9703422 -27 DEVI CE AND METHOD FOR SENSI NG WAFER- SHAPED OBJECTS AND

SHELVES | N A CONTAI NER The invention rel atlé3#o0 t he
sensi ng of wafer-shaped objects and 5 shel ves in a container in®Hich
t he shel ves which are arranged substantially parall el to one anot her

serve to receive the objects and radiation froma radiation source
which is reflected at front sides of thg obj ec nd at the shelves is
directed to opt oel ectroni c sensor el ene ? | east
one inage by means .of an i magi ng opti cal (ﬁzg

The sensing of sem conductor wafers in the shel ves of the

containers which are used for transporting and storing the sem conductor

e oy Ko TP HOR AP G BB SRR A8 AT o 7

i ncreases. QEHENVESIN A CONTAMER | N this regard is the acyeverrent
of maximumreliability in order to prevent damage to 15 - the

sem conductor wafers during their autonated handling. As a ruI e, the -
cont ai ners t ha gt o one
anot her. As new ﬁ‘h?g@ﬁﬁg Og}%}ét?ég t(lt)n ro uc ﬁﬁgﬁ%@%ﬁ %tragge and
t ranspdst i nghelvesdmacontaingrdn which the shelves which are arranged substantlally parallel

to one another serve to receive the objects and radiation from a radiation source
which is reflected at front sides of the objects and at the shelves is directed to
optoelectronic sensor elements for recording at least one image by means of an
imaging optical device.

10 The sensing of semiconductor wafers in the shelves of the étoring
containers which are used fér fransporting and storing the semiconductor wafers as
well as holding them in readiness during the manufacturing process grows in
importance as the automation of manufacturing increases. Of primary importance in
this regard is the achievement of maximum reliability in order to prevent damage to

15 the semiconductor wafers during their automated handling. As a rule, the containers
that are used have two openings located opposite to one another. As new
technology is introduced, such as the storage and transpomng of semiconductor
wafers in mlcro-cleanrooms and the merging of the holdnng receptacles with their
outer covering, the opening of this container is often limited to one side which

20 serves simultaneously for the removal of the semiconductor wafers by means of
handling devices.

According to U.S. Patent No. 4,895,486, it is known to determine the
presence of wafer-like objects in a carrier (magazine) and their position relative to a
reference plane in the carrier by means of a monitoring device in that a first signal

25 for the presence of such an object is combined with a location signal for the object.
The first signal is obtained by an optoelectronic sensor which monitors the space in
which the objects can be found. The second signal is formed via a position encoder
coupled with a drive for moving the carrier up and down. To determine the
reference plane and possible holding space of the objects, the space in the carrier is
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wafers in mcro-cleanroons and the nerging of the holding receptacles with

t hei ¥ outer covering, the opening of this container is often limted
to one side which 20 serves simultaneously for the renoval of the
sem conduct or wafers by neans. of handl i ng devi ces.

According to U S. Patent No. 4,895,486, it is known to determ ne the
presence of wafer-like objects in a carrier (magazine) and their position

relative to a reference plane in the carrier by means of a
nonitoring device in that a first signal for the presence of such an
object is conbined with a [ocation signal for the object. The first
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The solution described in Patent DE 4306957 C1 shows a bundle of
measurement beams which is emitted by a transmitter and whose center beam lies
in the reference plane. This measurement beam bundle is guided between

10 oppositely located walls containing the magazine shelves and is directed_to and
interrupted by projections of one of the walls, which projections face toward the
interior of the magazine and form shelves serving as a support for the disk-shaped
objects. As aresult of the vertical adjustment in the direction of the magazine
shelves which are located one above the other and which accordingly, one after the

16 other, occupy a position in common with the reference plane, an image of the
magazine shelves and of the disk-shaped objects located therein is generated by a
modulation of the measurement beam bundie. -

DE 42 38 834 A1 describes an arrangement which, in additionto a

3 determined construction of a robot for moving semiconductor wéfers, also contains,

20 among other things, a sensor arrangement for sensing the presence of these
semiconductor wafers in their holding containers. A number of photoreceivers are
arranged opposite the holding container in such é way that the photoreceivers are in
a spatial relationship to the shelves of the holding containers. An illumination
device which is attached to the robot can be moved by the latter into a coordinate

25 relative to the holding confainer. The signal generated in the photoreceivers during
this movement makes it possible to determine the presence of a semiconductor
wafer in a shelf allocated to the photoreceiver.

All of the technical solutions mentioned above have the disadvantage
that they do not work when used with the above-mentioned containers that are open

30 on one side, since the radiation cannot pass through the holding container. A



reference plane in the carrier is detected by neasuring techniques, the

| ocati ons of 5 the w ndow segnents are determ ned by and stored in a
conmput er based on construction specifications of the respective
carrier being used. The sol ution described in Patent
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one side, sihandlingiplanadi ati on cannot pass through the hol ding container. A
16 Due to the fact that it is required to arrange the device in the
immediate vicinity of the substrate to be detected, application is limited to containers
which are open on two sides as in the other prior art solutions. When containers are
used which are open on only one side, the entire device must be removed from the
handling area so as to prohibit increased particle contamination.
20 Beyond this, the use of the device in the immediate vicinity of the
substrate impedes the use of SMIF technology and leads to restrictions in
automation. The physically large extension of the sensor over the entire height of
the container impedes handling of the cassettes with respect to the arrangement
directly opposite the sUbstr_ates and limits the degrees of freedom of possible
25 movements.

The subject matter of DE 195 35 871 A1 also allows the use of
magazines or magazine-like containers which are closed on all sides except in the
charging direction, but also requires a relative movement. Diffuse scatter light which
is formed after a measurement beam bundle impinges on the edge of an object or

30 on an object support is received by a position-sensitive photoreceiver that is usually



3 further disadvantage consists in that a sensing or scanning

rel ative notion is requi red between the sensor and the substrate.
This leads to an increase in the time required for sensing and al so
to a deterioration of clean roomconditions. The | att er becones

particul arly problematic when the rel ative novenent can only be 5
generated by an adjustnent or displacenent of the sensor.

U S. 5,418, 382 uses radiation elenents which are arranged in a row
adjacent to the front sides of the sem cogduct or wafers. Rod-shaped |ight
wavegui des, whose inlet openings are adjacent to the front sides of the
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substrate t GHaped PofictSbcafddiih tiiagizing sheifed Rydrierated b9 M&arss of an
‘ amplitude modulation of the output signal brought about by the change in distance
between the transmitter and the reflecting object in the plane vertical to the
~ movement direction.

10 The object of the invention is to increase the reliability of detection in
containers which are open on one side as well as in containers which are open on
two sides. It should be possible to detect not only whether a shelf is occupied by
more than one object, but also an oblique position of the objects along several
shelves and the position of the shelves themselves independent from dimensional

15 tolerances without impeding the handling of either the wafer-shaped objects or the
container and without interfering with clean room conditions.

