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END EFFECTOR FOR WAFER HANDLER IN PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

Field of the Tnvention |

The present iﬁvenﬁon generally relates to the storage and uahsfer of wafers
typically used in the fabrication of integrated circuits. Specifically, the invention
relates to the end effector, or blade, of a wafer handler used to transfer wafers through
andbetwesnchaﬁlbersinasyst_emforproccssingthewafers. .

MMMMMAE

Vacuum processing systems for processing 100mm 200mm, 300mm or other

diameter wafers are generally known. Typically, such vacuum processmg systems have

a centralized transfer char_nber mounted on a monoht_h platform. The transfer chamber
is the center of activity for the movement of wafers being processed in the system. One -

or more process chambers mount on the transfer chamber at slit val_vés througﬁ which
wafers are passed by a wafer handler, or robot, in the transfer chamber. The valves

close in order to isolate the process chambers while wafers are being processed therein, -

The wafer handler transfers the wafers through the transfer chamber and ‘between the
various other chambers attached to the transfer chamber.

Some common transfer chambers have facets to accommodate four to six
. chambers. The process chamibers include rapid thermal processing (RTP) chambers,

physical vapor deposition (PVD) chambers, chemical vapor deposition (CVD) -

chambers, etch chambers, etc. Physically, the process chambers are either supported by

the transfer chamber and its platform or are supported on their own platform. Inside the -

- gystem, the transfer chamber is typically held at a constant vacuum; whereas, the

process chambers may be pumped to a greater vacuum for performing their respective |

processes. Afterward, the chamber pressure must be returned to the level in the transfer
chamber before opening the valve to permit access between the chambers.

For some vacuum processing systems, such as the Centura ™ system from
Applied Materials, Inc., access to the transfer chamber for wafers from the exterior of

the system, or from the manufacturing facility, is typically through one or more load -
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lock chambers. For some other vacuum processing systems, such as the Endura ™
system from Applied Matenals, Inc, a senes of other chambers, mcludmg a buffer
chamber, are provided between the transfer chamber and the load lock chambers; “Thus,
the transferring of the wafers through the vacuum in the system proceeds in stages, with
the buffer chamber typically operating at about 1x10° torr, the transfer ‘chamber
typically operati_hg at about lxio” torr and the process chambers typically operating at
about 1x10” torr in the case of i)hysical vapor deposition process chambers.
The buffer chamber is an irtermediate transfer chamber that may have optional
pre-processing or post-process‘ing chambers attached to it for performing additional
_ processing steps on the wafers Additionally, a pre-clean chamber and a cool-down
chamber are inferposed between the buffer chamber and the transfer chamber. Since
" ' the buffer chamber and the transfer chamber are typically held at different vacuum
! levels, the pre-clean chamber transmons the wafers from the vacuum level of the buffer
' ' chamber to the vacuum level qf the transfer chamber in addition to cleaning the wafers
in preparation for processing in the process chambers. After undergoing the primary
- process, the cool-down chamlj:ets transition the wafers from the vacuum level of the
transfer chamber o the vacuum level of the buffer chamber while cooling the wafers.
| Another wafer handler, similar to the one disposed in the transfer chamber, is disposed
within the buffer chamber in order fo transfer the wafers through the buffer chamber
and between the various chamﬁers attached thereto. -
| The load lock chambers cycle between the pressure level of the ambient
' environment and the pressure level in either the transfer chamber or the buffer chamber
i in order for the wafers to be passed therebetween, so the load lock chambers transition
| the wafirs between the atmospheric pressure of a very clean environment to the vacuum
of the system. The load 'lt')clj: chambers attach to a mini-environment which transfers
. wafers in a very clean e vnonment at atmospheric pressure from wafer pods to the load
lock chambers. Thns, the mini- envn'onment has another wafer handler for transferring
, the wafers.
; The wafer handlers in the transfer chaniber and the buffer chamber are typically
very similar, if not identical. An example of such a wafer handler 10 is shown in
Figures 1a and 1b. The wafer handler 10 is-capable of rotational movement, but not
translational movement since it is fixed in the center of its chamber. The wafer handler

SUBSTITUTE SHEET (RULE 26)



