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[57] ABSTRACT

An apparatus for transporting material, such as semi-
conductor wafers, between process modules coupled to
a chamber. The transport apparatus includes a chamber;
guide rails affixed to an outer surface of the chamber;
one or more material transporters each including a mo-
torized vehicle positioned outside the chamber and
movable along the guide rails, a material carrier posi-
tioned inside the chamber, and magnetic levitation
means for magnetically coupling the material carrier to
the motorized vehicle through a nonmagnetic wall of
the chamber; and a controller that controls the position
of the motorized vehicle along the guide devices to
move the material carrier to desired positions within the
chamber.

28 Claims, 8 Drawing Sheets
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1
WAFER TRANSPORT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a transport device
for moving semiconductor or other wafers between and
among processing stations, and relates more particu-
larly to a wafer transporter that utilizes magnetic levita-
tion to Operatively connect a wafer carrier inside a
sealed chamber to a gunided transport mechamnism on top
of the sealed chamber.

2. Description of the Relevant Art

Wafer handling in the fabrication of semiconductor
devices involves moving a wafer from point A to point
B accurately and reliably, and contaminating the wafer
as little as possible. Wafers may be handled separately
or in cassettes that carry several wafers.

A trend is toward automated wafer handling, in other
words, using automated equipment for moving wafers
between processing equipment. Automated wafer han-
dling can be done by a robot vehicle that transports
cassettes of wafers and transfers cassettes among several
pieces of process equipment, or by a transport vehicle
that transports cassettes of wafers to cassette transfer
robots dedicated to each piece of process equipment, or
by a cassette transfer robot between two pieces of pro-
cess equipment. The robots and/or transport vehicles
are operated within clean rooms. One drawback to
these devices for automated wafer handling is that the
moving mechanisms generate particles within the clean
rooms and thereby contaminate the wafers and the
clean rooms.

Summary of the Invention

In accordance with the illustrated preferred embodi-
ment, the present invention provides an apparatus for
transporting material, including but not limited to semi-
conductor wafers, between process modules coupled to
a sealed chamber. The transport apparatus includes a
sealed chamber having a plurality of docking ports;
guide rails affixed to an outer surface of the sealed
chamber and extending past the docking ports; one or
more material transporters each including a motorized
vehicle positioned outside the sealed chamber and mov-
able along the guide rails, a material carrier positioned
inside the sealed chamber, and magnetic levitation
means for magnetically coupling the material carrier to
the motorized vehicle through a nonmagnetic wall of
the sealed chamber; and a controller that controls the
position of the motorized vehicle along the guide means
to move the material carrier to the docking ports and
other desired positions within the sealed chamber.

The present invention also comprises the material
transporter itself, which includes the motorized vehicle,
the material carrier, and the magnetic levitation means
that couples the material carrier to the motorized vehi-
cle. The present invention further comprises a transport
module having a sealed chamber, an interface for cou-
pling to an adjacent transport module, and guide tracks
mounted outside and on top of the sealed chamber.

The present invention has several advantageous fea-
tures. An important feature is that the present invention
transports wafers or other material inside a sealed
chamber while minimizing particle generation. Only the
material carrier is inside the sealed chamber and since it
contains no moving parts, it will not generate particles,
at least so long as the levitation system prevents it from
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contacting the sealed chamber. Except at docking, there
is no contact between moviug parts, so no contaminat-
ing lubricants are needed within the sealed chamber.
Furthermore, if the sealed chamber is evacuated, the
vacuum itself eliminates air-borne contaminants.

Preferably, the transport apparatus is made up of
several adjacent transport modules joined together n a
row to form an extended sealed chamber linking several
process modules or cluster tools. Each process module
or cluster of process modules are directly or indirectly
coupled via transfer robots or other wafer transfer de-
vices to a docking port of the transport apparatus of the
present invention. One or more cassette loaders/un-
loaders are coupled to the transport modules for trans-
ferring raw wafers into and completed wafers out of the
sealed chamber. Once inside the sealed chamber, the
wafers are transported to several process modules for
any or all processing. The guide rails of the transport
modules are interconnected with connecting tracks and
switches so that transporters can transfer wafers be-
tween and among all process modules. The process
modules need not be arranged in any predetermined
order because the guide rails are configured to allow the
transporters to access or bypass any process module. If
the processing line needs to be expanded, one or more
additional transport modules can be added. Additional
transport modules can be added either directly, allow-
ing the same material transporters to be used, or indi-
rectly through a transfer robot, requiring separate mate-
rial transporters.

