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(57) Abstract: A substrate processing apparatus
includes a transport chamber capable of holding
an isolated atmosphere therein and communicably
connected to a charging station for loading and
unloading a substrate into the apparatus, a transport
system inside the transport chamber for transporting
the substrate and an array of processing chamber
modules distributed alongside the transport chamber
and communicably connected to the transport chamber
to allow the substrate to be transferred therebetween.
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LINEARLY DISTRIBUTED SEMICONDUCTOR

WORKPIECE PROCESSING TOOL

BACKGROUND
1. Field of the Exemplary Embodiments

[0001] The  @exemplary embodiments described herein
relate to semiconductor workpiece processing tools
and, more particularly, to processing tools having a

linear arrangement.
2. Brief Description of Related Developments

[0002] One of the factors affecting consumer desire
for new electronic devices naturally.is the price of the
device. Conversely, if the cost, and hence the price of
new electronic devices can be lowered, it would appear
that a beneficial effect would be achieved in consumer
desires for new electronic devices. A significant’
portion of the manufacturing costs for electronic
devices is the cost of producing the electronics which
starts with the manufacturing and processing of semi-
conductor substrates such as used in manufacturing
electronic components, or panels used for making
displays. The cost of processing substrates is affected
in part by the cost of the processing apparatus, the
cost of the facilities in which the processing apparatus
are housed, and in large part by the throughput of the
processing apparatus (which has significant. impact on
unit price). As can ‘be immediately realized, the size

of the processing apparatus itself impacts all of the
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aforementioned factors. However, it appears that
conventional processing apparatus have reached a dead
end with respect to size reduction. Moreover,
conventional processing apparatus appear to have reached
a limit with respect to increasing throughput per unit.
For example, conventional processing apparatus may use a
radial processing module arrangement. A schematic plan
view of a conventional substrate processing apparatus is
shown in FIG. 9. As can been seen, the processing
modules of the apparatus in FIG. 9 are placed radially
around the transport chamber of the processing
apparatus. The transport apparatus, which is a
conventional two or three axis of movement apparatus
(e.g. Z, 6, T BAxis) 1is centrally 1located in the
transport chamber to transport substrates between
process'ing modules. As can be realized from FIG. 9,
throughput of the conventional processing apparatus 1is
limited by the handling rate of the transport apparatus.
In other words, throughput cannot be increased with the
conventional apparatus by merely adding processing
modules to the apparatus, because once the transport
apparatus reaches a handling rate peak, this becomes the
controlling factor for throughput. The apparatus of the
present invention overcome the problems of the prior art

as will be described further below.
SUMMARY OF THE EXEMPLARY EMBODIMENTS

[0003) In accordance with an exemplary embodiment, a
substrate processing apparatus is provided. The
substrate processing apparatus includes a transport
chamber capable of holding an isolated atmosphere

therein and communicably connected to a charging station
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for loading and unloading a substrate into the
apparatus, a transport system inside the transport
chamber for transporting the substrate and an array of
processing chamber modules distributed alongside the
transport chamber and communicably connected to the
transport chamber to allow the substrate to be
transferred therebetween. Wherein, the transport
chamber is capable of being linearly elongated
longitudinally and includes at least one transport
chamber node, each of which 1s capable of being
communicably connected in series to at least another
transport chamber node of the transport chamber for
effecting the elongation, and of tying at least two
chamber modules of the apparatus to each other, each
node having a resident substrate transport arm therein
for transporting the substrate between the transport
chamber node and the at least two chamber modules and a
substrate buffer, communicably connected to the at least

one transport chamber node, buffering the substrate.

[0004] In accordance with another exemplary embodiment,
a substrate processing apparatus 1is provided. The
substrate processing apparatus includes a transport
chamber with an opening for loading and wunloading a
substrate to and from the transport chamber, the
transport chamber comprising a first transport chamber
module, a second transport chamber module and a third
transport chamber module, each of which is capable of
holding an isolated atmosphere therein and is
communicably connectable to each other for transferring
the substrate therebetween, and when the first and
second transport chamber modules are connected to each

other, the transport chamber has a longitudinal linearly



WO 2007/139981 PCT/US2007/012582

elongated shape. The processing apparatus further
includes a transport system located in the transport
chamber and having a substrate transport arm movably
mounted in a longitudinally fixed location within each
of the first, second and third transport chamber
modules, an array of ©processing chamber modules
distributed alongside the transport chamber and
communicably connected to the transport chamber to allow
the substrate to be transferred therebetween and at
least one substrate buffer module selectably connectable
to at least one of the first, second or third transport
chamber modules, wherein the 1longitudinal linearly
elongated shape of the transport chamber has a
selectably variable longitudinal 1length effected by
selectable connection of at least one of the second and
the third transport chamber modules to the first
transport chamber module, wherein selectable connection
of the third transport chamber module to either the
first or second transport chamber modules depends on the
substrate buffer module being connected between the

first and second transport chamber modules.

[0005] In accordance with still another exemplary
embodiment, a substrate processing apparatus is
provided. The substrate processing apparatus includes a
charging station with a port for loading and unloading a
substrate from the apparatus, a transport chamber
capable of holding an isolated atmosphere therein and
communicably connected to the charging station to allow
passage of the substrate in between, a transport system
inside the transport chamber for transporting the
substrate and an array of processing chamber modules

distributed alongside the transport chamber and
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communicably connected to the transport chamber to allow
the substrate to be transferred therebetween. Wherein,
the transport chamber is capable of being linearly
elongated longitudinally and includes at least one
transport chamber module, with an always resident
substrate transport arm therein, the transport chamber
module being interfaced and communicably connected to
the charging station and capable of being communicably
connected to at least another transport chamber module
so that the charging station, the at least ohe transport
chamber moduleA and the at least another transport
chamber module are arranged in series longitudinally and
a pass through - substrate Dbuffer, interfaced and
communicably connected to the at least one transport
chamber module so that the at least one transport
chamber module is interposed between the charging

station and the at least one transport chamber module.

[0006] In accordance with vet another exemplary
embodiment a substrate processing apparatus is provided.
The substrate processing apparatus includes a transport
chamber module with a chamber capable of being isolated
from outside atmosphere, and having a transport arm
mounted inside the chamber, the transport arm having an
end effector for holding and transporting a substrate,
and having a pivot joint located in a substantially
fixed location relative to the transport chamber module.
The substrate processing apparatus further includes
another transport chamber module, with another chamber
capable of being isolated from outside atmosphere, and
having another transport arm mounted inside the other
chamber, the other transport arm having another end
effector for holding and transporting the substrate, and
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having another pivot joint located in a substantially
fixed location relative to the other transport chamber
module, the other transport chamber module being
connectable to the chamber module to form a linearly
elongated transport chamber and a linear array of
processing modules extending along and connected to the
linearly elongated transport chamber so that the
substrate may be transported between the 1linearly
elongated transport chamber and at least one processing
module of the linear array. Wherein, the transport arm
and the other transport arm cooperate with each other to
form a travel lane, extending longitudinally through the
linearly elongated transport chamber, along which the

substrate is transported.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing aspects and other features of the
present invention are explained ° in the following
description, taken in connection with the accompanying

drawings, wherein:

[0008] FIG. 1 is a schematic plan view of a substrate
processing apparatus incorporating features of the
present invention in accordance with a first exemplary

embodiment ;

[0009] Fig. 2 is a schematic plan view of a transport

chamber module of the processing apparatus in Fig. 1;

[00010] Fig. 2A is an elevation view of the transport

chamber module in Fig. 2;
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[00011] Fig. 3 is a schematic plan view of a portion of
the transport chamber of the processing apparatus in

Fig. 1;

f{00012] Fig. 4 is another schematic plan view of the
transport chamber of the processing apparatus in

accordance with another exemplary embodiment;

[00013] Fig. 4A is a schematic elevation view of the
transport chamber in Fig. 4, and Fig. 4B is another
elevation view of the transport chamber as viewed from a
different direction perpendicular to the view direction

in Fig. 4A;

[00014) PFig. 4B is another schematic elevation view of
the transport chamber in accordance with another .

exemplary embodiment;

[00015] Fig. 4C is still another schematic elevation
view of the transport chamber in accordance with another

exemplary embodiment;

[00016] Fig. 4D is yet another schematic elevation view
of the transport chamber in accordance with yet another

exemplary embodiment;

[00017) Fig. 5 1is a schematic plan view of the
processing apparatus in accordance with another

exemplary embodiment;

[00018] Fig. 6 is a another schematic plan view of the .
processing apparatus in accordance with another

exemplary embodiment;
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[00019] Fig. 7 is a still another schematic plan view
of the processing apparatus in accordance with another

exemplary embodiment;

[00020] Fig. 8 is a schematic elevation view of the
apparatus in accordance with another exemplary

embodiment;

[00021)] Fig. 9 1is a schematic elevation view of a
portion of the processing apparatus in accordance with

still yet another exemplary embodiment; and

[00022}) Fig. 10 is another schematic elevation view of

another portion of the apparatus.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT (s)

[00023] Referring to Fig. 2, there is shown a
schematic plan view of a substrate processing apparatus
10 incorporating features of the present invention.
Although the present invention will be described with
reference to the embodiments shown in the drawings, it
should be understood that the present invention can be
embodied in many alternate forms of embodiments. In
addition, any suitable size, shape or type of elements

or materials could be used.

[00024) The workpiece processing system 10, or tool,
generally has a processing section 13 and an interface
section 12. The interface and processing sections of
the tool 10 are connected to each other and allow
transport of workpieces in between. The workpieces S
illustrated in the figures are exemplary and may be for
example 450 mm, 300 mm, or 200 mm wafers, reticles,

mask, flat panels for displays, or any other desired

8
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workpiece item. The processing section 13 of the tool -
may have processing modules or chambers, such as
material deposition (CVD, PVD, copper implantation,
epitaxial silicon, dielectric deposition, rapid thermal
processing, ion implantation, etching, chemical
mechanical polishing, metrology, .electroplating, etc.)
for processing the workpieces S in accordance with a
desired processing protocol. The processing modules may
be linked by a workpiece transport chamber 16 (see also
Fig. 5) in which the workpieces may be transported
between desired processing modules according to the
processing protocol. The transport chamber has a
transport robot 20 capable of moving the workpieces
therein and to the process modules. The process modules
and the transport <chamber are capable of Dbeing
atmospherically isolated from the exterior atmosphere in
order to maintain atmosphere within the transport
chamber the same as the processing modules, or suitable
for workpieces being transferred between processing
modules. For example, the transport chamber may have an
inert gas (e.g. N;) atmosphere or may hold a vacuum (or
near vacuum atmosphere). The tool interface section 12
provides a workpiece loading/unloading interface between
the tool processing section 13 and its isolatable
atmosphere and the tool exterior. The tool interface
section thus allows workpieces, that may be transported
in carriers outside the tool, to be unloaded from the
carrier into the tool and vice versa. The transport
chamber may be made up of transport chamber modules,
that may be connected end to end for example to form a
linearly elongated transport chamber. The transport
chamber 1length is thus variable by adding or removing

transport chamber modules. The transport chamber

9
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modules may have entry/exit gate valves capable of
isolating desired transport chamber module from
adjoining portions of the transport chambers. Tool
interface sections similar to section 12 may be
positioned at any desired locations along the linearly
elongated transport chamber as will be described below,
allowing workpieces to be loaded or unloaded at a
desired location in the tool. Processing modules may be
distributed alohg the length of the transport chamber.
The processing modules may be stacked in a direction
angled to the 1length of the chamber. The transport
chamber modules may have entry/exit gate valves to
isolate desired transport chamber modules £from the
processing modules. The transport system 20 is
distributed through transport chamber. @A number of the
transport chamber modules may each have an integral
movable arm having a fixed interface/mount to the module
and movable end effector capable of holding and moving
workpieces linearly along the transport chamber and
between transport chamber and process modules.
Transport arms in different transport chamber modules
may cooperate to form at least a portion of the
linearly distributed transport system. Operation of the
transport system, processing modules, processing
section, interface section and any other portions of the
tool may be controlled by controller 400. Controller
400, depicted schematically in Fig. 1, may have a
distributed or clustered control architecture, a
suitable example of which is described and shown in U.S.
Application Serial No. 11/178, 615, filed 7/11/05
incorporated by reference herein in its entirety. The
transport chamber and transport system therein may be

arranged to define multiple workpiece travel lanes

10
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within the transport chamber as will be described in
greater detail below. The travel lanes may be polarized
or dedicated within the transport chamber for advance
and return of workpieces. The transport chamber may
also have intermediate load 1locks allowing different
sections of the transport chamber to hold different
atmospheres, and allow workpieces to transit between the
different atmospheric sections of the transport chamber.
As will be described below, the transport chamber may
have an entry/exit station(s), where workpieces may be
inserted/removed from a desired location of the
transport chamber. For example, the entry/exit station
may be located at an opposite end from the interface
section 12 or other desired position in the transport
chamber. The entry exit station(s) of the transport
chamber may communicate with a workpiece express transit
passage 1linking entry/exit station of the transport
chamber with a remote tool interface section 12 (see
also Figs. 5 and 8). The express transit passage may be
independent of and isolatable from the transport chamber
16. The express transit passage may communicate with
one or more of the interface section 12 ’so that
workpieces may be transported between the interface
section and transit passage. Workpieces, may be rapidly
placed into an advanced section of the tool and returned
to the interface section 12 after processing via the
express transit passage, without affecting the transport
chamber, and resulting in a reduction of work in process
(WIP). The transport chamber may also have intermediate
entry/exit stations, a number of which may communicate
with the express transit passage so that workpieces may
be transported therebetween. This allows workpieces to

be inserted or removed at desired intermediate portions

11
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of the process without affecting the process stream as

will be described further below.