By means of a device for sensing wafer-shaped objects and shelves in
a container in which the shelves which are arranged substantially parallel to one
another serve to receive objects and in which radiation from a radiation source

20 which is reflected at front sides of the objects and at the shelves is directed to
optoelectronic sensor elements for recording at least one image by means of an
imaging optical device, the object of the invention is met in that the recording of
every image is adapted to the reflectance ratios at the front sides which contribute to
the imaging. | _

25 The sensor elements and the imaging optical device are arranged in a
fixed or stationary manner relative to one another in order to select different regions
of the front sides and are adjustable jointly in a plane parallel to the shelves and
extending past the front sides.



which are open on two sides as in the other prior art solutions. Wen
cont @i ners are used which are open on only one side, the entire
devi ce nust be renoved fromthe handling area so as to prohibit
increased particle contam nation. 20 Beyond this, the use
of the device in the imediate vicinity of the substrate inpedes
the use of SMF technology and | eads to restrictions in aut omati on.
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this diffuseotaién dRected vertical to the plane of adjustment in whose direction the sensor
elements are arranged adjacent to one another.
_ It is also advantageous when the imaging optical device for imaging
the objects and the shelves contains ihterchangeable objective lenses for changing
10 the focal length which are carried by a receiving plate. By means of the adjustment
of the receiving plate, the interchangeable objective lenses are displaced by their
optical axes in the region of the sensor elements.
When using containers which are open only on one side, the sensor
elements and the imaging optical device, together with a radiation source, are
15 adjacent to the container at a closed side. A deflecting device ensures a beam path
from the interior of the opened container to the sensor elements and to the radiation
source.
In the general and usual case of coupling such containers to a
semiconductor processing installation for the purpose of transporting wafers, the
20 - sensor elements, the imaging optical device and the radiation source are attached
to a stationary carrier. A horizontally displaceable platform for receiving and
coupling the container to a }::harging opening in a wall element of the semiconductor
processing installation is guided on the carrier. The deflecting device is arranged
so as to be offset laterally to the charging opening at the wall element opposite to a
25 region through which radietion can travel. .
If there is sufficient free space in front of the opening of the container,
the sensor elements and the imaging optical device can be adjacent to the container
also at an open side so that the deflecting device can be dispensed with.



light is transformed by means of an electronic anplifier into an anal og

si gnal whose val ue i s dependent on the distance between the
transmtter and point of incidence. By nmeans of vertical adjustnent
in the direction of the nmagazi ne shelves which are 5 | ocat ed one above
the other, an inmage of the magazi ne shel ves and of the wafer- shaped
objects located in the nagazi ne shelves is generated by neans of an
anpl i tude nodul ation of the output signal brought about by the change in
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shel ves and extendi ng past the front si )
one signal, a new image recording of the same region of the front sides as that in
16 the comparison image is made with a different exposure for adapting the signal
quantity.

A changed quantity of objects in the shelves is characterized either by
divergences of the measured signal widths for the objects relative to the reference
width or by divergences of the distance of the signal maxima for the objects to the

20 reference distances. The latter applies particularly for a signal waveshape between
two signal maxima which lies above a lower threshold value.

Divergences between measured positions of the objects and reference
positions which change depending on the recorded region of the front side
characterize an objeci lying in different shelves. The divergence can be determined

25 relative to the reference distance of the objects or relative to the reference distance
to the reference base.

The invention will be explained more fully in the following with

reference to the schematic drawing.



5 If only a slight spatial change in the recording

elenments is required for the selection of different regions of the
front sides, it is sufficient to adjust only the | magi ng optica
device in a plane parallel to the shelves and past the front sides.
OGtherwi se it is advantageous when the sensor elenents and the 5 I magi ng

optical device are attached to a common carrier which has an axis of
rotation directed vertical to the plane of adjustnment in whose direction
t he sensor el enents are arranged agj acent to one another.

It is al so advant ageous when the imaging optical device for inmaging

the obj ect s mgch BhawPBBLESIEORY iid forldiieerharasrbls abastinaileepses for

changing 10 “the focal |ength which are carrie eceiving plate. By
means of t hédllumingtiemeand a first position of the senser afraggemente, t he i nt er changeabl e
objective |l enses are displaced by their optical axes in the region
of the sensor el enents. When usi ng contai ners which

are open onlBig.dhstwves 8 bdsic viduefos thessensing of wafel-shapedsotjects wihith direpi ng -
optical devigce . together with a radiafjon source are 15 adj acent to the
cont ai ner at"f“r'ih'@?@%éﬂngﬁég?ow Qfé?"l'%{’a}ittha s&@W’caérééW?mng a beam pat h
fromthe interior of the opened container to the sensor elenents and to the

radi ation
5 Fig. 3 shows a top view of a container to be opened on one side together with a

reception device;

Fig. 4 shows a front view of a swivelable reception device with interchangeable
objective lenses;

Fig. 5 shows a top view of a swivelable reception device with interchangeable
10 objective lenses;

Fig. 6 shows the arrangement of a reception device at a loading and unloading
station for semiconductor processing installations with a container which is to be
opened at one side, shown in the coupled and opened state;

Fig. 7 shows a block diagram of the device;

15 F ig. 8 shows a first image which was taken with a first exposure time;

Fig. 9 shows a second image in which the exposure time is reduced compared with
Fig. 8;

Fig. 10 shows a flow chart for the measurement sequence for determining the
presence of objects in the shelves of the container,



sour ce. In the general and usual case of coupling such

containers to a sem conduct or processing installation for the
pur pose of transporting wafers, the 20 sensor el enents, the imaging
optical device and the radiation source are attached to a stationary

carrier. A horizontally displaceable platformfor receiving and
coupling the container to a charging opening in a wall elenent of the

sem conduct or processing installation is guided on the carrier. The
defl ecting device is arranged SO as, to be offset laterally to the
charging opening at the wall elenment opposite to a 25 region through
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el ement s andtwdsidesmagi ng opti cal device can be adjacent to the container
al so at an open side so that the deflecting device can be di spensed wth.

6 . An arrangenent of this kind can al so be used when
the container has in Figs) 1oa?mfm&&pmrdeeﬁM1 WhicPAS ForhRRY ofdrifhading S t he
case in comonly used wafer magazi n

optical device in the form of an objective lens 2, a CCD line sensor 3 with
5 individually addressable sensor elements, and an electronic unit 4 for control and
data compression is arranged relative to a wafer-shaped object in the form of a
semiconductor wafer 5 in such a way that radiation 7 of a radiation source, not
| shown, which is reflected by the front side 6 of the semiconductor wafer 5 can be

received. Radiation components received by the CCD line sensor 3 are transformed

10 into an electric signal through the use of the photoelectric effect and are fed to the
electronic unit 4.

The reflected beam 7 is generated from radiation whose principal
radiating direction 8 with optical axis O,-O, of the objective lens 2 lies substantially
in a plane parallel to the surface of the semiconductor wafers 5. The wavelength of

15 the radiation and spectral sensitivity of the CCD line sensor 3 are adapted to one
another.

As is shown in Figs. 1 and 2, the semiconductor wafer 5 has a notch 9
for identifying the lattice orientation, wherein the position of this notch € in the plane
is not determined in most cases. If the notch 8 lies in the field of view of the

20 reception device 1, then no radiation or only an insufficient portion of radiation is
reflected in the direction of the reception device 1 (Fig. 1). For obtaining a signal, it
is required to select the reflection direction in which the reflected radiation 7 can be
detected by the objective lens 2 to a sufficient extent. For this purpose, the
reception device 1 is swiveled by an angle a in a plane paral'lel to the surface of the

25 semiconductor wafer 5 (Fig. 2), so that another region of the front side 6 is imaged.
The reflected radiation now falls on the objective lens 2,

The angle a which depends on the distance between the
semiconductor wafer 5 and the reception device 1 and on the imaging scale
resulting from the focal length of the objéctive leps 2 must result at least in the