WO 99/43021 PCT/US99/03114

3

10 has an end effector 12, 14, or blade, attached to an arm assembly 16 attached to the
rotating portion 18 of the wafer handler 10. A wafer sits on the end effector 12, 14 in
order to be transferred. A sensor beam may be projected through the wafer sense hole
15 in order to sense the presence of a wafer on the end effector 12, 14. The sensor
beam may be an infrared beam directed at a detector. The wafer sense hole 15 is
typically a standard size, and may be about 0.87 inches, or 22 mm, in radivs. The arm
assembly 16 moves the end effector 12, 14 radially outward from and inward towards.
the wafer handler 10 in order to insert a wafer into or retrieve a wafer from a chamber,

The wafer handler in the mini-environment is typically different from those in
the transfer chamber or the buffer chamber, since it is usually capabie of translational
movement as well as rotational movement. A top view of an example of such a wafer
bandler 20 is shown in Figure lc. The wafer handler 20 is typically frack mounted so-
that it can move back and forth inside the mini-environment in order to service each of
the pod loaders and load lock chambers attached thereto. The wafer handler 20 bas an |
end effector 22 attached to an anm assembly 24 attached to the rotating portion 26 of the
wafer handler 20. A wafer sits on the end effector 22 in order to be transferred. The
arm assembly 24 moves the end effector 22 radially outward from and mward towards
the rotating portion 26. The contact portion 25 of the end effector 22 is typically the .
only part of the end effector 22 that contacts the wafer. The contact portion 25
typically uses vacuum suction to hold the wafer. Vacuum suction is not a practical
‘method to hold a wafer inside the transfer chamber or the buffer chamber, however,
since these areas are already subject to a vacuum, which would lessen the hold of the
vacuum suction. Additionally, it is desirable to have only one style of end effector,
which may be used with all wafer handiers, in order to reduce the number of parts used
in a processing system. . _

- The end effector 14, shown in Figure 1a, has a constant width from the end
effector mounting 27, or robot blade wrist, to the free end. A short recess in the free
end forms two projections at the free end. A wafer is supported on small shelves
located near the free end on the two projections and near the end fixed at the mounting
27.. The shelf supports may provide no more than about 120 mils of space between the
wafer and the end effector 14. For 300 mm wafers, the width poses a problem with the
exclusion zones defined by the SEMI 300 mm Wafer Carrier and Interface Standard, a -
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standard set by Semxconductor Eqmpment and Materials Internatlonal to create, inter
aha, an mdush'y standard conﬁgmauon for a wafer carrier.

' . The exclusion zones are areas within a 300 mm wafer carrier or holder reserved
 for the wafer carrier to support the wafer and are illustrated by the areas 100, 102 as
shown in Figure 4. The exclusion zones 100 are about 29 mm wide, 170 mm long and
250 mm apart. The exclusion zones 102 are about 25 mm wide, 32 mm long and 100
mm apart. The center of awa_fer will be almost directly in the geometric.center of the

' combined exclusion zones 100, and offset from the exclusion zones 102 by about 120
mm. Anend effector may notfcross these areas while lifting a wafer off of the supports
in the wafer carrier, or there will be interference between the end effector and the wafer
carrier supports. Thus, an end effector must be desighed to avoid the exclusion zones
100, 102. The end effector 14, shown in Figure 1a, however, will cross du-ectly into
part of the exclusion Zones 102.

One solution to avoid the exclusion zones 100, 102 is illustrated by the end
effector 12, shown in Figure 1b. Also, the outline of the end effector 12 is shown, in
dashed lines, in Figure 4 with respect to the exclusion zones. The end effector 12 has a
constant width, similar to the end effector 14, except that it tapers almost immediately
near the mounting end to a narrower width, which is then constant to the free end.
Thus, the two projections at the free end of the end effector 12 will pass between the
exclusion zones 102, as illustrated in Figure 4. A problem with the end effector 12 is
that since the supports at the two projections are so close together, the wafer is unstable
on these supports. A less stable support structure requires that the wafers be moved
more slowly, so they don't slide on the end effector. Thus, the throughput of the
processing system is decreased. Another problem with the supports at the free end of
the end effector 12 being so close together is that, since the 300 mm wafer is so large,
the wafer may bow, or sag, in the middle. Since the shelves that support the wafer on
the end effector 12 may be no more than about 120 mils high, there is the potential for
the underside of the wafer to become contaminated by sagging low enough to touch the
end effector 12 near its centsr. |

Another solution for avoiding the exclusion zones 100, 102 and providing a
stable support and avoiding wafer bowing is to provide an end effector that is wider

" than end effector 14, so the projections at the free end will pass outside of the exclusion
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zones 102, but inside the exclusion zones 100. A problem with an end effector that is
generally shaped like the end effector 14, but which tapers outward almost immediately
to form a constant width, is that its greater mass would cause it to have a greater
- momentum which would result in slower acceleration and deceleration of the end
effector, and consequently, a longer time to move the wafer through the chamber.
Another problem with the heavier end effector is that it would require a stronger; and

therefore, more expensive; arm assembly 16, 24 to support and move the end effector.
A need, therefore, exists for an end effector that may be used in any chamber

with any wafer handler, that avoids the exclusion zones, provides a stable support for

the wafers and is light weight.