[00025] Referring still to Fig. 1, the interface
section 12 is shown for example purposes at an end of
the transport chamber of the tool 10. In alternate
embodiments, the interface section of the tool may be
located as desired including for example at an
intermediate 1location along the transport chamber,
between the ends of the transport chamber. Though Fig.
1 shows a tool 10 with one interface section connected
to the transport chamber. In alternate embodiments, the
tool may have any desired number of interface sections
connected to the transport chamber. The interface
section 12 shown in Fig. 1 has an exemplary
configuration and in alternate embodiments the interface
section may have any desired configuration/arrangement.
The interface section 12 generally has a closure or
chamber 14 and a load port(s) LP (one is shown for
example purposes only and the chamber may have any
desired number of loadports). The chamber 14 is
communicably connected with the transport chamber 16 so
that workpieces may be transported between interface
section chamber 14 and transport chamber 16. The
chamber 14 of the interface section may Dbe an
environmental module, with a controlled air system for
example having fan(s) and particulate filter(s) to
maintain desired cleanliness conditions within chamber
14. The interface section chamber may be referred to as
the environmental chamber. The load port LP provides a
controlled port (not shown) through which workpieces may
be loaded and unloaded from the chamber 14 of the

interface section without compromise of the controlled

12
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environmental conditions and environment inside the
environmental chamber 14. A load lock (not shown in
Fig. 1, but see Fig. 4) may be provided to transition
between environmental chamber 14 and transport chamber
16. An example of a suitable environmental interface
section is disclosed in U.S. Patent Application Serial
No. 11/178,836, filed 7/11/05 incorporated by reference
herein in its entirety. In the embodiment shown, the
controlled port of the load port provides an opening
into the interface section through which workpieces are
transported into and out of the interface section, and
hence, into and out of the tool 10. The controlled port
opening may have a door or closure (not shown) closing,
or at least partially blocking the opening, to maintain
the controlled environment in the interface section 12
when workpieces are not being loaded/unloaded from the
interface section. The port door is closed when
workpieces are not being loaded/unloaded. In the
embodiment shown, the workpieces may be transported
outside the tool inside carriers or containers such as
FOUP(S), SMIF(s) or other workpiece container. Fig. 1
shows a FOUP C mated to the load port. In alternate
embodiments, the load port may be arranged to mate with
any desired carrier. As may be realized from Fig. 1,
when the workpiece container C 1is mated to the load
port, the container may be sealed to the controlled port
of the load port, so that the port door may be opened.
With the port sealed by the container, the port door,
and the closure (not shown) of the container C (closing
the container opening through which workpieces are
loaded into the container) may be removed, for example
simultaneously without exposure of potentially

contaminated closure surfaces to the chamber interior,

13
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thereby opening the container C to the environmental
chamber 14. In the embodiment shown in Fig. 1, the
environmental chamber 14 is connected to transport
chamber 16 at chamber face 14R, and the load port LP is
located on the opposite chamber face 14F. The load port
LP may have a container support CS for supporting
container(s) mated to the load port. In the embodiment
shown in Fig. 1, the container support CS extends from
chamber face 14F, and the transport chamber 16,
environmental chamber 14 and load port LP are arranged
substantially in line along axis X for example purposes.
In alternate embodiments, the transport chamber
environmental chamber and load port may not be aligned.
For example, the load port (and its container support)
may be located on a face of the environmental chamber
that positions the load port transverse or angled to the
alignment axis of the interface section and transport
chamber. As may be realized, the container support may
be positioned to allow container interface with a
suitable automated container transport system (not
shown), such as an overhead or floor mounted automated
material handling system (AMHS), a conveyor system or
autonomous or rail guided vehicles. Containers may also
be loaded manually on the load port container support.
The workpiece containers may be reduced WIP containers
suitable examples of which are described and shown in
U.S. Patent Application Serial No. 11/207,231, filed
8/19/05, incorporated by reference herein in its
entirety. The load port door and container closure may
be passive, (i.e. passive locking features without
movable features), suitable examples of which are
described and shown in U.S. Patent Application titled

“"Reduced Capacity Carrier, Transport, Load Port, Buffer

14
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System”, filed November 3, 2005. In the embodiment
where the port door is passive, the interface section
chamber may be for example connected to suitable
environmental control systems (e.q. suction
source/roughing pump, vent to atmosphere, vent to
transport chamber) to allow .the interface section to
operate as a load lock (i.e. capable of transition
between the atmosphere inside the transport chamber 16
and that of the workpiece container CC). In this
embodiment, the interface section 12 mates directiy to
the transport chamber (as shown in Fig. 1) without any
intervening load locks. In the exemplary embodiment
shown in Fig. 1, the interface section has a workpiece
transport 15 for moving workpieces from the container C
mated to the load port, to the transport chamber 16.
The transport 15 is located inside the interface section
chamber 14, and may have for example multiple
independently movable end effectors for independently
moving multiple workpieces. In the embodiment shown in
Fig 1 the transport 15 is illustrated for example as a
multi-articulated 1link arm, that may have three (3),
four (4), £five (5) or six (6) degrees of freedom {for
example two independently movablé end effectors (06, r)
and combined Z motion). In alternate embodiments, the
interface section may Dbe provided with any suitable
workpiece transport apparatus. In the exemplary
embodiment shown, the interface section may also include
workpiece station(s) A such as an aligner station,
buffer station, metrology station and any other desired

handling station for workpiece(s) S.

[00026] Referring now to Fig. 2, there is a schematic

plan view of an exemplary transport chamber module 18 of

15
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the workpiece transport chamber 16. As will De
described in greater detail below, module 18 may have
multiple interfaces, for mating for example to interface
sections (similar to section 12), load 1lock modules,
process modules, workpiece station modules, other
transport chamber modules, or any other desired module,
and may have an integral workpiece transport apparatus
arranged in the module to provide multiple independent
travel lanes for workpiece(s) S within the individual
module and between the individual module and adjoining
transport chamber modules. The transport chamber module
18 has a casing 24 that is capable of holding an
isolated atmosphere as will be described below. In the
embodiment shown, the casing 24 has a generally
hexahedron shape, though in alternate embodiments the
casing may have any suitable shape, (e.g. more or fewer
lateral sides or round perimeter). The casing 24 may
include a frame 22F for structural support of module
systems and components. In the exemplary embodiment,
the frame may be a one piece member (i.e. unitary
construction) made of metal such as stainless steel or
aluminum alloy, and formed by any suitable forming
process, such as forging. A suitable example of a
chamber casing is disclosed in U.S. Patent Application
Serial No. 11/070,443, filed March 2, 2005, incorporated
by reference herein in its entirety. In this exemplary
embodiment, the £frame 22F may define portions of the
casing (e.g. pfessure boundaries) that isolate the
interior chamber atmosphere from the exterior
atmosphere. The frame may also define the mating
surfaces of the module interfaces and openings in the
casing for communication and workpiece passage to

adjoining modules. The frame may further define access

16
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openings 240 for user accessing the interior of the
module as will be described below. In alternate
embodiments, the casing frame of the transport chamber

module may have any other desired shape and arrangement.

[00027] As seen in Fig. 2, the casing 24 of the
transport chamber module in this exemplary embodiment
has interfaces 28F, 28B, 28L, 28R on lateral sides of
the casing. 1In alternate embodiments, there may be more
or fewer interfaces. . The module casing 24, and the
interfaces 28F, 28B, 28L, 28R thereon, are shown as
being substantially symmet;rical with respect to both
axes of symmetry X, Y. Moreover, the interfaces 28F,
28B, 28L, 28R may be similar to each other. This allows
the module 18 to be joined to other portions/modules of
the transport chamber in any orientation. Thus, for
example, the module may be oriented to present
interfaces 28F, 28B for mating to adjoining transport
chamber modules (see for example Figs. 1 and 3). In
alternate embodiments, the orientation of the module may
be rotated (in this example about 90°) so that interfaces
28L, 28R may mate to other in 1line transport chamber
modules. Conversely, the arrangement symmetry of the
interfaces on the module casing and the similarity of
the individual  interfaces to each other allows any
module having a complementing mating interface to be
mated to any interface of the transport chamber module
18. Thus, any desired module having a complementing
mating interface, such as another transport module. or a
process module, may be mated/joined to any one of the
mating interfaces 28L, 28R, ~28F, 28B of any given
transport chamber module sim::Llar to module 18. For

example, in a given lineariy distributed tool, one

17



WO 2007/139981 PCT/US2007/012582

transport chamber module 18 may have another transport
chamber module mated to interface 28R, and the other
transport chamber module may be mated to a process
module PM at an ‘interface similar to interface 28R, but
be mated to yet another transport chamber module at an
interface similar to interface 28F. This will be

described in greater detail below.

[000281] The module casing 24 and interfaces 28L, 28R,
28F, 28B may also be arranged to provide true
interchangeability between modules. For example, each
interface 28L, 28R, 28F, 28B may be provided with
position and inclination control surfaces and features,
schematically represented in Fig. 2 as iines FL, FR
(only lines FL, FR are shown in Fig. 2 for example
purposes) . The position and inclination surfaces and
features FL, FR on the module may be of any suitable
kind, such kinematic coupling features, suitable
examples of which are described and shown in U.S. Patent
Application Serial No. 11/154,787, filed June 15, 2005,
incorporated by reference herein in its entirety. As
may be understood, each interchangeable transport
chamber module 1is substantially similar to module 18
with respect to ©positioning features and mating
interfaces, and hence the following description will
refer to all such modules for convenience as modules 18.
The position/inclination control surfaces and features
FL, FR of each respective interface define a repeatable
spatial position (e.g. along X, Y, Z axis, the Z-axis is
out of the page in Fig. 2) and attitude (rotation about
X, Y, Z axis) of the given interface 28F, 28B, 28L, 28R
for each interchangeable transport chamber module. For

example, each of the modules 18 may have a module
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reference datum, and the control surfaces/features FL,
FR may be established relative to the module reference
datum. The reference datum may be, for example, the
workpiece transport plane W (see Fig. 23A), though any
other desired reference datum common to the modules may
be used. As noted before, and as will also be described
further below, the transport chamber module defines
multiple workpiece travel lanes A, R. In the exemplary
embodiment shown in Fig. 2A, the workpiece plane W
corresponds to lane A for example purposes, and in
alternate embodiments the workpiece transport plane
corresponding to any travel lane may be used as the
reference datum of the module. The module reference
datum W may be established (for each module 18) from a
global reference datum, as will also be described below.
The result as may be realized, is a constancy or
repeatability of position and attitude of each module
reference datum W, and of the control surfaces/features
FL, FR of the module interfaces. The control
surface/features on each module interface may be
established relative to the module reference datum using
for example a reference bench or jig (see Fig. 9), with
suitable datum features. The reference jig may have one
or more base datum surfaces providing the basis for the
module reference datum (e.g. workpiece transport planes
w) . The base datum surfaces (or features) may be
determined from the desired global reference datum, such
as the FAB facility floor. The reference jig may also
have registration datum features, such as datum
surfaces, laser position registration system or opticai
position registration system, at a fixed predetermined
position and attitude relative to the base datum

surfaces of the jig. The registration datum features
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are used to set the control surface/features FL, FR of
the interfaces 28L, 28R, 28F, 28B of each module 18. 1In
order to set the interface control surface/features FL,
FR of a given module, the module may be positioned on
the reference jig so that it is in a desired position
relative to the basis datum of the reference jig. The
interface control surface/features FL, FR of each
desired interface 28L, 28R, 28F, 28B on the module may
then be placed in final positions using the registration
datum features. For example, if the control feature FL,
FR is a vertical planar surface(s) (such as may be used
with a three (3) point contact coupling to 1level the
module) then the surface may be adjusted (using suitable
forming processes such as machining stock, or adjusting
mechanical connections) so that its planarity and
vertical planar orientation matches the position and
attitude of the —corresponding registration datum
features of the reference jig. Thus, as may be
realized, similar control surface(s)/feature(s) of each
interface of each module 18 will have substantially the
same positions and angular orientations with respect to
the module reference datum, that is in turn
substantially common to all modules. Moreover, by
setting the position and angular orientation of
workpiece interfacing components inside the module
relative to the module reference datum, the result is a
constancy and repeatability of component position and as
noted before truly interchangeable modules. Custom
positioning and alignment of modules or interior module
components at module installation is thus eliminated.
Also, this allows simplification of the transport robot
teaching process and reduction in its teaching time. In

alternate embodiments, any suitable reference datum
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system may be used to repeatably establish the control

surface(s)/feature(s) of the module interfaces.

[00029] Referring still to Fig. 2, transport chamber
module 18 has an integral workpiece transport apparatus
26. The apparatus 26 may have one or more end
effector(s) 32 (one is shown in Fig 2 for example
purposes) capable of holding and moving workpiece(s) S
as desired (for example in the directions indicated by
arrows r,0 and also in the Z (vertical/direction). In
the exemplary embodiment shown, the transport apparatus
is a multi-articulated link transport arm similar to
robot arm 15 in the interface section 12, except as
otherwise described below. In alternéte embodiments,
the workpiece transport apparatus in the transport
‘chamber module may be of any other suitable
configuration. The transport arm 26 in this exemplary
embodiment, may have a drive section operably connected
to the desired links of the transport arm to provide the
arm with for example, three (3), four (4), five (5), six
(6) or more degrees of freedom. The degrees of freedom
depend on the number of independently driven links, the
number of arm end effectors and whether the arm is
capable of indexing or vertical (2 axis - out of the
plane of Fig. 2) motion. For example, a transport arm
with a single end effector, two (2) independently
movable links (e.g. independent rotation about shoulder
26S and independent rotation about elbow 26E) and
indexing capability (Z axis) has three (3) degrees of
freedom. The transport arm and its drive section may: be
packaged as a module 26M for mounting to the frame 22F
of the transport chamber module 18. For example, the

transport arm module 26M may be a “drop-in” module that
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may be installed or removed as a unit, such as via
access opening 240 (see Fig. 2). The transport arm
module 26M may have mounts (not shown) that engage
desired attachment sections (not shpwn) on the transport
chamber module frame 22F. The transport arm module 26
may also have deterministic position control features,
such as kinematic couplings that cooperate with
complementing features 36 on frame 22F providing for
repeatable positioning of the transport arm module 26M
in the transport chamber module. This enables the
transport arm module 26M in a transport chamber module
to be freely interchangeable with other similar
transport arm modules, and conversely allows the
transport arm module to be mounted in any transporé
chamber module with substantially no post installation
adjustment. The position control features 34 of the
transport arm module and complementing features 36 of
the module frame 22F are established in a repeatable
position relative to the module reference datum, such as
the workpiece transport plane W (see also Fig. 2A). The
complementing features 36 of the transport chamber
module frame 22F may be set using a reference jig 200
(see also Fig. 9) in a similar manner to that described
before for the control features FL, FR of the module
exterior interfaces 28L, 28R, 28F, 28B. The control
features 34 on the arm module 26M may also be
established in a similar manner. For example, a
reference jig 200A (see Fig. 10), of the same type as
the reference jig 200 used for the module frame or of
any other desired different type, may be used. The
reference jig 200A may have a base reference datum W’
(provided in any suitable manner) established from a

global reference datum G’. The base reference datum W’
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and global reference datums G’ in the jig 2OCA for the
transport arm module 26M are the same as the base
reference W’ and global reference datums G’ of the
reference jig 200 used for the chamber module frame422F.
For example, in the exemplary embodiments, the global
reference datum for both jigs may be the FAB floor, and
the base reference datum the representative position for
what shall become the workpiece transport plane W (see
Fig. 2A). Thus, the base reference datum(s) used to
establish the position determination features 36, 34
respectively on the chamber module frame 22F and the arm
module 26M is substantially the same or common datum.
The reference jig for the transport arm module 26M also
has registration datum features R34 used to set the
control features 34 on the arm module 26M. The
transport arm module 26M may be positioned on the
reference jig 200A (see Fig. 10) so that a desired
portion of the end effector 32 (see also Fig. 2), such
as the workpiece support surface (not shown) is aligned
with the base reference datum W’ (which as noted before
corresponds in this embodiment to the workpiece
transport plane W). In the exemplary embodiment, when
the module is on the reference jig the pivot axis Z;, 2z,
Z,, of the pivot 1links (e.g. axis Z; at shoulder 2685,
axis 2, at elbow 26E, axis 23 at wrist 26W, see Fig. 10)
may be set to ensure that the end effector 32 (i.e. its
workpiece support surface/plane) remains aligned with
the base reference datum W’ during r,0 motion (see Fig.
2) of the arm 26. The control features 34 on the arm
module 26M are defined with any suitable forming or
adjusting process to match the position of the