Also preferably, the sealed chamber is a vacuum
chamber, with the vacuum provided by one or more
vacuum pumps. Alternatively, the sealed chamber can
be backfilled with a clean, inert gas or mixture of gases.

The present invention provides a docking port adja-
cent to a transfer robot for each process module (or
cluster of process modules) through which port the
wafers are transferred by the transfer robot between the
transporters and process modules. A guide rail adjacent
to the docking port provides a buffer or staging area for
transporters waiting to gain access to the transfer robot
of a process module or cluster tool. Movement of each
material transporter is independently controllable to
provide maximum flexibility in material routing.

Another important feature of the present invention is
that the parts most often requiring service, mechanical,
electrical, and electromagnetic, are all located outside
the sealed chamber for ease of testing, replacement, and
service. Also important is the cost savings realized by
using available model train parts for the guide rails,
switches, and a motor and running gear of the motor-
ized vehicle.

The features and advantages described in the specifi-
cation are not all inclusive, and particularly, many addi-
tional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specifi-
cation and claims hereof. Moreover, it should be noted
that the language used in the specification has been
principally selected for readability and instructional
purposes, and may not have been selected to delineate
or circumscribe the inventive subject matter, resort to
the claims being necessary to determine such inventive
subject matter.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a processing line utilizing
several transport modules and material transporters
according to the present invention.

FIG. 2 is a side elevation view of a transport module
according to the present invention.

FIG. 3 is a plan view of guide tracks utilized in the
transport module of FIGS. 1 and 2.

FIG. 4 is a side elevation view of the guide tracks of
FIG. 3.

FIG. 5 is a plan view of a sealed chamber utilized in
the transport module of FIGS. 1 and 2.

FIG. 6 is a side elevation sectional view of the sealed
chamber and portions of two adjacent sealed chambers
taken along section line 6—6 of FIG. 5.

FIG. 7 is an end view of the sealed chamber of FIG.
5.

FIG. 8 is an end sectional view of the sealed chamber
taken along section line 8—8 of FIG. §.

FIG. 9 is a plan view of a motorized transport vehicle
of the present invention.

FIG. 10 is a side elevation sectional view of the mo-
torized transport vehicle, the sealed chamber, and a
material carrier within the chamber, as taken along
section line 10—10 of FIG. 9.

FIG. 11 is an end sectional view of the motorized
transport vehicle, the sealed chamber, and the material
carrier, as taken along section line 11—11 of FIG. 10.

FIG. 12is a plan sectional view of an upper portion of
the motorized transport vehicle as taken along section
line 12—12 of FIG. 10.

FIG. 13 is a plan sectional view of a lower portion of
the motorized transport vehicle as taken along section
line 13—13 of FIG. 10. .

FIG. 14 is a plan section view of an upper portion of
the material carrier as taken along section line 14—14 of
FIG. 10.

FIG. 15 is a plan section view of a lower portion of
the material carrier as taken along section line 14—14 of
FIG. 10.

FIG. 16 is a block diagram of a system controller of
the present invention. ‘

FIG. 17 is a block diagram of a levitation controller
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1 through 17 of the drawings depict various
preferred embodiments of the present invention for
purposes of illustration only. One skilled in the art will
readily recognize from the following discussion that
alternative embodiments of the structures and methods
illustrated herein may be employed without departing
from the principles of the invention described herein.

The preferred embodiment of the present invention is
a wafer transport system and its associated transporter
apparatus that utilizes magnetic levitation to opera-
tively connect a wafer carrier inside a sealed chamber to
a guided transport mechanism on top of the sealed
chamber. Shown in FIG. 1 in plan view is a wafer trans-
port system 10, according to the present invention, that
includes, for example, seven transport modules 12 that
transport wafers between seven transfer robots 14. The
transfer robots 14 in turn transfer the wafers between
the wafer transport system 10 and various process mod-
ules 40, 44, and 46 and cassette loaders 16.
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Each transport module 12 is rectangular in shape in
plan view and has two intermodule interfaces 18 on
opposite ends and a transfer robot interface 20 on one
side. The intermodule interfaces 18 couple each trans-
port module 12 to another transport module. The trans-
fer robot interfaces 20 couple each transport module 12
to a transfer robot 14. The interconnected transport
modules 12 extend in a row and provide the means,
further described below, for transporting individual
wafers between the transfer robots 14 and the cassette
loaders 16. The intermodule interfaces 18 at each end of
the line are closed off with covers 19.

