘?@%@ f%%ﬁﬁ@lgpggaﬁﬁ ﬁ?ﬁ\ﬂgrs
are store?. MIrror. Fig. 1B is a plane view showi ng general construction of
a substrate ggbzqﬂi on apparatus according to one enbodi nent of this

et he

invention to with a FOUP in which a plurality of 20 wafers are
st or ed. Preferably, the collimating reflector includes the curved

mirror formed of the plurality of flat mirrors combined together
into the substantially curved surface as a whole.
10
BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1A is a side view showing general construction of a

substrate detection apparatus according to one embodiment of
15 this invention together with a FOUP in which a plurality of
wafers are stored.

Fig. 1B is a plane view showing general construction of a
substrate detection apparatus according to one embodiment of
this invention together with a FOUP in which a plurality of

20 wafers are stored.

Fig. 2 is a view showing an image obtained by the
substrate detection apparatus shown in Figs. 1A and 1B.

Fig. 3 is a plan view of the substrate detection apparatus
according to another embodiment of this invention.

25 Fig. 4 is a plan view of the substrate detection apparatus
according to one modification of the embodiment shown in Fig.
3.

Fig. 5 is a side view, for explaining a first example of the

present invention, of a cassette storing a plurality of substrates,
30 part of which are in states of inclination and projection.

Fig. 6 is a view for explaining the first example of the
present invention so as to explain a method of judging whether
the substrate in the projection state can be processed, or not.

Fig. 7 is a view for explaining the first example of the

35 present invention so as to explain a method of judging whether
the substrate in the inclination state can be processed, or not.



Fig. 2 is a view show ng an i mage obtai ned by the substrate detection
apparatus shown in Figs, 1A and 1B. Fig. 3 i1s a plan view of the
substrate detection apparatus according to another enbodi ment of this
invention. 25Fig. 4 is a plan view of thg substrate detection apparatus
according to one nodification of the enbodi ment shown in Fig. 3.

Fig. 5is a side view for explaining a first exanple of the present

i nvention, of a cafi@t Beisseplang Mg uifar iexplatningbst secawsd edamied’ whi ch
are in stateg dH’e%'e'nrtattth%ni‘fbch,pr&q eHdiAN-componerftsd-ofS d Ssap¥tte o
expl ai ni ng the flrst exa he present 1nvention so as to explain a

nmet hod of Ju@@tﬁgtl@iﬁbﬁﬁéﬁrahes substrate In the projection state can be
processed, or not. gkig [ e r f the
5 bresent i nvonti Biosg &' STAkHeR, BE R RIARd B Rl RPN
subst rat & i nthae presenatingansicdt,e Qfamtaenpramepemnt& ofota sgbstrate Fig.
8 is a plane 0 I ng a second exanpl e of the present

i nventi on, P\é't@‘.“tton ﬁBgép‘l"@gof a substrate detection apparatus.

Fig. 9is a pI ane ViewlOfisragxpna viiaw, for eixpdasiagpd Sooirtls edrmmpeseht

I nventi on, (6] a Ly at par a

Fig. 10 is a p rg}e\%%erﬁ\'/%v ﬁﬁg%ﬁ(’g@f alén'iljﬂ%arlﬁ oﬁh%@xtééﬁ% Zd?ﬁot?étl%HBSFleastgnt

i nventi on, oﬂeﬁacttoeoappaéatlss of a substrate detection apparatus. 10 MODE

FOR CARRY NG QUT THE | NVENTI ON [ 0026] Herei nafter, one exenplary
substrate detection apparatus accord| ng to one enbodi ment of the present
i nvention and a 15net NGO Lisikid SRYIPHS 4DWUS TWHEI INEEQ

ref erence to[0026]

Hereinafter, one exemplary substrate detection apparatus

according to one embodiment of the present invention and a
15 method using this apparatus will be described with reference to

the drawings.

[0027]

As shown in Figs. 1A and 1B, the substrate detection

apparatus 1 according to this embodiment is configured for
20 detecting conditions of a plurality of semiconductor wafers 11

respectively stored in a FOUP (or wafer cassette) 10.

[0028]

Each semiconductor wafer 11 has a flat disk-like shape
and is carried in and carried out relative to the FOUP 10 by a

25 hand attached to a distal arm end of a wafer carrier robot.
[0029]

In the substrate detection apparatus 1, a bright point
light source 2 including a light emitting diode (LED) is provided
in a substantially coaxial position relative to an image acquiring

30 means 3 including a CCD camera (or single-lens camera).
[0030]

The light emitted from the point light source 2 is radiated
toward a collimating reflector 4 including a radiation mirror, and
is then collimated by the collimating reflector 4.

35 [0031]
In place of wusing a proper parabolic mirror, the



t he draw ngs. [0027] As shown in Figs. 1A and 1B, the substrate
detection apparatus 1 according to this enbodinment is configured for

20det ecting conditions of a plurality of sem conductor wafers 11
respectively stored in a FOUP (or wafer gassette) 10. [0028] Each
sem conductor wafer 11 has a flat disk-like shape and is carried in and
carried out relative to the FOUP 10 by a 25 hand attached to a distal arm
end of a waf €olltaating neflestor [490pay include ancutwedubitroatforaeedcef an

apparatus 1, bght ~poi [ SQUE [ ' | 1 i) ng di ode
(LED) is proxP?léFego”% gpsuﬁ?gn?ﬁéh %é@ﬂ?{%alé&p@s%ﬁlﬁlggnatrdeqég{ﬁevrgnl@dangi mage
acqui ri ng 30SkdshanBiailyctwiched) sarénie @nerwhete. si ngl e-1ens canera). [0030]
The |i ght eml[bplg(i fromthe point light source 2 is radiated toward a
collimating re eJtor 4 including a radiation mrror, and is then

col | i mat&d by the dolnatnaréfiectost |Bctoramargfied 0i31pe Dppdsedutdnghe
reflector 4 EBMBSlGEpYed. MIIAT EAGIEAHTOR BAIALY ST sERR (et

I
mrrors conbine 0 a’ subs y Curved surface as™ a Wwhol e.
[ 0032] 5A replatef{CeR:oCobnes GubaRgflecton)e opposed to the col limating
reflector 4. {ggggﬁ]retroreflector 5 includes a p-CCR plate (CCR Corner Cube

Ref |l ector).
The image acquiring means 3 is connected with an image

10 processing means 6 via a transmission cable. Namely, each
image obtained by the image acquiring means 3 will be
transmitted to the image processing means 6 via the
transmission cable.