The subject matter of the invention is further directed to a process for 5
sensi-ng waf er-shaped objects at their front sides and shelves of a

cont ai ner by recording at | east one inage which is conposed of
signal s of individual sensor el ements and in which every signal has
a fixed reference to a reference base, wherein the recordi ng of
every inmage is connected with a selection of regions of the front
sides to be recorded. 10 In order to increase the
detection reliability, at |east one pair gf | mages is taken of

different regions of the front sides. It is
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reference to the schematic draw ng.
side, a reception device 1 for sensing semiconductor wafers 12 according to Fig. 3
is adjacent to the container 10 at a closed side 13 which adjoins the open side 14.
Accordingly, a space 15 which serves for the handling and processing of the
15 semiconductor wafer 12 and which is adjacent to the open side 14 of the container
10 remains free and a removal and returning of the semiconductor wafer 12 is not
impeded.
In order to maintain this condition, a deflecting device 16 is arranged
so as to b2 offset laterally to the open side 14 of the container 10 for ensuring the
20 required beam path. The semiconductor wafers 12 lie in the container 10 on
supports 18 forming shelves 17.
If no semiconductor wafers 12 are located in the shelves 17 or if the
container is only partially charged, then it is necessary to shift the depth of focus of
a first region 19 to be imaged to a second depth of focus of a second region 20 for
25 cﬁanging from the imaging of the semiconductor wafer 12 to an imaging of the
shelves 17. For this purpose, the reception device 11 contains imaging optics with
variable focal length. The change in focal length is effected either automatically
based on the results of a first measurement or on demand to measure unoccupied
shelves.



7 Fig. 1 shows a basic view for the sensing of wafer-shaped objects

w t h-direct illumnation and a first position of the sensor
arrangenent ; Fig. 2 shows a basic view for the sensing of

waf er - shaped objects with direct illum nation and a second position
of the sensor arrangenent; 5 Fig. 3 shows a top view of a container
to be opened on one side together with a recepti on device;

Fig. 4 shows a front view of a sw vel able reception device with

I nt er changeabl e obj ective | enses; Fig. 5 shows a top view
of a swivel able reception device with intépchangeable 10. obj ective

| enses;

In exceptional cases in which there is sufficient free space in front of
the opening of the container, the reception device can also be arranged in front of
the opening without a deflecting device.

The embodiment form of a reception device 21 shown in Figs. 4 and 5

5 is suitable with respect to its construction for making a recording of an image
depending on the reflectance ratios contributing to the imaging at the front side by
means of a selection of front side regions that are different from one another.

. ~ Accordingly, images can be taken of the different regions of the front
sides of the semiconductor wafers in that the entire reception device 21 is adjusted

10 by a small angle in a plane paralle! to the surface of the semiconductor wafers. The
axis of rotation 22 lies in the rear region of the reception device 21 in a leaf spring
joint 23 which is carried by a frame 24 and is pretensioned in the opposite direction
to that of the deflection. A linear movement which is generated by means of a
plunger coil or moving coil 26 fastened on a base plate 25 acts on an eccentric

15 application point 27 and adjusts the entire reception device 21. The required
restoring force during currentless switching of the moving coil 26 is generated by a
spring 28.

If only a small local change in the receiving elements is required for
the selection of different regions of the front sides, an adjustment of only the

20 imaging optical device can be sufficient. Suitable means for this purpose are
sufficiently known to the person skilled in the art.

An imaging optical device 29 with changeable focal length is formed of
two objective lenses 30, 31 which are carried by a receiving plate 32. By means of
an electric motor device 33, the objective lenses 30, 31 can be moved on a circular

25 path via a gear unit 34 in éuch a way that their optical axes are displaced in the
respective end positions in the region of the CCD sensor 35. The focal lengths of
the objective lenses 30, 31 and their distances to the CCD sensor 35 are so adapted
as to result in identical imaging scales. Another type of exchange of objectives can
be realized by means of a translatory drive, not shown, which moves the objective

30 lenses on a guide path vertical to the optical axis. An exchange of the objective



Fig. 6 shows the arrangenent of a reception device at a |oading and

unl oadi ng station for sem conductor processing installations with a
contai ner which is to be opened at one side, shown in the coupled
and opened st at e; Fig. 7 shows a block diagram of the device; 15

Fig. 8 shows a first inmage which was taken with a first exposure ting;

Fig. 9 shows a second image in which the exposure tinme is reduced conpared

W th Fig. 8; Fig. 10 shows a flow chart for the

measur enent sequence for determning the 11 presence of objects in the
shel ves of the container; -

lenses or a zoom objective lens with computer-aided compensation of the imaging
scale in the form of a correction matrix are also possible.

The illumination device (not shown) is arranged above and below the
reception device 21 in a symmetrical manner and is mechanically connected

5 therewith or fastened separately to the frame. ,

In the loading and unloading station shown in Fig. 6 for semiconductor
processing installations, a container 36 which is already open is placed on a
platform 38 which is carried by a stationary carrier 37 and displaceable horizontally
in the direction of the arrow and is coupled to a charging opening 39 in awall

10 element 40. A device 41 for opening and closing the charging opening 39 is
constructed for the purpose of jointly receiving a closure 42 for the chargfng opening
39 and a container cover 43 for the container 36 so that it may be lowered into the
semiconductor processing installation.

. The closure 42 is attached to an arm 44 which is adjustable with

15 respect to height and with respect to the wall element 40 and can carry the container
cover 43 which is coupled by means of frictional engagement. The vertical
adjustment and the adjustment of the arm 44 relative to the wall element 40 is
effected via lifting cylinders in the interior of the device 41. Drive elements and
control elements of the loading and unloading station are accommodated in a

20 housing 45.

A reception device 46, together with a radiation source or illumination
source 47, is adjacent to the container 36 at a closed side which adjoins the side to
be opened in that its fastening is effected on the carrier 37. Accordingly, the region
of the charging opening 39 remains free for handling, and the removal and returning

25 of the semiconductor wafers is not impeded. A déﬂection de\}ice 48 is arranged at
the wall element 40 so as to be offset laterally to the charging opening 39, wherein
the wall élement 40 is provided in this region with a window 49 through which
radiation can pass.

Due to the fact of its fixed arrangement with respect to the frame, the

30 reception device 46 is in a fixed geometrical relationship with the same reference



8 Fig. 11 is a schematic top view of an arrangenent for a

contai ner which is open on two sides. I'n
Figs. 1 and 2, a reception device 1 which is forned of an inmaging

optical device in the formof an objective lens 2, a CCD |ine sensor 3 with
5 i ndi vi dual | y addressabl e sensor el enents, and an electronic unit 4 for
control and data conpression is arranged relative to a wafer-shaped
object in the formof a sem conductor wafer 5 in such a way that
radiation 7 of a radiation source, not 12 shown, which is reflected by
the front side 6 of the sem conductor wafer 5 can be . recei ved.

Radi at i on COEaanay Rah@FRl devibei tﬁé‘?er%@n?b&%lﬁre ﬁ%@ééhrin irdi4llatibAN e ™ed 10

into.an electric signal through the use o hotoel ectric effect and are
fed to the position ofdhesemipgnductar wafer is determined, a positioning of thEnkandiingect ed

b 2 Al i nei oal -y
direction a5 SabveIUAERALIRIN 3o bygmeans oLty e,
subst ant i al |vertical location infernpdtione parallel to the surface of the :
e R R At T e e
As i's shown thd ferhiist a in@BpheTCORRNSG BT REINAESED WATSS inpub 3RiearPdRBut®

for identifying the lattice orientation, wherein the position of this notch
9 in the pl 258 with evalualing glectrgaics pRisgadng fPfﬁBQFO‘Mé;\.ta progassingotld1® 9 | i es

oty "an' | ne Pl AR a8 oyt o RIS L8R8 it cof BED PR BRI L "
di recti on ofevenepichre point and swhicheis pregairtiond to theoraditioniimiidence isidigitally i t
s reaupred g S8bE6) B SvAGIRUbARRS 55! DA ddhhlsbh BRoRRELES A
the evaluating electronics 50 takes over the data selection in that only those
received digital voltage values which exceed a lower threshold value are transmitted
via a data line to a control unit 52.
Further, there are connections from the control unit 52 to a radiation
16 source or illumination source 53, {o the control of the drive 26 for the movement of
the reception device 21 and of the drive 33 for the changing of objective lenses. '
The results of the signal valuation containing information about the contents or
occupancy of a shelf, about the position of the semiconductor wafers in the shelves
(cross wafers), about possible double occupancy of shelves, and about the distance
20 of the individual objects or shelves from the reference plane are supplied to a device
controf arrangement 54 via a serial data line. Information concerning the occupancy
of the shelves can be demanded by or sent on to an overriding control unit 55.