registration datum features R34 on the jig 200A. The
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result, as may be realized, is that the control features
34 of each arm module 26M are in a repeatable position.
The deterministic positioning configuration and
repeatable position of the cooperative control features
36, 34 respectively on the chamber frame 22F and arm
module 26M allow not only for rapid installation with
accurate positioning of the arm module 26M in the
chamber module 18 substantially without in place
adjustment of the arm 26. That also facilitates the
interchangeability of arm modules 26M in chamber modules
18, but further allows interchangeability of the arm
module 26M with any other component module capable of
being mounted inside the chamber module 18 (e.g. an
aligner component module, or any other desired workpiece
station, buffer module, metrology module, chamber)
having position ‘cdontrol features similar to control
features 34 of the arm module. Thus, chamber module 18
is reconfigurable, capable of being turned for example
from a transporter module, to an aligner module,
metrology module or any other station module merely by
swapping out the interior component. modules. As noted
before, each interface 28L, 28R, 28F, 28B of the
transport chamber module 18 has an opening 280 therein
through which workpieces may be transported in and out
of the module. Fig. 2A is a partial cross-sectional
view of a representative module 18 in which interface
28L, 28R, 28B of the module are seen. In this
embodiment, the interfaces 28L, 28R, 28B, 28F are
similar, through in alternate embodiments different
interfaces may be provided on different sides of the
module. The opening in each interface is sized to allow
workpieces to be transported through the opening, by

transport apparatus, along multiple different and
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separate travel lanes A, R. In the exemplary embodiment
shown, the interface opening 280 is a single opening and
can accommodate two (2) travel lanes A, R that are
vertically separated from each other. In alternate
embodiments, the opening may be sized to accommodate
more than two different and separate travel lanes. In
other alternate embodiments, the different travel lanes
for transporting the workpieces may be separated in any
desired direction. In yet other alternate embodiments
there may be multiple separate workpiece transfer
openings in the interface, such as an opening for each
of the multiple travel lanes. Thus, each travel lane
may extend through a dedicated transfer opening. In
still yet other alternate embodiments, the opening in
one or more of the interfaces may accommodate but a
single travel lane. Generally, such interfaces may be
located on module sides where but one process module is
to be mated. The separation between the separate travel
lanes A, R (see Fig. 227) is generally sufficient to
allow work pieces S, each being transported along a
different travel lane by different end effectors (e.g.
one workpiece being transported along lane A by one end
effector and the other workpiece being transported along
lane R by a different end effector), of the same or
different transport apparatus, to pass one another. The
openings 280 in the module interfaces may be closable in
order to allow the module interior to be isolated from
the atmosphere on the other side of a given interface.
For example slot valves may be mounted on the module to
seal the opening 280 in the interface. The slot valves
may be actuated pneumatically or electrically or by any
other suitable actuation system. Control of the slot

valve actuation, as well as the other operable systems
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of the transport chamber module 18 (e.g transport arm
26) may be provided by controller 400 (see Fig. 1). The
module 18 has a communication and power interface 20,
shown schematically in Fig. 2, for interfacing the.
operable systems of the module 18 to the controller 400,
and suitable power or actuation systems (e.g.
electrical, pneumatic, wvacuum, thermal, etc.) as will be
described further below. As may be realized, closure of
the slot valves blocks the travel lanes A, R. A single
slot valve may be used for both travel lanes, or each of
the travel 1lanes A, R. may have a different and
separately actuable slot valve. This arrangement may be
used when multiple stacked load locks or process modules
are mated to one interface as will also be described
below. Unused travel lanes through the opening may be
sealed off with a closure mounted to the border of the
opening and sealing the portion of the opening in which

the unused travel lane is disposed.

[00030] Referring still to Figs. 2-2A4, in the
exemplary embodiment the transport chamber module 18 may
have a workpiece station 30 integrated thereto. The
workpiece station may be for example an aligner, a
buffer, a metrology station, a heating station, a load
lock or any other desired station or station
combination. The workpiece station may be configured as
a sub-module 30M capable of being mounted and removed as
a modular unit to the transport chamber module frame
22F. In the exemplary embodiment shown, the workpiéce
station module 30M is mated to one of the mating
interfaces 28R (Figs. 2-2A show the module 30M at
interface 28R and in alternate embodiments the workpiece

station module may be located at any interface). As may

26



WO 2007/139981 PCT/US2007/012582

be realized, the workpiece station module 30M may be
provided with repeatable and position deterministic
features (similar to features FL, FR on interfaces 28L,
28R, 28F, 28B of frame 22F described before) to
cooperate with features FR on the corresponding
interface 28R to locate and align workpiece support
surfaces SSA, SSR, within the workpiece station module
in the desired position relative to the workpiece
transport plane W. "This also allows true
interchangeability . of workpiece station modules
substantially without positional adjustments after
mounting similar to transport arm module 26M described
before. It also facilitates installation of the
transport chamber module 18 and station module 30M to
the tool 10 as a combined unit 18S. In the embodiment
shown in Fig. 2A, the workpiece station 30 is a buffer
station. The buffer station in this embodiment has two
support shelves/surfaces SSA, SSR, one to correspond to
each travel lane through the chamber 18. In alternate
embodiments, the buffer station may have more or fewer
support shelves. In other alternate embodiments the
workpiece station module may be mounted in any other
position on the transport chamber module frame and may
communicate with the chamber through a dedicated opening
different from the workpiece transfer openings in the
chamber module interfaces. In other alternate
~embodiments, the workpiece station may be mounted in any
. other position on the transport chamber module frame and
may communicate with the chamber through a dedicated
opening different from the workpiece transfer openings
in the chamber module interfaces. In other alternate
embodiments, the workpiece station structure may be

integrated into the frame of the transport chamber
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module, and may not be removable as a module. In the
exemplary embodiment, control and power systems (not
shown) of the workpiece station 30 are interfaced, via a
suitable coupling to control and power distribution
systems (not shown) of the chamber module 18 that in
turn are connected to the tool controller and power
supplies. Thus, control communication signals, and
power may be directed to the appropriate systems of the
workpiece stationed through the transport chamber module
18. Coupling of the workpiece station systems to the
tool controller and power supply may occur automatically
when the transport chamber module 18 is tied to the
controller and power supply as will be described further
below. In alternate embodiments, the workpiece station
may be separately connected to the tool controller and
power systems. As seen in Fig. 2A, the workpiece
station 30 in this embodiment may have a closable
opening 30A through which the workpiece station 30
communicates with the module 18. The side 30R opposite
the communication access 30A (of side 30C) to the
transport chamber module 18 may have another closable
opening 300. Openings 30A, 300 may be similar 'to each
other and to opening 280, of module 18 described before,
sized for allowing multiple workpiece travel lanes
(similar to but oriented at an angle to travel lanes A,
R) and closable with sgimilar gate/slot valves. Work
station 30 may thus be isolated from the transport
chamber module 18 (e.g. by closing access opening 30A).
Correspondingly, the internal atmosphere of the work
station 30 may be varied relative to the transport
chamber module and vice versa. For example, the work
station 30 may be provided with a vacuum or roughing

pump 30V such as available from Helix Technology Corp.,
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for evacuating the atmosphere of the work station. When
the access opening 30A 1is closed thereby isolating the
work station 30 from the module 18, the atmosphere in
the work station may be pumped down independent of the
modules. A controllable wvent line (not shown) between
module 18 and station 30 may allow controlled venting
between module and station. In the exemplary
embodiment, the vacuum pump 30V (see Fig. 2) may also be
used to simultaneously evacuate the atmosphere of both
module 18 and station 30. For example, the
access/opening 20A may be open and pump 80V draws vacuum
in module 18 via work station 30. Opening 300 may thus
form the outer closable boundary of module 18, when
station module 30M is mounted to module 18 and
communicating through access opening 30A. In alternate
embodiments, the transport chamber module may be
provided with a vacuum pump, and the work station may
not have a vacuum pump. In other alternate embodiments
the station module may have more or fewer openings on
any other desired module sides. In this exemplary
embodiment, the station module may have a positionally
deterministic, repeatable located mating interface CR1,
similar to position control FR on module frame 22F
described before, for repeatable mating or other modules
to the station module. As may be realized, any desired
module may be mated to the side 30R of the station
module, such as another tool interface section module
(similar to module 14, see Fig. 1) or another transport
chamber module similar to module 18, or a process

module.

[00031] The transport chamber module 18 may be joined

to other similar chamber modules to form the linearly
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distributed transport chamber 16 of the tool. Each of
the modules 18 may form a tool node linking several
modules of the tool to each other stfucturally and
operably as will be described further below. In the
exemplary embodiment, the transport chamber 16, and
hence, as will be described below, the tool itself. is
formed using a deterministic positioning approach that
eliminates over constraints when mating tool modules
together. For example, an initial section or module, of
the tool 10, which may be a transport chamber module
similar to module 18, or an interface section similar to
segtion 12, or any other desired module or section of
the tool 10, having a common reference datum (e.g. wafer .
transport plane W see Fig. 2A) as the other sections and
modules of tool 10 may be positioned to locate the
reference datum W in the desired position/orientation
with respect to the global datum (in this embodiment the
FAB floor). In the exemplary embodiment shown in Fig.
3, module 18 is shown as thelinitial module positioning
of the initial module MO may be accomplished in any
desired manner. For example, a support frame or other
structure or device may be used to form a module
position base MPB. The support frame may be similar to
the automation engine support frame described and shown
in U.S. patent Application Serial No.: 11/154,787, filed
June 15, 2005 previously incorporated by reference
herein. The frame may have a three point support based
on the FAB floor, with adjustment capability to globally
rotate the frame about axes X, Y (e.g. tilt and roll,
see Fig. 3). The support frame may also have
deterministic coupling features located from the global
datum, which may mate with the position and inclination

control features of the interfaces 28L, 28R, 28F, 28B of
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module 18, or with any other desired portion of the
module. In alternate embodiments, the frame supports
may be unadjustable, and any mounting adjustment may be
provided at the supports engaging the initial module
(e.g. adjustable mounts, shims, etc.). The initial
module is mated to the positioning base MPB, and the
reference datum W alignment relative to the global datum
is verified. Misalignment may be eliminated by using
the in built adjustment capability of the positioning
base MPB. In the exemplary embodiment, alignment is
established when the workpiece transport plane is
substantially parallel to the FAB floor. With the
initial module/section MO of the tool aligned in the
~desired orientation, other modules and sections of the
tool may be joined to the initial module. The
positionally deterministic and repeatably located
control and positioning features at the module
interfaces (described before) place the subsequent
modules/sections, and internal components, in the
desired repeatable orientation/locations on mating to
the initial module MO. This substantially eliminates
post mating adjustments to establish alignment between
.joined modules. Fig. 3 shows an example where another
transport module 18A (similar to module 18) is mated to
a side 30R of station 30 on initial module MO.
Engagement of cooperating positioning and control
features FR’, LA respectively on the initial module MO
and the added module 18A, result in the added module
being set in the desired position whereby the workpiece
transport planes W of the two modules are substantially
aligned upon initi;l installation. Accordingly, the
travel lanes A, R, established by the transport arm 26

in each module, and aligned with the reference plane W
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as described before, may be joined together in effect
forming continuous travel lanes A, R through the mated
chamber modules 18, 18A. Thus, workpiece(s) may be
transported along the travel lanes A, R as will be
described further below from one module to another
through the transport chamber. The serially joined
modules 18, 18A, shown in Fig. 3, in the exemplary
embodiment may together form linearly extended transport
chamber 16 with the X axis being the chamber’s
longitudinal axis, and workpiece travel lanes (similar
to lanes A, R in Fig. 2A) extending longitudinally in
the chamber. Extension of the transport chamber may
continue as desired by further mating modules to any of
the free/unoccupied sides of the chamber in a similar
manner to that described for mating of module 18A to the
initial module. The cooperative positioning and control
features (similar to features L, R shown in Fig. 2) at
the mating interfaces of the modules being mated
establish positional constancy between modules as
" described before. Workpiece travel lanes A, R may thus
be extended throughout the modules of the transport

chamber 16.

[00032] Transport module 182 is shown being added to
side 30R of the initial module MO for example purposes,
and as may be realized other transport chamber modules
may be mated to any desired side of the initial module.
Also, modules may be mated to multiple sides of the
initial module MO. Further, transport chamber modules
may be mated to any one or more desired sides of other
modules MI (see Fig. 3) of the transport chamber to
linearly extend the transport chamber 16 to any desired

length and configuration. Fig. 3 is also helpful in
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illustrating a transport chamber arrangement in
accordance with another exemplary embodiment, wherein
each module is part of different linearly extended
transport chambers, for example parallel transport
chambers 16, 161 having substantially parallel
longitudinal axes in the direction of the Y axis shown
in Fig. 3. In this case, the mating of module 18A and
18 may provide a shunt 16S between different transport
chambers (represented respectively by module 18 and
module 1834). The shunt allows transfer with transport
arms 26, 26A of workpieces (if desired along different
travel lanes similar to lanes A, R). between transport
chambers. The position and control features on the
respective mating interfaces of the modules 18, 18A
enable ready verification of alignment of the workpiece
transport planes (similar to plane W) of the transport
chambers with each other. For example, if the position
control features are properly engageable, then the
workpieée transport planes of the different chambers are
aligned with each other. The different transport
chambers may be isolated from each other by slot valves,
similar to slot valves in opening 300 in Fig. 2A. Also,
the workpiece station of one -0of the transport chamber
modules 18, 18A may be configured as a load lock (i.e.
provided with suitable systems to cycle between
different atmospheres such as inert gas, vacuum, etc).
This allows different atmospheres to be maintained in
the different transport chambers. In alternate
embodiments, the transport chambers may be vertically
stacked or vertically offset with one chamber crossing
over the other. The vertically offset transport
chambers may be joined to each other by a passage, such

as a vertical passage allowing a workpiece to be
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shuttled in between chambers. For example, the
transport arm may be provided with sufficient 2 axis
travel to allow workpiece transport from one transport

chamber to another.

