WAFER SHI PPER AND PACKAGE This invention relates to cont aimess @nd
packages for shipping sem conductor wafers and sim |l ar objects.
BACKGROUND OF THE | NVENTI ON Sem conductor wafers are subjected to

numerous steps in their prooeeeErSEIFEERCGAND SPRCKAGEID] ected to various
process steps in various machines and at various |ocations. The wafers nust
be transported from place to place and

This invention relates to containers and packages for
shipping semiconductor wafers and similar objects.

BACKGROUND OF THE INVENTION

Semiconductor wafers are subjected to numerous steps in
their processing. The wafers are subjected to various
process steps in various machines and at various locations.
The wafers must be transported from place to place and
stored over a period of time in order to accommodate the
necessary processing. Numerous types of shipping devices
have been previously known for wafer carriers and in the
past, the principal effort has been to protect the
semiconductor wafers against physical damage. Such shipping
containers and packages have been previously known as
disclosed in U.S. Patents 4,248,346; 4,557,382; 5,253,755;
and 5,273,159. Those devices which utilize wafer carriers
which are suitable for handling the wafers during actual
processing of the wafers have not provided any degree of
sealing to protect wafers against contamination due to
moisture, various atmospheric conditions and particulates.

SUMMARY OF THE INVENTION

An object of the invention is to provide a shipping
container for safely storing large sized semiconductor
wafers and to minimize likelihood of contamination of the
wafers with particulate, moisture or other contaminating
mediums.

A feature of the invention is a wafer carrier with an
open top and an open bottom and wafer separating ribs on the
sidewalls, all of the sidewalls and end walls being
uniformly of full height and one of the end walls having an
external transverse indexing crossbar to accommodate
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stored over a period of tinme in order to acconmpdate the necessary
processi ng. Nunerous types of shipping devices have been previously known
for wafer carriers and in the past, the principal effort has been to
protect the sem conductor wafers against physical damage. Such shipping
cont ai ners and packages have been previously known as disclosed in U S

Pat ents 4, 248, 346; 4,557,382; 5,253,755; and 5,273,159. Those devi ces which
utilize wafer carriers which are suitable for handling the wafers during
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storing large sized sgnjc r wafers and to mninize likelihood of
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Another feature of the invention is the provision of
cooperating interlocking beaded edge or rim portions on the
carrier and on the sealing cover to fit together with a snap
fit and produce a substantial seal to minimize any migration
of airborne particulate, moisture and gases into and out of

the carrier.

Still another feature provides that the sealing cover
is molded of a stiff but relatively flexible plastic which
allows the cover to be removed by flexing a corner portion
of the cover to 1lift the corner portion off the carrier, and
then progressively lifting other adjacent portions of the
cover off the carrier. This flexing of the cover simulates
peeling the cover off the carrier.

A further feature is the provision of a lifting tab on
one side of the snap fit cover and a tab on an adjacent
portion of the carrier as to essentially require that the
cover always be lifted at said one side.

The cover, at the side opposite the tabs, relates to
the adjacent top edge portion of the carrier in a hinging
relation and bears downwardly against a tab portion on the
carrier to 1lift the cover off the carrier as the cover is
tilted upward.

Sstill another feature of the invention is a package for
shipping semiconductor wafers wherein a multiplicity of
shipping containers contained semiconductor wafers are
stacked onto cover trays which carry the individual shipping



wafers with particulate, noisture or other contam nating nedi uns. A
feature of the invention is a wafer carrier with an open top and an open
bottom and wafer separating ribs on the sidewalls, all of the sidewalls and
end wal I's being uniformy of full height and one of the end walls having an
e;ternal transverse indexing crossbar to accommodate

containers in storage compartments of cover trays which

underlie and overlie a number of the shipping containers

which are supported on a cover tray. The shipping

containers are provided with outwardly projecting tabs

adjacent the top cover and the cover trays support the

shipping containers by engaging and supporting the tabs

which effectively suspend the container in the storage

compartment. Another cover tray overlies the shipping

containers in the storage compartments and bear downwardly

on the edge portions of the cover to maintain the covers on

the wafer carriers to maintain the sealed condition within

the shipping containers.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a perspective view of a plastic shipping
container.

Figure 2 is a perspective view of the shipping
container in exploded condition to show the three principal
parts; and having portions of the wafer carrier broken away
for clarity of detail.

Figure 3 is a section view through the shipping
container, taken on a broken line as indicated at 3-3 in
Figure 1, and wherein the break is taken at the center line
indicated by dot dash lines in Figure 3.

Figure 4 is a section view taken approximately at 4-4
of Figure 1 and showing several semiconductor wafers being
stored in the container.

Figure 5 is an enlarged detail section view taken
approximately at 5-5 of Figure 1.



| ocating the carrier in processing equipnent. The top and bottom edges of
the sidewalls and end walls substantially lie in planes to facilitate
application of top and bottom covers to the carrier. Anot her feature
of the invention is the provision of coogerating interlocking beaded edge
or rimportions on the carrier and on the sealing cover to fit together
with a snap fit and produce a substantial seal to mnimze any mgration of
ai rborne particulate, noisture and gases into and out of the carrier.

Still another fpragure prdei dasenlatrgeldedetalilngectnien viewpltad&sénof a stiff
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fl exing a corner por of "t he Cove i'ft the corner portion off the
carrier, and then progressively lifting other adjacent portions of the

Figure 7 is an enlarged detail elevation view showing
the lower edge portion of the sidewall of the carrier and
the adjacent portions of the bottom cover, in exploded
condition.

Figure 8 is an enlarged detail section view taken
approximately at 8-8 of Figure 1.

Figure 9 is a perspective view illustrating a package
for shipping a multiplicity of the shipping containers
illustrated in Figures 1-8.

Figure 10 is a top plan view of the stack of cover
trays illustrated in Figure 9.

Figure 11 is a detail section view, broken away for
clarity of detail and taken approximately at 11-11 of Figure
10.

Figure 12 is a detail section view, partly broken away
for clarity of detail and taken approximately at 12-12 of
Figure 10.

Figure 13 is an enlarged detail section view taken
approximately at 13-13 of Figure 12.

Figure 14 is an enlarged detail section view taken
approximately at 14-14 of Figure 12.



cover off the carrier. This flexing of the cover sinulates peeling the
cover off the carrier. A further feature is the provision of a
lifting tab on one side of the snap fit cover and a tab on an adj acent
portion of the carrier as to essentially gequire that the cover always be
lifted at said one side. The cover, at the side opposite the tabs,
relates to the adjacent top edge portion of the carrier in a hinging

rel ati on and bears downwardly against a tab portion on the carrier to lift
the cover off the carrier as tbETADLED SBECIFIeATmONAard. Still '
anot her feature of the invention is a package for shipping sem conduct or
wafers wherein a multiplicity of shipping containers contained

sem conduct or wdih® shikpping container is indicated in general by

numeral 15 and comprises a wafer carrier 16, a top cover 17
and a bottom cover 18.

The wafer carrier 16 is preferably molded of a
substantially rigid and transparent plastic material, such
as polycarbonate, although the wafer carrier might be molded
of other comparable or equivalent plastics. The top cover
17 and bottom cover 18 are both molded of a substantially
stiff but resiliently and flexibly yieldable plastic
material, such as a thermoplastic elastomer known by its
trademark Hytrel®, a registered trademark of DuPont. The
Hytrel thermoplastic elastomer, in all of its grades, are
block copolymers, consisting of a hard (crystalline) segment
of polybutylene terephthalate and a soft (amorphous) segment
based on long-chain polyether glycols. The particular
material used in the top and bottom covers 17 and 18 has a
hardness, durometer D in the range of 45 to 55 to 63, and
the material is elastic and has a sticky tack at the
surface, providing for maximum grip and minimum creep of
material and a high abrasion resistance. In addition, the
stiff but resiliently yieldable material in the top and
bottom covers resists deterioration from many industrial
chemicals, oils and solvents.

The wafer carrier 16 comprises four encompassing walls
specifically identified as sidewalls 19 and 20 and end walls
21 and 22. The sidewalls 19 and 20 and end walls 21 and 22
are molded integrally of each other so that the plastic
wafer carrier 15 is in one piece. The upper edge portions
19.1, 20.1, 21.1 and 22.1 of the sidewalls and end walls are
in substantially linear relation to each other with respect
to each other, lying in a plane and defining the top opening



stacked onto cover trays which carry the individual shipping
- 3- containers in storage conpartnents of cover trays which underlie and
overlie a nunber of the shipping containers which are supported on a cover
tray. The shipping containers are providgd with outwardly projecting tabs
adj acent the top cover and the cover trays support the shipping containers
by engagi ng and supporting the tabs which effectively suspend the container
in the storage

23 of the carrier facilitating loading the wafers W into the

wafer carrier and unloading the wafers from the wafer

carrier.

The sidewalls 19 and 20 have a multiplicity of upright
ribs or teeth 24 and 25 formed integrally thereof and
defining pockets or slots 25.1 therebetween for receiving
and retaining the semiconductor wafers W in spaced relation
with each other. The transparent polycarbonate of the
sidewalls 19, 20 facilitate viewing the wafers to determine
their presence and location. The sidewalls 19 and 20 also
have rounded offset portions 26 and 27 shaped to conform
generally to the shape of the wafers W to be carried
therein. The offset portions have additional wafer
separating lugs 28 and 29 for maintaining the wafers W in
spaced relation to each other and in quiet relation with
respect to each other.

The sidewalls 19 and 20 also have depending and
parallel foot panels 30 and 31 defining the lower edge
portions 32 and 33 of the sidewalls 19 and 20, respectively.

End walls 21 and 22 are both substantially flat or
planar and have lower edge portions 34 and 35 which are
arranged generally in the same plane as the lower edge
portions 32 and 33 of the sidewalls 19 and 20. The
interconnected lower edge portions 32, 33, 34 and 35 of the
sidewalls and end walls cooperate to define the bottom
opening 36 of the carrier between the foot panels 30 and 31
in order to provide access to the wafers W at the bottom of
the carrier 16.

The sidewalls 19 and 20 have outwardly protruding tabs
37 and 38 molded integrally of the upper edge portions 19.1
and 20.1 of the sidewalls, and the tabs 37 are elongate and



conpartment. Another cover tray overlies the shipping containers in the
storage conpartments and bear downwardly on the edge portions of the cover
to maintain the covers on the wafer carriers to maintain the seal ed

condition within the shipping containers., _ BRI EF
DESCRI PTI ON OF DRAW NGS Figure 1 is a perspective view of a plastic
shi ppi ng cont ai ner. Figure 2 is a perspective view of the shipping

contai ner in exploded condition to show the three principal parts; and
havi ng por td,&tsnd1driipi ted Bia THY '1d Bindr ke s B¥ewa I D, cdubbstanofateyail .

midway between the ends of the sidewalls, substantially as
illustrated in Figure 1. The sidewalls 19 and 20 also have
lower tabs 39 and 40 protruding outwardly from the lower
edge portions 32 and 33 of the sidewalls and specifically
from the foot panels 30 and 31 thereof. The tabs 39 and 40
are arranged as mirror images of each other, the tab 39
being illustrated in Figure 1 and tab 40 being illustrated
in Figure 4 in dotted lines.

The upper and lower tabs 37 - 40 are particularly
useful in manually lifting and handling the carrier 16 and
container 15, and the upper tabs 37, 38 are also used to
suspend the container 15 during storage or shipment, see
FIGS. 9 - 14. The tabs are also useful in applying the
cover 17, 18 to the carrier 16.

The upper edge portions 19.1, 20.1 of the sidewalls and
the upper edge portions 21.1, 22.1 of the end walls define
enlarged and outwardly flared upper rim portions 41, 42 on
the sidewalls 19, 20 and rim portions 43, 44 on the end
walls 21, 22, respectively. The enlarged upper rim portions
41-44 connect with each other and accordingly provide rim
portions extending around the entire periphery of the
carrier 16, i.e. along both sidewalls and end walls. The
peripherally extending rim portions 41-44 lie substantially
in a plane.

