APPARATUS AND METHODS FOR TRANSPORTING AND PROCESSING
SUBSTRATES FIELD OF THE INVENTION This invention has to do with
novel apparatus and methods for transporting and processing substrates in
general and wafers in particular. BACKGROUND In the manufacture of
semiconductors, a common tool, referred to as a cluster tool, is one of the
Elz\eg units used in the manufacture of wafers. A %%;:al commercial device has
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circumference. The chambers extaed PrFEd around the central area. When
wafers are processed they are moved first from an input output station on the
circumference of the central chamber into the central chamber and then from
FtReR@RraHENENWENTII@O an attached or circumferential chamber where
processing is performed. In this tool as in substantially all manufacturing
systems used today, the practice is to process wafers one at a time. A wafer
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chamber and then following processing, back to the central chamber.
Eventually the wafer when fully processed is moved out of the tool altogether.
BRREKRGEMNENt out goes again through an input/output station or chamber
which in connection with vacuum systems is generally called a load lock
where the wafer moves from vacuum to atmosphere. A unit of this sort is

I%H?cﬂ@éwfﬂﬁt%rfa%ﬁmﬁw@cﬁ%{ﬁ’ ,QOQOW é@‘il.’ referred to as a cluster tool, is

one of the key units used in the manufacture of wafers. A typical commercial device
has a generally circular central area with chambers attached along the circumference.
The chambers extend outward around the central area. When wafers are processed
they are moved first from an input output station on the circumference of the central
chamber into the central chamber and then from the central chamber into an attached
or circumferential chamber where processing is performed. In this tool as in
substantially all manufacturing systems used today, the practice is to process wafers
one at a time. A wafer may be moved into a chamber for processing and then back to
the central chamber. This can be followed by a further move to another circumferential
chamber and then following processing, back to the central chamber. Eventually the
wafer when fully processed is moved out of the tool altogether. The movement out
goes again through an input/output station or chamber which in connection with
vacuum systems is generally called a load lock where the wafer moves from vacuum to

atmosphere. A unit of this sort is described for example in U.S. Pat. No. 4,951,601.

Another tool indexes wafers along a central axis and feeds wafers through surrounding
processing chambers. In this tool, all wafers are fed simultaneously to the next
processing stop. Wafers cannot move independently although they can be processed
independently. They all remain at a process station for the same amount of time but
the processes at each station can be independently controlled subject of course to the
maximum time permitted by the time permitted for the stop. Although the first described



Another tool indexes wafers along a central axis and feeds wafers through
surrounding processing chambers. In this tool, all wafers are fed
simultaneously to the next processing stop. Wafers cannot move
independently although they can be processed independently. They all
remain at a process station for the same amount of time but the processes at
each station can be independently controlled subject of course to the
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pre-selected and controlled gaseous environment. Processing is also
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processes to be performed within that chamber. Alternatively, if less of
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In this way the wafer may progress t tool sequentially through t
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In this way the wafer may progress through this tool sequentially through the chambers
and all of the available processes. Alternatively the wafer may proceed through only
selected chambers and be exposed to only selected processes.

Variations on these processes are also in use in equipment offered to the field.
However, they all tend to rely on a central area or zone that is integral to the various



processes. Also since the predominant usage of such equipment is to make

wafers, the discussion will primarily be in terms of wafers. However, it should

be understood that most of the processes under discussion are also

applicable to substrates in general and that the discussions should be taken

to also apply to such substrates and such manufacturing equipment.

Recently there has been described a system that is distinct from these, in
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each chamber. This system has a smaller footprint than is typical in this field
since the footprint approximates the footprint of the processing chambers
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another approach may be preferred. Also this type of equipment has the

thaswalpimage meias dﬁ@%@é‘tig}?@m B HeigainBr RTARARSRG AR RerdermRd for
etRolensystermdisiitesii vaavatabiedior processing. SUMMARY OF THE
INVENTION This invention is directed to a novel wafer processing unit
intended to permit separately controlled dwell times at processing stations
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and services in accordance with "Lean" principles of manufacture. Thus an
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for treatment of wafers. And servicing or processing chambers will be

possible from the back or front of the processing chambers. Additionally, in
Stididteriet entb ke processing chambers will be set up in a linear

arrangement. This assures the smallest footprint for a system that permits

individual programs for wafers at the various processing stations.
This invention is directed to a novel wafer processing unit inténded to permit separately

controlled dwell times at processing stations while maintaining a small footprint. It also
allows ongoing operations even if one or more of the stations is down for one reason or
another. In part this is in recognition that the costs of manufacturing semiconductors is
extremely high and costs are increasing. The higher the costs the greater the risks in