It is further provided that the device control arrangement 54 supplies

the occupancy of the éhelv_es and also the spacing of the individual semiconductor
25 'waferslshelves of a control unit 56 for a handling device 57 for their positioning.

Fig. 8 shows a typical waveshape of a signal received by the reception
device over the entire working range of 2048 pixels. For the purpose of data
reduction by means of compression 51, a lower threshold value 58 is set which is
adjustable in dependence on the integration time (exposure time) of the CCD sensor

30 35 by means of software and which stands out sufficiently from the base signal



detected by the objective lens 2 to a sufficient extent. For this purpose,

the - reception device 1 is swveled by an angle a in a pl ane
parallel to the surface of the 25 sem conductor wafer 5 (Fig. 2), so
t hat another region of the front side 6 is inmaged. The reflected
radi ati on now falls on the objective |lens 2. ' The
angl e a which depends on the distance between the sem conduct or

wafer 5 and the reception device 1 and on the imaging scal e
resulting fromthe focal |ength of the oqjaective |l ens 2 nust result at
| east in the

di spl acenen { | e 0 lon he w dt h of. [ he not 9. The
openi ng angt(ggfse) @r%u htoqvgotuﬂgy p‘gﬂ%%{pp%ggéﬁpgléoqrgeqt?l‘@m%récelso %Rﬁﬁpt ed to
angl e a, so thresholdtvalu@5d whichos fikewise adjustablelﬁy fneans ef *s@ﬂ%@r@ dn%ﬂle%tth@n 7
can al so bedreecel ved after the swvelin recept i ice 1.

5 tection of gypogss} }es%ver'aaelagsu%lg%lﬁsﬂ%ﬂ i the mgh%@@ﬁ??@ﬁt%w ce 1in

a pl ane par hdsdthum out uts@r%lthe surface of the sem conductor wafer 5 and
vertical to the optlcal axl s errga Jerr] i nstead of the sw veling
novener® al so provi de§he gdge68 with the positive rise and the edge 61 with the opgatineze t he

openi ng anglge Yostiitse tHaPrBldrda of @ ¥ehficordiRdFNREE Whetdifl thd F8siliSH of B8

semiconductor wafer relative to a reference plane can be calculated from the

9

address of the sensor elements of the CCD sensor 35. The average value is
advisably determined from the difference of the addresses between the flanks 60
10° and 61 and is taken as a basis for the center position of the semiconductor wafers.
By detefmining the maxima 62 and 63 and evaluating the distance
between the two maxima 62 and 63, it is possible to determine whether or not a
shelf has double occupancy. The distance between the two maxima 62 and 63
amounts to only a few picture points and differs perceptibly from the standard

15 distance between semiconductor wafers in the shelves. The sequence of two
maxima 62 and 63 without a value falling below the lower threshold value 58 in the
interim between the two maxima is typical of double occupancy of a shelf.' A further
possibility for detecting double occupancy of shelves consists in valuating the
difference between the positive edge 60 and the negative edge 61.

20 If a maximum exceeds the selected upper threshold value 59, it is
expected that the receiver is overloaded. This applies to maxima 64 and 66 in the .
present instance. In order to enable a more reliable evaluation of the double
maxima, it is necessary to reduce the intensity. This is effected either by means of
reducing the illumination intensity or by reducing the integration time of the CCD

25 sensor 35.

In Fig. 9, the signal intensity is reduced in that the exposure time of 30
ms in the first image is reduced to 1 ms. Because of the lower noise resulting from a
reduced exposure time, the lower threshold 58 can be reduced. The maxima 64 and
66 are now available to all required evaluating steps.



selection of different regions of the front sides is advantageously
executed 10 symmetrical to a center position of the optical axis
Jerr]-gerr] In order to apply the invention in a
contai ner 10 which is open on one side, a reception device 1 for
sensi ng sem conductor wafers 12 according to Fig. 3 I's adjacent to
the container 10 at a closed side 13 which adjoins the open side 14.

Accordi ngly, a space 15 which serves for the handling and processing of the
15 sem conductor wafer 12 and which is,adjacent to the open side 14 of

t he cont ai ner 10 remains free and a renoval and returning of the

sem conductor wafer 12y Eggq#aqis ' n
order to maintain this lJ(1:o‘r'11§| t gr?etweeélet'p ectin 6%8‘\1/? gg |s_Lgorin'éal!grerqg%teodthb

so as to be she¢lfepading or,atten the shelaeapemummtep@d arhourte te amouitiplerof tite f or
ensuring the & ujred.. . t.T .conduct or fers 12 ljie in
the contai neFf%%E)s%%& é] In g& ‘Eﬁﬁbﬂﬁ% “Qfg 0? fﬁ?ﬁé?@ﬂ%’@é@t Oi"\;iﬁe ?écepg‘ svice
I'f no sem cothiine ia fived aélatudr&hwtethee@rta&nhcerbawwniﬁmeka@alréa?dmeschbédme -
cont ai ng is_onl art'J ﬁ' I’% char then it ? necessa,.ﬁg ? shift the
depth of° f och¥fegences of the p‘?ﬁé@"cffp"l@’ﬁ@ PyencsRwton telativedodhe dept h
of focus of ?efén@seafbagewr@mr%od&@hc@Eetweeﬁhﬁagé:ﬂ&oﬁa&&rb«t\nsfekmm thtﬂé he
sem conductor wafer 12 to an i mgi ng of shel ves 17. For

pur pose, t herefmeu%ﬁamalwq@r@mmsm bermgﬂwqubse@g:ondudor wafers
R g L S L
dermand t o nedeierminedquositionddom the shelf spaeingay.the expected position depends on the
10 position of the measurement location between the side walls of the container, i.e.,
on.the recorded region of the front side, and has its maximum in the center at half of
the shelf distance.
According to Fig. 10, a first image is recorded and stored during
measurement A at a first integration time or illumination intensity. If the selected
16 upper threshold 59 is exceeded in at least one picture point which is known by its
address, a second image with reduced integration time or illumination intensity is
recorded and stored. The factor of this change in exposure can be selected as a
function of the anticipated fluctuation in the reflectance of the semiconductor wafer
and lies at most in a range from 1:30 to 1:50. The usable dynamic range of the
20 sensor is established by the selection of the fower and upper threshold value 58, 69
and is approximately 1:10. Since the entire dynamic range results from the product
of the sensor dynamic range and the exposure dynamics, this results in a required
change in the integra_tion time or illumination time by the factor of 5. Accordingly,
with two images the entire dynamic range can be detected. Information on the
25 presence of semiconductor wafers results from the valuation of the leading edges of
the first image, and insofar as the respective signal has not exceeded the selected
upper threshold value, information about shelves containing two objects is to be
obtained from the valuation of the distance between the maxima.
The valuation of the rises of the second image supplies information
30 about shelves with double occupancy for the semiconductor wafers which were



