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The invention is directed to a device for indexing magazine compartments and
wafer-shaped objects contained therein, particularly semiconductor wafers and templates, the
magazine being adjustable vertically in a measurable manner relative to a handling plane for
removal and charging by a magazine seat of a wafer handling device by means of a magazine
lift for the purpose of processing such wafer-shaped objects. Such technical solutions can be
applied in the manufacture of integrated circuits, particularly for handling operations, and are
known, for example, from US 4,895,486.

In the manufacture of integrated circuits, semiconductor wafers must be

-transported between different processing stages to individual processing machinery. It is
increasingly common for such transport to be effected in standardized transport containers, so-
called standard mechanical interface boxes (SMIF boxes), the mégazine within whose
compartments the semiconductor wafers are located being fastened in a suitable manner to the
base of these transport containers. For the purpose of charging the processing machines, the
magazines are unloaded from the transport containers by suitable devices and the
semiconductor wafers are removed by a removing and charging device. After processing, the
semiconductor wafers are returned to the compartments of the magazine and the magazine is
returned to the transport containers.

The possible use of impact pressure sensors or reflex couplers which detect the
semiconductor wafers in the magazine has the disadvantage that the magazine must be
serviced in a determined sequence. In so doing, the semiconductor wafers may not be
removed from the magazine in arbitrary sequence; rather, the charging magazine must be
emptied starting from the bottom and proceeding upward and the dispensing magazine must
be filled starting from the top and proceeding downward because of the required sénsor
arrangement and the removal and charging of semiconductor wafers dictated thereby.
Consequently, a fixed allocation of the wafer to a determined level is not adhered to. Such
technical solutions cannot be applied for iuispecting conventional random samples or for use in
the above-mentioned transport containers. |

It is known from U.S. Patent 4,895,486 to determine the presence of wafer-like
objects in a carrier (nﬁagazine) and their position relative to a reference plane in the carrier by

means of a monitoring device in that a first signal reporting the presence of such an object is
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combined with a position signal for the object. The first signal is obtained by an
optoelectronic sensor which monitors the space in which the objects can be located. 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 location of the objects, the
carrier space is divided vertically into segments. In addition to a segment serving as reference
plane and segments without wafer-like objects, window segments in which objects may be
present are also defined. An indexing of the carrier is effected in that, after the reference plane
in the carrier is detected by measuring techniques, the locations of the window segments are
determined by computer based on construction data of the respective carrier being used and
are stored in the computer. _

Although the quantity of objects and their locations relative to a reference plane
within the carrier can be determined by means of the described solution, the carrier or the
removing and charging device must be positioned according to the grid dimensions of the
compartments of the carrier in order to remove the objects from the carrier. If divergent
carrier geometries and tolerances are not allowed for in so doing, errors cannot be ruled out.
In particular, problems arise in optional charging of empty carriers.

| Further, it is possible to monitor the correct position of the object in the carrier
by means of an additional optoelectronic sensor when the carrier is being transported upward
in the vertical direction. In this way, objects protruding from the carrier as the result of faulty
or incorrect handling are protected against damage when being returned to the transport
containers. If an object protruding from the carrier is detected, the transport of the magazine
is stopped and manual intervention on the part of the operator is required to correct the error.

While the detection of protruding objects has practical importance, the required
manual intervention causes unnecessary delays in continued processing by interfering with the
sterile conditions and possibly the climatic conditions of the processing machines within the
machine enclosure. This can result in failure of the machine.

Therefore, the problem to be solved consists in ensuﬁng that the removing and
charging device can precisely access any given and predetermined plane of the magazine
independent of dimensional tolerances so as to avoid the costs involved in extra adjustments

and to provide for a more flexible use of the described transport containers. Moreover, it
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The present ‘i'nvention is directed to a device for indexing magazi ne
conpartnments and waf er-shaped objects con- tained therein, particularly

sem conductor wafers and tem plates, the magazi ne bei ng adjustabl e
vertically in a mea- surable manner relative to a handling plane for

removal and charging by a magazi ne seat o3 a wafer handling device by neans
of a magazine lift for the purpose of processing such wafer-shaped objects.
Such t echnmastlbeasured tins operatidremay be resumed immediately when detecting incorrectly

positioned semiconductor wafers.

In a device for indexing magazine compartments and wafer-shaped objects, in
particular semiconductor wafers and templates, contained therein in which the magazine is
adjustable vertically in a measurable manner relative to a first handling plane for removal and
charging by a magazine seat of a wafer handling device by means of a magazine lift for the
purpose of processing such wafer-shaped objects, which device includes an optoelectronic
sensor having a transmitter and receiver which detects the position of the wafer-shaped object
relative to a reference plane via a bundle of measurement rays, the above-mentioned problem
is solved according to the invention in that the bundle of measurement rays also detects the
position of the magazine compartments relative to the reference plane whose location in the
wafer handling device is rigidly defined by design with respect to the first handling plane.

The bundle of measurement rays which is emitted by the transmitter and whose
middle ray lies in the reference plane is guided between opposite walls enclosing the magazine
compartments and is directed on projections of one of the walls, which projections are
directed toward the interior of the magazine and form compartments serving to support the
wafer-shaped objects and interrupt the bundle of measurement rays. As a result of the vertical -
adjustment in the direction of the magazine compartments which are located one above the
other and which accordingly successively occupy a position in common with the reference
plane, an image of the magazine compartments and of the wafer-shaped objects contained
therein is produced by modulating the bundle of measurement rays.

An individual sensor system employs measuring techniques to detect the
magazine compartments themselves and the objects contained therein so as to determine the
actual ratios, in contrast to devices in which the position of a- magazine compartment is
determined by computer based on constructional data or by means of an indexer measuring
scale. In this way, objects may be removed and restored in any optional manner so that it is
also possible to carry out any type of re-sorting or rearrahgement between magazines in which
the spacing of the compartments differs from one magazine to another and with respect to a
reference plane within the magazine. Empty magazines can also be filled in any given manner.

In order to position wafer-like objects protruding from the magazine, a wafer

returning device is provided in a second handling plane parallel to the first handling plane. The
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appli ed’in the manufacture of int egrated circuits, particularly for

handti ng operations, and are known, for exanple, fromU S. Pat. No.

4, 895, 486. b) Description of the Related Art In the manufacture of

integrated circuits, sem conductor wafers nust be transported between

di fferent processing stages to individual 4processing machinery. It is

i ncreasingly common for such transport to be effected in standardized
actuation of the wafer returning device is contingent upon a sensor signal of a second sensor
whose bundle of measurement rays is directed parallel to the wafer-shaped objects and lies
directly adjacent to the removal and charging side of the magazine during the vertical
adjustment of the magazine.

When triggered by the sensor signal, the wafer returning device guides the
object back into the magazine compartment without external intervention. Without manual
intervention, continued transport of the magazine in the transport containers is ensured and
damage to protruding objects is prevented.

The invention will be explained more fully in the following with reference to the

schematic drawing.
Fig. 1 shows a part of a wafer handling device in partial section;

Fig. 2 shows the arrangement of an optoelectronic sensor in a sectional view through the

magazine;

Fig. 3 shows the front view of a magazine with cross-sectional view of a bundle of

measurement rays;

Fig. 4 shows, respectively, a section of one of the walls of the magazine with inserted wafer-

shaped objects and an image of the section scanned by means of the optoelectronic sensor;
Fig. 5 shows a top view of the magazine with a second sensor and a wafer returning device;

Fig. 6 is a block diagram showing the interconnection of the control unit, processing unit and

evaluating unit with other units for carrying out the invention.

A wafer handling device, only part of which is shown in Fig. 1, contains in its
interior a magazine seat 2 which can be raised and lowered in the z direction (vertically to the

supporting surface of the wafer handling device) via a spindle drive 1. The spindle 1 is driven
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transport- containers, so-called standard nechanical interface boxes (SMF
boxes), the nmgazi ne within whose conpart- nents the sem conductor wafers
are |l ocated being fastened in a suitable manner to the base of these
transport containers. For the purpose of ¢harging the processing nmachi nes,

t he magazi nes are unl oaded fromthe transgort containers by suitable

devi ces and the sem conductor wafers are renoved by a renoving and chargi ng

devi ce. AftYex StRRRSE @dpi whichds outfitted with an angle measuring system 4 so that the distance
traversed when raised or lowered can be determined via the slope of the spindle.

Together with a control computer 25 according to Fig. 6, the stepper motor 3
with its control electronics and angle measuririg system 4 forms a position regulator of a
magazine lift which also includes the spindle 1 and magazine seat 2. A removing and charging
device 5 has a manipulating arm 6 working in a handling plane H-H and is fastened to a frame
9 along with the magazine lift and an optoelectronic sensor comprising a transmitter 7 and a
receiver 8. A bundle 10 of measurement rays emitted by the transmitter 7 lies with its middle
ray in a reference plane E-E for indexing magazine compartments 12 located in a magazine 11
and wafer-shaped objects 13 contained therein. For the sake of simplicity, the magazine
compartments 12 are first shown in Fig. 3. The distance between plane E-E and handling
plane H-H can be selected within the range of travel of the spindle drive 1.

Figures 2 and 3 show the arrangement of the sensor with reference to the
magazine 11 and wafer-shaped objects 13, e.g. semiconductor wafers or templates, which may
be located in the magazine compartments 12. The transmitter 7 and the receiver 8 are
correspondingly situated in such a way that the bundle 10 of measurement rays is guided
between walls 14, 15 of the magazine 11 and directed on a corner portion 16. According to
Fig. 4, the corner portion 16 extends far enough into the bundle 10 of measurement rays so
that projections 17 facing the interior of the magazine 11 and serving as supports for the
wafer-shaped objects 13 interrupt the bundle 10 of measurement rays.

The oblique irradiation of the magazine 11 shown in the drawing was chosen
because the magazine 11 is usually partially closed in the rear. Naturally, in the absence of
such closure, the bundle 10 of measurement rays could also be guided parallel to the walls 14
and 15 and magazine compartments 12. The middle ray of the bundle 10 of measurement rays
advantageously passes directly along the front edge of the projections 17.

In addition to the first sensor, another sensor having a transmitter 18 and a
receiver 19 is arranged adjacent to the magazine 10 on its removal and charging side (the side
facing the removing and charging device 5). This sensor is situated at a defined distance from

the first sensor and detects objects 20 protruding from the magazine 11 when the magazine 11

is transported in the positive z direction.
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seni conduct’'ot wafers are returned to the conmpartments of the magazi ne and

the magazine is returned to the transport contai ners. The possi bl e use of
i npact pressure sensors or reflex couplers which detect the sem conduct or
wafers in the 6

As shown in Fig. 5, a wafer returning device 21 is provided for positioning the
object 20 protruding from the magazine 11. The wafer returning device 21 takes over the
displacement of the object 20 in the magazine 11 in a second handling plane parallel to the first
handling plane H-H on the basis of the position information obtained by the first sensor. In
this way, transport of the magazine 11 can proceed without interference and without manual
intervention.

The wafer returning device 21 has a lever mechanism 22 which is driven by an
electric motor and executes a swiveling movement of 90° with each revolution of its drive
(not shown). The reversal point of the lever of mechanism 22 is arranged in such a way that
the lever pushes the object 20 into the magazine 11 and then returns to an initial position
which is monitored by a limit switch 23.

As is shown in Fig. 6, the stepper motor 3, angle measuripg system 4,
transmitters 7 and 18, receivers 8 and 19, a third sensor 24 rigidly connected with the frame 9,
the lever mechanism 22, and the limit switch 23 are connected with a control computer 25 for
carrying out the invention. Analog-to-digital converters, only one of which 26 is shown, are
connected between the sensors and the control computer 25.