The processing chambers generally may have the capability of performing
any of the various processes one uses in connection with processing wafers.
For example in the manufacture of a wafer, the wafer would normally be
carried through one or more etching steps, one or more sputtering or physical
vapor deposition processes, ion implantation, chemical vapor deposition
(CVD) and heating and/or cooling processes, among others. The number of
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referred embodiment is dependent on a simple linkage arm based on linear
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watgldplemevanodsigsdaayifeestanseed that have a different number of
processing stations. The system is expandable and in addition it is
expandable independently of technology that might be applied as future
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among others. The number of processing steps to make a wafer could mean that
multiple tools or tools with large subsystems would have been required if using prior art
devices to perform these various processes. The instant system however, offers the
further advantage that additional functional stations can be added without a significant
increase in size or without the need to add new total systems.

To achieve these various objectives, transport of wafers is structured to be
independent of chamber design. Thus the chambers are designed to perform as a
chamber with certain processing capabilities and the transport system is structured to
operate independently of chamber design and is structured to feed wafers to and from
processing chambers. Transport in the disclosed preferred embodiment is dependent
on a simple linkage arm based on linear and rotary motion coupled through a vacuum
wall. In line with maintaining costs low, the chamber design is based on modularity.



FIG. 2 is a schematic illustration of the system described in the
aforementioned patent publication (2006/0102078 Al) and is in the nature of a
prior art system. FIG. 3 is a schematic illustration of a processing system in
accordance with this invention. FIG. 4 is a top schematic view for purposes of
more clearly illustrating the transfer chamber. In this Figure this has been
done in a three process station structure but this number of stations has been

ThYedoARF BrRadmanie PEPGEEY MY, BACSsEhRRRale tef BRICRIBgSEHEYE
cénebsy sttinedranutiie: lepstdack anddntod v draibsoA o frativefgrtblsalad erefttbce

c%qisog ?é;é‘eeﬁb%“fivﬂhuﬁt%&;’é A HMoN AT MRANAR MR O $HRiutes

e encasement for the system.
may be matched that have a different number of processing stations.

The system is expandable and in addition it is expandable independently of technology
that might be applied as future processes or applications. A linear wafer transport is
used. This results in high throughput in a system of small footprint that is not over
demanding of space in clean rooms. In addition different process steps can be

structured into the same treatment platform.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a prior art cluster tool intended for PVD

applications.

FIG. 2 is a schematic illustration of the system described in the aforementioned patent
publication (2006/0102078 A1) and is in the nature of a prior art system.

FIG. 3 is a schematic illustration of a processing system in accordance with this

invention.

FIG. 4 is a top schematic view for purposes of more clearly illustrating the transfer
chamber. In this Figure this has been done in a three process station structure but this
number of stations has been used only for illustrative purposes.

FIG. 5 is a schematic view of a segment of the system from the load lock and into the
transport or transfer chamber.

FIG. 6 is a schematic illustration of the wafer moving mechanism shown outside the

encasement for the system.



FIG. 7 is a schematic illustration of the track and drive system employed in
the preferred embodiment. FIG. 8 is a schematic illustration of a 4-station
physical vapor deposition (PVD) or sputtering system in accordance with this
invention. FIG. 9 is a schematic illustration of an 8-station system in
accordance with this invention. FIG. 10 is a schematic illustration of a
6-chamber system in accordance with this invention. FIGS. 11A and 11B are
schematic illustrations of two different embodiments of this invention.
FIEETAlEED $obh&adRtPToiatiin Tdfl EhdN e T HOM drive system employed in the

preferred embodiment.