Summarv of the Invention

A vacuum processing system has, in its transfer chamber, buffer chamber and/or

mini-environment, a wafer handler with an end effector that, starting at its fixed end,
tapers inwardly to side recesses on opposing sides of the end effector and then tapers

- outwardly to a free end wider than the fixed end and that, at its free end, has another
recess defining a pair of fingers with wafer supports thereon. The free end recess -

extends into the wafer sensor cutout area. The side recesses and the free end recess
extend into the end effector to limit the weight of the end effector while maintaining its
strength. The side recesses give the end effector a unique hourglass shape.

The peir of fingers providing the wafer supports at the free end of the end
effector are spaced wider than the innermost exclusion zones for a standard 300 mm
wafer carrier, but closer together than the outermost exclusion zones. In other words,
the pair of fingers have inner facing edges that are at least about 150 mm to about 160
mm apart and have outer opposing edges that are at most about 200 mm to about 250

‘mm apart. The wide spacing of the fingers provides a stable support platform for the

wafer and prevents the wafer from bowing,

In one embodiment, the end effector has a three-point support for the wafer at
locations near the fixed end of the end effector and on the two fingers near the free end.
The three-point support may be a ball or bump support configuration.
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Brief Description of the Drawings
So that the manner in which the above recited features, advantages and objects
of the present invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.
It is to be noted, however, that the appended drawings illustrate only typical

‘embodiments of this invention and are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.
Figure laisa perspecﬁv;e view of a wafer handler with a prior art end effector.
Figure 1b is a perspective view of a wafer handler with another prior art end
effector.
Figure 1c is a top view of a wafer handler with still another prior art end

. effector.

- Figure 2 is a top schematic view of a vacuum processing system having multiple

. wafer handlers.

Figure 3 is a perspective view of a wafer handler with an end effector according

- :to the present invention.

Figure 4 is a top view of the end effector with the exclusion zones.
. Figure 5 is a side view of a finger at the free end of the end effector.
.Figure 6 is a side view of another embodiment of a finger at the free end of the

- end effector.

Figure 7 is a perspective view of another embodiment of an end effector.

- "Detailed Description of the Preferred Embeodiment :

Figure 2 generally shows a schematic top view of an embodiment of a vacuum

* processing system 30 of the present invention. This system 30 is of the type that is

typically used for manufacturing integrated circuits on wafers in a vacuum. The
vacuum processing system 30 includes a transfer chamber 32 and a buffer chamber 36
typically mounted on a platform (not shown) and generally forming a system monolith.
The transfer chamber 32 has four process chambers 34 mounted at facets 35. The
system monolith has two load lock chambers 46 mounted at facets 47. A mini-
environment 54 attaches to the load lock chambers 46. The transfer chamber 32, the
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buffer chamber 36 and the mini-environment 54 each have at least one wafer handler
44, 42, 58, or robot, for transferring wafers therethrough. Each of these wafer handlers
44, 42, 58 has at least one end effector (described below) designed to hold the wafers.

The process chambers 34 perform the process on the wafers in the vacuum
processing system 30. Process chambers 34 may be any type of process chamber, such
as a rapid thermal processing chamber, a physical vapor deposition chamber, a
‘chemical vapor deposition chamber, an etch chamber, etc. The process chambers 34
may be supported by the transfer chamber 32 or may be supported on their own
platforms depending on the configuration of the individual process chambers 34. Slit
valves (not shown) in the facets 35 provide access and isolation between the transfer
chamber 32 and the process chambers 34. Correspondingly, the process chambers 34
have openings (not shown) on their surfaces that align with the slit valves. _

