WO 97/ 13710 PCT/ US95/ 12516

-T- SOOMmMMV-CREENVHRENVENT—RED-W-HH-DOOR ON SLDE

BACKGROUND OF THE | NVENTI ON |. Field of the Invention The
present invention relates generally to a package 5 for an item Mor e
particularly, the present invention relates to a package specifically
designed to WOSA10 ¢  om contami nation materials used PETUSESA2516
manuf act ure of el ectroni ¢ sem conductor conponents and circuits. Such
packages are particularly well suited for substrates, 10 wafers, nenory
di sks, photonmasks, flat panel displays, l'iquid crystal displays, and

t he Ilke 1. Descrjiption_of the Prior Art $# cont ai ners

have been used for cent %“ES”WPF%R%P% é’ﬁE“rP%‘o Dfe to
anot her. Such containers 15 hZBACKGROUNDX QRPTRE DNEENTKR to provide a way

to confine I. Field of the Invention
The present invention relates generally to a package

5 for an item. More particularly, the present invention
relates to a package specifically designed to isolate from
contamination materials wused in the manufacture of
electronic semiconductor components and circuits. Such
packages are particularly well suited for substrates,

10 wafers, memory disks, photomasks, £flat panel displays,
liquid crystal displays, and the like.

II. Description of the Prior Art

Various containers have been used for centuries to
transport items from one place to another. Such containers

15 have, for example, been used to provide a way to confine
items in a space for efficient storage. Such containers

- also provide an easy way of handling items. Ancother
important function provided by packages and containers is
protection.

20 Substrates used in the manufacture of semiconductor
circuits, rigid memory disks, photomasks, liquid crystal
displays, and flat panel displays can be extremely
sensitive. Effective steps must be taken to protect such
items from damage by moisture, particles, static

25 electricity, or the like. Steps must also be taken to
protect the articles from damage caused by vibration and
shock within the package. Similarly, steps must be taken
to prevent outgassing and the generation of particles which
will occur if the items stored in the package scrape, rub,

30 or impact various surfaces within the package.

This combination of problems makes designing a
suitable package very difficult. Such problems are only
compounded by the environment in which such packages are
typically used.

35 suitable packaging for use in connection with the
storage and transport of wafers, memory disks, photomasks,
liquid crystal display panels and flat panel displays tend
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automated manufacturing equipment.
Empak, Inc., has made a number of suitable packages in
the past for use in the processing and transport of such
10 items. Examples of such packages are shown in U.S. Patent
5,273,159 and U.S. Patent 5,423,422. While such package
designs have proven to be highly effective in conjunction

with smaller items, the designs, for a variety of reasons,
are not suitable for storage and transport of items having

15 outside dimensions in the range of 300mm or more.

SUMMARY OF THE INVENTION
- Suitable containers for use with wafers, photomasks,
memory disks, liquid crystal display panels and flat panel
displays must meet several important design criteria. They
20 must be light weight to make manual and robotic handling
tasks easier. The internal volume of the container should
be minimized to reduce storage space requirement and
increase storage density. The height of the container
should be minimized to allow for improved stacking of the
25 containers. The amount of polymer surface area surrounding
the items during transport and storage should be minimized
to reduce inorganic and organic contaminants as well as the
negative affects of outgassing of the polymer.

Containers built in accordance with the present
30 invention meet the design criteria set forth above. Such
containers also provide several other unique advantages.
First, tolerance build-up is minimized by means of locating
the container about item center lines, thereby increasing
the positional accuracy of the items stored in such
35 containers. This enhances effective insertion and removal
of the items from the container using robotic equipment.
Second, the containers reduce the risk of damage caused by
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to position the container on various pieces of equipment.

Third, the containers of the present invention are designed
to be wet-cleaned with or without disassembly. Fourth,
since the containers of the present invention can have an
integral design which does not require a separate carrier,
the containers can remain associated with a specific lot of
items. This enables workers in the factory to better track
a lot and, therefore, reduces the chance of processing
errors. Fifth, the integral design, by eliminating the
need for a separate cassette, minimizes the number of
packaging components required to be kept in inventory and
the space such components take up. Sixth, the integral
design eliminates the need to accurately position a
removable cassette in the container and lock it in place.
Finally, the integral design can be manufactured using
fewer and smaller parts, thereby reducing manufacturing
costs.

It is therefore an object of the present invention to
provide an isoclation container which will provide
protection against contamination by particles or moisture.

Another object of the present invention to provide a
container which protects the items stored therein from
damage due to shock and vibration and from damage due to
the item scraping, rubbing, or impacting various surfaces
of the container. _

A further object of the invention is to provide such
a container which is reusable and easily cleaned.

