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A system is disclosed for retaining a pod
door (22) on a port door (26) at a load port, and
for removing contaminants, particulates and/or
gasses from between the pod and port door (26)
surfaces and from within the interior of the pod
door (22). According to a preferred embodiment
of the present invention, a vacuum source (36)
may be provided within, adjacent to, or remote
from a process tool, which vacuum source (36)
is connected to a vacuum port (34) in the front
surface of a port door (26). The vacuum is
provided to produce a negative pressure between
juxtaposed surfaces of the port (26) and pod (22)
doors.

22

34-/

/26

/38

AITAR

39




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
cM
CN
CU
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TS
™
TR
TT
UA
uG
Us
vz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

‘Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 00/07915

PORT DOOR
RETENTION AND EVACUATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to the transfer of workpieces such as
semiconductor wafers from a storage and transport pod to a process tool, and in
particular to a system for ensuring a firm engagement between, and removal of
particulates, contaminants and cleanroom air from, the port and pod doors as the
pod door is removed from the pod and stowed in the process tool during

workpiece transfer between the pod and process tool.

Description of Related Art

A SMIF system proposed by the Hewlett-Packard Company is disclosed in
U.S. Patent Nos. 4,532,970 and 4,534,389. The purpose of a SMIF system is
to reduce particle fluxes onto semiconductor wafers during storage and transport
of the wafers through the semiconductor fabrication process. This purpose is
accomplished, in part, by mechanically ensuring that during storage and
transport, the gaseous media (such as air or nitrogen) surrounding the wafers is
essentially stationary relative to the wafers, and by ensuring that particles from
the ambient environment do not enter the immediate wafer environment.

A SMIF system has three main components: (1) minimum volume, sealed
pods used for storing and transporting wafers and/or wafer cassettes; (2) an
input/output (I/0) minienvironment located on a semiconductor processing tool
to provide a miniature clean space (upon being filled with clean air) in which
exposed wafers and/or wafer cassettes may be transferred to and from the interior
of the processing tool; and (3) an interface for transferring the wafers and/or

wafer cassettes between the SMIF pods and the SMIF minienvironment without
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exposure of the wafers or cassettes to particulates. Further details of one
proposed SMIF system are described in the paper entitled "SMIF: A
TECHNOLOGY FOR WAFER CASSETTE TRANSFER IN VLSI
MANUFACTURING," by Mihir Parikh and Ulrich Kaempf, Solid State
Technology, July 1984, pp. 111-115.

Systems of the above type are concerned with particle sizes which range
from below 0.02 microns (um) to above 200um. Particles with these sizes can
be very damaging in semiconductor processing because of the small geometries
employed in fabricating semiconductor devices. Typical advanced semiconductor
processes today employ geometries which are one-half pm and under. Unwanted
contamination particles which have geometries measuring greater than 0.1xm
substantially interfere with 1um geometry semiconductor devices. The trend, of
course, is to have smaller and smaller semiconductor processing geometries
which today in research and development labs approach 0.1um and below. In
the future, geometries will become smaller and smaller and hence smaller and
smaller contamination particles and molecular contaminants become of interest.

SMIF pods are in general comprised of a pod door which mates with a pod
shell to provide a sealed environment in which wafers may be stored and
transferred. So called "bottom opening" pods are known, where the pod door
is horizontally provided at the bottom of the pod, and the wafers are supported
in a cassette which is in turn supported on the pod door. It is also known to
provide "front opening" pods, in which the pod door is located in a vertical
plane, and the wafers are supported either in a cassette mounted within the pod
shell, or to shelves mounted in the pod shell. For both front opening and bottom
opening pods, a pod door includes an interior surface which is included as part
of the sealed pod environment, and an exterior surface which is exposed to the

environment of the wafer fab.
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In order to transfer wafers between a SMIF pod and a process tool within
a wafer fab, a pod is typically loaded either manually or automatedly onto a load
port on a front of the tool. The process tool includes an access port which, in
the absence of a pod, is covered by a port door which includes an exterior
surface exposed to the wafer fab environment and an interior surface which is
part of the sealed environment within the process tool. The SMIF pod is seated
on the load port so that the pod door and port door lie adjacent to each other.
Registration pins are provided on the port door that mate with holes in the pod
door to assure a proper alignment of the pod door with respect to the port door.