- A pre-clean chamber 38 and a cool-down chamber 40 may be disposed between
the transfer chamber 32 and the buffer chamber 36. The pre-clean chamber 38 cleans
the wafers before they enter the transfer chamber 32, and the cool-down chamber 40
cools the wafers after they have been processed in the process chambers 34. The pre-
clean chamber 38 and the cool-down chamber 40 may also transition the wafers.
between the vacuum levels of the transfer chamber 32 and the buffer chamber 36. The
buffer chamber 36 has two _éxpansion chambers 48 for performing additional processes
on the wafers. The buffer chamber 36 further has a degas chamber 50 for driving off
‘moisture on the wafers if necessary. A wafer aligner chamber 52 is typically attached
to the buffer chamber 36 with a wafer aligner disposed therein for receiving the wafers -
from the wafer handler 42 aligning the wafers before the wafer handler 42 transfers the
wafers to the pre-clean chamber 38 or a pre-processing chamber 48. Alternatively, the

- chambers 38, 40 may both be pass-through/cool-down chambers, and the chambers 48
may be separate pre-clean chambets _ -

The load lock chambers 46 transition the wafers between the ambient
environment pressure to the buffer chamber vacuum pressure. Openings (not shown) in
facets 47 provide access and valves provide isolation between the load lock chambers
46 and the buffer chamber 36. Correspondingly, the load lock chambers 46 have
openings on their surfaces that align with the openings in facets 47. The load lock
cha_mbers 46 and the mini-environment 54 have corresponding openings (not shown)
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providing access therebetween, while doors (not shown) for the openings provide
isolation. E o '

The mini-environment’ 54 has four pod loaders 56 attached on its front side.
Openings (not shown) with corresponding doors 55 provide access and isolation
between the mini-environment 54 and the pod loaders 56. The pod loaders 56 are

mounied"on the side of the mini-environment 54 and are essentially shelves for

supporting the wafer pods (not shown) used to transport the wafers to and from the
vacuum procmg system 30.
" The wafer handler 44 is disposed within the transfer chamber 32 for transferring

‘2 -wafier 45 between the pre-clean chamber 38, the cool-down chamber 40 and the
. process chambers 34. A similar wafer handler 42 is disposed within the buffer chamber
36 for transferring a wafer 43 between the load lock chambers 46, the expansion

chambers 48, the degas chamber 50, the wafer aligner chamber 52, the pre-clean

* chamber 38 and the cool-down chamber 40. Likewise, one or more wafer handlers 58

are disposed within the mini‘environment 54 for transferring the wafers between the

"pod loaders 56 and the load lock chambers 46. The wafer handler 58 is typically
" mounted on a track so'the wafer handler 58 can move back and forth in the mini-

‘environment 54.

The wafer handlers 44, 42 are depicted as single-blade robots, meaning they
have attachments for only one blade, or end effector, and can support only one wafer at
a time. Figure 3 shows a dual-blade wafer handler 60, meaning that it has attachments
62 for two end effectors 64 and can support two wafers at a time. The present invention
may be used with either of these types of wafer handlers and any other appropriate

~ wafer handler, such as the type shown in Figure 1c.

The wafer handler 60 has a mounting plate 70 for mounting to the bottom of the
interior of the chamber in which it resides. Above the mounting plate is a rotational
portion 68, which rotates relative to the mounting plate 70 in order to align the end

" effectors 64 with a chamber opening in order to insert or remove a wafer. An actuating

arm assembly 66 moves the end effectors 64 inward and outward in a line radial with
the pivot point of the rotatlonal portion 68. Below the mounting plate is a motor
assembly 72 for driving the movements of the wafer handler 60.
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The end effectors 64 have a wrist 74 (Figures 3 and 4) for mounting to the
aﬁachm_ents 62 in order to fix one end.ofthe_end_ effectors 64. The free end has two
fingers 76, or projections, defined by the outer opposing edges 78 and the inner facing
edges 80. The end effector 64 has a wafer sense cutout 82 at 2 standard iocation for
permitting a sensor beam, such as an infrared beam, to detect the presence of a wafer on
the end effector 64. The end effector 64 also has a wafer center-finder hole 84. An
operator may open the chamber and insert a pin into this hole 84 in order to calibrate
the center of the end effector 64, so that the end effector 64 will be properly aligned
when lifting a wafer from a support or setting the wafer down onto a support. Thus, the
wafer may also be properly aligned when the end effector 64 sets it down, so position-
sensitive processes will perform correctly, and so the wafer will not be damaged.
Calibration may be verified at regular intervals to ensure that the end effector 64 does
not slowly drift from its proper position, or it mgy' be done when misalignment of the
end effector 64 is suspected. | - _.

