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The mvention is directed 10 a device for handling disk-shaped ob]ects na

handling plane of a local clean room containing a magazine seat which is adjustable vertically
_relative to the handling plane in a measurable manner and work stations for processing and

| inspection located substantially in the handling plane. Technical solutions of this kind are

applied in the manufacture of integrated circuits, in particular for handling tasks.

The increasing degree of integration and lreduced design widths in the
manufacture of integrated circuits lead to progressively stricter requirements for the quality of
clean rooms. In order to meet such requirements, standardized transport containers, so-called
standard mechanical interface boxes (SMIF boxes), are increasingly used to transport disk-
shaped objects (wafers or masks) to individual processing stations, the cassette or magazine

containing the objects in its shelves being fixed in a suitable manner to the base of these

transport containers. When loading the processing machines, the magazines are removed from

the transporting containers by appropriate means and the objects are taken out by a
manipulator. After processing, the objects are returned to the shelves of the magazine and the
magazine is replaced in the transport container.

The use of such SMIF boxes was previously restricted pnmanly only to large
devices such as wafer steppers, implanters, etc., so that there is still no general application of
such SMIF solutions to a great many process steps at the present time. Often, the magazines
holding the objects are removed from the SMIF boxes by more or less complicated devices
and transferred manually or automatically to the processing and inspection equipment.

With the creatibn of device-oriented, self-contained local clean rooms having a
defined input/output interface, it has been possible to lower requirements for the surrounding
clean room or to improve the quality of the environment of the objects in conventional clean
rooms. _

U.S. Patent No. 4,746,256 describes a device for handling and inspecting
wafers or masks as disk-shaped objects in a local clean room with SMIF boxes, manipulators
and work stations. The manipulators and work stations are enclosed by a self-contained

canopy in which the magazine, inc!uding the objects, can be introduced and seated after
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Descrfbilonr : The invention is dlrected to a deV|ce for
handllng di sk- shaped objects in a

placing the SMIF boxes on the canopy. The manipulator is adjustable in the z axis for
removing the objects from various planes of the magazine and for transferring them to the
* work station.

| Further, it is known from U.S. Patent No. 4,895,486 to determine the presence
of wafer-like objects in a carrier (magazine) and their position in the magazine relative to a
reference plane by means of 2 monitoring device in that a first signal for the presence of such
an object is coupled with a position signal. The first signal is obtained with the aid of an
optoelectronic sensor monitoring the space in which the objects can be located. The second
signal is generated by a position encoder coupled with a drive for raising and lowering the
magazine. To determine the reference plane and the area in which the objects are seated, the
space in the magazine is divided into vertical segments. In addition to a segment serving as
reference plane and segments in which no wafer-like objects are found, window segments in
which objects may be present are also defined. The magazine is indexed in that the locations
of the window segments are determined by computer and stored therein based on information
concerning the construction of the magazine used in the given case after detecting the
reference plane in the magazine by measuring technique.

Although the solution described above can be used to determine the number of
objects and their locations relative to a reference plane within the magazine, the magazine or
manipulator must be positioned within the modular dimensions of the shelves of the magazine
in order to remove the objects from the latter. Errors will occur if divergent magazine
geometries and tolerances are not taken into account. This will result in problems when
arbitrarily charging an empty megazine or when rearranging objects within a magazine or from
one magazine to another as a preparatory or follow-up process to processing or inspection.

It is the object of the pfesent invention to safeguard such process steps leading
up to or following processing and inspection of the disk-shaped objects under local clean-
room conditions with or, at least partially, without the use of SMIF boxes.

This object is met, according to the invention, by a device for handling disk-
shaped objects in a handling plane of a local clean room containing a magazine receptacle or
seat which can be adjusted vertically relative to the handling plane in a measurable manner and
work stations for processing and inspection located substantially in the handling plane in that

the handling plane is in a fixed constructional relationship toa reference plane of at least one

ain
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handling plane of a |ocal clean room containing a nagazi ne seat which is
adj ustabl e vertically relative to the handling plane in a neasurabl e manner
and work stations for processing and inspection |ocated substantially in
the handling plane. Technical solutions of this kind are applied in the
manuf acture of integrated tircuits, in particular for handling tasks.

The increasing degree of integration and reduced design widths in the

manuf act ur,e ., of integé ted circuits lead to progres iveI%Sstricter
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di sk- intermediate base dividing the clean room into two partial spaces located one above the other,
in which an air flow component of an air flow is directed from the partial space above the
intermediate base into the partial space below the intermediate base.

The air flow produced by an air-processing system is directed on a wall which
is located opposite the air-processing system and outwardly defines the clean room. This wall
has air outlet openings whose total cross section abové the intermediate base is smaller than
the total cross section below the intermediate base.

Particles which are introduced below the intermediate base by the drivé
elements and can adversely affect clean room conditions are prevented from entering the
handling, processing, and inspection areas.

In an air-processing system containing an axial fan and a filter arranged in
series in the direction of flow between an inlet opening and an outlet opening in a common
housing serving as a plenum, the inlet opening and axial fan are advantageously separated by a
tubular enclosure from the plenum until an air outlet in the direction of flow. The air outlet
contains air guidance surfaces which are situated in the air flow and act against rotational
components of the air flow.

The air outlet advantageously comprises circle-sector-shaped cut outs which

_are cut into a plate connected with the enclosure so as to be symmetrical to the rotational axis
of the axial fan, the air guidance surfaces being placed in these cut outs so as to be directed
parallel to the fan blades of the axial fan.

The indexing device has an optoelectronic sensor having a transmitter and a
receiver which detects the position of the magazine shelves and disk-shaped objects relative to
the reference plane by means of measuring techniques.

The transmitter emits a bundle of measurement rays whose center is oriented in
the reference plane. This bundle of rays is guided between oppositely located walls containing
the magazine shelves and is directed on and interrupted by projections of one of the walls,
which projections face toward the interior of the magazine and form shelves supporting the

disk-shaped objects. As a result of the vertical adjustment in the direction of the magazine

shelves which are located one above the other and which accordingly successively occupy a
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shaped objects (wafers or nmasks) to individual processing stations, the
casset'te or nmagazi ne containing the objects in its shelves being fixed in a
sui tabl e manner to the base of these transport containers. Wen | oading the
processi ng machi nes, the nmagazines are renoved fromthe transporting

contai ners by appropriate nmeans and the objects are taken out by a

mani pul ator. After processing, the obj efts are returned to the shel ves of

t he nagazi ne. and the magazjine.i s replaced in t t ransport, contaier.
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rays.

The magazine shelves themselves and the objects contained therein are detected
with measuring techniques by an individual sensor system so as to determine actual ratios as
distinct from determining the position of a magazine sheif by computer based on
constructional data or determining position with reference to an indexing scale. In this way,
loading and unloading may be carried out optionally so as to enable any type of rearrangement
between magazines with different shelf spacing relative to a reference plane within the
magazine. Empty magazines can also be filled as desired. |

A wafer returning device is provided for positioning disk-shaped objects
protruding from the magazine. The #ction of the wafer returning device depends on a sensor
signal of a second sensor whose bundie of measurement rays is direcfed parallel to the disk-
shaped objects and directly adjoins the side of the magazine used for loading and unloading
during vertical adjustment of the magazine.

When triggered by the sensor signal, the wafer returning device returns the
object to the magazine shelf without requiring external intervention so as to ensure the
continued transport of the magazine in the transport containers and prevent damage to
protruding objects.

A manipulator with an articulated arm having a plurality of members is used for
handling. The rotating axles of the articulated arm are formed by hollow axles and its front
member has a vacuum holding device for picking up the disk-shaped objects. The vacuum
holding device is directly connected with a vacuum in the hollow axles.

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

the schematic drawings.
Fig. 1 shows a front view of a device for handling disk-shaped objects;
Fig. 2 shows a top view of the intermediate base in the device according to Fig. 1;

Fig. 3 shows an air-processing system;
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such SMF solutions to a great many process steps at the present tine.
O'ten, the magazi nes hol ding the objects are renoved fromthe SMF boxes by
more or |ess conplicated devices and transferred manually or automatically
to the processing and inspection equipnent. : Wth the
creation of device-oriented, self-contained |ocal clean roons having a
defined input/output interface, it has been possible to | ower requirenents
for the ifrroundin clean ropmor_to inprove Ege gg%hipy of the environnent
of the a1 €s;

of the otf!&ct$ 3RerPEFHIEYISHALS Pessibleamangsment

Fig. 5 is a view of an indexing device in partial section;

Fig. 6 shows the arrangemerit of an optoelectronic sensor in connection with a sectional view

through the magazine;

Fig. 7 shows the front view of a magazine with a cross-sectional view of a bundle of

measurement rays,

Fig. 8 shows, respectively, a section from one of the walls of the magazine with inserted disk-

shaped objects and an image of the section sensed by the optoelectronic sensor;,
Fig. 9 shows a top view of the magazine with a second sensor and a wafer returning device,

Fig. 10 is a block diagram showing the connection of the control unit, processing unit and

evaluating unit with other units for carrying out indexing;
Fig. 11 shows a side view of a manipulator.

According to Figures 1 and 2, two devices 2, 3 for indexing magaz_ines for
disk-shaped objects are located opposite one another and are mounted on a carrier 1.
Together with 2 manipulator, which is not shown in this drawing but is described more fully
with reference to Fig. 11, and work stations S, 6, e.g. a pre-aligner and a wobble table, the
devices 2, 3 form a basic setup, according to the invention, which is enclosgd by an enclosure
7. SMIF boxes placed on the latter are designated by 4. An air-processing system 8 provides
for a laminar air flow of the requisite purity. Other work stations may include a bar code
reader or an OCR reader. With respect to operation, the device is suitable as a visual

inspection device, flat or notch finder, batch transfer device, loader or unloader, merger or

splitter.
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U S. Patent No. 4,746,256 describes a device for handling and inspecting
waf ers.- or. masks as di sk-shaped objects in a local clean roomwith SMF
boxes, mani pul ators and work stations. The mani pul ators and work stations
are enclosed by a self-contai ned canopy in which the nagazine, including
the obj ects, can be introduced and seated after '

The enclosure 7 which is divided by an intermediate base 5 into two partial
spaces 10, 11 has vents 13, 14 in its wall 12 which is located opposite the air-processing
system 8 and outwardly defines the latter. These vents 13, 14 compensate for the
overpressure which is produced.

A reduction in the overall cross section of vent 13 compared to the overall
cross section of vent 14 results in an air flow component which is directed from the partial
space 10 above the intermediate base 9 to the partial space 11 below the intermediate base 9.
A cut out portion 15 for the manipulator and other openings (not shown) in the intermediate
base 9 which are provided for the work stations 5, 6 guarantee an overflow of the air flow so
that particles introduced below the intermediate base 9 by the drive elements which could
adversely affect clean room conditions are preventeii from penetrating into the partial space 10
devoted to handling, processing and inspection.