The sidewalls 19 and 20 and the end walls 21 and 22
also define enlarged and outwardly flaring lower rim
portions 45, 46, 47 and 48, respectively, which join
together and effectively provide lower rim portions around
the entire periphery of the carrier 16. The lower rim
portions lie substantially in a plane.



Figure 3 is a section view through the shipping container, taken on a
broken line as indicated at 3-3 in Figure 1, and wherein the break is taken

at the center line indicated by dot dash lines in Figure 3. ~ Figure 4
is a section view taken approxi mately at g4-4 of Figure 1 and show ng
several sem conductor wafers being stored in the container. Figure 5

Is an enlarged detail section view taken approxinmately at 5-5 of Figure 1

Each of the foot panels 30 and 31 has an indexing notch
49 formed therein to cooperate with indexing ribs or media
in a processing machine for accurately locating the wafer
carrier 16 in such a processing machine. The two lower rim
portions 45 and 46 on the foot panels 30 and 31 of the
sidewalls 19 and 20 diverge upwardly as at 50 and pass over
the indexing notch 49. The shape of the enlarged lower rim
portion 45 illustrated in Figure 6 illustrates the shape of
all of the enlarged lower rim portions 45, 46, 47 and 48
with the exception of the portions 50 of the enlarged lower
rim portion 45, 46 which diverge out of the plane of the rim
portions and pass over the indexing notches 49.

It is to be particularly recognized that all portions
of the end walls 21 and 22 are of substantially uniform
height, and of the same height as the sidewalls 19 and 20.
The end wall 22 has a pair of widely spaced support bars 51
and 52 formed integrally thereof and extending into close
proximity with the upper and lower edge portions 22.1 and
35, respectively, of the end wall 22. The support bars 51
have coplanar outer edges 53 to lie on a plane surface of a
processing machine for the purpose of accurately locating
the wafer carrier and the wafers relative to other equipment
in the processing machine. The end wall 22 also has an
indexing crossbar 54 formed integrally thereof, and is
sometimes referred to as an "H-bar", extending transversely
of the support bars 51, 52. The indexing crossbar 54
accurate locates the wafer carrier 16 in a processing
machine by cooperating with the locating mechanism thereof.
While the crossbar 54 is shown to extend entirely to the
support bars 51, 52, but may extend only partially across
the end wall 22 between the support bars. The crossbar 54
is also formed integrally and in one piece with the end wall
22.



-4- Figure 6 is an enlarged detail section view taken approxi mately
at 6-6 of Figure 1. Figure 7 is an enlarged detail elevation view

showi ng the | ower edge portion of the sidewall of the carrier
adj acent portions of the bottom cover, J g expl oded condition.

and t he

Fi gure

8 is an enlarged detail section view taken approxi mtely at 8-8 of Figure

1

Figure 9 is a perspective view illustrating a package

It is to be particularly noted that both end walls 21
and 22 have the full height which is the same as the height
of the sidewalls 19, 20; and the end walls 21 and 22, as
well as the sidewalls, have the enlarged upper and lower rinm
portions which effectively extend around the entire
periphery of the carrier 16. The end wall 22 in particular
has panel portions 55 and 56, which respectively extend
upwardly from the indexing crossbar 54 to the enlarged upper
rim portion 44, and downwardly from the indexing crossbar 54
to the enlarged lower rim portion 48, respectively. Both of
the panel portions 55 and 56 fill the entire spaces between
the support bars 51, 52, which are formed integrally of the
end wall 22.

Both the top cover 17 and the bottom cover 18, when
applied to the upper and lower portions of the carrier to
respectively close the top opening 23 and bottom opening 36
thereof, establish a hermetic sealing relations with respect
to the carrier to essentially prevent migration of air,
moisture and contaminating particles either into or out of
the open interior 57 of the carrier wherein the wafers W are
stored. In addition, because both the top cover 17 and
bottom cover 18 are formed or molded of a substantially
stiff, but resiliently flexibly yieldable plastic material,
these top and bottom covers 17, 18 may be flexed slightly
during removal thereof so as to essentially peel the covers
off the carrier by initially lifting one corner of the cover
off the carrier and then progressively disengaging the
remainder of the cover from the carrier.

The top cover 17 comprises a partially cylindrical
panel or retainer portion 58 having the curvature
substantially the same as the shape of the edges of the
wafers W to be stored in the container 15. 1In one
successful example of the container, the wafers may have a



for shipping a multiplicity of the shipping containers illustrated in

Fi gures 1-8. Figure 10 is a top plan view of the stack of cover
trays illustrated in Figure 9. Figure 11 is a detail section view,
broken away for clarity of detail and iakgn approximtely at 11-11 of

Fi gure 10. Figure 12 is a detail section view, partly broken away
for clarity of detail and taken approximtely at 12-12 of Figure 10.
Figure 13 is an enlarged detail section view taken approximately at 13-13
of Figure @iiameter of approximate eight inches (20.3 cm) and the

curvature of the panel 58 appropriately substantially
duplicates the curvature of the edge of panels of such size.
The container 15 is also suited to store 6 inch (15 cm),
twelve inch (30 cm) or larger wafers by making the container
an appropriate size. The partially cylindrical panel 58 has
a convex inner surface facing the open interior 57 of the
wafer carrier; and the panel 58 also has a multiplicity of
elongate beads or ridges 60 extending longitudinally along
the partially cylindrical inner surface and protruding
slightly toward the open interior 57 of the carrier to
engage the edges of the wafers W and maintain a spaced
relation between the edges of the wafers and the convex
surface 59 of panel 58. As illustrated in Figure 4, the
elongate beads 60 extend throughout the full length of the
cover 17 and of the panel 58 so as to overlie and engage all
of the wafers that may be stored in the container.

The top cover 17 alsoc has substantially flat and planar
side edge portions 61, 62, 63, 64. It will be recognized
that the side edge portions 61, 62, adjacent the carrier
sidewalls 19 and 20, provide springiness in the cover, and
are substantially wider than the end edge portions 63, 64
which are adjacent the end walls 21, 22 of the carrier. The
side edge portions 61-64 lie directly on the upper edge
portions 19.1, 20.1, 21.1. and 22.1 of the carrier and
contribute to maintaining the hermetic seal between the
carrier and the top cover.

The top cover 17 also has a multiplicity of
deformations or stacking offsets 65 formed in the panel 58
to facilitate stacking of the containers one upon another.

The top cover 17 also has enlarged top cover rim
portions extending around the entire periphery of the top



Figure 14 is an enlarged detail section view taken approximately at 14-14

of Figure 12. -5-
DETAI LED SPECI FI CATI ON The shi pping container is indicated in
general by - 11 - '

cover and more specifically, the top cover has inwardly
protruding enlarged top cover rim portions 66, 67 extending
all along the side edge portions 61, 62 of the top cover;
and has enlarged top cover rim portions 68, 69 extending all
along the end edge portions 63, 64. All of the enlarged top
cover rim portions 66, 67, 68, 69 are interconnected and
formed integrally of each other and lie in a plane. When
the top cover 17 is applied onto the carrier 16, the rim
portions 66-69 engage and embrace the rim portions 41-44 of
the carrier 16 in hermetic sealing relation. The rim
portions 66-69 of the cover 17 and rim portions 41-44 of the
carrier provide a snap fit for securing the cover 17 onto
the carrier 16. The interfitting rim portions 66-69 on the
cover and the rim portions 41-44 on the carrier 16 provide
the sole means by which the cover 17 is anchored onto the
carrier 16, i.e., there is no other latching devices for
holding the cover 17 onto the carrier 16.

Cover 17 also has a pair of tab portions 70, 71 which
protrude outwardly from the rim portion 67 and extend
longitudinally along the rim portion 67 and side edge
portion 62 adjacent the ends of the top cover to be in
offset relation with respect to the adjacent tab 38 on the
carrier 16. The tabs 70, 71 are useful in completing
closing of the top cover 18 onto the carrier 16. 1In the
final stages of applying the top cover, the tabs 70, 71 may
be manually squeezed toward the tab 38 on the carrier to
assure that application of the bottom cover is completed,
and that the snap fit has been finished.

Although technicians using the container 16 may devise
various procedures of applying and removing the top cover
17, it has been found to be successful to first place the
top cover 17 upon the upper edge portions of the side and
end walls. The two corners of the top cover may be pressed,



nuneral 15 and conprises a wafer carrier 16, a top cover 17 and a bottom
cover 18. The wafer carrier 16 is preferably nol ded of a
substantially rigid and transparent plastic material, such as

pol ycarbonate, although the wafer carrjgp o ght be nol ded of other

conpar abl e or equival ent plastics. The top cover 17 and bottom cover 18 are
both nol ded of a substantially stiff but resiliently and flexibly yiel dable
plastic material, such as a thernoplastic elastomer known by its trademark
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have achieved and completed the snap fit onto the adjacent
rim portions 41 - 44 of the carrier.

For removing the top cover 17, a corner portion, such
as adjacent rim portions 67 and 69, are lifted off the
adjacent rim portions 42, 44 of the carrier, and the corner
portion of the top cover is flexed upwardly. The rim
portions are progressively separated by lifting on the top
cover until the cover is free of all of the rim portions
41 - 44 of the carrier.

The particular materials from which the carrier 16 and
cover 17 are formed are highly resistant to abrading and
scuffing and accordingly, the generation of particulate is
minimized as the cover is lifted off or applied onto the
carrier.

The bottom cover 18 has side edge portions 72 and end
edge portions 73 which respectively underlie the lower edge
portions 32, 33 and 34, 35 of the carrier and engage the
lower edge portions of the end walls and sidewalls of the
carrier to contribute materially to a hermetic sealing
relation between the bottom cover 18 and the carrier 16.
The bottom cover 18 has a central wafer supporting portion
74 offset with respect to the edge portions 72, 73 as to
protrude upwardly into the bottom opening 36 of the carrier
16. More specifically, the wafer supporting portions 74
comprises a partially cylindrical panel 75 with a convex
inner surface which faces the interior 57 of the wafer
carrier and the edges of the wafers W confined therein. The



material and a high abrasion resistance. In addition, the stiff but
resiliently yieldable material in the top and bottom covers resists
deterioration frommany industrial chemcals, oils and sol vents. The
wafer carrier 16 conprises four enconpasggng walls specifically identified
as sidewalls 19 and 20 and end walls 21 and 22. The sidewalls 19 and 20 and
end walls 21 and 22 are nolded integrally of each other so that the plastic
wafer carrier 15 is in one piece. The upper edge portions 19.1, 20.1, 21.1
and 22. 1 okurvatardewd Ipandld 72ndomdrnsant® ithe Wismnidmldne lvdmafs w.
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or ridges 77 formed integrally thereof and protruding from
the convex surface inwardly of the interior 57 of the
carrier 16 as to engage and support the edges of the wafers
W. The beads 77 actually lift the wafers W out of
engagement with the offset portions 26, 27 of the sidewalls
19, 20 so that the wafers are free of the sidewalls and are
entirely supported upon one or both of the beads 77,
regardless of the location of the flat edge portions of the
wafers. The elongate beads 77 extend longitudinally along
the partially cylindrical panel 75 and extend substantially

to the ends of the bottom cover 18.