The outer edges 78 curve in a unique hourglass shape starting with an inward-
taper near the wrist 74, or fixed end, of the end effector 64. The outer edges 78 curve .-
until they taper outwardly to form recesses 86 in the opposing outer edges 78. The
outward taper of the outer edge curvature extends the end effector 64 to a width greater
than the width at the fixed end and reduces to no taper at the free end of the end effector
64. The inner facing edges 80 curve together to form a recess that extends into the area
for the wafer sense cutout 82. The recesses in the end effector 64 limit the mass of the

~end effector 64, so the end effector 64 is lightweight, without forfeiting the strength of
the end effector 64 beyond the limit necessary to support a wafer thereon. The present
invention is not limited to the particular shape shown in the fop view of Figure 4.
Rather, other contours for the edges 78, 80, including angled edges, fall within the
scope of the invention. For comparison, the prior art end effector 12 is shown in dashed
lines in Figure 4 illustrating the narrow constant width of the end effector 12, so that the
fingers at its free end pass between the exclusion zones 102, _

The end effector 64 is designed to support 300 mm wafers, but other end
effectors incorporating the present invention may be designed to support wafers of
other sizes, such as 100 mm, 150 mm or 200 mm. For 300 mm wafers, Semiconductor

Equipment and Materials International (SEMI) created the SEMI 300 mm Wafer
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Carrier and Interface Standard to define, inter alia, an industry standard configuration
for a wafer carrier. Generally, a wafer carrier, such as a wafer cassette, supports one or
' more wafers on a set of shelves. A waferhdndlerinuétbe able to remove a wafer from
the carrier, so the wafer handler end effector must not cross through the shelves.
" Therefore, standard dimensions must be defined for the shelves so that all end effectors
can interface pmperiy with all wafer carriers, regardless of the vendors. The SEMI 300
mm Wafer Carrier and Interface Standard defines certain areas, called exclusion zones,
in which wafer carrier shelves may be disposed and which end effectors must avoid.
-The exclusion zones for 300 mm wafers are shown in Figure 4 by the areas 100, 102.
The dimensions of the exclusion zones 100, 102 are defined. by their relation to the
center point of an exemplary wafer seated on the wafer cassette sheives. In Figure 4 the
center point of a wafer is generally the same as the center of the center finder hole 84.
o The distance from the facing edges 104 of the exclusion zones 100 to the center
* _point is about 125 mm, so the facing edges 104 are about 250 mm apart, giving about
-. 25 mm overlap on each edge of a 300 mm wafer. - The distance from the opposing
“edges 106 of the exclusion zones 100 to the center point is about 154 mm, so the
- - -opposing edges 106 are about 308 mm apart, giving a 4 mm clearance on either side of
- a 300 mm wafer. Bdges 108 of each exclusion zone 100 are about 170 mm apart, and
..+ an imaginary x-axis at the midline between the edges 108 of both exclusion zones 100
aligns with the center point. Edges 110 are about 170 mm from the center point. The
-distance between opposing edges 112 of exclusion zones 102 is about 150 mm and an
imaginary y-axis at the midline between the edges 112 aligns with the center point.
" Facing edges 114 are about 100 mm apart and equidistant from the y-axis. Edges 116
. are about 120 mm from the x-axis, and edges 118 are about 152 mm from the x-axis.
_ The end effector 64 avoids the exclusion zones 100, 102 defined by the SEMI
" 300 mm Wafer Carrier and Interface Standard. The end effector 64 does not cross over
" any of the exclusion zones 100, 102 when lifting or seiting down a wafer because,
otherwise, the support shelves in the wafer cassette will interfere with the end effector's
movement. _ :
Since the fingers 76 at the free end of the end effector 64 must pass between
edges 112 of exclusion zones 102 and edges 104 of exclusion zones 100, the facing
edges 80 near the free end can be no closer than about 150 mm, and the opposing edges

SUBSTITUTE SHEET (RULE 26)



WO 99/43021 PCT/US99/03114

11
78 near the free end can be no_further apart than about 250 mm. Preferably, the inner
facing edges 80 are about 160 mm apart, and the outer opposing edges 78 are about 200
mm apart, near the free end.

In addition to the 300 mm exclusion zones, the end effector 64 must be able to
insert between a set of lift pins 130 commonly used to lit a wafer in various
applications. A typical configuration for a set of lift pins 130 places them equidistant
from the center of a wafer seated on top of them and at about 120° angles to each other
so that the lift pins 130 provide a stable three-point support for the wafer. Thus, a
preferred spacing for the lift pins 130 is about 120 mm from the center of a wafer to the
near edge of the pins, giving a clearance of about 4 mm on either side of an end effector

-64 that is 200 mm wide at its outer opposing edges 78.