In addition to containing an axial fan 21 arranged along an axis X - X which
simultaneously forms the axis of rotation of the axial fan 21, a hoﬁsing 16 having an inlet
opening 17 in an inlet plate 18 and an outlet opening 19 in an outlet plate 20 also contains a
sieve-like compensating device 22 and a high-efficiency particulate matter filter 23 which
closes tightly with the side walls of the housing 16.

A tubular enclosure 24 which tightly contacts the inlet plate 18 at one side and
is constructed as a pipe sleeve separates the inlet opening 17 and the axial fan 21 from the
interior of the housing 16 with the exception of an air outlet in the direction of flow. The
housing 16 serves at the same time as a plenum. The pipe sleeve is arranged at the smallest
possible distance from the fan blades 25.

The air outlet is formed by circle-sector-shaped cut outs 27 which are
symmetrical with reference to the axis of rotation and are cut into a plate 26 connected with
the pipe sleeve. The cut outs 27 have air guidance surfaces in the form of air baffles 28
situated within the flow of air generated by the axial fan 21. These air baffles 28 can project
out from the plate 26 in the direction of the outlet plate 20, as shown in Fig. 4, and/or in the
direction of the inlet plate 18.

The air baffles 28 are inclined relative to the plate 26 as determined by the type
and construction of the axial fan 21. A substantially parallel alignment relative to the fan
blades 25 should be selected.
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Naturally, air baffles which overlap in pairs because of their size can also be
used, in which case the surface members 31 located between the cut outs 27 parailel to the
high-efficiency particulate matter filter 23 can be dispensed with.

The flow of air which is sucked in via the inlet opening 17 by the axial fan 21
and blown in the direction of the outlet opening 19 has a component directed toward the
outlet opening 19 and two coihponents directed toward the side walls so that the resultant
describes a twisting movement of the air flow. This twisting movement would cause an
irregular flow against the filter plates at the high-efficiency particulate matter filter 23
prevénting an advantageous exploitation of the effective filter surface so that the amount of
pure air produced would decrease due to increased air resistance of the volume flow.

The air baffles 28 placed in the flow of air and acting against the twisting
movement compensate for the components directed toward the side walls so that the available
air flow now contains only the components directed toward the outlet opening 19.

The sieve-like compensating device 22 unifies the pressure of the air flowing
against it. Air flows against the effective surface of the high;eﬁiciency particulate matter filter
23 vertically and uniformly.

A device for indexing, only part of which is shown in Fig. 5, contains in its
interior 2 magazine seat 33 which can be raised and lowered along the z axis (vertically to the
supporting surface of the device) via a spindle 32. The spindle 32 is driven by a stepping
motor 34 which is outfitted with an angle measuring system 35 so that the distance traversed
when raising or lowering can be determined via the slope of the spindle.

Together with a control computer 56 according to Fig. 10, the stepping motor
34 with its control electronics and angle measuring system 35 forms a position regulator of a
magazine elevator which also comprises the spindle 32 and magazine seat 33. A manipulator
36 has a handling arm 37 working in a handling plane H-H and is fastened to a common frame
40 along with tﬁe magazine elevator and an optoelectronic sensor having a transmitter 38 and
receiver 39. The transmitter 38 emits a bundle of measurement rays 41 whose center ray
passes along a reference plane E-E for indexing magazine shelves 43 located in a magazine 42
and disk-shaped objects 44 contained therein. For the sake of simplicity, the magazine shelves
43 are not shown until Fig. 7. The distance between plane E-E and handling plane H-H can be

selected within the range of movement of the spindle drive.

is adjustable in the
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vgng the abjects fromvarious planes of the nmagazine and for '
erring themto the work station. “ Further, it is known

U'S. Patent No. 4,895,486 to determ ne the presence of waf er-1i ke

fcCts in a carrier (nmagazine) and their position in the magazine relative

.a reference plane by nmeans of a nonitoring device in that a first signal

or the presence of 'such an object is cogpled with a position signal. The

first signal is obtained with the aid of an optoelectronic sensor

moni toring the spaceighfes¥indl G BOLEHESERANRR JALR\Ath refiithce RrdiRd ST gnal

IS generated by a posl tlon enco couplPed with a drive for ralsing and

| ower i ng tragazine 42 and disk-shaped objects 44, e.g. semiconductor wafers or templates, which may

be present in the magazine shelves 43. According to the drawing, transmitter 38 and receiver
39 are so situated that the bundle of measurement rays 41 is guided between walls 45, 46 of
the magazine 42 and directed on a corner portion 47. According to Fig. 8, the comer portion
47 extends into the bundle of measurement rays 41 so far that projections 48 facing the
interior of the magazine 42 and serving as supports for the disk-shaped objects 44 interrupt the
bundle of measurement rays 41. |

The oblique irradiation of the magazine 42 shown in the drawing was chosen
because the magazine 42 is usually partially closed in the rear. In the absence of such closure,
it would also be possible, of course, to guide the bundled measurement rays 41 parallel to the
walls 45 and 46 and magazine shelves 43. The center ray of the bundle of measurement rays
41 advantageously passes directly along the front edge of the projections 48.

In addition to the first sensor, another sensor having a transmitter 49 and a
receiver 50 is arranged next to the magazine 10 on its loading and unloading side (the side
facing the manipulator 36). This sensor is situated at a defined distance from the first sensor
and detects objects 51 protruding from the magazine 42 when the latter 42 is transported in
the positive z direction.

As shown in Fig. 9, a wafer returning device 52 is provided for positioning the
object S1 protruding from the magazine 42. The wafer returning device 52 takes over the
displacement of the object 51 in the magazine 42 in a plane parallel to the first handling plane
H-H on the basis of the position information obtained by the first sensor. Accordingly,
transport of the magazine 42 can proceed without interference and without manual
intervention.

The wafer returning device 52 comprises a lever mechanism 53 which is driven
by an electric motor and executes a swiveling movement of 900 at each revolution of its drive
(not shown). The reversal point of the lever of mechanism 53 is so disposed that it pushes the
object 51 into the magazine 42 and then returns to an initial position which is monitored by a
limit switch 54.

According to Fig. 10, the stepping motor 34, angle measuring system 35,
transmitters 38 and 49, receivers 38 and 50, a third sensor 55 rigidly connected with the frame
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magazi ne. To determ ne the reference plane and the area in which the

obj ect's are seated, the space in the magazine is divided into verti cal
segnents. In addition to a segnent serving .as reference plane and segnents
in-which no wafer-1i ke objects are found, w ndow segnments in which objects
may be present are al so defi-ned. The magazine is indexed in that the

| ocations of the wi ndow segnents are det‘frm' ned by conputer and stored
_therein based on information concerning the construction of the nagazine

used |1 UF SR SATR S a5 LS SRS AL ST
above can;Pghowafidl thedrdind B} ERryingul tEHFenfién. Analog-to-digital converters, only one

of which 57 is shown in Fig. 10, are cdnnected between the sensors and the control computer

56.

After the magazine seat 33 is positioned relative to the third sensor 35, which is
rigidly connected with the frame 40 and situated at a known distance from the handling plane
H-H and reference plane E-E, and after the counter of the angle measuring system is reset to
zero, the magazine 42 is automatically removed by its base from a dust-proof transport
container (SMIF box) and is taken over by the magazine seat 33 for indexing the magazine
shelves 43 and disk-shaped objects 44 located therein. The magazine seat 33 is then lowered,
i.e. moved in the negative z direction, until it exceeds a threshold value sw2. Threshold values
swl and sw2 are advantageously determined for the purpose of data reduction. The distance
of the base of the magazine 42 from the reference plane E-E is detected in this way.

As the magazine 42 moves through the measurement plane E-E in the direction
of its shelves 43, which are located one above the other, an amplitude-modulated sensor
output signal U representing the magazine shelves 43 and objects 44 as a map or image is
obtained at the receiver 39 asa functioxi of the distance corresponding to Fig. 8 and is fed to
the A-D converter 57 and, via the control computer 56, combined with the measurement
‘signal of the angle measuring system 35 and stored.

In order to remove an object 44 from the magazine 42 or to place it in an
empty magazine shelf 43, a value for the distance between measurement plane E-E and the
first handling plane H-H is added to the determined counter reading and the magazine 42 is
moved into the corresponding z position by means of the magazine elevator.

The manipulator shown in Fig. 11 which can be adjusted slightly in the z
direction by a drive 58 in order to lift the disk-shaped objects and corresponds to the
manipulator 36 shown in Fig. S is constructed as a two-member articulated arm and has an
upper arm 60 connected with a hollow axle 59 and a lower arm 63. The lower arm 63 is
supported in the upper arm 60 via an axle 68 which is connected by a toothed belt 62 with an
inner axle 61. The axles 59, 61 are driven by motors 64, 65, respectively, which are preferably

constructed as stepping motors. To achieve the required positioning accuracy, the motors 64,

This Sheet Has Been Reﬂlaced

ARAET




objects and.their locations relative to a reference plane-within the

magazi ne, the magazine or nmanipul ator nust be positioned within the

- nodul'ar di mensi ons of the shelves of the nagazine in order to renove the
objects fromthe latter. Errors will occur if divergent nagazi ne :
geonetries and tol erances are not taken into account. This will result in
problens when arbitrarily charging an eqgty nagazi ne or when rearrangi ng
obj ect s Wltégl n_a magazine or from one magazine to another as a preparatory
or foll ow 6P wWichaesprovidep mithas Jhae ; j I on. _ It is the
obj ect of ghhe prfeﬁegt invention to sg?degggﬁédég?hcoﬁﬂﬁgé%@eéﬂéﬁgﬁl@dﬂﬁ ng up
to or foll oWé’ B '%Pﬂ@némsmnsimecti on of the disk-shaped objects under
| ocal cl ean- . .
A vacuum holding device 66 for the disk-shaped objects which is provided at

the lower arm 63 is directly connected t0 a vacuum controlled within the axles 61 and 68. A

vacuum connection between the axles 61 and 68 is formed via a vacuum line 69. An interface
to 2 vacuum pump (not shown) is designated by 67 and realized by a rigid connection.