When the magazine seat 2 is positioned relative to the third sensor 24, which is
rigidly connected with the frame 9 and at a known distance relative to handling plane H-H and
reference plane E-E, and after the counter of the angle measuring system has been reset to
zero, the magazine 11 is automatically removed by its base from a dust-proof transport
container, not shown, and is taken over by the magazine seat 2 for indexing the magazine
compartments 12 and the wafer-shaped objects 13 located therein. The magazine seat 2 is
then lowered, i.e. moved in the negative z direction, until exceeding a threshold value sw2 of
threshold values swl and sw2 which are advantageously determined for the purpose of data
reduction. In this way, the distance of the base of the magazine 11 from-the reference plane E-
E is detected.

As the magazine 11 moves through plane E-E in the direction of its
compartments 12, which are located one above the other, an amplitude-modulated sensor
output signal U representing the magazine compartments 12 and objects 13 as an image is

obtained at the receiver 8 as a function of distance corresponding to Fig. 4 and is fed to the
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analog-to-digital converter 26 and combined with the measurement signal of angle measuring

system 4 and stored by means of the control computer 25.
In order to remove an object 13 from the magazine 11 or to place it in an

empty magazine compartment 12, a value for the distance between plane E-E and the first
handling plane H-H is added to the determined counter reading and the magazine 11 is moved

into the corresponding z position by means of the magazine lift.

Naturally, if permitted by the environmental conditions under which the wafer-
shaped objects 13 are transported, special protective transport containers of the type
mentioned above may be omitted. In this special case, the magazine seat 2 takes over the

magazine directly without transfer from the transport container.
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magazi ne has'the di sadvant age that the magazi ne nmust be servieed-in.a __ __
determ ned sequence. In so doing, the sem - conductor wafers nmay not be

renoved fromthe magazine in arbitrary sequence: rather, memmmm
magazi ne nmust be enptied starting fromthg bottom and pro H”",
Patent Claims:

1. Device for indexing magazine compartments and wafer-shaped objects contained therein,
particularly semiconductor wafers and templates, the magazine (11) being adjustable vertically
in a measurable manner relative to a first handling plane (H-H) for removal and charging by a
magazine seat (2) of a wafer handling device by means of a magazine lift for the purpose of
processing such wafer-shaped objects, with an optoelectronic sensor having a transmitter (7)
and receiver (8) which detects the position of the wafer-shaped object (13) relative to a
reference plane (E-E) via a bundle (10) of measurement rays, characterized in that the bundle
(10) of measurement rays also detects the position of the magazine compartments (12) relative

to the reference plane (E-E) whose location in the wafer handling device is rigidly defined by

design with respect to the first handling plane (H-H).

2. Device according to claim 1, characterized in that the bundle (10) of measurement rays
which is emitted by the transmitter (7) and whose middle ray lies in the reference plane (E-E)
is guided between opposite walls (14, 15) enclosing the magazine compartments (12) and is
directed on projections (17) of one of the walls (14, 15), which projections (17) are directed
toward the interior of the magazine (11) and form compartments serving to support the wafer-
shaped objects and interrupt the bundle (10) of measurement rays, and in that, as a result of
the vertical adjustment in the direction of the magazine compartments (12) which are located
one above the other and which accordingly successively occupy a position in common with the
reference plane (E-E), an image of the magazine compartments (12) and of the wafer-shaped

objects (13) contained therein is produced by modulating the bundle (10) of measurement

rays.

3. Device according to claim 2, characterized in that a wafer returning device (21) is provided
in a second handling plane parallel to the first handling plane (H-H) in order to position wafer-
like objects (20) protruding from the magazine (11) and 1s actuated depending upon a sensor
signal of a second sensor (24) whose bundle of measurement rays is directed parallel to the
wafer-shaped objects (13, 20) and directly adjoins the removal and charging side of the

magazine (11) during the vertical adjustment of the magazine (11).
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and-t hé-'di spensi ng magazi ne nust be filled starting fromthe top and
proceedi ng downward because of the required sensor arrangenent and the
renoval and chargi ng of sem - conductor wafers dictated thereby.
Consequently, a fixed allocation of the fer to a determ ned | evel is not
adhered to. Such technical solutions canfot be applied for inspecting
conventioggg random sanples or for use in the above- nentioned transport

cont ai ner

The aim of a device for indexing magazine compartments of a magazine and
wafer-shaped objects contained therein is to ensure precise access of the removing and
charging device in any given predetermined plane of the magazine regardless of dimensional
tolerances. According to the invention, an optoelectronic sensor having a transmitter (7) and
receiver (8) emits a bundle (10) of measurement rays to detect the position of the wafer-
shaped objects (13) as well as the position of the magazine compartments (12) relative to a
reference plane (E-E) whose location is rigidly defined by design with respect to a first
handling plane (H-H) for removing and charging. The magazine (11) is adjustable vertically in
a measurable manner for removal and charging by means of a magazine seat (2) via a magazine

lift. The invention is applicable in the manufacture of integrated circuits, in particular for

handling wafer-shaped objects.
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Iﬁ-ts known fromU. S. Pat. No. 4,895,486 to determ ne the presence of
wafer-like objects in a carrier (nmagazine) and their position relative to a
réference plane in the carrier by nmeans of a nonitoring device in that a
first signal reporting the presence of such an object is conbined with a
position signal for the object. The ¥irst signal is obtained by an

opt oel ectroni ¢ sensor which nonitors the space in which the objects can be
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pésLtion encoder coupled with a drive for moving the carrier up and down.
To determ ne the reference plane and ﬁfssible | ocation of the objects, the
carrier space is divided vertically ifto segnents. In addition to a segnent
serving as reference plane and segnents w thout wafer-|i ke objects, w ndow
segnents in which objects may be present are al so defined. An indexing of
the carrier is effected in that. after e
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r&ference plane in the carrier is detected by neasuring techniques. the
| ocati ons of the w ndow segnents are deter- mned by conputer based on
censtruction data of the respective carrier being used and arc stored in
t he conputer. Al t hough the quantity af objects and their |ocations
relative to a reference plane within the carrier can be determ ned by neans

of the described solution, the carrier or
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The invention is directed to a device for indexing magazine compartments and
wafer-shaped objects contained therein, particularly semiconductor wafers and templates, the
magazine being adjustable vertically in 2 measurable manner relative to a handling plane for
removal and charging by a magazine seat of a wafer handling device by means of a magazine
lift for the purpose of processing such wafer-shaped obje?:ts. Such technical solutions can be

applied in the manufacture of integrated circuits, particularly for handling operations, and are

known, for example, from US 4,895,486.
In the manufacture of integrated circuits, semiconductor wafers must be

transported between different processing stages to individual processing machinery. It is
increasingly common for such transport to be effected in standardized transport containers, so-
cailed standard mechanical interface boxes (SMIF boxes), the magazine within whose
compartments the semiconductor wafers are located being fastened in a suitable manner to the
base of these transport containers. For the purpose of charging the p_rocéssing machines, the
magazines are unloaded from the transport containers by suitable devices and the
semiconductor wafers are removed by a removing and charging device. After processing, the

semiconductor wafers are returned to the compartments of the magazine and the magazine is

returned to the transport containers.
The possible use of impact pressure sensors or reflex couplers which detect the

semiconductor wafers in the magazine has the disadvantage that the magazine must be
serviced in a determined sequence. In so doing, the semiconductor wafers may not be
removed from the magazine in arbitrary sequence; rather, the charging magazine must be
emptied starting from the bottom and proceeding upward and the dispensing magazine must
be filled starting from the top and proceeding downward because of the required sensor
arrangement and the removal and chérging of semiconductor wafers dictated thereby.
Consequently, a fixed allocation of the wafer to a determined level is not adhered to. Such

technical solutions cannot be applied for iuspecting conventional random samples or for use in

the above-mentioned transport containers.
It is known from U.S. Patent 4,895,486 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 reporting the presence of such an object is
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divergent carrier geonetrics and tol erances are not II%&CWTLJ%EEQ ‘
errors cannot be ruled out. In particular, pr :
opt i onal

ens arise in
chargi ng of enpty carriers. Further, it i poa$ ROV m‘m)nltor

the correct position of the object in the carrier by Ieﬁ of an addltlonal

opt oel ectroni c sensor when the carrier is Qheing transpo
verti cal

Uﬁwardln_the
direction. In this way, objectsp truding ffomthe carrier _as the

result of faulty or _ incorrect halnfdlln
al fo

combined with a position signal for the ObJECt The first signal i is obtained by an
optoelectronic sensor which monitors the space in which the objects can be located. 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 location of the objects, the
carrier space is divided vertically into segments. In addition to a segment serving as reference
plane and segments without wafer-like objects, window segments in which objects may be
present are also defined. An indexing of the carrier is effected in that, after the reference plane
in the carrier is detected by measuring techniques, the locations of the window segments are
determined by computer based on construction data of the respective carrier béing used and
- are stored in the computer. _

Although the quantity of objects and their locations relative to a reference plane
within the carrier can be determined by means of the described solution, the carrier or the
removing and charging device must be positioned according to the grid dimensions of the
compartments of the carrier in order to remove the objects from the carrier. If divergent
carrier geometries and tolerances are not allowed for in so doing, errors cannot be ruled out.

. In particular, problems arise in optional charging of empty carriers.

Further, it is possible to monitor the correct position of the object in the carrier
by means of an additional optoelectronic sensor when the carrier is being transported upward
- in the vertical direction. In this way, objects protruding from the carrier as the result of faulty
or incorrect handling are protected against damage when being returned to the transport
containers. If an object protruding from the carrier is detected, the transport of the magazine
is stopped and manual intervention on the part of the operator is required to correct the error.

While the detection of protruding objects has practical importance, the required
manual intervention causes unnecessary delays in continued processing by interfering with the
sterile conditions and possibly the climatic conditions of the processing machines within the
machine enclosure. This can result in failure of the machine.

Therefore, the problem to be solved consists in ensuring that the removing and
charging device can precisely access any given and predetermined plane of the magazine
independent of dimensional tolerances so as to avoid the costs involved in extra adjustments

and to provide for a more flexible use of the described transport containers. Moreover, it
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prot ect ed agai nst damage when being returned to qu}ACE@ENTFSNEETC nt ai ners.

| f. an object protruding fromthe carrier is detgc

=rarrspott of the

magazi ne i s stopped and nanual intervention on tthe part of &b&é perator is
required to correct the error. VWil e the dete tion1beBV obj ect s
has practical inportance, the required manual intdrvention cau s unnec-

essary delays in continued processing by interfgring wth the

must be ensured that operation may be resumed immediately when detecting incorrectly

positioned semiconductor wafers.
In a device for indexing magazine compartments and wafer-shaped objects, in

particular semiconductor wafers and templates, contained therein in which the magazine is
adjustable vertically in a measurable manner relative to a first handling plane for removal and
charging by a magazine seat of a wafer handling device by means of a magazine lift for the
purpose of processing such wafer-shaped objects, which device includes an optoelectronic
sensor having a transmitter and receiver which detects the position of the wafer-shaped object
relative to a reference plane via a bundle of measurement rays, the above-mentioned problem
is solved according to the invention in that the bundle of measurement rays also detects the
position of the magazine compartments relative to the reference plane whose location in the
wafer handling device is rigidly defined by design with respect to the first handling plane.