Still another object of the invention is to provide
such a container which has interior structures which are
not susceptible to wear or generation of particles which
could contaminate the contents of the package.

Yet another object of the invention is to provide such
a container which is highly effective when used in

ckage is used in 5 connection with the nmanufacture of
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menory disks, liquid crystal display panels and flat panel di spl ays
must ‘meet several inportant design criteria. They 20 nust be |ight weight
t'o make manual and robotic handling tasks easier. The internal volune
of the container should be m nim zed to reduce storage space
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The anount of polymer surface area surroungi.ng the itenms during
transport and storage should be m nim zed to reduce inorganic and
organi c contam nants as well as the negative affects of outgassing of
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i nvention neet %@gigﬁghgq criteria set forth above. Such cont ai ners

al so provide several other unique advant ages. First, tol erance, buil d-up
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contai ners reduce t h&hepekard aihiergebigate ¥ accomplished by providing

a container having a shell with an opening for insertion
and removal of the items, a door designed to effectively
seal the opening, a plurality of item-retaining structures
10 within the shell which securely hold the items and retain
them in spaced apart relation from each other, a kinematic
coupler plate to assist in aligning the container with the
port of equipment used to process the items in a factory,
and ergonomically designed handles which can be effectively
15 used either manually or through robotic means. In order to
reduce contamination by particles inside the container, the
- item supports are made of a high-temperature resistant,
conductive material. The item supports are also grounded
to the exterior of the container as described in detail
20 below. The entire container is structured to maximize the
support and protection offered to the items, maximize ease
of handling, and reduce, to the extent possible, the height
and weight of the container.
A Dbetter understanding of the invention will be
25 deserved from reading the description of the preferred
embodiment set forth below in conjunction with the
drawings. While the description and drawings specifically
relate to a microenvironment pod for silicon wafers, the
invention described is also well suited for other
30 applications, such as the storage and transport of
photomasks, rigid memory disks, liquid crystal display
panels, flat panel displays, or the like.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a container shell
35 made in accordance with the invention;
Figure 2 is a top plan view of the container shell;
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es
manuf act ured using f%. ewer smal | er parts, thereby reducing
manuf act uri ng Figure 6 1s a cross-section of the ctontainer through

line C-C in figure 5;
Figure 7 is a view of the container from the side
10 opposite the door;

Figure 8 is a drawing of the kinematic coupler plate;

Figure 9 is a cross-section of the kinematic coupler
plate through line Db-D in figure 8;

Figure 10 is a cross-section of the kinematic coupler

15 plate through line E-E in figure 8;
Figure 11 is a cross section of the kinematic coupler
- plate through line F-F in figure 8;

Figure 12 is a prospective view of one of the
ergonomic handles used in the design;

20 Figure 13 is an end view of the handle;

Figure 14 is a cross-section of the handle through
line G-G in figure 13;

Figure 15 is a plan view of the door of the container
in the closed position with respect to the container's

25 shell;

Fiqure 16 is a perspective view of a cushion which can
be attached to the inside surface of the door to help
support and retain items stored in the container in the
proper position during storage and transport; and

30 Figure 17 is a cross section showing two opposing
dividers and a wafer.
DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in figure 1, the container of the present
invention has an exterior shell 10. The exterior shell 10

35 has six sides 12, 14, 16, 18, 20 and 22.

S8ide 12 comprises a door frame 6 having a pair of

opposing end portions 7 and a pair of side portions 8.
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whi ch is highly péfetonse? wlerthselpdm frame 6. W3137/1B3ZK3ends between
PCT/ US95/ 12516 ya1ls 14 and 16 and is in the shape of a partial cylinder.
5 The radius of curvature of wall 18 is generally the same as
' the radius of curvature of the wafer to be stored in the
container. Top and bottom walls 20 and 22 complete the
shell. Walls 20 and 22 have a generally flat surface 24
and a reinforcement member 26 projecting outwardly from the
10 flat surface 24. Reinforcement member 26 prevents warpage
of the container and especially walls 20 and 22.
Reinforcement members 26 have four legs 28, 30, 32 and 34.
Extending across wall 18 between the two legs 30 is a
cross-brace 31. In a similar fashion, cross-brace 33
15 extends between the two legs 32. Cross-braces 31 and 33
can be used to support the exterior shell 10 on a flat
- surface if it is positioned so that wall 18 is down.
Also shown in figure 1 is a kinematic coupling plate
40. Figures 1-5 and 8-11 show the structure of the
20 kinematic coupling plate in greater detail. This plate is
secured to wall 20 by a plurality of mounting posts 42 (see
figure 5). Three separate coupling grooves 44, 45 and 46
are formed into the kinematic coupling plate 40. These
grooves are designed to mate with posts on the processing
25 equipment (not shown) to align the access opening 8 with a
port on the processing equipment. As best shown in figure
10, the grooves 44, 45 and 46 are Y-shaped to include a
narrow, deeper, center channel 47 and wider, less deep,
upper channel 48 which serves to catch and direct the
30 alignment post of the processing equipment into the center
channel 47 to achieve proper alignment. Proper alignment
results when the three alignment posts on the processing
equipment {not shown) mate with the center channel 47 of
the grooves 44, 45 and 46.
35 The kinematic coupling plate 40 is made of a
conductive material. It is also designed to include a pair
of screw receiving members 49. As explained below, members
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Figure 1 also shows a pair of handles 50. These