Accordingly, there is no need for a movable line to supply the vacuum.
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“roomconditions with or, at least partially, wthout the use of SMF boxes.
~This object'is met, according-to the invention, by a-dewviee -for-handli ng
di sk-  shaped objects in a handling plane of a local cfean room cont ai ni ng

a magazi ne receptacle or . seat which can be adjusted H nu ﬁllLve to
the handling plane'in a measurable manner and work:s ssi ng
and i nspection |ocated substantially in e handling pl ane in tha the

handling plane is in a fixed constructional relationship to a reference
pl ane of a&lagrgga_st one

1. Device for handling disk-shaped objects in a handling plane of a local clean room, which
device contains a magazine seat (33) which can be adjusted vertically relative to the handling
plane (H-H) in a measurable manner and work stations (5, 6) for processing and inspection
situated substantially in the handling plane (H-H), characterized in that the handling plane (H-
H) is in a fixed constructional relationship with a reference plane (E-E) of at least one device
comprising the magazine seat (33) as a component part, which device serves to index the
shelves (43) of magazines (42) and disk-shaped objects (44) contained therein and is arranged
above an intermediate base (9) dividing the clean room into two partial spaces (10, 11) located
one above the other, in which an air flow component of an air flow is directed from the partial
space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9).

2. Device accdrding to claim 1, characterized in that the laminar flow of air generated by an
air-processing system (8) is directed on a wall (12) which is located opposite the air-
processing system (8) and outwardly defines the clean room, which wall (12) has air outlet
openings (13, 14) whose overall cross section is smaller above the intermediate base (9) than

the overall cross section below the intermediate base (9).

3. Device according to claim 2, characterized in that in an air-processing system (8)
containing an axial fan (21) and a filter (23) arranged in series in the direction of flow between
an inlet opening (17) and an outlet opening (18) in a common housing (16) serving as a
plenum, the inlet opening (17) and axial fan (21) are separated by a tubular enclosure (24)
from the plenum while leaving open an air outlet in the direction of flow, and in that the air
outlet contains air guidance surfaces which are situated in the air flow and act against

rotational components of the air flow.

4. Device according to claim 3, characterized in that the air outlet comprises circle-sector-
shaped cut outs (27) which are cut into a plate (26) connected with the enclosure (24) so as to

be symmetrical to the rotational axis (X-X) of the axial fan (21), the air guidance surfaces
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being placed in these cut outs (27) so as to be directed parallel to the fan blades (25) of the
axial fan (21).

5. Device according to claim 4, characterized in that the device for indexing has an
optoelectronic sensor having a transmitter (38) and a receiver (39) and detects the position of

the magazine shelves (43) and disk-shaped objects (44) relative to the reference plane (E-E) by

means of measuring techniques.

6. Device according to claim 5, characterized in that the transmitter (38) emits a bundle of
measurement rays (41) whose center is oriented in the reference plane (E-E), this bundle of
rays (41) being guided between oppositely located walls (45, 46) containing the magazine
shelves (43) and directed on and interrupted by projections (48) of one of the walls (45, 46),
which projections (48) face toward the interior of the magazine (42) and form shelves
supporting the disk-shaped objects (44), and in that as a result of the vertical adjustment in the
direction of the magazine shelves (43) 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 shelves (43) and of the disk-shaped objects (44) located therein is

produced by modulating the bundle of measurement rays (41).

7. Device according to claim 6, characterized in that a wafer returning device (52) is provided
for positioning disk-shaped objects (51) protruding from the magazine (42), the action of the
wafer returning device (52) depending on a sensor signal of a second sensor whose bundle of
measurement rays is directed parallel to the disk-shaped objects (44, 51) and directly adjoins
the side of the magazine (42) used for loading and unloading during vertical adjustment of the

magazine (42).

8. Device according to claim 7, characterized in that handling is carried out by 2 manipulator
with an articulated arm comprising a plurality of members, whose rotating axles are hollow
axles (59, 61, 68) and whose front member has a vacuum holding device (66) for picking up

the disk-shaped objects (44), there being a direct connection from the vacuum holding device

(66) to a vacuum in the hollow axles (61, 68).
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devi ce containing the magazi ne seat as a conponent part, which device
serves to index the shel ves of magazi nes and di sk-shaped objects contai ned
t herei.n and is arranged above an internedi ate base dividing the clean room
into'two partial spaces |ocated one above the other, in which an air flow
conponent of an air flowis directed fromthe partial space above the

i ntermedi ate base into the partial spacel®el ow the internedi ate base.

The air flow produced by an air-processing systemis directed on a wall

whi ch is |Aestraetd opposite the air-processing systemand outwardly defines
the clean room This wall

A device for handling disk-shaped objects in 2 handling plane of a local clean
room has the object of ensuring process steps preceding or following the processing and
inspection of the disk-shaped objects under the conditions of a local clean room with the use
of SMIF boxes.

According to the invention, the handling plane (H-H) is in a fixed
constructional relationship with a reference plane (E-E) of at least one device comprising the
magazine seat (33) as a component part, which device serves to index the shelves (43) of
magazines (42) and disk-shaped objects (44) contained therein and is arranged above an
intermediate base (9) dividing the clean room into two partial spaces (10, 11) located one
above the other, in which an air flow component of an air flow is directed from the partial
space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9).

The invention can be applied in the manufacture of integrated circuits,

particularly for handling tasks.
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has air- outl.et - openi ngs whose total cross section above the internediate
base is smaller than the total cross section below the internediate base.
Parti¢les which are introduced bel ow the internediate base by the drive

el ements and can adversely affect clean rod# conditions are prevented from
ent.eri ng the handling, processing, and inspection areas. : In
an air-processing systemcontaining an axial fan and a filter arranged in
series in the direction of flow between an inlet opening and an outl et
opening in a comobn housing serving as a plenum the inlet opening and
axial fan are advantageously separated by a ) '
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tubular enc]osure fromthe plenumuntil an air outlet in the direction of
flow The alr outlet contains air guidance surfaces which are situated in
the air flew and act against rotational conponents of the air flow

The air outlet advantageously conprises circle-sector-shaped cut outs which
are cut into a plate connected with the ed8l osure so as to be symetri cal
to the rotational axis of the axial fan, the air guidance surfaces being

pl aced in these cut outs so as to be directed parallel to the fan bl ades of
the axial fan. Ihe indexi ng device has an optoel ectronic

sensor having a transmitjter and a
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recéivergwhi ch detects the position of the nagazi ne shelves and di sk-shaped
obj ects getative to the reference plane géhneans of measuring techni ques.

‘The tr mtter emts a bundl e of measurentht rays whose center is oriented
in reference plane. This bundle of .rays is gui ded between oppositely

| ocat gff walls containing the nmagazine shelves and is directed on and

I ntergupted by projecti § of oqzsof the walls, %gpich proj ec2Bons face
towag®l the interior of t magazine and form shel'ves supporting the 20
di skffshaped obj ects. A;’a resuLy/of t he verticq( adj ustnent i/n the

dir T smmrr an T OO e—aBRe—rad her

tion offQhe o Re——Choiy et st
angf whi ch accor 4l y successfvely occupy a
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4 position in conmmon with the reference pl ane, an image of the magazi ne

shel ves and of the di sk-shaped objects | ocated therein is produced by

nmodul ating the bundle of nmeasurenent rays. : The magazi.ne
shel ves thensel ves and the objects cont ai ¥ed therein are detected with
. measuring techniques by an individual sens ystem so as to determ ne

actual ratios as

49 7/ 41

50

43
48.

Fig. 7
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>t fromdetermning the position of a magazine shelf by conputer

‘on constructional data or determning position with reference to an
isng scale. In this way, |oading and unl oadi ng nay be carried out
onally so as to enable any type of iABarrangenent between nagazines with
#1 ferent shelf spacing relative to a reference plane within the nmagazi ne.

Frpty nmagazi nes can al so fillled as siref. A waf er
‘returning device is provijded for positijni ng} di sk-shaped objects protruding
fromthe magazi ne. The aqtfon of the er returning device depends on a

sensor signal of a second gensor whose il of neasurement rays is
directed parallel to the{d|sk-
4] 44

43

48

Fig. 8

Fig. 9
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shaped ObJECtS and directly adjoins the side of the nmagazi ne used for

| oadi ng and unl oadi ng during-vertical adjustnent of the magazine.

When friggered by the sensor signal, the wafer returning device returns the
obj ect to the nagazine shelf mﬁthout requding external intervention so as
to .ensure the continued transport of the nagazine in the transport

contai ners and prevent danmage to protrudi ng objects.

mani pul ator with an art |38I ated arm3Qving a pluf@ity of medilkrs | ssgsed 54

for handling. The rotaying axles of, the articul gted arm areyfornmed
hol | ow axl es and itSILV%nt /// //7 /// {//
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Fig. 10
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e r has a vacuum hol di ng device for picking up the disk-shaped obj.ects.
Thgfvacuum -hol ding device is directly connected wi'th a.vacuumin the
hglFl ow axl.es: The invention will be explained in nore
Etai'l in the followwng wth reference to the schematic draw ngs. Fig.
shows a front view of a device for handking di sk-shaped objects;
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DEVICE FOR HANDLING DISK-SHAPED OBJECTS IN A HANDLING PLANE OF A~

LOCAL CLEAN ROOM REPLACEMENT SHEETS SG
/E’Hescnptxon paged ..1. to paged .[2 .
laim(s) :paged ..} to paged |2

mm processi ng system 02 NOV 1996

ipti Drawing(s) : paged .Y to paged®...
Description /ﬂ/Alrastract : paged J3. to paged 7...

_ a\h\"!& y

The ihv_ention is directed . _
handling plane of a local clean room containing a magazine seat which is adjustable vertically
relative"to the handling plane in a measurable manner and work stations for processing'and
inspection located substantially in the handling plane. Technical solutions of this kind are -
applied in the manufacture of integrated circuits, in particular for handling tasks.

The increasing degree of infegration and reduced design widths in the
manufacture of integrated circuits lead to progressively stricter requirements for the quality of
clean rooms. In order to meet such requirements, standardized transport containers, so-called
standard mechanical interface boxes (SMIF boxes), are increasingly used to transport disk-
shéped objects (wafers or masks) to individual processing stations, the cassette or magazine
containing the objects in its shelves being fixed in a suitable manner to the base of these
transport containers. When loading the processing machines, the magazines are removed from
the transporting containers by appropriate means and the objects are taken out by a
manipulator. After processing, the objects are returned to the shelves of the magazine and the
magazine is replaced in the transport container.

The use of such SMIF boxes was previously restricted primarily only to large
devices such as wafer steppers, implanters, etc., so that there is still no general application of
such SMIF solutions to a great many process steps at the present time. Often, the magazines
holding the objects are removed from the SMIF boxes by more or less complicated devices
and transferred manually or automatically to the processing and inspection equipment.