[0034]

15 In the case of detecting the conditions of the wafers (or
substrates) 11 by using the substrate detection apparatus 1
constructed as described above, the light is first radiated from
the point light source 2, and is then reflected and collimated by
the collimating reflector 4.

20 [0035]

Thereafter, the light reflected by the collimating reflector
4 is reflected again, toward the collimating reflector 4, by the
retroreflector 5 arranged to be opposed to the collimating
reflector 4 (Illumination step).

25 [0036]

As a result, a passing light image including each edge
portion of the plurality of wafers 11 is formed on the collimating
reflector 4 with the light reflected by the retroreflector 4.
Namely, in an optical path of the reflected light reflected toward

30 the collimating reflector 4 by the retroreflector 5, the edge
portions of the plurality of wafers 11 are located, respectively.
[0037]

Then, the passing light image that is formed on the
collimating reflector 4 and includes the respective edge portions

35 of the plurality of wafers 11 is acquired by the image acquiring
means 3 which includes the CCD camera (Image acquiring



The image acquiring neans 3 is connected with an i nage 10 processi ng nmeans
6 via a transm ssion cable. Nanely, each inmage obtai ned by the inage
acquiring neans 3 will be transmtted to the i mage processing neans 6 via
the transm ssion cable. [0034] 15In the ﬁase of detecting the conditions of
the wafers (or substrates) 11 by using the substrate detection apparatus 1
constructed as descri bed above, the light is first radiated fromthe point
| i ght sourceSEepand is then reflected and collinmated by the collimating

reflector 4. é? @3035] Thereafter, the light reflected by the
collimating r[e I3e tor 4 is reflected again, toward the collinmating
reflector 4, by thAsrsheviefn digorlB®, ar mingednosmal bppowédh respret to

col I i mati ng Eﬁ{a' ESH%afing;' 'Hg?@&%?i Qnis“fr%nlgt 2 [ A038] plan  vie S +8 bgsm t,
a passing light rmage 1'ncl udi ng each edge portidn of the plurality o
waf ers 115 s paoahet with ttheacoera omtical axisl ettbe imageracheiringhmenss! ect ed

by the retro I r y, n | G t t I ed.l i ght
reflected to&gﬁ d@gg[)hcea‘?‘ggﬁ nat i r;lgw%f Ie(eég.ltHo(r?mfggé; &hghreep\?%ﬁeggl g%boﬁe& t he
edge portion§onedhéopber plairalietf ratdtdve 1 ene aoobthed, in ddpeqassing.

[ 0037] li Feqﬂqa Qe passing light image that is formed on the

col li mating rg I"'ector 4 and includes the respective edge portions 350f the

plurality of [0@B&ds 11 is acquired by the image acquiring means 3 which
E L, O B2 SRR S P Dhoel A Hlne imoliaplore
4 is arrangetQrmedaopl thre codimatingeeflector 4 and obtained by the image
acquiring means 3.
[0040]

In the passing light image 20, shades of the respective

15 edge portions of the plurality of wafers 11 can be seen as a
plurality of local shade portions (or low brightness portions).
Therefore, with analysis of such a passing light image 20 by
using the image processing means 6, the conditions of the
plurality of wafers 11 stored in the cassette 10 can be detected

20 (Detection step).

[0041]

More specifically, with analysis of the number of pixels of
each shade portion and/or each space between the shade
portions, judgment on whether or not the wafer 11 is present in

25 each slot of the cassette 10, judgment on presence of any
double wafer, judgment on presence of any crossing wafer,
and/or judgment on presence of any projecting wafer (or
amount of projection thereof) can be performed.

[0042]

30 Herein, the “double wafer” refers to the case in which two
wafers are stored in the same slot while being overlapped
relative to each other. The “crossing wafer” refers to the case
in which the wafer is stored between left and right slots of
different levels. The “projecting wafer” refers to the case in

35 which the wafer is stored in the wafer cassette while projecting
forward relative to a preset position.



5. parallel with a canera optical axis of the inmage acquiring neans (or CCD
canera) 3. Thus, each inmage of the wafers can be forned to be parall el
relative to one another, in the passing |light imge. [0039] 10Fig. 2
schematical ly shows the passing light inmgge 20 formed on the collimating
reflector 4 and obtained by the inmage acquiring means 3. [0040] In the
passing light inmage 20, shades of the respective 15 edge portions of the
plurality of [@@A&]s 11 can be seen as a plurality of |ocal shade portions

(or low brightness i o Al Renef: ' HGh Y I g 0f~S wWEes ng
light image 20 by a@ﬁhtge ?ﬁgglinrgagghgr'mggg\i%n%gneané I@,Is_'t 'ez’cgf\g??i ons of the
plural ity of isvafodrBreserst bt @ centaineslods $bet shadecportien ded esgonding

20( Det ecti ong 5t ) 4. S VY VR t he
nunber of pi gl@%f Cég‘ghgsﬁ%cee%brmﬁaogldégﬁoi’ E@Iéhgsgﬁeggbo@%ﬁftéﬁggshade
portions,5 j upgesent othehsthteste oporidont kervespending fopriddencasd hBseach
slot of the gféé‘éértiae&@th JiHdéJ"PEQ&iéjlnd@}z%fi%'ﬁ‘:?§fco%%a98H%?ch“’?ﬁ§rotHé+dg”ent
on presence any crossing waf er, and/or | ddgnent ©on presence of an

proj ecti ng wahade( portiovgnt Fdrieseere oif therewr9siognwadepdsft present,[ 0042]

stored 1 (ha'SaHEUT SR SOEERoNdIld SIS cabaog s SMeatRr AR e
"crossing wafreranr ef-endat odireeticase dsn «mnrrnanelde W_Hﬂ’Ert_h% thﬁégsbéﬂ@een
(et oandd | 9BbrERASE ledliHkeran LRBLsoomion R SLER LOBLRETpEs I e 1o
proj ecting f diffiarent elemslve t ddadipioesdty posi altennativydlpo4ig] the tdmubessi ng
light imge gflahqun, idbfi9-the shhde"SoMAbA" corresponding to this case is
double the width in the X-axial direction, as compared with the
other shade portions.
15 [0044]
According to the embodiment having such a feature as
described above, various desired effects as described below can
be obtained.
[0045]
20 First, this embodiment employs one kind of the image
processing method utilizing the camera. In principle, however,
this method is somewhat close to a scanning method using a
transmission shade sensor. Therefore, this image processing
method is less susceptible to the reflectance of each wafer 11 to
25 be detected, thus providing more reliable detection on the
conditions of each wafer 11 stored in the cassette.
[0046]
Second, since the passing light image 20 can be obtained
over a certain wide range (in the Y-axial direction) with respect
30 to each edge portion of the wafers 11, the sensor can serve to
securely detect the projection of some wafers 11, while serving
as the mapping sensor. This effect cannot be obtained by
performing the scanning operation only once with the
transmission shade sensor of the related art.
35 [0047]
Additionally, since each wafer 11 projecting out from the