. Figure 5 shows a cross section of a finger 76. A shelf 150 near the free end
support the wafer and provides clearance for the bottom side of a wafer above the level
of the main part 152 of the end effector 64. Another shelf 154 supports the wafer near
the fixed end. The finger 76 has a low-profile end shoe 156 for laterally containing the
wafer. Figure 6 shows an altemative embodiment for a finger 76. The alternative
finger 76 has a similar shelf 150 for supporting the wafer above the main part 152, but
the alternative finger 76 has a high-profile end shoe 158 for laterally containing the
wafer. The high-profile end shoe 158 permits the angled surface 160 to provide some
slight wafer realignment if the wafer is radially offset up to about 3.7 mm, but the high
profile limits the clearance of the end effector 64 in narrow spaces. The low-profile end
shoe 156, on the other hand, provides greater clearance in tight spaces, such as between
the wafers in a wafer cassette. Thus, the end effector 64 with the low-profile end shoe
156 is typically used in the buffer chamber 36, and the end effector 64 with the high-
profile end shoe 158 is typically used in the transfer chamber 32.

An alternative embodiment for an end effector 64 is shown in the perspective
view of Figure 7. This embodiment of the end effector 64 has the same general
dimensions as the end effector 64 shown in Figure 4, but has ball, or bump, supports
162 for the wafer. The ball supports 162 form a three-point wafer support
configuration for minimum contact with the wafer. A three-point wafer-to-blade
contact typically requires fairly evenly spaced contact points for stable support. The
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-mdespamngofﬂxeballs 162neartheﬁ'eeendprov1desthefalrlyevenspamngfor

easily adapting the end effector 64 to a three-point contact.

An advantage of the end effector 64 described herein is that it does not intrude
on the SEMI specified wafer handling exclusion zones, so the end effector 64 can be
used in any location in a system 30, inchuding the transfer chamber 32, the buffer
chamber 36 and the mini-environment 54. Another advantage is that the extra width of
the free endprovndes a very stable supportfortﬁewafer,- so the transfers may be faster,
providing a higher throughput. Yet another advantage is that the extra width of the free
end provides a more eveily distributed support -configuration, so the wafer does not

- bow under its own weight and contact the middle of the end effector 64. Still another
. - advantage of the end effector 64 is that the recesses remove unnecessary mass from the

end effector 64, so the end effector 64 can be moved more easﬂy and doesn't require a

. stronger, more expensive, wafer handler 60. .

While the foregoing is directed to the preferred embodiment of the present

. invention, other and further embodiments. of the invention may be devised without
F dcparung from the basic scope thereof, and the scope thereof is determined by the
- ‘claims which follow. - - :
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1. Avacmum processmg system comprising:
a first chamber |
at least one second chamber coopemnvely engaged with the first chamber to
permit a wafer to pass therebetween;
a wafer handler disposed within the first chamber for transferring the wafer
therethrough to or from the second chamber; and
am end effector having: _
a fixed end attached to the wafer handler and a free end;
" a first wafer support proximate to the fixed end;
two wafer end supports pro:dmaie to the free end and spaced apart, the
first wafer support and the two wafer end supports being for supporting the wafer
thereon during transfer through the first chamber to or from the second chamber;
a wafer sense cutout;
| an end recess between the two wafer end supports extending into the
wafer sense cutout from the free end; and

a first side recess and a second side recess on opposing sides of the end
effector.

2.  The vacuum processing system of claim 1 wherein:
the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end'supports have facing edges; and

the facing edges of the two wafer end supports are spaced at least about 150 mm
to about 160 mm.

3. The vacuum processing system of claim 1 wherein: .
the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have opposing edges; and |

the opposing edges of the two wafer end supports are spaced at most about 200
mm to about 250 mm,
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4, The vacuum processing system of claim 1 wherein:

the end effector is for supporting a wafer having about a 300 mm diameter;

memdeﬁemrhcapgbleofmsmmewaEIMOormmovingthewafer
from a wafer cassette having two inner exclusion areas and two outer exclusion areas
according to SEMI 300mmWaferCamerandh1terfaceStandard and

the two wafer end supports are spaced closer together than the two outer
exclusmn areas and further apatt than the two inner exclusion areas.

: 5. The vacuum processmg system of elaxm 1 wherem the first wafer support and
. the two wafer end supports form a three-pomt support.