The bottom cover also has rim portions extending around
the entire periphery of the bottom cover and more
specifically, the bottom cover comprises enlarged rim
portions 78, 79 extending along the side edge portions 72 of
the bottom cover and embracing the rim portions 45, 46 of
the sidewalls 19, 20 of the carrier. The bottom cover also
enlarged bottom cover rim portions 80, 81 extending along
the end edge portions 73 of the bottom cover and embracing
the enlarged rim portions 47, 48 of the end walls of the
carrier 16. The rim portions 78, 79, 80 and 81 are all
interconnected with each other and lie substantially in a
plane and embrace the rim portions 45, 46, 47 and 48 of the
wafer carrier in a snap fit and in hermetic sealing relation
to retain the bottom cover on the wafer carrier. The rim
portions 78-81 of the bottom cover and the rim portions 45-
48 of the wafer carrier comprise the sole means by which the
bottom cover is retained on the wafer carrier, i.e., there
need be no supplemental latching means for holding the
bottom cover on the carrier.

This Sheet Has Been Replaced
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- 6- 23 of the carrier facilitating |oading the wafers Winto the wafer
carrier and unloading the wafers fromthe wafer carrier. The
sidewal I s 19 and 20 have a nultiplicity of upright ribs or teeth 24 and 25
formed integrally thereof and defining-ppgkets or slots 25.1 therebetween
for receiving and retaining the sem conductor wafers Win spaced rel ation
with each other. The transparent polycarbonate of the sidewalls 19, 20
facilitate viewing the wafers to determne their presence and | ocation. The
sidewal | s 19 andh20 herwe tiay &eadu bddt/esh’ thie partriers 15 antl the Hmped to
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gases, moisture and particles into and out of the container
15, and prevents the carrier from burping or sucking as
atmospheric pressures change.

The bottom cover 18 also has a pair of elongate tab
portions 82, 83 extending longitudinally along one of the
side edge portions 72 and adjacent the rim portion 79 of the
bottom cover. The tab portions 82, 83 lie adjacent, but in
offset relation, with respect to the adjacent tab 40 on the
lower side edge portion of the wafer carrier so as to
facilitate a person simultaneously engaging and squeezing
both of the tab portions 83 and 40 and assuring that the
snap fit has been completed in applying the bottom cover
onto the carrier. Ordinarily the bottom cover 18 is applied
to the carrier by laying the bottom cover 18 on a support
table, then the carrier 16 is placed upon the bottom cover
and pressed so as to secure the carrier 16 and cover 18
together in a snap fit. If the wafers W are already in the
carrier, the wafers will be lifted by the bottom cover 18
off the offset portions 26, 27 of the sidewalls 19, 20.

In removing the bottom cover 18 from the wafer carrier,
one corner portion of the bottom cover is flexed, as above
described in connection with the top cover, and the bottom
cover 18 may thereby be progressively disengaged from the
enlarged lower rim portions 45-48 of the wafer carrier for
removing the bottom cover. The rim portions 78-81 of the
bottom cover engage and embrace the rim portions 45-48 of
the wafer carrier and establish a hermetic sealing relation
between the bottom cover 18 and the wafer carrier to prevent
migration of air, moisture and particulate into or out of
the interior 57 of the wafer carrier. Whereas the bottom
cover rim portions 78-81 lie substantially in a plane,



therein. The offset portions have additional wafer separating |lugs 28 and
29 for maintaining the wafers Win spaced relation to each other and in
quiet relation with respect to each other. The sidewalls 19 and 20
al so have depending and parallel foot panels 30 and 31 defining the | ower
edge portions 32 and 33 of the sidewalls 19 and 20, respectively.

End walls 21 and 22 are both substantially flat or planar and have | ower
edge portions 34 and 35 which are arranged generally in the same plane as

the | ower dge_laaet 7eng, 329a|1do@3tafe g gso&etwainlss 739 and e2denblitg
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the foot panwested auntt 8% mheopdanetofpmheldemaamdgx o ttie veftdrom W at t he
bot t om of EB@eQaE&hebo}@ions to conform to the shape of the portions

50 of the rim portions 45, 46 which diverge out of the

planes of the rim portions on the wafer carrier and pass

over the index notches 49 in the foot panels 30, 31 of the

wafer carrier.

The bottom cover 18 also has outwardly protruding lip
portions 84 protruding outwardly all around the periphery of
the bottom cover except at the tabs 82, 83 to add strength
to the bottom cover. Similarly, the top cover 17 has
outwardly protruding lip portions 85 protruding outwardly
from the edge portions of the top cover all the way around
the periphery of the top cover except at the tabs 70, 71 to
provide additional strength to the top cover.

The lip portions 85 which extends along the rim portion
66 and the side edge portion, engages the tab 37 of carrier
16 as the top cover is tilted upward during removal, and
assists in lifting and disengaging rim portion 66 from rim
portion 41 of the carrier.

Figures 10-14 illustrate the shipping container 15
packaged in clusters for shipment so as to deliver
semiconductor wafers W for processing. The package is
indicated in general by numeral 84 and comprises a
multiplicity of cover trays 85 assembled in nesting and
stacked relation to each other. The cover trays 85 are
molded of foamed plastic and particularly, foamed
polypropylene, providing cushioning for the containers 15.
Of course, other foamed plastics may be substituted to
provide the necessary cushioning for the containers 15. The
foamed plastic of the trays 85 is capable of absorbing shock



The sidewal s 19 and 20 have outwardly protruding tabs 37 and 38 nol ded
integrally of the upper edge portions 19.1 and 20.1 of the sidewalls, and

the tabs 37 are el ongate and _ _ -7-
extend longitudinally along the sidewallgg substantially mdway between the
ends of the sidewalls, substantially as illustrated in Figure 1. The

sidewal | s 19 and 20 al so have

in view of the compressibility of the material and the
limited resilience thereof. Each of the cover trays has an
upper portion 86 and a lower portion 87.

Although FIG. 9 illustrates a stack of nine trays,
i.e., eight levels of containers 15, the package 84 may have
lesser number for stacked trays. Often only five trays are
utilized in such a package 84.

The upper portion 86 of each of the trays 85 has a
multiplicity of open top storage compartments 88 arranged in
rows and files, and in the form illustrated, each cover tray
has 16 storage compartments formed therein. Each of the
storage compartments 88 is shaped to receive a single
plastic shipping container therein. The compartments 88 are
shaped so that the sidewalls 89 thereof have the same shape
as the shape of the sidewalls 19 and 20 of the container 15.
Similarly, the compartments 88 of the cover trays are shaped
so that the end walls 90 thereof are substantially flat as
to conform substantially to the shape of the end walls 21,
22 of the carrier 16. The bottom surface 91 of each of the
compartments 88 is substantially flat to conform
substantially to the flat shape of the side and end edge
portions 72, 73 of the bottom cover 18 of each of the
containers 15.

The upper portion 86 of each of the cover trays 85 also
defines a support shelf 92 adjacent each of the sidewalls 89
for supporting the tab portions 37, 38 of the wafer carrier
16 of each of the containers 15. The upper tabs 37, 38 of
the wafer carrier are thereby supported on the upper portion
86 of the cover tray; and each of the containers 15 is
thereby suspended from the support shelves 92 in a
compartment of the cover tray. As illustrated in Figure 14,
the containers 16 are suspended from the tabs 37, 38 resting



| ower tabs 39 and 40 protruding outwardly fromthe | ower edge portions 32
and 33 of the sidewalls and specifically fromthe foot panels 30 and 31
thereof. The tabs 39 and 40 are arranged as mrror inages of each other,
the tab 39 being illustrated in Figure_1;4nd tab 40 being illustrated in
Figure 4 in dotted |ines. The upper and | ower tabs 37 - 40 are
particularly useful in manually lifting and handling the carrier 16 and
contai ner 15, and the upper tabs 37, 38 are al so used to suspend the

cont ai ner ifpohlitinY siipPge she BRDIENtso MtathIthe Kbttdr. cdvers abs are

al so useful_in |yl t he r 17,..18 to the carfgjer : The

upper uedgg sﬁ’lcﬁcﬁadgprf&yllﬁg%lly ﬂfﬁv‘%’fe g‘?fétts?%eﬁ,bgﬁ' aéced%oé’]l[ h%f l]j%beél’ edge portions
21.1, 22.1 cuimpartmentsedd s def imeramikr getb guesanmwmris yapphied upper rim
portions 4kn A% ¢Hi sl dovers aftdNthd WAANS | Biiedthed4ifNeide end

containers 15.

The lower portions 87 of each of the cover trays 85
overlie the upper portions 86 of the cover trays therebelow;
and the lower portions 87 of each of the cover trays has a
bottom panel 93 forming the bottom surface 91 of the
compartments 88, and the bottom panels 93 also overlies the
compartments of the trays therebelow. The bottom panels 93
have lower surfaces shaped to conform to the shape of the
top covers 17 of the containers 15, and as seen in Figure
11, the surfaces 93.1 are also substantially partially
cylindrical as are the panels 58 of the top covers 17. The
surfaces 93.1 if the bottom panels 93 are spaced from the
top covers 17 of the containers 15 so that no pressure is
brought to bear on the partially cylindrical panels 58 of
the covers 17.

The lower portions 87 of the cover trays define
elongate support feet 94 bearing downwardly upon the side
edge portions 61, 62 of the covers 17, as particularly seen
in Figure 13. The support feet 94 are formed adjacent both
sidewalls 88 of each compartment and bear downwardly against
both side edge portions 61, 62 of each cover 17, and extend
all along the length of the covers and of the side edge
portions 61, 62. The cover trays 85 thereby bear down on
the side edge portions 61, 62 of all of the containers 15 as
to continuously hold the covers tightly onto the wafer
carriers 16 and maintain the top covers 17 in hermetic
sealing relation with the wafer carriers 16.



wal | s 21, 22, respectively. The enlarged upper rimportions 41-44 connect
with each other and accordingly provide rimportions extending around the

entire periphery of the carrier 16, i.e. along both sidewalls and end
wal | s. The peripherally extending ri m_pgitions 41-44 |lie substantially in a
pl ane. The sidewalls 19 and 20 and the end walls 21 and 22 al so

define enlarged and outwardly flaring |lower rimportions 45, 46, 47 and 48,
respectively, which join together and effectively provide |lower rim
portions aroundihheréstite pesvpherfoofnéseingrof ethébecoVhe tpags rim

portions 'éébééﬁ@%aﬁﬁéaékXckfné 8£a€§é trays one upon the other while
maintaining the trays in vertical alignment as illustrated
in Figure 9, the upper portions 86 of the cover trays and
the lower portions 87 of the cover trays both have
interfitting offsets 95 and 96. When the cover trays are
stacked one upon the other, the offsets 95 and 96 fit
together and prevent any sideward movement of the trays,
thereby maintaining the trays in vertical alignment as
illustrated in Figures 9, 11 and 12.

After the trays have been filled with containers 15 in
all of the compartments, and the trays have been stacked one
upon the other as illustrated in Figure 9, the entire column
of trays is preferably provided with a shrink wrapping 97 as
to secure all of the trays together. Such shrink wrapping
is simply a wrapping of plastic film which is subjected to
heat and thereby shrunk to grip the trays tightly.

The stack of trays or package 84 may be supported by
its own pallet 98. The package 84 may be assembled with a
number of other identical packages 84 in a cluster and
supported on a pallet 98. The assembled packages 84 are
then shrink wrapped for stability and ease of handling.