Wafers to be processed are loaded into the wafer
transport system 10 by a transfer robot 14 from a cas-
sette loader 16, are transported to the other transfer
robots 14 and process modules 40, 44, and 46 coupled
thereto, and, when processing is completed, are trans-
ferred out of the wafer transport system to a cassette
loader 16.

The wafer transport system 10 has a sealed chamber
22 extending throughout to each of the intermodule
interfaces 18 and transfer robot interfaces 20. As ex-
plained in more detail below, the overall sealed cham-
ber of the wafer transport system 10 is created by con-
necting the individual sealed chambers of the transport
modules 12 at the intermodule interfaces 18.

On top of the extended sealed chamber 22 are guide
tracks 24 that guide wafer transporters 26 between
docking ports 34 adjacent to the transfer robots 14.
Preferably, the guide tracks 24 include three parallel
tracks (a central track 28 and two outer tracks 30), plus
two connecting tracks 32 per transport module 12. One
of the outer tracks 30 passes by the transfer robot inter-
face 20 of each transport module 12. Adjacent to each
transfer robot interface 20 is a docking port 34 at which
location a transporter 26 is positioned during wafer
transfer to or from a transfer robot 14. Transporters can
be staged or buffered along the outer track 30 next to
the docking port and can be moved to the docking port
when it is available.

The central track 28 and the connecting tracks 32 are
utilized to route transporter traffic to the appropriate
docking port 34 or staging area. Track switches 36 are
located at the junctions between the tracks and are
controlled by a system controller. Since the central
track 28 by-passes all of the docking ports and staging
areas, a wafer can be transported anywhere in the wafer
transport system 10 by routing the transporter 26 down
the central track, and then throwing the appropriate
switches to transfer the transporter to an outer track 30
at the desired docking port 34 or staging area. A traffic
routing controller controls the movement of the trans-
porters 26 and switching of the switches 36 to avoid
collisions. Portions of the outer tracks 30 may be used
for switching transporter traffic to allow bidirectional
movement along the central track 28.

Several of the transfer robots 14 shown in FIG. 1
supply wafers to cluster tools 42, which are independ-
ently-operable, environmentally-isolated, manufactur-
ing systems consisting of multiple pieces of process
equipment 40. The transfer robot 14 of a cluster tool 42
transfers wafers between the wafer transport system 10
and the process modules 40 within the cluster. Each
cluster 14 can be configured with several pieces of pro-
cess equipment that together perform a function like,
for example, lithography, ion implantation, deposition,
etching, or inspection. Other transfer robots 14 supply
single purpose process modules 44 and 46.
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Overall, the process modules 40, 44, and 46 intercon-
nected by the transfer robots 14 and the wafer transport
system 10 provide an integrated manufacturing capabil-
ity. Of course, since the present invention is the wafer
transport system 10 itself and components thereof, it is
irrelevant what particular process equipment, cluster
tools, or process modules are attached to the transport
system. FIG. 1 merely illustrates the wafer transport
system 10 of the present invention in a suggested config-
uration with several cluster tools 42 and two single
purpose process modules 44 and 46. The term process
module as used herein is understood to encompass all
manner of process equipment, cluster tools, and other
equipment that can be attached to a transfer robot inter-
face 20 of the present invention.

FIG. 1 also illustrates diagrammatically a facilities
interface 45 at one end of the wafer transport system 10
and a control interface 47 at the other end.

FIG. 2 is a diagrammatic representation of a transport
module 12, shown in side elevation. A sealed chamber
50 of the transport module 12 extends horizontally be-
tween two intermodule interfaces 18 at the ends of the
module. The transfer robot interface 20 is centered at
one side of the sealed chamber. The sealed chamber is
described in more detail below in connection with
FIGS. 5-8. Located below the sealed chamber 50 is a
vacuum pump 52 and a facilities bay 54. Located above
the sealed chamber 50 are guide tracks 24 and transport-
ers 26 that ride on the guide tracks. Above the trans-
porters is a control electronics bay 56. The facilities
bays 54 are preferably open between adjacent transport
modules 12, and the facilities connections converge at
the facilities interface 45 at one end of the line of trans-
port modules. Likewise, the control electronics bays 56
are preferably open between adjacent transport mod-
ules, and are wired to the control interface 47. The
sealed chamber 50 is preferably evacuated by the vac-
uum pump 52, and may be backfilled with a clean, inert
gas or gases. -

FIGS. 3 and 4 show the guide tracks 24 that are
mounted to the top surface of the sealed chamber 50 of
each transport module 12. As described above, central
track 28 and two outer tracks 30 are interconnected by
two connecting tracks 32. Four switches 36 connect
each connecting track with either a central track or an
outer track.