e

10 I n exceptional cases in which there is sufficient
free.space in front of t he opening of the container, the reception
devi ce can al so be arranged in front of t he opening w thout a

defl ecti ng devi ce. The enbodi nent form of a reception
device 21 shown in Figs. 4 and 5 5 IS suitable with respect to its
construction for making a recording of an inage dependi ng on the
reflectance ratios contributing to the imaging at the front side by

means of a selection of front side regiogpg that are different fromone

anot her. _ Accordingly, imges can be taken of the _
di fferent regredstralfedtiiend fi®himage. The ORAeration BrawsemtHeREURS A aRf &2S 1N
that the entire reception device 21 is adjusted 10 by a small angle in a

pl ane par al PEhetwoimages givas infefmating oadhe el aesunangnard douligoccupancy, axi s
ane bare e not . ; . ) Ny
of rotation %ﬂy.oyfgﬁe Egm Vé!?ré%@@t%c(e@%eﬂ'ﬁc&ﬁ:ldct&? ﬂagﬁgfé%ﬁg%ﬂﬁl@ ©%hé hulibe? | €2

spring Is carried by a s pretensioned
i n t he opposf expediedsssniconductor wafers (shelf number),dNdeSbikdhéen the dorhparison of

novenept whjch, i [ y: s of. . rCoil. vi Ng
coi l 2% fas{h%&e&érgﬂﬁ%?w%&e&%g%@g?%@gﬁgﬂe:&eﬁcggggﬁ&?ggllwnIS%E[EB |dCat I on
poi nt 27 anwhe nik thenltnben designatimeiheipasitidn \of asefilcontuetor aifér ida shelf,
T 09 | BiecToShbuES bl vigw or e scitlonde i on pomRion; H BRdtarecka |

l'ocal changgetwaeh'ife Fét6RINEE PosiibA BB attuat pbSifith BR¢beli8'a value deperdnt on
sel ection of different regions of the front sides, an adjustnent of only

the 20 i thegnegsuspmpobiocation between theewalis ofithe eantainsnithanes af@ins for this
Do oo o senn sl K AR HAIBNY Lo bRlSer e bRl o7
different shelves.

If not ali of the semiconductor wafers that were expected are detected
or if it is expected that the semiconductor wafers lie in the container with their
notches 9 in a disordered nianner, then in order to increase the reliability of .

16 detection of the semiconductor wafers a measurement B is carried out wit’h a third
and, if necessary, a fourth image and the resulits are stored. Before this, the
measurement location is changed by a movement of the reception device
corresponding to the view in Figs. 1 and 2. While the recording of an image of
another region of the front sides other than that in measurement A is effected, the

20 valuation algorithm for the images is the same. _

The results W, and Wy of measurements A and B are valuated by an
OR operation and provide the overall results. The determined positions W are
compared with the reference positions Soll,... If the difference between the
reference position and actual position exceeds a value dependent on the

25 measurement location, an error message results. The results obtained for each
shelf are a status report containing the following information: occupied, free, double-
occupied or cross wafers.

In order to use the device according to the invention for determining
the exact position of the semiconductor wafers and the shelves relative to the

30 reference plane, the positions of the detected semiconductor wafers and shelves are



two objective |lenses 30, 31 which are carried by a receiving plate 32. By

means' of an electric notor device 33, the objective |enses 30, 31

can be noved on a circular 25 path via a gear unit 34 in such a way that
their optical axes are displaced in the respective end positions in
the region of the CCD sensor 35. The focal |engths of t he objective

| enses 30, 31 and their distances to the CCD sensor 35 are so adapted

as to result in identical inaging scales. Another type of exchange of

obj ectives can be realized by neanps of a translatory drive, not
shown, which nmoves the objective 30 | enses on a guide path vertical to
the optical g¥itin a88iti6 t1#RKatas réﬂﬁto?hégbﬂ'ﬁ@n is contained in the address of tif&1S €S
or a zoomobjective I'ens wth conputer-alded conpensation of the inaging
scal e i n t herespeativef sensepelement and nan bexcoaverted iste pgeenelrigal distance to the
The il lum natj | : ' : .
reception dZf/%f%ngﬁsia&gé£@§m€%?’@i‘fdtzha%{]nér gcﬁggﬁggﬂggf g%t%;/&é%ﬁﬁ'ggf ed
5 t her ewi dfhthersehsateteradntseparately to the frane. :

t he | ' d I ' ti h in.Fig. ' duct
or acesaPng i nstal | at; dHEHIeE t SHRVA BEodacl el b CogtiRy SRR B cod on

a brought about, e.g., by distortions of the objective lenses. In order to determine the

In

correction values, the imaging of a known dimensional embodiment is effected on

the sensor and the determined deviations are stored in a correction matrix. The

entire measurement arrangement can be calibrated by means of these correction
10 values. )

In the arrangement shown in Fig. 11, a magaziné 67 is placed on a
platform 68 which is enclosed by a frame 69. Semiconductor wafers 70 are slid into
shelves in the magazine 67 as in the case of the container 10. However, a
substantial difference consists in that the magazine 67 is open at its front side 71

15 and at its rear side 72. Whereas the handling of the semiconductor wafers 70 can
be effected at its front side 71, a reception device 73 and an illumination device 74
are arranged separately from one another at the rear side in such a way that the
radiation reflected by the illumination device 74 enters the reception device 73. The
reception device 73, like the device in Figures 4 and 5, has means for simultansous

20 adjustment of the objective lens and CCD sensor for recording images of different
areas of the front sides of the semiconductor wafers 70. The measurement
sequence for determining the presence of semiconductor wafers 70 in the shelves of
the magazine 67 is the same as that shown in Fig. 10.



platform 38 which is carried by a stationary carrier 37 and di spl aceabl e

hori zontal |y in the direction of the arrow and is coupled to a
charging opening 39 in a wall 10 el enent 40. A device 41 for opening and
closing the charging opening 39 is constructed for the purpose of
jointly receiving a closure 42 for the chargi ng opening 39 and a
contai ner cover 43 for the container 36 so that it may be |owered into the
sem conductor processing installation. The cl osure 42

is attached to an arm 44 which is adjustapje with 15 respect to height
and with respect to the wall elenent 40 and can carry the contai ner

cover 43 whi phtenbCidmg! €d by neans of frictional engagenent. The vertical
adj ustmrent and the adjustnent of the arm44 relative to the wall el enent 40
S effected via lifting cylinders in the interior of the device 41.

Drive el emenys arﬂe\ac? or the gé’r&%ﬂ)f ﬁ%@%ﬁe@éﬁé&? ah@3AL08s 'S HRtRAY! '

station are acconmmo
recepti on dewhich t%shélugsaiwhmh are ahaagedastubamrurallquaratlel orond anothecderoa to

source 47, is adj acent.tp th tai.ner 36 a_cl osed. si.de LC | Qi ns
the st de | o feoBMe TS Bbiesfs anfrapRbRR « Eodidlordslete Waichis Eetlibteba il
carrier 37. éde9obfiinedibjects BAd bEBe@Relves is diredéd tdepteiateonie s@ﬁ@éﬁ éléméﬁts
remai ns free for handllng, and the renoval and returning 25 of

seni conduct ofor fegasdiagiat lgast OFWY megas pkan !"@9'@939&”@@' dgvice, arr anged at
h Il el
the wall e e&%?’éct"éﬂz?ﬂgﬂﬁaf f&el? enen?‘“oz gl/été(‘?gégbl{s é ﬂﬁ%ﬁ@ﬂ@&aﬂ@&”' ng

39, -wherein rovi de s region with a
wi ndow 49 t hratiogat the foent sides (6) whigh |canirbnte:m1hganagmg

Due to the fact of its fixed arrangenent with respect to the frane, the 30
reception device 46 is in a fixed geonetrical relationship with-the sanme
reference 2, Device according to claim 1, characterized in that the sensor elements and

the imaging optical device (29) are arranged in a fixed or stationary manner relative
to one another in order to select different regions of the front sides and are
adjustable jointly in a plane parallel to the shelves and extending past the front
sides.

