ARRANGEMENT FOR THE DETECTI ON OF DI SK- SHAPED OBJECTS IN A CASSETTE
The invention is directed to an arrangenent for the detection of disk-
shaped objects in a cassette, preferably for detecting the preéence and- the
position 5 of sem conductor wafers in a cassette with a pIu?aL)ty -of--
shel ves of identical size. It is applied particularly in the

sem conduct or industry for sensing the |ogding state of casset't-es
bet ween i ndi vi dual technical steps in chip fabrication, preferably bef b7 €,
during or after access by a handling system When
processi ng di sk-shaped objects, that is, substrates such as 10

sem conductor wafers for the fabrication of integrated circuits, the
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equi prent. BaASSEErEf the |arge nunber of technical teps which
render sem conductor wafers of the type nentioned above expénsive,
damage resulting in unusable substrates due to errors in the handling of

the 15 substrates, r@inveNfidiPisireBlodieu & G @C dotbarrof disiene! |
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that ment i og@thgpéroattariatcks® v afiapling system. US 5, 418, 382. Th| s devi ce has
i l'lum nation which is elongated, in manner and whi ch

i s arranged al ong thé’vg'?ﬁ@io‘iﬁssm‘@?'%'smpqwlg?t& that ip, §‘Fb§tf?é9%8§@%as
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the edge Ofdéam\a’\gé ?esuflt%rg ltneu%rﬁgbgl suBsta 2128 duettg %trroirsS in thg%a%hr%' of the
15 substrates, for example, by double occupancy of a cassette shelf (omission of a
processing step), empty shelves (carrying out the same processing step twice for the
preceding or following shelf) and slanted positioning of substrates over two or more
shelves (mechanical damage) should be excluded or minimized. Further, the
handiing system can work more efficiently and wasted routines can be prevented
20 through exact knowledge of the actual positions of the semiconductor wafers.
A device with a purpose such as that mentioned above is known from
US 5,418,382. This device has illumination which is elongated in a slit-shaped
manner and which is arranged along the stack of wafers in the vicinity of the edges
of the wafers, a linear light sensor arranged in the same direction and optical
25 transmission elements which, in the form of a number of light conducting rods,
transmit the light refiected by the edges of the wafers onto the sensor lines which
are set back relative to the iliumination.
This simple construction is disadvantageous in that, on the one hand, a

discontinuity present in the edge of a wafer for technical reasons, that is, the notch



-2 - . for detecting the orientation of the wafer, poses a severe
probl em for detection of the presence of a wafer because this notch
"swal lows" virtually all of the light of the slit-shaped
illumination so that the sensor indicates the absence of a wafer and the

om ssion of a processing step can accordingly lead to unusable wafers. 5
Further, since its edge is usually roundeg in a standardized manner, a
waf er exhibits a small conponent of specular reflected illum nation |ight
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unit whose lipgtenporalili drrémaiallp sepdraReoptical @stestion. eas of the objects which
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el ongaed r envswivieling the optidal girangementes which are arranged parallel to a

famly of planes pr edﬁggcgrmn%etg tﬁg ir;[vre]re'ntion, in an arrangement for the detection of disk-
shaped objects in a cassette comprising a plurality of shelves with an illumination
unit whose light is directed to reflecting edge areas of the objects which are visible at
openings of the shelves of the cassette, at least one optical system for the

25 transmission of light which, proceeding from the illumination unit, has been reflected
in at least one edge area, a sensor unit having at least one linear array of light-
sensitive sensor elements which is oriented vertical to the direction of the shelves
and of the disk-shaped objects and which converts the light reflected by the edge
areas of the objects into electrical signals, and an evaluating unit for determining the

30 presence and the position of objects in the shelves of the cassette, the above-stated
object is met in that the illumination unit has at least two linearly elongated rows of

light sources which are arranged paraliel to a family of planes predetermined by the



-3 - shel ves and objects and which lie in a surface parallel to
t he edge areas to be detected, in that the optical systemis an
obj ect'i ve which is arranged between t he parall el rows of |ight
sources and by neans of which a plurality of cassette shelves is

I mged sinultaneously on the sensor unit, and in that there can be read out

of the 5 array of sensor elenments at.geast portions of an edge area of
the objects which is el ongated transversely to such an extent that,
when i maged sielvdeandobjetts@hich fie in a smeagafmﬁtonhe%b drBad fepgdge
area of the gbject s always |ess than the read out portions of the
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20 It has proven advantageous that the paraliel rows of light sources and

the principal plane of the objective are arranged in the same surface. This is
especially important because, from a design perspective, the illumination, objective
and sensor array are advantageously comprised in a compact sensor component
group.

25 A mean surface normal which coincides with the optical axis of the
objective and is at the same time the axis of symmetry for the arrangement of the
rows of light sources is advisably associated with the surface in which the parallel
rows of light sources are arranged, wherein this mean surface normal
advantageously encloses an angle other than zero with the surface normals of a

30 plane spanned by the openings of the cassette shelves, wherein this angle is large
enough that a free space remains open in front of the openings of the shelves for
the insertion and removal of objects.



-4 - There are a nunber of variants suitable for
readi ng out a suitable portion of the transversely el ongated edge
area of the objects fromthe sensor array. For one,
it is advisable that at |east two parallel rows of pixels can be

read out of the array of sensor elenents, wherein at |east two of the read
out rows of 5 pi xel s have a spatial distance fromone another such that
an irregularity to be taken into consideration in the edge area of

the object when i mage@*‘l'{'?ﬁel LAfa ﬁﬁﬁﬁ% oP{:?r;bgtéé ?tﬁitag}? for re%ié\g%t 3'Wlase than
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are advant ageadfdtingdiféreAefdws bflrBad Blepials! N ddparate sensor linadBtLiwp-t hese
means correlate the object signals of at | east two read out rows of

pi xel s whi cKlimersionalsenger acarate ofiis adveiageuslydievidad: waeraimnetreqessady of
the edge 25a|lofﬁ‘f§?ea%’%t‘b§5@l??\ﬁse ?.éé iﬁen'uaé& it vafuafigh! N Ng the presence of

an object as long as S no tol erance-exceedi ng difference in
position of correl at e@nabpatherdiapdasufficient portiomsediAthe transwerselycaxtendingor nal

position of | provi ded
I n the eval ﬁgpgr?g&ug% BF gg%épﬁéfiﬁ %@?gﬁ%ﬁ%‘ egfth? ﬁgﬁ%%rf%[’: S %Ulme%r over
at | east twsenserareasy with allargedsswvémse apedurs, heawith@leighaspectratia optheper | vy
30 | oaded cassette s stor | p these ans ' .and reference
pattern is Sensor e.ellelapa. Gl %?%E’F%o@ﬁécgf i) tﬁlyn%&z%ﬁ ﬁgﬂc‘?ﬂ E’EE sgpsor
cassetgdoe shelargentisurfabies bf 215 mm , 25 pnofaspett o 18011yal [y be [ ocated,
wherein a slanted position _can be detected by neans
Means for eliminating signal droB/out occurring as a result of known
irregularities in the object edges are advantageously included in the evaluating unit,
wherein these means correlate the object signals of at least two read out rows of
pixels which are at a sufficient distance from one another in the image of the edge
25 area and contain a logical sum for defining the presence of an object as long as
there is no tolerance-exceeding difference in position of correlated object signals
relative to a learned normal position of the objects. Further, means are
advantageously provided in the evaluating unit for detecting slanting of the objects
over at least two shelves of the cassette, wherein an appearance of a properly
30 loaded cassette is stored in these means by learning and a reference pattern is
provided by means of calculating defined areas of cassette shelves in which an

object can actually be located, wherein a slanted position can be detected by means