I's not present in a certain slot, the shade portion corresponding to this
case is lacked. In addition, if the projecting wafer is 5 present, the
shade portion corresponding to this case has a greater length in a Y-axial
direction, as conpared with the other shggle portions. Furthernore, if the
crossing wafer is present, the shade portion corresponding to this case has
a greater wwdth in an X-axial direction, as conpared with the other shade
10porti ons. B&ESEEERNOSIHIOSN sAAdbEpdetected dreem ehangendn sihe deBgthliinf er ent

evel s Additkpgallyxen AirbREBH latebychl Lol sititing Wikle IfoftiGRethe | he
shade portion corresponding to this case Is double“the wdth in the X-axial
di rection, a9neeHparafoPieiestiome obtther watiatd peani basearsly guantified.

Accordi ng to;bggsqnbodinent havi ng such a feature as descri bed above,
various desired effects as described bel ow can be obtai ned. [0045] 20First,

this enbddi ment enphéys ondadinent ¢ i ndly@ipate esBEEGSHEY hotPiut ithiezi ng
t he camera. LRI e r, | hogd<i s gﬁﬁwﬁ cl t

scanni ng net o%eﬁéﬁﬁgﬂa ngﬁgﬁygngﬁni ggﬁ{seﬁgorpé ere?grqyg?ﬁisqrgage
processi ng nmEPRYENtPNAsstranBigsipne sbadke Fenpett abltesofsigadficantlyr 11

to 25be dete i VA | Labl etect. t C ktions
of each mafe?hﬁgﬂgygﬁzdﬂﬁﬁ ? Eﬁgagﬁéﬁ?é? Fgo fleae trée%&?@%dfﬂﬁgiggﬁbthe
passi ng | i ghteduigs Por Eaa drtesiieined over a certain wide range (in the

Y-axiaI]erefbbq@m W th respect
Furthermore, the detection on the double wafer can be
judged from a value of the area of each shade portion, wherein
each detected value is markedly changed between the case of
the double wafer and the normal case. Therefore, as compared
15 with the related art utilizing each profile of an object, the
detection on the double wafer can be performed more securely.
[0050]
In addition, since the passing light image 20 for all of the
wafers 11 can be obtained at a time by using the single camera,
20 a significantly small and compact substrate detection apparatus
1 can be achieved.
[0051]
Next, the substrate detection apparatus 1A according to
another embodiment of this invention will be described, with
25 reference to Fig. 3.
[0052]
As described above, in the substrate detection apparatus
1 shown in Figs. 1A and 1B, the light emitted from the point
light source 2 is first reflected and collimated by the collimating
30 reflector 4. Then, the collimated light is further reflected by
the retroreflector 5.
[0053]
On the other hand, in the substrate detection apparatus
1A shown in Fig. 3, a transmission surface light source 12 is
35 provided in place of the retroreflector 5 shown in Figs. 1A and
1B, such that the collimated light can be radiated from the



30 to each edge portion of the wafers 11, the sensor can serve to securely
detect the projection of sone wafers 11, while serving as the mapping
sensor. This effect cannot be obtained by perform ng the scanning operation
only once with the transm ssion shade seqpor of the related art. 35 [0047]
10 preset position can be detected froma change in the length in the
Y-axial directign of each correspondi ng shade portion, the amunt of

proj ecti on ofSURRCQAIIN Jquic 1t¥etQWé68It¢1%GQHtmﬁltﬁt9 rFﬁ@EQCP" 5Thi s

enbodi ment capped4m nate necessity for the nmechani cal scannlng operation as
performed with the_conventional transm ssion shade sensor,

si gnificantly sinplliNg tFNIMéSERN serfage EeNisSqerge d< i%@@@l%aﬂthD ne
required for | g@u&fél1<y"'hawq¢qft@]e|ements fé'rﬁ%ﬂ%ﬂf%ﬁy diven R igon on

t he doublewaer can roma value o e area each shade
portion, 9her '&%tEQEW"Ue@@@t%djlfffaJSu@n|t§aﬁ*§mk§§ll<9/n o@iéﬁ@ebl‘*lfélmwfﬂﬂetocase

of the doubl eryaéeit aﬂ?eﬁé%ﬁragp'm'th@slﬁ%hﬂ_h?é@i%@éa f?énFOJH@r@E'DﬁV@nHﬁ‘ the

related art utilizing each pro t he detection on t
doubl e waf er S@&cCBel rfEpﬁeﬁxﬁﬁﬂé%e‘élﬂﬁeﬂjﬁuf@%d}’an5m|551qrh RI@det ilén,

since the pagséngdd g obgBgk: 80 fBLteylgibs fiBrunfers 11 can be obt ai ned

at a time by usin he sing canera, 20 a significantly small and conpact
substrate defE85 n apparat us 1 can be achi eved. [0051] Next, the

substratgydetecti OTn&IPcPI AtHE ﬁ@n@ 5redbﬂ%rt ‘PaélH%‘é'&Frfr&rWQHle”EF‘D Qfgﬁt!”“ S

i nvention will be descri ed W ference to Fig. 3
descri bed ab8@&ICEn j{3nelssdﬁstar afelagimedyt i wpashates 1 HI@MW]V@?A PN 1A

and 1B, the Heﬂ%m‘?ﬁ‘efdt afrbl rI‘ﬁ'tt*F'\Pe FH%H'!{SlbhgfﬂFaﬁé)HL%%o% k@ag%rih r ehjsect ed

and collimated by the colli ecg ect or i mated |ight
is further réghdctc@n bpetﬁ@am r éTioe @ opusface light source having a

substantially even and homogeneous brightness.
15 [0056]

Therefore, also in the case of using the substrate
detection apparatus 1A shown in Fig. 3, the same effect as
obtained by the substrate detection apparatus 1 shown in Figs.
1A and 1B can be obtained. Namely, the passing light image