handles are located at the center of gravity of the

10 container. The handles are ergonomically designed so they

are easily gripped from a variety of angles by the human

hand. The design of the handles 50 allows them to be

effectively grasped by robotic handling equipment.

More specifically, each handle 50 includes a support

15 column 51 which joins the handle 50 to the shell 10 and a

wider gripping member 52. The gripping member 52 has an

- exterior shape which permits it to be comfortably grasped

by a human hand. The gripping member 52 also has a

recessed channel formed in its end. Channel 53 is

20 generally straight, but includes a notch 54. The channel

53 and notch 54 are present to be engaged by gripping

members of a robotic arm. As such, the container is

designed for easy, efficient and safe handling by humans or

robots.
25 Figures 3, 4 and 6 show some of the interior structure
cf the shell 10 not visible in figqure 1. For example,

figures 3 and 4 show wafer supports 60 and 62 which
cooperate to hold up to thirteen wafers 80. Typically,
twelve of the wafers 80 are product wafers and one is a
30 test wafer. The wafer supports 60 and 62 are all made of
a material which is electrically conductive and resistant
to high temperatures. The wafer supports 60 and 62, as
shown, each have fourteen wafer dividers 65. A wafer edge
receiving channel 66 1is formed between each pair of
35 diwviders 65. The channels on wafer support 60 cooperate
with the channels on wafer support 62 to hold the wafers 80
in a parallel spaced apart registration as shown in figures



A better understanding of the invention will be 25 deserved fromreading

the description of thé preferred enbodi nent set forth below in
conjunction with the drawi ngs. Wile the description and draw ngs
specifically relate to a mcroenvironnent pod for silicon wafers, the
I nvention degso#1desh i s al so well suited for other 30 appl pepigksngsie such
as the storage and transport of phot omasks, rigid nmenory disks,
Fiquid crystal display panels, flat pangl_ displays, or the like.

BRI EF DESCRI PTI ON OF THE DRAW NGS lgure 1 is a perspective view

of a container shell 35 _nade in accordance with the invention;
Figure 2 is a top ghanayi emde gra10eat @#hnehe ShE lwill recogni¥@ EH4d 3%

PCT/ US95/ 12516 . fer supports 60 and 62 can be" modified to hold more

wafers (for example, 25) or fewer wafers (for example, 7)

without deviating from the present invention. Likewise,

5 the wafer supports 60 and 62 could also be dimensioned to

retain something other than a wafer or to retain wafers of
differing sizes.

In the preferred embodiment shown in the drawings,
each of the channels 66 is especially formed to retain

10 300mm wafers. The back side of each channel is curved in
the circumferential direction (e.g. the direction of the
circumference of the wafer 80) and in the transverse
direction (e.g., the direction across the thickness of the
wafer B80). The curvature of the backside of each channel

15 66 is approximately the same radius of curvature as the
outside edge of the 300mm wafers 80, in both the

- circumferential and transverse directions. Providing the
same radius of curvature along the circumferential
direction presents contact between the channel's back side

20 and the edge of the wafer 80 along an arc rather than
merely at a point.

Significant advantages are provided by shaping the
wafer divider 65 as shown in Figure 17. The wafer dividers
have a continuously varying slope such that gravity helps

25 center the wafer 80 in the middle of the carrier. With
this style of wafer divider 65, the wafer always rests on
a portion of the wafer divider that has a finite slope, so
edge contact is guaranteed. Further, if for any reason the
wafer is moved off of dead center, one edge is raised more

30 quickly than the other edge is lowered. Thus, for carriers
where the wafers are transported horizontally, gravity may
be used to help center the wafer with this support. Once
centered, the wafer's vertical 1location is precisely
defined. As the carrier is moved from one location to the

35 next, small levels of vibration may help to center the
wafer in the carrier, thus improving the horizontal
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t he door
inserted into and removed from the carrier. Thin dividers

are preferred because there is less chance of a wafer 80
hitting the divider and causing particles to be generated.
On the other hand, the divider 65 must be thick enough to
support the wafer 80 and to avoid deflection over the life
of the container. In light of these conflicting
requirements, the divider design has a continuously varying
angle as shown in Figure 17.