- 5- . of this reference pattern through a conparison of these

defined areas with the object signals of the inmaged edge areas when
at | east one object signal is detected outside of this defined

ar ea. It has proven particularly advantageous, not
excl usively when using a 5 sensor line with a large transverse
aperture, to provide neans in the eval uatd ng uni t for calculating
suitabl e threshol d val ues for object sig wherein the cal cul ation of
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h h
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i1 lum nation in ordeln¢o dnatﬂewskrshafpeumbjédts frbe dbftied BytHe AVeMicHM | S
over cone by en;) ystem and a symetric
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a focused manner. Because g? this w enecﬁgnd at the
sane tine, s&e&btﬂl lsasgér@r@n dyantageous toj myde@fmvwélee@rg@nm of the
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detecting t ect so incriti areas w es it
possi bl e t carnangeémse rowalehga atraighbling pmaﬁeitto the directiopeofehe objects sthoked
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access of gn Hﬁn%?‘%g system

The essential idea underlying the invention is to depart from a slit-

shaped illumination in the direction of the cassette shelves and, in its place, to

20 substitute an illumination having a large extension in the direction of the object
edges to be detected, although this entails a certain nonuniformity of the illumination
in the direction of the object stack. This problem is overcome by employing a large-
area imaging system and a symmetric arrangement of the illumination and in that
the image of broader edge areas of the objects in the sensor planes are made

25 available in a focused manner.

Because of this widened and, at the same time, exactly geometric
image of the edge areas, the arrangement according to the invention, in addition to
reliably detecting the objects also in critical edge areas with a notch, makes it
possible to increase the distance of the entire arrangement from the cassette

30 opening resulting in the desired free space for unimpeded access of a handling
system.



- 6- ' The invention wll be explained nore fully
hereinafter with reference to an enbodi nent exanpl e.

Fig. .1 shows the basic construction of an arrangenent according to the

i nvention; 5 Fig. 2 shows a schematic diagram of the
i I'lum nation and inmagi ng rati os at edges of a stack of objects
(waf ers); Fig. 3 sgoms an advant ageous nultiple
arrangenent of the conpact sensor accordlng to the invention for

I nspecting cassettes vVin I ar
Fi gl.o 4 shgws a secti oﬂgq ?B@?’b‘r"" th ﬁ%%?qr?ulé'&yrréﬁ@m?ﬁgr W@P |rgf9(9qm Wt a
rounded waf an eestgiment example. Fig. 5 shows a schematic diagram

of the illum nation and i naging, according to the invention, of a
waf er edge in the direction of the wafer ci rcunf erence; 15

Fig. 6 shows a sc hemap;,gc-; ShoWs 818 Basié BEnsthictiBh Gﬁ&h Qﬁaﬁ@grﬂdﬁﬁﬁbé&dﬂlb t8 the

wafer edge with a notc shows

advant ageoulﬂVQﬁ%ﬁn-al arrangenent of the conpact sensor, accordl ng to
the invention, with a free space for uni npeded access to the obj ects
(waf ers); 20 Fig. 8 shows an excerpt fromthe intensity
profil & of a pixel rdvigvshows a scheiatic diagram of theyiluminationcindiimaging s

m ssing (acg@rdi ri t). ) i maged edge area due to
the pres enc'é%8g aggﬂéé)%h?f stiick of o%fec%s Ml‘f&g?
~ Fig. 3 shows an advantageous multiple arrangement of the compact
sensor aocordlng to the invention for inspecting cassettes having a large number of
shelves;

10 Fig. 4 shows a sectional view of a wafer to illustrate the reflection at a
rounded wafer edge;

Fig. 5 shows a schematic diagram of the illumination and imaging,
according to the invention, of a wafer edge in the direction of the wafer
circumference;

15 Fig. 6 shows a schematic diagram of the illumination and imaging of a
wafer edge with a notch;

Fig. 7 shows an advantageous spatial arrangement of the compact
sensor, according to the invention, with a free space for unimpeded access to the
objects (wafers);

20 Fig. 8 shows an excerpt from the intensity profile of a pixel row with
four wafer images, one of which is missing (according to the prior art) in the imaged
edge area due to the presence of a notch;



-7- Fig. 9 shows the excerpt of the pixel row from

Fig. 8*(according to the I nvention) with a view of a contrast val ue
i mage. Fig. 1 shows the arrangenent according to
the'invention with at | east two illumnation fields 11, a sensor
array 12, an objective 13, wherein the illumnation 5 fields 1 1 are

arranged parallel to one another and symmetric to the objective 13 as
| i near rows of I|ight sources and an evakWating unit 14 arranged as a
conpact sensor A cassette 2 serves to
receive a quantity of Fmﬂmm thériexterat of the pixel row fransbigr 8dacdardingite the

cassette 2 in the sem conductor 10
fabricati onﬁ%@%?&% wa e?€£§83$%3té}éﬁj§§§ﬁggal ly (by neans of handling

systens, as they are called) renoved fromthe cassette 2, processed
and then returned agaj e casset waf er s are stacked

in the cassette 2 in gﬁ% g%@@\”@dh%ﬁﬁﬁ@emem aCCOrdl%p{;ﬁlgV%pﬂdglg'la least

Cr osspi eces tw ilNdiifatibh fdlds | NP aRAyI 12, BAdbfdctife 18] Whein irmuummauon
cassette 2 ﬁnd are | ocat ed exactlém%osme one anot her at uniform

interv® s ahgldss 1 arearcanggd paraiief arpthesand synmetricto the \ghjective 13 agaf er s
3 are depos|)iagsr rowddt light sour%él“?ﬂ& 'ahyev%ﬂﬁtlﬁb%ﬁnqu ér%g%ﬁgés‘%ﬁ?@a@m&bpg

of the webs 21) can valy In er ent cassett
standardi zed. for each type of cassette 2. Every wafer 3 has an

i dentification nunberA\@agg ;#§8N8§3‘5 %%véé“au%ﬂ%fwaieré ?’Wgﬁls 22 in

whi ch the ocat pose of
t he conpact transpartediinitbistoassetts 2 friom obne prdcassistapgo the next inthe semidondusioe! f

22 1 odbh s ket ant STHEWAIGR 3 4R autoinucaly RGP fieas o1 RERAIRG Heldiisas on

fields 11 athey are caued)hanﬁﬁaa $romtmfcatsbattwef pfo&e@éed/&hd:fheln&eﬁﬁﬂéa ap&m tBy
t he objective 13 on the sen

sensor ar r ajhe1gassetig 2 e'm%‘dafeﬁs B1Ree §1ag5§qi Hb%ﬁlqaééﬂ%% inyn Ofdergd meannes.
in the casspbi @ussﬁmbtssé &8s§¢7@béssoméﬁs@ﬂamheoraa&xed mh\é's%@w P @‘E"t o

el ement s. al" sensor el enents accordi ngl recel ve
a det er ni neﬁa%@ﬂérz @Céﬁfﬁ located exactiyeppesiteaneranetier at enifoim miervelsgand)f this

wal o1 18, SP6:ranbY BHA'sneRBs o) 2R nich the watdid B8 ALY OThe

separ a sette 2 cont al ns e maxi num
quant ity of quartily and s{zeal df the shelves 82 {$pecingdf the Qvebsa]bcad)laeynd diff@rent hel f

22 al so hol ge?ss%ﬂe¥ 2o Bt %fs%nc;’ardlzea %r Ja%ﬂ(i?pe of cassette 2. Every wafer 3 has an
identification number which also contains the number of the shelf 22 in which the
wafer 3 is located.