As best seen in FIG. 3, the guide tracks 24 and
switches 36 of the present invention are preferably
model railroad track and switches. Each track includes
two parallel rails 60 and 62 joined to ties 64, with the
ties resting on the top cover 66 of the sealed chamber
50. Model railroad G gauge (1:22.5 scale) with a track
width of 45 mm is preferred, and is available from sev-
eral sources including LGB (Lehmann Gross Bahn) of
Germany. Also preferably, the rails of the track are
composed of brass or some other non-ferrous or non-
magnetic material to avoid interfering with the mag-
netic levitation of the wafer transporter 26. Electrically
operated switches suitable for use as switches 36 of the
present invention for transferring the transporters 26
between the guide tracks 24, are also readily available in
G gauge. At the ends of the guide tracks 24, electrically
conductive connectors (not shown) join the tracks to
the tracks of an adjacent transport module. The con-
necting tracks 32 are arranged so that a transporter 26
on the connecting tracks 32 will not interfere with a
transporter positioned at the docking port 34. Of
course, track configurations different from that dis-
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closed herein are also within the scope of the present
invention.

The sealed chamber 50 of each transport module 12 is
illustrated in FIGS. 5-8. The sealed chamber 50 extends
horizontally between the intermodule interfaces 18 at
each end and the transfer robot interface 20 at one side.
The sealed chamber 50 includes a base member 68 with
several standoffs 70, and a cover 66. The cover 66 is
composed of a non-magnetic material such as polycar-
bonate or aluminum, which allows magnetic flux to pass
therethrough and also allows visual monitoring of
wafer carriers inside the sealed chamber. The cover is
sealed to the base member 68 to prevent outside air from
leaking into the sealed chamber if maintained at a subat-
mospheric pressure. The standoffs 70 support the cover
66 when the sealed chamber 50 is evacuated, and are
positioned in areas not interfering with movement of
the wafer transporters 26 along the guide tracks 24 or
connecting tracks 32. As will be explained in greater
detail below, wafer carriers move about inside the
sealed chamber, so the standoffs must be positioned in
areas not interfering with movement of the wafer carri-
ers. :

Each end 72 of the sealed chamber 50 is bevelled at a
45 degree angle to which is mated an interface valve 74
that seals against the bevelled surface. The interface
valve 74 also mates with a sealed chamber of an adja-
cent transport module and, when the valve is open, the
two sealed chambers are in communication with each
other, allowing wafer carriers to move therebetween.
The interface valve 74 includes a gate valve 76 that can
be closed to facilitate the replacement or servicing of a
transport module, while isolating the remaining trans-
port modules and allowing processing to continue.
Each end 72 of the sealed chamber 50 has three passages
78, each aligned with a guide track mounted to the top
of the sealed chamber and each providing a passageway
for a wafer carrier. Also shown in FIG. 5 is the transfer
robot interface 20 located at the docking port 34. The
transfer robot interface 20 also includes an interface
valve coupling the sealed chamber to a transfer robot
and providing a passageway for transfer of wafers be-
tween the transfer robot and the sealed chamber.

FIGS. 9-15 illustrate the wafer transporter 26, which
includes a motorized vehicle 80 located outside the
sealed chamber on the guide track 24 and a wafer car-
rier 82 located inside the sealed chamber and magneti-
cally levitated by and coupled to the vehicle.