Once the pod is positioned on the load port, mechanisms within the port
door unlatch the pod door from the pod shell and move the pod door and port
door together into the process tool where the doors are then stowed away from
the wafer transfer path. The pod shell remains in proximity to the interface port
S0 as to maintain a clean environment including the interior of the process tool
and the pod shell around the wafers. A wafer handling robot within the process
tool may thereafter access particular wafers supported in the pod for transfer
between the pod and the process tool.

It is extremely important to provide a clean environment around the exposed
wafers within the process tool. While the air within wafer fabs is typically
filtered to some degree, the environment surrounding the process tools and SMIF
pods includes relatively high levels of particulates and contaminants as compared
to within the pods and tools. As such, significant steps are taken to isolate SMIF
pod and process tool interiors from the surrounding environment within the fab.

As explained above, the pod door and port door, even though having
surfaces exposed to the environment of the wafer fab, are typically brought into
the interior of the process tool in preparation for wafer transfer between the pod
and the tool. In order to prevent the particulates and contaminants on the

exposed door surfaces from contaminating the interior of the process tool, it is
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known to hold the exposed pod and port door surfaces against each other when
bringing the pod and port doors into the process tools and while the doors are
positioned therein. For example, U.S. Patent No. 4,534,389, entitled
"Interlocking Door Latch For Dockable Interface For Integrated Circuit
Processing"”, discloses a spring loaded latch and release cable (figure 5 of that
Patent) for holding a pod door against the port. Such contact may trap
particulates and/or contaminants between the exposed surfaces to thereby prevent
the transfer of the particulates and/or contaminants into the process tool.

Coupling mechanisms are known for coupling the pod door to the port door
as the pod door is removed from the pod and stowed in the process tool. In
addition to these coupling mechanisms, the registration pins fit within registration
holes in the pod door to guide the pod door into a proper position on the port
door. However, a tolerance is provided between the registration pin and hole to
facilitate seating of the pin within the hole without excessive wear. As a result,
without additional restraints between the pod and port doors, it is possible that
the pod door will vibrate, tilt or move around on the port door. Any such
vibration or movement may result in particulates and/or contaminants dislodging
from the pod and/or port door surfaces and settling in the process tool.

Prior art attempts have been made to hold the pod door firmly against the
port door while the doors are coupled together and stowed in the process tool.
Such systems are disclosed for example in U.S. Patent No. 5,291,923, entitled
"Door Opening System and Method", which patent is assigned to IBM, and in
U.S. Patent No. 5,772,386, entitled "Loading and Unloading Station for
Semiconductor Processing Installations", which patent is assigned to Jenoptik
A.G. ("the ‘386 Patent"). As set forth in the ‘386 Patent for example, the port
door includes a pair of suction cups connected to a vacuum source. When the
pod door is coupled to the port door, the suction cups engage a portion of the

surface of the pod door, and a vacuum source creates suction within the cups to
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hold the pod door. The cups retract into bore holes to hold the surfaces of the
pod door and port door together. The vacuum cups of the ‘386 Patent engage
a small area on the pod door for the purpose of gripping the pod door. The
vacuum system of the ‘386 Patent is unconcerned with removing particulates or
contaminants from the pod and port door surfaces.

In conventional systems, as the pod door is positioned adjacent the port door
for coupling therewith, it is possible that the pod door may be misaligned with
respect to the port door. This misalignment may be caused by one of several
contributing factors. In front opening systems, the pod is seated on a support
surface on the load port, and the engagement between the pod and the support
surface is relied upon to align the pod door to the port door. However, if the
pod is warped or manufactured to poor tolerances, the pod door may not
precisely align with the port door. Another potential cause of misalignment
between the pod and port doors may be that an upstream load port has returned
the pod door to the pod in an off-center position with respect to the pod shell.