20 The purpose of the compact sensor 1 is to indicate to a handling
system the shelf 22 in which a wafer 3 is located. For this purpose, the sensor array
12 records a portion of the light which is reflected from the illumination fields 11 at
the edges 31 of the wafers or which is scattered by the objective 13 on the sensor
array 12.

25 - The sensor array 12 is oriented in the stacking direction of the wafers 3
in the cassette shelves 22 and is divided into many individual sensor elements.
Individual sensor elements accordingly receive light from a determined wafer 3 and
from a determined area on the edge of this wafer 3. Each individual sensor element
can be evaluated separately.

30 If the cassette 2 contains the maximum quantity of wafers 3 (all
shelves 22 are occupied) and each shelf 22 also holds only one wafer 3, a reference



- 8- map or reference image can be recorded in which all of the
active sensor el ements of the sensor array 12, i.e., the elenents
receiving the light reflected by a wafer 3, are determ ned. This
reference image is stored in the evaluating unit 14. Al rows of
pi xel s which are recorded subsequently are conpared with this reference
I mge. |f 5 there is no wafer 3 in aifhelf 22, the sensor elenents
allocated to this shelf 22 are not” active, i.e., they do not

webs 21 of the

receive lig | fer Qes ,not _oc .

cassette 2 ghaBS{ ﬁ;}g%gﬁgg m%gg canjoe rpizorp X&’?‘ﬁt%@oﬁﬁe ?%V%ﬁ%‘?%?é?'%ents
(crossed vvafoml)e soméwrarmqmwi egh!@é@l@hﬁarﬂs mﬁewmg th@ﬂi@ﬁf refletf)d th?a Waferst i Ve.
Thi s to cases ,where Jv_a lie on_top of one
anot her in tHe @gquprgqﬂee‘fmg@efere@g image S store in the evaluatmg Bl 142 Allvows afne
i1l um nati orpuiwmmtéreaé@brabs sUB?él:’d&tl?ﬁ?é‘b&ﬂereﬁfwnh this referbhée ﬁﬁ&?@ck
sensor 1. The aperture 15 of um nati on areas , Whereint

are fol® il Iesedaneyvafer 3ina smlf 28 thesepseselpmenissallocatediotbissshelf22 are such
a way that pot active, i.b,, ithéydd Haf Fe%g%‘ﬁgﬁﬁ NeaRidisAs H)S?é héféé&@l‘?ﬁe @\%k IOf

wafers 3 in the cassefte 2; wn, as uni
t he X directwahs. 2Trofethe|c|aaa¢ttea2 |00rb0ﬂlll eidgs, ildl, ifitilies slanted in twemmlwbslaaﬁearl y

Lespect t o (oSt BRI S8 VenRbPoRirer R BomaHE Bl iay 12 Arfieh3.
sel ect ed | n atsccapnhes to cases whyrd thatwafees B (ié iondop bhohe ahother ir me%anﬁle shelf

casset |maged on the sensor array 12. 20
By nea pI ication or nultiple duplication of the above-nentioned

arr angerrent accor di ngFrgozlamwsaheulmmmmmm Fﬁfh érﬁ:’m%rmﬂghfg} BédrA path 6f er s
(cassettes can be I NSP ected in an econom cal manner. This 1s

advant ageoué‘zq gompact SensPh&-t Thgapertueas 15pf theyilluminatien areas thahaseinthere
respect to LReidyr GRMIRRG Qéaden in the preS@AIRARL, ﬁﬁeﬁs.aaw dp it (R tha™! |

and by its continuous stac cate
rel ative t oitdiuminatesitbe scrremabcalw iifustratad stack ef wafuers aursthescasmatte 2, not t he

conpaciz sen n 0
that 15 =C"SRbwd, A At &S pbReiBIH b Koty T BB flnd i Aot TGS o
over the enekiend llnearly verticaldtortbe drawing ptanesaralasranged s'yrtnhmtncnallydn Ipairammht 0
Fig. 3, to carr eval yati.qn i t lLuralit atin
units in or #5&%&?&3#%3 @vzﬁﬁ? E@F%H‘*W‘Hé’f &?Pgd?lﬁ&"&r'@ ege in su

i ncrease t hevagrthalthé ientite/statk ohwafees Bama cassette 2 is imaged on the seisop &rray

i nspection gf a wafer 3 reveals that the edge 31 of a wafer 3 is

rounded in 2st andar di zed nanner. Fig. 4 shows an edge 34 which is rounded
In 20 By means of duplication or multiple duplication of the above-mentioned

arrangement according to Fig. 3, the occupancy of larger substrate carriers
(cassettes 2) can be inspected in an economical manner. This is advantageous in
that cassettes of any size can be checked with respect to their contents by a
compact sensor 1 which is kept small and by its continuous stacking without
25 complicated adjustment relative to one another. The only prerequisite for this is that
the compact sensor 1 is designed in such a way with respect to its dimensions that
the parallel illumination fields 11 are uniformly distributed over the entire
construction. It is also possible, in contrast to Fig. 3, to carry out evaluation with a
plurality of evaluating units in order to reduce the evaluation time and therefore to
30 increase the productivity of inspection.
Close inspection of a wafer 3 reveals that the edge 31 of a wafer 3 is
rounded in a standardized manner. Fig. 4 shows an edge 34 which is rounded in



-9 - this way with an illum nati on beam path, shown schematically.
Because' of the rounded edge 34, there is, for each wafer position
in the cassette 2, only a small vertical area 35 in the direction
of t'hickness of the wafer fromwhich directly (specul ar) reflected
light can be received fromboth illumnation fields 11. This area 5 35
I ncreases as the aperture 15 of the objective 13 increases. This
relationship is true regardl ess of 9the actual shape of the rounded
edge 34 so lgng as the roundin assumes a constant course, i.

t he shape of tmwavauwow"wg@ﬂga beam patheshown schematigaliy. Besausesef 'b@w ating
from the ci erUn%d?%@B% 'tﬁeré?ﬁ P&y (f?\e\ﬁmﬁiéiﬁblé’ltsléﬁ‘ thBQ: sette 2 oﬁiggeirﬁal ceur.