20 that is formed on the collimating reflector 4 and includes the
- respective edge portions of the plurality of wafers 11 can be
similarly acquired by using the image acquiring means 3
including the CCD camera. Then, the so-obtained passing light
image can be analyzed in the same manner by using the image
25 processing means 6.
[0057]

Fig. 4 shows another substrate detection apparatus 1B
according to one modification of the embodiment shown in Fig.
3. In this apparatus 1B, a reflection surface light source 15 is

30 used.
[0058]

In this reflection surface light source 15, the light is first
radiated from the LED light source 13 and then reflected by a
diffusion reflector 16. Thus, with this reflection surface light

35 source 15, the light can also be radiated toward the collimating
reflector 4, while being in an adequately even and homogeneous



[ 0053] On the other hand, in the substrate detection apparatus 1A
shown in Fig. 3, a transm ssion surface |ight source 12 is 35provided in
pl ace of the retroreflector 5 shown in Figs. 1A and 1B, such that the
collimated |ight can be radiated fromth 11 surface light source 12

toward the collimating reflector 4. [0054 The transm ssion surface
| i ght source 12 includes an LED light source 13 having LED el enents
| ongi t udi nal B¥@&@ranged in a 5 line therein, and a diffusion transn ssion

plate 14 confbgg@?d to transmt therethrough the light radiated fromthe
LED light source 1I3. For exanple, the diffusion transm ssion plate 14
i ncl udes an obscur Bladnefy,ostssd inylthescpratef ushogsihelsubistratia geteation ght

just after ragiiad St oM SASWHER) IFighta Sene csa i efrddt &s Mlediditeldy pyneven

st at e. However, "once transnmtted through the sion transm ssion plate
14, this 3ighhecanbptradrafgéactianoanpanatugel |shpwnsburidgshalfngnd 1B
substanti al | yaave8 &hdipepgpogeneous bright ness. 15[ 0056] Ther ef or e,
also in the case of using the substrate detection apparatus 1A shown in
Fig. 3, the §8R60dffect as obtained by the substrate detection apparatus 1

20 "That 15 Tormed o Ene Bl I Sty T AL 12 5n AT} Heahp candTae
respective edgscpdad avishofefenenpeicasevgrat amabedimentsatheyead; rif (vall y
Than, | e 0B S R et G R AL P e e
manner by usBHgOt hediisﬁﬁg‘-_‘eu% praje@ssithgtnearrieus| oggvgrations  m@nd/ar shows
e Srbod: nep UTISIRIGRS (S8 e RS, ERbnachr InEES OROG S o]
| i ght sourcedefined by the appended claims, it will be obvious that such
alterations and/or modifications should also fall within the
15 technical scope of this invention.
[0061]
Some kinds of examples according to the present
invention will be described hereunder.
[0062]
20 [First Example]
A First example according to the present invention will be
described with reference to Figs. 5 to 7.
[0063]
Generally, the substrates 11 are transferred by a
25 substrate carrier robot (hereinafter simply called “robot”) from
one cassette to the other cassette after the conditions of
containing the substrates 11 in the cassette 10 are detected.
[0064]
In the past, if the conditions of containing the substrates
30 11 are not normal, an operation of robot is stopped in order to
prevent a collision between the robot and the substrates 11
and/or an abnormal grasping of the substrate 11 by the robot.
In this case, however, the robot will be stopped even when the
containing conditions are slightly deviated from the normal
35 containing conditions. Thereby, there is a problem that the

throughput of an entire substrate processing apparatus



30 used. [0058] In this reflection surface |ight source 15, the
light is first radiated fromthe LED |light source 13 and then refl ected by
a diffusion reflector 16. Thus, with this reflection surface |ight 35source
15, the light can also be radiated towarghthe collimating reflector 4,
whil e being in an adequately even and honbgeneous 12 state. [0059]

Nanely, also in the case of using the substrate detection apparatus 1B
shown in Fi ginduding Bweobpt avill Be lpmey@tt.ed by 5 the substrate detection
apparatus 1 ibg@@]in Figs. 1A and 1B can be obtained. [0060]

Wil e the present “i nventi on has been shown and described with reference to
several enbodi ment ©n fbeeothern hanid,| whebe thedeordismns witcam@ising the

W'terati ons SagPopRtasiLEatBottcted by tAE SPE e iR Metgtto Undaatus,
scope defd nedCh9rding adigpdheedresantisinvantion; eeeopbifi ausubisdratauchl is
Scope of tni TCERLER e (ARSI IR, L8N o8 dbd WneEFHRET o
the present BHD&Hfaten 1di CBNbbeduansiBeEhdre odeectingoseme greastomlanpl e]
parameters, such as operational positions, of the robot.
Accordingly, when a transfer of the substrate 11 has been
10 judged to be doable, the substrate 11 can be transferred by
correcting the operational parameters, such as operational
positions of the robot, based on the detected values of the
containing conditions of the substrates 11.
[0066]
15 As explained above, the substrates 11 can be transferred
by the robot even in a case that the robot must have been
stopped under the conventional art. Thereby, the throughput of
the entire substrate processing apparatus including the robot
can be improved.
20 [0067]
An example of specific process will be mentioned
hereunder.
(1) The conditions of containing the substrates 11 in the
cassette 10 are detected by the substrate detection apparatus
25 according to the present invention.
(2) When a projection of the substrate 11 has been
detected (refer to Fig. 5), it is judged whether the substrate 11
can be grasped by the robot, based on the detected amount of
the projection (refer to Fig. 6). If the grasp of the substrate 11
30 has been judged to be doable, the projected substrate 11 is
grasped by the robot by correcting the operational positions of
the robot based on the detected amount of the projection. On
the other hand, if the grasp of the projected substrate 11 has
been judged to be undoable, necessary steps, such as stopping
35 operations, are taken.
(3) When an inclination of the substrate 11 has been