With the creatxon of devme-onented self-contamed local clean rooms having a

defined input/output interface, "t:ha§ been possxbl,e ‘to fowk i requirements for the surrounding
'.'w" W oMb My g
clean room or to improve the quahty of the envxronment of the’ objects in conventional clean

X r

rooms. - ' o e

U.S. Patent No. 4,746 ﬁs descnbes a devxce for handlmg and inspecting
wafers or masks as disk-shaped objects ina local clean room with SMIF boxes manipulators
and work 'stations. The manipulators and work statxons are enclosed by a self-contained

canopy in which the magazine, including the objects, can be introduced and seated after
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placing the SMIF boxes on the canopy. The manipulator is adjustable in the z axis for
removing the objects from various planes of the magazine and for transferring them to the
work station.
. Further, it is known from U.S. Patent No. 4,895,486 to determine the presence |
of wafer-like objects in a carrier (magazine) and their position in the magazine relative to a
reference plane by means of a monitoring device in that a first signal for the presence of such

an object is coupled with a position signal. The first signal is obtained with the aid of an
optoelectronic sensor monitoring the space in which the objects can be located. The second
sxgnal is generated by a position encoder coupled with a drive for raising and lowering the
magazine. To determine the reference plane and the area in which the objects are seated, the
space in the magazine is divided into vertical segments. In addition to a segment serving as
reference plane and segments in which no wafer-like objects are found, window segments in
which objects may be present are also defined. The magazine is indexed in that the locations -
of the window segments are determined by computer and stored therein based on information
concerning the construction of the magazine used in the given case after detecting the

reference plane in the magazine by measuring technique.

Although the solution described above can be used to determine the number of
objects and their locations relative to a reference plane within the magazine, the magazine or
manipulator must be positioned within the modular dimensions of the shelves of the magazine
in order to remove the objects from the latter. Errors will occur if divergent magazine
geometries and tolerances are not taken into account. This will result in problems when
arbitrarily charging an empty magazine or when rearranging objects within a magazine or from
one magazine to another as a preparatory or follow-up process to processing or inspection.

It is the object of the present invention to safeguard such process steps leading
up to or following processing and inspection of the disk-shaped objects under local clean-
room conditions with or, at least partially, without the use of SMIF boxes.

This object is met, according to the invention, by a device for handling disk-
shaped objects in a handling plane of a local clean room containing a magazine receptacle or
seat which can be adjusted vertlcally relative to the handlmg plane ina meaSurable manner and
work stations for processing and inspection located substantrally in the'handlmg plane in that

the handling plane is in a fixed constructional relanonshxp toa reference plane of at least one

uiiiii\‘ i
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device containing the magazine seat as a component part, which device serves to index the
shelves of magazines and disk-shaped objects contained therein and is arranged above an
intermediate base dividing the clean room into two partial spaces located one above the other,
in which an air flow component of an air flow is directed from the partial space above the
intermediate base into the partial space below the intermediate base.

The air flow produced by an air-processing system is directed on a wall which
is located opposite the air-processing system and outwardly defines the clean room: This wall
has air outlet openings whose total cross section above the intermediate base is smaller than
the total cross section below the intermediate base.

Particles which are introduced below the intermediate base by the drive
elements and can adversely affect clean room conditions are prevented from entering the
handling, processing, and inspection areas.

In an air-processing system containing an axial fan and a filter arranged in
series in the direction of flow between an inlet opening and an outlet opening in a common
housing serving as a plenum, the inlet opening and axial fan are advantageously separated by a
tubular enclosure from the plenum until an air outlet in the direction of flow. The air outlet
contains air guidance surfaces which are situated in the air flow and act against rotational
components of the air flow. _

The air outlet advantageously comprises circle-sector-shaped cut outs which
are cut into a plate connected with the enclosure so as to be symmetrical to the rotational axis
of the axial fan, the air guidance surfaces being placed in these cut outs so as to be directed
parallel to the fan blades of the axial fan.

The indexing device has an optoelectronic sensor having a transmitter and a
receiver which detects the position of the magazine shelves and disk-shaped objects relative to
the reference plane by means of measuring techniques.

The transmitter emits a bundle of measurement rays whose center is oriented in
the reference plane. This bundle of rays is guided between oppositely located walls containing
the magazine shelves and is directed on and interrupted by projections of one of the walls,
which projections face toward the interior of the magazine and form shelves supporting the
disk-shaped objects. As a result of the vertical adjustment in the direction of the magazine

shelves which are located one above the other and which accordingly successively occupy a
T
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Fi g. 7 shows the front view of a nmgazine with a cross- se,ct‘FonaI e
bindl e of nmeasurenment rays; Fig. 8 shows, respectively, 4 section from
one of the walls of the magazine with i nserted di sk- shappe? abpaety? 1906 an
i mage of the section sensed by the optoel ectronic sensor;
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position in common with the reference plane, an image of the magazine shelves and of the
disk-shaped objects located therein is produced by modulating the bundle of measurement
rays.

The magazine shelves themselves and the objects contained therein are detected
with measuring techniques by an individual sensor system so as to determine actual ratios as
distinct from determining the position of a magazine shelf by computer based on
constructional data or determining position with reference to an indexing scale. In this way,
loading and unloading may be carried out optionally so as to enable any type of rearrangement
between magazines with different shelf spacing relative to a reference plane within the
magazine. Empty magazines can also be filled as desired.

A wafer returning device is provided for positioning disk-shaped objects
protruding from the magazine. The action of the wafer returning device depends on a sensor
signal of a second sensor whose bundle of measurement rays is directed parallel to the disk-
shaped objects and directly adjoins the side of the magazine used for loading and unloading
during vertical adjustment of the magazine.

When triggered by the sensor signal, the wafer returning device returns the
object to the magazine shelf without requiring external intervention so as to ensure the
continued transport of the magazine in the transport containers and prevent damage to
protruding objects.

A manipulator with an articulated arm having a plurality of members is used for
handling. The rotating axles of the articulated arm are formed by hollow axles and its front
member has a vacuum holding device for picking up the disk-shaped objects. The vacuum
holding device is directly connected with a vacuum in the hollow axles.

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

the schematic drawings.
Fig. 1 shows a front view of a device for handling disk-shaped objects;

Fig. 2 shows a top view of the intermediate base in the device according to Fig. 1;

Fig. 3 shows an air-pr i lem;
g processing system, This Sheet Has Been RTi




Fig. 9 shows a top view of the magazine with a second sensof gg]
ret urni ng devi ce; Fig. 10 is a bl ock diagram show ng the [oOR
the control unit, processing unit and evaluating unit wth Jotfher un
carryi ng out indexing;
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Fig. 4 is a perspective view of a possible arrangement of the air baffles;
Fig. 5 is a view of an indexing device in partial section;

Fig. 6 shows the arrangement of an optoelectronic sensor in connection with a sectional view

through the magazine;

Fig. 7 shows the front view of a magazine with a cross-sectional view of a bundle of

measurement rays;

Fig. 8 shows, respectively, a section from one of the walls of the magazine with inserted disk-

shaped objects and an image of the section sensed by the optoelectronic sensor;
Fig. 9 shows a top view of the magazine with a second sensor and a wafer returning device;

Fig. 10 is a block diagram showing the connection of the control unit, processing unit and

evaluating unit with other units for carrying out indexing;
Fig. 11 shows a side view of a manipulator.

According to Figures 1 and 2, two devices 2, 3 for indexing magazines for
disk-shaped objects are located opposite one another and are mounted on a carrier 1.
Together with a manipulator, which is not shown in this drawing but is described more fully
with reference to Fig. 11, and work stations 5, 6, e.g. a pre-aligner and a wobble table, the
devices 2, 3 form a basic setup, according to the invention, which is enclosed by an enclosure
7. SMIF boxes placed on the latter are designated by 4. An air-processing system 8 provides
for a laminar air flow of the requisite purity. Other work stations may include a bar code
reader or an OCR reader. With respecf to operation, the device is suitable as a visual
inspectioh device, flat or notch finder, batch transfer device, loader or unloader, merger or

splitter.
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Fig. 11 shows a side view of a manipul ator. ~--AC-€Of-ehHeg—4 0
Frgures 1 and 2, two devices 2, 3 for indexing nmagazi nes {f gr. 'ﬁES%‘ ec
objects are | ocated opposite one another and are nounted jo aOalB¥el?¥a
Together with a manipulator, which is not shown in this draw.ng| ' |
described nore fully wth reference to Fig. 11, and work stations 5, 6,

e.g. a pre-aligner and a wobble table, th

The enclosure 7 which is divided by an intermediate base 9 into two pahial
spaces 10, 11 has vents 13, 14 in its wall 12 which is located opposite the air-proceésing
system 8 and outwardly defines the latter. These vents 13, 14 compensate for the
overpressure which is produced.

A reduction in the overall cross section of vent 13 compared to the overall
cross section of vent 14 results in an air flow component which is directed from the partial
space 10 above the intermediate base 9 to the imrtial space 11 below the intermediate base 9.
A cut out portion 15 for the manipulator and other openings (not shown) in the intermediate
base 9 which are provided for the work stations 5, 6 guarantee an overflow of the air flow so
that particles introduced below the intermediate base 9 by the drive elements which could
adversely affect clean room conditions are preventea from penetrating into the partial space 10
devoted to handling, processing and inspection.

In addition to containing an axial fan 21 arranged along an axis X - X which
simultaneously forms the axis of rotatibn of the axial fan 21, a housing 16 having an inlet
opening 17 in an inlet plate 18 and an outlet opening 19 in an outlet plate 20 also contains a
sieve-like compensating device 22 and a high-efficiency particulate matter filter 23 which
closes tightly with the side walls of the housing 16.

A tubular enclosure 24 which tightly contacts the inlet plate 18 at one side and
is constructed as a pipe sleeve separates the inlet opening 17 and the axial fan 21 from the
interior of the housing 16 with the exception of an air outlet in the direction of flow. The
housing 16 serves at the same time as a plenum. The pipe sleeve is arranged at the smallest
possible distance from the fan blades 25.

The air outlet is formed by circle-sector-shaped cut outs 27 which are
symmetrical with reference to the axis of rotation and are cut into a plate 26 connected with
the pipe sleeve. The cut outs 27 have air guidance surfaces in the form of air baffles 28
situated within the flow of air generated by the axial fan 21. These air baffles 28 can project
out from the plate 26 in the direction of the outlet plate 20, as shown in Fig. 4, and/or in the
direction of the inlet plate 18.

The air baffles 28 are inclined relative to the plate 26 as determined by the type
and construction of the axial fan 21. A substantially parallel alignment relative to the fan
blades 25 should be selected.
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unl oader, merger or bFaBlrLﬁJ, Gir baffles which overlap in pairs because of their size can also be

used, in which case the surface members 31 located between the cut outs 27 parallel to the

high-efficiency particulate matter filter 23 can be dispensed with.