The bundle of measurement rays which is emitted by the transmitter and whose
middle ray lies in the reference plane is guided between opposite walls enclosing the magazine
compartments and is directed on projections of one of the walls, which projections are
directed toward the interior of the magazine and form compartments serving to support the
wafer-shaped objects and interrupt the bundle of measurement rays. As a result of the vertical
adjustment in the direction of the magazine compartments which are located one above the
other and which accordingly successively occupy a position in common ﬁth the reference
plane, an image of the magazine compartments and of the wafer-shaped objects contained
therein is produced by modulating the bundle of measurement rays.

An individual sensor system employs measuring techniques to detect the
magazine compartments themselves and the objects contained therein so as to determine the
actual ratios, in contrast to devices in which the position of a magazine compartment is
determined by computer based on constructional data or by means of an indexer measuring
scale. In this way, objects may be removed and restored in any optional manner so that it is
also possible to carry out any type of re-sorting or rearrangement between magazines in which
the spacing of the.compartments differs from one magazine to another and with respect to a
reference plane within the magazine. Empty magazines can also be filled in any given manner.

In order to position wafer-like objects protruding from the magazine, a wafer

returning device is provided in a second handling plane parallel to the first handling plane. The
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sterile conditiprREPAAGE S|“Bf§/T tlhe climatic conditions of the processing
nachi nes within}tfie nachine encl dsure. This can result in failure of the
machi ne. Ther gf br e} INDY W98bl enj t 0 be sol ved consists in ensuring that
the renoving and tharging device fan precisely access any given and
predeterm ned pka —the ndgaZzi he i nde- pendent of di mensional tolerances
so as to avoid the costs.involvediin extra4adjustments and to provide for a

nore

actuation of the wafer returning device is contingent upon a sensor signal of a second sensor
whose bundle of measurement rays is directed parallel to the wafer-shaped objects and lies
directly adjacent to the removal and charging side of the magazine during the vertical

adjustment of the magazine.
When triggered by the sensor signal, the wafer returning device guides the

object back into the magazine compartment without external intervention. Without manual
intervention, continued transport of the magazine in the transport containers is ensured and

damage to protruding objects is prevented.
The invention will be explained more fully in the following with reference to the

schematic drawing.
Fig. 1 shows a part of a wafer handling device in partial section;

Fig. 2 shows the arrangement of an optoelectronic sensor in a sectional view through the

magazine;

Fig. 3 shows the front view of a magazine with cross-sectional view of a bundle of

measuremert rays,

Fig. 4 shows, respectively, a section of one of the walls of the magazine with inserted wafer- -

shaped objects and an image of the section scanned by means of the optoelectronic sensor;
Fig. 5 shows a top view of the magazine with a second sensor and a wafer returning device;

Fig. 6 is a block diagram showing the interconnection of the control unit, processing unit and

evaluating unit with other units for carrying out the invention.
A wafer handling device, only part of which is shown in Fig. 1, contains in its

interior a magazine seat 2 which can be raised and lowered in the z direction (vertically to the

supporting surface of the wafer handling device) via a spindle drive 1. The spindle 1 is driven
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by a stepper motor 3 which is outfitted with an angle measuring system 4 so that the distance
traversed when raised or lowered can be determined via the slope of the spindle.

Together with a control computer 25 according to Fig. 6, the stepper motor 3
with its control electronics and angle measuring system 4 forms a position regulator of a
magazine lift which also includes the spindle 1 and magazine seat 2. A removing and charging
device 5 has a manipulating arm 6 working in a handling plane H-H and is fastened to a frame
9 along with fhe magazine lift and an optoelectronic sensor comprising a transmitter 7 and a
receiver 8. A bundle 10 of measurement rays emitted by the transmitter 7 lies with its middle
ray in a reference plane E-E for indexing magazine compartments 12 located in a magazine 11
and wafer-shaped objects 13 contained therein. For the sake of simplicity, the magazine
compartments 12 are first shown in Fig. 3. The distance between plane E-E and handling
plane H-H can be selected within the rangé of travel of the spindle drive 1.

Figures 2 and 3 show the arrangement of the sensor with reference to the
magazine 11 and wafer-shaped objects 13, e.g. semiconductor wafers or templates, which may
be located in the magazine compartments 12. The transmitter 7 and the receiver 8 are
correspondingly situated in such a way that the bundle 10 of measurement rays is guided
between walls 14, 15 of the magazine 11 and directed on a corner portion 16. According to
Fig. 4, the corner portion 16 extends far enough into the bundle 10 of measurement rays so
that projections 17 facing the interior of the magazine 11 and serving as supports for the
wafer-shaped objects 13 interrupt the bundle 10 of measurement rays.

The oblique irradiation of the magazine 11 shown in the drawing was chosen
because the magazine 11 is usually partially closed in the rear. Naturally, in the absence of
such closure, the bundle 10 of measurement rays could also be guided parallel to the walls 14
and 15 and magazine compartments 12. The middle ray of the bundle 10 of measurement rays
advantageously passes directly along the front edge of the projections 17.

' In addition to fhe first sensor, another sensor having a transmitter 18 and a
receiver 19 is arranged adjacent to the magazine 10 on its removal and charging side (the side
facing the removing and charging device 5). This sensor is situated at a defined distance from

the first sensor and detects objects 20 protruding from the magazine 11 when the magazine 11

is transported in the positive z direction.
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As shown in Fig. 5, a wafer returning device 21 is provided for positioning the
object 20 protruding from the magazine 11. The wafer returning device 21 takes over the
displacement of the object 20 in the magazine 11 in a second handling plane parallel to the first
handling plane H-H 6n the basis of the position information obtained by the first sensor. In
this way, transport of the magazine 11 can proceed without interference and without manual
intervention.

The wafer returning device 21 has a lever mechanism 22 which is driven by an
electric motor and executes a swiveling movement of 90° with each revolution of its drive
(not shown). The reversal point of the lever of mechanism 22 is arranged in such a way that
the lever pushes the object 20 into the magazine 11 and then returns to an initial position
which is monitored by a [imit switch 23.

As is shown in Fig. 6, the stepper motor 3, angle measuripg system 4,
transmitters 7 and 18, receivers 8 and 19, a third sensor 24 rigidly connected with the frame 9,
‘the lever mechanism 22, and the limit switch 23 are connected with a control computer 25 for
carrying out the invention. Analog-to-digital converters, only one of which 26 is shown, are
connected between the sensors and the control computer 25.

When the magazine seat 2 is positioned relative to the third sensor 24, which is
rigidly connected with the frame 9 and at a known distance relative to handling plane H-H and
reference plane E-E, and after the counter of the angle measuring system has been reset to
zero, the magazine 11 is automatically removed by its base from a dust-proof transport
container, not shown, and is taken over by the magazine seat 2 for indexing the magazine
compartments 12 and the wafer-shaped objects 13 located therein. The magazine seat 2 is
then lowered, i.e. moved in the negative z direction, until exceeding a threshold value sw2 of
threshold values sw1 and sw2 which are advantageously determined for the purpose of data
reduction. In this way, the distance of the base of the magazine 11 from-the reference plane E-
E is detected. |

As the magazine 11 moves through plane E-E in the direction of its
compartments 12, which are [ocated one above the other, an amplitude-modulated sensor
output signal U representing the magazine compartments 12 and objects 13 as an image is

obtained at the receiver 8 as a function of distance corresponding to Fig. 4 and is fed to the

Sheet Has Been Replaced

R



- 4- and tenpl at gsy—contained. therein in which the magazine is

adj ust abl e verticall yﬂEhLA’EENEmusmITe manner relative to a first
handl i ng pl ane for f[egovatr—amd—ctrargi hg by a magazi ne
16 NOV 1994
7

analog-to-digital converter 26 and combined with the measurement signal of angle measuring
system 4 and stored by means of the control computer 25.

In order to remove an object 13 from the magazine 11 or to place it in an
empty magazine compartment 12, a value for the distance between plane E-E and the first
handling plane H-H is added to the determined counter reading and the magazine 11 is moved
into the corresponding z position by means of the magazine lift.

Naturally, if permitted by the environmental conditions under which the wafer-
shaped objects 13 are transported, special protective transport containers of the type
mentioned above may be omitted. In this special case, the magazine seat 2 takes over the

magazine directly without transfer from the transport container.
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1. Device for indexing magazine compartments and wafer-shaped objects contained therein,

particularly semiconductor wafers and templates, the magazine (11) being adjustable vertically

in a measurable manner relative to a first handling plane (H-H) for removal and charging by a

magazine seat (2) of a wafer handling device by means of a magazine lift for the purpose of

processing such wafer-shaped objects, with an optoelectronic sensor having a transmitter (7)

and receiver (8) which detects the position of the wafer-shaped object (13) relative to a

reference plane (E-E) via a bundle (10) of measurement rays, characterized in that the bundle

(10) of measurement rays also detects the position of the magazine compartments (12) relative

to the reference plane (E-E) whose location in the wafer handling device is rigidly defined by

design with respect to the first handling plane (H-H).

2. Device according to claim 1, characterized in that the bundle (10) of measurement rays

which is emitted by the transmitter (7) and whose middle ray lies in the reference plane (E-E)

is guided between opposite walls (14, 15) enclosing the magazine compartments (12) and is
directed on projections (17) of one of the walls (14, 15), which projections (17) are directed
toward the interior of the magazine (11) and form compartments serving to support the wafer-

shaped objects and interrupt the bundle (10) of measurement rays, and in that, as a result of

the vertical adjustment in the direction of the magazine compartments (12) which are located

one above the other and which accordingly successively occupy a position in common with the

reference plane (E-E), an image of the magazine compartments (12) and of the wafer-shaped

objects (13) contained therein is produced by modulating the bundle (10) of measurement

rays.

3. Device according to claim 2,

characterized in that a wafer returning device (21) is provided

in a second handling plane paralle! to the first handling plane (H-H) in order to position wafer-

like objects (20) protruding from the magazine (11) and 1s actuated depending upon a sensor

signal of a second sensor (24) whose bundle of measurement rays is directed parallel to the

wafer-shaped objects (13, 20) and directly adjoins the removal and charging side of the

magazine (11) during the vertical adjustment of the magazine (11). o o
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DEVICE FOR INDEXING MAGAZINE COMPARTMENTS AND
WAFER-SHAPED OBJECTS IN THE COMPARTMENTS

Abstract:

The aim of a device for indexing magazine compartments of a magazine and
wafer-shaped objects contained therein is to ensure precise access of the removing and
charging device in any given predetermined plane of the magazine regardless of dimensional
tolerances. According to the invention, an optoelectronic sensor having a transmitter (7) and
receiver (8) emits a bundle (10) of measurement rays to detect the position of the wafer-
shaped objects (13) as well as the position of the magazine compartments (12) relative to a
reference plane (E-E) whose location is rigidly defined by design with respect to a first
handling plane (H-H) for removing and charging. The magazine (11) is adjustable vertically in
a measurable manner for removal and charging by means of a magazine seat (2) via a magazine
lift. The invention is applicable in the manufacture of integrated circuits, in particular for

handling wafer-shaped objects.

FIGURE 1.
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The invention is directed to a device for indexing magazine compartments and
wafer-shaped objects contained therein, particularly semiconductor wafers and templates, the
magazine being adjustable vertically in 2 measurable manner relative to a handling plane for
removal and charging by a magazine seat of a wafer handling device by means of a magazine
lift for the purpose of processing such wafer-shaped objects. Such technical solutions can be

applied in the manufacture of integrated circuits, particularly for handling operations, and are

known, for example, from US 4,895,436.