It will be recognized that because the containers 15
are supported from their tabs 37, 38 on the shelves 92, the
cushioning effect of the foamed polypropylene plastic
material in the cover trays is utilized for producing
individual cushioning for each container. In the event that
the entire package 84 is subjected to some physical shock,
the transfer of the shock to the wafer carriers within the
containers 15 is minimal. Even though the bottom covers 18
of the container may temporarily engage the bottom surfaces
91 of the compartments 88, the wafer carriers are held in



- 8- Each of the foot panels 30 and 31 has an indexing notch 49
formed therein to cooperate with indexing ribs or nedia in a processing
machi ne for accurately locating the wafer carrier 16 in such a processing
machi ne. The two lower rimportions 45 aad-46 on the foot panels 30 and 31
of the sidewalls 19 and 20 diverge upwardly as at 50 and pass over the

I ndexi ng notch 49. The shape of the enlarged |ower rim portion 45
illustrated in Figure 6 illustrates the shape of all of the enlarged | ower
rimporti apacts rédatibmth 4Ahevpartiel Bxagtiradr idal heapold i DhisoH0 of the

enl ar ged Louet JduBOUIAN P -£rld Sttt VSLOR WY Pladdie ) 2Nggnthe rim
portions and pass over the 1°ndexi ng notches :
providing additional cushioning to prevent the wafers from
being damaged within the containers 15. The entire clusters
of packages 84 as illustrated in Figure 9 may also be shrink
wrapped together on the pallet 98. After the containers
have arrived at their destination, they may be cleaned and

reused.

The present invention may be embodied in other specific
forms without departing from the spirit or essential
attributes thereof, and it is therefore desired that the
present embodiment be considered in all respects as
illustrative and not restrictive, reference being made to
the appended claims rather than to the foregoing description
to indicate the scope of the invention.



It is to be particularly recognized that all portions of the end walls 21
and 22 are of substantially uniformheight, and of the sanme height as the
sidewal I's 19 and 20. The end wal|l 22 has a pair of wiednyet SRABRHIRSHRROT t

bars 51 and 52 fornmed integrally thereofsgnd extendin oximty
wi th the upper and | ower edge portions 22.1 and 35, r%ﬂ!!& w% ‘HL t he
end wall 22. The support bars 51 have copl anar outer on a
pl ane surface of a processing machine for the purpose of accurately

| ocating t WE wafaa@M:carrier and the wafers relative to other equipnent in

t he processing machine. The end wall 22 also has an indexing crossbar 54
formed integrally thereof, and is sonetines referred to as an "Hbar",

ext endi ng transver seldy pifastie siqiierindgrarfrs staandnd refel@pner ossbar 54
accurate | Adifs | processi ng nmachi ne by

cooperati n%%?\n&ﬁ?the ﬁgﬁf%gneg?#fsl%%ereof While the crossbar 54 is
shown to extend entirely to the support bars 51, 52, but may extend only
partially across the aneh et Ica?zautat \mrpxt:ta@m)méwénm§ w1Tthe wagesbar 54

's also forsrtll%%olr ter% algiyseatn or {ohs And ewa‘%er separaq::l.ng rlbs, the

carrier also comprising first and second end walls
interconnecting the sidewalls, the sidewalls and end walls
comprising upper edge portions defining a top opening of the
carrier facilitating loading and unloading of wafers, the
sidewalls and end walls also defining lower edge portions
defining a bottom opening of the carrier providing access to
the wafers in the carrier, said upper edge portions
comprising enlarged upper rim portions,

a bottom cover removably traversing the bottom
opening of the wafer carrier and lying against said lower
edge portions to close the bottom opening,

and a top cover removably traversing the top
opening of the wafer carrier and lying against said upper
edge portion of the carrier to close the top opening and
retain the wafers, the top cover comprising enlarged top
cover rim portions engaging and embracing upper rim portions
of the wafer carrier in a snap fit and removably retaining
the top cover on the wafer carrier.

2. A plastic container according to claim 1 wherein
the top cover and bottom cover fit onto the wafer carrier in
hermetically sealing relation.

AR



22. - 9- Is to be
particularly noted that both end walls 21 and 22 q§v nleﬂgkght whi ch

It
is the sane as the height of the sidewalls 19, 20; Sk c btk lls 21 and
22, as well as the sidewalls, have the_epharged uppH I&m Luﬂim
portions which effectively extend around the entire [ t he
carrier 16. The end wall 22 in particular has panel portions 55 and 56,

whi ch respectively extend

3. A plastic container according to claim 1 wherein
the upper edge portions and the upper rim portions of the
wafer carrier extend around the entire periphery of the
wafer carrier.

4. A plastic container according to claim 3 wherein
the top cover rim portion extends around the entire
periphery of the top cover and embraces the upper rim
portions around the entire periphery of the wafer carrier.

5. A plastic container according to claim 4 wherein
the top cover and wafer carrier engage each other in
hermetically sealing relation.

6. A plastic container according to claim 4 wherein
the upper rim portion of the wafer carrier and the top cover
rim portion engage each other in hermetically sealing
relation.

7. A plastic container according to claim 6 wherein
the top cover is molded of a substantially stiff but
yieldable plastic material.

8. A plastic container according to claim 1 wherein
the wafer carrier is molded of a substantially rigid plastic
material.

9. A plastic container according to claim 1 wherein
the top cover is molded of a substantially stiff but
yieldable plastic material.

N



upwardly fromthe indexing crossbar 54 to the enlarged upper rimportion
44, and domnmamdﬂyaﬂhm&mnRGWWﬁUeX|ng crossbar 54 to the enlarged |lower rim
portion 48, re h of the panel portions 55 and 56 fill the
entire spaces port bars 3k 52, which are forned integrally
of the end mall Both the top cover 17 and the bottom cover 18,
mhen applied to the upper and | ower portions of the carrier to respectively
cl ose the top opening 23 and bottom opening 36 thereof, establish a
her met It ¢ seal It Nof, e:c At poastYct Bohtanser hecoiaingr tice ke 1iad me S5 eisirad iry
prevent migrati alr, noistyre an ont ani nati,n rticl either into
or out of PRE B eﬁanV@FFEr°§¥r&FrtﬁQ &PPI Pvﬁﬁeﬁ§?H%?HSGWa?er W ar e
?toreg. Insaddthhumalbgcadg&dbpﬂhsthe maperdedr ahd amne lodt tthe safer 18 are
ormed or (o] S tial,l I {f.; t e | fleXidyl;
yi el dabl e g? r En %ﬂg +3 hcgg iE H&lgaptoﬁl%gegﬁghk;allgxsﬁiff
fl exed sI|ghtlyleﬁdahgeroﬁnﬁauctméﬁeeﬂaéo as to essentially peel the covers

11. A plastic container according to claim 1 wherein
the top cover and wafer carrier are removably retained
together solely by the top cover rim portions engaging and
embracing upper rim portions of the wafer carrier.

12. A plastic container according to claim 1 wherein a
pair of adjacent tab portions in offset relation to each
other are affixed on the wafer carrier and one of the covers
respectively to be manually manipulated in lifting the cover
from the wafer carrier.

13. A plastic container according claim 12 wherein
said one of said covers is molded of substantially stiff but
yieldable plastic material.

14. A plastic container according to claim 13 wherein
the wafer carrier is molded of substantially rigid plastic
material.

15. A plastic container according to claim 13 wherein
said substantially stiff and yieldable material is flexibly
yieldable to permit the cover to be partially flexed and be
progressively disengaged from the wafer carrier.

A



off the carrier by initially lifting one corner of the cover off the
carrier and then gEd E;ﬁéw%gh%:g&ﬁengaglng the remai nder of the cover from

the carrier. 17 conprises a partially cylindrical
panel or retainer b BHHFEHI ng the pyrvature substantially the sane as
the shape of the e fers Wto be stored in the container 15. In
one successful exanple of the container, the wafers may have a
- 10 -

16. A plastic container according to claim 1 wherein

said lower edge portions of the carrier comprise enlarged
lower rim portions, and the bottom cover comprises enlarged
bottom cover rim portions engaging and embracing the lower
rim portions of the wafer carrier in a snap fit and
removably retaining the bottom cover on the wafer carrier.

17. A plastic container according to claim 16 wherein
the lower edge portions and the lower rim portions of the
carrier extend entirely around the periphery of the wafer
carrier.

18. A plastic container according to claim 17 wherein
the bottom cover rim portion extends around the entire
periphery of the bottom cover and embraces the lower rim
portions around the entire periphery of the wafer carrier.

19. A plastic container according to claim 16 wherein
the bottom cover and wafer carrier engage each other in
hermetically sealed relation.

20. A plastic container according to claim 18 wherein
the lower rim portion of the wafer carrier and the bottom
cover rim portion engage each other in hermetically sealing
relation.

21. A plastic container according to claim 16 wherein
the bottom cover and the top cover fit onto the wafer
carrier in hermetically sealing relation.

22. A plastic container according to claim 1 wherein

the bottom cover is molded of a substantially stiff but
yieldable plastic material.

N



di anet er of approxi mate eight inches (20.3 cm and the curvature of the

panel 58 appropriately substantially duplicates the qmgm&hukes&L £dge
of panels of such size. The container 15 is also suit nch (15
cm, twelve inch (30 cm or |arger wafergy by maki ng ta m
appropriate size. The partially cylindrical panel 58 ner

surface facing the open interior 57 of the wafer carrier; and t he panel
also has a multiplicity of elongate beads or ridges 60 extendlng
| ongi tudi nal | y aBongat paags&iti abhyadylerndcicoaidingndo sdiafiamcd 6amdhepredtr udi ng

Pheonat Ly o EhBl BotREn BB LAE Ghraf Markieroard ?emb@amggggeap@. ges_of

t he wafers rela i on between the e e wafers
and the cotogetberf s0dely by Gaﬁeb°5$°mA§°NPru§ﬂMaP@GQM¢ﬂﬁg$m9§91nqrua

el ongat e bgggseﬁBrSEEﬁBd15&%9“&&%“50&&%05%'bleﬁQt@aQErt@%f¥$@¥’ 17 and of

t he panel so as to overlie and engage all of the wafers that may be
stored in the container.

24. A plastic container according to claim 12 wherein
said pair of adjacent tab portions are affixed on the wafer
carrier and the top cover respectively.

25. A plastic container according to claim 12 wherein
said pair of adjacent tab portions are affixed on the wafer
carrier and the bottom cover respectively.

26. A plastic container according to claim 1 wherein
said top cover comprises a partially cylindrical panel
having a convex surface confronting the top opening of the
wafer carrier to follow the curvature of the edges of the
semiconductor wafers stored in the carrier, the cover also
comprising a plurality of elongate beads extending
longitudinally of said partially cylindrical panel and
protruding from said convex surface to engage the edges of
the semiconductor wafer.

27. A plastic container according to claim 1 wherein
said bottom cover comprises an elongate partially
cylindrical panel with a convex surface adjacent the bottom
opening of the wafer carrier, said bottom cover also
comprising an elongate bead extending longitudinally of the
partially cylindrical panel to engage the edges of the

semiconductor wafers in the wafer carrier.

) O Y



The top cover

17 al so has substantially flat and planar side edge portions

61, 62, 63, 64Thi}ShegtiHat BésaRerdcagni zed that the side edge portions 61, 62,

adj acent the car I 19 and 20, provide springiness in the cover,
and are subst ant]i an the engk edge portions 63, 64 which are
wal I's 2

adj acent the en

of the carrier. The side edge portions 61-64

lie directly on the upper edge portions 19.1, 20.1, 21.1. and 22.1 of the
carrier and contribute to maintaining the hernetic seal between the carrier
and the top coeé&.. A plastﬂuadnntaiman'aﬁbaﬂdinduniaimnﬂliwﬁénﬂim'of

?id%l% %%'f:eng)e%fdf S £h@° da t’i%‘h)ﬁ éﬁ%n%[?ﬁ-la]t gsafrfélf &)-i Pl oo

deformati g
stacking o

the co

tal ners one upon ano p cover

has enl ar §o&todp coyear priokrpaes dremethendonyexw awrfaas anst ivaward i phery

of the tORhe interior of the wafer carrier to 1ift the edges of the

semiconductor wafers off the wafer supporting offset

portions of the wafer carrier sidewalls.

29. A plastic container according to claim 1 wherein

the upper edge portion lies substantially in a plane.

30. A plastic container according to claim 4 wherein

both the top cover rim portion and the adjacent upper rim

portion of the wafer carrier lie substantially in planes.