FIG. 8 is a schematic illustration of a 4-station physical vapor deposition (PVD) or
sputtering system in accordance with this invention.

FIG. 9 is a schematic illustration of an 8-station system in accordance with this

invention.

FIG. 10 is a schematic illustration of a 6-chamber system in accordance with this

invention.

FIGS. 11A and 11B are schematic illustrations of two different embodiments of this

invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, there is illustrated a cluster tool of the type commonly in use
today. In general this comprises processing chambers 21 radially disposed around and
attached to central chambers 22. In this system, there are two central chambers. Other
systems may have only a single central chamber. A system with more than two can
exist except that it is cumbersome and instead users will generally acquire another
system. In operation, a robot is typically located within each central chamber 22. The
robot receives wafers into the system and carries wafers from the central chamber to
processing chambers and after processing back to the central chamber. In some prior
art systems, a central robot can access only a single wafer and single chamber at one
time. Thus the robot can become engaged or busy during processing in connection
while a wafer is in a single chamber. This combination of a single robot tied to a
processing station during processing is a limitation on the throughput of this type of
cluster tool. More modern units use robotics that are multi-armed. The processing
chambers may comprise any form of processor and may comprise for example a



Referring now to FIG. 1, there is illustrated a cluster tool of the type

commonly in use today. In general this comprises processing chambers 21

radially disposed around and attached to central chambers 22. In this system,

there are two central chambers. Other systems may have only a single

central chamber. A system with more than two can exist except that it is

cumbersome and instead users will generally acquire another system. In
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transport chamber 32 from which they transfer into processing chambers 31.
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this point a valve is closed to separate the atmosphere of the processing

chamber from the atmosphere of the transport chamber. This permits

changes to be made within the procesging chamber without contaminating

the transport chamber or other processing chambers. After processing the

valve separating the processing chamber from the transport chamber opens

and the wafer is removed from the processing chamber and transferred along
transport chamber 32 to another processing chamber for additional



The processing chambers in a system may perform different processes as
desired in the manufacture of wafers. Many manufacturers today buy
dedicated systems in which the entire system is given over to sputter or etch
processes. In essence there are sufficient sputter steps or etch steps in the
manufacture of a wafer that a four or more stage system can be entirely
devoted to sputtering operations. AIternativeIY, a wafer can be carried .
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this system at load lock 35. Load lock 35 is a dual level load lock and can
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which is not seen in this Figure, acts from outside the vacuum through the
walls of the enclosure of chamber 32. It provides a generally linear movement
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into the system from the load lock and then about the system from

processing chamber to processing cha&mber. Eventually the arms move the

wafers after processing along the transport chamber and into load lock 35

and then out of system 34. When processing is completed, the wafer may

then pass back into the front end from the load lock where processed wafers
are collected. A wafer in the load lock or in process chambers is transferred
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One type of arm that may be used to move and manipulate the wafers
through transport chamber 32 including stops at the process stations 31 is
described as a selective compliant articulated assembly robotic arm, referred
to in a shorthand way as a SCARA robot. A SCARA system tends to be
faster and cleaner than the Cartesian system it would likely replace. Also in
order to reduce and/or eliminate load factors in connection with the magnetic
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support mechanism 45 and thus to arms 41. Rotational motion Is imparted by

Mﬂt@rwmﬁﬁj@ggchamber on a linear rail 43. In this embodiment the rails within the
transport chamber 32 hold the support arms 41 above the floor of chamber 32. Also,
the driving mechanism, which is not seen in this Figure, acts from outside the vacuum
through the walls of the enclosure of chamber 32. It provides a generally linear
movement to arms 41 as well as a rotary movement when it is desired to extend an
arm into a chamber or into load lock 35. Thus the arms are used to move a wafer into
or out of the transport chamber 32, into or out of a processing chamber 31 or into and
out of load lock chamber 35. By avoiding contact with the base of this chamber less
particles are produced as to maintain the environment in a purer or particle free
condition. Additional details of this transport system will be shown and discussed in
connection with figures that follow. Also although two arms are illustrated in this figure,
it should be readily apparent that a system can have more or less than two arms on a

rail and can handle more than two wafer transport devices at any one time.