Referring now to FIGS. 9-13, the motorized vehicle
80 includes an upper portion in which are located elec-
tronic circuits and circuit boards 84, and a lower por-
tion in which are located a drive motor and chassis 86,
levitation electromagnets 88 and 90, and carrier position
sensors 92. The electronic circuits and circuit boards 84
include a levitation control circuit and an electrical
interface to a system controller, which are explained in
more detail below with respect to FIGS. 16 and 17. The
drive motor and chassis 86 runs on the guide track 24
and provides the motive power for moving the trans-
porter throughout the wafer transport system 10. Its
movement is controlled by the system controller. The
drive motor and chassis 86 is preferably a model rail-
road motor and chassis with a direct current motor, and
preferably G gauge (1:22.5 scale) with a track width of
45 mm. The drive motor and chassis 86 includes four
wheels 94 that roll along the guide track 24 and a rail
contact 96 that electrically contacts the rails 60 and 62
to supply power and control signals to the electronic
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circuits 84 of the vehicle. A housing 98 covers the inner
components of the motorized vehicle 80. Batteries 100,
if needed, are located between the electromagnets 88
and 90 and the circuit boards 84.

Referring to FIGS. 10, 11, 14, and 15, the wafer car-
rier 82 is a relatively flat component with no moving
parts to generate particles within the sealed chamber.
The wafer carrier 82 includes a housing 108 having a
central disk-shaped region for housing permanent mag-
nets 102, 104, and 106 above and a wafer 110 below.
The wafer 110 rests on two arc-shaped shoulders 112
suspended below the bousing. Mounted on the front and
back of the housing 108 are two permanent magnets
114, and mounted to the underside of the housing are
four alignment pins 1186, all used for docking. The hous-
ing 108 is aluminum.

The wafer carrier 82 is magnetically levitated below
the motorized vehicle 80 by nagnetic interaction be-
tween the electromagnets 88 and 90 and carrier position
sensors 92 of the vehicle and permanent magnets 102,
104, and 106 of the carrier, respectively. A levitation
control circuit 120, shown in block diagram in FI1G. 17,
controls the levitation. The carrier position sensors 92
feedback the sensed distance between each pair of sen-
sors 92 in the vehicle 80 and permanent magnets 106 in
the carrier 82. The levitation control circuit 120 con-
trols the current flowing in the electromagnets 88 to
maintain the position of the carrier horizontal within the
sealed chamber 50 and at a predetermined distance
away from the top cover 66 of the sealed chamber.
Electromagnets 90 in the motorized vehicle and associ-
ated permanent magnets 104 in the carrier 82 provide
lateral coupling during movement of the transporter.

FIGS. 10 and 11 show the wafer transporter 26 as it
appears during transport of the wafer 110. Note that the
wafer carrier 82 does not contact anything within the
sealed chamber 50 in this position. When the transporter
26 is at the docking port 34 adjacent to a transfer robot
interface 20, it is desirable to align the carrier and the
wafer contained therein with the docking port to facili-
tate the transfer of a wafer between the carrier and the
transfer robot. To do so, the transporter 26 is first
moved to a position where the alignment pins 116 are
positioned over corresponding alignment holes 122 in
the base member 68 of the sealed chamber 50. Two
alignment electromagnets 124 interact with alignment
permanent magnets 114 on the carrier to stop and stabi-
lize carrier at the docking port. Then, the levitation
control circuit 120 reduces the levitation force on the
carrier, allowing the carrier to move downward until
the alignment pins 116 are inserted into the alignment
holes and the carrier is docked.

While docked, a wafer 110 can be transferred be-
tween the carrier 82 and the transfer robot 14. Sufficient
clearance is provided between the wafer 110 and the
housing 106 of the carrier so that a wafer transfer robot
(not shown) associated with a process module can reach
under the wafer, then lift the wafer off of the shoulders
112, then move the wafer horizontally into the process
module. Transfer of the wafer from the process module
to the carrier is done by reversing the above steps. Once
free of a wafer, the transporter 26 can remain at the
docking port 34 to receive a wafer, or it can be reas-
signed to some other transport duty within the wafer
transport system 10.

A system controller 130, illustrated in FIG. 16, con-
trols the movement and positioning of the wafer trans-
porters 26, and also controls the docking operation. The
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system controller 130 communicates to all of the trans-
porters 26 through the rails 60 and 62 of the guide tracks
24. The guide tracks supply direct current power to the
transporters 26 and encoded signals from the system
controller 130 superimposed on the d.c. power signal.
The system controller directs each transporter 26 when
to move (motor on) and how fast to accelerate, when to
stop (motor off) and how fast to decelerate, which di-
rection to move, and to reduce or increase the levitation
force when docking or undocking. Each transporter 26
may include a position sensor that responds to encoded
position information at or near the guide tracks 24, and
this information is fed back to the system controller for
keeping track of the transporter position.