|f the wafer edge s hot , ecasbl s 10
3, light is MCaleﬁfeal 3qim thef dlmntltoh@f\miblenesscbj@QWafartfltonawhaﬂWIr@tlyiegr ee of

di f fusi )

obj ot ve. 13PegHRNTeMHed §ETTeeirte RctRediigth ool dBiishiels £ TR area
IE“ nC[‘S psﬁ ofS?\/gfweaststasCMBGpedofs{?]ﬂot trm‘cbtged:twbmasmcreases This rte{atlonshnp is

i shows e i in ew e cassette

e | Tnens "Strie Fagd s B (el shand of 116 Rautingd 90 4530003 86118k faunding
(paral l el toadsuendsoa consthanesurss, |Tehethmha é oBihedroLiaded é@?e BAapEmgt of
reflected light that is g h the aperture 15 of the

obj ective 1333M&,@ COUFRE %eveﬁtmsjrqn the S'FHQWeS geit is °"|Y necgssagy thatao t he
circunter e”%rﬁérstcf&u\“’aff%e wafét® éﬁb@l“ib ot gbﬁéhhd WhRR ib bfBA tl?é 8584 iliﬁvafers

illumnation field IS recelve hr oug I rect ection fromt
i magedi@dge wlightis scatteredg«ay fromi the wafexedga34 Wdh@ vErying slegme efdiffusionhe Y

di rection syg r is a

point on t hqu“f%@rém\% }éﬁ [ ééﬁ%ﬁ%ﬂ"v%?%?ﬁ?eﬁ%@vﬂgﬁ i tﬁgvicﬂ‘?t& goét I on

is satisfi edhervestmahregumas.t Tae mndlpieotwabadeteehoredoes nohaffegdeisur e 15 of

t he objective 13 from it of the il]lun nat eId 11.9gver a point on

the aroa. of ! o i owe ngaolia AT BRER 4 0B oWy HiCasdelB 2

?bJ leg ti \1/ ef 13n\1Ae/tn h@ehdr%ri]@ﬁ_.ratxbh ®f the lllum]!nalmrﬁeld g15 irf theof direction (bafauel folthib ? ﬁt ion
ie or i C is . co on .0 i rect nmet . e

| ar ger $hi s RiaRgRaf 'b&d%a 8\756:5 c@er@@aﬁ ﬂlep%rﬁﬂy?\tgoﬂr%ﬂ‘?%%d tht that is @#%ﬁgl ons of

the illum nahigiy hfthslagehuﬂé 15 bhﬁxe%ﬁ“@ét%ﬁdtbﬁthé sERSdr atr%h%zlﬁamttﬁereﬂgs' ved
by the sensor array froma wafer edge 31. In the casé of predom hantly

di ffusely area32 %idae cieumtprongecef taag@éeea (ag gigpmiar diskdn Maerehﬂht fenihe h of
obyect | vo, 1oHOPafbATECHY s tyoud it BAbchBR i dod e wop,
t he scatt er |38 thediuovnation figld henwtfeater@bigéh@l' direction such thed foreevesy peint
from 02(]5 0 1%P<{rﬁ rtlrlé ehae BFé.apﬁé Meqe is a point on the illumination field 11 for which the law of
reflection is satisfied in such a way that a direct beam can enter the aperture 15 of
the objective 13 from a point of the illumination field 11 over a point on the area of
the wafer edge 31. The larger the aperture 15 of the objective 13, the larger the
quantity of points of the illumination field 11 for which this condition of direct
25 reflection is met. The larger this imaged edge area 32 (corresponding to the
dimensions of the illumination field 11), the stronger the signal that can be received
by the sensor array 12 from a wafer edge 31. In the case of predominantly diffusely
scattering wafer edges 31, light from the entire width of the illumination field 11 can
enter the aperture 15 of the objective 13 in principle. This is dependent only on the
30 magnitude of the scattering indicatrix of the wafer edge 31 which can assume values

from 0° to 180° in principle.



-10- In order to determine the orientation of a
wafer 3 with respect to rotation about its center, this wafer 3 is
provi ded with a standardized cutout or notch 33. It has been
determ ned by experinments that no |ight reaches the aperture 15 of

the objective 13 fromthe area of the notch 33 (conpare also position B in
Fig. 8. In 5 this case, a sensor accwdl ng to the prior art would

| ead to an erroneous interpretatio e., it would report the

posi t1on of this. ki nd- TOGHER b dFRRG o biantation ot 2 PRRIST i fesela |

the inventi onjtatlon about its center, this wafer 3lis pealdddd with a Istandaidizéd oatout 9EASICAN
fromthe sig or a senso

field of )
accordi ng tOQS'h 8 Qﬁe%aq%emﬂgaby\lﬁgpgqms U%QPSU?%PQ% rgachessthgmenHrq:]@gf 5

and 6. The sa@mectmq@frémhé %Péé?éf tﬁbgméh 3@(0&12%@% |d?1‘B m F:? 8). In
three wafers | ying in shel ves 22 positions D.

positiof B V\HES case, asemﬁéam@ngwhﬁ pronat weuld Iead &@merrﬁﬂwme vi sual
field of theinpipnfthudt, i3y ifouldiport the ahsehBOSPh wais Fhithdliar Al &1 S

decreases dr y 'and, in the case neas ur ment accordlng
to the pri orpl:gsant r/&mafersposntlmféhusdmmbeshowons Figa 6t(althowgh in connectiomwith 3
is present e%&érhiog)? The illum nation and

| magi ng rat| S ‘accor "ng to the invention which are shown in Fig. 6
are suitably conf i gur dd additioneFign8 showsra seotion $rormther gigredl dieldbof @§ensor

t he se or SI otch 33 1S sent , Shows top..vi ew of
the StaBr oostths tAF BivBn'1SF & Seristr aRoBidieiibip RYStart it afey oSy o

pl ane desi gngticieh meFlgbes And 6. The sectioh 8héws lha;é‘éns‘of eighhmr tHé gmsaﬁéé efn
fields 11, onl of which is shown since on onent of

the illum naf¥ Wé SPMQQ@SW'@Q%%M%V@W%&&"W t@é‘YﬁF‘eP@éﬁiPn was
case, inpinggg rﬁﬁ'cﬁsi?‘ér E'VPcﬂe rétHf’edV}ﬁfoethes(ﬁ%%l fild of the senso array 12251' he I

order that increased i nrtation in the rection can a
utilized, desanser n@aatf@qmts walaridenreases drastinally apdsiodhe caseof thisisor arr ay

12 and4g Or}ne?% QBnferR aHab MY to Hhe ?n&r Q@{S%liﬁﬂ%ﬂ#ﬁﬂwo‘h Rkisidd thal'A the

eIongatlon e sensor rec ion1s greate
t han the i nawafeoS lspeeseotmmlmﬁthe sensor array 12. In thi s

arrives on the sensor TRRYTRTR anlifaGRg faflsedhing e Mokl Wyen; |
di fferent budre3hown m(fllg \Bihmrmttaﬁby&mnﬂgured to prevent an erroneoufimsﬂprethﬁm of
sensor array, 12 can aal onvent j

|

The Y gt eoling sefaty sigedl whans Apich s proaan Figapeaowsa opariew of i atack "

20 of wafers 3, so that the drawing plane lies in a wafer plane designated as the Y-Z
plane. Light from the illumination fields 11, only one of which is shown since only
the Y component of the illumination and imaging are to be considered in the present
case, impinges on a portion of the wafer edge 31.

In order that increased illumination in the Y direction can also be

25 utilized, determined requirements must also be imposed on the sensor array 12 and
the evaluation. This problem is solved, first, in that the elongation of the sensor
array 12 in the Y direction is greater than the image of the notch 33 on the sensor
array 12. In this case, there are always portions of the edge area 32 from which light
arrives on the sensor array 12. In principle, this can be carried out in different but

30 equivalent ways.