The port door typically includes registration pins which are intended to align
with and fit within registration holes on the juxtaposed surface of the pod door.
These registration pins may have spherical tips and/or may be flexibly mounted
to the port door (such as for example as disclosed in the ‘386 Patent) so that as
a misaligned pod door is brought to the port door, the registration pins adjust the
position of the pod door to be correctly aligned with respect to the port door.
Where the misalignment is caused by an upstream load port, it is desirable that
the registration pins adjust and correct the position of the pod door so that it may
be returned to a centered position with respect to the pod shell. However, where
the pod is warped or built to poor tolerances, a pod door may be centered within
the pod shell, but it may be misaligned with respect to the port door. In this
instance, adjustment of the position of the pod door by the registration pins may

result in the pod door being returned to the pod shell in an off-center position,
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and as a result, the sides of the pod door may scrape against the pod shell. Any
such scraping may generate harmful particulates. In prior art systems including
port doors that adjust the position of the pod door, the position of the door is
adjusted to an expected center position by the registration pins regardiess of the
cause of the misalignment.

In conventional wafer-carrying pods, as explained above, the pod door
typically includes a latch plate assembly and cast walls which define wells and
slots for receiving the registration pins and latch keys. Other than these
mechanisms, the pod door includes a predominantly hollow interior volume. The
outer walls of the pod door typically include one or more openings to the
external environment, such as for example at the slots through which the latch
plates extend to couple the pod door to the pod shell. Thus, when a pod is first
introduced onto the load port of a process tool, the interior volume of the pod
door typically includes air from the cleanroom surrounding the minienvironment.

When the pod door is brought into the minienvironment, the cleanroom air
from within the interior of the pod door may introduce particulates and
contaminants to the minienvironment as the air from within the pod interior
diffuses into the minienvironment. This may be particularly harmful where the

interior of the minienvironment includes an inert gas or gasses other than air.

SUMMARY OF THE INVENTION

It is therefore an advantage of the present invention to minimize the amount
of particulates and contaminants that may escape from between the pod and port
doors into the minienvironment of the process tool.

It is another advantage of the present invention to remove particulates
and/or contaminants from the exposed pod and port door surfaces.

It is a further advantage of the present invention to purge the air from the

interior volume of the pod door.
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It is another advantage of the present invention to allow adjustment or no
adjustment by the port door of the pod door position relative to the pod shell as
desired.

It is a still further advantage of the present invention to provide flexible
positioning pins and/or adjustable positioning holes which adjust the position of
the pod door while minimizing generation of particulates and/or contaminants in
the event adjustment is desired.

It is another advantage of the present invention to flatten out a warped pod
door when the pod door is engaged with the port door.

These and other advantages are provided by the present invention which in
preferred embodiments relates in general to a system for retaining a pod door on
a port door at a load port, and for removing contaminants, particulates and/or
gasses from between the pod and port door surfaces and from within the interior
of the pod door. According to a preferred embodiment of the present invention,
a vacuum source may be provided within, adjacent to, or remote from a process
tool, which vacuum source is connected to a vacuum port in the front surface of
a port door. The vacuum is provided to produce a negative pressure between
juxtaposed surfaces of the port and pod doors. The negative pressure
accomplishes two functions. First, the negative pressure serves to hold the pod
door firmly against the port door to prevent vibration, tilting and/or movement
of the pod door with respect to the port door while the pod and port doors are
stowed within the process tool. Second, the negative pressure serves to remove
particulates, contaminants and/or gasses from between the pod and port doors
and from within the interior volume of the pod door.

The time at which the vacuum is activated relative to the sequence of
decoupling the pod door from the pod shell and coupling the pod door to the port
door controls whether the position of the pod door is to be adjusted by the port

door. In particular, the present invention may be configured to adjust and
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correct the position of a pod door where a pod door is off-center with respect to
a port door as a result of an off-center return of the pod door to the pod shell by
an upstream load port. Alternatively, the present invention may be configured
not to adjust the position of a pod door where the pod may be warped or
otherwise manufactured with poor tolerances. In this event, adjustment of the
position of the pod door by the port door to an expected center position may
result in the pod door being returned to the port door in an off-center position
which can cause scraping of the pod and port doors and particulate generation.

The present invention may further include a perimeter seal mounted on a
port door to further enhance the tight engagement between the pod and port
doors. The perimeter seal may also include a plurality of gaps to facilitate the
flow of gas from around the port and pod doors through the interface between
the port and pod doors, and out through the vacuum port.