[00033] Referring again to Fig. 1, the tool interface

section 12 (described before) 1is shown mated to
transport chamber module 18. In this exemplary
embodiment, transport chamber module 18 has Dbeen

des;ribed for example purposes only, as forming an
initial or base module MO of the tool. Hence, in this
embodiment, the interface section 12 may be mated to the
base module MO of the tool transport chamber 18. In
alternate embodiments the interface section may be mated
to any desired transport chamber module of the tool.
One or more of the interface section(s) 12, 12° may be
mated to different transport chamber modules along the
length of the transport chamber 16 (see also Fig. 5).
The interface section may have position and inclination
control features, similar to features F,, Frg of the
transport chamber module 18 described before that may
cooperate with mating control features FpL, Fr on the
module 18 to place' at least the automation engine
portion of the interface section in the desired position
and orientation relative to the transport chamber module
18 and hence to the whole transport chamber 16, when the
interface section and module are joined. Accordingly,
the workpiece transport planes (similar to plane W in
Fig. 2) of the tool interface section 12 and the
transport chamber 16 (i.e. the modules forming the
transport chamber) are substantially aligned with each
other on joining the interface section and transport

chamber module to each other. Thus, one or more of the
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workpiece travel lanes may extend from.- the transport
chamber 16 to the tool interface section. In alternate
embodiments, the workpiece transport plane of the
transport arm 15 of the interface section may be aligned
with but offset (e.g. vertically offset) from the travel
lanes A, R in the transport chamber 16. As noted
before, the arrangement shown in Fig. 1 is merély
exemplary. The tool interface section 12 may be mated
to any desired interface 28L, 28R, 28F, 28B of the
transport chamber module i8. Thus, the tool interface
section 12 may be positioned in general alignment with
the longitudinal axis X of the linear chamber 16, or may
be mated to the transport chamber in a position offsét
from the longitudinal chamber axis X. For example, in
the embodiment shown in Pig. 1, the tool interface
section 12 may be joined to an end 16E of the transport
chamber 16, or at least an end of a portion of the
transport chamber (i.e. module 18 in Fig. 1 may be an
end module) and the longitudinal axis X of the chamber
16 (though a single transport chamber module 18 is shown
in Fig. 1, additional transport chamber modules may be
added to module 18 to extend the transport chamber
linearly, as shown in phantomn, in the direction
indicated by axis X) extends through the tool interface
section 12. In alternate embodiments, the interface
section or its cassette support(s) CS may be generally
facing in but offset (e.g. horizontally) from the

longitudinal axis X of the transport chamber.

[00034] Referring now to Fig. 6, there is shown a
schematic plan view of a workpiece processing system
310, that is similar to system 10, and where the tool

interface section 312 (substantially similar to section
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12) ‘is mounted to a transport chamber module 318
(substantially similar to module 18) so that the
interface section 312 is facing generally towards (e.g.
inwards) but is offset from the longitudinal axis X of
the transport chamber 316. As may be realized, in the
exemplary embodiment illustrated in Fig. 6, the
transport chamber 316 may be extended by attaching other
transport chamber modules 318A, 318I to interfaces 328R,
328C (i.e. interfaces of the transport chamber module
facing in a direction angled relative to the interfaces
328F to which the tool interface section 312 is mated.
In the embodimént shown, transport chamber module 318A
is connected to interface 328R of the module 318 for -
example purposes (and modules 318I are connected
serially in a similar manner). Another module XM (shown
in phantom in Fig. 6) may be connected to interface
328L, in this embodiment generally opposite module 318A
at interface 328R of module 318. Module XM may be
another transport chamber module, similar to module 318,
or a workpiece transfer station or load lock module
joined if desired to module 318 to continue extension of
the transport chamber along axis X. In this embodiment,
the transport chamber 316 may be transverse to the tool
interface section 312 and extending on both sides of the
interface section 312, In alternate embodiments the
module XM at interface 328L of the transport chamber
module 318 may be a processing module (such as
metrology, dielectric deposition, etching, lithography,
etc. and not a transport chamber module). In the
exemplary embodiment shown in Fig. 6, module 318 may
have still another module XM (shown in phantom) mated to
interface 328B, subééantially 6pposite the tool

interface section 312. Like module XM at interface
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3281, the module XM at the interface 328B may be a
transport chamber module (e.g. similar to module 318, or
a transfer, buffer station or load lock module) joined
to module 318 if desired to extend the linearly
elongated transport chamber 316 in the direction of axis
Y (see Fig. 6). Thus, as may be realized, the linearly
elongated transport chamber in the exemplary émbodiment
may be given any desired configuration. Additional
transport chamber modules, similar to modules 318, XM
may be joined to interfaces, similar to interfaces 328L,
328R, 328B of modules XM to continue extending the
transport chamber linearly in any desired direction. 1In
the exemplary embodiment shown in Fig. 6, module 318A
may have a module XM, connected to module interface
328BA. Module XM1, which is shown in phantom in Fig. 6,
may be a transport chamber module similar to module XM
(e.g. a module similar to transport chamber module 318
or a workpiece transfer station, a buffer station or
loadlock module allowing passage of workpieces
therethrough) . In this embodiment, the transport
chamber may be extended if desired along axis Y1 (see
Fig. 6). In alternate embodiments, module(s) XM, XMl
may be workpiece processing modules) (e.g. metrology,
material deposition, lithography, etching, etc.) rather
than transport chamber modules. As may be realized, in
the exemplary embodiment shown 1in Fig. 6, the
distributed workpiece transport system 320 (formed by
transport arms 326, 326A, 326i that are similar to
transport arm 26 (see also Fig. 2) of the 1linear
transport chamber 316 is <capable of transporting
~workpieces, along longitudinal axis X, Y, Y1 throughout
the length of the linear transport chamber 316 as will

be described below. As will also be described in
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greater detail below, the transport system 320 may be
capable of transporting workpieces through the transport
chamber along multiple independent travel lanes allowing
workpieces to move in different directions, and pass one
another, throughout the linearly elongated transport

chamber.

Further, the transport system 320 may transport
workpieces into/out of the processing modules PM arrayed
along the sides of the elongated transport chamber 316.
In the exemplary embodiment shown in Fig. 6, processing
modules PM are connected to interfaces 328Bi, 328Fi,
328Ri of transport chamber modules 318i. The transport
arms 326I mounted in the transport chamber modules 3181
are capable of transporting workpieces S into and out of
the corresponding processing modules as shown. The
processing modules PM may be of any desired type (e.g.
epitaxial silicon, material deposition, ion
implantation, lithography, etching, rapid thermal
processing, polishing, etc.). 'The processing modules PM
arrayed along the sides of the‘linear transport chamber
may be of different types positioned in the linear
processing module array in any desired order. For
example, the array order may be in accordance with a
desired workpiece fabrication protocol associated with a
desired workpiece transport direction (e.g. in the
direction indicated by arrow A in Fig. 6) through the
transport chamber. As noted before, modules 318, 318A,
3181 of the transport chamber may have slot valves SV
(similar to slot valves for closing module opening 280
in Fig. 2A) for isolating the transport chamber module,
and hence the transport chamber from the processing

module(s) PM adjoined thereto. Also, slot valves SV may
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isolate modules 328, 328A, 328I or portions of the
transport chémber from each other so that the isolated
modules/portions may hold different atmospheres. A
portion of the transport chamber 316A may have an
gtmosphere such as an inert gas (N;) or high purity air
for example corresponding to the atmosphere of
processing modules XMll joined to and communicating
directly with that portion of the chamber, and an
adjoining portion of transport chamber 316B may hold a
different atmosphere, such as vacuum, that may
correspond to the processing modules PM joined to and
communicating with that portion of the transport
chamber. In the exemplary embodiment, the transport
chamber may have a loadlock 316LL (see Fig. 6) between
transport chamber modules 328A, 3281 with different
internal atmospheres, allowing workpiece(s) to pass
between the transport chamber modules without compromise
of the different internal atmospheres. The loadlock
316LL may be a modular section, for example similar to
station module 30M (see Fig. 2), though in alternate
embodiments, the 1loadlock 316LL may have any other
desired configuration. Slot valves SV may close
transport passage openings thereby isolating the
loadlock module from the transport chamber modules 3184,
318I joined to the loadlock module 316LL. The loadlock
module 316LL may have suitable systems (e.g. vacuum
connection, vent, etc.) for cycling the atmosphere to
match  atmospheres of adjoining transport chamber
sections. The transport chamber may include any desired

number of loadlocks similar to loadlock module 316LL.

Still referring to Fig. 6, in the exemplary embodiment

the processing system 310 may have more than one
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entry/exit station for inserting and removing workpieces
S from the processing system. In. the exemplary
embodiment shown in Fig. 6, one entry/exit station is
provided by interface section 312 and another entry/exit
station is provided by interface section 312A. In
alternate embodiments there may be more entry/exit

stations for inserting/removing workpieces from the

processing system or the transport chamber. In the
exemplary embodiment, interface section 312Aa is
generally similar to interface sections 12, 312
described before (see also Fig. 1). In alternate

embodiments, the interface section may have any other
desired configuration allowing workpiece(s) to be
inserted/removed from the linear transport chamber and
the processing system without compromise of the isolated
atmosphere inside the transport chamber. The additional
interface section 312A may communicate with a material
handling systém (e.g. an overhead AMHS, conveyor system,
ground vehicles, etc.) allowing workpieces to be loaded
and unloaded from the additional interface section 312A.
As noted before, tool interface section 312 may be
located at an end of the transport chamber 316 (e.g. in
the event modules XM connected to the transport chamber
module 318 are processing modules, or if no modules XM
are connected to the transport chamber module), or may
be located at an intermediate position on the linear
transport chamber if the transport chamber 316 extends
on both sides of the interface section (e.g. at 1least
one of modules XM 1is a transport chamber module).
Similarly, the additional interface section 312A may be
positioned at an end (e.g. an opposite to the end with
interface section 312) of the transport chamber, or at

an intermediate position along the transport chamber.
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As may be realized, having multiple entry/exit stations'
on the transport chamber and the tool allows insertion
of a workpiece(s) via one station and post processing
removal of the workpiece(s) through a different
entry/exit station that may be closer to workpiece(s)
post processing than the station of entry. For example,
workpiece(s) may be inserted into the transport chamber
316 (and tool 310) via interface section 312 and
transported, by arms 326, 326A, 326I of transport system
320 for processing in thé direction indicated by arrow
A. Upon completion of desired processing the workpieces
-may be located closer to interface section 312A than the
interface section 312 of entry{ Accordingly, the
workpiece(s) may be transported by distributed transport
system 320 (e.g. advancement in direction indicated by
arrow A, or in the event the workpiece(s) have passed
the interface section 312A, return in the direction
indicated by arrow R on a return lane of the multilane
transport chamber as will be described in greater detail
below) to the closest desired interface station 312,
312A. As may also be realized, the intermediate
placement of interface sections 312, 312A allows entry
of the workpiece(s) into the processing system as close
as desired to the desired processing modules and
bypassing undesired portions of the transport
chamber/processing system. This improves throughput of
the system with less WIP (compared to conventional
systems) and quicker “turnaround” times (e.g. time to

process single carrier lot or “hot lot”).

Referring again to Fig. 1, as may be realized the
transport chamber 16, 316 may be capable of being
provided with any desired length to add any desired
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number of processing modules. For example, the
transport chamber 16, 316 length may be established to
provide an optimum number of processing modules for the
handling capacity of the processing system, that will be
described below, and achieve a maximum throughput for
the processing system. The transport chamber may be
formed to extend through a portion of the processing
facility as illﬁstrated in the exemplary embodiment
shown in Fig. 5. Fig. 5 is a schematic plan view of a
processing system 510 generally similar to systems 10,
310. Distributed transport system similar to transport
system 20, 320 transports substrates or workpiece(s) S
through process steps within the fabrication facility
510 through transport chambers 516A-516J. Transport
chambers 516A-516J are formed from serially connected
transport chamber modules 518 similar to modules 18
described before. Process steps may include epitaxial
silicon 630, dielectric deposition 632, photolithography
634, etching 636, ion implantation 638, rapid thermal
processing 640, metrology 642, dielectric deposition
644, metal deposition 648, electroplating 650, chemical
mechanical polishing 652. In alternate embodiments, more
or less processes may be involved or mixed; such as
etch, metal deposition, heating and cooling operations
in the same sequence. As will be described below, the
transport system may be capable of carrying a single or
multiple workpiece(s) and may have transfer capability,
such as in the case where a transport arm 526 of the
transport system has the capability to pick a processed
;Norkpiece and place an unprocessed wafer at the same
processing or transport chamber module. Valves 654 may
be sealed valves or simply conductance type valves

depending upon the pressure differential or gas species
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difference on either side of a given valve 654. 1In this
manner, workpieces may be transferred from one process
step to the next. Examples of such pressure or species
difference could be for example, clean air on one side
and nitrogen on the othér; or roughing pressure wvacuum
levels on one side and high vacuum on the other; or
vacuum on one side and nitrogen on the other. Load
locks 656, similar to chambers 18 in Fig. 2, may be used
to transition between one environment and another; for
example between vacuum and nitrogen or argon. In
alternate embodiments, other pressures or species may be
provided in any number of combinations. Load locks 656
may be capable of transitioning multiple workpieces on -
multiple workpiece travel lanes. For example,
substrate(s) may be transferred into load lock 656 on
shelves (not shown) or otherwise dedicated to a desired
travel direction. Additional featufes 658 such as
alignment modules, metrology modules, cleaning modules,
process modules (ex: etch, deposition, polish etc..),
thermal conditioning modules or otherwise, may be
incorporated in lock 656 or the transport chambers. The
transport chamber has multiple entry/exit stations
positioned along the chamber length as desired to
inert/remove wafers from the tool. In the exemplary
embodiment shown in Fig. 5, the transport chamber may
communicate directly with wafer or carrier stockers 662,
664, provided to store and buffer process and or test’
wafers. In alternate embodiments, stockers 662, 664 may
not be provided, such as where the transport chamber

communicates with lithography tools 634 directly.