The flow of air which is sucked in via the inlet opening 17 by the axial fan 21

and blown in the direction of the outlet opening 19 has a component directed toward the

outlet opening 19 and two components directed toward the side walls so that the resultant

describes a twisting movement of the air flow. This twisting movement would cause an

irregular flow against the filter plates at the high-efficiency particulate matter filter 23

preventing an advantageous exploitation of the effective filter surface so that the amount of

pure air produced would decrease due to increased air resistance of the volume flow.

The air baffles 28 placed in the flow of air and acting against the twisting

movement compensate for the components directed toward the side walls so that the available

air flow now contains only the components directed toward the outlet opening 19.

The sieve-like compensating device 22 unifies the pressure of the air flowing

against it. Air flows against the effective surface of the high-efficiency particulate matter filter

23 vertically and uniformly.

A device for indexing, only part of which is shown in Fig. 5, contains in its

interior a2 magazine seat 33 which can be raised and lowered along the z axis (vertically to the

supporting surface of the device) via a spindle 32. The spindle 32 is driven by a stepping

motor 34 which is outfitted with an angle measuring system 35 so that the distance traversed

when raising or lowering can be determined via the slope of the spindle.

Together with a control computer 56 according to Fig. 10, the stepping motor

34 with its control electronics and angle measuring system 35 forms a position regulator of a |

magazine elevator which also comprises the spindle 32 and magazine

seat 33. A manipulator

36 has a handling arm 37 working in a handling plane H-H and is fastened to a common frame

40 along with the magazine elevator and an optoelectronic sensor having a transmitter 38 and

receiver 39. The transmitter 38 emits a bundle of measurement rays 41 whose center ray

passes along a reference plane E-E. for indexing magazine shelves 43

located in a magazine 42

and disk-shaped objects 44 contained therein. For the sake of simplicity, the magazine shelves

43 are not shown until Fig. 7. The distance between plane E-E and handling plane H-H can be

selected within the range of movement of the spindle drive.
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Figures 6 and 7 show the arrangement of the sensor with reference to the
magazine 42 and disk-shaped objects 44, e.g. semiconductor wafers or templates, which may
be present in the magazine shelves 43. According to the drawing, transmitter 38 and receiver
39 are so situated that the bundle of measurement rays 41 is guided between walls 45, 46 of
the magazine 42 and directed on a corner portion 47. According to Fig. 8, the comer portion
47 extends into the bundle of measurement rays 41 so far that projections 48 facing the
interior of the magazine 42 and serving as supports for the disk-shaped objects 44 interrupt the
bundle of measurement rays 41.

The oblique irradiation of the magazine 42 shown in the drawing was chosen
because the magazine 42 is usually partially closed in the rear. In the absence of such closure,
it would also be possible, of course, to guide the bundled measurement rays 41 parallel to the
walls 45 and 46 and magazine shelves 43. The center ray of the bundle of measurement rays
4] advantageously passes directly along the front edge of the projections 48.

In addition to the first sensor, another sensor having a transmitter 49 and a
receiver 50 is arranged next to the magazine 10 on its loading and unloading side (the side
facing the manipulator 36). This sensor is situated at a defined distance from the first sensor
and detects objects 51 protruding from the magazine 42 when the latter 42 is transported in
the positive z direction.

As shown in Fig. 9, a wafer returning device 52 is provided for positioning the
object 51 protruding from the magazine 42. The wafer returning device 52 takes over the
displacement of the object 51 in the magazine 42 in a plane parallel to the first handling plane
H-H on the basis of the position information obtained by the first sensor. Accordingly,
transport of the magazine 42 can proceed without interference and witﬁout manual
intervention.

The wafer returning device 52 comprises a lever mechanism 53 which is driven
by an electric motor and executes a swiveling movement of 900 at each revolution of its drive
(not shown). The reversal point of the lever of mechanism 53 is so disposed that it pushes the
object 51 into the magazine 42 and then returns to an initial position which is monitored by a
limit switch 54.

According to Fig. 10, the stepping motor 34, angle measuring system 35,

transmitters 38 and 49, receivers 38 and 50, a third sensor 55 rigidly connected thh the frame
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spaces 10, 11 has vents 13, 14 in its wall 12 which j s} | ocated %poqme t he
ai r-processing system8 and outwardly defines the |aftler02rNe¥e ént|s 13,
14 conpensate for the overpressure which is produced A

reduction in the overall cross section of vent 13 coppared to the overjall
cross section of vent 14 results in an aig flow conpbnent which-is—gi-lected
fromthe partial space 10 above the internediate base 9 to the parti al

space 11 bgd e el hath&kisR 85 ahé tHeasft fvitch 54 are connected with a control computer 56

as shown in the drawing for carrying out the invention. Analog-to-digital converters, only one

of which 57 is shown in Fig. 10, are connected between the sensors and the control computer
56.

After the magazine seat 33 is positioned relative to the third sensor 55, which is
rigidly connected with the frame 40 and situated at a known distance from the handling plane
H-H and reference plane E-E, and after the counter of the angle measuring system is reset to
zero, the magazine 42 is automatically removed by its base from a dust-proof transport
container (SMIF box) and is taken over by the magazine seat 33 for indexing the magazine
shelves 43 and disk-shaped objects 44 located therein. The magazine seat 33 is then lowered,
i.e. moved in the negative z direction, until it exceeds a threshold value sw2. Threshold values
swl and sw2 are advantageously determined for the purpose of data reduction. The distance
of the base of the magazine 42 from the reference plane E-E is detected in this way.

As the magazine 42 moves through the measurement plane E-E in the direction
of its shelves 43, which are located one above the other, an amplitude-modulated sensor
output signal U representing the magazine shelves 43 and objects 44 as a map or image is
obtained at the receiver 39 as a function of the distance corresponding to Fig. 8 and is fed to
the A-D converter 57 and, via the control computer 56, combined with the measurement
signal of the angle measuring system 35 and stored.

In order to remove an object 44 from the magazine 42 or to place it in an
empty magazine shelf 43, a value for the distance between measurement plane E-E and the
first handling plane H-H is added to the determined counter reading and the magazine 42 is
moved into the corresponding z position by means of the magazine elevator.

The manipulator shown in Fig. 11 which can be adjusted slightly in the z
direction by a drive 58 in order to lift the disk-shaped objects and corresponds to the
manipulator 36 shown in Fig. 5 is constructed as a two-member articulated arm and has an '
upper arm 60 connected with a hollow axle 59 and a lower arm 63. The lower arm 63 is
supported in the upper arm 60 via an axle 68 which is connected by a toothed belt 62 with an
inner axle 61, The axles 59, 61 are driven by ixiotors 64, 65, respectively, which are preferably

constructed as stepping motors. To achieve the required positioning accuracy, the motors 64,
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A cut out portion 15 for the mani pul ator and ot her opemﬁﬁ@@“!(lhdiﬂ’éﬁﬁokm) in
the internedi ate base 9 which are provided for t he; work—statT

guarantee an overflow of the air flow so that particﬁea r@dﬁ d bel ow
the internediate base 9 by the drive el ements which 4

cl ean room conditions are prevented from penetrati hg! _
10 devoted to handling, processing and inspection. I
addition to containingsan axial fan 21 arrl@nged al omg—amaxis—X—=—X"Whi ch
simul taneously forns the axis of rotation of the axial fan 21, a housing 16
havi ng an i 65 ethichpenprogided with amreniglel méasyrimyt systéh mdonmiedwottheaxleqoia*némgpylg in

an outlet plate al.so contains a
pmeans o% a high-reduction transmission.

A vacuum holdmg device 66 for the disk-shaped objects which is provided at
the lower arm 63 is directly connected to a vacuum controlled within the axles 61 and 68. A
vacuum connection between the axles 61 and 68 is formed via a vacuum line 69. An interface
to a vacuum pump (not shown) is designated by 67 and realized by a rigid connection.

Accordingly, there is no need for a movable line to supply the vacuum.
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conpensating device 22 and a high-efficiency particulate matter

A tubular encl osjr aced an gt |y contacts the i nl ot HISHEINIRHAl

side and is congtnpgucted-as a pt+pe}sl eeve separates the inlet operting 17
and the axial fa terior of the housing 16 with the
exception of an ai cﬂjél'@'& qﬁ% i rectlloln of flow The housing 16 serves
at the sane tineja | enum Di pe sl eeve is arranged at the snall est
possi bl e diCdai®bicé fromthe fan bl afles 25. The air outl et
is formed by cir 1 cut outs 27 which are '

1. Device for handling disk-shaped objects in a handling plane of a local clean room, which
device contains a magazine seat (33) which can be adjusted vertically relative to the handling
plane (H-H) in a measurable manner and work stations (5, 6) for processing and inspection
situated substantially in the handling plane (H-H), characterized in fhat the handling plane (H-
H) is in a fixed constructional relationship with a reference plane (E-E) of at least one device
comprising the magazine seat (33) as a component part, which device serves to index the
shelves (43) of magazines (42) and disk-shaped objects (44) contained therein and is arranged
above an intermediate base (9) dividing the clean room into two partial spaces (10, 11) located
one above the other, in which an air flow component of an air flow is directed from the partial
space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9).

2. Device according to claim 1, characterized in that the laminar flow of air generated by an
air-processing system (8) is directed on a wall (12) which is located opposite the air-
processing system (8) and outwardly defines the clean room, which wall (12) has air outlet
openings (13, 14) whose overall cross section is smaller above the intermediate base (9) than

the overall cross section below the intermediate base (9).

3. Device according to claim 2, characterized in that in an air-processing system (8)
containing an axial fan (21) and a filter (23) arranged in series in the dire_ction of flow between
an inlet opening (17) and an outlet opening (18) in a common housing (16) serving as a
plenum, the inlet opening (17) and axial fé.n (21) are separated by a tubular enclosure (24)
from the plenum while leaving open an air outlet in the direction of flow, and in that the air
outlet contains air guidance surfaces which are situated in the air flow and act against

rotational components of the air flow.

4. Device according to claim 3, characterized in that the air outlet comprises circle-sector-
shaped cut outs (27) which are cut into a plate (26) connected with the enclosure (24) so as to

be symmetrical to the rotational axis (X-X) of the axial fan (21), the air guidance surfaces
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symretrical with rieference to theqaxis of rotation and are cut into a plate
26 connected with

surfaces in the fo thgbﬂﬁiﬁkﬁgﬁr s ‘2I'ge g:JE ug'ltjtez 3v|7t E?xetﬁgl“ﬂﬂmlmdllllllllll

generated by the akipl fan 21. _Thegsd air baffles 28 can proj*ct eutxfroms+
the plate 26 in the direction of thg outlet plate 20, as shown in Fig. 4,
and/or in the dirkction of-thenaket pldte 18. The air

baffles 28 are inclined relative to the plate 26 det | ned t type
and const rbeing placedrin these gytj qatts Edhspas tohe%%tﬁ‘éﬁ%‘"ﬁ@i 9 Sﬁg{zﬁalﬁ&s (gh ‘E;'Jr:t n%lp
relative té)xiatll?aen(fzﬂ bl ades 25 shoul d be sel ect ed. ‘

5. Device according to claim 4, characterized in that the device for indexing has an
optoelectronic sensor having a transmitter (38) and a receiver (39) and detects the position of
the magazine shelves (43) and disk-shaped objects (44) relative to the reference plane (E-E) by

means of measuring techniques.