3. Device according to claim 1, characterized in that the imaging optical device
(29) is adjustable in a plane parallel to the shelves and past the front sides for the
selection of regicns of the front sides that are different from one another.

4, Device according to claim 2, characterized in that the sensor elements and
the imaging optical device (29) are attached to a common carrier which has an axis
of rotation (22) directed vertical to the plane of adjustment in whose direction the'
sensor elements are arranged adjacent to one another.

5. Device according to claim 4, characterized in that the imaging optical device
(29) for imaging the objects and the shelves (17) contains interchangeable objective
lenses (30, 31) for changing the focal length which are carried by a receiving plate
(32), and in that, by means of the adjustment of the receiving plate (32), the
interchangeable objective lenses (30, 31) are displaced by their optical axes in the



12 base as a handling device in the sem conductor processing

installation. If the position of the sem conductor wafer is
determned, a positioning of the handling device relative to the
sem conductor wafers is effected by neans of transferring the

vertical location information. 5 In the bl ock di agram
shown in Fig. 7, an. optoelectronic transducer in the formof a

| i ne-type CCD sensor 35 is connected on the input side and out put

side with evaluating electronics 50 servi for control and data

processi ng. The anal og voltage at thie output of the CCD sensor 35
whi ch can be 3s; every picture point and which is
proporti onal r?@@ﬂ@éﬂﬁ@%erﬁo?%hen?eﬁé? ‘dence is digitally 10 converted by the
eval uating el ectronics 50. Data conpr ESSI on 51 connected with t he

eval uating el ectrapi cs 50 t over ection i.n t only those
recei ved di g|6re oM {cﬁg@"ﬁfﬂa e %f 2{? %ﬂgﬁer{zﬁpég Hi‘ﬁqgh?/a‘?” Fare
transmtted eglements\dnd the fAding opficdl @Ieﬁnc@Qﬁg)r tﬁgéﬂﬁértw@:?a radtatnon source (47),
Further, there are connections_fromthe control unit a radiation’15

source or il laigRdiacestiodne ceatainer (1Q %hétéﬁmsﬁgls'%“?h@f@rq Jefleshing glevicRe
movenent of (4, 48) dnidfi Tés%ﬁ@é&n%tlﬂﬁé’h? %er‘?é}%f‘?ﬁe ?Bé'rhéy édh?au?l?r {;IW aémon

changi ng of obj'ect’ive | enses he results o e signal Valu

cont ai ni ng i thesesasir@iernenrts @ndite tharadiatiop sgurce (47). occupancy of a shel f,
about the position of the sem conductor wafers in the shel ves ~(cross
waf ers), about possible doubl e occupancy of shelves, and about the distance
20 of t he 7.ndi Devical acebidiag o clainsdadhaesctérized inhatrthé sersureligrhents, thee

supplied to a ggmg optical device (29) and the radiation source (47) are attached to a
stationary carrier (37) which carries a horizontally displaceable platform (38) for
receiving and for coupling the container (36) to a charging opening (39) in a wall
element (40) of a semiconductor processing installation, and in that the deflecting
device (48) is arranged so as to be offset laterally to the charging opening (39) at

the wall element (40) opposite to a region (49) through which radiation can pass.

8. Device according to one of claims 2 to 5, characterized in that the sensor
elements and the imaging optical device (29) are adjacent to the container (10, 36)
at an open side (14). S

S. Device according to one of claims 2 to 4, characterized in that the sensor
elements and the imaging optical device are directed to an open side of a container
which has an open front side (71) and an open back side (72).

10.  Process for sensing wafer-shaped objects at their front sides and shelves of a
container by recording at least one image which is composed of signals of individual
sensor elements and in which every signal has a fixed reference to a reference
base, characterized in that the recording of every image is connected with a
selection of regions of the front sides (6) to be recorded.



control arrangenent 54 via a serial data line. Information concerning the

occupancy of the shelves can be demanded by or sent on to an
overriding control unit 55. It is further provided
that the device control arrangenent 54 supplies t he occupancy of the

shel ves and al so the spacing of the individual sem conductor 25
waf ers/shel ves of a control unit 56 for a handling device 57 for their

posi tioni ng. Fig. 8 shows a typical waveshape of a
signal received by the reception gvice over the entire worKking
range of 2048 pixels. For the purpose of data reducti on by neans of
conpression b4, aploRess a&&'ﬁr@ﬁ?% glairt 1B cRdtat@ris&d inthatC th bider to increase the

e integration tine exposuret ne) of the CCD

adj ust abl e i n dependence on t
sensor 30 d@sc&;n ralighility; fat ingst ore @alanﬁmme@hs takan ot differert wegioos efthey from

t he base sig
13 %tiss% s{bl)'ought about by interference and environnental
i nfluences. An upper threshol d value 59 which is Iikew se

adj ustable b s the on o{ ossi bl e

sof t abl
over | oad and¥? S sef°88§%8°‘f9$ &"Hi° ﬁ@f'ﬂﬂgomﬁfﬁﬁm&ze? Wéhgﬁhe sngn%gg out put
si gnal . image are compared withiza uppeethéshidld RaluB¢5PO&Hd invat whenamgl t he
edge 61 W|th thei1 éz al g
threshold value (59) is exceeded during at least one signal, a new image recording
of the same region of the front sides (6) as that in the comparison image is made

with a different exposure for adapting the signal quantity.

13.  Process according to claim 11 or 12, characterized in that divergences of the
measured signal widths for the objects relative to the reference width characterizes
a changed quantity of objects in the shelves (17).

14.  Process according to claim 11 or 12, characterized in that divergences of the
distance of the signal maxima (62, 63) for the objects to the reference distances
characterizes a changed quantity of objects in the shelves (17).

16.  Process according to claim 14, characterized in that a signal waveshape
- between two signal maxima (62, 63) which lies above a lower threshold value (58)
characterizes a changed quantity of objects in the shelves (17).

16. Process according to claim 11 or 12, characterized in that divergences
between measured pbsitions of the objects and reference positions which change
depending on the rec_:_orded region of the front side characterize an object lying in
different shelves (17). |

17.  Process according to claim 16, characterized in that the divergence is
determined relative to the reference distance of the objects.



rise describe the presence of a sem conductor wafer, wherein the position
of the sem conductor wafer relative to a reference plane can be
calcul ated fromthe address of the sensor elenents of the CCD sensor
35. The average value is advi sably determ ned fromthe difference of
t he addresses between the flanks 60 10 and 61 and is taken as a basis
for the center position of the sem conductor wafers.