[00035] In the exemplary embodiment shown in Fig. 5,

the processing tool 510 may have an express transit
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passage or chamber 570. The transit passage 570 is
connected at desired locations to the transport chamber
516 and also to one or more tool interfaces 512. The
transit passage 570 may have a transport shuttle(s) or
vehicle(s) 572 capable of traversing the length of the
transit passage. The shuttle 572 may be capable of
holding workpiece(s) or a workpiece carrier, and
transporting the workpiece(s) or workpiece carrier
through the length of the transit passage 572. The
transit passage 570 may be a linearly'kelongated tube
capable of holding an isolated atmosphere, such as N, or
vacuum, or may have an atmosphere of highly clean air,
that may be circulated through a desired filtration. In
the exemplary embodiment shown in Fig. 5, the transit
passage 572 is schematically depicted as extending along
the transport chamber 516. The transit passage 570 has
interconnect passages 576, 578 (two are shown for
example purposes and in alternate embodiments there may
be more or fewer interconnection passages) connecting
the transit passage tube to the desired modules 656, 654
of the transport chamber 516. In the exemplary
embodiment shown, interconnect passage 576 is joined to
an intermediate loadlock (LL) module 656,’and another
interconnect passage 578 may be joined to another LL
module 654 located at an end of the linear portion 516C
of the transport chamber. In alternate embodiments, the
interconnect passage(s) may be joined to any desired
portion of the transport chamber 516, such as a
transport chamber module 518. The interconnect passages
are sized to allow passage of one or more workpieces
between the transport chamber 516 and transit passage
570. A transfer system (not shown) for moving the

workpieces between the transit passage and transport
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chamber through the interconnect passage may be provided
in the transit passage or transport chamber as will be
described in greater detail below. The transit passage
570 may be located in any desired position relative to
linear transport chamber 516 to allow the interconnect
passages to be joined to the transport chamber. For
example, the transit passagé may be located above, along
side or under the transport chamber. The interconnect
passages may be mated to any desired workpiece transit
openings of the transport chamber modules, such as side
openings similar to the closable openings 280 in
interfaces 28L, 28R, 28F, 28B (see Figs. 2, 2A) or top
openings similar to opening 240 (see Fig. 2). The
transit openings may be closed by suitable valves
(similar to slot valves 654 for side openings) to
isolate the transport chamber atmosphere from the
transit passage. 1In alternate embodiments, the transit
passage may have any other desired orientation, such as
being angled relative to the transport chamber. In the
exemplary embodiment shown in Fig. 5, the transit
passage has a passage 574 that communicates tool
interface section 512 to allow workpiece(s) to be
loaded/unloaded from shuttle 572 from the interface
section. As may be realized, the shuttle 572 is capable
of substantially uninterrupted movement within transit
passage 570 between for example interface section 512
and interconnect passages 576, 578, may thus transit
workpiece(s) in the controlled atmosphere of the transit
passage between interface section 512 and the
interconnect passages 576, 578, or between passages 576,
578 thereby allowing the workpieces to bypass transport
through portions of the transport chamber. The shuttle

572, which may have any desired vehicle configuration,
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is capable of generating higher workpiece transport
speeds than distributed transport system 520. Moreover,
by bypassing portions of the transport chamber 516,
throughput of the processing tool 510 is increased and
WIP is reduced. As may be realized, turnaround time for
*hot lots” 1is also reduced. For example, a single
workpiece (“*hot 1lot”) carrier may be loaded, by a FAB
AMHS (not shown), at tool interface section 5120, where
the “hot 1lot” workpiece(s) are to be processed at
processing modules PM1 and PM2, the workpiece(s) may be
picked, by a suitable transfer system (such as an
indexer in the interface section), from the interface
section 5120 and placed onto shuttle 572. The shuttle
572 may transit through passage 570 to interconnect
passage 576, and the workpiece may be loaded, by another
suitable transfer system (not shown)'to load lock 656.
Hence, the workpiece is expressed from the loading
location to a portion of the tool 510 proximate to the
desired processing steps. The LL 656 may be cycled to
allow the transport system 520 access to the workpiece.
The workpiece may be moved through the transport chamber
516C by transport system 520 and loaded and unloaded
from the desired processing modules PM1, PM2 for
processing. Upon completion of the desired processing
steps, the workpiece may be located, for example, near
the LL to which interconnect passage 578 is connected.
Accordingly, the workpiece may be transported, by
transport system 520, ¢to this LL for 1loading unto
shuttle 572. The LL may be cycled to facilitate access
for loading the processed workpiece onto the shuttle 572
in the transit passage without compromise of the
different atmosphere in the transport chamber 516C. The

shuttle 572 may express the processed workpiece to a
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desired location, such as tool interface section 5120
(via passage 574) or interface section 512I (via passage
576) for loadout. In alternate embodiments, the express
transit passage may have any desired length and
configﬁration, and may communicate to allow workpiece
transfer with any desired portion of the processing tool
510 including for example metrology, workpiece stocker
(WS) or carrier stocker (CS) sections, lithography

sections 634, etc.

[00036] Referring now to Fig. 4, there is shown a
schematic plan view of a representative portion 410 of a
processing system/tool such as a portion of processing
system/tool 10, 310, 510 described Dbefore. The
representative portion 400 of the tool, referred to
hereafter as tool 410, is thus similar to tool 10, 310,
510 described before and similar features are similarly
numbered. Tool 410 may have a linear transport chamber
416 extending along axis X. The chamber 416 may be
formed by serially connecting chamber modules 18B, 18i
(similar to previously described transport chamber
modules 18, 18A) in a manner as described before for
transport chambers 16, 316. Workpiece transport system
420 (similar to transport systems 20, 320, 520) formed
by transport arms 26B, 26i, pivotally mounted in
corresponding chamber modules 18B, 18i, is linearly
distributed through the transport chamber. The
transport chamber 416 may be connected to a tool
interface section (not shown) in a manner similar to
interface section 12 shown in Fig. 1, or interface
sections 312, 312A shown in Fig. 6 to provide the
transport chamber with one or more workpiece entry/exit

stations as previously described. In the exemplary
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embodiment shown in Fig. 4, workpiece stations 30B, 30i
(similar to workpiece station 30 also described before)
are interstitially located between transport chamber
modules 18B, 18i. The tool 410 in this exemplary
embodiment also includes a load 1lock module 56 that
enables the transport chamber modules 18B, 181 on
opposite sides of the 1load lock module 56 to have
different internal atmospheres. The configuration of
the load lock module shown in Fig. 4 is representative
and the load 1lock module may have any desired
configuration allowing pass through of workpieces
between adjoining transport chamber modules using the
corresponding transport arms of the respective modules.
The configuration of the load lock module may be similar
to the transport chamber module 18 (for example
utilizing a similar frame/casing with similar
positioning control features FL, FR shown in Fig. 2 and
described before) or the workpiece station 30. In this
exemplary embodiment, the 1load 1lock module has no
integral workpiece transport and workpiece transit of
the load lock module is effected with the transport arms
26b, 26i in adjoining chamber modules. In alternate
embodiments, the load lock module may have an integral
transport arm/mechanism capable of moving the workpiece
relative to the transport chamber. The 1loadlock or
adjoining transport chamber modules may have slot valves
54, capable of closing the transit opening, similar to
opening 280 (see Fig. 2A), to selectably isolate the
loadlock from the atmospheres of the adjoining transport
chamber modules. Processing modules PM, PMA, PMB may be
connected to the side interfaces of the transport
chamber modules 18B, 18i of the transport chamber. As

seen in Fig. 4, the processing modules connected to the
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transport chamber form linear arrays. The processing
modules connected to the transport chamber may also be
arranged in vertical stacks or columns. In the
exemplary embodiment shown in Fig. 4, a stack SPM of
processing modules PMA, PMR, may be connected to
transport chamber module 18B. In alternate embodiments,
stacked processing modules may be joined to any desired
side interface of any desired transport chamber module.
Fig. 4B shows a schematic cross sectional view of
transport chamber module 18B and the stacked processing
modules PMA, PMR joined to side interface 28LB of the
transbort chamber module. In this embodiment, the side
mounting interface 28LB of the chamber module 18B has
multiple vertically offset workpiece transit openings TO
to support corresponding mating of the processing
modules. The side interface 28LB is shown having two
vertically offset workpiece transit openings TO for
example purposes, and in alternate embodiments the
module interface may have more workpiece transit
openings supporting mating of a commensurate number of
processing modules to the given interface of the
transport chamber modulg. As may be realized,
processing modules may not be connected at some of the
workpiece transit openings. Hence, in alternate
embodiments for example, a processing module may be

connected to one of the ‘transit openings but not the

other.

[00037] As seen in Fig. 4B, in this exemplary
embodiment the transport arm 26B of the chamber module
18B has a suitable Z drive 260Z capable of indexing or
moving the arm, and in particular the end effector(s)

32B, up and down in the direction indicated by arrow Z.
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Hence, the end effector(s) 32B, which is schematically
depicted and may be capable of holding one or a batch of
workpieces, may be indexed to align with transit
openings TO. Transfer of workpieces between transport

chamber module 18B and processing modules PMA, PMR may

be effected by moving the end effector 32B (via e.g. 0,
r arm articulation) in the direction indicated
respectively by arrows Y2, Y1 in Fig. 4B. In the
exemplary embodiment shown in Fig. 4B, the transit
openings TO, and hence the workpiece transfer planes to
respective processing modules PMA, PMR may be
substantially aligned with corresponding workpiece
travel lanes A, R in the transport chamber 416 provided
by the transport system 420 as will be described below.
This allows the transfer arm 26B moving a workpiece
through the transport chamber module 18B along a travel
lane A, R to transfer the workpiece to a processing
module PMA, PMR, and vice versa (e.g. picking a
workpiece from processing modules PMA, PMR for moving
along a travel lane A, R) without indexing (Z movement)
the end effector 32B. This results in an increase in
throughput of the tool as noted before, in the exemplary
embodiment, the workpiece travel lanes A, R in transport
chamber 416 may be ©polarized, workpieces being
transported along travel lane A moving iﬁ one direction,
for example advancing from a desired origin point such
as an entry/exit station and workpieces being
transported along travel lane R moving in an opposite
direction, for example returning relative to the desired
origin. In the exemplary embodiment, the processing .
modules PM, PMA, PMR substantially aligned with

respective travel lanes A, R may be configured. to
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perform process steps corresponding to the travel
direction (e.g. process direction) of aligned travel
lane. Thus, in the exemplary embodiment, the process
steps of modules PM, PMA, PMR may be related to the
chamber travel lane A, R with which the respective
process module PM, PMA, PMR are substantially aligned.
By way of example, if the travel direction of lane A is
advancing and the travel direction of lane R is
returning (to some entry station), the process
performed by modules PMA, PM (aligned substantially with
lane A as shown in Fig. 4B), such as material
deposition, corresponds to the process direction defined
by lane A, and the process performed by module PMR, -such
as ion implantation, etching, etc., corresponds to the
process direction defined by lane R. As may be
realized, the terms “advancing”, “returning” are used
herein merely to help identify that direction of travel
along different lanes may be different relative to each
other. The travel directions along lanes A, R may be
established as desired relative to the transport chamber
416. In alternate embodiments, the process of modules
attached to the transport chamber may be independent of

the travel lanes A, R in the chamber.

[00038] Referring still to Fig. 4, utilities such as
control signals, power, vacuum, pneumatics, - etc. for the
components (e.g. transport chamber modules 18B, 18i,
transport arms 26B, 26i, workpiece stations 30B, 30i,
load lock module 56, slot valves, etc.) of the tool 410
may be provided from a utility system 80 which is
schematically depicted. Referring also to Fig. 5, which
shows utility system 680 that is substantially similar-

to utility 80 in Fig. 4, the controller C may be
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communicably connected to utility 80, 680. The utility
may include suitable communication links for connecting
the controller C with the components of the tool 410,
510. The utility 80 may have coupling 80c configured to
receive communication and power interface 21B, 21i of
the transport chamber module 21B, 21i connected to form
the transport chamber 416. The coupling 80C and
interface 21B, 21i may be provided with integral
programming to automatically provide a “plug and play”
capability on connection of the respective interface
21B, 21i to the corresponding coupling. For example,
the coupling and interface may be respectively a USB
port and connector. Mating of the interface 21B, 21i to
the coupling may automatically identify to the
controller C the module configuration, for example
module 28B 1is transport chamber module, with transport
arm having (M) degrees of freedom and the control
parameters for the transport arm drive section motors,
and control instrumentation, identification and control
parameters for any other controllable system resident on
module 28B, position of module with respect to a desired
reference frame (e.g. sixth module of transport
chamber) . The information, which 1is downloaded
automatically by controller C on mating interface 21B,
21i and coupling 80C thus may provide controller with
system information and control parameters for all
controllable systems of the module being controlled by
controller C to enable the controller to communicate and
control operation of the module’s controllable systems
substantially immediately on coupling. The information
may also pro_vide the controller C with the geometric
parameters defining the transport ‘“space” of the

transport chamber 416, incorporating the specific
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transport chamber module 28B, 28i, for establishing the
kinematic equations and commands controlling transport
motions. For example, the downloaded information may
allow the controller to establish the spatial
coordinates (X, Y, 2) of various features, such as pivot
axes (see Fig. 2A) of the transport arm 26B, the
transfer openings 280, TO, chamber boundaries, center of
workpiece pick, place positions, etc. As may be
realized, the information programmed into interface 21B,
21i may be but a portion, or an identifier, sufficient
to enable the controller to look up/read the information
from a memory location (not shown). of the controller
where the control information may have been
preprogrammed. By way of example, the controller may be
programmed with lookup tables or an algorithm
establishing the X,Y.,Z coordinates for kinematic
relevant features such as pivot axes of the transport
arm 26B, 26i, the 1locations of workpiece transfer
openings, module chamber walls for (i to M) transfer
chamber modules. This is facilitated by the
interchangeability and position control features of the
different transport chamber modules. Upon coupling the
interface 21B, 21i of a given module, an indication is
provided to the controller that (m) module is being
coupled to other modules of the transport chamber, and
already registered by the controller, causing the
controller to access (via the lookup tables/algorithm)
the kinematic characteristics of the module. Similarly
controller C may also be programmed with the “rough”
kinematic command architecture and the fine teach
protocol for controlling motion of end effectors on
corresponding transport arms (similar to arm 26B) of

respective (i to M) transport chamber modules. As may
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be realized, the interchangeability and position control
features of the transport chamber modules allow the
*rough” kinematic command architecture for arm control
to be established by computational methods, or
physically with the transport chamber module
disconnected from transport chamber (e.qg. at the
manufacturing facility), and stored on a desired medium
from which the kinematic commands are stored in the
system controller C. The term ‘rough” is used herein
merely to indicate that kinematic commands established
without in place teaching of the arm control with the
transport chamber module mated to the rest of the
transport chamber. An indication to the controller,
upon a given interface 21B, 21i coupling, that (M)
module has been attached to the transport chamber, may
cause the controller to access the corresponding “rough”
kinematic command afchitecture, and if desired fine
teach protocol for «controlling the motions of the
corresponding transport arm and hence of the distributed
transport system. In alternate embodiments, the module
interface 21B, 21i may be programmed with any other
desired information to be downloaded by the controllier
on coupling. Upon registering that (M) transport
chamber module is coupled, the controller C may further
automatically access, or automatically make available to
an operator corresponding programming to initialize the
respective operable systems/components and query status
of the various systems (e.g. slot valves open/shut,
transport encoders position, etc.). Similarly, the
controller C may automatically lookup and initialize
suitable test protocol to verify that the systems
(hardware, software) of the added module ére operating

nominally and if desired actuate module systems to bring
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them to a “zero” position. In addition, the controller
may enable display features (not shown), for example
indicating to an operator the addition of the module,
the present configuration of the transport chamber and
tool, as well as command protocol allowing entry of
operator commands, via a desired user interface, to
operate the systems on the added module or modify
workpiece process protocol carried out by the tool to
incorporate the newly available features fr‘om the added
module. For example, on registration of the coupling of
the transport chamber module, the controller may add or
enable features on the display (not shown) schematically
representing the module and its relative position in the
transport chamber with respect to other modules as well
as presence and status of any module systems. Also
enabled may be user selectable features such as “soft
keys”, for initializing test programs, or teaching
programs (e.g. fine teaching programming for arm 26B)
for the module systems. As may be realized, any desired
user interface architecture may be employed, and in
alternate embodiments more or fewer features may be

enabled by the controller at coupling.