Referring now to FIG. 5, this figure shows portions of system 34, without covers closing
off the internal elements, starting at load lock 35, continuing into the beginning of
transport chamber 32 and including a first processing chamber 31. lllustrated in this
figure a wafer 42 in load lock 35 rests on arm 41. Another arm 41 is shown extended



Referring now to FIG. 8 there is illustrated a processing system in
accordance with this invention. As in the case of FIG. 3, front end 33 receives
and stores wafers for presentation to system 34 including process chambers
31, which in this embodiment are intended to illustrate chambers in which
sputter deposition occurs, by transferring the wafers first to load lock 35 and
then along transport or transfer chamber 32. Processed wafers are then fed
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ovemen% o? the wafer
mto a process chamber is in the nature of translating from its linear drive path into the
chamber. This occurs because the wafer is undergoing two forms of motion
simultaneously in the preferred embodiment. It is being moved linearly and rotated at
the same time. The use of external motors or other forms of drive mechanism to drive
this mechanism within the vacuum of transport chamber 32 reduces unwanted particles

within the enclosed vacuum area.



Although the chambers have been described as under vacuum conditions, in
fact in some instances there can be benefits to including certain gases or
other fluids in the contained areas. Accordingly the term vacuum as used
herein should also be interpreted as a self contained environment as to
encompass special gases for example that may be employed in the total
Fz§¥s,tem In FIG. 1, the cluster tool includes 7 processing chambers. In FIG. 9
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c 68 eersg’r?asnlé)gr%en é’é‘rﬁBﬁs?rﬁ’g"Hm/fErr%B arid magnetic head 48. The coupler imparts
both linear and rotary motion to arms 41. Driver 50 rides on outer rails 51 which are
located outside the vacuum and appear on both sides of the rail system. One set is
seen in a facing relationship while another exact rail appears on the opposite side.
Rotation of the arm is transferred through the magnetic couplers and is driven by rotary
motors 52. Although magnetic coupling is illustrated as used for linear movement and
for rotation in this figure, it should be readily apparent that separate magnetic couplers
and drivers may be used. Thus, although it is preferred to transfer linear and rotational
movement through the same couplers, it is also possible to use separate couplers for

linear movement and another set for rotational motion.

One type of arm that may be used to move and manipulate the wafers through
transport chamber 32 including stops at the process stations 31 is described as a
selective compliant articulated assembly robotic arm, referred to in a shorthand way as
a SCARA robot. A SCARA system tends to be faster and cleaner than the Cartesian
system it would likely replace.

Also in order to reduce and/or eliminate load factors in connection with the magnetic
drive system, one can include repulsing magnets that will reduce the attractive forces
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Further if it is desired to increase the size of the cluster tool type (FIG. 1) to
increase output, the add on to the total measurements is to a raised power;
whereas, an increase in size of the system described in this application is in a
single direction, i.e., length, with the width of the system staying the same. In
similar processes, such as an aluminum process, throughput for the same
period of time using the system of the type illustrated in FIG. 9, which
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square substrate, a cluster tool would need to be sized to handle a 424 mm
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chamseather member, along from the entrance chamber through and into
processing chambers and from processing chambers out of the system. Thus
the width of this chamber should be slightly larger than the size of the
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WI | follow from the understanding imparted by the practices described and
MAtREARd as well as the discussions of operations as to facilitate
modifications that may be made without departing from the scope of the

F{j&\é?mié)ﬂoq’ﬂ%]%%p%%%r%qg(ﬁm@ﬁg@@%bcessing system in accordance with this
invention. As in the case of FIG. 3, front end 33 receives and stores wafers for
presentation to system 34 including process chambers 31, which in this embodiment
are intended to illustrate chambers in which sputter deposition occurs, by transferring
the wafers first to load lock 35 and then along transport or transfer chamber 32.
Processed wafers are then fed back along transfer chamber 32 to load lock 35 and
then out of the system to front end 33.