It is a further feature of the present invention to prevent the cleanroom air
within the interior volume of the pod door from diffusing into the
minienvironment while the pod door is stowed in the minienvironment. The pod
door includes slots and/or holes around its sides and through a surface of the pod
juxtaposed to the port door. The vacuum draws air from the interior volume
through the holes in the pod surface adjacent the port door and out through the
vacuum port. Air from within the minienvironment backfills the interior volume

through the holes and slots around the sides of the pod door.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to the drawings, in
which:
FIGURE 1 is a perspective view of a front opening SMIF pod located next

to a port door of a process tool;
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FIGURE 2 is an enlarged perspective view of a portion of the outer surface
of a port door including a latch key protruding outwardly therefrom;

FIGURE 3 is a cross-sectional side view of a pod and port door coupled
together according to the principles of the present invention;

FIGURE 4A is a perspective view of a load port and pod showing a
plurality of vacuum ports on the port door according to an alternative
embodiment of the present invention;

FIGURE 4B is a perspective view of a load port and pod showing a
plurality of vacuum ports on the port door according to a further alternative
embodiment of the present invention,;

FIGURE 5 is a cross-sectional side view of a flexible registration pin hole
mounted within the pod door;

FIGURE 6 is a perspective view of a port door and a pod door including a
perimeter seal according to an alternative embodiment of the present invention;
and

FIGURE 7 is a perspective view of the pod door affixed to the port door

according to the present invention.

' DETAILED DESCRIPTION

The present invention will now be described with reference to Figs. 1-7,
which in preferred embodiments relate in general to a system for coupling a pod
door to a port door at a load port of a process tool, and for removing
particulates, contaminants and/or gasses from the pod and port doors as the pod
door is removed from the pod and stowed in the process tool during workpiece
transfer between the pod and process tool. While a preferred embodiment of the
present invention operates in conjunction with a SMIF pod, it is understood that
the present invention may operate with any of various containers. This includes

200mm and 300mm SMIF pods, bottom opening and front opening SMIF pods,
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and pods/boxes that do not operate according to SMIF technology. Additionally,
the present invention may operate with containers carrying any of various
workpieces, including wafers, reticles, and flat panel displays. The structure
according to the present invention complies with and allows compliance with all
applicable SEMI standards.

Fig. 1 is a perspective view of a 300mm front opening SMIF pod 20
including a pod door 22 mating with a pod shell 24 to define a sealed
environment for one or more workpieces located therein. (The rear of the pod
door 20 would ordinarily be facing the port door as the pod is loaded on the port.
It is shown otherwise in Fig. 1 for clarity.) While pod 20 is illustrated as a
300mm front opening pbd, as previously indicated, the size and type of the pod
are not critical to the present invention. In order to transfer the workpieces
between the pod 20 and a process tool 28, the pod is loaded onto a load port 25
adjacent a port door 26 on a front of the process tool. The type of process
carried out within tool 28 is not critical to the present invention, and may be any
of various testing, monitoring, and/or processing operations.

Referring now to Figs. 1 and 2, a front surface 30 of the port door 26 faces
a rear surface 31 of the pod door 22, and includes a pair of registration pins 27
for mating within a corresponding pair of registration holes 29. The port door
further includes a pair of latch keys 32 for being received in a corresponding pair
of slots 33 of a door latching assembly mounted within pod door 22. An
example of a door latch assembly within a pod door adapted to receive and
operate with latch key 32 is disclosed in U.S. Patent No. 4,995,430 entitled
"Sealable Transportable Container Having Improved Latch Mechanism", to
Bonora et al., which patent is assigned to the owner of the present invention, and
which patent is incorporated by reference herein in its entirety. In order to latch
the pod door to the port door, the pod door 22 is seated adjacent the port door
26 so that the vertically oriented latch keys are received within the vertically
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oriented slots 33. While a preferred embodiment of the door latch assembly in
the pod door has been described above, it is understood that the mechanisms in
the pod door for coupling/uncoupling the pod door to the pod shell are not
critical to the present invention and may vary significantly in alternative
embodiments.

In addition to decoupling the pod door from the pod shell, a 90° rotation,
for example, of the latch keys 32 will also lock the keys 32 onto their respective
slots 33, thus coupling the pod door to the port door. As would be appreciated
by those of skill in the art, alternative latch key configurations are contemplated.
One such alternative is disclosed in U.S. Patent Application Serial No.