[00039] Referring now also to Fig. 4A, there is shown
a schematic elevation view of processing tool 410 such
as may be taken along longitudinal axis X of the linear
transport chamber 416. Fig. 4A shows tool interface
section 12 representatively connected to the transport
.cl'qamber 416. In this exemplary embodiment, interface
section 12 may define one end of the tool transport
chamber 416. As seen in Fig. 4A, the transport chambér
416 may have another workpiece entry/exit station 412

for example at an opposite end from interface station
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12. Station 412 may be similar to interface section 12
(see also Fig. 1), though in alternate embodiments the
entry/exit station may have any other desired
configuration. In other alternate embodiments, other
entry/exit stations for inserting/removing workpieces
from the transport chamber may be provided. In the
exemplary embodiment, interface section 12 and
entry/exit station 412 may allow loading and unloading
of workpieces from the tool. In alternate embodiments,
workpieces may be loaded into the tool from one end and
removed from the other end. - As noted before, the
configuration/arrangement of the transport chamber
modules 18B, 18i, 1load 1lock modules 56A, 56B and
workpiece stations forming the transport chamber 416
shown in Fig. 4A is merely exemplary, and in alternate
- embodiments the transport chamber fnay have any other
desired modular arrangement. In the embodiment shown,
station 412 may be a 1load lock. In alternate
embodiments, a load lock module may be located between
the end entry/exit station (similar to station 412) or
the adjoining transport chamber module (similar to
module 18i) may be configured to operate as a load lock.
As also noted before, transport chamber modules 18B, 18i
have corresponding transport arms 26B, 261 located
therein. The transp‘ort arms 26B, 26i of the respective
transport chamber modules 18B, 18i may cooperate to
provide the 1linearly distributed workpiece transport
system 420 in the transport chamber. In the exemplary
embodiment, the transport arms 26B, 261 of the
respective chamber modules 18B, 181 may be similar to
each other. Accordingly, the transport arms will be
described below with particular reference to arm 26B.

In alternate embodiments, the transport arms/apparatus
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of the respective chamber modules may have different
configurations. In this embodiment, the transport arm
26B may have a general scara configuration, similar to
arm 26 seen best in Fig. 2. In alternate embodiments,
the transport arm may have any other desired
configuration, such as a “frog leg” configuration, and
in other alternate embodiments any other desired
transport apparatus that is positionally fixed to the
transport chamber and having a displaceable end effector
may be used. 1In the exemplary embodiment shown in Fig.
42, the transport arm 26B may have a single forearm
(similar to forearm 26F in Fig. 2) pivotally mounted to
upper arm (similar to upper arm 26U in Fig. 2) and with
an end effector 32B depending therefrom. The transport
arm 26B may have a suitable drive section for providing
the arm with three (3) (e.g. independent rotation about
shoulder and elbow joints similar to joints 26S, 26E in
Fig. 2, and Z axis motion) or four (4) (e.g. independent
rotation about shoulder, elbow and wrist joints with 2
axis motion) degrees of freedom. As seen in Fig. 4A, in
this embodiment the modules 56A, 56, 30i located
interstitially between transfer chamber modules 18B, 18i
may define passive portions of the linearly distributed
transport system 420 in transport chamber 416. The
interstitial modules, such as 1load locks 56A, 56 and
workpiece station 30i, may each have stationary
workpiece supports/shelves 56S, 56S1, 5652, 3051, 3052
that cooperate with  the transport arms to effect
transport or workpieces through the length of the
transport chamber along linear axis X of the transport
chamber. By way of example, workpiece(s) may be loaded
intb the transport chamber 416 by interface section 12.

The'workpiece(s) may be positioned on the support(s) of
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load lock module 56A with the trarisport arm 15 of the
interface seci:ion. The workpiece(s), in 1load 1lock
module 56A, may' be moved between load lock module 56A
and load lock module 56 by the transport arm 26B in
module 18B, and in a similar and consecutive manner
between load lock 56 and workpiece station 30i with arm
261 (in module 18i) and between station 30i and station
412 with arm 261 in module 18i. This process may be
reversed in whole or ‘in part to move the workpiece(s) in
the opposite direction. Thus, workpieces may be moved
in any direction along axis X and to any position along
the transport chamber and may be loaded to and unloaded
from any desired module (processing or otherwise)
communicating with the transport chamber. In alternate
embodiments, interstitial transport chamber modules with
static workpiece supports or shelves may not be provided
between transport chamber modules 18B, 18i. In such
embodiments, transport arms of adjoining transport
chamber modules may pass off workpieces directly from
end effector or one transport arm to end effector of
another transport arm to move the workpiece through the

transport chamber.

[00040] Still referring to Fig. 4A, the transport arms
26B, 261 and workpiece shelves 56S, 56S1, 5682, 3081,
3082, that collectively provide the distributed
transport system 420, are configured in this embodiment
to allow the transport system 420 to define multiple
workpiece travel lanes A, R that are separate from one
another. 1In the exemplary embodiment, two travel lanes
A, R are shown for example purposes. In alternate
embodiments, there may be more or fewer travel lanes.

As noted before, the workpiece transit openings (similar
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to opening 280 in Fig. 2A) of transport chamber modules
18B, 18i and interstitial modules 56A, 56, 30i, through
which the modules communicate with each other and other
through which workpiece transit between modules, are
sized to accommodate workpiece transit along the
multiple travel lanes A, R. The transport arms 26B,
26i, in the exemplary embodiment, may be indexed to one
Z position to effect movement along one travel lane A,
R, and may be indexed to another Z position to effect
movement along the other travel lane A, R. Similarly,
in this embodiment, the static workpiece shelves 568,
56S1, 5682, 30S1, 30S2 in the interstitial modules may
be positioned to be substantially aligned with the
respective travel lanes A, R as shown in Fig. 4A. As
may be realized, capacity of the workpiece shelves 568,
56S1, 5652, 30S1, 30S2 may be commensurate with the
workpiece capacity of end effectors 32B, 321 on the as
may be realized, capacity of the workpiece shelves 568,
5681, 56S2, 3081, 3082 may be commensurate with the
workpiece capacity of end effectors 32B, 321 on the
transport arms. Accordingly, transfer between end
effectors 32B, 321 and workpiece shelves 56S, 5681,
5652, 3081, 3082 may be accomplished in a single
pick/place step. In the exemplary embodiment shown in
Fig. 4A, buffer shelves BA, BR may be provided in the
interstitial modules 56A, 56, 30i to buffer workpieces
transported along travel lanes A,R. the position and
number of buffer shelves shown in Fig. 4A 1is merely
exémplary, and in alternate embodiments the interstitial
modules may have any desired number of buffer.shelves

positioned in any desired manner.
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[00041] As noted before, in the exemplary embodiment,
the travel lanes defined in the transport chamber 416
may have ©polarized travel directions respectively
indicated by arrows A, R for the corresponding travel
lanes. For example, travel direction along lane A, is
vadvance”/away. from tool interface section 12, and the
direction along lane R is ‘“return”/towards the tool
interface section 12. The travel direction for the
respective lanes shown in Fig. 4A are merely exemplary,
and in alternate embodiments the travel lanes may have
different travel directions. As may be realized, the
travel directions are schematically illustrated in Fig.
4A as away from/”advance” along lane A, and
‘return”/towards along lane R a desired reference
location of the transport chamber (in this embodiment
the tool interface section 12). This directional scheme
is used through the description to indicate the travel
direction along respective lanes A, R in the transport
chamber regardless of transport chamber configuration
(e.g. bends, corners, ;urns defined by the transport
chamber, see Figs. 5-6). In the exemplary embodiment
shown, the travel direction of the respective lanes A, R
is substantially constant through the transport chamber
416. For example, travel direction along lane A is away
from interface 12 throughout chamber 416, and travel
direction along lane R 1is towards | interface 12
throughout the chamber. In alternate embodiments,
different portions of the travel lane may have different
travel directions (e.g. travel on part of a lane may be
away from, and travel on an adjoining part of the travel
lane may be towards the reference location). In the
exemplary embodiment shown in Fig. 4A, the workpiece

shelves 565, 5651, 5682, 3081, 3082 may also be
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polarized in accordance with direction polarization of
corresponding travel lanes A, R. For example, workpiece
shelves 56S1, 30S1 (that are in this embodiment may be
substantially aligned with travel 1lane A as noted
before) may hold workpieces traveling along lane A, and
workpiece shelves 56S2, 30S2 (substantially aligned with
travel lane R) may hold workpieces traveling along lane
R. Thus, when moving workpieces along 1lane A, the
transport arms 26B, 261 may pick/place the workpiece on
shelves 56S1, 3081 corresponding to lane A, and when
moving workpieces along lane R, transport arms 26B, 26i
may pick/place the workpieces on shelves 5652, 30S2.
Similarly, the buffer shelves BA, Br of the interstitial
modules 56, 30i in the exemplary embodiment, may also be
polarized in accordance with direction polarization of
corresponding travel lanes A, R. Buffer shelves BA may
buffer workpieces traveling along lane A, and buffer
shelves BR may buffer workpieces traveling along lane R.
In the exemplary embodiment, workpieces may  Dbe
transferred between travel lanes by indexing transport
arms 26B, 26i as desired. Processing of workpieces with
tool 410 may be performed for example by loading the
workpieces in tool interface section 12. As may be
realized, the workpieces may be carried to tool
interface section 12 in a Carrier CAA. Transported by a
desired AMHS system and docked with interface section 12
as described before and shown in Fig. 1. The workpieces
may be loaded from the Carrier CAA into the transport
chamber 416 of the tool by transport arm 15 via load
lock 56A. The workpiece processing protocol may use
process steps (provided by processing modules PM see
Fig. 4) corresponding to, and hence disposed along

travel lane A as described previously. The workpiecés
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may be placed on shelve(s) 56S1 of load lock 56A, for
travel along lane A. As noted before, load lock chamber
may be a workstation module configured (similar to
station 30M) also as a metrology station or a
heating/cooling station. For example, one or more of
the load lock work shelves (similarly buffer shelves BA,
BR) may have heating/cooling elements for operating on'
substrates seated thereon. Accordingly when on the
shelf the substrate may be heated/cooled. From  load
lock 56A, the workpiece(s) may be moved, with arms 26B,
261, along and in the direction of travel lane A (e.g.
away from tool interface section 12) to the desired
process steps. In the exemplary embodiment shown in
Fig. 4A, the direction of travel lane A moves workpieces
away from tool interface section 12 and towards
entry/exit station 412. As noted before, entry/exit
station 412 may be used to remove pfocessed workpieces
if desired, and thus processes workpieces may be moved
along and in the direction of travel lane a to station
412 for unloading from the tool. If the workpiece
processing protocol calls for further processing with
processing steps corresponding to and arrayed along
travel lane R, the workpiece may be indexed from travel
lane A to travel lane R as previously described and
moved along and in the direction of lane R to the
desired processing steps. If removal from the tool 410
is desired via interface section 12, the processed
workpieces may be transported along lane R back to

interface section 12 for offload.

[00042] Referring now to Fig. 4C, there is shown a
schematic cross sectional view of processing tool 410°'.

Tool 410’ is similar to tool 410 (and tools 10, 310,
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510) described previously, except as otherwise noted.
Similar features are similarly numbered. Tool 410' may
have a linear transport chamber 416' formed by transport
chamber modules 18B’, 18i’ and interstitial modules such
as load lock modules 56A’, 56’ and workpiece station
301’ serially connected together as shown. The
transport chamber modules 18B’, 18i’' are similar to each
other and the previously described transport chamber
modules‘18, 18a, 18B, 18i. Transport chamber modules
18B’, 18i' have transport arms 26B’, 26i. In the
exemplary embodiment shown, the transport arms 26B’,
26i’ may be similar to each other and will be described
in greater detail below with specific reference to arm
26B’, In alternate embodiments, the transport chamber
modules may have transport arms with different
configurations. Transport arm 26B’ in this embodiment
has a general scara arm configuration, similar to arm 26
seen best in Fig. 2 except as otherwise noted. In
alternate embodiments, the transport arm may have any
other desired configuration. As seen in Fig. 4C, in
this embodiment arm 26B’ may have multiple forearms (two
are shown for example) each independently pivotally
mounted to an upper arm (similar to mounting of forearm
26F to upper arm 26U shown in Fig. 2) and each having an
end effector 32BA’, 32BR’' depending therefrom. Scara
arm 26B’' may have three (3) (e.g. independent rotation
of upper arm about shoulder joint, (similar to shoulder
26S in Fig. 2), and independent rotation of each forearm
about corresponding elbow joint (similar to elbow 26E in
Fig. 2)) or five (5) degrees of freedom (e.g. similar to
aforementioned three (3) degrees of freedom plus with
indep'endent rotation of each end effector about the

wrist joint). In alternate embodiments, the arm may
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have more or fewer degrees of freedom. In the exemplary
embodiment shown in Fig. 4C, transport arm 26B’ may not
be capable of indexing. In alternate embodiments, one
or more of the transport arms in the transport chamber
modules of the transport chamber may be capable of
indexing. In the exemplary embodiment indexers 456I°’,
4301’ may be 1ocated in interstitial modules. For
example load lock module 56A’ and workpiece station 30i’
may each have a corresponding indexer 456I’, 430I’
located therein. The number and location of indexers in

the transport chamber 416’ shown in Fig. 4C is

exemplary. In alternate embodiments, more or fewer
modules with indexers may be provided. In other
alternate embodiments, the interstitial module with

indexers may be positioned in the transport chamber in
any desired configuration. As seen in Fig. 4C, indexer
A56I' may have workpiece shelves) supports 56S1‘, 5682’
that (similar to positionally static shelves 5681, 56S52)
cooperate with transport arm 26B’ in the adjoining
transport chamber module to transport workpieces through
linear transport chamber 416’ . In alternate
embodiments, the indexer may have more or fewer shelves.
Indexer 456I’, in this embodiment may also have buffer
shelves BA’, BR’ to buffer workpieces in load lock 56A°’.
The indexer 430I' in workpiece station 30i’ is generally
similar to indexer 456I' with, for example, workpiece
shelves 30Sl1’, 30582’ and buffer shelf B’. 1In alternate
embodiments, the indexers may have any other desired
configuration. In the exemplary embodiment, load lock
module 56‘ may have workpieces support shelves 456S1’,
456S2' that are positionally static. Workpiece support
shelves 456S1', 456S2' may be substantially similar to
workpiece shelves 56S1, 5652 shown in Fig. 4A. In
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alternate embodiments, more or fewer interstitial
modules of the transport chamber may have positionally
static workpiece shelves as may be realized, the tool
controller (similar to controller C in Fig. 5) may
automatically register, as described before, which
interstitial modules 56A’, 56’, 30i’ has an indexer
45617, 4301 the operational parameters of the
corresponding indexer (e.g. number and location of
workpiece and buffer shelves of the respective indexer),
and which interstitial modules may have static workpiece
shelves (as well as relevant parameters of the shelves).
Similarly, the tool controller may automatically
register the configuration of the transpért arms 26B’,
26i’ of the transport chamber modules (e.g. whether
indexing capability, multiple forearms) and the relevant

parameters for operation of the arms.