A First exanple according to the present invention wll be described with
reference to Figs. 5 to 7. [0063] Cenerally, the substrates 11 are
transferred by a 25 substrate carrier robot (hereinafter sinply called
"“robot") fromone cassette to the other gassette after the conditions of
containing the substrates 11 in the cassette 10 are detected. [0064] In the
past, if the conditions of contalnlng the substrates 30 11 are not nornal,

rt

an oper at i on dstteebp@dt(reéestodied I ibrigdudgebmdiriiterathegubstsateaneen
the robot a”% h he 3 %f%tyesuﬂel AOS6LT @é’%@@”%rnmﬂh%ra%%@&d)f Hl‘%nce

substrate 11 In this cdse owever ero be st opped

even when t h@e@mﬂ%ﬁ fhegindingd isswsteate 4l grd 9 %i'ébs%ﬁaé@ 1 L oelowe thér mal
35 cont ai ni ngapRadirkFanto F'fgerf)byxf M@gab@ é‘fgﬁl il dﬁraeé { D ddhpaeahput

of an entire subst ate processi n% appara e robot wll be
| ower ed. Joodgfged to beodOtarbéeott eringiingd ahdstrate ddnts graﬁ@edfbwhﬁau ni ng

t he substrat géﬁé% % Q-_%tﬁ?—ékﬁﬂ byt be o%@r%}tr@ﬁ% ?ta 8%%@ppasrﬁrrocat ed

according to t gresent I Rventi on . - evan subStrate
froma presePPSFILIANG, PASIEOMDHEO] ubiyRd rahethepaskd soBstthg edate@dgd be

transferred est i t r I s, C Ope Rl onal
posi tions, ?Ynﬁghf gF lﬂgkﬁggﬁquﬁ ﬂﬁ?nth%%t ﬁantscﬁefr Sﬁé ﬂgél%ubgﬁrﬂée 11
has been 10 jrwywdtostbtéstaaém elltH’éa%utﬁﬁ&fatéUﬂEQdan tpe beansm@@abbe,by

correct Ly ! hecaReny s, RAICHTBL Do rHENoAEraMEhal Ip8aipasi Li ons of the

robot, based on t ete cont ai ning conditions of the
substrates 11. [0066) V676N eloplthi RedPrajeesion rwﬁ@uaﬁtﬂat:bsanlprbaqf goe

transferred BypshRatobey eHagel “béeﬁaSSeE%@eot NCa! QRS AL MRV BF Dagke

st opped under t e conventi onal t'he t hroughput of the entire
substrate prooeys-meappacst psorassesi(dg arm@ (Bobist pesfipreed npr oved. 20
[ 0067] [Oﬁgﬁxarrpl e of specific process will be nentioned hereunder.

15 The term “inclination of substrate” is used to mean the
state where a substrate within the cassette 10 has inclined
downward with respect to a preset position (refer to Figs. 5 and
6).

[0069]

20 The criteria for judging whether the robot is able to grasp
the substrate 11 can be appropriately determined according to,
for example, the structure of the substrate grasping mechanism
of the robot.

[0070]

25 [Second Example]

A second example according to the present invention will
be described with reference to Fig. 8.
[0071]

When there are more than one cassette, the substrate

30 detection apparatus according to the present invention may be
applied to each of the cassettes. |
[0072]

On the other hand, as shown in Fig. 8, an image
acquiring means 31 and a light source (illumination means) 32

35 may be disposed on a robot 30 so that the containing conditions

of the substrates 11 are detected by moving the robot 30 to the



(1) The conditions of containing the substrates 11 in the cassette 10 are
detected by the substrate detection apparatus 25 according to the present

i nvention. (2) Wien a projection of the substrate 11 has been
detected (refer to Fig. 5), it is judgedighether the substrate 11 can be
grasped by the robot, based on the detected anount of the projection (refer
to Fig. 6). If the grasp of the substrate 11 30 has been judged to be

doabl e, the $P§petied &ipsbeatietaatad §nddyedcase t roe 686tohyheonagei ng

the operat i ol ARt st Orid1BnEoRoht RBeEean | ife dRLECHEd ragRURhRl L he

projection. On the Other han p projected substrate 11
has been j ud§&@® €Caseetignddabl Berabyedsbgr gppasptyS i@ch bas neagpproE Rt
operations, ang tR&SRanuf i j i ' the substrate
11 has been 14 detect eéll ?FteL#relrngt%é%tl gﬁ%@f?ﬁﬁéf&ﬁfﬁgs\%ﬁet her the
substrat & cah0Bd3Jr asped by the robot, based on the detected distance

between the inclin t a a t b t refer
to Fig. 7). If the?Hrzggso?ﬁ%ﬁje&ls%dbgﬁsatlm f;]rgiﬁbjecére] gli udgggut?%érggé

doabl e, the Mmewn gDbthe af@ball 3Q igr sspeatey bwear difdtisinN cplatecBbdng t he
operational pghavet ehe. at4s0 j ﬂ% t he.go sed
on the detected Zarmun'? of nc??ﬁggﬁ%nbfogﬁ%hgaﬁsﬁzr ag_%}’ i?n?hggztrhaégg of
the inclinedrellpstedtleyi1a reldeption jplatr B4 ctowarddt®l enage RegesEany
steps, suysh asesH9RPI Ng operations, are taken. (4) Wen both a
projection and an_inclination of the substrate 11 have been detected, a
conbi nati on 600¥Hd above- menti oned processes (2) and (3) is perforned.
[0068] 15Ther{g[ ® El hiati on of substrate” is used to nmean the state
where a subsgratﬁg wktam%@t’j]he cassette 10 has inclined downward with respect
to a preset positi#8nthireérexampleiagcorsiagdoeihe [meesnt2omeantiontwill fef or

j udgi ng whet beectiBed ABPEUNBEAONRH PRl £ FRyDELTale 11 can be

appropri atelg eterm ned according to, for exanpfe, the structure of the
subst r atl® gr B8BYAd mechani sm of the robot. [0070] 25 [ Second Exanpl e]

Generally, the substrates 11 are processed by an
automated system, and operators do not always watch the
processes performed by the automated system. Therefore, when
a failure of substrate transfer by the robot 30 or a collision has

20 occurred, it is usually difficult to determine the cause thereof.
[0076]

In this regard, by storing the images of the cassette 10,
etc., obtained by the image acquiring means 31 in a storage
means 35 (refer to Fig. 9), it will become possible to analyze

25 the images acquired when an abnormal event, such as a failure
of substrate transfer by the robot 30 or a collision, occurred.
Thereby, the cause of the abnormal event can be detected, and
measures for preventing recurrences of the abnormal event can
be examined.