By determ ning the maxi ma 62 and 63 and eval uating the distance

between the two maxima 62 and 63, it is pggsible to deternne whether or
not a shel f has doubl e occupancy. The di stance between the two
maxi ma 62 angg 63 I i ot i differs
perceptibly ?br'omgrﬁgesést %%c?ggﬂaﬁcfaﬂn 3?b%haéggétgﬁ%%um@éﬂéggﬁlﬂéﬁ%%ﬁégrs waf er s
in the shel vdglermined selgtiesntacthefrefergnce distancertodheueierermeda68. wi t hout a val ue
falling below the | ower threshold value 58 in the i nteri mbetween
the two nmaxima is typical of double occupancy of a shelf. A further
possibility for detecting double occupancy of shelves consists in valuating

t he di fference between the positive edge 60 and the negative edge
61. 20 I f a maxi mum exceeds the sel ected upper threshold
value 59, it is expected that the receiver is overloaded. This
applies to maxima 64 and 66 in the present instance. In order to
enable a nore reliable evaluation of the double maxima, it is
necessary to reduce the intensity. This is effected either by neans of
reducing the illumnation intensity or by reducing the integration tine of
the CCD 25 sensor 35. In Fig. 9, the signal
intensity is reduced in that the exposure tinme of 30 ms in the

first image is reduced to 1 ns. Because of the |ower noise resulting froma
reduced exposure tine, the lower threshold 58 can be reduced. The nmaxi ma 64
and 66 are now available to all required eval uating steps.



14 The di stance between the signals 63 and 65 is

normal |y equal to the shel f spacing or, when the shelves are
unoccupi ed, amounts to a nultiple of the shel f spacing: In addition,
in the case of a fixed arrangenent of the.reception device there is

a fixed relationship to the reference base which was al ready described. 5
Differences of the neasured position fromthe reference position relative
to the reference base or of the distance between the sem conduct or
wafers relative to the reference dpgtance allows conclusions to be
made about sem conductor wafers (cross wafers) placed in two
different shgpsgrt The anount of the deviation of the " det erm ned
position fromthe shelf spacing or the expected position depends on the 10
position of the neasurenent |ocation between the side walls of the
container, i.e., I de .and has
its maxi mumin t he cerﬁhgﬁﬂvémﬁ '?89%&88 téﬂ%%ﬂwsﬂ{sqh %f%rggg ed &? cté 8
Accor di ng toshéhgas ih@& cantélnestThamlgecudthecrwedmh Brid wstmsadthéuelmtgmy of -
measur enent A .at flrsi .nte r@gaon time or ilJlumn t i an intensit |f the

sel ected 15 deteﬁtﬁﬂfb'f' GORIAIAS) ﬁes°p£?c%8@%ls\dﬁ agw ea‘o'?s'{'l Ct?ﬁ' S ‘éh poi nt

whi ch i s knozre dpeni drftwo sides, antds detect whetep @Cbh'em@cdﬂ{pidd %eﬁm@man one
integration tinme or illum nation_ intensit ecorded and stored.

The factor ofbiedt to datasipblinHe popitions ef '@Sr&lﬁd% dlopg FSYP"&‘SS'ZFWG_S and theynct i on
O 1 1 Htof Sl Wi AB 16 i R
dynamc r angmpsﬁlngﬂae handling of either the wafer-shaped objects or the container and
without interfering with clean room conditions.
According to the invention, radiation from a radiation source which is
reflected at the front sides of the objects and at the shelves is directed to
optoelectronic sensor elements for recording an image by means of an imaging
optical device. The recording of every image is adapted to the reflectance ratios at
the front sides which contribute to the imaging.
The invention is applicable in the manufacture of integrated circuits.

THIS SHEET HAS BEEN
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20 sensor i s established by the selection of the | ower and upper
threshol d val ue 58, 59 and is approximately 1:10. Since the entire
dymam c range results fromthe progduct of4 t he sensor dynam c range
and the exposure dynam cs, this results in a reguired . change in the
integration tine or illumnation time by the fattor of 5. Accordingly,
with two i mages the entire dynamic range can g€ _det ect ed 3nformation on
t he 25 presence of sem conductor wafers r:§3'335 om t he val uati on of
t he | eadi ng edges of the first imge “ifsof ar_as the respective
signal has not exceeded the select oy 20 eshal d4val ue,
i'nformati on about shel ves cont niggﬁﬁ&Pbbjepf\" to be obt ai ned
fromthe valuation of the distfance betweeR tlie Xy e
The val uation of the rises of fthe sécond P\@B; ugpl i es i ntdrmation 30
about shelves wi th doubl e occupancy for the’ e ductor wafers which were
overcontrolled in the first ifmage/ The OR @peratT om\between the results Al
and A2 of the two i mages_gives infgymation on8he shel f occupancy
and doubl e occupancy, if axy. If tyfe sumof the detected
sem conduct or waf ers corsesponds tothke pgunber of expected
sem conduct or waf eLg”(shel f nunber),‘m>> 0 then the conparison of 5
t he determ ned waf er~positions Werr] With refegence position Soll [err] is
ef f ect ed, 9
' 5

» 2 N




where n is the nunber designating the position of a sem conductor wafer or

a shelf. Fig. 10 shows a sinplified view of the sequence for one
position. If the difference bet ween the reference position and
actual posi‘tion exceeds a val ue dependent on t he neasur enent

| ocation between the walls of th& container, then an error 10 message
results for the identification of sem conductor wafers supported in two

di fferent shel ves. If not all of the sem conduct or

waf ers that were expected are detected or if it:is edf@cted that the
sem conductor wafers lie in the container with their otches 9 in a
di sordered manner, then in order to |ncrease t he relrabrl' 15
-detection of the seni conduct or waf er § measure nt Bis 423&%' out ‘'with a
third aﬂg if necggsary, a fourth |nag- he re.uN¢s are stored.
Before this, t pasurenment | ocation fs ch ged By a nmoyenent of
‘the reception device correspondi ng to/the em/y i l and 2.

Wi | e t he rpeetctiagmat—an—ispge-—at ——— _aobthocrl soaon 4 it he| front sides
ot her thaA that i n neasu ennnr‘ﬂ'fs'effected t e 20 val uatipn al gorithm

for the irfagqs{i$7the sgne. ~The rlesults Werr] and
Werr] of |megspur¢nents’ A and B are valuated OR_gperation and
provi de the qverall.- Tesults. The Ueternlned itioqs'VWer . ar £
conpar ed vyt t He reference posi tions SoIIEerr] If t He dL!';_aﬁ.e bet ween
~t he rie férence pos} posrtron exaeeds 2T Fl e
dependent hei 25 me n, an ertor ssagg “ﬁf?ﬂ s. The
results OH i ed for each e a statfis -
fall ow ng |nfnrnat|on oc -% oc¢upi e§y or cross
V\afers ---------------------- D - Y o oo ¢ o " eua(yCO[dl g tO the
i nvention f or neternlnrng : ?e sem\conduct or
waf ers and t he glel ves re| gt % & € ne, thf1positions
of the detlected 'gnicondu LSt—wats Py helves.@re \\\\\

13




16

sent in addition to the status report. The position is contained

in the address of the respective sensor elenent and can be converted
into a geonetrical distance to th ref erence plane taking into
account the imaging scale and gri %1or raster di nmensions of the
sensor el enents. In order to inprove accuracy, it is
useful to correct ors which are brought about, e.g., by
~distortions of the objective |ense In order to determne the

correction val ues, thg < magrmngof RTrow—drpEnstgnal B3ent is
effected on" t hg swnsor ! eternlnedfg ations are stored in a

correction matri é The tire sur gleRt-grr angenent can be
S

.calibrated by
In the arrangenent

\\t t he orrecti om\LO val Jes.
sh fn Fi\g. 11, a pwgakine 64 is placed on a

platforn1682ﬁ9ich is gncAQsed afr 9. Senlﬁonductor wafers 70 are
‘slid into Tshely i kel I ne K7 hr the case of the container
10. However, a spibgt ant i dlff%ren sijsts in that the magazi ne
67 is open at its frodt{ §ile 71!1 { and near side 72. \Wereas the
handl i ng of 2H€1§§ﬁ€i tor waf er s1v70 cay | —* 4&;4¢ie§qed at its front
side 71, a reception g e 73 any-Atuni gﬁ? N device /4 are
qide in such a way that

arranged separatELx,?’onl ~ r gt the'jrear i i
t he on rjefl ected by the {illumjlnatiorf device 74 enters the

vreceptlon dev e —

-

L 7g £
%5/
% Fig. 4

24

35

N 33

N




reception device 73, like the device in Figures 4 and 5, has neans for
“si,mul taneous 20 adj ust nent of the objective I ens and CCD sensor for

recordi ng i mages of different areas of the front sides of the

sem conductor wafers 70. The neasupenent sequence for determ ning

the presence of sem conductor wafers 70 in the shel ves of t he

magazine 67 is the sane as that own in hg. 10. .