Still referring to Fig. 4C, the transport arms 26B’,
26i’, and workpiece shelves 5681, 5682, 30S1l’, 30S2' (on
indexers 456I', 430I’') and static workpiece shelves
45681', 45682' cooperate with each other and define
distributed transport system 420’ to effect workpiece
transport through the transport chamber in the
directions indicated by arrows A, R to that described
before with respect to tool 410 in Fig. 4A. Transport
system 420’ is also arranged to define multiple travel
lanes A, R. As may be realized, the motion of the end
effectors 32BA’, 32BR’, 32iA’, 32iR’' (more specifically
the plane of motion) establishes the position (e.g. the
height 1location) of the travel lanes A, R. In the
exemplary embodiment, end effectors 32BA’, 32iA’ of the
transport arms 26B’, 26i’ locate travel lane A, and the

other end effectors 32BR’, 32iR‘’ 1locate travel lane R.
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The static shelves 456S1,' 456S2' may respectively be
substantially aligned with the travel lanes A, R. The
workpiece and buffer shelves 56S1’', 56S2’', BA’, BR',
3081/, 3082', B on the indexers 456I', 430I’' may be
located as desired. The indexers 456I', 430I’', may have
sufficient indexing height to transit the workpiece
shelves and Dbuffer shelves between positions in
substantial alignment with the travel lanes A, R. The
indexers may have sufficient number of workpiece or
buffer shelves to maintain a workpiece/buffer shelf
aligned with each travel lane A, R regardless of index
position of the indexer (as shown in Fig. 4C). This, as
may be realized serves to disconnect indexer position
from transport capacity. An appropriate shelf, of the
indexer, to pick or place a workpiece may be correctly
positioned for the arrival of the corresponding end
effector so that end effector movement is not dependent

on indexer position.

In the exemplary embodiment, the travel lanes A, R
defined by transport system 420’ in transport chamber
416’, may have polarized travel directioms. The travel
direction convention used for travel lanes A, R in Fig.
4C is merely exeﬁplary and similar to the convention in
Fig. 4A (e.g. lane A travels away from tool interface
section 12' and lane R travel towards tool interface
12’). In alternate embodiments, the travel lanes may be
used for bi-directional travel. In this embodiment, the
end effectors on arms 26B’, 261 corresponding to
respective travel lanes may be polarized according to
the direction polarization of the corresponding travel
lanes. For example, end effectors 32BA’, 32iA’' may

transport workpieces on lane A in the direction of lane
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A (e.g. away from interface section 12'), and end
effectors 32 BR'’, 32iR’ may transport workpieces on lane
R in the direction of lane R (e.g. toward interface
section 12'). The static workpiece shelves 456S81‘,
45682’ may also Dbe polarized according to the
directional polarization of the corresponding travel
lanes as shown in Fig. 4C (and similar to shelves 56851;
56S2 in Fig. 4A). Transition of workpieces between
travel lanes A, R may be accomplished with indexers
456I', 4301'. As may be realized, in the exemplary
embodiment, the transport arm 26B’, 26i may be provided
with sufficient but limited 2Z motion to effect
picking/placing workpieces onto static workpiece shelves
45681, 456S2'. In alternate embodiments, the static
shelves may have limited z motion to allow
picking/placing workpieces on the end effectors of the
transport arm. Processing of workpieces with tool 410’
may be accomplished in a similar manner to that
described before with respect to tool 410 (see Fig. 4A)
except that movement of workpieces between lanes A, R is

effected with the indexers 456I’, 430I°'.

[00043] Referring to Fig. 8, there 1is shown another
schematic elevation view of a tool 810 in accordance
with another exemplary embodiment. Tool 810 is
generally similar to tool 410’ described before and
shown in Fig. 4C. Tool 810 has transport chamber 816
that is substantially similar to transport chamber 416°.
Transport chamber 816 may have a distributed transport
system 820 defined by transport arms 826B, 826i (similar
to arms 26, 26A, 26B, 26Bl), indexers 856I (similar to
indexers 456I, 430I) and workpiece shelves 856S. The

transport system 820 may have multiple travel lanes A, R
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along which workpieces are transported within the
transport chamber. Travel lanes A, R may have polarized
travel directions (similar to lane A, R in Figs. 4A-4C).
In the exemplary embodiment, @ tool 810 may have an
“express” transit passage 870 similar to passage 570
described before and shown 1in Fig. 5. Similar . to
passage 570, passage 870 in this embodiment may be a
linearly elongated tube capable of holding an isolated

atmosphere (e.g. Nz, vacuum) or a controlled atmosphere

(e.g. highly clean air). A vehicle or shuttle is
located inside the tube as shown. The tube may.  be
formed from modular tube sections (not shown). In

alternate embodiments the transport chamber modules
(similar to modules 818B, 818R) and interstitial modules
(similar to modules 856A, 856, 856C) may have integral
transit tube sections. Assembly of the modules to form
the transport chamber simultaneously forms the
continuous transit passage. The tube may have acceés
openings/passages 876, 876’ 878 as shown capable of
communicating with modules 856, 818i, 856C. In
alternate embodiments, the position of the passage 870
relative to the transport chamber 816 shown in Fig. 8 is
exemplary, and the passage may be located in any desired
position/orientation relative to transport chamber (e.g.
above, below, to the side, etc.). The communication
passages between tube and transport chamber may be
located as described. In this embodiment passage 876
may be connected to a generally intermediate module 856,
818i of the transport chamber, and passage 878 may be
connected to a module at an end or proximate an end of
the transport chamber 816. In the exemplary embodiment,
" modules 856, 856C may be load lock modules, and module

818i may be a transport chamber module similar to module

68



WO 2007/139981 PCT/US2007/012582

18, 18i, 18i’ described before. In this embodiment,
transport arm 826i in module 818i may be capable of
indexing in the Z direction sufficiently to transport
workpieces between the transport chamber and shuttle 872
in the passage 870 through passage 876'. Also, the
indexer 856I in load lock module 856 may be capable of
indexing in the Z direction to effect transfer of
workpieces between transport chamber and shuttle 872 in
passage 870 through passage 876. Connecting passages
876, 876’ 878 may be closable, for example with suitable
actuable doors 854 to isolate the transport chamber
interior from the atmosphere within the transit passage
870. Accordingly different atmospheres, gas species,
and/or pressures may be maintained between the transit
passage and transport chamber 816. For example, the
passage 870 may . have a controlled/purified high
cleanliness air atmosphere, 'similar to (or shared with)
an environmental interface section 812. The transport
chamber as noted before may' have portions holding a
vacuum, inert gas, etc. commensurate to the processing
steps. Workpiece transfer between transit passage and
transport chamber without compromising the internal
atmosphere is effected via loadlocks 856, 856C. Shuttle
872 is capable of traversing the length of the transit
passage 570 in the direction indicated 'by arrow X1.
Shuttle 872 may have any suitable vehicle/carriage
configuration. Suitable examples of vehicles/carriages
are described in U.S. Patent Application Serial No.
10/624,987, incorporated by reference herein in its
entirety. In alternate embodiments, the shuttle may be
capable of movement, relative to the transit passage, in
a movement plane (such as a horizontal or vertical

plane). For example, in alternate embodiments. the
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transit passage may extend laterally (a direction
substantially orthogonal to the passage longitudinal
axis) to communicate with multiple (e.g. a row of
laterally disposed) transport chambers, and the shuttle
may traverse the length and breadth of the passage. As
seen in Fig. 8, the shuttle 872 may have a grip or end
effector 888 for holding a workpiece(s). In alternate
embodiments, the shuttle grip may be capable of holding
a cassette for storing a workpiece(s) and transport the
workpiece(s) out of the tool. The shuttle 872 in the
exemplary embodiment may have an integral indexer 890
capable of indexing (Z motion) the grip 888 in order to
transfer the workpiece between transit passage 870 and
transport chamber modules without a resident indexer,
such as load lock 856C. As seen in Fig. 8, the transit
passage may communicate through a suitable
opening/passage 874 with tool interface section 812
(similar to tool interface section 12, 512 described
before) which in this exemplary embodiment forms a
workpiece entry/exit station for the transport chamber
816. As may be realized, workpieces. may be
loaded/unloaded from the shuttle 872 with the transport
arm 815 of the interface section 812. Thus, transit
passage 870 may provide an express by pass/return for
workpieces processed in tool 810 in a similar manner to

that described before regarding transit passage 570 in

Fig. 5.

[00044) Referring now to Fig. 4D, there is shown
another schematic elevation view of a tool 410'’ in
accordance with yet another exemplary embodiment. Tool
410’'’ is generally similar to tool 410, 410’ described
before and shown in Figs. 4A-4C. Tool 410'’ has a
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transport chamber 416’’ that 1is similar to transport
chamber 416, 416' described before. Tool 410’'’' may also
have an express transit passage (not shown) similar to
transit passage 870 shown in Fig. 8. As may be
realized, express transit passages similar to passages
570, 870 (see Figs. 5, 8) may be provided to any of the

previously described embodiments of the processing tool

10, 310, 410, 410°'. Transport chamber 416’’ may have
transport chamber modules 18B’’, 18i’'’ and interstitial
modules 56A‘’’, 56’', 30i’’ linearly arrayed for example

in the manner shown in Fig. 4D. Transport system 420°‘’
is distributed through the transport chamber 416'’ as
will be described further below. Transport chamber
modules 18B’’, 18i’’ are, in this embodiment, similar to

each other and except as otherwise noted below, also to

transport chamber modules 18, 18B’’, 18i described
previously. In alternate embodiments, the transport
chamber modules may have different configurations. In

view of the similarity, in this embodiment, the chamber
modules 18B’‘’, 18i’’, will be described with specific
reference to chamber module 18B’'‘’. In the exemplary
embodiment shown in Fig. 4D, the transport chamber
module 18B’’ has multiple independent transport arms
26BA’', 26BR’'‘. The transport arms 26BA’’, 26BR’’ may
be independently mounted to the chamber module frame
(similar to module frame 22F, see Fig. 2). Fig. 4D
shows two (2) independently mounted arms 26BA’’, 26BR’’
for exemplary purposes, and in alternate embodiments
there may be more than two transport arms independently
mounted within the transport chamber module. The
multiple transport arms 26BA’'’', 26BR’‘’ may be mounted to
different walls, sides within the transport chamber

module. For example, as seen in Fig. 4D, the transport

71



WO 2007/139981 PCT/US2007/012582

arms 26BA’'’, 26BR’‘’ may be mounted to opposing walls,
such as top and bottom walls, of the transport chamber
module frame. In alternate embodiments, the transport

arms may be mounted to opposing side walls, or to
adjacent walls (such as one transport arm being mounted
to a bottom wall and another transport arm being mounted
to an adjacent side wall, or each transport arm being
independently mounted to adjacent side walls) of the
transport chamber module. In the exemplary embodiment,
the transport arms 26BA’’, 26BR’’ in the transport
chamber module 18B’’ may be substantially similar to
each other, and will be described herein with specific
reference to arm 26BA’’. In alternate embodiments, the
transport arms independently mounted within the
transport chamber module may be of different types.
Transport arm 26BA’'’', schematically shown in Fig. 4C,
may be a scara type arm similar to transport arm 26
described before and shown in Fig. 2. The transport arm
26BA’'’' may have two (2) or three (3) degrees of freedom
movement (e.g. providing O, r motion, see Fig. 2, of the
end effector, 32BA’'’, In alternate embodiments, the
transport arm may also be capable of indexing (2
motion). In other alternate embodiments, the transport
arm may have any other desired configuration. Transport
arm 26BA‘’’ may have a modular configuration, similar to
transport arm module 26M described before (see Fig. 2),
allowing transport arm 26BA’'’ (for example arm linkage
and drive section) to be installed/removed from the
transport chamber module 18B’’ as a modular unit. The
transport arm 26BA’’ and transport chamber module frame
may each have complementing position control features

34A'‘’, 36A’'’ similar to features 34, 36 described
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before, (see Fig. 2) enabling ?epeatable positioning of
the transport arm relative to the module. Similarly the
other independently mounted transport arm(s) 26BR’‘’ in
‘the transport chamber module may also have position
control features 34R’’, 36R’’ to enable repeatable

positioning of each transport arm relative to the

module. In the exemplary embodiment shown in Fig. 4D,
the position of the transport arms 26BA’’, 26BR’’ may
allow the corresponding end effectors 32BA’’, 32BR’'’ to
move along different transport planes. In this

embodiment, the transport planes, along which the end
effectors translate may be related, for example
workpieces may be transferred between transport planes,
similar to transfer of workpieces between travel lanes
A, R described before and also as will be described in
greater detail below with specific reference to this
exemplary embodiment. Accordingly, in this embodiment
as may be realized, the position control features 36A’‘,
36R’'’ on the module frame (similar to frame 22F)
corresponding to the respective transport arms 26BA‘’
26BR’’' may each be established from a common reference
datum in a manner similar to position control features
36 (see also Fig. 9). This avoids generating over
constraints on locating the transport arms, and hence
the workpiece transport planes, relative to each other.
Similarly, it avoids overconstraining the positioning of
other transport chamber modules and interstitial modules
during formation of the transport chamber 416’‘, in the

manner similar to that described before with respect to

chamber 16.

[00045] Still referring to Fig. 4D, in this exemplary

embodiment interstitial modules 56A’’', 56'° may be load
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lock chambers. In the exemplary embodiment, modules
56A’’, 56’' may be similar to each other, and hence will
be described below with specific reference to module
56A' ‘. In alternate embodiments, the interstitial
modules may have different load lock chamber
configurations. As seen in Fig. 4D, module 56A’’ has

multiple independently isolatable and independently

operable load lock chambers 456AA'’, 456AR’'‘, Fig. 4D
shows two (2) load lock chambers 456AA’’, 456AR'’ for
example purposes. In alternate embodiments more load
lock chambers may be provided as desired. Each 1load
- lock chamber 456AA' ", 456AR" ' may communicate

independently with the transport chamber module 18B’‘’
and any other chamber module (e.g. tool interface
station 12) Dbetween which the 1load 1lock chambers
transitions. In this exemplary embodiment, the load lock
chambers 456AA’'’, 456AR’'’ may be arrayed vertically,
such as in a vertical stack. 1In alternate embodiments,
the load lock chambers communicating with the transport
chamber module may be vertically and horizontally
offset. As noted before, the multiple load lock chamber
456AA' ', 456AR’'’' may be incorporated into a common
module 56A’‘’ thus allowing the multiple 1load 1lock
chambers to be installed and removed, if desired, as a
unit. Each load lock chamber 456AA’’, 456AR’'’' may be
configured for example as a sub-module capable of being
mated to other load lock chamber submodules, such as in
a vertical stack, to form a load lock chamber module
assembly that may be for example connected to other
transport chamber modules as an integral assembly.
Individual load 1lock chamber submodules may also be
separately mounted or removed from transport chamber.