30 [0077]

Specifically, images of the cassette 10, etc., obtained by
the image acquiring means 31 of the substrate detection
apparatus according to the present invention are stored in the
storage means 35 so as to make it possible to refer to images in

35 the past, if necessary.
[0078]



A second exanpl e according to the present invention will be described with
reference to Fig. 8. [0071] When there are nore than one
cassette, the substrate 30 detection apparatus according to the present
invention may be applied to each of the ggssettes. [0072] On the other
hand, as shown in Fig. 8, an image acquiring neans 31 and a |light source
(illTumnation nmeans) 32 35 may be disposed on a robot 30 so that the

contai ning conditi yothe mevéesls images mabe epbdesaabiedds 9 @S robot

30 to the 1§h€ea§t-°<ﬁ*a§% égpé@it?eop'%h‘écéﬁjrag'e”nﬁé‘égﬁs %%?Rég i%eﬁoé%ib?é‘,e
I mage acquiring neans and the'l1rght source can be used for nore_then one
cassette 10. arfbrelsy imagesppravt b «dalebedndded comyaswriiigndneln this

manuf acturin t a d [ 07 : n ;S
exanpl e, thegfal@gﬁg’fragw?re]gl {QS%"S%{ ce gnﬁgu%{%e lgn‘%aeg$%bg§§%0bies

ref | ect ecd® by SROBPELAuMINEN @ mtab BermMakee vehhdasidegvrdetastedt Thereby,
substrates 13; f ef\igeted by, et | on e o he

| mage acqui ri]rrr?g 0 nggﬁts]ﬁg?ld deﬁlzf@iThslé)%éléga%fdef p@r?é(? %étfm)%g t@)?anpl e
accor di ng t o MO nHRakereNt mashbicokent Ifro Bk beérgrdelededer eunder with
reference torfipggy9. 15[0075] Cenerally, the substrates 11 are
processed by an automated system and operators do not always watch the
processes per f or relfl GEaues, akhematd@ a8y seEMmUIMAGr eMe@NSwheh amRyi | bee of

substrat®) tr aRgliRte8Yoh N d PBRot39008iMAiIGP! {d $heNsBB8nd example (refer
to Fig. 8), or at a position other than the robot (refer to Fig. 9).
When the image acquiring means 31 is mounted on the robot 31,
images of the containing conditions of the wafers 11 shown in
Fig. 5, etc., can be recorded, and images of any positions can

15 be acquired from any angles by moving the robot 30. In the
latter case, angles and positions for taking images can be
suitably chosen in order to examine the cause of the abnormal
event and measures for preventing recurrences.

[0080]

20 When the image acquiring means 31 is mounted at a
position other than the robot, a fixed point observation can be
made, regardless of movements of the robot. A moving means
and/or a rotating means for the image acquiring means may be
disposed.

25 [0081]

[Fourth Example]

A fourth example according to the present invention will
be described with reference to Fig. 10 (and Fig. 4).
[0082]

30 In the past, when the robot 30 is operated to transfer
substrates in a state that some slippages have occurred at
frictional fastening portions of the robot 30 and/or some
deformations of robot members have occurred due to a collision
between the robot 30 and an apparatus, etc., the robot 30 may

35 fail to transfer a substrate and/or collide with an apparatus.
Moreover, some dedicated detecting means need to be provided



20occurred, it is usually difficult to determ ne the cause thereof. [0076]
In this regard, by storing the inmages of the cassette 10, etc., obtained by
the image acquiring neans 31 in a storage neans 35 (refer to Fig. 9), it
wi Il become possible to anal yze 25 the ijfmges acquired when an abnor nal
event, such as a failure of substrate transfer by the robot 30 or a
collision, occurred. Thereb t he cause of the abnormal event can be
det ect ed, andnne@sdees tor Cértéﬁént‘ihﬁg r&2QY ¢ e i oned heslippogaal éﬂ@nt can
be exam ned. ley. gng?% t €3
etc., obtaine H%Zé??mso t2€§d&?'r%‘: %Iﬁnlggnasp% tﬁ&“sﬁﬁst rat gbget ection
appar at us acébﬁdfFQ@StB‘lQH@@prdb@mlﬂqf\ﬁi@r&?ﬁdon are stored in the storage
means 35 so gg ?mmake it possible to refer to imges in 35the past, if
necessary [ 007 Only the newest inmages may be kept remained as
| ong as the stor agénca‘ﬁﬁl@l t ye@8rd he theor sydstels IRteoken i apRIGBISe, and
ol d i mages e v n t: ons
”%%cB?dﬁ?c_%)% ﬁaéepr%ser& ﬁ'f\)’%ﬂ\&éﬁ ?nalié's |€M$%n§sg§%ggo ﬁgﬁwe

(e.g., overwiting I'mages nay
has been det 8¢t éaNagmedfeldy sne@fg@sp@&weraf \lZ\hEhl’le@t sHciinf itbet ménp)@lru od

bef th f 0
b ore e abtsein A6yt U §50'] 190 DU IONEL R, SLOTSR Mg
the second eREAfR@ (MeU& @b chQg F@)Q’C 030atlﬂa tpesinommadt Geate heant BE robot

(oot 310 @ontbardlanithien (RABCABR S PanBRNS \ihicte gt Gl e

robot 31, |mag t he containi conditions of the wa wn in
Fig. 5 etc.$ t'ﬁtbét tBeorefeel 3&hus Cﬁag@@”@ﬂ tenteko $hei specifEnpostbee.

acqui r ed fro%%’?ébgrngdh%sat%\i@‘fhaﬂt Pipes 1hd et diihatiofio earfing! es
and positions chosen I n or exani ne

a I mages can sw

the cause of b ﬁh@emﬁch’%l sedeqn HMel Crma@@rr@n @etp\rmﬁhmgna@@oféﬁ@es
than the roba 208 T Taq eo AR I RErand ke iFRE BF e FopBPIg uffbrot het
nmovenentld of USRe M@mvem ansaidiga trdisietasting racaosadoeg nasaneetioto biee
| mage acquir hpgy RANSsABXhEE ArsPOSeAgement of the apparatus and an

increase of the costs can be avoided.

[0084]

An example of a specific process will be described
20 hereunder.

(1) An image (reference image) of the robot 30 is
acquired by the image acquiring means 3 (refer to Figs. 4 and
10) in a state that the robot 30 is controlied to take a specific
posture in a normal state (refer to Fig. 10).

25 (2) The obtained image is stored in the storage means
35.

(3) When the above-mentioned slippages and
deformations of the robot 30 are to be detected, an image
(comparative image) of the robot 30 which is acquired in a state

30 that the robot 30 is controlled to take the specific posture.

(4) The comparative image is compared with the
reference image, and it can be determined that some slippages
and/or deformations have occurred if there is a difference
between the reference image and the comparative image.