In the preferred embodiment, a pair of screws 64 are
provided. One of the screws 64 1is used to form a
conductive path between the wafer support 60 and the
conductive kinematic coupling plate 40. The other screw 64
is used to provide a conductive path between wafer support
62 and the kinematic coupling plate 40. This arrangement
provides the advantage of grounding the wafer supports 60
and 62 via screws 64 and the kinematic coupling plate 40 so
that the wafer supports 60 and 62 have no electrical
charge. The walls of the shell 10 are not grounded and
have a slightly negative charge which will cause particles
in the container to migrate and attach themselves to the
walls of the container where they can do no harm to the
wafers. So that the screws 64 do not ground the exterior
shell 10, it may be desirable to line the bores in the
shell 10 through which the screws 64 pass with an
insulative material.

To close the access cpening 8 of the shell 10, a door
90 is provided. The door 90 is shaped and dimensioned to
fit within the door frame 6. When in place, the door
engages the door frame 6 to seal the container. Likewise,
the ocuter edge of door frame 6 can be used to form a seal
around the access opening 8 between the door frame & and

he G |n flgﬁre
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support and retain itens stored in the container in the proper position

during storage and transport; and 30 Figure 17 is a cross section
showi ng two opposi ng di viders and a wafer. DESCRI PTI ON OF
THE PREFERRED ENMBODI MENT As shown in figure 1, the container of

t he presentwge7asfigenti on has an exterior shell 10. The exscanisesnsiel | 10
35 has six sides 12, 14, 16, 18, 20 and 22. Side 12 conprises a
door franme 6 having a pair of opposinglggd portions 7 and a pair of
side portions 8. WO 97/ 13710
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created before the door 90 is opened. When such a seal is
created, the door 90 can safely be opened so that the
5 wafers 80 can be withdrawn from the shell 10, through the
port and into the tool for processing without substantial
risk of contamination. Typically, a plurality of latches
{not shown) to hold the door in the closed position will be
provided. Also, a flexible gasket or ring can be provided

10 Dbetween the door 90 and frame 6 to ensure complete sealing
between the door 90 and frame 6.

The door 90 can be provided with a wafer cushion 92.
As shown in figure 16, cushion 92 has a pair of rigid rails
93 and 94 and a plurality of deformable cross-members 95.
15 Thirteen deformable cross-members 95 are shown in figure
16. Each cross-member 35 has a pair of dividers 96. Each
. divider 96 is aligned with a divider 97 on rigid rail 93
and a divider 98 on rigid rail 94. Thus, as the door 90 is
closed, the wafers 80 engage the channels formed by the

20 dividers 96, 97 and 98. Cross-members 95 will deform until
the edges of wafers 80 also engage the rigid rails 93 and
94, Even if the wafers 80 are jarred during transport,
contact with and support by cushion 92 is not lost because
of the deformable cross-members'Ss.

25 The inclusion of such a wafer cushion 92 on the door
90 yields three areas of support for the wafers 80, thereby
reducing movement and vibration of the wafers 80 during
transport. Supporting the wafers 80 in three areas reduces
damage to the wafers due to scraping, rubbing or impacting

30 surfaces within the container. It also limits generation
of particles due to such scraping, rubbing or impacting.
Finally, means can be provided on the exterior door for
kinematically coupling the door 90 to another surface.
This can be a series of three grooves (not shown) similar

35 to those shown in kinematic coupling plate 40 which mate
with projections on the surface or three projections on the
door 90 which mate with grooves on the surface.
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coupling plate 4Qng HiRSQike, IMAARES @&%oqgs'caaﬁgnwtg%f ¥he hy PSS A

t he processing 25 equipnent (not shown) to .align_ .the access opening 8 wth

a port on thé&3f oé@ssFﬁ’@‘gEﬁﬁ?"p ntg" Astll%st tg’ﬁé’maFﬁ fFeuPEable gRd ¢ pe
grooves 44, 45 anthplGceably- shagerkrid tinc|lide af thenaonosinéecperhisceis er

channel 47 and widet.;he Stgﬁgpof he“QQEér Q@ﬁ@écs“%d""ﬁrﬁ | SETHEP ddFesAt Ch
and direct the 30 aI I, g rrz o'f' rocessl n ul prrenté:"?nto the -
cent er cushion 92 w 1ch can be removed an re laced with supports

or cushions more ideally suited for other items to be
held in the container. It should be understood, therefore,
that the illustrations and descriptions provided herein are
not intended to be limiting and that numerocus modifications
15 can be made within the scope of this invention and the
claims set forth below.
- What is claimed is:



channel alignment. Proper alignnent results when
the three muﬂmmﬂa E Bilon ‘the processing equi pnent (not shown) nate

with the céntér t he grooves 44, 45 and 46. 35 ~ The
ki nematic coupling plate is made of a conductive material. It
s al so deswmagnesiste i ncl ude a pai r of screw receiVving pEfb@sAEe- AS
expl ai ned bel ow, nenbers WO 97/ 13710 .
PCT/ US95/ 12516 -7- 49 each receive
a screw which is used to electrically 'chb'upl e the kinematic coupling
plate 40 to the wafer supports 60 |ocated inside the container. This
el ectrical coupling creates a path loraMech t he wafer supports can be
5 grounded to dissi ppt e charge on the wafers or waf er