6. Device according to claim 5, characterized in that the transmitter (38) emits a bundle of
measurement rays (41) whose center is oriented in the reference plane (E-E), this bundle of
rays (41) being guided between oppositely located walls (45, 46) containing the magazine
shelves (43) and directed on and interrupted by projections (48) of one of the walls (45, 46),
which projections (48) face toward the interior of the magazine (42) and form shelves
supporting the disk-shaped objects (44), and in that as a result of the vertical adjustment in the
direction of the magazine shelves (43) 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 shelves (43) and of the disk-shaped objects (44) located therein is

produced by modulating the bundle of measurement rays (41).

7. Device according to claim 6, characterized in that a wafer returning device (52) is provided
for positioning disk-shaped objects (51) protruding from the magazine (42), the action of the
wafer returning device (52) depending on a sensor signal of a second sensor whose bundle of
measurement rays is directed parallel to the disk-shaped objects (44, 51) and directly adjoins
the side of the magazine (42) used for loading and unloading during vertical adjustment of the

magazine (42).

8. Device according to claim 7, characterized in that handling is carried out by a manipulator
with an articulated arm comprising a plurality of members, whose rotating axles are hollow
axles (59, 61, 68) and whose front member has a vacuum holding device (66) for picking up
the disk-shaped objects (44), there being a direct connection from the vacuum holding device

(66) to a vacuum in the hollow axles (61, 68).
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DEVICE FOR HANDLING DISK-SHAPED OBJECTS IN A HANDLING
PLANE OF A LOCAL CLEAN ROOM

Abstract

A device for handling disk-shaped objects in a handling plane of a local clean
room has the object of ensuring process steps preceding or following the processing and
inspection of the disk-shaped objects under the conditions of a local clean room with the use
of SMIF boxes.

According to the invention, the handling plane (H-H) is in a fixed
constructional relationship with a reference plane (E-E) of at least one device comprising the
magazine seat (33) as a component part, which device serves to index the shelves (43) of
magazines (42) and disk-shaped objects (44) contained therein and is arranged above an
intermediate base (9) dividing the clean room into two partial spaces (10, 11) located one
above the other, in which an air flow .compqnent of an air flow is directed from the partial
space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9). '

The invention can be applied in the manufacture of integrated circuits,

particularly for handling tasks.

FIGURE 5.
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outl et opening 19 and two conponents directed toward the side walls so.that
the resultant describes a tw sting novenent of the air 1Ig)w;l was«?vg}ﬁtﬂng
movenment woul d cause an irregular flow against the filtér platées—at

hi gh-efficiency particulate matter filter 23 preventing aﬁ advant ageous
expl oi tation of the effective filter surface so that the amfUBtNG B e] af r
produced woul d decrease due to increase® air resistanceiof the volune ffo
The air baffles 28 placed in the flow of-air and acting{agal nst the

tw sting novement conpensate for the conponents directed-toward the side
wal ls so that the available air flow now contains only the corrponents
directed toward the ourH_eI opening 19

g~ o™

Q|

80
—_ e
—>

O
-
—>
—>
-3 | w0
—
h—"/\ o
—>
_> 0
AN
—> 4
—>
Z
)
O G~ N
This Sheet Has Been R

(WA f"! )



The sieve-like conpensating devit i i e pressy
f1owing against it. Ar flows ag f“ ﬂl tive surfi
hi gh-efficiency particul ate matt rtically

A device for indexing, only part of which is shown in F
its interior a nmagazi ne seat 33 which can be raised and

| REPLACEMENT SHEET |

-

or the alr

G
ode G5 40% o3

Ll = n
g- 7y CUTIU AT 1TTO

| ower ed al ong the

axis (vertically to the supporté surfdce of t devi c
The spindle 32 is driveh6by as Egp

ing notor 34 ich is out

angl e nmeasuring systenpr35 so that the di stanceAraversed mh?y’raising r
| oweri ng caerbe dpt-eris ' j ” —
\ L / C

/19

X-X

Fig. 3
28

26

- 24

ed wt n

4

VR gi?tspl nal ;3264.



Together with a control
notor 34 with its contr

‘ i Pbs BéﬁR
ol
position regulator of a

32 and nmmgazi ne seat 33.

magazi ne el evat or and an opt oel ectroni c4sensor

For the sake of sinplici

10

e ding to Fig

or which al

=1

nd angle ne SBERM@E%M

LIIU

SHEEE

(0]

A nanlpu a or 36 has a handli
a handling plane HH and is fastened to a common fnra
haviln
receiver 39. The transmitter 38 emts a bundl e of
center ray passes along a reference plane E-E for
43 located in a magazine 42 and di sk-shaped objects 44 contained therein.
t he magazi ne shel ves

ty

OTTpT 1 ses t

88.0

1e S
k
ng mnth

+ 4
Ao

asur enment
magazi ne shel ves

mtTe
rays

=

36-4"\

v
o
/.

M
M

r~
2R~
V
| 1 f’. P
/’7_ :1 > T 7‘/
/; v (%
' ’
! VT 7
Al : H/
1] ;; L}/’ < ?/
/'I : < [ ccg
11 | [ (% ‘
-/‘l : 'r‘/ f
/l : (%
A ' 1
&:I Y AR S SRR .1 MY S 4 / o~
/"oo 4 «
- o (;
// /
/|
/] ARIRE e

g

/////////////////////

AN

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

g

ornms a
bi ndl e
ing in
t he

38 and
whose

Fig. 5



43 are not shown until Fig. 7. The distance between plane E-E and handling
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Fi gures 6 and 7 show the arrangenent of the sensor with reference to the
magazi ne 42 and di sk-shaped objects 44, e.g. semc -

tenpl ates, which nay be present in the nagazine s ;
the drawing, transmtter 38 and receiver !
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39, are so situated that the bundle of neasurenent rays 41 is guided.between
wal | s 45, 46 of the nmgazine 42 and directed on a tqQ ' &Gﬁ9EWFth§V
According to Fig. 8, the corner portion 47 extends;rnLg;

nmeasurenment rays 41 so far that projections 48 fac}ng the interior{of the
magazi ne 42 and serving as supports for the disk- sfapedﬁ @%@%9§%ﬂ463

i nterrupt the bundl e of neasurenent rays741 Th hue

i rradiati on of the nmagazine 42 shown in the drawin WES “chosen becau%e t he
magazine 42 is usually partially closed in the rean.__ Lo t.he-absenee-of such
closure, it would al so be possible, of course, to guide the bundled
measurenment rays 41 parallel to the '
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wal I's 45 and 46 and magazi ne shel ves 43. The cente§y—TH : EﬂeSﬂHﬁH- of
neasurenent rays 41 advantageously passes directlyjalg
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first sensor and detects objects 51 protruding fro
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shown in g. 9, a wafer returning device 52 is provided for positioning
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A Lodest amendled
obj &ct 51 protruding fremthe nagazi ne 42. The wafer, returni%ggp n
t akes over the displacenent of the object 51 in the nagazine 42 _i.n I\ane
parallel to the first handling plane HH on the basis of the po&‘tég g
“information obtained by the first sensor. Accordingly, transport of the
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Description

The invention is directed to a device for handling disk-shaped objects in a
handling plane of a local clean room containing a magazine seat which is adjustable vertically
relative to the handling plane in a meésurable manner and work stations for processing and
inspection located substantially in the handling plane. Technical solutions of this kind are
applied in the manufaéture of integrated circuits, in particular for handling tasks.

The increasing degree of integration arnd reduced design widths in the
manufacture of integrated circuits lead to progressively stricter requirements for the quality of
clean rooms. In order to meet such requirements, standardized transport containers, so-called
standard mechanical interface boxes (SMIF boxes), are increasingly used to transport disk-
shaped objects (wafers or masks) to individual processing stations, the cassette or magazine

 containing the objects in its shelves being fixed in a suitable manner to the base of these
transport containers. When loading the processing machines, the magazines are removed from
the transporting containers by appropriate means and the objects are taken out by a
manipulator. After processing, the objects are returned to the shelves of the magazine and the
magazine is replaced in the transport container.

The use of such SMIF boxes was previously restricted primarily only to large
devices such as wafer steppers, implanters, etc., so that there is still no general application of
such SMIF solutions to'a great many process steps at the present time. Often, the magazines
holding the objects are removed from the SMIF boxes by more or less complicated devices
and transferred manually or automatically to the processing and inspection equipment.

With the creation of device-oriented, self-contained local clean rooms having a
defined input/output interface, it has been possible to lower requirements for the surrounding
clean room or to imprdve the quality of the environmenf of the objects in conventional clean
rooms.

U.S. Patent No. 4,746,256 describes a device for handling and inspecting
wafers or masks as disk-shaped objects in a local clean room with SMIF boxes, manipulators
and work stations. The manipulators and work stations are enclosed by a self-contained

canopy in which the magazine, including the objects, can be introduced and seated after



objfect 51 into the magazine 42 and then

which is nonitored by a linmt switch 54.
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placing the SMIF boxes on the canopy. The manipulator is adjustable in the z axis for
removing the objects from various planes of the magazine and for transterring them to the
work station.

. Further, it is known from U.S. Patent No. 4,895,486 to determine the presence
of wafer-like objects in a carrier ( mégan'ne) and their position in the magazine relative to a
reference plane by means of a monitoring device in that a first signal for the presence of such
an object is coupled with a position signal. The first signal is obtained with the aid of an
optoelectronic sensor monitoring the space in which the objects can be located. The second
signal is generated by a position encoder coupled with a-drive for raising and lowering the
magazine. To determine the reference plane and the area in which the objects are seated, the
space in the magazine is divided into vertical segments. In addition to a segment serving as
reference plane and segments in which no wafer-like objects are found, window segments in
which objects may be present are also defined. The magazine is indexed in that the locations
of the window segments are determined by computer and stored therein based on information
concerning the construction of the magazine used in the given case after detecting the
reference plane in the magazine by measuring technique.

Although the solution described above can be used to determine the number of
objects and their locations relative to a reference plane within the magazine, the magazine or
manipulator must be positioned within the modular dimensions of the shelves of the magazine
in order to remove the objects from the latter. Errors will occur if divergent magazine
geometries and tolerances are not taken into account. This will result in problems when
arbitrarily charging an empty magazine. or when rearranging objects within a magazine or from
one magazine to another as a preparatory or follow-up process to processing or inspection.