35 [0085]
When the comparative image and the reference image



25 [0081] [Fourth Exanpl e] A fourth exanple according to the present
I nvention will be described with reference to Fig. 10 (and Fig. 4). [0082]
30l n the past, when the robot 30 is operated to transfer substrates in a
state that sonme slippages have occurred f4 frictional fastening portions of
t he robot 30 and/or sone deformations of robot nmenbers have occurred due to
a collision between the robot 30 and an apparatus, etc., the robot 30 may
35fail to tramef isplasesstwdhe easty @thes! In déen Yartiealagheactionrs, NbriGover ,

sone dedi cat ‘?ﬁ'ﬁ;ﬁﬁﬁ gﬁtdd%lgeﬁﬁét eRd I'1ta91d3936’rl9é!§dﬁgeﬂlﬁenit”aﬁﬁ}dé’lr ddmeet ect
t he above-nentToned slippages and deformations so that the size of
appar at us wi DOlEe BANVEr ge@came t heosdst Ont heeofotiarn Mhandncwerd.thEo0s3]

SIn this reogefhphhetisEbIhEakCaflel 87| QFcREREEAHAGRCEPE HiBBI4Ged Neidhr Ssent
i nvention_makes Tt possible“to acquire an rmage of “a specitic posture of

t he robotd 30€@ght KEhesr il the doe gdkedisedr dinesdiameefe the frend&tdbadé ifeans
35. Then, the; 'gg)?g fort 304 t 10
conpared w tﬁlgﬁﬂ{ ﬁgoleo 0 ttﬁgtr%op?gﬁh\%h&c%ﬁ%%gc% ?géolﬁr?%a%sag?ggﬁhat

t he robot 30diesctiontEed| 68 ProdHke sRENEpROBitieNpbsROES. Ther explaings
above-nentio [ SO, \?ﬂ b bage n e
conpari son bg?\%eve%r’l ?ﬁ%gﬁn%gégoﬂeta%; rob%l'?% |r? tgrﬁgﬁ{né(;ﬁir?gﬁ)ts?g)t gagngte{]he

i mge of theiff&i6€d30 after 15 use. Moreover, a dedicated detecting means
does notl(pee?ﬂbg e provided so that an enlargenment of the apparatus and an
I ncrease of costs can be avoi ded. [0084] An exanple of a
speci fic process wihe s@uresroberbrormal egngats may be Qutamphiggedy

L Crar et e’ e RIS S ety S e
take a speci Pioinoshuesholtis aowuhl the adéferenees t bebivgenimomparative
images and reference images may be preliminary set, and some
15 slippages and/or deformations are judged to have occurred in
the robot 30 when the differences of comparative/reference
images have exceeded the preliminary set thresholds. The
above-mentioned judgments can be made about some kinds of
differences between comparative images and reference images.
20 For example, the judgments <can be made about
vertical/horizontal displacements, or each element such as a
width of the hand image, or combinations thereof.
[0087]
Furthermore, operational parameters of the robot 30 may
25 be corrected based on the results of judgments/comparisons.
Thus, the robot 30 can continue the transferring operations
even when some displacements and/or deformations have
occurred, as long as the transferring operations can be made
doable by correcting the operational parameters of the robot 30.
30 As a result, the time period in which the robot 30 is out of
service can be decreased. Moreover, more information can be
obtained if more than one kinds of postures are used as the
above-mentioned specific posture.



25(2) The obtained inmage is stored in the storage neans 35. (3)
Whent heabove- nent i onedsl i ppagesand deformati ons of the robot 30 are to be
detected, an inage (conparative image) of the robot 30 which is acquired in
a state 30that the robot 30 is controlled to take the specific posture.

(4) The conparative inmage is conpared9with the reference inage, and it can
be determ ned that sone slippages and/or defornmations have occurred if
there is a difference between the reference image and the conparative
image. 35 [0085] 18 are displaced with each other in the vertical
directions: ii !s hi ghly probable that the hand 36 has been bent and/or
sone bolt becone | oose. On the ot her hand, when the conparative inage

and the rgferenge .lm%ﬂ eddicRiArespphtdt e eﬁ%ﬁte@f h&yr | detieldein
| ongi t udi ;ial di gec"d'tl onﬁ%f@t e hand 36?miat I's highly probable thatg t he

drivi ng neansitbons hefr abqlusdlityasobesubsfeatad ostared tin m@ ocREsEtEdME
positional errars. As explained above, the causes of abnornmal events of the
robot 30 CRABESIKerred. 10 [0086] The causes of abnormal events

nmay be automati galdiNmidtiRy FefleBtbralot@iddidT ope &det 6f the plavalitheof nf erred
results. Some threshol ds about the differences between conparative inmages

and ref er substiateges nmay be prelimnary set, and sone 15 slippages and/ or

deformations arg, | 0 [ - 1.ab G whe

di fferences of wﬁ.ﬁfqr@e{f‘?g*gr gﬁﬁﬁbpﬁng%eﬂé kgglegtgx@égge'g h@l%i%rl i mnary
set threskehs toWedatiny commatimedefledesesushcematbedgadpoations sforre ki nds
of differences between conparative imges and reference imges. 20 For

exanpl e, the sulf§riassa@iPwtefddeanmiicalarathcel I igz28nt al di spl acenent s,

or each el enent, wi.d : i : C Linat t her eof .
[ 0087] Furt her nb'ﬁgggo%ae]r"gpwgnﬁéag{asr %&nﬁlﬁg@o?%uﬁ%gt ngélﬂgyﬁ(‘g@'s be

corr ect ed jiaged indutieg rtheuktigeoporticiysraft Hie cubstraess .thehpassinge robot 30
can continue the transferring operations even wh mon”e glgrlftﬁl cements

and/ or deflgNtdMagR beine fRER@ gﬂ,t Co H@aaggtrﬁi Ahy ﬁga;“gejbteratlons
can be madgiaafl H{%E‘P‘%r:iafrrceétd”t& ﬁrgﬁa Qn@riﬁahﬁﬁﬁtioaaﬁ@mserén@f the robot

30. 30 As a result period in whic e robot 30 is out of service
can be decr easeimalbrpmassimpmeeans arandiqunedec bm frecelss ditegassingr e t han

one kinds li%ﬁ'ntp?rsnta%reesot?tra?ngé egyaﬁ:hteh?m%bgoeveécraeurﬁ'fn%ner%esé%%?' Ell\gre%cilst ure.

detecting the conditions of the substrates stored in the cassette.

2. The substrate detection apparatus according to claim 1,
wherein the illumination means includes a surface light source.