31. A plastic container according to claim 1 wherein

said lower edge portions of the wafer carrier lying

substantially in a plane.

32. A plastic container for storing and shipping

semiconductor wafers and interfacing with processing

machines in indexing relation according to claim 17 wherein

said lower edge portions of the carrier lying substantially

in a plane, the lower edge portions of said sidewalls

comprising indexing notches.

33. A plastic container for storing and shipping

semiconductor wafers and interfacing with processing

machines in indexing relation according to claim 18 wherein

said lower edge portions of the sidewalls comprising

indexing notches opening through said lower edge portions,

the lower rim portions of the carrier and the bottom cover

rim portion continuing along and bypassing said indexing

notches.

* [+ L L] S *



cover and nore specifically, the top cover has inwardly protruding enl arged
top cover rimportions 66, 67 extending all along the side edge portions
61, 62 of the top cover; and has enlarged top cover rimportions 68, 69
extending all along the end edge porti-ong 63, 64. Al of the enlarged top
cover rimportions 66, 67, 68, 69 are interconnected and fornmed integrally
of each other and lie in a plane. Wien the top cover 17 is applied onto the
carrier 16, the rim

34. A plastic container according to claim 33 wherein

both of said lower rim portions of the carrier and said
bottom cover rim portions lying substantially in adjacent
planes and diverting out of said planes in bypassing said
indexing notches.

This Sheet Has Been Replaced
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portions 66-69 engage and enbrace the rimportions 41-44 of the carrier 16
in hernetic sealing relation. The rimportions 66-69 of %ﬂ?gf r_17 _and

0
rimportions 41-44 of the carrier provide a snap fit for RSB eRagSe r
17 onto the carrier 16. The interfittingy$im portions 66-33] i

and the rimportions 41-44 on the carrier 16 provide the :

whi ch the cover 17 is anchored onto the carrier 16, i.e., there is no other
| at chi ng devices for holding the cover 17 onto the carrier 16. Cover
17 al so has a p&is. ofaA tpdlasidct iccmﬂ:aﬁﬁwl,eﬂjfom&ﬂbrﬁrr@ raite .ﬂtﬁtpﬁ%ﬁ?y faom ége
rimportio : I j tugj Y. ong the . rimportion and si (
edgepport i %ﬁgéﬁ%uggg%?qﬁ%%%dd?%(%%#g%@ﬁl‘(%/.é'?ltt}b €99V %et rel ation
Wi th resped@achdnese ladjindexed yeladion t Ieomparisiieg 16. The tabs 70, 71 are
useful in conpleting closing of the top cover 18 onto the carrier 16. In

the final stages of applying the top cover, the tabs 70, 71 may be manual |y
squeezed toward the Fa%a§§ 0P &Fa G 3 ng sidewalls with ‘wafer

supporting offset portions and wafer separating ribs, the
carrier also comprising first and second end walls
interconnecting the sidewalls, the sidewalls and end walls
comprising generally planar upper edge portions defining a
top opening of the carrier facilitating loading and
unloading of wafers, the sidewalls and end walls also
defining lower edge portions defining a bottom opening of
the carrier providing access to the wafers in the carrier,
said upper edge portions comprising enlarged upper rim
portions,

a bottom cover traversing the bottom opening of
the wafer carrier and removably secured against said lower
edge portions to close the bottom opening,

a top cover traversing the top opening of the
wafer carrier and lying removably secured against said upper
edge portion of the carrier to close the top opening and
retain the wafers, and a pair of spaced support bars and a
transverse indexing crossbar affixed to one of said end
walls, said spaced support bars extending toward said upper
and lower edge portions and lying substantially in a plane.

36. A plastic container according to claim 35 wherein
the lower edge portions of said sidewalls also comprise
indexing notches.

37. A plastic container according to claim 36 wherein
both of said top and bottom covers are hermetically and
removably sealed to the wafer carrier.

TR0 R D A



assure that application of the bottomcover is conpleted, and that the snap
fit has been finished. Al t hough technlC|fyyshg§;mxpaﬂmmpmaﬂtalner 16
may devi se various procedures of applying and re cover 17, it
has been found to be successful to firstaglace tEE'“EEl upon t he
upper edge portions of the side and end walls. orners of the top
cover may be pressed, - 12 -

38. A plastic container for storing and shipping
semiconductor wafers and interfacing with processing

machines in indexed relation, comprising

a substantially rigid wafer carrier comprising
sidewalls with wafer supporting offset portions and wafer
separating ribs, the carrier also comprising first and
second end walls interconnecting the sidewalls, the
sidewalls and end walls comprising upper edge portions lying
substantially in a plane and defining a top opening of the
carrier facilitating loading and unloading of semiconductor
wafers, the sidewalls and end walls also defining lower edge
portions defining a bottom opening of the carrier providing
access to wafers in the carrier, said first end walls having
a pair of support bars spaced from each other and extending
toward the upper and lower edge portions, said support bars
having outer edge portions spaced from the adjacent first
end wall and lying in a plane,

said first end wall also having an indexing
crossbar extending transversely of and between said support
bars, and said first end wall comprising panel portions
extending in opposite directions from said indexing crossbar
entirely to said upper and to said lower edge portions.

39. A plastic container according to claim 38 wherein

the indexing crossbar extends entirely to the support bars.

40. A plastic container according to claim 38 wherein
the upper edge portion comprises an enlarged upper rim on
said sidewalls and end walls and extends continuously around
the periphery of the top opening of the wafer carrier, said
upper rim protruding outwardly of the carrier and away from
said top opening thereof.

) B



initially, onto the r|n1 %Q of the side and end walls using the palm

or heel of the en the side edge portions 61, 62 of the
top cover are pr “ ssed onto the rimportions 41, 42 at the
sidewal I s of the the entipe &importions 66 - 69 of the
cover have achi eved and conpleted the snap fit onto the adjacent rim
portions 41 - 44 of the carrier. For renoving the top cover 17, a
corner portion, such as adjacent rimportions 67 and 69, are lifted of f the

adj acent rim porkli-ond flastiigpfcantainer jaggordihd e cokaon :;erhelre?:n at 23
s
top cover ithd 1R Wik ¢ di»tﬂ&‘r? édnéBﬂOfHéé U HfaRide" cf\.?éx%’e{%e G

by lifting on the top cover until cover rim
portions 4fald4§1(ﬂ‘e“%4é§:ér'}q &nd walls amgb %Qﬂ%l%ﬂnmle?u%\l}s dreumdhi ch

the carri erhkb paitdphery of the bottom opening of the wafer carrier,
said lower rim protruding outwardly of the carrier and away
form said bottom opening thereof.

42. A plastic container according to claim 38 wherein
the sidewalls of the carrier are transparent to permit
visual inspection of the semiconductor wafers stored in the
container.

43. A plastic container according to claim 42 wherein
the wafer carrier is molded of a plastic comprising
polycarbonate.

44. A plastic container according to claim 41 wherein
each of said sidewalls comprises a foot panel extending
along the bottom opening and defining said lower edge
portion, the lower edge portion of the foot panel comprising
an indexing notch, said enlarged lower rim bypassing and
extending adjacent to the indexing notch.

R o



cover 17 are fornmed are highly resistant to abrading and scuffing and
accordingly, the generation of particulate is mnimzed as_the cover i

is
lifted off or applied onto the carrier. The bottom & et Repia
edge portions 72 and end edge portions_734whi ch respectivel W 1
| ower edge portions 32, 33 and 34, 35 of the carrier and en

edge portions of the end walls and sidewalls of the carrier to contribute
materially to a hermetic sealing relation between the bottom cover 18 and

the carrier 16. 4de hOtpLEREGY ef o SsHESp Bnd eférh BeoN@iSE 0B UpRHEFSNY porti on
74 offset with respect to the edge portions 72, 73 as to protrude upwardly
into the bdt} %ﬁéﬁﬁng 36 of the carrier 16. More specifically, the wafer
supporting portions 74 conprises a partially cylindrical panel 75 with a

convex inner surface Mﬂ%ﬁ:ﬁ?" ﬁte%t rﬁﬁ#ﬁ’%@%&itéﬂ%i‘@f@énfﬂﬁ&r and

the edges of the wafers ne erei _
and engaging such semiconductor wafers and supporting and

maintaining the wafers spaced from each other, each of the
containers being closed to isolate the confined wafers
against contamination,

a plurality of stacked and nesting cover trays
molded of cushioning foamed plastic and comprising upper
portions having open top storage compartments each receiving
and conforming to the shape of a single said shipping
container, the cover tray supporting the shipping containers
in the compartments, the cover trays comprising upper and
lower faces with interfitting nesting deformations formed
therein receiving adjacent cover trays in stacked relation,
and

the cover trays also comprising lower portions
having bottom panels underlying the storage compartments to
overlie and confine shipping containers in the compartments
of a cover tray below the bottom panel.

46. A package for shipping semiconductor wafers
according to claim 45 wherein each of the shipping
containers comprising a wafer carrier having enclosing walls
with upper edge portions defining a top opening of the
carrier, a top cover closing said top opening and comprising
a central retainer portion confronting the edges of the
wafers in the carrier, the top cover also comprising side
edge portions lying on the upper edge portions of the
enclosing walls, and each of the cover trays comprising
support feet adjacent the bottom panels and bearing
downwardly on the side edge portions of the top covers.

A



- 13 - curvature of panel 75 confornms to the shape of the mafers W
wafer lifting means or The panel 75 also has a pajiskplfyRlg &ﬁ% Ly

el ongate wafer lifiting means or beads or ridges aIIy
t hereof and protruding fromthe convex_.sggface in IHIE l |nter| or 57
of the carrier 16 as to engage and support the ed ers W The
beads 77 actually lift the wafers Wout of engagenent with the offset

portions 26, 27 of the sidewalls
47. A package for shipping semiconductor wafers

according to claim 46 wherein the bottom panels of the cover
trays being spaced from the central retainer portions of the
top covers.

48. A package for shipping semiconductor wafers
according to claim 46 wherein the top covers are molded of
substantially stiff but resiliently yieldable plastic, the
central retainer portion of the top covers are partially
cylindrically shaped, defining convex inner surfaces
confronting the top opening of the wafer carrier, the convex
inner surfaces having elongate heads extending
longitudinally thereof to engage the edges of the wafers
stored in the carrier.

49. A package for shipping semiconductor wafers
according to claim 45 wherein each of the shipper containers
comprising a wafer carrier having enclosing walls with upper
edge portions defining a top opening of the carrier, a top
cover closing said top opening and lying on the upper edge
portions of the enclosing walls, a pair of said enclosing
walls of the carrier being opposite each other and
comprising outwardly projecting support tabs adjacent said
upper edge portions, and said upper portions of the cover
trays comprising support shelves adjacent each of the
storage compartments, the support shelves engaging and
supporting the support tabs of the carriers for suspending
the shipping containers in said storage compartments.

50. A package according to claim 49 wherein the upper
portions of said cover trays defining bottom surfaces of the
storage compartments, the shipping containers being spaced
from said bottom surfaces.
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19, 20 so that the wafers are free of the sidewalls and are entirely

supported upon_on, o th the beads 77, regardl ess of the |ocation of
the fl at edgem& ‘E “lafers. The eIongate beads 77 extend

| ongi tudinal ly lally cylimggical panel 75 and extend
substantial ly t t he bottom cover 18. The bottom cover
al so has r|n1port|ons extendlng around the entire periphery of the bottom
cover and nore specifically, the bottom cover conprises enlarged rim
portions 78, 79saxtemdbﬁ@kab@ngcthEdsm@eted@aqmmWHumuhéﬁénﬁ tihee fagineain

cover andTﬁngﬁgﬁl ng,ft Q%erl (}I’ttl &%ﬁ% c?cip%fessrl% q-_%""aalbl r1b9 20 of the

carrier Comcovsr el oM COVer: rimportions 80, 81
ext endi ng phwsgcaﬂes@n@kgdge portlons 73 of the bottom cover and enbracing
the enlarged rimportions 47, 48 of the end walls of the carrier 16. The

rimportions 78, 79, 80 and 81 are all interconnected wth each other and
lie substantial B¢-i n?aPRckigesAGcomsiage tohelaln 5O vheFeins thes 47 and 48

of the shipping container comprises a wafer carrier molded of
substantially rigid plastic and having sidewalls with
offsets to support the wafers, each of the shipping
containers having a bottom cover formed of substantially
stiff resiliently yieldable plastic, the bottom cover
supporting the wafers and lifting the wafers off the offsets
of the sidewalls.