_In the manufacture of integrated circuits, semiconductor wafers must be
transported between different processing stages to individual processing machinery. It is
increasingly common for such transport to be effected in standardized transport containers, so-
called standard mechanical interface boxes (SMIF boxes), the magazine within whose
compartments the semiconductor wafers are located being fastened in a suitable manner to the
base of these transport containers. For the purpose of charging the prodessing machines, the
magazines are unloaded from the transport containers by suitable devices and the
semiconductor wafers are removed by a removing and charging device. After processing, the
semiconductor wafers are returned to the compartments of the magazine and the magazine is
returned to the transport containers,

The possible use of impact pressure sensors or reflex couplers which detect the
semiconductor wafers in the magazine has the disadvantage that the magazine must be
serviced in a determined sequénce. In so doing, the semiconductor wafers may not be
removed from the magazine in arbitrary sequence; rather, the charging magazine must be
emptied starting from the bottom and proceeding upward and the dispensing magazine must
be filled starting from the top and proceeding downward because of the required sensor
arrangement and the removal and charging of semiconductor wafers dictated thereby.
Consequently, a fixed allocation of the wafer to a determined level is not adhered to. Such
technical solutions cannot be applied for iuspecting conventional random samples or for use in
the above-mentioned transport containers.

It is known from U.S. Patent 4,895,486 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 reporting the presence of such an object is
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ment rays is |diREBLAGRMENT, SHEES ito t he waf er - shaped obj ects and lies
directly adj gcgnt to the remjval and charging side of the magazi ne

during the vdrtli cglg g ughjrent of the nmgazi ne. When triggered by the
sensor signalf fthe water retyrning devi ce gui des the object back into

t he magazi ne jcaom t hout external intervention. Wthout manua
I nter- verfti on, continued transport ofy the nmagazine in the transport
containers is ensured an anage to protruding objects is

combined with a position signal for the object. The first signal is obtained by an

optoelectronic sensor which monitors the space in which the objects can be located. 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 location of the objects, the
carrier space is divided vertically intp segments. In addition to a segment serving as reference
plane and segments without wafer-like objects, window segments in which objects may be

" present are also defined. An indexing of the carrier is effected in that, after the reference plane
in the carrier is detected by measuring techniques, the locations of the window segments are
determined by computer based on construction data of the respective carrier béing used and
are stored in the computer. _ _

Although the quantity of objects and their locations relative to a reference plane
within the carrier can be determined by means of the described solution, the carrier or the
removing and charging device musf be positioned according to the grid dimensions of the
compartments of the carrier in order to rembve the objects from the carrier. If divergent
carrier geometries and tolerances are not allowed for in so doing, errors cannot be ruled out.
In particular, problems arise in optional charging of empty carriers.

Further, it is possible to monitor the corréct position of the object in the carrier
by means of an additional optoelectronic sensor when the carrier is being transported upward
in the vertical direction. In this way, objects protruding from the carrier as the result of faulty
or incorrect handling are protected against damage when being returned to the transport
containers. If an object protruding from the carrier is detected, the transport of the magazine
is stopped and manual intervention on the part of the operator is required to correct the error.

While the detection of protruding objects has practical importance, the required
manual intervention causes unnecessary delays in continued processing by interfering with the
sterile conditions and possibly the climatic conditions of the processing machines within the
machine enclosure. This can result in failure of the machine.

Therefore, the problem to be solved consists in ensuring that the removing and
charging device can precisely access any given and predetermined plane of the magazine
independent of dimensional tolerances so as to avoid the costs involved in extra adjustments

‘and to provide for a more flexible use of the described transport containers. Moreover, it
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FIG 1 shows a part of a wafer
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must be ensured that operation may be resumed immediately when detecting incorrectly
positioned semiconductor wafers.

In a device for indexing magazine compartments and wafer-shaped objects, in
particular semiconductor wafers and templates, contained therein in which the magazine is
adjustable vertically in a measurable manner relative to a first handling plane for removal and
charging by a magazine seat of a wafer handling device by means of a magazine lift for the
purpose of processing such wafer-shaped objects, which device includes an optoelectronic
sensor having a transmitter and receiver which detects the position of the wafer-shaped object
relative to a reference plane via a bundle of measurement rays, the above-mentioned problem
is solved according to the invention in that the bundle of measurement rays also detects the
position of the magazine compartments relative to the reference plane whose location in the
wafer handling device is rigidly defined by design with respect to the first handling plane.

The bundle of measurement rays which is emitted by the transmitter and whose
middle ray lies in the reference plane is guided between opposite walls enclosing the magazine
compartments and is directed on projections of one of the walls, which projections are
directed toward the interior of the magazine and form compartments serving to support the
wafer-shaped objects and interrupt the bundle of measurement rays. As a result of the vertical
adjustment in the direction of the magazine compartments which are located one above the
other and which accordingly successively occupy a position in common with the reference
plane, an image of the magazine compartments and of the wafer-shaped objects contained
therein is produced by modulating the bundle of measurement rays.

An individual sensor system employs measuring techniques to detect the
magazine compartments themselves and the objects contained therein so as to determine the
actual ratios, in contrast to devices in which the position of a magazine compartment is
determined by computer based on constructional data or by means of an indexer measuring
scale. In this way, objects may be removed and restored in any optional manner so that it is
also possible to carry out any type of re-sorting or rearrangement between magazines in which
the spacing of the compartments differs from one magazine to another and with respect to a
reference plane within the magazine. Empty magazines can also be filled in any given manner.

In order to position wafer-like objects protruding from the magazine, a wafer

returning device is provided in a second handling plane parallel to the first handling plane. The
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actuation of the wafer returning device is contingent upon a sensor signal of a second sensor
whose bundle of measurement rays is directed parallel to the wafer-shaped objects and lies

directly adjacent to the removal and charging side of the magazine during the vertical

adjustment of the magazine.
When triggered by the sensor signal, the wafer returning device guides the

object back into the magazine compartment without external intervention. Without manual
intervention, continued transport of the magazine in the transport containers is ensured and

damage to protruding objects is prevented.
The invention will be explained more fully in the following with reference to the

schematic drawing.
Fig. 1 shows a part of a wafer handling device in partial section;

Fig. 2 shows the arrangement of an optoelectronic sensor in a sectional view through the

magazine;

Fig. 3 shows the front view of a magazine with cross-sectional view of a bundle of

measurement rays,

Fig. 4 shows, respectively, a section of one of the walls of the magazine with inserted wafer-

shaped objects and an image of the section scanned by means of the optoelectronic sensor;
Fig. 5 shows a top view of the magazine with a second sensor and a wafer returning device;

Fig. 6 is a block diagram showing the interconnection of the control unit, processing unit and

evaluating unit with other units for carrying out the invention.

A wafer handling device, only part of which is shown in Fig. 1, contains in its
interior a magazine seat 2 which can be raised and lowered in the z direction (vertically to the

supporting surface of the wafer handling device) via a spindle drive 1. The spindle 1 is driven
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by a stepper motor 3 which is outfitted with an angle measuring system 4 so that the distance
traversed when raised or lowered can be determined via the slope of the spindle.

Together with a control computer 25 according to Fig. 6, the stepper motor 3
with its control electronics and angle measuring system 4 forms a position regulator of a
magazine lift which also includes the spindle 1 and magazine seat 2. A removing and charging
device 5 has a manipulating arm 6 working in a handling plane H-H and is fastened to a frame
9 along with the magazine lift and an optoelectronic sensor comprising a transmitter 7 and a
receiver 8. A bundle 10 of measurement rays emitted by the transmitter 7 lies with its middle
ray in a reference plane E-E for indexing magazine compartments 12 located in a magazine 11
and wafer-shaped objects 13 contained therein. For the sake of simplicity, the magazine
compartments 12 are first shown in Fig. 3. The distance between plane E-E and handling
plane H-H can be selected within the range of travel of the spindle drive 1.

Figures 2 and 3 show the arrangement of the sensor with reference to the
magaziné 11 and wafer-shaped objects 13, e.g. semiconductor wafers or templates, which may
be located in the magazine compartments 12. The transmitter 7 and the receiver 8 are
correspondingly situated in such a way that the bundle 10 of measurement rays is guided
between walls 14, 15 of the magazine 11 and directed on a corner portion 16. According to
Fig. 4, the corner portion 16 extends far enough into the bundle 10 of measurement rays so
that projections 17 facing the interior of the magazine 11 and serving as supports for the
wafer-shaped objects 13 interrupt the bundle 10 of measurement rays.

The oblique irradiation of the magazine 11 shown in the drawing was chosen
because the magazine 11 is usually partially closed in the rear. Naturally, in the absence of
such closure, the bundle 10 of measurement rays could also be guided parallel to the walls 14
and 15 and magazine compartments 12. The middle riy of the bundle 10 of measurement rays
advantageously passes directly along the front edge of the projections 17.

In addition to the first sensor, another sensor having a transmitter 18 and a
receiver 19 is arranged adjacent to the magazine 10 on its removal and charging side (the side
facing the removing and charging device 5). This sensor is situated at a defined distance from

the first sensor and detects objects 20 protruding from the magazine 11 when the magazine 11

is transported in the positive z direction. _
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As shown in Fig. 5, a wafer returning device 21 is provided for positioning the
object 20 protruding from the magazine 11. The wafer returning device 21 takes over the
displacement of the object 20 in the magazine 11 in a second handling plane parallel to the first
handling plane H-H on the basis of the position information obtained by the first sensor. In
this way, transport of the magazine 11 can proceed without interference and without manual
intervention.

The wafer returning device 21 has a lever mechanism 22 which is driven by an
electric motor and executes a swiveling movement of 90° with each revolution of its drive
(not shown). The reversal point of the lever of mechanism 22 is arranged in such a way that
the lever pushes the object 20 into the magazine 11 and then returns to an initial position
which is monitored by a limit switch 23.

As is shown in Fi xg 6, the stepper motor 3, angle measuripg system 4,
transmitters 7 and 18, receivers 8 and 19, a third sensor 24 rigidly connected with the frame 9,
the lever mechanism 22, and the limit switch 23 are connected with a control computer 25 for
carrying out the invention. Analog-to-digital converters, only one of which 26 is shown, are

connected between the sensors and the control computer 25.
When the magazine seat 2 is positioned relative to the third sensor 24, which is

rigidly connected with the frame 9 and at a known distance relative to handling plane H-H and
reference plane E-E, and after the counter of the angle measuring system has been reset to
zero, the magazine 11 is automatically removed by its base from a dust-proof transport
container, not shown, and is taken over by the magazine seat 2 for indexing the magazine
compartmients 12 and the wafer-shaped objects 13 located therein. The magazine seat 2 is
then lowered, i.e. moved in the negative z direction, until exceeding a threshold value sw2 of
threshold values sw1 and sw2 which are advantageously determined for the purpose of data
reduction. In this way, the distance of the base of the magazine 11 from-the reference plane E-
E is detected.

As the magazine 11 moves through plane E-E in the direction of its
compartments 12, which are located one above the other, an amplitude-modulated sensor
output signal U representing the magazine compartments 12 and objects 13 as an image is

obtained at the receiver 8 asa ﬁmction of distance corresponding to Fig. 4 and is fed to the
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analog-to-digital converter 26 and combined with the measurement signal of angle measuring
system 4 and stored by means of the control computer 25.

In order to remove an object 13 from the magazine 11 or to place it in an
empty magazine compartment 12, a value for the distance between plane E-E and the first
handling plane H-H is added to the determined counter reading and the magazine 11 is moved
into the corresponding z position by means of the magazine Iift.