First, the sensor array 12 can be a conventional CCD line which is
movable in the Y direction in that it is displaced with respect to position by a



pi ezoel ectric displacing unit in order to read out a row of pixels
successively in tine in at least two different |ocations of the
i mge of the edge area 32. The sane result i s obtained when two
sensor lines are arranged in a stationary manner in the end

positions of the above-described di spl acenent novenent. Secondly, the

sensor 5 array 12 can be constructed as a two-dinensional matrix as is
indicated in Fig. 1 and, thirdly;11t is also sufficient to use a
special CCD line with a |arge transverse aperture is used, i.e., a

| i ne havi ng mezﬂegqvtres‘sé'&etacmurw i Qkderdq read gut a @@ooi Pixels SHFCQWB'Y in time ' sC
b

sensor ) et i 6itbichy RigafiRest b Hnago dt (nitick 4BAER. T Safla rbalf

which is ;shdarmbtamaci \gher_nstwm 5enspd lines ast araangaﬁhstarmmonany ufam{eelmmmf pat .
1 mm an

o th an apeRciins BPuRbbESleiaoled WsbleBrisht Hovement, Sptdifil S sersor

di recti®n widnfay i 2earpbe ebnstnictdd as aitwe-ddrhedsdoﬁdynatnﬁaﬁﬁundma’tedzuﬁﬁgm The

O ror & AR, B8 Bishiulftlent To Sk §Sperial Gl e T A IHTgS dfansHer Aot o 33

of appr oxi W%b@hure'ﬁsfﬂ%bdpie aalline ahvihg @high a@péctlétlo sudias ey g sECDiindd 618!
in the X direction, a_wafer thickpess is pproxi mately 6

to 7 sensor S& 8¢Rq% b Fa&(E Reticon with an aspectqratlo of § 100:1 (peige fingof theRenseRt i on
mentioned algpyRents ot 2 Mo 88 Hﬁg Feér ﬂﬁé‘la@l@r variant which IEQHBWF\ ih Fig ‘53 Iihé"‘ way

that two sensor lines are arra an af)roxm'ae
apert L'l‘t(b Tiagtual constasction iof the wmm §enS¢r hisglugies apabjgsitive 18 (witbra facah

pi xel 4 {

P overar i <SGRBS ot anduith &n BagndlBlok 2y aris fiflhr s8nder APAPER i 8 x

di rection. irectionnvithid024 pedetswith ajsizatca‘cﬂxo,jdytﬁe 025 mm zmﬁm THewimatfingr e
0.8 mm at a_di,stapce 10 sotat an_o naI S ..

Vool vea by SGHB P p el pt okl haged 8iad BigR 82 1T Shoterindndiie mes
Accor di ng t ¢he$tand&rdizea wiaith uﬁtﬁambtmorammmalélywmm vatl digssoludientofod 25
to those menti oned above is a,rran%etg in the ;%rmof a conve tlonal CCD |line

with 19 M PLESERSQL elermRnt Ipithe R dfectian.& waler ,trgjgknesg Ipequaldgh . 0.2 mmin

such a way hbﬁkmmatelyst@?%@h@&%@ﬁénﬁﬂtﬁ%‘? carried out froma p03|t|on
ylerr] to a p05|t|onp%\ [err] an adj usting mechani sm For exanpl e,

the positions corres ribetf@sttqwasmnonmmﬂqaedtah@vwwe sensor arrayefid 680 benes
the casset t &8ped FESUCHE WaRRE D 3 Rsoribel BOBnahosd R Bnipraindtely
ylerr]. square aperture Thus, foxanype; e senspolinascf 2948 pixaingachivithpixal he
RueTEB S abBE g 8RS8l 5 001 mmoId R e AR SHARR Sk ek uhch i 28
mm relative to one another in the Y direction. Their visual fields projected on the
wafer edge 31 are 0.8 mm at a distance of 10 mm, so that an object signal is always
received by one or both sensor lines in any position of the notch 33.
According to Fig. 6, an individual sensor array 12 with values identical
25 to those mentioned above is arranged in the form of a conventional CCD line with
2048 pixels and pixel sizes of dx ,dy = 0.014 mm , 0.2 mm in such a way that
displacement can be carried out from a position y, to a position y, by an adjusting
mechanism. For example, the positions correspond to the positions of the two
sensor lines from the construction mentioned above. An image of the wafers 3 in
30 the cassette 2 is recorded separately at each of the positions y, and y,.
One option is to record an image during the movement of the sensor
array from position y, to position y,. The image recording period is then selected in



- 12 - such a way that it is equal to or is a nultiple of the
novenent period y[err] to Y[err]. In the | atter case, the sensor
array noves repeatedly fromy[err] to y[err] and back. Typical tines

for "a displacenent are 10 ns. The i mage recordi ng period can be up to 40

ns. Thi s continuous image recording at the sane tinme enables the
use of a sensor 5 matrix as a sensor array 12 as is indicated in Fig. 1
wi t hout the invention being | i mit38-t hereby.

The phot ons inBi ngi ng on the sensor array 12 during the inag
recording pefuco@ W that #isanualdg opis@m |9i°f<31°@ﬁ\6pfﬂmft@d’ntﬁt¥er in the

I I cal f
bi el | char gaaiétabo, the sensol iy nioeS Seeutdal o Bfaaniioacky T9BREISE
signals are fcoadap!a@amam araliigimsal Thelmw recording pétinst eamhétu@rtp 49Prmgscal e
values) in tyg Séfrﬁ}nlﬂl%% r}ﬁayé}évtojré“ gﬂt e féﬁﬂé iR kbR fhg‘?%g.cg'a sepsog, rt he

foll owi ng can $HeoTECy y I'ha processor ]C or
DSP) or§ matnxalssa)sensnr peray 12ias is dradicatedin Rige dwdtheut thegnveritiédjeing he
sequence ofr@{w vaI ues of a sensor line is first exam ned on
| ocal extrerfd" Mth and 1 st order. Extrema 15 of the 1 st order

are positive and negatrhucphbmﬂssmpmgiﬁyeoﬁﬁw rﬁfra HRfduringithéimage

val ues (contrast, val ue seqguence %(fgcdordl r}g{

The ext r ena F8¢Ording Period Arg @ccyraplated pixel B'P‘?' Sg?d afasz.e;'ﬁﬁwcae\ﬁwnals
the end (COWH‘éﬁéoﬁédPoﬁH% Y s@m§%‘ﬂﬁ'€€g&i&ﬂ@d 6|%lcﬁhi§%51‘ﬁé' J?els%?? he

waf er edge osiTion between the positions

cont r atd naﬂvawm%lmézhv line. c'Bm elestrical signaimare carverieddniexdigitl vaisesur ed
position of AP t |
contrast mni nﬁaﬁutég fmé%&%ﬁ v&iﬂé‘éd rt re‘c’%‘r‘\ qténr%tshf nﬁ%] J@éﬁth eéra)@é’)&g{ej
count ed as e followingeedn bé ekecuted in rtmwatyen @f probessoo (g. gaatu(hmx Dﬁl?)]ort hi s

oo BspFbdhdn e nariiatye B AR P AREREA bvefaRddhe

Oth and 1 Sbf arséas%rZ?me is éﬁét&!&dmmwuﬁ |doabextté%ﬁa of maol th ra;nusm prderl Ex@rebhid S
extre erl ne | nterv . e val ue o t he ontr.

o TR P e s ey S b ive A neqalive RRaKS Bibe seqyance of fsrantiaht r ast
M ni num th%memormastb@luarsbqadﬁ&éammgx@F@m) of the Oth and 1st order
standing out fromthe_signal noise within a defined interval.

