
WAFER CONTAINERWITH DOOR ACTUATEDWAFERRESTRAINT
RELATED APPLICATIONS This application claims the
benefit of U.S. Provisional Patent Application Serial
No. 60/520,817, filed November 16, 2003, hereby fully
incorporated herein by reference.  FIELD OF THE
INVENTION This application relates to sealable wafer
containers, and more specifically to wafer support and
restraining means in wafer containers. BACKGROUND OF
THE INVENTION Semiconductor wafers have become larger
in scale, now with fabrication facilities commonly
utilizing 300 mm wafers to be manufactured into
semiconductor devices such as integrated circuits. The
integrated circuits themselves have become larger in
size with increasing circuit densities. As a
consequence, the size of particulate contaminants that
can destroy a circuit have decreased significantly,
and strict particulate control is necessary during all
phases of manufacturing, processing, transporting, and
storage of . semiconductor wafers. h order to inhibit
contamination by particulates during storage,
processing, and handling operations, wafers are
commonly stored and transported in sealed
front-opening wafer containers that have a door
secured by latches on the open front. The door can be
typically removed manually or robotically. Such wafer
containers are known in the industry as FOUPs, which
is an acronym for front-opening unified pod, and
FOSBs, an acronym for front-opening shipping box.
Examples of such containers are generally disclosed in
U.S. Patent Nos. 6,644,477; 6,267,245; 6,216,874;
6,206,196; 6,010,008; and 5,944,194, all of which are
commonly owned by the owners of the present invention
and which are hereby fully incorporated herein by
reference. The doors on these types of containers are
operated with robotic interfaces that have precisely
positioned keys that insert into the front of the door
to operate latching mechanisms to remove and place the
door with respect to the container portion. 



Semiconductor wafers are typically very thin and
brittle. As a consequence, it is highly desirable
wafers are firmly restrained in the container to
inhibit movement.Further, the wafers should be
cushioned against shocks that may cause breakage of
the wafer. Prior art containers typically have one or
more wafer cushioning support or restraint structures
fixed in the enclosure. These fixed structures may be
supplemented by one or more wafer cushions fixed on
the door, which provide support to the wafers when the
door is engaged with the container. Most commonly, two
fixed supports are spaced apart in the enclosure and
one support is provided on the door so that wafers are
supported at three roughly evenly spaced-apart
locations. While prior containers are generally
satisfactory for most uses, it is desirable in some
cases, particularly in wafer containers for single
wafers, to provide additional support along the edge
of the wafer facing the door to alleviate
unsatisfactory deflection and movement of the wafer.
What i . needed in the industry is an alternative
wafer cushioning means that enables firm support and
cushioning along the front edge of wafer. SUMMARY OF
THE INVENTION The present invention meets the need of
the industry for a wafer container with alternative
wafer cushioning means that enables firm support and
cushioning along the front edge of a wafer. According
to an embodiment of the invention a container for
holding a wafer includes an enclosure portion having a
top, a bottom, a pair of opposing sides, a back and an
opposing open front defined by a door frame. A door is
sealingly engagable in the door frame to close the
open front. The container further includes wafer
restraint means in the enclosure including fixed wafer
restraint means and operable wafer restraint means.
The operable wafer restraint means is selectively
positionable by engaging and disengaging the door from
the door frame, and is positioned so to enable
insertion or removal of a wafer from the container
when the door is disengaged from the door frame and
positioned so as to cooperate with the fixed wafer
restraint means to 