The system controller 130 is also coupled to each
transport module 12 for controlling transporter move-
ment and docking. The system controller 130 is prefera-
bly bardwired to each rail switch 36 and to the align-
ment electromagnets 124. A docking sensor (not
shown) attached to each transport module at the dock-
ing port may be used to verify that a carrier is at the
docking port. Also, vehicle position sensors (not
shown) mounted on or near the guide tracks can be used
to sense the identity and movement of the transporters.
Alignment electromagnets similar to the alignment elec-
tromagnets 124 can be placed at various locations, such
as a docking queue, to stop and stabilize carriers at those
locations.

From the above description, it will be apparent that
the invention disclosed herein provides a novel and
advantageous wafer transport system and its associated
transporter apparatus. The foregoing discussion dis-
closes and describes merely exemplary methods and
embodiments of the present invention. As will be under-
stood by those familiar with the art, the invention may
be embodied in other specific forms without departing
from the spirit or essential characteristics thereof. For
example, the wafers could be transported by cassette,
instead of individually; guide means other than a model
train track could be used; track arrangements other than
the three main track arrangement disclosed herein
could be used; more (or fewer) main and connecting
tracks could be used; additional transport lines could be
added either directly or through a transfer robot; and
materials other than wafers can be transported. Accord-
ingly, the disclosure of the present invention is intended
to be illustrative, but not limiting, of the scope of the
invention, which is set forth in the following claims.

What is claimed is:

1. An apparatus for transporting material comprising:

a chamber;

two independently movable material transporters

each including a motorized vehicle guided for
movement outside the chamber, each including a
material carrier disposed inside the chamber and
having means for carrying material, and each in-
cluding magnetic levitation means for magnetically
coupling the material carrier below the motorized
vehicle;

guide means for guiding the movement of the motor-

ized vehicles along the outside of the chamber on a
top surface thereof, wherein the guide means in-
cludes means for permitting one material trans-
porter to pass another material transporter in
movement along the guide means; and

control means for controlling the position of the mo-

torized vehicle to move the material carrier to a
desired position within the chamber.
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2. An apparatus as recited in claim 1 wherein the
chamber has a horizontal top surface composed of a
non-magnetic material, wherein the motorized vehicles
and the guide means are coupled to the horizontal top
surface outside the chamber and the material carriers
are disposed below the horizontal top surface inside the
chamber, and wherein the magnetic levitation means
suspends the material carriers below the motorized
vehicles and away from contact with the chamber dur-
ing movement of the material transporters.

3. An apparatus as recited in claim 1 wherein the
chamber and the guide means extends past a plurality of
docking ports, and wherein each docking port includes
means through which material is transferred to and
from a material carrier that is positioned adjacent the
docking port.

4. An apparatus as recited in claim 3 wherein each
docking port includes alignment means for aligning one
of the material carriers with the docking port.

5. An apparatus as recited in claim 4 wherein the
alignment means includes an alignment pin associated
with each material carrier and a corresponding align-
ment hole associated with each docking port.

6. An apparatus as recited in claim 4 wherein the
alignment means includes an alignment magnet associ-
ated with each docking port and an alignment magnet
associated with each material carrier, and wherein the
alignment magnets are positioned to align the material
carrier at the docking port.

7. An apparatus as recited in claim 1 wherein each
motorized vehicle includes a chassis, a reversible elec-
tric motor mounted on the chassis, wheels mounted on
the chassis, and a drive mechanism coupling the motor
to the wheels.

8. An apparatus as recited in claim 7 wherein each
motorized vehicle includes a model railroad motor and
chassis.

9. An apparatus as recited in claim 1 wherein the
material to be transported is a flat wafer, and wherein
each material carrier includes means for horizontally
supporting a wafer and includes clearance between the
wafer and the material carrier to allow the wafer to be
transferred to and from the material carrier.

10. An apparatus as recited in claim 1 wherein the
magnetic levitation means of each material transporter
includes an electromagnet coupled to the motorized
vehicle and a corresponding permanent magnet coupled
to the material carrier and further includes levitation
control means for controlling current in the electromag-
net in the motorized vehicle to maintain the position of
the material carrier with respect to the motorized vehi-
cle.