, entitled "Pod Door to Port Door Retention System" to Rosenquist
et al., which application is assigned to the owner of the present invention and
which application is incorporated by reference herein in its entirety. A preferred
embodiment of the present invention includes two latch key 32 and slot 33 pairs,
each of which pairs are structurally and operationally identical to each other.
However, in alternative embodiments of the invention, the pod door may be
coupled to the port door by a single latch key and slot pair, or more than two
latch key and slot pairs. Moreover, it is understood that where there is more
than one latch key/slot pair, the respective pairs need not be identical to each
other in alternative embodiments of the invention.

Referring now to Figs. 1 and 3, according to a first embodiment of the
present invention, the port door further includes a vacuum port 34 formed
through the port door and connected to a vacuum source 35 via vacuum line 38.
As would be appreciated by those of skill in the art, the vacuum source may be
located within or adjacent to each process tool 28, or alternatively may be located
remote from the process tool. In this latter embodiment, it is contemplated that
a single vacuum source 36 may service a plurality of process tools 28. A valve

39 may further be provided for controlling the negative pressure within the
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vacuum line 38 and vacuum port 34. In a preferred embodiment of the present
invention, port door 26 may include a single, centrally located vacuum port 34
operatively connected to the vacuum source 36 by a single vacuum line 38.
However, it is understood that the port door may include a plurality of vacuum
ports operatively connected to a vacuum source by a corresponding number of
vacuum lines. Two such configurations are shown in Figs. 4A and 4B. It is
understood that the number and position of vacuum ports 34 in the port door may
vary significantly in alternative embodiments of the present invention. In a
preferred embodiment of the present invention shown in Fig. 3, the vacuum port
34 may have an approximate diameter of % inch. However, it is understood that
the size and shape of vacuum port 34 may vary significantly in alternative
embodiments of the present invention.

Vacuum port 34, vacuum source 36 and vacuum line 38 are provided to
produce a negative pressure between juxtaposed surfaces of the port and pod
doors, and for creating a negative pressure within an interior volume 40 of the
pod door 22 as explained hereinafter. As this negative pressure is continuously
applied as the port and pod doors are removed from the port and stowed in the
process tool, the vacuum line 38 must include at least one flexible section along
its length so as to be able to move with the port and pod doors as they are
removed and stowed. The negative pressure applied by the vacuum source and
port accomplishes two functions. First, the negative pressure serves to hold the
pod door firmly against the port door to prevent vibration, tilting and/or
movement of the pod door with respect to the port door while the pod door is
coupled to the port door. Second, even though the pod and port doors are held
tightly together, air may still pass between the engaged surfaces of the doors, and
the negative pressure at the interface between the port and pod doors draws gas
from around the coupled port and pod doors into the interface between the port

and pod doors and away from the port and pod doors through the vacuum port.

PCT/US99/17698



10

15

20

25

WO 00/07915

-13-

Thus, particulates and/or contaminants are carried by the flow between the port
and pod doors and out through the vacuum port. Where particulates and/or
contaminants are not drawn away through the vacuum port 34, they are at least
prevented from escaping from between the port and pod doors by the flow of gas
in the opposite direction.

In one embodiment of the present invention, the vacuum source may draw
gas away under a pressure of 5 lbs. per square inch at the interface between the
port and pod doors. As the surface area between the port and pod doors may be
approximately one square foot or 160 square inches, the vacuum source may hold
the pod and port doors together with approximately 800 1bs. of force. As
indicated in the Background of the Invention section, the pod door may be
warped. The pound-force generated by the vacuum source will flatten the pod
door against the port door when coupled therewith. This further prevents any
movement of the pod door with respect to the port door while coupled together.
Additionally, while the pod may return at least to some extent to its warped state
after decoupling from the port door, the pod door remains flat against the port
door while the pod door is returned to the pod shell. This lessens the likelihood
of contact between the pod door and the pod shell upon return of the pod door
to the pod.