Y ectric
supports and, thus, preven 8’2’%@%‘3? ot%tr é’rﬁﬁg’e’f‘%  'w&8he] Fonment. Yhith
protects items stored therein from damage, said container

including:

5 (a) a shell having an opening for insertion and
removal of items from said shell, said shell made of a
material which inherently possess a slightly negative
electrical charge;

(b} a pair of supports which cooperate to retain a

16 plurality of items stored in the container in a parallel,
spaced apart position with respect to each other;

{c) a door for sealing said opening of said shell to
prevent contamination of the items stored in said shell;
and

15 {d) means for creating an electrical path through
which such supports are grounded so that particles within

- the shell are drawn away from said items and supports and
toward the shell of said container.

2. The container of claim 1, wherein said items

20 stored in the container are semiconductor wafers.

3. The container of claim 1 further including a pair
of handles located on opposite sides of the container's
center of gravity.

4. The container of claim 3 wherein each of said

25 handles has a groove including an alignment notch so that
the handle can be securely gripped by a robot.

5. The container of claim 1 further including a
kinematic coupling plate secured to the exterior of said
shell by a plurality of posts, said kinematic coupling

30 plate having three alignment groove's each of said alignment
grooves having a cross section which is generally a Y-
shape.



caused by static electricity

Figure 1 al so shows a pair of

handi-es Immuulu!mﬁlmlu Elluh151-|4el-I—e-s—a-lhe---I—ee-a-!&-eel—a-t—t—lcre cent er—of—gravtty of

the 10 andl es are ergonom cal |y designed so they are
easily gripfged*r8m & variety of angles by the human hand. The design
of the handles 50 allows themto be effectively grasp gqggg botlc
handl i ng eqWPEHd#Eo More specifically, each handl YHeloudes a

wi der gripping nenber 52. The gripping nerd8r 52 has an

col um 51 whi ch joins the handle 50 to the shell 10 and a

which permts it to be confortably grasped by a human hand. The

gri ppi ng nenber 52 also has a

support 15
Channel 53
channel

menbers of a rohgy
easy, efficient and

53 ag’mbmtscbedaal &ipresseic toupkieggalpte Areguisedi hg align
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vi‘'si bl e in fisgurshell:® sFCpeﬁiﬁgﬂﬂnﬂ the tbbdtsepott drafolesithe waheaisepports

60 and 62 which
twel ve of the ma

door_ §Qo g ﬁéda atn QBde Ny atrg ol O MG ?6% aOthe 4l ?ifal

uct FS and one_1s a t est

The waf er SLuuxNQQ¥Q§Hhaﬁ&362°HFe and #ﬁﬁRBQFP tool ARt RFISSARGh i s
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supports 60 and

waf er edge
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shell, said kinematic coupling plate being made of an
electrically conductive material.

8. The container of claim 7 wherein said means for
creating an electrical path through which the supports are
grounded includes an electrically conductive connection
between each of said supports and said kinematic coupling
plate.

9. The container of c¢laim 1 wherein said door
includes means on its exterior surface for coupling said
door to another surface.

10. The container of claim 1 wherein each of said
supports is releasably secured to the shell so that such
supports can be removed for cleaning or replacement.

11. The container of claim 2 wherein said supports
have a plurality of channels, each of said channels having
a Dbackside which is curved in the circumferential
direction.

12. The container of claim 11 wherein the radius of
curvature of the backside of said channels in the
circumferential direction is generally the same as the
radius of curvature in the circumferential direction of
said wafers.