Naturally, if permitted by the environmental conditions under which the wafer-
shaped objects 13 are transported, special protective transport containers of the type
mentioned above may be omitted. In this special case, the magazine seat 2 takes over the

magazine directly without transfer from the transport container.
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Patent Claims:

1. Device for indexing magazine compartments and wafer-shaped objects contained therein,
particularly semiconductor wafers and templates, the magazine (11) being adjustable vertically
in a measurable manner relative to a first handling plane (H-H) for removal and charging by a
magazine seat (2) of a wafer handling device by means of a magazine lift for the purpose of
processing such wafer-shaped objects, with an optoelectronic sensor having a transmitter (7)
and receiver (8) which detects the position of the wafer-shaped object (13) relative to a
reference plane (E-E) via a bundle (10) of measurement rays, characterized in that the bundle
(10) of measurement rays also detects the position of the magazine compartments (12) rglative

to the reference plane (E-E) whose location in the wafer handling device is rigidly defined by

design with respect to the first handling plane (H-H).

2. Device according fo claim 1, characterized in that the bundle (10) of measurement rays
which iﬁ emitted by the transmitter (7) and whose middle ray lies in the reference plane (E-E)
is guided between opposite walls (14, 15) enclosing the magazine compartments (12) and is
directed on projections (17) of one of the walls (14, 15), which projections (17) are directed
toward the interior of the magazine (11) and form compartments serving to support the wafer-
shaped objects and interrupt the bundle (10) of measurement rays, and in that, as a result of
the vertical adjustment in the direction of the magazine compartments (12) which are located
one above the other and which accordingly successively occupy a position in common with the
reference plane (E-E), an image of the magazine compartments (12) and of the wafer-shaped

objects (13) contained therein is produced by modulating the bundle (10) of measurement

rays.

3. Device according to claim 2, cﬁaracterized in that a wafer returning device (21) is provided
in a second handling plane parallel to the first handling plarie (H-H) in order to position wafer-
like objects (20) protruding from the magazine (11) and 1s actuated depending upon a sensor
signal of a second sensor (24) whose bundle of measurement rays is directed parallel to the
wafer-shaped objects (13, 20) and directly adjoins the removal and charging side of the

magazine (11) during the vertical adjustment of the magazine (11).
This Sheet Has Been
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measuri ng system4 fBﬁ'Prtﬂ af*m‘slstw:pn regul ator of a magazine lilt which also
i ncl udes the spind}e 1‘ -and -megezi-ne seat 2. A renpving and charging device

5 has a mani pul ati a?mﬁ%% zng in a handling plane HH and is fastened
to a frane 9a|ongV\i~ ‘& ng lift and an optoel ectronic sensor
conprising a trans t-er-Z_and a rieqeiver 8. A bundle 10 of neasurenent

rays emitted by the transmitter 7 lifes yith its mddle ray in a reference
pl ane E-E for indexing .

DEVICE FOR INDEXING MAGAZINE COMPARTMENTS AND
WAFER~SHAPED OBJECTS IN THE COMPARTMENTS

Abstract:

The aim of a device for indexing magazine compartments of a magazine and
wafer-shaped objects contained therein is to ensure precise access of the removing and
charging device in any given predetermined plane of the magazine regardless of dimensional
tolerances. According to the invention, an optoelectronic sensor having a transmitter (7) and
receiver (8) efhits a bundle (10) of measurement rays to detect the position of the wafer-
shaped objects (13) as well as the position of the magazine compartments (12) relative to a
reference plane (E-E) whose location is rigidly defined by design with respect to a first
handling plane (H-H) for removing and charging. The magazine (11) is adjustable vertically in
a measurable manner for removal and charging by means of 2 magazine seat (2) via a magazine

lift. The invention is applicable in the manufacture of integrated circuits, in particular for

handling wafer-shaped objects.

FIGURE 1.
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DEVICE FOR INDEXING MAGAZINE -
COMPARTMENTS AND WAFER-SHAPED
OBJECTS IN THE COMPARTMENTS

BACKGROUND OF THE [NVENTION

a) Field of the Invention

The present invention is directed to a device for indexing
magazine compartments and wafer-shaped objects con-
tained therein, particularly semiconductor wafers and tem-
plates, the magazine being adjustable vertically in a mea-
surable manner relative to a handling plane for removal and
charging by a magazine seat of a wafer handling device by
means of a magazine lift for the purpose of processing such
wafer-shaped objects. Such technical solutions can be
applied in the manufacture of integrated circuits, particularly
for handling operations, and are known, for example, from
U.S. Pat No 4,895,486. :

b) Description of the Related Art

In the manufacture of integrated circuits, semiconductor
wafers must be transported between different processing
stages to individual processing machinery. It is increasingly
common for such transport 1o be effected in standardized
transport containers, so-called standard mechanical interface
boxes (SMIF boxes), the magazine within whose compart-
ments the semiconductor wafers are located being fastened
in a suitable manner to the base of these transport containers.
For the purpose of charging the processing machines, the
magazines are unloaded from the transport containers by
suitable devices and the semiconductor wafers are removed

by a removing and charging device. After processing, the-

semiconductor wafers are returned to the compartments of
the maoazine and the magazine is retuned to the transport
containers.

The possible use of impact pressure sensors or reﬂex
couplers which detect the semiconductor wafers in the
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transmtter 18 and a receiver 19 is arranged adjacent to the nagazine 10 on
Its renpval and charging side (the side facing the renoving and chargi ng
device 5). This ] | d at a defined distance fromthe first
sensor and dete:ﬁiﬂﬁg @ﬁ@gﬁ§BE€f ruding fromthe magazi ne 11 when the
magazine 11 is grhnsported in the,p05|L|ye z direction. As shown in FIG

5, a wafer retufnfng feaig997l as!prOV|ded for positioning the object 20
protrudi ng fromit ke

magazine has the disadvantage that the magazine must be
serviced in a determined sequence. In so doing, the semi-
conductor wafers may not be removed from the magazine in
arbitrary sequence: rather. the charging magazine must be
emptied starting from the boitom and proceeding upward
and the dispensing magazine must be filled starting from the
top and proceeding downward becausc of the required
sensor arrangement and the removal and charging of semi-
conductor wafers dictated thereby. Consequently, a fixed
allocation of the wafer to a determined level is not adhered
to. Such technical solutions cannot be applied for inspecting
conventional random samples or for use in the above-
mentioned transport containers.

It is known from U.S. Pat. No. 4,895,486 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 reporting
the presence of such an object is combined with a position
signal for the object. The first signal is obtained by an
optoelectronic sensor which monitors the spacc in which the
objects can bc located. The sccond signal is formed via a
position encoder coupled with a drive for moving the carrier
up and down.

To determine the refercnce planc and possible location of
the objects, thc carrier space is divided vertically into
segments. In addition to a segment serving as refercnce
plane and scgments without waler-like objects, window
scgments in which objccts may be present are also defined.
An indexing of the carrier is effccted in that, after the
reference plane in the carrier is detected by measuring
techniques. the locations of the window segments arc deter-
mined by computer based on construction data of -the
respective carricr being used and arc stored in the computer.

Although "the quantity of objects and their locations
relative to a referencc plane within the carrier can be
dctermined by means of the described solution, the carricr or

V.
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thc removing and charging devicc must bc positioned
according to the grid dimensions of the compartments of the
carrier in order to remove thc objccts from the carrier. [f
divergent carrier geometries and tolerances are not allowed
for in so doing, errors cannot be ruled out. In particular,
problems arise in optional charging of empty carriers.

Further, it is possible to monitor the correct position of the
object in the carrier by means of an additional optoelectronic
sensor when the carrier is being transported upward in the
vertical direction. In this way, objects protruding from the
carrier as the result of faulty or incorrect handling are
protected against damage when being returned to the trans-
port containers. If an object protruding from the carrier is
detected, the transport of the magazine is stopped and
manual intervention on the part of the operator is required to
correct the error.

While the detection of protruding objects has practical
importance, the required manual intervention causes unnec-
essary delays in continued processing by interfering with the
sterile conditions and possibly the climatic conditions of the
processing machines within the machine enclosure. This can
result in failure of the machine.

Therefore, the problem to be solved consists in ensuring
that the removing and charging device can precisely access
any given and predetermined plane of the magazine inde-
pendent of dimensional tolerances so as to avoid the costs
involved in extra adjustments and to provide for a more
flexible use of the described transport containers. Moreover,
it must be ensured that operation may be resumed immedi-
ately when detecting incorrectly positioned semiconductor

wafers.

SUMMARY OF THE INVENTION

In a device for indexing magazine compartments and
wafer-shaped objects, in particular semiconductor wafers
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el ing nmovenent .af . 90[err] with each revolution of its drive (not shown).
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and templates. contained therein in which the magazine is
adjustable vertically in a measurable manner relative to a
first handling plane for rcmoval and charging by a magazine
seat of a wafer handling device by means of a magazine lift
for the purpose of processing such wafer-shaped objects.
which device includes an optoelectronic sensor having a
transmitter and receiver which detects the position of the
wafer-shaped object rclative to a reference plane via a
bundle of mecasurement rays, the above-mentioned probiem
is solved according to the invention in that the bundle of
measurement rays also detects the position of the magazine
compartments relative to the reference plane whose location
in the wafer handling dcvice is rigidly defined by design
with respect to the first handling plane.

The bundle of mcasurcment rays which is emitted by the .
transmitter and whosc middle ray lies in the reference plane
is guided between oppositc walls enclosing thc magazine
compartments and is dirccted on projections of one of the
walls, which projections arc dirccted toward the interior of
the magazine and from compartments scrving to support the
wafer-shaped objects and interrupt the bundle of measure-
ment rays. As a result of the vertical adjustment in the
direction of thc magazine compartments which arc located
onc above the other and which accordingly successively
occupy a position in common with the reference planc, an
.image of the magazine compartments and of thc wafer-
shaped objects contained therein is produced by modulating
the bundlc of measurement rays.

An individual sensor system employs mcasuring tech-
niques to detect the magazine compartments themselves and
thc objects contained therein so as to determine the actual
ratios, in contrast to devices in which the position of a
magazine compartment is determined by computer based on
constructional data or by means of an indexer measuring
scale. In this way, objects may be removed and restored in
any optional manner so that it is also possible to carry out
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. any type of re-sorting or rearrangement between magazines
in which the spacing of the compartments differs from one
magazine to another and with respect to a reference plane
within the magazine. Empty magazines can also be filled in
any given manner.

In order to position wafer-like objects protruding from the
magazine, a wafer retuming device is provided in a second
handling plane parallel to the first handling plane. The
actuation of the wafer returning device is contingent upon a
sensor signal of a second sensor whose bundle of measure-
ment rays is directed parallel to the wafer-shaped objects and
lies directly adjacent to the removal and charging side of the
magazine during the vertical adjustment of the magazine.

When triggered by the sensor signal, the wafer returning
device guides the object back into the magazine compart-
ment without external intervention. Without manual inter-
vention, continued transport of the magazine in the transport
containers is ensured and damage to protruding objects is
prevented.