3. The substrate detection apparatus according to claim 1,
wherein the illumination means includes a point light source
configured to radiate the light toward the collimating reflector, and
a retroreflector configured to reflect the light, which has been
reflected and collimated by the collimating reflector, toward the

collimating reflector.

4, The substrate detection apparatus according to claim 3,
wherein the point light source and the image acquiring means are
arranged substantially coaxially relative to each other.



19 CLAIM5S 1, A substrate detection apparatus adapted for detecting
conditions of a plurality of substrates stored in a cassette, conprising:

a collimating reflector |ocated on one side of the plurality of substrates;
illum nation nmeans configured to radiate light hi a planar state toward the
collimating reflector such that edge portions of the substrates are | ocated
in an optical path of the light; 20 image acquiring neans configured to
acquire a passing light inmage including the edge portions of the
substrates, the passing light inmage being forned on the collimating
reflector wwth the light radiated in the planar state fromthe illum nation
nmeans; and i mage processing neans configured to process the passing

l'ight image obtqj I BYEoACHND & BarsrdindabeBrydehecdf ng the
condi ti ongﬁof t eé'su 65%&{% esdestorce)ﬁ %%?ﬁggassette.@ 2. Tx_e substrate
det ecti onclgipw & bs 4cudrateiry the sudfacellighheopeiree tarethe IRginkdighdn means

i ncludes a surface |,ight source, . 3. The substrate detection apparatus
accor di ngSPYres &7 egﬁ@ﬂg‘:gr?m%'qq F’lﬂff%ati on means includes a point |ight
source configured to radiate the light toward the collimating reflector,
and a retroreflector configured to reflect the fight, which has been

refl ected6and cbheisuhsidatsy detiection| apparatysr@fdareing  tor afyr ane Hef

[1i i refl : . The. ) ecti di
Claims, GRS nTC8 o ETER Obtr BOTANAL e "EISREOnC AT PPRG. Aeans ar e

arranged pabsbantimirtyr.coaxially relative to each other. 20 5, The
substrate detection apparatus according to any one of clains 2 to 4,
wherein the surface |light source or the point |ight source includes a |ight

emtting di ode. T tr ect i p or,di,n on@any one of
clainms 1 ?0 5, m&w&% Q%EEFﬂgb|%b$%t?’§C$%‘?&ﬁ% ﬁ@eéﬂg gg%a%lgl iC
mrror. 7cimsubss rat @hdetatthencafipsdtingsrefrtodiing udesaayconvedof

mirror formed of a plurality of flat mirrors combined together into

a substantially curved surface as a whole.

8. A method of detecting conditions of a plurality of substrates
stored in a cassette, comprising:

an illumination step of radiating light in a planar state from
an illumination means toward a collimating reflector located on
one side of the substrates such that edge portions of the
substrates are located in an optical path of the light;

an image acquiring step of taking a passing light image
including the edge portions of the substrates by using an image
acquiring means, the passing light image being formed on the
collimating reflector with the light radiated in the planar state
from the illumination means; and

a detection step of processing the passing light image
obtained by the image acquiring means by using an image
processing means, thereby detecting the conditions of the

substrates.



claims 1 to 5 wherein the collimating reflector includes a curved mrror
formed of a plurality of flat mrrors conbined together into a
substantially curved surface as a whole. S. A nethod of detecting conditions
of a plurality of substrates stored in a cassette, conpri sing: an
illumnation step of radiating lighy in a planar state froman illum nation
nmeans toward a collimating reflector |ocated on one side of the substrates
such that edge portions of the substrates are |located in an optical path of
the |ight; an image acquiring step of taking a passing |light inage
including the edge portions of the substrates by usi an imge acquiring
nmeans, th8.pas¥hagmethad ofdgiedisianthe éPPéEFQSﬁStWOEal%Q F&ﬁ'@fg“ Baf | ect or

with the |j ‘ j L0yt he i f iHel 447 fedt | on neans;
and Wr%*}gg{ gﬂ?ﬁ@ﬁﬂ‘ébéﬁ't"g‘f "@P@%@Qﬂ@fﬁé%éﬁﬂti%@ mage obt ai ned
by the image acquiring neans by using an inmage processing neans, thereby
detecting the conditions of the substrat Es. 21 9. ahe get hqgfﬁg detecting
the subst 28t es THeCBEIhAg AfcdetestingthesubstiateRaccordinhL? A Mdans

i ncl udes cg, lthah thed 9 AeHehwaa tthe

substr at eg'@g%g@dﬁ)néhgomgmﬁ%%&n " e‘?’ei{ﬁ;é I@'ﬁtﬁgr? II um nation step, the
light is talirabtidgt mfeator fieomod Ipoiat ilightrefuree; @nd thenlighseiwhichi ght
source, and the |i , i ch has been reflected and, col | i pat by the

col i mati Hesrlggcp@dg[egte,ctp %ﬂén“?'@mi‘&deﬁvt Al Irl‘e@tc?(g@ I?’L’efl ect or
by a retr ! ' 9IRS ePlectoPHy at pstrbesméetbri n the
opti cal pgﬂti or%?ﬁgeﬂggmé%eﬁ.g%le rret"ﬁé(;d of det ecy{i ng the substrates
accor di ngwith ¢haiedd® poxbiensi of shbstratas Ibrated éoihecoptigat Rath mige
acquiring rre%rﬁ\]z‘ are arranged substantially coaxially relative to each

ot her. gh tret hod of detect | ng the substrates according to any one of
clains 9 to 11, wherein the surface light source or point |ight source

includes a light emtti ng di ode. 13. The nethod of detecting the
subst r at ed laccofh rigetlodmf detedting|thiensubstratas acgrediich tPheal®l | i mati ng

reflector ,incl S ar [ i.r : icng the
substrat eéba(%ﬁg'gqlﬂgtrﬁeo@w hﬁgmgphg{:%lanr{é&%hggﬁﬁﬁé %n%gyglﬂaﬁg%ygl i mating
refl ect or ar@eirpsieged sebsventiaily@axianyedlative tplagchl otherof flat mirrors
conbi ned together into a substantially curved surface as a whol e.

12. The method of detecting the substrates according to any

one of claims 9 to 11, wherein the surface light source or point

light source includes a light emitting diode.

13. The method of detecting the substrates according to any
one of claims 8 to 12, wherein the collimating reflector includes a

parabolic mirror.

14. The method of detecting the substrates according to any
one of claims 8 to 12, wherein the collimating reflector includes a
curved mirror formed of a plurality of flat mirrors combined
together into a substantially curved surface as a whole.