13. The container of claim 2 wherein each of said
pair of supports include a plurality of wafer dividers,
each of said wafer dividers having a continuocusly varying
slope to help support one of said semiconductor wafers.

exterior shape

channel f qr ned end.
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receivin ormed between each pair of 35 dividers 65. The
channel s QM I L‘dﬁ 60 cooperate with the channel s on wafer

support 62 t fers 80 in a parallel spaced apart

regi stration as shomn in figures WO 97/ 13710

PCT/ US95/ 12530 9mamo - 8- Sp@Pssdnasibose
skilled in the art will recognize that the waf er supports 60 and 62
can be nodified to hold nore wafers (for, exanple, 25) or fewer wafers

(for exanple, 7) wi t hout devi ating fron1%he present invention.
Li kew se, 5 the wafer supports 60 and 62 could al so be dinensioned to
retain sonething otheri4ham aontbhehedr £610 drebding aiicsoehvironmetid fWilchg

si zes. %Flgx;ggtgr ef &hL e&ﬁf@ﬁ) R ! n‘eé skown th&Qee AL A% NASic asner

each of the chann I s especl a toretail
including:

{a) a shell having an opening for insertion and

5 removal of items from said shell;
(b) a pair of supports which cooperate to retain
a plurality of items stored in the container in a parallel,
spaced apart position with respect to each other, each of
said supports having a plurality of channels, each of said

10 channels having a backside, at least a portion of which is
curved in the circumferential direction; and

{(c}) a door for sealing said opening of said
shell to prevent contamination of the items stored in said
shell.

15 15. . The container of claim 14 wherein the curved
portion of the backside of each channel has a radius of

- curvature in the circumferential direction which is
generally the same as the radius of curvature in the
circumferential direction of the items to be stored.

20 16. The container of claim 14 wherein said supports
are releasably secured to said shell.

17. The container of claim 14 further including means
for providing an electrical path through which said
supports are electrically grounded so that particles within

25 the shell are drawn away from said items and supports and
toward the shell of said container.

18. The container of claim 14 further including means
for kinematically coupling said container to another
surface.

30 19. The container of claim 18 wherein said means for
kinematically coupling said container to said surface
includes at least three grooves on said container which
each mate with separate projections on said surface.

20. The container of claim 18 wherein said means for

35 kinematically coupling said container to said surface
includes at least three projections on said container with
each mating with separate grooves on the surface.



Mgmmﬂﬁﬂmﬁmgack side of each channel is curved in the

t he waf é&r 80)t and e transverse direction (e.g., the direction
across the thickness of the waf er 80). The curvature of the backside
of each channel 15 66 is approximately the sanme radius o e as the
out si de edd¥O8FAY"He 300mMm wafers 80, in both the circEﬁ?@#%ﬁ%?%l and
fransverse directions. Providing the sanme radi us of curvature al ong
the circunferenti al direction presentslBontact between the channel's

back side 20 and the edge of the wafer 80 along an arc rather than

nmerely at a point. Significant advant ages are provided.b hapi ng
t he waf er di vi derr85 F8esh Rﬁa?ﬂe?i%’ﬁr%laf’?’. %héﬁ\%fagfl ﬁ?ﬁ?d’a‘?ér shaé)have
a continuously vargusigic epe isechnthaioyrswifacehaihich28ssiens esaithepaif er
80 in the mddl &of sLBBCERET ite' -redlded moverddtts 8hd! @iBkav@bRr o Vigkahs 65,
the wafer always rests .on a portion, of, the wafer divider that has a
finite slope, sc?mreded'&et@&n?ﬁ%‘?a}%ergL?éﬁ'r&ﬁ?eg’ﬁ?nfﬁ?fth'er, if for any reason
t he waf e i s noved.of Thef codeadinent ef , chaim etifewhereis ssakthore S0id
quickly than (heALNgk glgSelcs HAVE' #b1ubhliSey! Of dVidedss eachifyfadiic
wafers are transporte 0 zontallgi raV|t¥ na¥ be use 0 help center
the wafer with t9apedypgohave @, continuuslys Vagying S1pee FOshGip FuRport

| ocation is preci slfier. defined. As the carrier is noved from one

| ocation to the 35 next, small levels of vibration may help to center the
wafer in the carrier, thus inproving the horizontal
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- postTtionat accuraey—ef—t+he—waters—as—well as the—vertical
positional accuracy. An additional benefit of the wafer design,
as shown in Figure 17, is that it presents the | owest possible cross-
5 section f l.yen support strength. The divider 65 resents an
area of int e&r ef'@g'}clé for the wafer 80 as it is insertgdrrqugffnémj
renoved fromthe carrier. Thin dividers are preferred because there is
| ess chance of a wafer 80 hitting the divider and causing particles to
be generated. 10 On the other hand, thg4divider 65 nust be thick enough to
support the wafer 80 and to avoid deflection over the life of the
cont ai ner. In light of these conflicting requi renents, the

di vi der design has a continuously varying
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angle as shown in Figure 17. 15 In the preferred enbodinent, a pair
of screws 64 are provi ded—Ore—of—the—serews—64 1is used to forma
conductive path between the wafer support 60 and the conductive

ki nematic coupling plate 40. The other screw 64 is used to provide a
conducti ve pathy, bgigen wafer support 20 62 and the kinematic coupling