The invention will be explained more fully in the follow-
ing with reference to the schematic drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[n the drawings:

FIG. 1 shows a part of a wafer handlmo device in partial
section;

FIG. 2 shows the arrangement of an optoelectronic sensor
in a sectional view through the magazine,

FIG. 3 shows the front view of a magazine with cross-
sectional view of a bundle of measurement rays;

FIG. 4 shows, respectively, a section of one of the walls
of the magazine with inserted wafer-shaped objects and an

- image of the section scanned by means of the optoelectronic

sensor; -

e e
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and then retyros-to =Tt arjposition which is nonitored by a limt
swtch 23. 1 REBLAGE Mvﬂ’hén |G 6, the stepper notor 3, angle nmneasuring
system4. trdngmtters 7 and{1§, receivers 8 and 19, a third sensor 24
rigidly conngctledqy p‘bgth a'a 9, the Ilever nmechanism 22, and the limt
switch 23 ard nnected wt control conputer 25 for carrying out the

I nvention. An —to=di-grtal’ qonverters,” only one of which 26 is shown,

FIG. 5 shows a top view of the magazinc with a second
sensor and a wafer returning device; and

FIG. 6 is a block diagram showing the interconnection of
the control unit, processing unit and evaluating unit with
other units for carrying out the invention.

DESCRIP’I’ ION OF THE PREFERRED
EMBODIMENTS

A wafer handling device, only pan of which ts shown in
FIG. 1, contains in its intcrior a magazine seat 2 which can
be raised and lowcered in the z dircction (vertically o the
supporting surface of thc wafer handling device) via a
spindle drive 1. The spindle 1 is driven by a sicpper motor
3 which is outfitled with an angle measuring system 4 so that
the distance traversed when raised or lowered can be deter-
mincd via the slope of the spindle.

Together with a control computer 25 according to FIG. 6,
the stepper motor 3 with its control clectronics and angle
measuring system 4 forms a position regulator of 2 magazine
lilt which also includes the spindle 1 and magazine seat 2.
A removing and charging devicc 5 has 2 manipulating arm
6 working in a handling plane H—H and is fastened to a
framc 9 along with the magazine lift and an optoelectronic
sensor comprising a transmitter 7 and a receiver 8. A bundle
10 of measurement rays emitted by the transmitter 7 lies
with its middle ray in a reference plane E—E for indexing
magazine compartments 12 located in a magazine 11 and
wafer-shaped objects 13 contained therein. For the sake of
simplicity, the magazine compartments 12 are first shown in
FIG. 3. Thc distance between plane E—E and handling
plane H—H can be selected within the range of travel of the
spindle drive 1.

FIGS. 2 and 3 show the arrangement of the sensor with
reference to the magazine 11 and wafer-shaped objects 13,
e.g. semiconductor wafers or templates, which may be
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are connected between the sensors and the control conputer 25. When

.t he magazi ne SQWW relative to the third sensor 24, which
is rigidy conreg i Tt FHEETT hne 9 and at a known distance relative to
handl i ng pl ane H and reT"‘F"E fe plane E-E, and after the counter of the

angl e rreasurl systmlqm bpeh reset to zero, the nmagazine 11 is
automatically ved by its bpsg froma d-us'i--proof trans-

located in the magazine compartments 12. The transmitter 7
and the receiver 8 are correspondingly situated in such a way
that the bundle 10 of measurement rays is guided between
walls 14, 15 of the magazine 11 and directed on a comer
portion 16. According to FIG. 4, the comer portion 16
extends far enough into the bundle 10 of measurement rays
so that projections 17 facing the interior of the magazine 11
and serving as supports for the wafer-shaped objects 13
interrupt the bundle 10 of measurement rays.

The oblique irradiation of the magazine 11 shown in the
drawing was chosen because the magazine 11 is usually
partially closed in the rear. Naturally, in the absence of such
closure, the bundle 10 of measurement rays could also be
guided parallel to the walls 14 and 15 and magazine com-
partments 12. The middle ray of the bundlec 10 of measure-
ment rays advantageously passes directly along the front
edge of the projections 17.

In addition to the first sensor, another sensor having a
transmitter 18 and a receiver 19 is arranged adjacent to the
magazine 10 on its removal and charging side (the side
facing the removing and charging device §). This sensor is
situated at a defined distance from the first sensor and detects
objects 20 prouruding from the magazine 11 when the

- magazine 11 is transported in the positive z direction.

As shown in FIG. 5, a wafer returning device 21 is
provided for positioning the object 20 protruding from the
magazine 11. The water returning device 21 takes over the
displacement of the object 20 in the magazine 11 in a second
handling planec parallel to the first handling plane H—H on
the basis of the position information obtained by the first
sensor. [n this way, transport of the magazine 11 can proceed
without interference and without manual intervention.

The wafer returning device 21 has a lever mechanism 22
which is driven by an electric motor and executes a swiv-
eling movement of 90° with each revolution of its drive (not
shown). The lever of mechanism 22 is arranged in such a
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port container, not shown, and is taken over by the magazi ne seat 2 for

I ndexi ng the rragf B8 TR IRAY SRR S 12 and the waf er - shaped objects 13
| ocat ed t herein. at 2 is then lowered, i.e. noved in the

negative z dlrect|¢n unt i | exteeding a threshold val ue sw2 of threshold
values swl and |sw2 AiAYG Y agvant agequsly determined for the purpose of
data reduction. linjthis way, thejdistance of the base of the magazi ne 11
fromthe referende PI ane E-E 1's defect ed.

——

way that the lever pushes the object 20 into the magazine 11
and then returns to an initial position which is monitored by
a limit switch 23.

As is shown in FIG. 6. the stepper motor 3, angle
measuring system 4, transmitters 7 and 18, reccivers 8 and
19, a third sensor ..4 rigidly connccted with the frame 9, the
lever mechanism 22, and the limit switch 23 arc connected
with a control computer 25 for carrying out the invention.
Analog-to-digital converters, only one of which 26 is shown,
grc connected between the sensors and the control computer

25.

When the magazine seat 2 is positioned rclative to the
third sensor 24, which is rigidly connected with the frame 9
and at a known distance relative to handling plane H-H and
reference plane E—E, and after the counter of the angle
measuring system has been reset to zero, the magazine 11 is
automatically removed by its base from a dust-proof trans-
port container, not shown. and is taken over by the magazine
seat 2 for indexing the magazine compartments 12 and the
wafer-shaped objects 13 located therein. The magazine seat
2 is then lowered, i.e. moved in the negative z direction, until
exceeding a threshold value sw2 of threshold values swl and
sw2 which are advantageously determined for the purpose of
data reduction. In this way, the distance of the base of the
magazine 11 from the reference plane E—E is detected.

~ As the magazine 11 moves through plane E—E in the

direction .of its compartments 12, which are located one
above the other, an amplitude-modulated sensor output
signal U representing the magazine compartments 12 and
objects 13 as an image is obtained at the receiver 8 as a
function of distance corresponding to FIG. 4 and is fed to the
analog-to-digital converter 26 and combined with the mea-
surement signal of angle measuring system 4 and stored by
means of the control computer 25.

In order to remove an object 13 from the magazine 11 or
to place it in an empty magazine compartment 12, a value for

Sheet Has Been Replaced -

O




As-the magazme 11 nmoyve h+ough plane E-FE in the direction of its

conpart ments heﬁh SHEET| bcated one above the other, an
anpl i t ude- sersor|odt put  signal U representing the magazine

conpart mentys ghicts 13 as an image is obtained at the receiver 8
as a functldn af4 AUGtHHCe \cdrrespondingg @ FIG 4 and is fed to the
anal og-to-djgjtal converte 6 and conbined with the nea- surenent signal

of angle neast g system 4 ahd stored by

the distance between plane E—E and the first handling plane
H—H is added to the determined counter reading and the
magazine 11 is moved into the corresponding z position by
means of the magazine lift. '

Naturally, if permitted by the environmental conditions
under which the wafer-shaped objects 13 are transported,
special protective transport containers of the type mentioned
above may be omitted. In this special case, the magazine seat
2 takes over the magazine directly without transfer from the
transport container.

While the foregoing description and drawings represent
the preferred embodiments of the present invention, it will
be obvious to those skilled in the art that various changes
and modifications may be made therein without departing
from the true spirit and scope of the present invention.
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What is claimed is:

1. In a device for indexing compartments of a magazine
and wafer-shaped objects contained in said compartments,
said magazine being movable in a vertical direction relative
to a first handling plane by a magazine lift to allow removal
and charging of said wafer-shaped objects for the purpose of
processing_ said wafer-shaped objects, said device compris-
ing:

optoelectronic sensor means mcludmg transmitter means

and receiver means for dctecting the position of a
wafer-shaped object relative to a reference plane via a
bundle of measurement rays, said bundle of measure-
ment rays also being used for detecting a position of
said magazine compartments relative to said reference
plane whose location in the device is rigidly defined by
design with respect to the first handling plane; wherein

" opposite walls are provided defining said magazine com-
partments, said walls having projections,
the bundle of measurement rays which is emitted by said
transmitter mcans has a middlc ray which lies in said
reference plane and is guided betwecn said opposite
walls defining said magazinc compartments and is
directed on said projcctions of onc of the walls, said
projections being dirccted toward the interior of the
magazinc and forming magazinc compartments serving
~ to support the wafer-shaped objects and to interrupt the
bundle of mcasuremcnt rays, so that, as a result of
vertical adjustment in the direction of the magazinc
compartments which are located one above the other
and which successively occupy a position in common
with the reference plane, an image of the magazine
compartments and of the-wafer-shaped objects con-
tained therein is produced by modulating the bundle of
measurement rays, and

wafer returning means are provided in a second handling
plane parallel to the first handling plane for positioning
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wafer-like objects protruding from the magazine. said
wafer rcturning means being actuated depending upon
a sensor signal of a sccond sensor means whose bundle
of measurement rays is directed to seated wafer-shaped
objects and directly adjoins the removal and charging
side of the magazine during vertical adjustment of the
magazine.

2. A wafer handling apparatus comprising:

a magazine having compartments therein;

a magazine lift having a magazine seat for verucally
adjusting the position of the magazine relative to a first
handling plane for removal and charging wafer-shaped
objects for the purpose of processing said objects; and

optoelectronic sensor means, including means for trans-
mitting and means for receiving a bundle of measure-
ment rays for detectng the position of said wafer-
shaped objects relative to a reference plane and for
detecting thc position of said magazine compartments
relative to said reference plane; . -

wherein said magazinc has opposing walls for enclosing
the magazine compartments, said walls have projec-
tions therein, said transmitting means emits a bundle of
rays wherein a middle ray of said bundle lies in said
reference plane and is guided between said opposite
walls enclosing the magazine compartments and is
directed on said projections of one of the walls, said
projections being directed toward the interior of the
magazine and forming compartments serving to sup-
port the wafer-shaped objects and (o interrupt the
bundle of measurement rays. so that. as a result of
vertical adjustment in the direction of thc magazine
companuments which are located one above the other
and which successively occupy a position in common
with the reference planc. an image of the magazine
compantments and ol the watef-shapt.d objects con-
tained therein is produced:
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t he di stanceEbemen—p-l—ane——E- and the first handling plane HHis added to
t he det er m nkdRifhunter. rés&k&fﬁa and the magazine 11 is _nmoved-i-nto-the-
correspondi ng T o ans of the magazine lift Nat ur al |
gﬁwqﬁnt | condi tions under whi cﬂm“fumﬂmmﬂ:%
ted, ppecial protective trans f the

permtted byjthe
objects 13 agkejtr €

ntted. M 4is speci al &askt, t hé' magazi ne
seat !

type nentiongd

whercin said waler handling apparatus further includes a
sccond sensor means including transmitter means and
receiver means and wherein walcr rctuming means arc
provided in a second handling planc paraliet to the frst
handling plane for positioning waler-shaped objects
protruding from the magazine. which means arc actu-
ated depending upon a scnsor signal of sccond sensor
means. said second scnsor means utilizing a bundle ol
measurcment rays which s dirccted parallel o seated
wafcr-shaped objects and directly adjoins the removal
and charging side ol thc magazinc during vertical
adjustment of the magazine.
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2 takes over the nmgazine directly without transfer fromthe transport

cont ai ner. Wil e the foregoing description and drawi ngs represent the
preferred enbodi ments of the present invention, it will be obvious to those
skilled in us changes and nndlflcatlons may be nmade
therein wit m t he trye1§er|t and scope of the present

I nventi on. ' '

" DEVICE FOR INDEXING MAGAZINE
COMPARTMENTS AND WAFER-SHAPED
OBJECTS IN THE COMPARTMENTS

ABSTRACT

A device for indexing magazine compartments of a maga-
zine and wafer-shaped objects contained therein (o ensure
precise access of the removing and charging device in any
given predetermined plane of the magazine regardless of

" dimensional tolerances. An optoelectronic sensor having a
transmitter and receiver emits a bundle of measurement rays
to detect the position of the wafer-shaped objects as well as
the position of the magazine compartments relative to a
reference plane whose location is rigidly defined by design
with respect to a first handling plane for removing and

charging. The magazine is adjusiablé vertically in a mea-
surable manner for removal and charging by a magazine seat
via 2 magazine lift. The device is applicable in the manu-
facture of integrated circuits, in particular for handling
wafer-shaped objects.