As explained in the Background of the Invention section, it is desirable to
be able to control whether the port door adjusts the position of the pod door upon
decoupling from the pod shell. In particular, where a pod door is off-center with
respect to a port door as a result of an off-center return of the pod door to the
pod shell by an upstream load port, it is desirable to adjust the position of the
pod door to a centered position upon return of the pod door to the pod shell. On
the other hand, where the pod may be warped or otherwise manufactured with
poor tolerances, a pod door may be centered with respect to the pod shell, but

off-center with respect to the port door. In this instance, adjustment of the
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position of the pod door by the port door to an expected center position may
result in the pod door being returned to the port door in an off-center position.
This can cause scraping of the pod door against the pod shell and particulate
generation. It is therefore a feature of the present invention to allow a wafer fab
technician to adjust the position of a pod door to the port door, or not to adjust
the position of the pod door to the port door, as desired. In particular, if the
vacuum source 36 is activated before the pod door is released from the pod shell,
the vacuum will pull the pod door toward the port door before the pod is released
by the pod shell. Upon release of the pod door from the pod shell, there is at
most a very small space between the pod and port doors. As such, upon release
of the pod door from the pod shell, the pod door will be pulled tight against the
port door before the registration pins 27 are able to adjust the lateral position of
the pod door.

If on the other hand the vacuum source is only activated after the pod door
is released and separated from the pod shell, the registration pins 27 will have a
chance to adjust the position of the pod door to a position at which the pod door
is centered with respect to the port door before the vacuum pulls the pod door
straight in. Therefore, where a fab technician determines that the pods may be
warped or otherwise built to poor tolerances, no adjustment of the position of the
pod door by the port door is preferred, and the technician may cause the control
system to activate the vacuum source before the latch keys decouple the pod door
from the pod shell. On the other hand, where a fab technician determines that
an upstream load port is returning pod doors to the pod shells in an off-center
position, and positional adjustment of the pod door is desired, the technician may
cause the control system to activate the vacuum source after the pod door is
decoupled from the pod shell to thus accomplish the positional correction.

It is thus understoogi that the vacuum source may be activated before, during

or after decoupling and separation of the pod door from the pod shell in
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embodiments of the invention. There may also be other criteria than a warped
pod or faulty upstream load port for determining whether the present invention
allows or does not allow positional adjustment of the pod door. Additionally,
embodiments of the present invention may be provided to either correct or not
to correct the position of the pod door, without the ability to switch between the
two options. In an embodiment where the vacuum is turned on prior to the pod
door being released from the pod shell, and no option to adjust the position of
the pod door is provided, the registration pins may be undersized, or omitted
altogether.

In embodiments of the present invention configured to always adjust the pod
door position, or to provide the option to adjust or not to adjust the pod door
position, the registration pins may be mounted in the port door to be able to shift
as explained hereinafter so as to facilitate seating in the registration holes when
the pins and holes are not precisely aligned. Alternatively, rigid pins may be
mounted to a flexible base to allow the pins to bend. Further still, the pins may
be flexible along their length. The tip of the registration pins are preferably
spherical or tapered to facilitate receipt of the pins within the holes for off-center
alignments.

Referring now to Fig. 5, both the registration pin 27 and the registration
hole 29 may be spring loaded in the port door and pod door, respectively, to add
further flexibility to the registration pin and hole mating, and to further reduce
the potential for particulate generation. As shown in the alternative embodiment
of Fig. 5, the port door and the pod door may each include a floating registration
assembly 41. Each of the floating registration assemblies 41 include a floating
member 42 translatably mounted within a slot 44 formed within the respective
port and pod doors. The registration pin 27 is formed in the floating member 42
of the port door registration assembly 41, and the registration hole 29 is formed

in the floating member 42 of the pod door registration assembly 41. A memory
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free elastomeric member 46 is provided around the floating member 42 in each
assembly 41 so that outer edges of each elastomeric member 46 engage the walls
of slot 44, and inner edges of each elastomeric member 46 engage the floating
members 42.

With such a configuration, the elastomeric members 46 serve to maintain
the floating members 42 in a centered position within slots 44 in each of the
assemblies 41. However, in the event the registration pin is not perfectly aligned
with the registration hole, engagement of the registration pin with a side wall of
the registration hole will deflect the floating member 42 in the port door and/or
the floating member 42 in the pod door against the force of the elastomeric
member 46 to allow the registration pin to properly seat within the registration
hole with minimal wear. The side walls of the floating member defining the
registration hole, as well as the tip of the registration pin, may be tapered to
facilitate receipt of the registration pin within the registration hole.