Referring now to FIG. 9 there is illustrated an eight station processing system in
accordance with this invention, front end 33 feeds wafers to load locks 35. Wafers are

then moved along transport chambers 32 and from transport chambers 32 into
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CLAIMS The invention claimed is: 1. A substrate processing system,
comprising: a substrate transfer chamber supporting vacuum condition; a
linear drive track inside the substrate transfer chamber within the vacuum
condition; a support mechanism riding on the linear drive track; a magnetic
head attached to the support mechanism within the vacuum condition; a
support arm connected to the support mechanism and coupled to the
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irdsi@néides on the outer rails. 2. The substrate processing system of claim 1,
further comprising: a second support mechanism riding on the linear drive
track; a second support arm connected to the second support mechanism;
Chinet, vesiationsl dréviregaileginssibie aotnegfibhconcsidedthEaracxamplérdugjbad of
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movements, 3. The substrate processing system of claim 2, wherein the
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Iiﬁé%l%fﬁ&%g Ws?@gpoqtgﬁématively the second set can be set at some form of
angle to the first set. Since a transport chamber can feed wafers to each side of the
chamber, two sets of processors can be set around a single transport chamber and fed
by the same transport chamber (see FIG. 11A where numbers designate the same
items as were discussed in connection with earlier figures. It is noted that added to
FIGS. 11A and 11B is a showing of the valve 39 that separates the processing
chambers 31 from the transport chambers 32 as has been discussed above.) If the
second set of processors is a continuation of the first set there can sometimes be
benefits to positioning additional load locks along the system. It is of course possible to
add a front end at the far end and position a load lock before the front end so that the
wafer can travel in a straight line entering at one end and leaving at the other (see FIG.
11B, where again numbers designate the same item as in earlier figures). In this latter
case, the wafer can be programmed to enter or leave at either or both end(s). It is also
possible to position processing chambers along the transfer chamber at irregular
intervals or with spacing between the processing chambers. In this arrangement the
key feature will be the positioning of the transfer chamber so that it can feed wafers to
the individual processing chambers as desired and as directed by the computer
controls for the system.

Although the chambers have been described as under vacuum conditions, in fact in
some instances there can be benefits to including certain gases or other fluids in the

contained areas. Accordingly the term vacuum as used herein should also be
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5. The substrate processing system of claim 2, wherein the support
mechanisms independently ride on the linear drive track, whereby each arm
moves and acts independently of the other. 6. A substrate processing
system, comprising: a loadlock; a substrate transfer chamber connected to
the loadlock and supporting vacuum condition; a linear drive track inside the
substrate transfer chamber within the vacuum condition; a first and second

IndeRppRiRnaR hAnTSHh<CABIAGSh BWITRINERHridE tHAcRNEOHBASH FRBEGh@ases for

esaPP tianmsaydsyecigidyes petid/ehateyiterfirst and second support
mechanisms; and, a magnetic coupler arrangement acting from outside the

vacuum through vacuum wall of the chamber to provide each of the support
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a s above and below eac er an Wlt out contact. The subs
eésmg system of claim 6, wherein the support arms can pass by each
other

The linear architecture of the present invention is extremely flexible and lends itself to
multiple substrate sizes and shapes. Wafers used into the fabrication of
semiconductors are typically round and about 200 or 300 mm in diameter. The
semiconductor industry is always trying to get more devices per wafer and has steadily
moved to larger and larger wafer sizes from 75 mm, 100 mm, 200 mm to 300 mm and
there is an on going effort to look at moving to 450 mm diameter wafers. Due to the
unique architecture the floor space required in the clean room wafer fab would not
grow as large as it would with a typical cluster tool with the processes located on the

circumference.

Further if it is desired to increase the size of the cluster tool type (FIG. 1) to increase
output, the add on to the total measurements is to a raised power; whereas, an
increase in size of the system described in this application is in a single direction, i.e.,
length, with the width of the system staying the same. In similar processes, such as an
aluminum process, throughput for the same period of time using the system of the type
illustrated in FIG. 9, which occupies less space than the equipment shown in FIG. 1,
the equipment of FIG. 9 produces almost twice as many wafers (in quick calculations
about 170%) as does a system like that of FIG. 1. Thus there is a considerable

improvement in wafer output per a measured clean room area using the system
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10. The substrate processing system of claim 6, wherein the support
mechanisms independently ride on the linear drive track, whereby each arm
moves and acts independently of the other. 11. The substrate processing
system of claim 6, wherein the linear drive track comprises linear rails and
the support arms move along the linear rails.

disclosed as compared to prior art units. Obviously this achieves an objective of

reducing costs in the manufacture of wafers.