If a neasured wafer pb&e¢ Pmﬂ’“ﬁé)f th dstarderdsfine the start (coplask maxigumland 30
fggu ar22 detpndignd n@#gﬁr}i@( Ririund) W aCInSEPBGRA 1BEpIREIE Whicdk? "de®” @GFatet 8gd N 2
31. The middie position between the positions of the contrast maximum and
20 contrast minimum is defined as the measured position of a wafer 3 (wafer position).
The contrast maximum and contrast minimum must meet two further conditions in
order to be counted as wafer signal limits. In the case of the contrast maximum, this
prerequisite consists in that the value of the extremum must lie above a noise
threshold and there may not be any additional extrema of the Oth and 1st order
25 standing out from the signal noise prior to this extremum within a defined interval.
The value of the contrast minimum must lie below a noise threshold and, after this
contrast minimum, there may not be any additional extfema of the Oth and 1st order
standing out from the signal noise within a defined interval.
If a measured wafer position is located inside of an area of a cassette
30 shelf 22 defined by learning, the corresponding shelf 22 is occupied in a regular
manner.



-13- If there is no signal that can be eval uated
within the defined area, two cases present thenselves for
consideration: If the defined area is enpty and there IS no
significant signal at a distance fromthe defined areas of the two adjacent
shel ves 22, there is no wafer 3 in the shelf; if the signal is not |ocated
within the 5 defi ned area, but rather3out5|de it between the defined
areas of adjacent shelves 22, the wafer 3 is slanted over two or

even nore shel ves 22.ifherg is no signal that can be ebﬁluﬁle@%fﬂ A B b
of the Oth and 1 st order are gca ea wee'n'the arﬁlfﬁrgg {‘%e end

of the defi ﬁ@&psamreaemﬂhamselveaftmmmdsrai@n L] tﬁeldeflaed area is empmamhhere

t t ' »
PO L 00 7 sigHRBAR ot s Y S5 Py Bk R B Ml . (.,
one obj ect . shelves 22, there is no wafer 3 irlther shelfyif dbensigaaldanot lodated withintisans of a
filled h LLmti I.t] tart d d
waf er 51 gnapeiiaetarak Byt athag opisie t befiibeP i pefhca bida orlcst phoitns 22,
consecuti vethe wahberiedlahlacﬁdwdrftw@bﬁb@én mérelehélvesi2ar ea in whi ch the

wafer 3 is normally | cat t hen assigned to each nunbered shelf 22, 15
wherein this area is 'g EWF?Q'QME—Q’"%B& Q3R and_1shprderiase lacalrd val ue

(system betweehathy alart Imtr@%doeéﬁheaerh@d Atda inwhidh éﬁf ﬁ%{-? ;laﬁh githin

the wafer signal are recorded by the correspon nunber in
addi ti on t oreguiar@esitivadat allewherein higarea is determined hye!eammg wﬁhl atrefereres f or

oi xel 0ows (453886, n this water shalt 27 s oggupled Wo@ it BheWhigats | 0L 707 )
lines or froma rrat r |bearnmg@anebsmarmchom bwpeansrpbaﬁﬂlad cassette 2. Thdée

no o "RRb pestighs {8afiend AT pLRBINAR B e Ry bt TS lout

conS| der ed Wafdapoemougamicdmsecutwely numabereddyestelf dumiper tA dbﬁeﬂzsgmancy has
e

b | 22 at t
ot ered Whichand wais Lis rayialy BrsledTo s assioned toiedo imbared ahel 22en 25

vaf er 1gosi t yRG@INMiICaRRAGE gimwtﬁswa?ér RN -4Nef Dloldranes vhirYshebneen the
defi ned areas of two shelves 2 the stored findings will indicate

a wafer 3 |Yalug). sThenexteema of the Oth anddshordes Sund within theywater signal are
Wen noni toffelbggjgﬂ UWh%fco%% Ghdif Egeli)ﬁﬁnsaﬁhfad&tma%%hehem& El %{ﬁécan

22 whose de areas are ccup y one or nore objects are erm ned,
and in 30 theadeiutilized to theck fonmultipte odnypandesi ned areas are | ocat ed above

or bel ow slanted he%tlﬁlruﬁnﬁq ﬁ\lf@?%&éﬁbl?@ﬂowﬂ%}er 1na ?rr%g&ﬁtemf

correspondi ng codi ng are ransferre
conpugér 4)digslaced line, foom sepadateslines or from a matrix), the results are superimposed in

the following manner. If a wafer 3 has been found in a shelf 22 at least once, no
multiple position is detected and this shelf 22 is then considered to be occupied by
one object. If multiple occupancy has been measured in a shelf 22 at least once,
this shelf 22 is considered to be occupied by multiple objects. If at least two different
25 wafer positions have been measured, at ieast one of which lies between the defined
areas of two shelves 22, the stored findings will indicate a wafer 3 lying slanted
between these two surfaces 22.
When monitoring a wafer cassette 2, the shelf numbers of the shelves
22 whose defined areas are occupied by one or more objects are determined, and in
30 addition, those shelves whose defined areas are located above or below slanted
wafers 3 are determined. These numbers with a corresponding coding are
transferred to a master unit (e.g., a computer 4) as detection results.



- 14 - The space directly in front of the wafer

cassette 2 is kept free for wafer handl i ng. According to current
standards, an inspection device located in this space at a

di stance of 300 mMmm * 100 mm i s not desirable. Because of its conponents,

t he arrangenment according to the invention makes it possible to

I nspect wafers 3 5 | aterally, wth respect to the openings of the

shel ves 22, outside of the space ﬂﬂescribed for this purpose. This
variant of the invention is shown in Fig In this

exanpl e, an illuni natid® spagedineetly Hbf!P@i Qfé'ﬁ%Na@ﬁ! cassetieedis kent frge for wafer
& o0 ! LOnt - Rehdiig ALRIFS d bk el Thakalibh 4BLE'cHied |tk dracl

dx umnatio are arrang
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char act Bri st laterafly, withirespectlto tli‘empmmgmofahecshelvbh 22} o@tsiderof the 8pade sur f ace
fhe same PrescrijaEr i pumass. JPiayatast bl edrvantonds SERRRIEFG. 37 the
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parallel illumnation fields are_arranged nmean surface normal

encl oses an @@ leghiremtmgqmesdbE%) Whiﬁhtfﬁ"ﬂﬁé 'Wlﬂ%@ field 11 of %ICM#§ of a
pl ane which g '49% Llﬂﬁ'm’im | i 71 abd'&rr tﬁ su’{&e#ﬁbﬁ et
0 e pen| ngs

angle is large noug ee space remains |n ron
of thet0 13 (ahmeanddaelow the objectivest3 with mespest tothe rawing plane)arsl ha® a

The illumn t f

i nst ead of g‘?\%ﬁﬁfg anﬁgrtogg’rs@g ‘Vefbd%ﬁﬁg’t"aﬁel écﬂ?é SJ[“ ﬁ%ﬁ%%ﬁ%@ 8re used
on b?lt hI si dgmdlatmg charauteristie ocb?;’ -¢8t.i Fer nm'posés ofdflusitatioh, ammawsmfmd _
paral I el and_ at crete uni f.0 ce.to r as is