The elastomeric members 46 are preferably memory free so that upon
removal of the registration pin from the registration hole, the elastomeric
members return to their original shape to center the respective floating members
42 within slots 44. The elastomeric members 46 may be sized and have
sufficient stiffness to support the weight of the pod door on the registration pins
with minimal deflection of the respective assemblies 41, while allowing
deflection for a misalignment between the registration pin and registration hole.
In a preferred embodiment, the floating members are circular when viewed from
the front, and the elastomeric members 46 are preferably annular. With such a
configuration, each elastomeric members 46 allow adjustment of the floating
members 42 in all radial directions. It is understood that the floating members
42 and the elastomeric members 46 may have other configurations. It is also
contemplated that the configuration of the pod door floating registration assembly

need not be the same as the port door floating registration assembly.
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While Fig. 5 shows both the pod and port doors including a floating
registration assembly 41, it is understood that one or the other of the pod doors
may include assemblies 41 as described above in alternative embodiments. Ina
further alternative embodiment to that shown in Fig. 5, various springs may be
used in the place of the elastomeric members 46 to bias the floating members 42
to a center position within slots 44 while allowing adjustment of one or both of
the respective floating members upon a misalignment between the registration pin
and registration hole. In a still further alternative embodiment, the elastomeric
member 46 in the pod door may have a thinner profile at its bottom than at its
top. Such a configuration will cause the unbiased position of the floating
member 42 in the pod door to be toward the bottom of slot 44. Thus, when the
registration pins seat within the registration holes, the larger top portion of the
elastomeric member will counter balance the weight of the pod door (which
would tend to bias the floating member 42 in the pod door upward within slot
44) so that the floating member 42 in the pod door would then be centered within
the slot. The same may be accomplished by providing the elastomeric member
46 in the port door with a thinner profile at its top than at its bottom.

Referring now to Fig. 6, in addition to the one or more vacuum ports 34,
a perimeter seal 48 may be mounted within a channel 50 formed within an outer
perimeter of the port door. The perimeter seal 48 may be provided to enhance
the seal between the port and pod doors generated by the vacuum source 36 and
vacuum port 34. In a preferred embodiment, the perimeter seal may be formed
of Viton or other elastomer, and have a circular cross-section with an outer
diameter of between one-eighth and one-quarter inches. It is understood that the
materials and dimensions of the perimeter seal may vary in alternative
embodiments. The perimeter seal resides in the channel 50 so that a small
portion of the perimeter seal extends out beyond the plane of the port door

surface by, for examplé, approximately 50 mils. As the port and pod doors
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come together, the pod door compresses the perimeter seal 48 to establish a tight
seal along the line of contact between the perimeter seal 48 and the pod door,
while at the same time allowing the surfaces of the port and pod doors to lie flush
against each other.

As shown in Fig. 6, the perimeter seal may include one or more gaps 52
around its perimeter through which air from the minienvironment may be drawn
by the vacuum source 36. The gaps 52 may be evenly dispersed around the
perimeter seal, or may have a higher concentration in a particular area. For
example, a higher number of gaps 50 may be provided along the bottom portion
of a perimeter seal so that particulates may fall from between the surfaces of the
port and pod doors due to the force of gravity before the doors are brought into
the minienvironment and before the vacuum source is activated.

It is understood that the configuration of the perimeter seal 48 and channel
50 may vary in alternative embodiments, and that the cross-sectional
configuration of the perimeter seal 48 may also vary in alternative embodiments.
For example, the perimeter seal 48 need not be hollow. As a further alternative,
the perimeter seal may comprise a flap projecting at an angle from channel 50.

As discussed above, the pod door 22 includes an interior volume 40 which
houses the door latching assembly and includes various ridges and walls which
define the holes for receiving the registration pins and latch keys. Aside from
these structures, the interior volume 40 is predominantly hollow. As shown in
Fig. 7, the volume 40 is open to the environment surrounding the pod door at
least at the slots 54 through which the latch plates of the latch assembly extend
to couple the pod door to the pod shell. Other openings such as for example
holes 56 may be provided through the pod door to open the interior volume 40
of the pod door to the external environment. These slots and holes may be

located on the sides of the pod and on the rear surface 31 as explained
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hereinafter. No such holes or slots are provided on a surface of the pod door
adjacent to the wafer-containing interior of the pod.