6. The vacuum processing sys_tem of claim S-Wherein the three-point support

: 'compnses three ball supports.

7. A vacuum prooessmg system compnsmg.

aﬁrstchamber; '
at least one second chamber coopemtnvely engaged thh the first chamber to

' penmt a wafer to pass therebetween,

a wafer handler dxsposed within the first chamber for transfernng the wafer

thetethrough,

an end effector, for supportmg the wafer during transfer through the first

chamber and to or from the second chamber, the end effector having:

" a fixed end having a first width attached to the wafer handler;
~ a free end having asecondmdth greaterthanthe firstwulth
opposing sides tapermg mwardly at the fixed end ﬁom the first width,

curving to an outward taper, and tapering outwardly to the second width at the free end;

and

a free end recess defining two fingers, the two fingers terminating at the
free end, the end effector supporting the wafer at locations proximate to the fixed end
and on the two fingers proximate to the free end.
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8. The vacuum processing system of claim 7 wherein: _ _
the end effector is for supporting a wafer having about 2 300 mm dijameter;
the two wafer end supports have facing edges; and
the facing edges of the two wafer end supports are spaced at least about 150 mm
to about 160 mm. .

9. The vacuum processing system of claim 7 wherein:

the end effector is for supporting a wafer having about a 300 mm diameter;

the two wafer end supports have opposing edges; and

the opposing edges of the two wafer end supports are spaced at most about 200
mm to about 250 mm.

10. The vacuum processihg system of claim 7 wherein:

the end effector is for supporting a wafer having about 2 300 mm diameter;

the end effector is capable of inserting the wafer into or removing the wafer
from a wafer cassefte having two inner exclusion areas and two outer exclusion areas
according to SEMI 300 mm Wafer Carrier and Interface Standard; and

the two wafer end supports’ are spaced closer together than the two outer

exclusion arcas and further apart than the two inner exclusion areas.

11.  The vacuum processing system of claim 7 wherein the first wafer support and
the two wafer end supports form a three-point support.

12.  The vacuum processing system of claim 11 wherein the three-point support
comprises three ball supports.

13.  The vacuum processing system of claim 7 further comprising:
~ awafer sense cutout, the free end recess extending into the wafer sense cutout.

14. A wafer handler for use within a chamber and for transferring a wafer
therethrough, the wafer handler comprising:
a motion arm; and
an end effector having:
a fixed end attached to the motion arm and a free end;
a first wafer support proximate to the fixed end;
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two wafer end supports proximate to the free end and spaced apart, the
first wafer support and the two wafer end supports being for supporting the wafer
thereon during transfer through the chamber;
' awafer sense cutout;
an end recess between the two wafer end supports extending from the
free end into the wafer sense cutout; and
 a first side recess and a second side recess on opposing sides of the end
effector. ‘ |

'. 15 Thewaferhandler ofelalm l4whetem.

the end effector is for supportmg a wafer having about a 300 mm diameter;
the two wafer end supports have ﬁacmg edges; and
the facing edges of the two wafer end supports are spaced at least about 150 mm

- to about 160 mm.

*16.- ‘The wafér handler of claim 14 wherein;

the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have opposing edges; and
the opposing edges of the two wafer end supports are spaced at most about 200

' 'mmtoaboutZSOmm

17 Thewaferhandlerofclmmeherem |

the end effector is for supporting a wafer_having about a 300 mm diameter;
. the end effector is capable of msertmg the wafer into or removing the wafer
from a wafer cassette havmg two mner exclusmn areas and two outer exclusion areas
accordmg to SEMI 300 mm Wafer Carner and Interface Standard; and

the two wafer end supports are spaced closer together than the two outer
exclusion areas and further apart than the two inner exclusion areas.

18.  The wafer handler of claim 14 wherein the first wafer support and the two wafer
end supports form a three-point support.

19.  The wafer handler of claim 18 wherein the three-point support comprises three
ball supports.
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20. A wafer handler for use within a first chamber and for transferring a wafer
therethrongh to or from a second chamber, the wafer handler comprising:
an end effector actuator; and
an end effector, for supporting the wafer during transfer through the first
chamber and to or from the second chamber, the end effector having:
a fixed end having a first width attached to the end effector actuator;
a free end having a second width greater than the first width;
opposing sides tapering inwardly at the fixed end from the first width,
curving to an ontward taper, and tapering outwardly to the second width at the free end;
and |
a free end recess defining two fingers at the free end.