P rent ed 1 sl whichdoiiciaed witd i optical axip Rt el tigothl Y Snd 876 B S °: e
openi ng of tmﬁeahélax%%f%%nﬁﬁetwﬁarmaﬁé Sgeraemrbfttﬁ@um(nmdmﬁtfiems it be 25
actual size of the required free space &s aded area). In this respect,

the po¥Pti orAssignedto "r(‘ﬂ s't"ﬁ%"%'@ﬁ%i@"t‘ theparafiel fiyraingtian fieldear arangaty ThiE axi s
of its obj eggbxﬁgaﬁ a&Pnofill éhtloses an anﬁfehﬁ n'oi@ﬂbé]go 36/ WittPthd SLiif g 41f .&? ective

13 can be a In this case, specti o out

wi t hout i rrpermrmgl& @fea nlang Iwhieh @y&i@ﬁﬁﬁl bWhemnﬁmquféUe casastier’l wharaisthis
ThecTen of SRIBRIEREghS FALRIES shECE Rimdy R ol orAS BRARGEAIRL 1 [
accor di ng t ccashette 2 for the insertion and remavalleéokjectse pl acenent of wafers 3 by
e o9, Vst e o e o1 o ARBAEE E 8o RGH RS Wh,
instead of one illumination field 11, two illumination fields 11 are used on both sides
of the objective 13, all of which are arranged parallel and at a discrete uniform
distance to one another as is indicated in Fig. 2. The angle « is determined from the
size of the opening of the shelves 22 of the cassette 2 in the Y direction and the
25 actual size of the required free space 5 (shaded area). In this respect, the position
of the compact sensor 1 is displaceable along the axis of its objective 13 so long as
the imaging scale of the objective 13 can be adapted. In this case, the inspection is
carried out without impeding the handling system, without wasted time and without
movement of components of the compact sensor 1 once it has been adjusted to the
30 appropriate size of the cassette 2. In addition, the arrangement according to the
invention can check the placement of wafers 3 by the handling system and, when
appropriate, send signals for correcting or repeating the handiling procedure.



Ref er ence Nunbers 1 . conpact sensor 11 I1lumnation field

12 * sensor array 13 obj ective 14 eval uating unit
2 cassette 21 webs 22 shel f 3

obj ect/wafer 31 waf er edge 32 (i maged) edge area 33
notch 34 waf er edge 35 vertical area 4

conput er 5 free space (for handling) a angl e (of
t he objective axis for surface nornals of ¥¥he pl ane of the

openi ngs of e cassette shel ves) A BC D positions (of the
waf er signaléeq?rﬁ"[:ﬂy“ﬁ'i‘%? rows of the sensor array) Y[err]. Y[err]

positions (of the read out pixel rows of the sensor array)

1 compact sensor
11 illumination field

12 sensor array

13 objective

14 evaluating unit

2 | cassette

21 webs

22 shelf

3 object/wafer

31 wafer edge

32 (imaged) edge area

33 notch

34 wafer edge

35 vertical area

4 computer

5 free space (for handling)
a angle (of the objective axis for surface normals of the plane of the

openings of the cassette shelves)

A B
C,D positions (of the wafer signals in the pixel rows of the sensor array)

Vi Va2 positions (of the read out pixel rows of the sensor array)



- 16- , Patent clains 1. Arrangenent for the detection of
di sk-shaped objects in a cassette conprising a plurality of shelves, with
an illumnation unit whose light is directed onto reflecting edge areas of
the objects which are visible at openings of the shelves of the cassette,

at | east one optical systemfor the transm ssion of |ight which, proceeding
fromthe illumnation unit, has been reflected in at |east one edge area, a
sensor unit having at | east one linear array of |ight-sensitive sensor

el enment s “hWﬂﬂe¢§|%' ented vertical to the direction of the shelves and to
the direction of THE di sk- shaped objects and which converts the |ight
reflected by the edge areas of the objects into electrical signals, and an

evaluating unit for determ,ning the Slt of ob ects in
t he shelves of the ca&etté"aeaeol ‘[@Fﬁ?e tPﬁ 9%3‘%“‘?‘&5 ?ﬁ’?‘t?#?lﬂ unlt
has at | easicabyéttd cmpﬁénug @l mmncye& shewss okith a8 fillunsiraticieenitWhess ﬁg
arranged parallel to a | anes redeterm ned by _the shel ves §22)

and obj ect s diggtegonts "?ﬂ%’“f‘ﬂ 9§9§ @ﬁ%@ tBﬁPqucé? whighare V@ﬂﬁ% apeRepingsol to
be det ect ed thd Bhéipés of ihe &%Eéﬁ?'at okt Sﬁb bfméél s‘}@le‘?&fdr‘(ﬁe (ra;%amie!eioﬁfbf

arranged between the parallel [ near soufces and nmeans of |c
plurality owhiglspseepeding from thqﬂtglaun%tmmmhmg@gpp reﬂlﬁqie@lm@tdeastmedgeand

.0 1o ok Sk S8 ot WaBE o bl O SO e b
transver sel which is.ariented artieal o theadirection of theaghalvésiandito therdimction efithe an

irregularit r area |s alwa

oot a1t R AR okl i Ul Pl P ectRA B d Sk 88 1S

2. Ar r angebjests mtmolbdlrbal $ignalk,2ard dn evdlaamg anit mdeteinﬁmg tHdSrebbAGE "

| i ght sources V\‘S ? g {’ gt%e‘d arall el the planes of the shelves (22)

are arr ange8NSJeRPSiien PLOPIREIS R e shejves afd 3 eichs q,gharactenzed in that the 3

Arr angenent jRefRatEn Ghit |@a§hﬂbast&woqmaaa¢ bléhbéfé@ r‘oWstdF mté&réésrm&h agaht

sources which are arran‘g arallel to the planes of the shelves are
arranged parallel'to a family of planes predetermined by the shelves (22) and
objects and which lie in a surface parallel to the edge areas (32) to be detected, in
that the optical system is an objective (13) which is arranged between the paraliel
linear light sources and by means of which a plurality of shelves (22) is imaged
simultaneously on the sensor unit, and in that there can be read out of the array of
sensor elements at least portions of an edge area (32) of the objects which is
elongated transversely to such an extent that, when imaged in the sensor plane, an
irregularity present in the edge area (32) of the object is always less than the read

out portions of the elongated edge area (32).

2. Arrangement according to claim 1, characterized in that the
linear light sources which are arranged parallel to the planes of the shelves (22) are
arranged symmetric to the objective (13) in pairs.

3. Arrangement according to claim 2, characterized in that the
linear light sources which are arranged parallel to the planes of the shelves (22) are
luminescent diode lines.

Yo g



| um nescent di ode |ines.

- 17- 4. Arrangenent according to claiml1, characterized
in that the surface in which the parallel rows of |ight sources are
arranged is plotted by parallel straight lines which are parallel to
surface lines of a circular cylinder generated by an orderly stack of
objects located in the cassette (2). 5. Arr angenent
according to claim4, characterized in that7the surface in which the
parallel rows of light sources are arranged is a surface parallel to a
tangential plane at safd C.Armggmqryﬁcgg@.mg to claim 1, characterizegl in that the

Ar rangement %ﬁ?&eﬁi’n;@w\/{gﬁ trféf ﬁévﬁllﬁ tro@%ﬁ;? g@ﬁtesrdu?@éé drd a?rﬁﬁbe& E?pl%ﬁé@ gg?drﬁlel

whi ch t he paral S are arranged®rs a
parallel to atrgghblnwsemle!mafeapmrauél to sudface lines ofra c:ydularcnyhnder generated by an

7. Arrange r acterized in that the
princi pal gﬁ@"&?‘?ﬁc‘% 38@%%%@%?9{’%?“?85%@%38&(1 I n the sane parall el
surface in Whl ch the rovvs of light sources are arranged.