53. A package according to claim 52 wherein the bottom
covers of the shipping containers have partially cylindrical
panels with elongate convex surfaces facing the interiors of
the wafer carriers, each of said partially cylindrical
panels having a pair of elongate beads formed integrally
thereof and extending along and on the convex surfaces for
supporting the wafers.
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wafer carrier in a snap fit and in hernmetic sealing.relation to retain the
bottom cover on the wafer carrier. The rimportions 78-81 of the bottom
cover and the rimportions 45- 48 of the wafer carrier conprise the sole

means by which the bottomcover is retained on the wafer carrier, i.e.,
there need be no supplenental |atching neans for hol ding the bottom cover
on the carrier. - 14 - The

hermetic seal between the carrier 16 and the top

N
_fl (] _l s Thlis Sheet Has Been Replaced




and bottom covers 17, 18 prevents novenent of air, other gases, noisture
and particles into and out of the container 15, and prevents the carrier
from burping or sucking as atnospheric pressures change. The bottom
cover 18 also has a pair of elongate tab portions 82, 83 extending

| ongi tudi nally al ong one of the side edge portions 72 and adjacent the rim
portion 79 of the bottom cover. The tab portions 82, 83 |lie adjacent, but
in offset relation, with respect to the adjacent tab 40 on the | ower side
edge portion of the wafer carrier so as to facilitate a person

si mul t aneousl y engagi ng and squeezi ng both of the tab portions 83 and 40
and assuring that the snap fit has been conpleted in applying the bottom
cover onto the carrier. Odinarily the 5&3 om cover 18 is applied to the
carrier by laying the b@&gm cover 18 06n a su Eprt table, then the carrier
16 i s placed upon e bottagd Q\-E ;;E>: -,;-g SO as to secure the carrier
16 and cover é% toget her pmaCa snap fi ﬁg%if wafers Ware already in the

A\
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carrier, the wafers wll be lifted by the bottom cover 18 off the offset
portions 26, 27 of the sidewalls 19, 20. I'n renoving the bottom
cover 18 fromthe wafer carrier, one corner portion of the bottomcover is
fl exed, as above described in connection with the top cover, and the bottom
cover 18 may thereby be progressively di sengaged fromthe enlarged | ower
rimportions 45-48 of the wafer carrier for renoving the bottom cover. The
rimportions 78-81 of the bottom cover engage and enbrace the rimportions

45-48 of the wafer carrier d est ish a hernetic sealing relation
bet ween the bottom cover 1 nd th fer cgrrier prevent mgration of
air, noisture and partiﬁﬁéaogkinto or out Sthe #fierior 57 of the wafer
carrier. \Wereas gbe botHdm c ' ons,78-8gc5ie substantially in a
pl ane, i ‘—- 65
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- 15 - portions 78.1, 79.1 of the rimportions 78, 79 extendi ng al ong
the side edge portions 72 of the bottom cover, are diverted out of the

pl ane of the remai nder of the bottom cover rimportions to conformto the
shape of the portions 50 of the rimportions 45, 46 which diverge out of
the planes of the rimportions on the wafer carrier and pass over the index

notches 49 in the foot panels 30, 31 of the wafer carrier. The
bottom cover 18 also has qupwardly ot rudi ng !51§ portions 84 protruding
outvardly a ) ggrougd oy M0 ghe ﬁiﬁﬁ 17
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the bottom cover except at the tabs 82, 83 to add strength to the bottom
cover. Simlarly, the top cover 17 has outwardly protruding_lip portions 85
protrudi ng outwardly fromthe edge portions of the top covefhissyheet egraReplaced
around the periphery of the top cover except at the tabs 70,L i”

additional strength to the top cover. The lip portion

extends along the rimportion 66 and the side edge portion, engages the tab
37 of carrjier 16 as th p cover is tilted upward during renoval, and
assistsf;"f ' ancgengagi A& rimportion 66 fromrimportion 41 of
t he cariller ‘Z;z? Fi @ 10-14\n lustrate_the shippin

cont ai ner 15
packaged'ln clusters for shipnent s Iiygb seni cgfduct or wafers W
for (rocessing. The packa ls_indi

n_general by Auneral 84 and
conpr{i ses a nultLpPkcFﬁfW

neswi ng and

,| )

II|'

1

A ] gs (I /
|. 32
i >

et

\)

ANNT

;l'l -q‘ |

|

: e
[ ”‘-~ﬂ‘

%@’ Ay

95
96

86

ol

q \—27

89




stacked relation to each other. The cover trays 85 are nol ded of foaned

pl astic and particularly, foanmed pol ypropyl ene, providing cushioning for
the containers 15. O course, other foaned plastics nay be substituted to
provi de the necessary cushioning for the containers 15. The foamed plastic
of the trays 85 is capabl e of absorbing shock

- 16 - in view of the conpressibility of the material and the limted
resilience thereof. Each of the cover trays has an
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upper portion 86 and a | ower portion 87. Al though FIG 9 illustrates
a stack of nine trays, i.e., eight |levels of containers 15, the package 84
may have | esser nunber for stacked trays. Oten only five trays are
utilized in such a package 84. ~-The upper portion 86 of each of the
trays 85 has a nultiplicity of open top storage conpartnents 88 arranged in
rows and files, and in the formillustrated, each cover tray has 16 storage
conpartnments fornmed therein. Each of the storage conpartnents 88 is shaped
to receive a single plastic shBSPREQT cONtBISELOSBREei n. The conpartnments 88
are shaped so that the sidewalls 89 thereof have the sane shape as the
shape of the sidewalls 19 and 20 of the container 15. Simlarly, the
conpartnents 8@ gflastda mantaimers for stimpow and rshippinend wal |s 90

her eof, alaiislaiddl Waddill condh SO0 o NS\t Al Yof © the shape of

the end wa
substantlally rigid and transparent material supporting the

wafers and maintaining the wafers in spaced relation to each
other, top and bottom covers for the wafer carrier formed of
stiff but resiliently flexibly yieldable material, the wafer
carrier having upper and lower enlarged rim portions
extending around the peripheries of the top and bottom of
the wafer carrier and being embraced by enlarged
peripherally extending rim portions of the top and bottom
covers, the top and bottom covers having partially
cylindrical panels with elongate beads or ridges formed
thereon to engage and maintain the edges of the wafers
spaced from the partially cylindrical surfaces, offset tabs
on the wafer carrier and top and bottom covers facilitating
of flexibly lifting small portions of the covers off the
wafer carriers and then progressively disengaging the covers
from the wafer carriers; a package comprising a multiplicity
of cover trays with compartments receiving the shipping
containers therein, the cover trays supporting the
containers at the tab portions on the wafer carriers and the
cover trays also bearing downwardly on the side edge
portions of the cover to maintain the covers in closed
condition on the wafer carrier.

is Sheet Has Been Replaced
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22 of the carrier 16. The bottom surface 91 of each of the conpartnﬁnts 88
I s substantially flat to conform substantially to the flat shape of the
side and end edge portions 72, 73 of the bottom cover 18 of each of the
cont ai ners 15. The upper portion 8 f .each_ of the cover trays 85

8
al so defines a support shelf 92 adjacent tiglyte; fReedi yehagartenwper 5k996
supporting the tab portions 37é§£§%é§%$I§$é§%é#Eé§¥%#er 16 of each of the
contai ners 15. The upper tabs ) rier are thereby
supported on the upper portion 86 of the cover tray; and each of the

containers 15 is thereby suspgﬂggﬂiP?Sgkbhegggpﬁgékhﬁgelves 92 in a

conpartnent of the cover tray. rat igure 14, the containers
16 are suspended fromthe tabs 37, 38 resting
A plastic container for storing and shipping

semiconductor wafers comprising a wafer carrier of

" substantially rigid and transparent material supporting the
wafers and maintaining the wafers in spaced relation to each
other, top and bottom covers for the wafer carrier formed of
stiff but resiliently flexibly yieldable material, the wafer
carrier having upper and lower enlarged rim portions
extending around the peripheries of the top and bottom of
the wafer carrier and being embraced by enlarged
peripherally extending rim portions of the top and bottom
covers, the top and bottom covers having partially
cylindrical panels with elongate beads or ridges formed
thereon to engage and maintain the edges of the wafers
spaced from the partially cylindrical surfaces, offset tabs
on the wafer carrier and top and bottom covers facilitating
of flexibly lifting small portions of the covers off the
“wafer carriers and then progressively disengaging the covers
from the wafer carriers; a package comprising a multiplicity
of cover trays with compartments receiving the shipping
containers therein, the cover trays supporting the
containers at the tab portions on the wafer carriers and the
cover trays also bearing downwardly on the side edge
portions of the cover to maintain the covers in closed
condition on the wafer carrier.

(Please note that Figure 2 should accompany the abstract when published)
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-°17 -+ upon the support shelves 92 so that the bottom covers 18 are
spaced slightly off the bottom surfaces 91 of the conpartnents 88. As a
result, no pressure is applied through the bottom covers onto the wafers
contained in the containers 15. The | ower portions 87 of each of the
cover trays 85 overlie the upper portidd 86 Sebstifite sheetr 24r Sgpserabasr K961 ow,
and the | ower portions 87 of each of the cover trays has a bottom panel 93
form ng the bottom surface 91 of the conpartnents 88, and the bottom panels
93 al so overlies the
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conpartments of the trays therebel ow The bottom panels 93 have | ower
surfaces shaped to confermto the shape of the top--covers 17 of the
containers 15, and as seen in Figure 11, the surfaces 93.1 are al so
substantially partially cylindrical as are the panels 58 of the top covers
17. The surfaces 93.1 if the bottom pandl/$h 93 Substitya skt f 2dnSdphemnbien pl 996
covers 17 of the containers 15 so that no pressure is brought to bear on
the partially cylindrical panels 58 of the covers 17. The | ower
portions 87 of the cover trays define elongate support feet 94 bearing
downwar dl y upon the side edge portions 61, 62 of the covers 17, as
particularly seen in Figure 13. The support feet 94 are fornmed adjacent
both sidewalls 88 of each conpartnent and d&&ar downwardly agai nst both side
edge portions 61, 62 of eagy) cover 17, ahd extend all along the length of
the covers and of thesside edge portkaB@6dn~ 6270The cover trays 85 thereby
bear down on tqg3si ef edge peotTions 613 '_;Qa? | of thelggntainers 15 as
TNG
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to continuously hold the covers tightly onto the wafer carriers 16 and
mai ntain the top covers 17 in hernetic sealing relation with the wafer

carriers 16.