pl ate 40. This arrangenent provi des the advantage of gr oRfEV$As/ 12516
waf er supports 60 and 62 via screws 64 and the kinematic coupling plate
40 so that the wafer supports 60 and 62 have no el ectrical char ge.
The wal |s of the shell 10 are not ground&dlhnd 25 have a slightly negative
charge which will cause particles In the container to mgrate and
attach thenselves to the wal I s of the container where they can do no
harmto the wafers. So that the screws 64 do not ground the exterior
shell 10, it may be desirable to line the bores in the 30 shell 10

t hrough which the screws 64 pass wth an I nsul ative materi al

To cl ose the access opening 8 of the shell 10, a door 90 i s provided.
The door 90 is shaped and di nensioned to fit within the door frane 6.
When in place, the door 35 engages the door frane 6 to seal the container.
Li kew se, the outer edge of door frane 6 can be used to forma sea

around the access openi ng 8 between the doq.y rane g and

w
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-conducter—wafers—80.
The risk of contamnation is reduced if such a seal is created before
the door 90 is opened. Wien such a seal is created, the door 90 can

safely be opened so that the 5 wafers 80 can be w t hdrawn fronlgg% shel
10, throughWOM&1370 port and into the tool for processing N {Houtz?

Subst anti al risk of contam nation. Typically, a plurality of |atches
(not shown) to hold the door in the closed position will be provi ded.
Al so, a flexible gasket or ring can be/f¥lovi ded 10 between the door 90 and
frame 6 to ensure conplete sealing bet ween the door 90 and frane 6.
The door 90 can be provided with a wafer cushion 92. As shown in figure
16, cushion 92 has a pair of rigid rails 93 and 94 and a plurality of
def or mabl e cross-nenbers 95. Thirteen defornmabl e cross-nenbers 95 are
shown in figure 16. Each emoss-nenberg?S has a pair of dividers 96.
Each \\‘ //’ @
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divider 96 is aligned with a divider 97 on rigid rail 93 and a divider
98—omrrTyrd—rat—94—Thus—as—titre—door—96—+s———<tosed, tte—wafers—80
engage the channels forned by the 20 dividers 96, 97 and 98.
Cross-nenbers 95 will deformuntil t he edges of wafers 80 al so engage
the rigid rails 93 and 94. Even if the wafers 80 are | gY ring
transport, WO %ct with and support by cushion 92 is nt@hﬁg 128 ause
of the defornmable cross-nmenbers 95. 25 The inclusion of such a wafer
cushion 92 on the door 90 yields three areas of support for the wafers
80, thereby reduci ng novenent and4¥iBration of the wafers 80 during
transport. Supporting the wafers 80 in three areas reduces damage to
the wafers due to scraping, rubbing or inpacting 30 surfaces within the
container. It also limts generation of particles due to such
scrapi ng, rubbing or inpacting. Finally, neans can be provided on the
exterior door for ki nematically coupling the door 90 to anot her
surface. This can be a series of three grooves (not shown) simlar 35
to those shown in kinematic coupling plate 40 which mate with
projections on the surface or three projections on the door 90 which
mate with grooves on the surface.
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+t———Athough—t-he—present—-rpvert+en—has—been i Hustrated-

and described with reference to the preferred enbodi nent t hereof, the
i nvention may al so be used in conjunction with the transport and
storage of liquid crystal displays, flat 5 panel displays, photonasks,

ri gi d menor YW@P¥KEW sybstrat es, and the like. Al so, vEFTEESMYfponents
of the invention may be constructed so that they are renovabl e and
repl aceable to extend the life of the container. This is certainly
true of the wafer supports 60 and 62 aglwafer 10 cushion 92 which can be
renoved and replaced with supports or cushions nore ideally suited for
other itens to be held in the container. It should be understood,

t her ef ore, that the illustrations and descriptions provided herein are
not intended to be limting and that numerous nodifications 15 can be nade
within the scope of this invention and the clains set forth bel ow

What is clained is:

lk—f===“h !] X
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L AL DA

creating a mcroenvironnent which

damage, said contai ner i ncl udi ng:
opening for_insertion and renoval
made of a WO%BI?i al which inherentl
el ectrical charge; (b) a pa
retain a 10 plurality of

items stored in the container
spaced apart position with respect to®6€a&h ot her;