21.  The wafer handler of claim 20 wherein:
the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have facing edges; and -

the facing edges of the two wafer end supports are spaced at least about 150 mm
to about 160 mm.

22.  The wafer handler of claim 20 wherein:
the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have opposing edges; and '

the opposing edgés of the two wafer end supports are spaced at most about 200
mm to about 250 mm.

23.  The wafer handler of claim 20 wherein:
the end effector is for supporting a wafer having about 2 300 mm diameter;
the end effector is capable of inserting the wafer into or removing the wafer
from a wafer cassette having two inner exclusion areas and two outer exclusion areas
according to SEMI 300 mm Wafer Carrier and Interface Standard; and

the two wafer end supports are spaced closer together than the two outer
exclusion areas and further apart than the two inner exclusion areas.

24.  The wafer handler of claim 20 wherein the first wafer support and the two wafer
end supports form a three-point support. ' '
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25.  The wafer handler of claim 24 wherein the three-point support comprises three
ball supports. '

26.  The wafer handler of claim 20 further comprising:
a wafer sense cutout, the free end recess extending into the wafer sense cutout.

27.  An end effector for use with a wafer handler in a chamber and for supporting a
wafer being transferred through the chamber, the end effector comprising:
a fixed end for attaching to the wafer handler and a free end;
a first wafer support proximate to the fixed end;
twowaferend'supportspm:dmatetotheﬁ-eeendandspacedapén,theﬁrst
wafer support and the two wafer end supports being for supporting the wafer thereon
during transfer through the chamber; '
~ awafer sense cutout;
anendrecessbetweenthetwowafe;ennsﬁppmextendingfromtheﬁeeend
into the wafer sense cutout; and _
a first side recess and a second side recess on opposing sides of the end effector.

- 28. The end eﬁ‘ector of claim 27 wherein:
the end effector is for supporting awaferhavmg about a300mm diameter; -
the two wafer end supports have facing edges; and
the facing edges of the two wafer end supports are spaced at least about 150 mm
to about 160 mm.

29.  The end effector of clalm 27 wherein: -
the end effector is for snpportmg awaferhavmg abouta300mmdmmeter;
the two wafer end supports have opposing edges; and
the opposing edges of the two wafer end supports are spaced at most about 200
mm to about 250 mm.
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30.  The end effector of claim 27 wherein:
the end effector is for supportmg a wafer having about a 300 mm diameter;
‘the end effector is capable of inserting the wafer into or removing the wafer
_from a wafer cassette having two inner exclusion areas and two outer exclusion areas
according to SEMI 300 mm Wafer Carrier and Interface Standard; and )
the two wafer end supports are spaced closer together than the two outer
exclusion areas and further apart than the two inner exclusion areas.

PCT/US99/03114

31.  The end effector of claim 27 wherein the first wafer support and the two wafer
end supports form a three-point support.

32.  The end effector of claim 31 wherein the three-point support comprises three
ball supports.

33.  An end effector for use with a wafer handler in a chamber and for supporting a
wafer being transferred through the chamber, the end effector comprising:

a fixed end having 2 first width attached to the wafer handler;

a free end having a second width greater than the first width;

opposing sides tapering inwardly at the fixed end from the first width, curving
to an outward taper, and tapering outwardly to the second width at the free end; and

a free end. recess defining two fingers at the free end.

34.  The end effector of claim 33 wherein:
the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have facing edges; and

the facing edges of the two wafer end supports are spaced at least about 150 mm
to about 160 mm.

35. The end effector of claim 33 wherein:

the end effector is for supporting a wafer having about a 300 mm diameter;
the two wafer end supports have opposing edges; and

the opposing edges of the two wafer end supports are spaced at most about 200
mm to about 250 mm.
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36.  The end effector of claim 33 wherein:

the end effector is for supporting & wafer having about 2 300 mm diameter;

the end effector is capable of inserting the wafer into or removing the wafer
from a wafer cassette having two inner exclusion areas and two outer exclusion areas
according to SEMI 300 mm Wafer Carrier and Interface Standard; and

the two wafer end supports are spaced closer together than the two outer
exclusion areas andfurtherapartthanthetwo inner exclusion areas.

37.  The end effector of claim 33 wherein the first wafer support and the two wafer
end supports form a three-point support.

38.  The end effector of claim 37 wherein the three-point support comprises three
ball supports.

39, The end effector of claim 33 further comprising:

s wafer sense sutout, tﬁe free end recess extending into the wafer ense cutout.
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