Arrangenent accordi ng claim4, characteriz t hat n surf

o1 i ch cor nci dasi ¢ HErASeRAN BPomieogHaitn, cBafasterized 1o 108t thad i s
at the sane éuﬁﬁbetlhﬁivlﬁé.‘h ﬂwegiarawémawg f fight solrced'dré@ aera isC4 stifigcd pufanel

| i ght sources is assqci at with the surface in which the parallel rows of

li ght sour cetp afangeptialRiane atgaid sireulareWinggn surface normal advant ageously
encl oses an angle other than zero with the surface nornmals of a plane

pl otted or spanned by the openings of the cassette shelves (22), wherein
this angle is |arge erfbugh Arrangement accordingdociimrds charactarized in thattbet of

the openi ngsg ks deifi vt theSpdratfal rdWS of fitht'sBiifdel 'aPd atfgdF I 8lirtde SRR S

to a generated surface of said circular cylinder.

7. Arrangement according to claim 5 or 6, characterized in that the
principal plane of the objective (13) is arranged in the same parallel surface in which
the rows of light sources are arranged.

8. Arrangement according to claim 4, characterized in that a mean
surface normal which coincides with the optical axis of the objective (13) and is at
the same time the axis of symmetry for the arrangement of the rows of light sources
is associated with the surface in which the paralle! rows of light sources are
arranged, wherein this mean surface normal advantageously encloses an angle
other than zero with the surface normals of a plane plotted or spanned by the
openings of the cassette shelves (22), wherein this angle is large enough that a free
space (5) remains open in front of the openings of the shelves (22) for the insertion
and removal of objects.

9. Arrangement according to claim 1, characterized in that at least
two parallel rows of pixels can be read out of the array of sensor elements, wherein
at least two of the read out rows of pixels have a spatial distance from one another
such that an irregularity to be taken into consideration in the edge area (32) of the
object when imaged in the sensor plane is always smaller than this spatial distance.

L



9. Arrangenent according to claim1l1, characterized in that at |east two
paral | &1 rows of pixels can be read out of the array of sensor el enents,
wherein at |east two of the read out rows of pixels have a spatial distance
from one another such that an irregularity to be taken into consideration
in the edge area (32) of the object when inmaged in the sensor plane is

al ways smaller than this spatial distance.

- 18- 10. Arrangenent accoﬁﬁing to claim9, characterized in

that different read o [ OWs .are at ed after, e oth W|th
respect to time by an ndlé’fmm?mﬁgﬁ? {%F'W geﬁ?&?‘“@f'@f&‘htgat grast
the sensor egadoout(phddl rows BRY §6herated diid) aftat thé atHefaWﬂhtrégpeﬁlto%eeﬁssaﬁn L

bet ween t he reaoﬁs of the different rows of pixels 1.
Arrangenent ! "Qe’d‘gfaz 'ﬂ%a’t%"@l %fl ﬁﬂ“ﬁ@f elgmants, tiereiadne sensaliartayd13kisdBeved r ay

(12) is noup®eans i l&h h§|oF|b%EW fﬁ%%a&b g‘%ﬂtthe different rows of

12.  Arrangenent accor ng to claimg, acterl zed In

di mensi onal P¥e®sor array (12) is provi ded for generating different read out
pi xel rows. 13. Arrangenent according to claim?9,

characterized in that means for eliminating signal dropout occurring as a
result of known i rredld.ar iArrarngement laccardjngcto claimetD, aharaoterizeddd that thée

eval uati ng | t erelnthe relate th bj ect signal s of
at | east tm%gldsé’éé%%gt“#yndﬁé“%m?ﬁ |aspl%aﬂe§?§l§ g'saﬁcﬁﬂ?u"fﬁ)e@ikgﬁt di st ance
fromone another in the inmage of the edge area (32) and contain a | ogical
sum for defining the presence of an object as |l on p@p there i.s no

tol erance- exceedi ng ¥&-f f AMEANgemant rding-fo gfai rRcterizad indhata twenl s
relative todlﬁidrﬁﬁidaﬁgeﬁwr%’aylf(?é)' |§'p%\/(d€d fd?%eﬁ@ia@iﬁg%timegtent read out pixel 14

Arrangenent according to cl characteri zed |
rows.

13.  Arrangement according to claim 9, characterized in that means
for eliminating signal dropout occurring as a result of known irregularities in the
object edges are included in the evaluating unit (14), wherein these means correlate
the object signals of at least two read out rows of pixels which are at a sufficient
distance from one another in the image of the edge area (32) and contain a logical
sum for defining the presence of an object as long as there is no tolerance-
exceeding difference in position of correlated object signals relative to a learned
normal position of the objects.

14.  Arrangement according to claim 13, characterized in that
additional means are provided in the evaluating unit (14) for detecting slanting of the
objects over at least two shelves (22) of the cassette (2), wherein an appearance of
a properly loaded cassette (2) is stored in these means by learning and a raster is
provided by means of calculating defined areas of cassette shelves (22) in which an
object can actually be located, wherein a slanted position can be detected by means
of this raster through a comparison of these defined areas with the object signals of
the imaged edge areas (32) when at least one object signal is detected outside of
this defined area.
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additional neans are provided in the evaluating unit (14) for detecting
slanting of the objects over at |east two shelves (22) of the cassette (2),
wherei n an appearance of a properly | oaded cassette (2) is stored in these
nmeans by learning and a raster is provided by neans of cal culating defined
areas of cassette shelves (22) in which an object can actually be |ocated,
wherein a slanted position can be detected by neans of this raster through
a conparison of these defined areas with 28€ object signals of the inmged
edge areas (32) when s | e fangBenPh&rarigH6 Haih ', BRbfaclditted th i Mear™ °

15.  Arrangeggngor afrap | 2)witH & high?dsPedt ratib Dt #ed Sénsor @ldmentd # providdtFRF the
sensor array (1é%qaé\neth a_h gnaaspect ratio of the sensor elenents is
1

[

provi ded fordetg fesufficientlyrlacgerimagpd 9dog areas;32) phthechiegls: areas (32) of
t he objects. 6. Arrangenent according to claim 15,
characterized in that the evaluating unit (14) contains neans for

cal eul ati ng suitabl e t18 esAstangeatentacgasdingip slaim Ji5g aharactesized in that the

Lcul at i . o .
o the | 1 gntovRslifglui 1 AFooniis WidkristoP GEHHRRy Rufibia Hirsndld aRASHHE ™"
det ect ed edgbjectsignabs} wherein the calculation of the thresheldyaiues isdraseddimg t o one

of clains 1 tq@ 16. characterized in at t rrange t .for . detection of
i sk shaped GipEng TeASeRER tna ot Bbs IiPe KopRRIFES A Stk bbfoct fdos
i ndi vi dual gn tisnaewetiidedyecarear(@gped in a row along a straight |ine
parallel to the direction of the objects stacked in the cassette (2).
17.  Arrangement according to one of claims 1 to 16, characterized
in that the arrangement for detection of disk-shaped objects is provided in a multiple
arrangement, wherein the individual arrangements are arranged in a row along a
straight line paraliel to the direction of the objects stacked in the cassette (2).
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