restrain the wafer in the container when the door is
engaged in the door frame. In one embodiment, the
wafer restraint means includes a generally c-shaped
wafer support having a pair of opposing branches, each
branch having a first end fixedly coupled to the back
of the enclosure portion and a second opposing end
cantilevered therefrom. Each branch includes a forward
wafer engaging portion proximate the second end, and
thewafer restraint system further includes an actuator
disposed so as to engage and urge the second ends of
the branches inwardly when the door is engaged with
the enclosure portion. In another embodiment of the
invention, the operable wafer restraint means includes
an arm pivotally coupled with the enclosure portion.
The arm may include a first end having a door
contacting portion and a second opposing end having a
wafer contacting portion. The arm may further have a
spring operably coupled between the enclosure portion
and the arm for biasing the arm toward the first
position. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a perspective view of a front-opening wafer container
for holding a single wafer; Fig. 2 is a perspective
view of an alternative embodiment of a front-opening
wafer container for holding a single wafer; Fig. 3 is
a front elevation view of the wafer container of Fig.
2 with the door removed; Fig. 4 is a sectional view of
an embodiment of a wafer container with a door
actuated operable wafer restraint according to the
invention with the door disengaged from the enclosure;
Fig. 5 is a sectional view of the wafer container of
Fig.4 with the door fully engaged with the enclosure;
Fig. 6 is a sectional view of an alternative
embodiment of a wafer container with a door actuated
operable wafer restraint according to the invention
with the door disengaged from the enclosure; 



Fig. 7 is a sectional view of the wafer container of
Fig.6 with the door fully engaged with the enclosure;
and Fig. 8 is a perspective view of a wafer container
for multiple wafers with door actuated operable wafer
restraints according to the invention.DETATT,ED
DESCRIPTION OF THE PREFERRED EMBODIMENTS Referring to
Figs. 1 and 2, a front opening wafer container for
holding a single wafer according to embodiments of the
invention generally includes an enclosure portion 12,
having a top 14, a bottom 16, a pair of opposing sides
18, 20, a back 22 and an open front 24, enclosing an
open interior 26. Wafer container 10 further generally
includes door 28 for sealingly closing open front 24.
Door 28 generally includes chassis 30 having a front
or exterior side 32, and a back or interior side 34.
Front side 32 includes panel 36 covering one or more
latching mechanisms 38, which are operated through
keyholes 40 defined in panel 36. Further details of
latching mechanisms 38 are disclosed in copending U.S.
Utility Patent Application Serial No. 10/ , entitled
WAFER CONTAINER AND DOOR WITH CAM LATCHING MECHANISM,
filed on the same day as the present application and
hereby fully incorporated herein by reference. Sealing
means (not depicted) may be provided at periphery 42
of door 28 to sealingly engage with door frame 44 in
enclosure portion 12. In the embodiment of Figs. 2 and
3, hand grips 45 are provided on the exterior of
enclosure portion 12 to enable the container 10 to be
easily handled. The interior surface 45a of these hand
grips 45 may double as a fixed wafer support surface
45b in the container 10. According to an embodiment of
the invention depicted in Figs. 4 and 5, wafer support
and restraint system 46 is positioned in enclosure
portion 12, and generally includes wafer support 48
and actuator mechanism 50. Wafer support 48 is
generally cshaped when viewed in plan view as
depicted, and includes a pair of branches 52, 54,
extending from attachment portion 56, which is fixed
to the interior surface of back 22 of enclosure
portion 12 so that branches 52, 54, are cantilevered
therefrom. Each branch 52, 