The design of this equipment is not limited to circular substrates. A cluster tool that
moves wafers in paths described by arcs is particularly disadvantaged if the substrates
are rectangular as the tool would need to be sized to handle a circular substrate that
inscribes the rectangular shape of the actual substrate; whereas, the linear tool need
be no larger in any direction than what is required to pass the actual shape. For
example, working with a 300 mm square substrate, a cluster tool would need to be
sized to handle a 424 mm circular substrate while the linear tool need be no larger than
that required for a 300 mm circular substrate.

Also the size of the transport chamber 32 need provide only that room required to
move the substrate whether a wafer of some other member, along from the entrance
chamber through and into processing chambers and from processing chambers out of
the system. Thus the width of this chamber should be slightly larger than the size of the
substrate to be processed. However, smaller members may be processed in the
system, and may be processed together as a plurality in a substrate holder.

While this invention has been discussed in terms of exemplary embodiments of specific
materials, and specific steps, it should be understood by those skilled in the art that
variations of these specific examples may be made and/or used and that such
structures and methods will follow from the understanding imparted by the practices
described and illustrated as well as the discussions of operations as to facilitate
modifications that may be made without departing from the scope of the invention
defined by the appended claims.
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CLAIMS

The invention claimed is:

1. A substrate processing system, comprising: a substrate transfer chamber supporting
vacuum condition; a linear drive track inside the substrate transfer chamber within the vacuum
condition; a support mechanism riding on the linear drive track; a magnetic head attached to the
support mechanism within the vacuum condition; a support arm connected to the support
mechanism and coupled to the magnetic head; a driving mechanism comprising a driver
positioned outside the vacuum and acting on the magnetic head from outside the vacuum
through wall of the chamber to provide the support arm both linear and rotary movements
through the magnetic head; and wherein the driving mechanism further comprises outer rails

located outside the vacuum and wherein the driver rides on the outer rails.

2. The substrate processing system of claim 1, further comprising: a second support
mechanism riding on the linear drive track; a second support arm connected to the second
support mechanism; and, a second driving mechanism acting from outside the vacuum through
wall of the chamber to provide the second support arm linear and rotary movements.

3. The substrate processing system of claim 2, wherein the support arms are positioned to
pass above and below each other and without contact.

4. The substrate processing system of claim 2, wherein the support arms can pass by each
other.
5. The substrate processing system of claim 2, wherein the support mechanisms

independently ride on the linear drive track, whereby each arm moves and acts independently of
the other.

6. A substrate processing system, comprising: a loadlock; a substrate transfer chamber
connected to the loadlock and supporting vacuum condition; a linear drive track inside the
substrate transfer chamber within the vacuum condition; a first and second support mechanisms
riding on the linear drive track; a first and second support arms connected respectively to the
first and second support mechanisms; and, a magnetic coupler arrangement acting from outside



the vacuum through vacuum wall of the chamber to provide each of the support arms both linear
and rotary movements; wherein the first support arm is a straight arm while the second support
arm is a selective compliant articulated assembly robotic arm (SCARA), and wherein the
SCARA is positioned to pass above the straight arm; wherein the magnetic coupler
arrangement comprises magnetic heads positioned on the support mechanisms and drivers
positioned outside the vacuum wall; and, outer rails located outside the vacuum and wherein the

drivers ride on the outer rails.

7. The substrate processing system of claim 6, further comprising rotary motors and

wherein the rotary movement is driven by the rotary motors.

8. The substrate processing system of claim 7, wherein the support arms are positioned to
pass above and below each other and without contact.

9. The substrate processing system of claim 6, wherein the support arms can pass by each
other.

10. The substrate processing system of claim 6, wherein the support mechanisms
independently ride on the linear drive track, whereby each arm moves and acts independently of

the other.

11. The substrate processing system of claim 6, wherein the linear drive track comprises

linear rails and the support arms move along the linear rails.
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