1. —A—eontatner for
protects itens stored therein from

AANTTIVID

5 (a) a shell having an
of items fromsaid ghellege 53l shell
y possess a slightly negasf Ive

r of supports which cooperate to
in a parall el
(c) a door for

seal ing said opening of said shell to prevent contam nation of the
items stored in said shell; and
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15 (d) neans for creating an electrical path through whi ch such
‘ ' i t he shetH—are—drawn away

fromsaid itens and supports and toward the shell of said container.
2. The container of claim1l1l, wherein said itens 20 stored in t he
contai ner are sem conductor wafers. 3. The contai n f g aim1l
further i ncWaN71§718 pair of handl es | ocated on opp03|t§§ Eﬁ t he
contai ner's center of gravity. 4. The container of claim3
wherein each of said 25 handles has a groove including an alignnment notch
so t hat t he handl e can be securel y7gri pped by a robot. 5. The
container of claiml1 further including a ki nematic coupling plate
secured to the exterior of said shell by a plurality of posts, said
ki nematic coupling 30 plate having three alignnent grooves each of said
al-i gnnment grooves having a cros§‘sect|on uglqg Is generally a Y-
shape.
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-3 6—Fhe—contatrer—ot—ctatm5S—nherei n satd—atgnrent:

grooves of said kinematic coupling plate are used to align t he

cont ai ner door with the port of a tool used to process sem conduct or

wafers so that a seal is created around the 5 shell's openl and the

t ool 's port WT8889t he container's door is opened and4THE¥ &8 s are

wi t hdrawn fromthe shell, t hrough the port, and into the tool for

pr ocessi ng. 7. The containeg/pf claim1 further including a

ki nematic coupling plate sdEE}ed to the exterior of the 10 shell, said

ki nematic coupling plate bdifng made of an electrically conductive

mat eri al . 8. Tha{spntai ner of claim7 wherein said neans for

creating an electrical pathijthrough which the supports are gr ounded

i ncludes an electrically cqnductive connection 15 ghetween each of said

supports and said kinemati oupl i ng plate. ¥ 9. The contai ner

of claim1l wherein said dod i ncludes neans on}its exterior surface

for coupling said door=fo anot her surface. 20 10. The contai ner

of claim1l wherein each of d supportgsis releasably secured to the
*

shell so that such
S
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supports can be renoved for cleaning or replacenent. 11. The
contarmer—of —ttarm2—wheret-n—satt—stppotts— Frave-a pl uralty—of—
channel s, each of said channels having 25 a backside which is curved

in" the circunferential di rection. 12. The container of claim
11 wherein the radi us of curvature of the backside of said channels in
t he ci r cWRPE®ial direction is generally the sane as MCAASSHI2S¥adi us

of curvature in the circunferential direction of sai d wafers.

13. The container of claim2 wherein e®fliof said pair of supports
include a plurality of wafer dividers, each of said wafer dividers
havi ng a continuously varying 35 slope to help support one of said

sem conduct or waf ers. WO 97/ 13710

PCT/ US95/ 12516 = -14-

14
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14. A container for creating a mcroenvironnment which protects itens

. } - f f -ncl udi ng=
(a) a shell having an opening for insertion and 5 renoval of itenms from
said shell; (b) a pair of supports which cooperate to retain
a plurality of itens stored in the container in a parall aced
apgrt posi%"l‘b‘?’f’W‘Ph respect to each other, each ofp ?grgjsgﬁbzggfts
having a plurality of channels, each of said 10 channels having a
backsi de, at |east a portion of whichl¢Al curved in the circunferenti al
di rection; and (c) a door for sealing said opening of said
shell to prevent contam nation of the itens stored in said shel | . 15
15 . The container of claim 14 wherein the curved portion of the
backsi de of each channel has a radius of curvature in the
circunferential direction whichis o enerally the sane as the radius of
curvature in the circugierentiaf’dir ction of the itens to be stored.
20 16. The container oK claim 14 rein said supports are
rel easably secured to said shel 7w, The contai ner of claim14
further including neans fdtiloct rical path through which

sai d supports are el les within 25
toward t he
©

the shell are drawn away
shel | of said container. e ———
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18. The container of claim14 further including nmeans for
' ' ' ' ' surface—36—— 19.

The container of claim 18 wherein said neans for ki nematically
coupling said container to said surface i ncludes at | east three
grooves on said container which each mate with separ l.ections on
sai d surfackQ9713710 20. The contai ner of claim18 Rhe?ﬁﬁgé%zg&neans
for 35 kinematically coupling said container to said surface

includes at |east three projections omM®BAlM container with each mating
W th separate grooves on the surface. WO 97/ 13710

PCT/ US95/ 12516 o -15- 21. The

contai ner of claim 14\yherein said door/hae""
C B
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o L . f Wi ch . 4 vai 3%%03356-7
a cushion on its interior surface I ch assists said pair MO UDROLT S
o+ pduce—rpverent—and—Vvi- brat+en—et—tt+ers————stored i n t—he—-e—e-n{—-a-?—ne{ I’
during transport. 5 22. The container of claim 14 wherein each of
sai d pair of supports have a plurality of dividers, eachedi vider

shaped to have a continuously varying slope to help support g
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