54 has a rear wafer engaging portion 58 positioned
proximate attachment portion 56 and a forward wafer
engaging portion 60 positioned proximate the distal
end 62 of each branch. Actuator mechanism 50 generally
includes guide 64, piston 66, and return spring 68.
Guide 64 defines a bore (not depicted) in which piston
66 is slidably disposed. Piston 66 generally includes
head 70, intermediate shaft 72 and wedge-shaped
support engaging portion 74. Return spring 68 is
disposed between guide 64 and head 70.In operation,
wafer 76 may be inserted in enclosure portion 12 with
door 28 removed so that the wafer is engaged with rear
wafer engaging portions 58 of each branch 52, 54. With
door 28 not engaged with enclosure portion 12 as
depicted in Fig. 4, distal ends 62 of branches 52, 54,
are spread outward slightly away from wafer 76 so that
only the inner tips 78 of forward wafer engaging
portions 60 are engaged under wafer 76. In this
position, wafer 76 is not restrained from moving
toward open front 24. As door 28 is engaged with
enclosure portion 12 in the direction of the arrows as
depicted in Fig. 4, interior side 34 of door 28
engages head 70 of each piston 66. As door 28 is moved
into engagement in door frame 44, pistons 66 slide in
guides 64 inwardly into enclosure portion 12, and
return springs 68 are compressed as heads 70 move
toward guides 64. As pistons 66 move further inward,
wedge shaped support engaging portions 74 engage
sloped outer edge 79 of branches 52, 54, forcing
distal ends 62 toward wafer 76, and engaging forward
wafer engaging portions 58 around wafer 76. In the
fully engaged position depicted in Fig. 5, wafer 76 is
restrained from moving toward open front 24 by forward
wafer engaging portions 5 . Door 28 may be disengaged
from enclosure portion 12 whenever it is desired to
remove wafer 76 from the container. As door 28 i moved
out of door frame 44, return springs 68, decompress,
urging heads 70 outward away from guides 64 and
returning pistons 66 to the position depicted in Fig.
4. In turn, as wedge shaped support engaging portions
74 disengage from sloped outer edge 78 of branches 52,
54, distal ends 62 and forward wafer engaging portions
58 spring outward away from wafer 76 returning to the
position depicted in Fig. 4. As an alternative to
actuator mechanism 50, a structure similar 



to piston 66 may be fixed directly to door 28 at the
appropriate location to engage sloped outer edge 79 of
branches 52, 54, so as to deflect distal ends 62
inwardly as door 28 is engaged with enclosure portion
12 as described above. While requiring relatively
greater precision in aligning door 28 with the
container during engagement, this embodiment offers
the advantage of an actuator without moving parts.
Another alternative embodiment of the invention is
depicted in Figs. 6 and 7. In this embodiment, wafer
support and restraint system 80 generally includes a
pair of fixed rear wafer supports 81 on back 22 of
enclosure portion 12 and a pair of operable forward
wafer supports 82, 84. Each forward wafer support 82,
84, is pivotally mounted to enclosure 12 at pivot 86,
and generally includes door engaging portion 88 and
arm 90 onopposite sides of pivot 86. Arm 90 has wafer
engaging portion 92 at distal end 94. Springs 96 are
coupled between each arm 90 and sides 18, 20, to
locate arm 90 in the proper position for insertion of
wafer 76 when door 28 is removed from the container,
and to provide a biasing force tending to pull arm 90
toward the sides 18, 20, when distal ends 94 are moved
inward toward wafer 76. Door 28 may have a pad 98
thereon for receiving door engaging portion 88. In
operation, wafer 76 may be inserted in enclosure
portion 12 with door 28 removed so that the wafer is
engaged with rear wafer supports 80. With door 28 not
engaged with enclosure portion 12 as depicted in Fig.
6, distal ends 94 of each arm 90 are positioned
proximate sides 18, 20, so as not to interfere with
insertion or removal of the wafer h this position,
wafer 76 is not restrained from moving toward open
front 24. As door 28 is engaged with enclosure portion
12 in the direction of the arrows as depicted in Fig.
6, pads 98 on door 28 engage door engaging portions 88
of each forward wafer support 82, 84. As door 28 is
moved into engagement in door frame 44, door engaging
portions 88 are forced outwardly toward sides 18, 20,
causing forward wafer supports 82, 84 to pivot about
pivots 86, and distal ends 94 of arms 90 to move
inwardly. Wafer engaging portions 92 engage around
wafer 76 as door 28 reaches the fully engaged position
depicted in Fig. 7. h this fully engaged position
depicted in Fig. 7, wafer 76 is 