Each module 56A’’, and each 1locad lock chamber sub-
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module, may have a suitable utilities interface (not
shown), similar to interface/coupling 21 (see Fig. 2),
for comnecting the 1load lock chambers to the tool
controller (similar to tcontroller C, see Fig. 5) and
other facilities, enabling the tool controller to
automatically update the tool configuration and process
protocol on installation or removal of the load lock
module/sub-module from the tool. In alternate
embodiments, the multiple load 1lock chambers may be
integrally formed into a common module frame. In other
alternate embodiments, each load lock chamber may be an
independent module. . As may be realized, the
incorporation of multiple independently
isolatable/operable load lock chambers 456aA'', A456AR''
provide *parallel” communication links between
isolatable modules of the transport chamber such as
transport chamber module 18B’’ and tool interface
section 12. Here, the term “parallel” is not used to
define specific spatial orientation of the communication

links, and the travel paths of workpieces through each

load lock chamber 456AA7" 7, 456AR" ! between
interconnected modules 18B‘’, 12 may not Dbe spatially
parallel. Rather ‘“parallel” communicétion links here
means communication links sharing common

origin/destination modules and extending generally
alongside each other. =~ The availability of the
“‘parallel” communication links allows discretization, or
subdivision of communication between the isolated
transport chamber modules 18B’'’, 12 joined by multiple
load lock chambers 456AA’’', 456AR’'‘’ so that portions of
the communication process (in other words the process of
transiting workpiece between modules 18B’'’, 12) may be

performed substantially simultaneously. For examnle.
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the load lock chambers 456AA’‘, 456AR’’ may each be
substantially simultaneously communicating with a
different atmosphere (e.g. chamber 456AA’' may be open to
tool interface section 12 and chamber 456AR’' may
substantially simultaneously be open to transport
chamber module 18B'’). Accordingly, the module 56A’’
joining transport chamber module 18B’ to tool interface
section 12 may be simultaneously 1loaded and unloaded
(e.g. loading from one end; unloading from another, or
loading from both ends, or unloading from both ends).
As may also be realized, the subdivision of the net
communication or transit volume (provided by module
56A'') between interconnected modules 18B‘’, 12 (due to
the multiple 1load 1lock chambers 456aA‘"’, 456AR' )
generates smaller pump down volumes as well as allowing
substantial simultaneous differential cycling of the
transit volume atmospheres (e.g. chamber 456AA’’ may be
vented to interface section 12 and chamber 456AR’‘’ may
be pumped down or vice versa). The result as may be
realized 1is increased transport capacity of the
transport chamber 416'’ and hence increased throughput

of tool 410'°’.

In the exemplary embodiment shown in Fig. 4D, each load
lock chamber 456AA’’, 456AR’’ may have workpiece shelves
for holding workpieces transiting through the respective
load lock chambers between tool interface section and
transport chamber module. For example, each 1load 1lock

chamber 456AA’'’ 456AR’‘ may have (one or more) shelves

456s1'', 456S2'’' (similar to shelves 56S1, 56S2, 56S1',
5652', described before and shown in Figs. 4A, 4C) that
may cooperate with transport arms 26BA’’, 26BR’'’ in the
adjoining transport chamber module 18B’‘’ #+n +ranennar+
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workpieces through the transport chamber 416'‘'. In this
exemplary embodiment, each load lock chamber 456AA‘’,
456AR’’ may also have (one or more) buffer shelves
456BA’'’', 456BR’'’' for buffering workpieces similar to
buffer shelves BA’, RA’ (see Fig. 40C). The workpiece
shelves 456S1'’, 456S52’'’' and buffer shelves 456BA’'’,

456BR’'‘ may be mounted on an indexer (similar to indexer
456I') capable of the corresponding shelves in the Z
direction relative to the respective load lock chamber.
In this embodiment, each load lock chamber may have an
indexer for indexing the workpiece and buffer shelves
therein. In alternate embodiments, one or more of the
shelves in the load 1lock chamber may be positionally
static, and the transport arms in the transport chamber
module may be capable of indexing. In other alternate
embodiments, one or both of the transport arms may be
capable of indexing sufficiently so that the arm(s) may
access (load/unload) workpieces on one or more shelves
in each load lock chamber. Similar to tools 410, 410’,
810 described previously, the transport arms 26BA’‘’,
26BR’'‘, 26iA’'', 26iR’’' (in the transport chamber modules
18B’, 18i’’) and shelves 456S1’’, 456S2‘' (in load lock
chambers 456AA’’, 456AR’'‘', 456A'’, 456R’') are arranged
to define multiple travel 1lanes A, R in transport
chamber 416’'’ of tool 410'’. For example, transport
arms 26BA’’, 261A’’' in cooperation with the shelves 456
S1’’ (of interstitial 1load 1lock chambers 456AA'",
456A’'’) may define travel lane A along which workpieces
may be transported through the linear transport chamber
as well as to/from processing modules (similar. to
processing modules PMA, PMR, see also Fig. 4D)
corresponding to travel lane A as previously described.

Similarly, the transport arms 26BR’'‘, 26iR" " in
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cooperation with the shelves 456S2'°’ (of load lock
chambers 456AR’’, 456R’‘') may define travel lane R. As
may be realized, buffer shelves 456BA’'’, 456BR’'’ may
buffer workpieces along the corresponding travel lanes

A, R.

In the exemplary embodiment shown in Fig. 44, an
interstitial module 30i’’ may have an indexer 4301 .
Indexer 430I’'‘ is substantially similar to indexer 430I°
described before and shown in Fig. 4C. Indexer 4301'’
may have workpiece shelves 30S1'’, 30S2'’ and one or
more buffer shelves. The indexer 430I'’ may be capable
of traversing the shelves between the travel lanes A, R
and may thus define a switch allowing workpieces to be
switched from one travel lane to another. 1In alternate
embodiments, the transport chamber may have more
switches, and the switches may have any desirable
configuration. Travel lanes A, R in the exemplary
embodiment may have polarized travel -directions.
Accordingly, the transport arms and workpiece shelves
corresponding to respective travel lanes A, R may be

polarized according to the direction polarization of the

corresponding travel lanes. By way of example,
transport arms 26BA‘’’, 20iA’’ and shelves 456S1’'’,
456BA’’' may transport workpieces on lane A in the

dedicated direction of lane A (e.g. away from tool
interface section 12 in the exemplary embodiment shown
in Fig. 4D). The transport arms 26BR’‘’, 26iR’'’ and
shelves 456S2’'’, 456BR’'’ may transport workpieces on
lane R in the dedicated direction of lane R (e.qg.
towards tool interface section 12). As may be realized,
workpieces may switch travel directions (e.g. from the

direction of lane A to the direction of lane R. or vice
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versa) by switching travel lanes, for example via

indexer 430I'’ in module 30i’’' as described before.

As may be realized from the exemplary embodiments
described herein, the tool 10, 310, 410, 410‘, 410’ ",
810 is scalable and may be increased or reduced in size
by adding or removing modules as desired. The tool may
also be pfovided. with any desirable configuration by
connecting modules to form the transport chamber in the
desired configuration. This 1s illustrated in the
exemplary embodiment shown in Fig. 7. Tool 710 in this
embodiment is substantially similar to the tools 10, 30,
410, 410, 810 in the other previously described
embodiments. Tool 710 has a linear transport chamber
716. Tool interface sections 12, 712A may be joined to
any transport chamber module 718, in any location or to
any interstitial module 756. Similarly any other module
(e.g. transport chamber module,  interstitial module,
processing module, etc.) may be joined, or removed, to
the transport chamber modules, in a building block like
manner, to provide the tool wit the - desired
configuration. The controller, as described before
automatically updates the tool configuration and process

protocol for the resulting tool.

[00046] It should be understood that the foregoing
description is only illustrative of the invention.
Various alternatives and modifications can be devised by
those skilled in the art without departing from the
invention. Accordingly, the present invention is
intended to embrace all such alternatives, modifications
and variances which fall within the scope of the

appended claims.
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[00047] What is claimed is:
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CLAIMS

1. A substrate processing apparatus comprising:

a transport chamber capable of holding an
isolated atmosphere therein and communicably
connected to a charging station for loading

and unloading a substrate into the apparatus;

a transport system inside the transport

chamber for transporting the substrate; and

an array of ©processing chamber modules
distributed alongside the ‘transpQrt chamber
and communicably connected to the transport
chamber to allow the substrate to be

transferred therebetween;

wherein the transport chamber is capable of
being linearly elongated longitudinally and

comprises:

at least one transport chamber node, each of
which is capable of  Dbeing communicably
connected in series to at least another
transport chamber node of the transport
chamber for effecting the elongation, and of
tying at least two chamber modules of the
apparatus to each other, each node having a
resident substrate transport arm therein for
transporting the substrate between the
transport chamber node and the at least two

chamber modules; and
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a substrate buffer, communicably connected to
the at least one transport chamber node,

buffering the substrate.

2. The apparatus of claim 1, wherein the substrate
buffer buffers the substrate for maximum substrate
transport through put through the transport chamber at a

predetermined travel rate of the transport system.

3. The apparatus of claim 1, wherein the substrate
buffer is a pass through buffer and buffers the
substrate between the at least one transport chamber

node and the at least other transport chamber node.

4. The apparatus of claim 1, wherein the substrate

buffer has a vacuum pump.

5. The apparatus of claim 1, wherein the charging
station has substrate transport container interface and
a port the substrate is transferred between the

apparatus and the transport container.

6. The apparatus of claim 1, wherein at least one of the
two chamber modules is a substrate processing chamber

module.

7. The apparatus of claim 1, wherein at least one of the
two chamber modules is the at least another transport

chamber module.

8. The apparatus of claim 1, wherein the at least one
transport chamber node is capable of being isolated from

the from each of the at least two chamber modules.

9. The apparatus of claim 1, wherein the at least one

transport chamber node has a substrate transfer opening
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corresponding to each of the at least two chamber
modules, each opening being adapted to allow transfer of
the substrate through the opening between the at least

one transport chamber node and the chamber module.

10. The apparatus of claim 9, wherein the substrate
transfer opening is closable to isolate the node from

the chamber module.

11. The apparatus of claim 1, wherein the at least one
transport chamber node has a housing capable of holding
an isolated atmosphere therein, isolated from at least

one of the two chamber modules.

12. The apparatus of claim 1, wherein the at least one
transport chamber node is selectable from a number of

different interchangeable transport chamber nodes.

13. The apparatus of claim 12, wherein the traﬁsport
chamber has a predetermined reference datum and the at
least one transport chamber node has positioning
features related to the reference datum for repeatably
positioning the at least one transport chamber node

relative to the reference datum.

14. The apparatus of claim 1, wherein the at least one
transport chamber node is adapted to allow the at least
two chamber modules to be joined to the at least one

transport chamber node on opposite sides of the node.

15. The apparatus of claim 1, wherein the at least one
transport chamber node is adapted to allow the at least
two chamber modules to be joined to the at least one

transport chamber node on adjoining sides of the node.
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16. The apparatus of claim 1, wherein the substrate
transport arm has an end effector for holding and
transporting the substrate, the substrate transport arm
being capable of moving the end effector from the at
least one transport chamber node to each of the at least

two processing modules.

17. The apparatus of claim 1, further comprising a
controller controllably connected to the transport
chamber, trénsport system and array of processing
modules, wherein the controller has a distributed

control cluster architecture.
18. A substrate processing apparatus comprising:

a transport chamber with an opening for
loading and unloading a substrate to and from
the transport chamber, the transport chamber
comprising a first transport chamber module, a
second transport chamber module and a third
transport chamber module, each of which is
capable of holding an isolated atmosphere
therein and is communicably connectable to
each other for transferring the substrate
therebetween, and when the first and second
transport chamber modules are connected to
each other, the transport chamber has a

longitudinal linearly elongated shape;

a transport system located in the transport
chamber and having a substrate transport arm
movably mounted in a longitudinally fixed
location within each of the first, second and

third transport chamber modules;
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an array of ©processing chamber modules
distributed alongside the transport chamber
and communicably connected to the transport
chamber to allow the substrate to be

transferred therebetween; and

at least one substrate buffer module
selectably connectable to at least one of the
first, second or third transport chamber

modules;

wherein the longitudinal linearly elongated
shape of the transport chamber has a
selectably variable longitudinal length
effected by selectable connection of at least
one of the second and the third transport
chamber modules to the first transport chamber
module, wherein selectable connection of the
third transport chamber module to either the
first or second transport chamber modules
depends on the substrate buffer module being
connected between the first and second

transport chamber modules.

19. The apparatus of claim 18, wherein the buffer module

is a pass through buffer module.
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20. A substrate processing apparatus comprising:

a charging station with a port for loading and

unloading a substrate from the apparatus;

a transport chamber capable of holding an
isolated atmosphere therein and communicably
connected to the charging station to allow

passage of the substrate inbetween;

a transport system inside the transport

chamber for transporting the substrate; and

an array of processing chamber modules
distributed alongside the transport chamber
and' communicably connected to the transport
chamber to allow the substrate to be

transferred therebetween;

wherein the transport chamber is capable of
being 1linearly elongated longitudinally and

comprises:

at least one transport chamber module, with an
always resident substrate transport arm
therein, the transport chamber module being
interfaced and communicably connected to the
charging station and capable of being
communicably connected to at least another
transport chamber module so that the charging
station, the at least one transport chamber
module and the at 1least another  transport
chamber module are arranged in series

longitudinally; and
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a .pass through substrate buffer, interfaced
and communicably connected to the at least one
transport chamber module so that the at least
.one transport chamber module is interposed
between the charging station and the at least

one transport chamber module.

21. The apparatus of claim 20, wherein the at least one
transport - chamber module is interface and communicably
connect to at least one of the array of processing

chamber modules.

22. The apparatus of claim 20, wherein the at least
another transport chamber module comprises two other
transport chamber modules and the transport chamber
further comprises another pass through substrate buffer
communicably connected to and located between and in
longitudinal series with the two other transport chamber

modules.
23. A substrate processing apparatus comprising:

a transport chamber module with a chamber
capable of Dbeing isolated from outside
atmosphere, and having a transport arm mounted
inside the chamber, the transport arm having
an end effector for holding and transporting a
substrate, and having a pivot joint located in
a substantially fixed location relative to the

transport chamber module;

another transport chamber module, with another
chamber capable of being isolated from outside
atmosphere, and having another transport arm

mounted inside the othér chamber, the other
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transport arm having another end effector for
holding and transporting the substrate, and
having another pivot Jjoint 1located in a
substantially fixed location relative to the
other transport chamber module, the other
transport chamber module being connectable to
the chamber module to form a linearly

elongated transport chamber; and

a linear array of processing modules extending
along and connected to the linearly elongated
transport chamber .so that the substrate may be
transported between the linearly elongated
transport chamber and at least one processing

module of the linear array;

wherein the transport arm and the other
transport arm cooperate with each other to
form a travel lane, extending longitudinally

through the linearly elongated transport

chamber, along which the substrate is
transported.
24, The substrate processing apparatus of claim 1,

further comprising a controller communicably connected
to the transport chamber and/or one or more processing
chamber modules wherein, at least one of the one or more
processing chamber modules has an electronic interface
programmed to automatically identify a predetermined
characteristic of the at least one transport chamber
module to the controller upon interface with the

controller.
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