11. An apparatus as recited in claim 10 wherein the
levitation control means includes a sensor for providing
feedback of the position of the material carrier and a
position control circuit responsive to the position feed-
back for controlling the current to the electromagnet in
the motorized vehicle.

12. An apparatus as recited in claim 1 wherein the
guide means includes a guide track mounted horizon-
tally outside the chamber said top surface thereof.

13. An apparatus as recited in claim 1 wherein the
guide means includes two guide tracks mounted hori-
zontally outside the chamber to said top surface thereof,
and includes a connecting track interconnecting the
guide tracks.
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14. An apparatus as recited in claim 13 further includ-
ing a switch at each junction between a guide track and
the connecting track.

15. An apparatus as recited in claim 14 wherein the
control means includes means for controlling the junc-
tion switches to control the transfer of the material
transporters between guide tracks.

16. An apparatus as recited in claim 13 wherein the
guide means includes three parallel guide tracks and
two connecting tracks each connecting an outer guide
track to a middle guide track.

17. An apparatus as recited in claim 13 wherein the
guide tracks and connecting tracks are composed of
non-magnetic materials.

18. An apparatus as recited in claim 13 wherein the
guide tracks and connecting tracks are model railroad
track.

19. An apparatus as recited in claim 1 wherein the
control means includes docking means for positioning
each material carrier at each docking port, and wherein
the docking means includes a docking position sensor
for sensing when a material carrier is at a docking port,
includes an alignment electromagnet for aligning the
material carrier at the docking port, and iricludes means
coupled to the magnetic levitation means for reducing
the magnetic coupling between the material carrier and
the motorized vehicle when the material carrier is at the
docking port.

20. An apparatus as recited in claim 1 wherein the
control means includes transporter control means for
controlling the movement and positioning of the mate-
rial transporters, wherein the transporter control means
includes means coupled to the motorized vehicles for
controlling forward and reverse movement of the mo-
torized vehicles.

21. An apparatus as recited in claim 20 wherein the
guide means includes two guide tracks mounted outside
the chamber to said top surface thereof, includes a con-
necting track interconnecting the guide tracks, and
includes a switch at each junction between a guide track
and the connecting track, and wherein the transporter
control means includes means coupled to the junction
switch for defining a path along the guide tracks and
connecting track for movement of the motorized vehi-
cles.

22. A material transporter for transporting materials
within a chamber, wherein a guide track is positioned
outside the chambers on an upper surface of the cham-
ber, said material transporter comprising:

a motorized vehicle having self-contained motor and
drive means and movable on top of the guide track
outside the chamber, wherein the motorized vehi-
cle includes wheels at a bottom side thereof that
ride on the guide track;

a material carrier disposed inside the chamber below
the motorized vehicle and having means for carry-
ing material; and

magnetic levitation means for magnetically suspend-
ing the material carrier below the motorized vehi-
cle and away from contact with the chamber dur-
ing movement of the material transporter and for
magnetically coupling the material carrier to the
motorized vehicle for movement therewith.

23. A material transporter as recited in claim 22
wherein the motorized vehicle includes a chassis, a
reversible electric motor mounted on the chassis,
wheels mounted on the chassis, and a drive mechanism
coupling the motor to the wheels.
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24. A material transporter as recited in claim 23
wherein the motorized vehicle includes a model rail-
road motor and chassis.

25. A material transporter as recited in claim 22
wherein the material to be transported is a flat wafer,
and wherein the material carrier includes means for
horizontally supporting a wafer and includes clearance
.between the wafer and the material carrier to allow the
wafer to be transferred to and from the material carrier.

26. A material transporter as recited in claim 22
wherein the material carrier includes docking alignment
pins for aligning the material carrier within the chamber
at a desired position for transfer of material.

10

20

25

30

35

45

50

55

65

12

27. A material transporter as recited in claim 22
wherein the magnetic levitation means includes an elec-
tromagnet coupled to the motorized vehicle and a cor-
responding permanent magnet coupled to the material
carrier and further includes levitation control means for
controlling current in the electromagnet to maintain the
position of the material carrier with respect to the mo-
torized vehicle.

28. A material transporter as recited in claim 27
wherein the levitation control means includes a sensor
for providing feedback of the position of the material
carrier and a position control circuit responsive to the
position feedback for controlling the current to the

electromagnet.
* * * * *