restrained from moving toward open front 24 by wafer
engaging portions 92. Again, door 28 may be disengaged
from enclosure portion 12 whenever it is desired to
remove wafer 76 from the container. As door 28 is
moved out of door frame 44, pads 98 disengage from
door engaging portions 88, enabling forward wafer
supports 82, 84, to pivot about pivot 86 and springs
96 to decompress, thereby pulling arms 90 toward sides
18, 20, away from wafer 76. Hence, wafer support and
restraint system 80 returns to the position depicted
in Fig. 4. As depicted in Fig. 8, the present
invention may be applied to provide additional support
to the front edge of wafers in a multiple wafer
container. In the depicted embodiment, a plurality of
the cantilevered c-shaped wafer supports 48 described
hereinabove is positioned in the container 98, one for
each wafer to be held. A plurality of actuating
mechanisms 50 is positioned along the sides of the
container 98 to actuate the wafer supports 48 when
door 100 is engaged with the container. It will be
appreciated thatthe alternative embodiment depicted in
Figs. 6 and 7 may be employed in a multiple wafer
carrier in a like manner within the scope of the
invention. Various components identified herein may be
molded from suitable thermoplastic or other material
having characteristics suitable for use in wafer
containers. Desirable thermoplastics would include
polyetheretherketone (PEEK) with carbon fiber filler
or carbon powder filler, polyetherimide (PEI),
polycarbonate or other suitable thermoplastics as are
generally known in the art.What is claimed is: 1. The
combination of a wafer and a container for holding the
wafer wherein the container comprises: an enclosure
portion having a top, a bottom, a pair of opposing
sides, a back and an opposing open front defined by a
door frame; a door sealingly engagable in the door
frame to close the open front; and a wafer restraint
system in the enclosure comprising at least one fixed
wafer restraint portion and at least one operable
wafer restraint portion, the operable wafer restraint
portion being selectively shiftable with the door
between a first position wherein 



the operable wafer restraint portion is positioned to
enable the wafer to be inserted and removed from the
container, and a second position wherein, when the
wafer is received in the fixed wafer restraint
portion, the operable wafer restraint portion is
engaged with and restrains the wafer. 2. The
combination of claim 1, wherein the wafer restraint
system includes a generally c-shaped wafer support
having a pair of opposing branches, each branch having
a first end fixedly coupled to the back of the
enclosure portion and a second opposing end
cantilevered therefrom, each branch further including
a forward wafer engaging portion proximate the second
end, the wafer restraint system further including an
actuator disposed so as to engage and urge the second
ends of the branches inwardly when the door is engaged
with the enclosure portion. 3. The combination of
claim 2, wherein the actuator comprises a guide
operably coupled with the enclosure portion and a
piston slidably disposed in the guide. 4. The
combination of claim 3, wherein the piston includes a
head portion disposed so as to be engagable with the
door and wherein the actuator further comprises a
return spring disposed to exert a biasing force
resisting movement of the head portion toward the
guide. 5. The combination of claim 4, wherein the
piston includes a wedge shaped wafer support engaging
portion opposite the head.6. The combination of claim
2, wherein the actuator comprises a projection on the
door. 7. The combination of claim 1, wherein the
operable wafer restraint portion comprises an arm
pivotally coupled with the enclosure portion. 8. The
combination of claim 7, wherein the arm includes a
first end comprising a door contacting portion and a
second opposing end comprising a wafer contacting
portion. 9. The combination of claim 7, further
comprising a spring operably coupled between the
enclosure portion and the arm for biasing the arm
toward the first position. 