With the various slots 54 and holes 56, when a pod 20 is initially loaded
onto a load port 25 of a process tool 28, the interior volume 40 is filled with air
from the cleanroom. Air from the cleanroom includes considerably more
particulates and/or contaminants than the atmosphere within the
minienvironment, and it would be desirable to prevent the air within the interior
volume 40 to diffuse into the minienvironment. As indicated in the Background
of the Invention section, diffusing of the air from the interior volume 40 into the
minienvironment may be an especially big problem where the interior of the
minienvironment is filled with an inert gas or some composition other than air.

According to the present invention, air from within the interior volume 40
of the pod door is prevented from diffusing into the minienvironment as a result
of the negative pressure established by the vacuum source through the vacuum
port 34. In particular, the rear surface 31 of the pod door in contact with the
port door includes holes which open interior volume 40 to the low pressure at the
interface between the port and pod doors. Thus, the air from within the interior
volume is drawn out of the interior volume and is removed through the vacuum
port 34. Additionally, it is common to put the pod door and/or shell through a
cleaning process which may result in moisture being left within the interior
volume 40. According to the present invention, any such moisture is additionally
prevented from entering the minienvironment.

The holes through to the interior volume within the pod door may be at the
holes and slots for the registration pins and latch keys, respectively, or may
additionally or alternatively be located elsewhere in the rear surface 31. As the
air from within the interior volume 40 is drawn out through the vacuum port 34,
gas from within the minienvironment backfills the interior volume 40 through the
slots and/or holes 54, 56.
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The present invention prevents diffusion of air within the interior volume
of the pod door into the minienvironment without having to seal the interior
volume against the surrounding environment. This configuration provides a
greatly simplified construction relative to conventional pod doors which have
attempted to provide a sealed, isolated interior volume within the pod door.
Such conventional configurations are difficult to manufacture with high
tolerances, in part because the wells and slots for receiving the registration pins
and latch keys must be formed in the rear cover plate of the pod door, which is
formed and then subsequently attached to the pod door. The problem with such
constructions is that the cover plate may be affixed in different positions on the
pod door due to manufacturing tolerances. An imprecise positioning of the cover
plate in the pod door will result in the pod door being positioned off-center on
the port door when coupled therewith (even though the cover plate is properly
positioned). This in turn may result in the pod door rubbing against the pod shell
as the pod door is returned to the shell.

By contrast, because there are no considerations regarding having to seal the
interior volume against the surrounding environment in the present invention, the
holes and slots for the registration pins and latch keys may be formed directly in
the pod door as opposed to the rear cover plate. Thus, the pod door (as opposed
to the cover plate) directly registers against the port door. This increases the
likelihood that the pod door will be centered with respect to the pod shell as the
pod door is returned to the shell.

Although the invention has been described in detail herein, it should be
understood that the invention is not limited to the embodiments herein disclosed.
Various changes, substitutions and modifications may be made thereto by those
skilled in the art without departing from the spirit or scope of the invention as
described and defined by the appended claims.
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We Claim:

1. A load port, capable of being affixed to a process tool, for receiving a pod
carrying one or more workpieces, the pod including a pod shell and a pod door
mating with the pod shell, the load port facilitating transfer of the one or more
workpieces between the pod and the process tool, the load port comprising:

a port through which the one or more workpieces may be
transferred;

a port door movable between a first position where said port door
covers said port, and a second position where said port door allows said
workpieces to be transferred through said port, said port door including
means for coupling said port door to the pod door, an interface being
defined between said coupled port door and pod door having an area
approximately equal to a length and width of a side of the pod door
juxtaposed to said port door;

a vacuum source operatively connected to said port door for

generating a negative pressure relative to ambient pressure at said interface.

2. Aload port as recited in claim 1, wherein said vacuum source holds the pod

door firmly against said port door.

3. A load port as recited in claim 1, wherein said vacuum source removes

particulates and/or contaminants from between said port door and the pod door.

4. A load port as recited in claim 1, wherein said vacuum source removes air

from within the pod door.

5. A load port as recited in claim 1, wherein said vacuum source removes

moisture from within the pod door.
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