FIG.S

heet Has Been Replaced
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What is clainmed is: 1. In a device for indexing conpartnents of a
magazi ne and waf er - shaped objects contained in said conpartnents, said
magazi ne being novable in a vertical direction relative
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to a first handling plane by a magazine lift to allow renoval and charging
of said wafer-shaped objects for the pur pose of processing said

waf er - shap devi ce conpri s- opt oel ectroni ¢ sensor neans
i ncl udi ng fﬂa Mﬁ&gm Sheer and recei ver means for detecting the
position o waf er - shaped obj ect r%l ative to a reference plane via a
bundl e of asu1¢rvb!ﬁﬁ W@ys $aid bundle of ncasure-

This Sheet 4,
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ment rays al so being used for detecting a position of sai d magazi ne
conpartments relative to sald ref erence pl ane whose | ocation in the
devi ce i S i Qirgldichefobopes design with respect to the first handling
pl ane; wher € el I3s are provided defining said magazi ne com
partnments, sgi @ oj ectigng. . the bundle of neasurenent rays
which is em tyansmtter nmeans has a mddle ray which |ies
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ref erence plane and is guided between said opposite wal I s defining said
magazi ne conpartnents and is: directed on said projections of one of the
wal |'s, said pr-ot-eettons—ej ng directed toward the interior of the
nmagazi ne and fBHﬁﬂﬁgmﬁubéﬁﬁﬁE bonpart nent's servi ng to support the
waf er - shaped OTJects and to fnferrupt the bundl e of neasurenent rays,

a te

so that, as %UU’-@W% eftical adj dstment in the direction of the
magazi ne

]

DEVICE FOR INDEXING MAGAZINE
COMPARTMENTS AND WAFER-SHAPED
OBJECTS IN THE COMPARTMENTS

BACKGROUND OF THE INVENTION

a) Field of the {nvention

The present invention is directed to a device for indexing
magazine compartments and wafer-shaped objects con-
tained therein. particularly semiconductor wafers and tem-
plates, the magazine being adjustable vertically in a mea-
surable manner relative to a handling plane for removal and
charging by a magazine seat of a wafer handling device by
means of a magazine lift for the purpose of processing such
wafer-shaped objects. Such technical solutions can be
applied in the manufacture of integrated circuits, particularly
for handling operations, and are known, for example, from
U.S. Pat. No. 4.895,486.

b) Description of the Related Art

In the manufacture of integrated circuits, semiconductor
wafers must be transported between different processing
stages to individual processing machinery. It is increasingly
common for such transport to be effected in standardized
transport containers, so-called standard mechanical interface
boxes (SMIF boxes), the magazine within whose compart-
ments the semiconductor wafers are located being fastened
in a suitable manner to the base of these transport containers.
For the purpose of charging the processing machines, the
magazines are unloaded from the transport containers by
suitable devices and the semiconductor wafers are removed
by a removing and charging device. After processing, the
semiconductor wafers are returned to the compartments of
the magazine and the magazine is returned to the transport
containers.

The possible use of impact pressure sensors or reflex
couplers which detect the semiconductor wafers in the




cqompartnments which are |ocated one above the other and whi ch
successively occupy a position in:commmon with the reference plane, an

i mge of the nggaz-he campartments and of the wafer-shaped objects con-
tai ned thereinfi BEﬂrﬁcﬁﬂmw $uEEmoflul ati ng the bundl e of measur ement.
rays, and waf¢r [Teturnrmng—reapsfare provided in a second handling

pl ane parallel |t t{g jdf\f %98;;}“1 ‘ing pl ané for posi tioni ng

' — [

magazine has the disadvantage that the magazine must be
serviced in a determined sequence. In so doing, the semi-
conductor wafers may not be removed from the magazine in
arbitrary sequence: rather. the charging magazine must be
emptied starting from the bottom and- proceeding upward
and the dispensing magazine must be filled starting from the
top and proceeding downward because of the required
sensor arrangement and the removal and charging of semi-
conductor wafers dictated thereby. Consequently, a fixed
allocation of the wafer to a determined level is not adhered
to. Such technical solutions cannot be applied for inspecting
conventional random samples or for use in the above-
mentioned transport containers.

[tis known from U.S. Pat. No. 4,895,486 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 reporting
the presence of such an object is combined with a position
signal for thc object. The first signal is obtained by an
optoelectronic sensor which monitors the space in which the
objects can be located. The sccond signal is formed via a
position encoder coupled with a drive for moving the carrier
up and down.

To determine the rcfercnce planc and possiblc location of
the objects, the carrier spacc is divided vertically into
segments. [n addition to a segment scrving as refercnce
plane and scgments without water-like -objects, window
scgments in which objccts may be present are also defined.
An indexing ol the carrier is effected tn that. after the
reference planc in the carrier is detected by mcasuring
tcchniques. the locations of the window scgments arc dcter-
mined by computer based on construction data of the
respective carricer being used and are stored in the computer.

Although the quantity ol objects and their locations
relative to a reference planc within the carrier can be
determined by mcans of the described solution, the carrier or



thc removing and charging devicc must bc positioned
according to the grid dimensions of thc compartments of the
carrier in order to remove thc objccts from the carrier. (f
divergent carrier geometrics and tolerances are not allowed
for in so doing, errors cannot be ruled out. In particular,
problems arise in optional charging of empty carriers.

Further, it is possible to monitor the correct position of the
object in the carrier by means of an additional optoelectronic
sensor when the carrier is being transported upward in the
vertical direction. In this way, objects protruding from the
carrier as the result of faulty or incorrect handling are
protected against damage when being returned to the trans-
port containers. If an object protruding from the carrier is
detected, the transport of the magazine is stopped and
manual intervention on the part of the operator is required (0
correct the error.

While the detection of protruding objects has practical
importance, the required manual intervention causes unnec-
essary delays in continued processing by interfering with the
sterile conditions and possibly the climatic conditions of the
processing machines within the machine enclosure. This can
result in failure of the machine.

Therefore, the problem to be solved consists in ensuring
that the removing and charging device can precisely access
any given and predetermined plane of the magazine inde-
pendent of dimensional tolerances so as to avoid the costs
involved in extra adjustments and to provide for a more
flexible use of the described transport containers. Moreover,
it must be ensured that operation may be resumed immedi-
ately when detecting incorrectly positioned semiconductor
wafers. ' -‘ '

SUMMARY OF THE INVENTION

In a device for indexing magazine compartments and
wafer-shaped objects, in particular semiconductor wafers




- 11-3 ' waf er-1i ke objects protruding fromthe nagazi ne, said

waf er returning neans being actuated dependi ng upon a sensor signal
of a second Wﬁﬁn ose bundl e of measurenent rays is
directed to ?@f»g‘?ﬁ hyz! Pt’gﬁc aped
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and templates. contained therein in which the magazine is
adjustable vertically in a measurablc manner relative to a
first handling plane for removal and charging by a magazine
seat of a wafer handling device by means of a magazine lift
for the purpose of processing such wafer-shaped objects.
which device includes an optoelectronic sensor having a
transmitter and receiver which detects the position of the
wafer-shaped object rclative to a refcrence plane via a
bundle of mcasurement rays. the above-mentioned problem
is solved according to the invention in that the bundle of
measurement rays also detects the position of the magazine
compartments relative to the reference plane whose location
in the wafer handling device is rigidly defined by design
with respect to the first handling plane.

The bundle of mecasurcment rays which is emitted by the
transmittcr and whosc middle ray lics in the reference plane
is guided between opposite walls enclosing thc magazine
compartments and is dirccted on projections of one of the
walls, which projections arc dirccted toward the interior of
the magazine and from compartments scrving to support the
wafer-shaped objects and interrupt the bundle of measurc-
ment rays. As a result of the vertical adjustment in the
direction of the magazine compartments which arc located
onc above thc other and which accordingly successively
occupy a position in common with thc reference planc, an
.image of the magazine compartments and of the wafer-
shaped objects contained therein is produced by modulating
the bundlc of measurement rays.

An individual sensor system employs mcasuring tech-
niques to detect the magazine compartments themselves and
the objects contained therein so as to determine the actual
ratios, in contrast to devices in which the position of a
magazine compartment is determined by computer based on
constructional data or by means of an indexer measuring
scale. In this way, objects may be removed and restored in
any optional manner so that it is also possible to carry out



objects and directly adjoins the renoval and chargi ng side of the
magazi ne during vertical ad ust ment of the magazi ne.

handl i ng apparatus co

a nmagazi ne Ig
position of it

renoval and {chargi ng wafer- 9
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any type of re-sorting or rearrangement between magazines

in which the spacing of the compartments differs from one
magazine to another and with respect to a reference plane

within the magazine. Empty magazines can also be ﬁlled in
any given manner.

In order to position wafer-like objec_ts protruding from the
magazine, a wafer returning device is provided in a second
handling plane parallel to the first handling plane. The
actuation of the wafer returning device is contingent upon 2
sensor signal of a second sensor whose bundle of measure-
ment rays is directed parallel (o the wafer-shaped objects and
lies directly adjacent to the removal and charging side of the
magazine during the vertical adjustment of the magazine.

When triggered by the sensor signal, the wafer returning
device guides the object back into the magazine compart-
ment without external intervention. Without manual inter-
vention, continued transport of the magazine in the transport
containers is ensured and damage to protruding objects is
prevented.

The invention will be explained more fully in the follow-
ing with reference to the schematic drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

{n the drawings:

FIG. 1 shows a part of a wafer handlmo device in partial
section;

FIG. 2 shows the arrangement of an optoelectronic sensor
in a sectional view through the magazine;

FIG. 3 shows the front view of a magazine with cross-
sectional view of a bundle of measurement rays:;

FIG. 4 shows, respectively, a section of one of the walls
of the magazine with inserted wafer-shaped objects and an
image of the section scanned by means of the optoelectronic
SCnsor; : ' |

2. A wafer

a magazi ne having conpartnents therein;

i ne seat for vertically adj usting the
ive to a first handl i ng pl ane for
dped -3 -



ObJECtS for the purpose of processing said objects; and opt oel ectronic

sensor means, including nmeans for-trans- mtting and neans for

receiving a ment rays for detecting the position
r -REPLACEMENTh &R

of said waf bjects relative to a reference plane and for
detecting th Ftion~of sdi d magazi ne conpartnents relative to
sai d referentei plqu%“,\% mgg erlei n sai d negazi ne has opposing walls for
encl osi ng . __i

FIG. 5 shows a top view of the magazinc with a second
scnsor and a waler returning device; and

FIG. 6 is a block diagram showing the interconnection of
the control unit, processing unit and evaluating unit with
other units for carrying out the invention.

 DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A wafer handling device, only pan of which is shown in
FIG. 1, contains in its intcrior a magazine seat 2 which can
be raised and lowered in the z dircction (vertically to the
supporting surface of the wafer handling device) via a
spindlc drive 1. The spindle 1 is driven by a stepper motor
3 which is outfitted with an angle measuring system 4 so that
the distance traversed when raised or lowered can be deter-
mincd via the slope of the spindle.

Together with a control computer 23 according to FIG. 6,
the stepper motor 3 with its control clectronics and angle
measuring system 4 forms a position regulator of a magazine
lilt which also includes the spindle 1 and magazine seat 2.
A removing and charging device 5 has a manipulating arm
6 working in a handling plane H—H and is fastened to a
framc 9 along with the magazine lift and an optoelectronic
sensor comprising a ransmitter 7 and a receiver 8. A bundle
10 of measurement rays emitied by the transmitter 7 lies
with its middlc ray in a reference plane E—E for indexing
magazine compartments 12 located in 2 magazine 11 and
wafer-shaped objects 13 contained therein. For the sake of
simplicity, the magazine compartments 12 are first shown in
FIG. 3. The distance between plane E—E and handling
plane H—H can be selected within the range of travel of the
spindle drive 1.

'FIGS. 2 and 3 show the arrangemenl of the sensor with

reference to the magazine 11 and wafer-shaped objects 13,
e.g. semicbnduczor wafers or templates, which may be




t he magazi ne conpart ments. ~said walls have projec- tions therein,

.said transmttin St a bundl e of rays wherein a mddle ray
of said bun mﬂiﬁi’\'s&ﬂ% . reference plane and is guided between
sai d opposi tle , wal Ts dngl osi ng t he magazi ne conpartnents and i s

f one of the walls, said proj ections

directed on 0j loRNS
bei ng directéd t&/ﬁm{\de’%in etior of the - 7 .~ magazine and form ng

located in the magazine compartments 12. The wransmitter 7
and the receiver 8 are correspondingly situated in such a way
that the bundle 10 of measurement rays is guided between
walls 14, 15 of the magazine 11 and directed on a corner
portion 16. According to FIG. 4, the comer portion 16
extends far enough into the bundle 10 of measurement rays
so that projections 17 facing the interior of the magazine 11
and serving as supports for the wafer-shaped objects 13
interrupt the bundle 10 of measurement rays.

The oblique irradiation of the magazine 11 shown in the
drawing was chosen because the magazine 11 is usually
partally closed in the rear. Naturally, in the absence of such
closure, the bundle 10 of measurement rays could also be
guided parallel to the walls 14 and 15 and magazine com-
partments 12. The middle ray of the bundle 10 of measure-
ment rays advantageously passes directly along the front
edge of the projections 17.

In addition to the first sensor, another sensor having a
transmitter 18 and a receiver 19 is arranged adjacent to the
magazine 10 on its removal and charging side (the side
facing the removing and charging device 5). This sensor is
situated at a defined distance from the first sensor and detects
objects 20 protruding from the magazine 11 when the
magazine 11 is transported in the positive z direction.

As shown in FIG. 5, a wafer rewming device 21 is

_provided for positioning the object 20 protruding from the
magazine 11. The water returning device 21 takes over the
displacement of the object 20 in the magazine 11 in a second
handling plane parallel to the first handling planc H—H on
the basis of thc position information obtained by the first
sensor. [n this way, transport of the magazine 11 can proceed
without interference and without manual intervention.

The wafer returning device 21 has a lever mechanism 22
which ts driven by an electric motor and executes a swiv-
eling movement of 90° with each revolution of its drive (not
shown). The lever of mechanism 22 is arranged in such a



port the wafer-shaped objects and to interrupt the

measur enent rays

direction of t egeﬂ@ﬁh"ﬁm

t he ot her
with the refer
of the wafer-sh
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way that the lever pushes the object 20 iato the magazine 11
and then returns to an initial position which is monitored by
a limit switch 23. .

As is shown in FIG. 6. the stcpper motor 3. angle
measuring system 4, transmitters 7 and 18, receivers 8 und
19, a third sensor 24 rigidly connected with the frame 9, the
lever mechanism 22, and the limit switch 23 arc coanected
with a control computer 25 for carrying out the invention.
Analog-to-digital converters, only onc of which 26 is shown.
arc connected between the sensors and the control computer
2s.

When the magazine scat 2 is positioned rclative to the
third sensor 24, which is rigidly connected with the frame 9
and at a known distance relative to handling plane H-H and
reference plane E—E, and after the counter of the angle
measuring system has been reset Lo zero, the magazine 11 is
automatically removed by its base from a dust-proof trans-
port container, not shown. and is taken over by the magazine
seat 2 for indexing the magazine compartments 12 and the
wafer-shaped objects 13 located therein. The magazine seat
2 is then lowered, i.e. moved in the negative z direction, until
exceeding a threshold value sw2 of threshold values swl and
sw2 which are advantageously determined for the purpose of
data reduction. In this way, the distance of the base of the
magazine 11 from the reference plane E—E is detected.

As the magazine 11 moves through plane E—E in the
direction of its compartments 12, which are located one
above the other, an amplitude-modulated sensor output
signal U representing the magazine compartments 12 and
objects 13 as an image is obtained at the receiver 8 as a
function of distance corresponding to FIG. 4 and is fed to the
analog-to-digital converter 26 and combined with the mea-
surement signal of angle measuring system 4 and stored by
means of the control computer 25.

In order to remove an object 13 from the magazine 11 or
to place it in an empty magazine comparument 12, a value for

bundl e of

ﬁﬁf? fesult of vertical adjustnent
: conpartnments which are | ocated one above

|ch sucgedsi vel y occupy a position in conmon

e of the magazine conmpartnments and

e ansi
@cts cony t ~t & med therein is produced:

in the
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the distance between plane E—E and the first handling plane
H—H is added to the determined counter reading and the
magazine 11 is moved into the corresponding z position by
means of the magazine lift.

Naturally, if permitted by the environmental conditions
under which the wafer-shaped objects 13 are transported,
special protective transport containers of the type mentioned
above may be omitted. [n this special case, the magazine seat
2 takes over the magazine directly thhout transfer from the
transport container.

While the foregoing description and drawings represent
the preferred embodiments of the present invention, it will
be obvious to those skilled in the art that various changes
and modifications may be made therein without departing
from the true spirit and scopc of the present invention.
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What is claimed is:

1. In a device for indexing compartments of a magazine
and wafer-shaped obj ained in said compartments,
said magazine being movable in a vertical direction relative
to a first handling plane by a magazine [ift to allow removal
and charging of said wafer-shaped objects for the purpose of
processing saJd wafer-shaged objects, said device compris-
ing:

optoelectronic sensor means including transmiticr means

and receiver means for dctecting the position of a
wafer-shaped object relative to a reference plane via a
bundle of measurement rays. said bundle of measure-
ment rays also being used for dctecting a position of
said magazine compartments relative to said reference
plane whose location in the device is rigidly defined by
design with respect to the first handling plane; wherein

" opposite walls are provided defining said magazine com-

partments, said walls having projcctions.

the bundle of measurement rays which is emitted by said
transmitter mcans has a middle cay which lies in said
reference plane and is gutdcd between said opposite

walls defining said magazinc compartments and is
directed on said projections of onc of the walls, said

projecctions being dirccted toward the interior of the
magazine and forming magazinc compartments serving
to support the wafer-shaped objects and to interrupt the
bundle of mcasurement rays, so that, as a result of
vertical adjustment in the direction of the magazine
compartments which are located onc above the other
and which successively occupy a position in common
with the reference plane, an image of the magazine
compantments and of the wafer-shaped objects_con-
tained therein is produced by modulating the bundle of
measurement rays, and

wafer returning means are provided in a second handling
plane parallel to the first handling plane for positioning




recei ver means and wherei n wafer returning neans are provided in a second
handl i ng plLane- i l;l ek X0 the first handl i ng plane for positioning
waf er - sha d&t@b &—»‘“protr ding fromthe nagazi ne, which neans are actu-
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at ed depenrEl mg-upon a senserisignal of second sensor ° neans, said second

sensor means ‘ut k’lz‘el.,hg Y& bindl e of measur enment ' “i ﬂ cted
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wafer-like objects protruding from the magazine. said
wafer returning means being actuated depending upon
2 sensoc sxgnal of a second sensor means whose pundle
ol measurament rays is directed 10 seated wafer-shaped
objects and directly adjoins the removal and charging
side of the maoazme during vemcal ‘adjustment of the
magazine. :
2. A wafer handling apparatus comprising:

a_magazine having compartments therein:

a magazine lift having a magazine seat for verucaily
adjusting the position of the magazme relative to 3 first
ba.ndhno lane for remov oine wafer-shape

jects for the purpose of processing said objects; and

optoelectronic sensor means, including means for trans-
mitting and means for receiving a bundle of measure-
ment rays for detecting the position of said wafer-
shaped objects relative to a reference plane and for
detecting the position of said magazine compariments
relative to said reference plane;

wherein said magazinc has opposing walls for enclosing
the magazine cormparniments. said walls have projec-
tious therein, said transmitting means emits a bundle of
rays wherein a middle ray of said bundle lies in said
reference plane and is guided between said opposite
walls enclosing the magazine compartments and is
directed on said projections of one of the walls, said
projections being directed toward the intedor of the
magazine and forming compartments serving to sup-
port the wafer-shaped objects and to interrupt the
bundle of measurement rays, so that. as a result of
vertical adjusiment in the direction of thc magazine
compantments which are located one above the other
and which successively occupy a position in common
with the reference planc. an image of the magazinc
companiments and ol the wafer-shaped objects con-
tained therein is produced:




and chargi ng

I ne during vertical adj ust nrent of the
magazi ne, .
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whercin said water handling apparatus further includes a
sccond scnsor means including transmitter means and
receiver means and wherein wafcr cctuming means arc
provided in a sccond handling plane paralle! to the first
handling plane for positioning waicr-shaped objects
orotruding from the magazine, which means are actu-
ated depending upoa a scasor signal of sccond seasor
means. said second scasor means utilizing a bundle ol
mecasurement cays which is dirccted parallel w scated
walcr-shaped objects and directly adjoins the removal
and charcing side ol the mavazine dudng vertical
adjustment of the magazine.




\ @ o
— o

- 13 -

DEVICE FOR INDEXING MAGAZINE
COMPARTMENTS AND WAFER-SHAPED
OBJECTS IN THE COMPARTMENTS

ABSTRACT

A device for indexing magazine compartments of a maga-

zine and wafer-shaped objects contained therein to ensure
precise access of the removing and charging device in any
given predetermined plane of the magazine regardless of
dimensional tolerances. An optoelectronic sensor having a
transmitter and receiver emits a bundle of measurement rays
to detect the position of the wafer-shaped objects as well as
the position of the magazinc compartments reiative 0 a
reference plane whose location is rigidly defined by design
with respect to a first handling plane for removing and
charging. The magazine is adjustable vertically in a mea-
surable manner for removal and charging by a magazine seat
via a magazine lift. The device is applicable in the manu-
facture of integrated circuits, in particular for handling
wafer-shaped objects.

FIG.5
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