10. A container for holding a wafer comprising: an
enclosure portion having a top, a bottom, a pair of
opposing sides, a back and an opposing open front
defined by a door frame; a door sealingly engagable in
the door frame to close the open front; and wafer
restraint means in the enclosure including fixed wafer
restraint means and operable wafer restraint means,
the operable wafer restraint means being selectively
positionable by engaging and disengaging the door from
the door frame, the operable wafer restraint means
being positioned so to enable insertion or removal of
a wafer from the container when the door is disengaged
from the door frame and positioned so as to cooperate
with the fixed wafer restraint means to restrain the
wafer in the container when the door is engaged in the
door frame. 11. The container of claim 10, wherein the
wafer restraint means includes a generally c-shaped
wafer support having a pair of opposing branches, each
branch having a first end fixedly coupled to the back
of the enclosure portion and a second opposing end
cantilevered therefrom, each branch further including
a forward wafer engaging portion proximate the second
end, the wafer restraint system further including an
actuator disposed so as to engage and urge the second
ends of the branches inwardly when the door is engaged
with the enclosure portion. 12. The container of claim
, wherein the actuator comprises a guide operably
coupled with the enclosure portion and a piston
slidably disposed in the guide.13. The container of
claim 12, wherein the piston includes a head portion
disposed so as to be engagable with the door and
wherein the actuator further comprises a return spring
disposed to exert a biasing force resisting movement
of the head portion toward the guide. 14. The
container of claim 13, wherein the piston includes a
wedge shaped wafer support engaging portion opposite
the head. 15. The container of claim 11, wherein the
actuator comprises a projection on the door. 



16. The container of claim 10, wherein the operable
wafer restraint means comprises an arm pivotally
coupled with the enclosure portion. 17. The container
of claim 16, wherein the arm includes a first end
comprising a door contacting portion and a second
opposing end comprising a wafer contacting portion.
18. The container of claim 16, further comprising a
spring operably coupled between the enclosure portion
and the arm for biasing the arm toward the first
position. 19. The combination of a plurality of wafers
and a container for holding the wafers in an axially
aligned, generally parallel spaced apart arrangement,
the container comprising: an enclosure portion having
a top, a bottom, a pair of opposing sides, a back and
an opposing open front defined by a door frame; a door
sealingly engagable in the door frame to close the
open front; and a wafer restraint system in the
enclosure comprising a plurality of fixed wafer
restraint portions and a plurality of corresponding
operable wafer restraint portions, the operable wafer
restraint portions being selectively shiftable with
the door between a first position wherein the operable
wafer restraint portions are positioned to enable the
wafers to be inserted and removed from the container,
and a second position wherein, when the wafers are
received in the fixed wafer restraint portions, the
operable wafer restraint portions are engaged with and
restraining the wafers.20. The combination of claim
19, wherein the wafer restraint system comprises a
plurality of generally c-shaped wafer supports having
a pair of opposing branches, each branch having a
first end fixedly coupled to the back of the enclosure
portion and a second opposing end cantilevered
therefrom, each branch further including a forward
wafer engaging portion proximate the second end, the
wafer restraint system further including an actuator
for each branch disposed so as to engage and urge the
second ends of the branches inwardly when the door is
engaged with the enclosure portion. 21. The
combination of claim 20, wherein each actuator
comprises a guide 



operably coupled with the enclosure portion and a
piston slidably disposed in the guide. 22. The
combination of claim 21, wherein each piston includes
a head portion disposed so as to be engagable with the
door and wherein each actuator further comprises a
return spring disposed to exert a biasing force
resisting movement of the head portion toward the
guide. 23. The combination of claim 22, wherein the
piston includes a wedge shaped wafer support engaging
portion opposite the head. 24. The combination of
claim 20, wherein each actuator comprises a projection
on the door. 25. The combination of claim 19, wherein
the operable wafer restraint portions comprise an arm
pivotally coupled with the enclosure portion. 26. The
combination of claim 25, wherein each arm includes a
first end comprising a door contacting portion and a
second opposing end comprising a wafer contacting
portion. 27. The combination of claim 26, further
comprising a plurality of springs, each spring
operably coupled between the enclosure portion and a
separate one of the arms for biasing the arms toward
the first position. 