In order to provide for

nesting of the cover

trays together and stacking of the trays one upon the other while
mai ntaining the trays in vertical aligndéft asSulistimd skeeed 24rSdptagnbee 1996t he
upper portions 86 of the cover trays and the | ower portions 87 of the cover

trays both have
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i nt erfi’ﬁi ng of fsets 95 and 96. \WWen the cover trays are stacked one upon
the other, the offsets 95 and 96 fit together and prevent any sideward
novenent of the trays, thereby maintaining the trays in vertical alignnent

as illustrated in Figures 9, 11 and 12. After the trays have been
filled with containers 15 in all of thed4ddmparSubstituse st - RAeSdptciytser @98
been stacked one upon the other as illustrated in Figure 9, the entire
colum of trays is preferably p 9/i ded with a shrin apping 97 as to
secure all of the AV SO ' j ' wrap? ng
of plastic film gLt i ] i e
trays tightl%i’ lﬂl" 4 | I ; _ rﬁfﬂ by
its own pall S = Bt packagel|i4 nay be assenii] e with a‘'ppu ot her
i dentical packagi#s H4 }i n a clus 'er and support on a pal I'gt {98. TN& 20,/
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t hen shrink w apped for stability and ease of handling. It will be
recogni zed that because the containers 15 are supported fromtheir tabs 37,
38 on the shelves 92, the cushioning effect of the foaned pol ypropyl ene
plastic material in the cover trays is utilized for producing individual
cushioning for each container. In the e¥Yéft thSubstitute sheet r @4 Beplenger 3996 S
subj ected to sone physical shock, the transfer of the shock to the wafer

carriers wthi | 5is mnimal. Even though the bottom covers
18 of the cont aj 9 tenp ily end&ge the bottom surfaces 91 of the
conpart nments e | ger c i%r s are\/ﬁld I n
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- 19 - - spaced relation to the partially cyli ndrical"panels 75 of the
bottom cover by the el ongaté beads or ridges 77, again providing additional
cushioning to prevent the wafers from bei ng damaged within the containers

15. The entire clusters of packages 84 as illustrated in Figure 9 may al so
be shrink w apped together on the pall ei/88. AubstitutehsheetonR4iSepremben896
arrived at their destination, they may be cl eaned and reused. The

present invention nay be enbodied in other specific fornms w thout departing
fromthe spirit or essential attributes thereof, and it is therefore
desired that the present embodi ment be considered in all rc;sé)ects as

This is the replacement sheet
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1“0;640..3 el
t he appended clains rather than to the foregoing description to indicate
t he scope of the invention. -
20 - Substitute sheet - 13 Septenber
2000 W claim 1. A pl astic conBabstituteghest or13h§entrmbeat BR0RAY
sem conductor wafers and interfacing w &8# processi ng machi nes in indexing
relation conprising a wafer carrier conprising sidewalls wth wafer
supporting offset portions and wafer separating ribs, the carrier also

rising fir nd n n | Ls_interconneciing the, sidewalls,
conpris QGurvgéugédogeggngle7g gghforms to gge skapg o? tﬁe waters Ww.

wafer lifting means or
The panel 75 also has a pair or pluralitY—ET—EIaﬁif%EZSEEHE‘
or ridges 77 formed integrally thereof and protruding from
the convex surface inwardly of the interior 57 of the
carrier 16 as to engage and support the edges of the wafers
W. The beads 77 actually lift the wafers W out of
engagement with the offset portions 26, 27 of the sidewalls
19, 20 so that the wafers are free of the sidewalls and are
entirely supported upon one or both of the beads 77,
regardless of the location of the flat edge portions of the
wafers. The elongate beads 77 extend longitudinally along
the partially cylindrical panel 75 and extend substantially

~ to the ends of the bottom cover 18.

The bottom cover also has rim portions extending around
the entire periphery of the bottom cover and more
specifically, the bottom cover comprises enlarged rim
portions 78, 79 extending along the side edge portions 72 of
the bottom cover and embracing the rim portions 45, 46 of
the sidewalls 19, 20 of the carrier. The bottom cover also
enlarged bottom cover rim portions 80, 81 extending along
the end edge portions 73 of the bottom cover and embracing
the enlarged rim portions 47, 48 of the end walls of the
carrier 16. The rim portions 78, 79, 80 and 81 are all
interconnected with each other and lie substantially in a
plane and embrace the rim portions 45, 46, 47 and 48 of the
wafer carrier in a snap fit and in hermetic sealing relation
to retain the bottom cover on the wafer carrier. The rim
portions 78-81 of the bottom cover and the rim portions 45-
48 of the wafer carrier comprise the sole means by which the
bottom cover is retained on the wafer carrier, i.e., there
need be no supplemental latching means for holding the
bottom cover on the carrier.

S . This is the replacement sheet
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the sidevalls and end walls conprising upper edge portions defining a top
opening of the carrier facilitating |oading and unl oadi ng of wafers, the
sidewal | s and end wal I's al so defining |ower edge portions defining a bottom
opening of the carrier providing access t80the wafers in the carrier, said
upper edge portions conprising enl argedgg&g%téé”g&)grﬁ mba 6 wer edge
portions of the carrier conprise enlarg . fer
carrier conprises a periphery adjacent the |ower edge portions thereof, the
| ower edge p@f&&&ﬁi and the lower rimportions of the carrier extend
entirely aro o peri phery of the wafer carrier, a bottom cover
renovably traversing the bottonlopening of the wafer carrier and

| yi ' saldlo ortions to cl ose the bottom openin and
t%lengof1 ? glmni ver coﬁppﬁﬂ% anfgg}% ﬂﬂ%ﬁf}’”&ﬁo"%ﬂ §B'p86‘ﬁp$‘?’§'€9“@#ﬁt%[r yégsrs and

bot t om cover intdriaciy witl® B%c@%énﬁ@%é&nrﬁs% f"f‘ihéxh'@; RHtioh CoRfirisRdea Wa‘Pér 6é'r‘r‘?er

bott om cover and _ eng enbracing the | ower rimportions of
waf er carri efOMNRrigNG ﬁ'gﬁw\a"f’t Wﬁh&’ﬁ%’rﬁb’?ﬁ@’lﬂyg offsel partiens: and W@Héﬁi)%r@t‘@@ rlb$1 t he

carrier, saighel QiMgEr ﬁ%@orﬂﬁﬁilr%'ﬁﬁst ShddaRorsd BRYNNS nﬁ@@ﬁhé&ti’ﬁg th& AReslnags

not ches openi ng through sal ge portions, I 'm portions
of the carrithe %Wallsearwbemd)wa&sm@mpmlng piopet edigs portions definjngladng apeding

bypassing sajfliendexibP adiRhfiE Rrading and unloading of wafers, the sidewalls and end
walls also defining lower edge portions defining a bottom opening of the carrier

providing access to the wafers in the carrier, said upper edge portions comprising
enlarged upper rim portions, said lower edge portions of the carrier comprise
enlarged lower rim portions, the wafer carrier comprises a periphery adjacent the
lower edge portions thereof, the lower edge portions and the lower rim portions of
the carrier extend entirely around the periphery of the wafer carrier,

a bottom cover removably traversing the bottom opening of the wafer carrier and
lying against said lower edge portions to close the bottom opening, and
the bottom cover comprises a periphery and also comprises enlarged
bottom cover rim portions extending around the entire periphery of the
bottom cover and engaging and embracing the lower rim portions of the
wafer carrier in a snap fit and removably retaining the bottom cover on the
carrier, said lower edge portions of the sidewalls comprising indexing
notches opening through said lower edge portions, the lower rim portions
of the carrier and the bottom cover rim portions continuing along and
bypassing said indexing notches,

RN 116 1 e replacement sheet
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2000 a bottom cover

carrier and

the entire peripher
enbraci ng the | ower
fit and renovably r

a bottom

and a top

2.
the wafer

Substitute sheet - 13 Septenber

_ | yi ng agai nst said | ower edge portions to close the
bott om openi ng, and t he bottom-@&iver conprises a periphery and
al so conprises enl arged bot t ony, co ?r r'nnpo é'on Xt khg around
y of the bgéﬂﬁ%ﬁ&ﬁéhﬂiéniwé&B&@ﬁﬁﬁiggg
rimportions of the wafer carrier in a snap
etai ning the bottom cover on the waf er carrier,

cover removably traversing the bottom opening of the wafer carrier and
lying against said lower edge portions to close the bottom opening, and
the bottom cover comprises a periphery and also comprises enlarged
bottom cover rim portions extending around the entire periphery of the
bottom cover and engaging and embracing the lower rim portions of the
wafer carrier in a snap fit and removably retaining the bottom cover on the

wafer carrier,

cover removably traversing the top opening of the wafer carrier and lying
against said upper edge portion of the carrier to close the top opening and
retain the wafers, the top cover comprising enlarged top cover rim
portions engaging and embracing upper rim portions of the wafer carrier in
a snap fit and removably retaining the top cover on the wafer carrier.

A plastic container according to claim 1 wherein the lower rim portion of
carrier and the bottom cover rim portion of the wafer carrier have surface

portions lying flush against each other and engaging each other and establishing a

hermetically sealing relation there between.

3.

A plastic container according to claim 1 wherein the bottom cover and

wafer carrier are removably retained together by the bottom cover rim portions

engaging and embracing lower rim portions of the wafer carrier.

4.

A plastic container according to claim 1 wherein a pair of adjacent tab

portions are affixed on the wafer carrier and the bottom cover respectively.

4
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renovably traversing the bottom openi ng of the wafer
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and a top cover renovably traversing the top opening of the wafer carrier

and |ying agai nst sai d upper edge portion of the carrier to close
the top opening and retain the wafers, the top cover conprising
enl arged top cover rim portions-@R&gagi ng and enbraci ng upper rim

portions of the wafer carrier in Car$qb3sﬁ?urt'3§héétt- ?Qgeﬁﬁﬁﬁq\%%m

retaining the top cover on the wafer
contai ner according to claim1l wherein the lower rimportion of the wafer
carrier and the bottom cover rimportion of the wafer carrier have surface
portions lying flush agai nst each other and engagi ng each other and

establ i shing s her ngt bfagtit cosdr utcbRlidf tBlalrher Whgﬂiir\l\%ﬂ'n of said- lower rim A

pl astic contai ner according to claim1 erein the bottom cover and wafer

carrier are POROPELPYytheeEaITiRe @ndotaid Hattopy cover HEt Pemira®Vuing rsubsiastialyoins
engagi ng and REReACHAGed MWdivértiRh BAE b &F pRhed MoYAESHhg $8Id ih&Exing notches.

6. A plastic container for storing and shipping semiconductor wafers, and
interfacing with processing machines in indexed relation, comprising: -

a substantially rigid wafer carrier comprising sidewalls with wafer supporting offset
portions and wafer separating ribs, the carrier also comprising first and
second end walls interconnecting the sidewalls, the sidewalls and end
walls comprising upper edge portions defining a top opening of the carrier
facilitating loading and unloading of semiconductor wafers, the sidewalls
and end walls also defining lower edge portions defining a bottom opening
of the carrier providing access to wafers in the carrier, the lower edge
portions comprise a periphery of the bottom opening and also comprise
an enlarged lower rim on said sidewalls and end walls and extends
continuously around the periphery of the bottom opening of the wafer
carrier, said lower rim protruding outwardly of the carrier and away from
the said bottom opening thereof each of said sidewalls comprises a foot
panel extending along the bottom opening and defining said lower edge
portion, the lower edge portion of the foot panel comprising an indexing
notch, said enlarged lower rim bypassing and extending adjacent to the
indexing notch.

A



4. A plastic container according to claim1 wherein a pair of
adj acent tab portions are affixed on the wafer carrier and the bottom cover
respectively. . - 22 - 5.

A plastic container according to clai m khjie :
portions of the carrier and said bottomcover rimportions ying
substantially in adjacent planes and diverting out of said planes in

bypassi ng sai d i ndexi ng notches.
' 16. A plastic container according to claim 1 wherein

said lower edge portions of the carrier comprise enlarged
lower rim portions, and the bottom cover comprises enlarged
bottom cover rim portions engaging and embracing thg¢ lower
rim portions of the wafer carrier in a snap fit apd
removably retaining the bottom cover on the waf carrier.
17. A plastic container according to claim 16 wherein
the lower edge portions and the lower rim pdrtions of the
carrier extend entirely around the periphgry of the wafer

carrier.