It is the object of the present invention to safeguard such process steps leading
up to or following processing and inspection of the disk-shaped objects under local clean-
room conditions with or, at least partially, without the use of SMIF boxes.

This object is met, according to the invention, by a device for handling disk-
shaped objects in a handling plane of a local clean room containing a magazine receptacle or
seat which can be adjusted vertically relative to thé h&ndling plane in a measurable manner and
work statiohs for processing and inspection located substéntially in the handling plane in that

the handling plane is in a fixed constructional relationship to a reference plane of at least one
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device containing the magazine seat as a component part, which device serves to index the
shelves of magazines and disk-shaped objects contained therein and is arranged above an
intermediate base dividing the clean room into two partial spaces located one above the other,
in which an air flow component of an air flow is directed trom the partial space above the
intermediate base into the partial space below the intermediate base.

The air flow produced by an air-processing system is directed on a wall which
is located opposite the air-processing system and outwardly defines the clean room. This wall
has air outlet openings whose total cross section above the intermediate base is smaller than
the total cross section below the intermediate base.

Particles which are introduced below the intermediate base by the drive
elements and can adversely affect clean room conditions are prevented from entering the
handling, processing, and inspection areas.

In ah air-processing system containing an axial fan and a filter arranged in
series in the direction of flow between an inlet opening and an outlet opening in a common
housing serving as a plenum, the inlet opening and axial fan are advantageously separated by a
tubular enclosure from the plenum until an air outlet in the direction of flow. The air outlet
contains air guidance surfaces which are situated in the air flow and act against rotational
components of the air flow.

The air outlet advantageously comprises circle-sector-shaped cut outs which
are cut into a plate connected with the enclosure so as to be symmetrical to the rotational axis
of the axial fan, the air guidance surfaces being placed in these cut outs so as to be directed
paraliel to the fan blades of the axial fan. |

The indexing device has an optoelectronic sensor having a transmitter and a
receiver which detects the position of the magazine shelves and disk-shaped objects relative to
the reference plane by means of measuring techniques.

The transmitter emits a bundle of measurement rays whose center is oriented in
the reference plane. This bundle of rays is guided between oppositely located walls containing
the magazine shelves and is directed on and interrupted by projections of one of the walls,
which projections face toward the interior of the magazine and form shelves supporting the
disk-shaped objects. Asa result of the vertical adjustment in the direction of the magazine -

shelves which are located one above the other and which accordingly successively occupy a
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Anal og-to-digital converters, only one of whi ¢h 57 is shquwn}ih Fi g. 10, are
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After the magazine seat 33 is positioned rellati ve to the rg sensor 55,
which is rigidly connected with the framg 4Q and situated at known
di stance fromthe handling plane HH and reflerence plane—F-—and after the
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automatically renoved by its base froma dus"-f—proof transport

disk-shaped objects located therein is produced by modulating the bundle of measurement
rays.

The magazine shelves themselves and the objects contained therein are detected
with measuring techniques by an individual sensor system so as to determine actual ratios as
distinct from determining the position of a magazine shelf by computer based on
constructional data or determining position with reference to an indexing scale. In this way,
loading and unloading may be carried out optionally so as to enable any type of rearrangement
between magazines with different shelf spacing relative to a reference plane within the
magazine. Empty magazines can also be filled as desired.

A wafer returning device is provided for positioning disk-shaped objects
protruding from the magazine. The action of the wafer returning device depends on a sensor
signal of a second sensor whose bundle of measurement rays is directed parallef to the disk-
shaped objects and directly adjoins the side of the magazine used for loading and unloading
during vertical adjustment of the magazine. _

When triggered by the sensor signal, the wafer returning device returns the
object to the magazine shelf without requiring external intervention so as to ensure the
continued transport of the magazine in the transport containers and prevent damage to
protruding objects.

A manipulator with an articulated arm having a plurality of members is used for
handling. The rotating axles of the articulated arm are formed by hollow axles and its front
member has a vacuum holding device for picking up the disk-shaped objects. The vacuum
holding device is directly connected with a vacuum in the hollow axles.

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

the schematic drawings.
Fig. 1 shows a front view of a device for handling disk-shaped objects;

Fig. 2 shows a top view of the intermediate base in the device according to Fig. 1;

Fig. 3 shows an air-processing system;



o e

" 'P \‘ - ‘E'-

cont ai ner (SM F box)- and-is taken over by th -seat—33 |f or i ndexing
t he magazi ne shel ves 43 and di sk-shaped obj ec §44 | ocat ed tﬂerel n. The
magazi ne seat 33 is then lowered, i.e. noved

until it exceeds a threshold value sw2. Thres

ni t ey peaii%Be i rection,
| om_es’gm_jn sw2 are
advant ageously determ ned for the purpose of da eduction. The di stance

of the base of the nmgazine 42 fromthe referdnce pl etected in

this way. As the mmgazi ne 42 noves through the neasurenent
pl ane E-E F%‘ Eri"seaﬁé Efeg{ﬂfé)ﬁ Wlofh ss‘iﬁ@!ﬁ(ﬁ%eﬁ@m By @z{fﬁeé ocated one above
the other, an a e- nngu | at sensor ~out put ‘signal U representing the

magazi ne shelves 43 and objects 44 as a nap or inmage is

Fig. 5 is a view of an indexing device in partial section;

Fig. 6 shows the arrangement of an optoelectronic sensor in connection with a sectional view

through the magazine;

Fig. 7 shows the front view of a magazine with a cross-sectional view of a bundle of

measurement rays,

Fig. 8 shows, respectively, a section from one of the walls of the magazine with inserted disk-

shaped objects and an image of the section sensed by the optoelectronic sensor;
Fig. 9 shows a top view of the magazine with a second sensor and a wafer returning device,

Fig. 10 is a block diagram showing the connection of the control unit, processing unit and

evaluating unit with other units for carrying out indexing;
Fig. 11 shows a side view of a manipulator.

According to Figures 1 and 2, two devices 2, 3 for indexing magazines for
disk-shaped objects are located opposite one another and are mounted on a carrier 1.
Together with a manipulator, which is not shown in this drawing but is described more fully
with reference to Fig. 11, and work stations 5, 6, e.g. a pre-aligner and a wobble table, the
devices 2, 3 form a basic setup, according to the invention, which is enclosed by an enclosure
7. SMIF boxes placed on the latter are designated by 4. An air-processing system 8 provides
for a laminar air flow of the requisite purity. Other work stationé may include a bar code
reader or an OCR reader. With respect to operation, the device is suitable as a visual
inspection device, flat or notch finder, batch transfer device, loader or unloader, merger or

splitter.



Fig. 8 and is fed to the A-D converter 57 and, ;via,the, e:g;t)ﬁrpl conput er 56,
combi ned with the measurenment signal of the angl €' measuring §y§tem 35 and
st or ed. In order to renove an obj ect. 44-fTomtHe magazi ne
42 or to place it in an enpty nagazi ne shelfiy 43, a value f e di stance
bet ween neasurenent plane E-E and the fi&st handling—plane HHis added to
the determ ned counter reading and the nagazine 42 is noved into the
correspondi ng z posiTHeGrcloyureTamlsiciofs ditidedtygmzntesmediae haserd into two partial

The mani pul ator shown in Fi_g. 11 which can be ad'&xsted. Sl.i %\t Ir% in the z
spaces 10, 11 has vents 13, 14 in its wall 12 which 1s located opposite theSair-processing

obt ai ned at the receiver 39 as a function of’ t":h'."éff-ﬂf:s't"a“ﬁﬁ'é co\r r§§spondi ng to

system 8 and outwardly defines the latter. These vents 13, 14 compensate for the
overpressure which is produced.

- A reduction in the overall cross section of vent 13 compared to the overall
cross section of vent 14 results in an.air flow component which is directed from the partial
space 10 above the intermediate base 9 to the partial space 11 below the intermediate base 9.
A cut out portion 15 for the manipulator and other openings (not shown) in the intermediate
base 9 which are provided for the work stations 5, 6 guarantee an overtlow of the air flow so
that particles introduced below the intermediate base 9 by the drive elements which could
adversely affect clean room conditions are prevented from penetrating into the partial space 10
devoted to handling, processing and inspection.

In addition to containing an axial fan 21 arranged along an axis X - X which
simultaneously forms the axis of rotation of the axial fan 21, a housing 16 having an inlet
opening 17 in an inlet plate 18 and an outlet opening 19 in an outlet plate 20 also contains a
sieve-like compensating device 22 and a high-efficiency particulate matter filter 23 which
closes tightly with the side walls of the housing 16.

A tubular enclosure 24 which tightly contacts the inlet plate 18 at one side and
is constructed as a pipe sleeve separates the inlet opening 17 and the axial fan 21 from the
interior of the housing 16 with the exception of an air outlet in the direction of flow. The
housing 16 serves at the same time as a plenum. The pipe sleeve is arranged at the smallest
possible distance from the fan blades 25.

| The air outlet is formed by circle-sector-shaped cut outs 27 which are
symmetrical with reference to the axis of rotation and are cut into a plate 26 connected with
the pipe sleeve. The cut outs 27 have air guidance surfaces in the form of air baffles 28
situated within the flow of air generated by the axial fan 21. These air baffles 28 can project
out from the plate 26 in the direction of the outlet plate 20, as shown in Fig. 4, and/or in the
direction of the inlet plate 18.
The air baffles 28 are inclined relative to the plate 26 as determined by the type

and construction of the axial fan 21. A substantially parallel alignment relative to the fan
blades 25 should be selected.



direction by a drive 58-in order to lift the dhsk&ﬁé}lﬁ&%é’d-%lﬁ%c.s and

corresponds to the nmanipulator 36 shown in Rig—51% constricfed as a

t wo- nenber articul ated arm and has an upper larm ed With a hollow
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axle 59 and a lower arm 63. The |ower arm 63 |i he upper arm
60 via an axle 68 which is connected by a to - hlan inner
axle 61. The axles 59, 61 are driven by notors 64, 65, respectijvely, which
are preferably constructed as steppi ng not ors—Fe—achi€ve the required

posi ti oni ng accur acyNatutadly,rain tatReseuhich overlap in pairs because of their size can also be

used, in which case the surface members 3| located between the cut outs 27 parallel to the
high-efficiency particulate matter fiiter 23 can be dispensed with.

The flow of air which is sucked in via the inlet opening 17 by the axial fan 21
and blown in the direction of the outlet opening 19 has a component directed toward the
outlet opening 19 and two components directed toward the side walls so that the resultant
describes a twisting movement of the air flow. This twisting movement would cause an
irregular flow against the filter plates at the high-efficiency particulate matter fiiter 23
preventing an advantageous exploitation of the effective filter surface so that the amount of
pure air produced would decrease due to increased air resistance of the volume flow.