17 Patent Claims 1. hﬁEa%Lse’égr t he si ng48f waf er - shaped obj ects and

shel ves in a container i ich the shel yes whych are arranged

subst anti 88y par al[T®=t0 one_appt her serve th recq%ye t he objects and

! ! iati S i ' ef | ecped at fr'%l sides of the

objects and at t? EIVas el v gidsor - el enent s

for recording at | ¢34} S Y83 iy | Optical device,:

characterized int N Al Adapted to the

reflectanczdatios A4 > (s M I bute to the imging.
— I :




2. Devi ce according to claim1, characterized in that the sensor elenents
and the i.magi ng optical device (29) are arranged in a fixed or stationary
manner relative to one another in order to select different regions of the
front sides and are adjustable joigtly in a plane parallel to the shelves
and extendi ng past the front sides. 3. Devi ce according to claim 1,
characterized in-that the inaging optical device (29) is adjustable in a
"plane parallel to the shfTVES gnd past the front sides for the selection of
regions of the front sidgs that are different from one :another. I

Devi ce according to cIaiTligh:1aracterized in that the sensor elenents and
the i magi ng optical devige (29} are attached to a common carH(H,Eﬁich has
‘an axis of rotation (22)(dhrec ed verti f adj usthent in
whose direction the sensor @l enments are Jarranged adj acent] to one anot her.

5. Device according to claim4, charadterized in_that twe inmging optical
‘device (29) for inmaging theyobjects and « he shel ves (17) coftains :
i nt er changeabl e obj ecti v{ 31) fior chphgin ghe focal length
which are carried by a r¢ e &gﬁ), nt , by nmeans of the
adj ust ment of the receivi F), i Lhangeabl e} obj ecti ve
| enses (30, 31) are displ r optilcal es in the
%]
o)
A
¥
F
ol
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v X
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18 region of the sensor elenents. 6. Devi ce according to one of clains
2 to-5, characterized in that the.sensor elenents and the i mging optical
device (29), together with a radiatign source (47), are adjacent to the
container (10, 36) at a closed side (13), and a deflecting device (16, 48)
ensures a beam path fromthe interior of the opened container (10, 36) to
the sen§g&a§éenents and to the radi ation source (47). 7. Devi ce
according t® claim®6, characterized in that the sensor elenments, the

I magi ng gﬂi'cal device (29) and the radiation source (47) are attached to a
stati ong®@®Qcarrier (37) which carries a horizontally displaceable platform
(38) for receiving and for coupling the container (36) to a charging

openi ng4688) i n_a _wall el enent ofq_a sem cponduct or processi ng

installation, and in that the de Iectingrﬁw Ick (48) is arrapged so as to
be offsg& éaLerally to the chargiing ' (3 at the wall ¢l enment (40)
opposi t P a region (49) thrag whigh radi at§ on régass. 59 ’
66
3000 - 65
2500 -~ 62
2000 — \ 51
1500 — 60 58
l‘. \
1000 \
0 -
- 2 @ © M~ © W ow M N - o & a b location
R 853K B8EZREEB S [pixelnumber]
voltage .
INK] - Fig. 8
4500 —
4000 — |
3500 - 64 59
3000 ///
2500 - ﬁ
2000 -
1500 — 66 55 63
. B 58
1000 -
500 - h
. i R
0 . . 0 . * L] . . I ﬁ
L . = D . . o . ocation
2 &8 88 82 E S £ 8§ & 8 8 [pixel number]



8. Devi ce according to one of clains 2 to 5, characterized in that the
sensor el enments and the imaging optical device (29) are adjacent to the
contai ner’ (10, 36) at an open side (14). 9. Devi ce according to one of
clainms 2 to 4, characterized in that the sensor elenments and the inmaging
opti cal device are directed to an dben side of a container which has an
open front side (71) and an open back side (72). 10. Process for sensing
waf er - shaped objects at their front sides and shel ves of a container by
recording at |east one |nage whi ch is conposed of signals of individual
sensor el enents g8 eviery signal has a fixed reference to a

ref erence base, n that the recording of every imge is

connected with a regions of the front sides (6) to be
recor ded. 19

| 1stimage stored |

illumination 2

{ 2nd image stored |

{ A ] LWhpos = Sollpos ]
[Cmeasurement B_| / results  /

[ iluminafion 1__]

{ 3rd image stored |

U > Max, fi

_ i
{ __illuminaton2 |

L 4th image stored |

L. rise 3 H| | rised |

——

A3 A;s___j

1 WA N WB_ ]
{_Wpos = Soallpos_| F’ig. 1 0
-/ results /




11. Process according to claim10, characterized in that, in order to

i ncrease the detection reliability, at |east one pair of inages is taken of
different regions of the front sides (6). 12. Process according to claim
.11, characterized in that the signals of every image are conpared with an
upper threshold value (59), and in that when the threshold value (59) is
exceeded during at |east one signal, a new image.recording of the sane
region of the front sides (6) as that %. he conparison inmage is made with
a different exposure for adapting the si‘gnal quantity.. 13 Process
according to clai i or 12, characterized in that divergences of the
nmeasured signal w dtRs for the obj ects pelative to the reffrence width
characterizes a changkd quantlty of Obj cts in the shel végs (17). 14.
Process accor dirg—te—6 S Chb di ver gences of
the distance of the sig nHX|na (62 63) for the objécts to the reference
di stances charpct erizas—S_ghanged guanfity of obioct n {he shelves (17).

15. Process atcf| ng to\cl ai m 14 characterized in 'Wt a signal

waveshape bet two signal maxima (62, 63) which lie bove a | ower
Chreshol d val ub 58)
t

of ¢bjects in the
shel ves (17). :

T 67

——— -
-




16. Process according to claim1l or 12, characterized in that divergences
bet ween neasured positions of the objects and reference positions which
change depending on the recorded region of the front side characterize an
object lying in different shelves (17). 17. Process according to claim
16, characterized in that the divergence is determned relative to the
reference di stance of the objects.

20 18. Process according to claimg6, characterized in that the di ver gence

is determned relative to the reference (957 03)4162?renc7base

ABSTRACT

DEVICE AND METHOD FOR SENSING WAFER-SHAPED OBJECTS AND

SHELVES IN A CONTAINER

The invention is directed to the sensing of wafer-shaped objects and
shelves in a container. The object of the invention is to increase the reliability of
detection in containers which are open on one side as well as in containers which
are open on two sides, and to detect whether a shelf is occupied by more than one
object, to detect oblique positions of the objects along several shelves and the
position of the shelves themselves independent from dimensional tolerances without
impeding the handling of either the wafer-shaped objects or the container and
without interfering with clean reom conditions.

According to the invention, radiation from a radiation source which is
reflected at the front sides of the objects and at the shelves is directed to
optoelectronic sensor elements for recording an image by means of an imaging
optical device. The recording of every image is adapted to the reflectance ratios at
the front sides which contribute to the imaging.

The invention is applicable in the manufacture of integrated circuits.
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