— 18. A plastic container according to claim 17 wherein

the bottom cover rim portion exten around the entire
periphery of the bottom cover and/embraces the lower rim
portions around the entire periphery of the wafer carrier.
19. A plastic containe¥ according to claim 16 wherein
the bottom cover and wafer /arrier engage each other in

hermetically sealed relatdAon.

20. A plastic cohtainer according to claim 18 wherein
the lower rim portioh of the wafer carrier and the bottom
cover rim portion gngage each other in hermetically sealing

relation.

21. A pXYastic container according to claim 16 wherein
the bottom
carrier i

ver and the top cover fit onto the wafer
hermetically sealing relation.

A plastic container according to claim 1 wherein
the bgttom cover is molded of a substantially stiff but
yie)dable plastic material.

Thmistherepmcemenrsheet
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6. ~ A plastic container for storing and shi ppi ng sem conduct or wafers,

and interfacing with processing nachines in indexed relation, conprising:

a substantially rigid wafer carrier conp ST ewal | fe
_supporting of fset portions and MM@—%%

al so conprising first and second end wal | s interconnecting the
sidewal s, the sidewalls and end wal | s conprising upper edge
portions defining a top opening of the carrier facilitatin

| oadi ng and unIDading plaseitcoodtatinernatepsdingetsi déadml 46 wherein and

or el o PhEoEEL LR, B LR Eha dH8 ROERER TR IGEL " aoTaREY) REATHY

of the car acces € carri Rer edge
portions cbngetberaSpéelvthytbﬁ bh@tpmtpgﬁﬁgpﬁnmngoaﬁéoasssng PQSe

an enl ar ge nbowsrae%anlaaéé ﬂﬁle%kkioaadoendh&ahh%eenéaeﬁ
continuously around thé periphery of the bottom opening of t

carrier, said |lower rimprotruding outmardly of the carrier
the said bottonnmpenhnglhbe&eoéonaahnei- agtdraidgwebl e1aampnizs aher efiont

panel exteggiggpgkgngf Sjggg% ”E%BGBBQ iggg ggglgkegxgalon'gwgfw%%gg

carrier and the top cover respectively.

25. A plastic container according claim 12 wherein

said pair of adjacent tab portions are gffixed on the wafer
carrier and the bottom cover respectiyely.

26. A plastic container accofding tc claim 1 wherein
said top cover comprises a partiglly cylindrical panel
having a convex surface confronting the top opening of the
wafer carrier to follow the rvature of the edges of the
semiconductor wafers stored/in the carrier, the cover also
comprising a plurality of /elongate beads extending
longitudinally of said rtially cylindrical panel and
protruding from said ?onvex surface to engage the edges of

the semiconductor wafer.

c container according to claim 1 wherein
said bottom covér comprises an elongate partially

- cylindrical p#Znel with a convex surface adjacent the bottom
opening of e wafer carrier, said bottom cover also

comprising’ an elongate bead extending longitudinally of the

partial cylindrical panel to engage the edges of the

semicoyiductor wafers in the wafer carrier.

* ¢ L M s x

ate 1 3 SEP Zﬂ?}ﬁ

Hiteat



portion,

“the | ower edge portion of the fobt panel

notch, said enlarged |ower rim bypassing and extending adjacent to th

i ndexi ng notch. 16. A pl
1 wheren said | ower edge portions of thepbat e
and the bottom cover conprises e arged botton1cover r|n1port|ons

portions,

engagi ng and enbracing th | ower

28. A plastic container according claim 27 wherein
said elongate bead on the partially cylindrical panel of/t
bottom cover protrudes from the convex surface and toward
the interior of the wafer carrier to lift the edges the
semiconductor wafers off the wafer supporting offse
portions of the wafer carrier sidewalls.

29. A plastic container according to claim 1 wherein
the upper edge portion lies substantially in/a plane.

30. A plastic container according tg claim 4 wherein
both the top cover rim portion and the @djacent upper rim
portion of the wafer carrier lie substantially in planes.

31. A plastic container accoyding to claim 1 wherein
said lower edge portions of the fer carrier lying
substantially in a plane.

32. A plastic contain for storing and shipping
semiconductor wafers and terfacing with processing
machines in indexing relgtion according to claim 17 wherei
said lower edge portio of the carrier lying substantiall
in a plane, the lower/edge portions of said sidewalls

comprising indexing/notches.

33. A plasfic container for storing and shipping
semiconductor Wafers and interfacing with processing
machines in dexing relation according to claim 18 wherei
said lower Adge portions of the sidewalls comprising

indexing plotches opening through said lower edge portions,

L0 '- N 5

conprising an indexing
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34. A plastic container according to claim 33 whergin
both of said lower rim portions of the carrier and sai
bottom cover rim portions lying substantially in adj#Zcent
planes and diverting out of said planes in bypassing said

indexing notches.
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machi nes 'in indexed rel ation, conprising

_ 27Sul)s'citute sheet - 13 September 2000

35. A plastic container for storing and shipping
semiconductor wafers, and interfacing with processing

machines in indexed relation, comprising

a wafer carrier comprising sidewalls with/ wafer
supporting offset portions and wafer separating rdbs, the
carrier also comprising first and second end way)ls
interconnecting the sidewalls, the sidewalls d end walls
comprising generally planar upper edge portigns defining a
top opening of the carrier facilitating loafling and
unloading of wafers, the sidewalls and end walls also
defining lower edge portions defining a /bottom opening of
- the carrier providing access to the wafers in the carrier,

said upper edge portions comprising enlarged upper rim

portions,

a bottom cover traversing the bottom opening of
the wafer carrier and removably secured against said lower

edge portions to close the bottom opening,

a top cover trayersing the top opening of the
wafer carrier and lying femovably secured against said upper
edge portion of the cayrier to close the top opening and
retain the wafers, a a pair of spaced support bars and a
transverse indexing/crossbar affixed to one of said end
walls, said spaced support bars extending toward said upper

and lower edge portions and lying substantially in a plane.

36. A
the lower edge portions of said sidewalls also comprise

indexinj/?btches.

37. A plastic container according to claim 36 wherein

astic container according to claim 35 wherein

botﬁ/pf said top and bottom covers are hermetically and
reeyvably sealed to the wafer carrier.

|III|II|‘"I||III||HI|I||lI|I Thig iz ihe o ppisooment sheat
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38. A plastic container for storing and shipping
semiconductor wafers and interfacing with processing
machines in indexed relation, comprising

a substantially rigid wafer carrier compri
sidewalls with wafer supporting offset portions and wafer
separating ribs, the carrier also comprising fir and
the

sidewalls and end walls comprising upper edge/portions lying

second end walls interconnecting the sidewalls,

substantially in a plane and defining a top /6pening of the

carrier facilitating loading and unloading/of semiconductor
wafers, the sidewalls and end walls also/defining lower edge
portions defining a bottom opening of e carrier providing

access to wafers in the carrier, said/first end walls having
a pair of support bars spaced from gach other and extending
toward the upper and lower edge pogftions, said support bars
having outer edge portions spaced from the adjacent first

end wall and lying in a plane,

said first end wa)l also having an indexing

crossbar extending transversely of and between said support
bars, and said first end/wall comprising panel portions

extending in opposite directions from said indexing crossbar
entirely to said upp and to said lower edge portions.

38. A plastjc container according to claim 38 wherein

the indexing crog&sbar extends entirely to the support bars.

40. A

the upper

astic container according to claim 38 wherein
ge portion comprises an enlarged upper rim on
said sidewalls and end walls and extends continuously around
the perjphery of the top opening of the wafer carrier, said
upper fim protruding outwardly of the carrier and away from

said/top opening thereof.
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41. A plastic container according to claim 38 wherej
the lower edge portion comprises an enlarged lower rim
said sidewalls and end walls and extends continuously Around
the periphery of the bottom opening of the wafer caryier,
said lower rim protruding outwardly of the carrier /and away
form said bottom opening therecof.

42. A plastic container according to cl¥im 38 wherein
the sidewalls of the carrier are transparent/to permit
visual inspection of the semiconductor wafgrs stored in the
container.

43. A plastic container accordiyig to claim 42 wherein
the wafer carrier is molded of a plastic comprising
polycarbonate.

44. A plastic container according to claim 41 wherein
each of said sidewalls comprifes a foot panel extending
along the bottom opening and defining said lower edge
portion, the lower edge pgrtion of the foot panel comprising
an indexing notch, said £nlarged lower rim bypassing and

extending adjacent to fhe indexing notch.
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45. A package for shipping semiconductor wafers

comprising

a multiplicity of shipping containers confining
and engaging such semiconductor wafers and supportiAing and
maintaining the wafers spaced from each other, egch of the
containers being closed to isolate the confined wafers
against contamination,

a plurality of stacked and nestifig cover trays
molded of cushioning foamed plastic and gomprising upper
portions having open top storage compartments each receiving
and conforming to the shape of a single said shipping
container, the cover tray supporting the shipping containers
in the compartments, the cover trat¥s comprising upper and
lower faces with interfitting negting deformations formed
therein receiving adjacent cov trays in stacked relation,
and

the cover trays /also comprising lower portions
having bottom panels undérlying the storage compartments to
overlie and confine shipping containers in the compartments

of a cover tray below the bottom panel.

46. A package for shipping semiconductor wafers
according to claim 45 wherein each of the shipping
containers comprising a wafer carrier having enclosing walls
with upper edge portions defining a top opening of the

carrier, a Xop cover closing said top opening and comprising

a central /retainer portion confronting the edges of the
wafers the carrier, the top cover also comprising side
edge pdrtions lying on the upper edge portions of the
enclgSing walls, and each of the cover trays comprising
support feet adjacent the bottom panels and bearing

3pwnwardly on the side edge portions of the top covers.

T
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47. A package for shipping semiconductor wafers
according to claim 46 wherein the bottom panels of the gover
trays being spaced from the central retainer portions/of the
top covers.

48. A package for shipping semiconductor wafers
molded of
substantially stiff but resiliently yieldable/plastic, the

according to claim 46 wherein the top covers a
central retainer portion of the top covers gre partially
cylindrically shaped, defining convex inn surfaces
confronting the top opening of the wafer/carrier, the convex
inner surfaces having elongate heads e)tending
longitudinally thereof to engage the jedges of the wafers

stored in the carrier.

49. A package for shipping semiconductor wafers
according to claim 45 wherein /&ach of the shipper containers
comprising a wafer carrier h#gving enclosing walls with upper
edge portions defining a t opening of the carrier, a top
cover closing said top opéning and lying on the upper edge
portions of the enclosipg walls, a pair of said enclosing
walls of the carrier Being opposite each other and
comprising outwardly projecting support tabs adjacent said
upper edge portiong, and said upper portions of the cover
trays comprising/support shelves adjacent each of the

storage compartfents, the support shelves engaging and

e compartments, the shipping containers being spaced
from said bottom surfaces.
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51. A package according to claim 50 wherein the foamgd
plastic of the cover trays is compressible to absorb
physical shocks.

52. A package according to claim 50 wherein tHe
shipping container comprises a wafer carrier moldgd of
substantially rigid plastic and having sidewallg with
offsets to support the wafers, each of the shijpping
containers having a bottom cover formed of bstantially
stiff resiliently yieldable plastic, the ttom cover
supporting the wafers and lifting the wafers off the offsets
of the sidewalls.

53. A package according to claim 52 wherein the bottom
covers of the shipping containers/have partially cylindrical
panels with elongate convex surfaces facing the interiors of
the wafer carriers, each of sgid partially cylindrical
panels having a pair of elopgate beads formed integrally
thereof and extending alo and on the convex surfaces for
supporting the wafers.
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