The air baffles 28 placed in the flow of air and acting against the twisting
movement compensate for the components directed toward the side walls so that the available
air flow now contains only the components directed toward the outlet opening 19.

The sieve-like compensating device 22 unifies the pressure of the air flowing
against it. Air flows against the effective surface of the high-efficiency particulate matter filter
23 vertically and uniformly.

A device for indexing, only part of which is shown in Fig. 5, contains in its
interior a magazine seat 33 which can be raised and lowered along the z axis (vertically to the
supporting surface of the device) via a spindle 32. The spindle 32 is driven by a stepping
motor 34 which is outfitted with an angle measuring system 35 so that the distance traversed
when raising or lowering can be determined via the slope of the spindle.

Together with a control computer 56 according to Fig. 10, the stepping motor
34 with its control electronics and angle measuring system 35 forms a position regulator of a
magazine elevator which also comprises the spindle 32 and magazine seat 33. A manipulator
36 has a handling arm 37 working in a handling plane H-H and is fastened to a common frame
40 along with the magazine elevator and an optoelectronic sensor having a transmitter 38 and
receiver 39. The transmitter 38 emits a bundle of measurement rays 41 whose center ray
passes along a reference plane E-E for indexing magazine shelves 43 located in a magazine 42
and disk-shaped objects 44 contained therein. For the sake of simplicity, the magazine shelves

43 are not shown until Fig. 7. The distance between plane E-E and handling plane H-H can be

selected within the range of movement of the spindle drive.
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Figures 6 and 7 show the arrangement of the sensor with reference to the
magazine 42 and disk-shaped objects 44, e.g. semiconductor waters or templates, which may
be present in the magazine shelves 43. According to the drawing, transmitter 38 and receiver
39 are so situated that the bundle of measurement rays 41 is guided between walls 45, 46 of
the magazine 42 and directed on a corner portion 47. According to Fig. 8, the corner portion
47 extends into the bundle of measurement rays 41 so far that projections 438 facing the
interior of the magazine 42 and serving as supports for the disk-shaped objects 44 interrupt the
bundle of measurement rays 41. _

The oblique irradiation of the magazine 42 shown in the drawing was chosen
because the magazine 42 is usually partially closed in the rear. In the absence of such closure,
it would also be possible, of course, to guide the bundled measurement rays 41 parallel to the
walls 45 and 46 and magazine shelves 43. The center ray of the bundle of measurement rays
41 advantageously passes directly along the front edge of the projections 48.

In addition to the first sensor, another sensor having a transmitter 49 and a
receiver 50 is arranged next to the magazine 10 on its loading and unloading side (the side
facing the manipulator 36). This sensor is situated at a defined distance from the first sensor -
and detects objects 51 protruding from the magazine 42 when the latter 42 is transported in
the positive z direction.

As shown in Fig. 9, a wafer returning device 52 is provided for positioning the
object 51 protruding from the magazine 42. The wafer returning device 52 takes over the
displacement of the object 51 in the magazine 42 in a plane parallel to the first handling plane
H-H on the basis of the position information obtained by the first sensor. Accordingly,
transport of the magazine 42 can proceed without interference and without manual
intervention.

The wafer returning device 52 comprises a lever mechanism 53 which is driven
by an electric motor and executes a swiveling movement of 900 at each revolution of its drive
(not shown). The reversal point of the lever of mechanism 53 is so disposed that it pushes the
object 51 into the magazine 42 and then returns to an initial position which is monitored by a
limit switch 54.

According to Fig. 10, the stepping motor 34, angle measuring system 35,

transmitters 38 and 49, receivers 38 and 50, a third sensor 55 rigidly connected with the frame
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40, the lever mechanism 33 and the limit switch 54 are connected with a coritrol computer 56
as shown in the drawing for carrying out the invention. Analog-to-digital converters, only one

| of which 57 is shown in Fig. 10, are connected between the sensors and the control computer
56.

After the magazine seat 33 is positioned relative to the third sensor 55, which is
rigidly connected with the frame 40 and situated at a known distance from the handling plane
H-H and reference plane E-E, and after the counter of the angle measuring system is reset to
zero, the magazine 42 is automatically removed by its base from a dust-proof transport
container (SMIF box) and is taken over by the magazine seat 33 for indexing the magazine
shelves 43 and disk-shaped objects 44 located therein. The magazine seat 33 is then lowered,
i.e. moved in the negative z direction, until it exceeds a threshold value sw2. Threshold values
swl and sw2 are advantageously determined for the purpose of data reduction. The distance
of the base of the magazine 42 from the reference plane E-E is detected in this way.

As the magazine 42 moves through the measurement plane E-E in the direction
of its shelves 43, which are located one above the other,' an amplitude-modulated sensor
output signal U representing the magazine shelves 43 and objects 44 as a map or image is
obtained at the receiver 39 as a function of the distance corresponding to Fig. 8 and is fed to
the A-D converter 57 and, via the control computer 56, combined with the measurement
signal of the angle measuring system 35 and stored. |

In order to remove an object 44 from the magazine 42 or to place it in an
empty magazine shelf 43, a value for the distance between measurement plane E-E and the
first handling plane H-H is added to the determined counter reading and the magazine 42 is
moved into the corresponding z position by means of the magazine elevator.

The manipulator shown in Fig. 11 which can be adjusted slightly in the z
direction by a drive 58 in order to lift the disk-shaped objects and corresponds to the
manipulator 36 shown in Fig. 5 is constructed as a two-member articulated arm and has an
upper arm 60 connected with a hollow axle 59 and a lower arm 63. The lower arm 63 is
supported in the upper arm 60 via an axle 68 which is connected by a toothed belt 62 with an
inner axle 61. The axles 59, 61 are driven by motors 64, 65, respectively, which are preferably

constructed as stepping motors. To achieve the required positioning accuracy, the motors 64,



65 which are provided with an angle measuring system are coupled to the axles 59, 61 by

means of a high-reduction transmission.

A vacuum holding device 66 for the disk-shaped objects which is provided at
the lower arm 63 is directly connected to a vacuum controlled within the axles 61 and 68. A
vacuum connection between the axles 61 and 68 is formed via a vacuum line 69. An interface
to a vacuum pump (not shown) is designated by 67 and realized by a rigid connection. |

Accordingly, there is no need for a movable line to supply the vacuum.
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Claims:

1. Device for handling disk-shaped objects in a handling plane of a local ciean room, which
device contains a magazine seat (33) which can be adjusted vertically relative to the handling
plane (H-H) in a measurable manner and work stations (5, 6) for processing and inspection
situated substantially in the handling plane (H-H), characterized in that the handling plane (H-
H) is in a fixed constructional relationship with a reference plane (E-E) of at least one device
comprising the magazine seat (33) as a component part, which device serves to index the
shelves (43) of magazines (42) and disk-shaped objects (44) contained therein and is arranged
above an intermediate base (9) dividing the clean room into two partial spaces (10, 11) located
one above the other, in which an air flow component of an air flow is directed from the partial

space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9).

2. Device according to claim l,lcharacterized in that the laminar flow of air generated by an
air-processing system (8) is directed on a wall (12) which is located opposite the air-
processing system (8) and outwardly defines the clean room, which wall (12) has air outlet
openings (13, 14) whose overall cross section is smaller above the intermediate base () than

the overall cross section below the intermediate base 9).

3. Device according to claim 2, characterized in that in an air-processing system (8)
containing an axial fan (21) and a filter (23) arranged in series in the direction of flow between
an inlet opening (17) and an outlet opening (18) in a.common housing (16) serving as a
plenum, the inlet opening (17) and axial fan (21) are separated by a tubular enclosure (24)
from the blenum while leaving open an air outlet in the direction of flow, and in that the air

‘outlet contains air guidance surfaces which are situated in the air flow and act against

rotational components of the air flow.

4. Device according to claim 3, characterized in that the air outlet comprises circle-sector-
shaped cut outs (27) which are cut into a plate (26) connected with the enclosure (24) so as to

be symmetrical to the rotational axis (X-X) of the axial fan (21), the air guidance surfaces
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5. Device according to claim 4, characterized in that the device for indexing has an
optoelectronic sensor having a transmitter (38) and a receiver (39) and detects the position of

the magazine shelves (43) and disk-shaped objects (44) relative to the reference piane (E-E) by

means of measuring techniques.

6. Device according to claim 5, characterized in that the transmitter (38) emits a bundle of
measurement rays (41) whose center is oriented in the reference plane (E-E), this bundle of
rays (41) being guided between oppositely located walls (45, 46) containing the magazine
shelves (43) and directed on and interrupted by projections (48) of one of the walls (45, 46),
which projections (48) face toward the interior of the magazine (42) and form shelves
supporting the disk-shaped objects (44), and in that as a result of the vertical adjustment in the
direction of the magazine shelves (43) 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 shelves (43) and of the disk-shaped objects (44) located therein is

produced by modulating the bundle of measurement rays (41).

7. Device according to claim 6, characterized in that a wafer returning device (52) is provided
for positioning disk-shaped objects (51) protruding from the magazine (42), the action of the
wafer returning device (52) depending on a sensor signal of a second sensor whose bundle of
measurement rays is directed parallel to the disk-shaped objects (44, 51) and directly adjoins

the side of the magazine (42) used for loading and unloading during vertical adjustment of the

magazine (42).

8. Device according to claim 7, characterized in that handling is carried out by a manipulator -
with an articulated arm comprising a plurality of members, whose rotating axles are hollow
axles (59, 61, 68) and whose front member has a vacuum holding device (66) for picking up

the disk-shaped objects (44), there being a direct connection from the vacuum holding device

(66) to a vacuum in the hollow axles (61, 68).
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DEVICE FOR HANDLING DISK-SHAPED OBJECTS IN A HANDLING
PLANE OF A LOCAL CLEAN ROOM

Abstract

A device for handling disk-shaped objects in a handling plane of a local clean
room has the object of ensuring process steps preceding or following the processing and
inépection of the disk-shaped objects under the conditions of a local clean room with the use
of SMIF boxes. |

According to the invention, the handling plane (H-H) is in a fixed
constructional relationship with a reference plane (E-E) of at least one device comprising the
magazine seat (33) as a component part, which device serves to index the shelves (43) of
magazines (42) and disk-shaped objects (44) contained therein and is arranged above an
intermediate base (9) dividing the clean room into two partial spaces (10, 11) located one
abdve the other, in which an air flow component of an air flow is directed from the partial
space (10) above the intermediate base (9) into the partial space (11) below the intermediate
base (9).

The invention can be applied in the manufacture of integrated circuits,
particularly for handling tasks.

FIGURE 5.
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7. Device according.to claim®6, characterized int
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