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This application is a continuation-in-part of the application for patent on
Waf-er Cushio r Wafer Shippers, Serial No. 08/471,641 fil June 6 1995.
BACKGROUND M’WINVEI\H'I ON This i nvention reI ated 8’58 % ners
and packages for shipping sem conductor wafers and sinmlar objects.

Sem conductor wafers are tUs me%miplr processi ng.
The wafers are subjected to various process steps In various nachi nes and
at various |locations. The wafers nmust be transported from place to place
and stored over a period of tine in order to.acconmmpdate the necessary
processi ng. A nunTids ap;ﬂxcaqum a@nﬁmﬁemhﬁpamoﬂhshpplichmﬁc\pheﬂsammbeen

B?ﬁ\r/\::?gg: Y k#ﬁ%@ﬁ% W‘?%I p%&&ﬁ%ﬁ&g Waf eéggscushl oni ng the

waf er to protect against physical danage from shock vi bration, abrasion,
and the |ike. Such shipping conp.lners_and cushlanin means have been
prévi ously known as di scl oscBAGKGE ] [HE m 4,171, 740:

4,248, 346; 4,555,024; 4,574,950; 4, 557 382 4 718 549; 4, 773 488
4,817,779; 4,966, 284; 5,046,617; 5,253,755; 5,255,797 and 5,273, 159.- These
shi ppi ng and t r arfByiv Mvention relatss to containery and packages forsshippinghsemiconductorf or
engagi ng andwmr}%t&_l&{spt ect the wafers from physi cal damage,

however, suc

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. A number of types of transport and
shipping devices have been previously known for handling, storing and shipping wafers.

- A principal component of the shipping devices is a means for cushioning the wafer
to protect against physical damage from shock, vibration, abrasion, and the like. Such
shipping containers and cushioning means have been previously known as disclosed in
U.S. Patents 4,043,451; 4,171,740; 4,248,346; 4,555,024; 4,574,950; 4,557,382;
4,718,549; 4,773,488; 4,817,779; 4,966,284; 5,046,617; 5,253,755; 5,255,797 and
5,273,159. These shipping and transport devices utilize various means on the covers for
engaging and cushioning to protect the wafers from physical damage, however, such
containers do not provide for accommodation of the inherent flexing of the shxppmg
device covers due to the presence of the wafers.

‘ A desirable feature of shipping and transport devices is to have a top cover that
provides a hermetic or near hermetic seal to prevent entry of contaminants.



contai ners do not provide for accommobdati on of the inherent flexing of the
shippi ng device covers due to the presence of the wafers. A
desirabl e feature of shipping and transport devices-is to have a top cover
t hat provi des awwesemstnic or near hernetic seal to prevent entrBCIAIS96/09107
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PCT/ US96/ 09107 The use of nore flexible plastics for covers, such
as pol ypropyl ene and Th;mo{morq flexihle plastics ffox cqyers; MMW@MW Hytrel®,

greater flexing t il Bt ﬁé
engagenent of t e m%fo\fi uaI ers. 'S |sa%gause&&he top covers ch?fmd

bow, that is, engﬁgdntmt ot]hed:udmdualm Fhis\is betiayserthe eopt ¢oversveidir

t he edges. tenpts to W|tht e bl of t flexing of the
covers have beer"Wy‘@é r?g ?ﬁ?@w tﬁ’f”n i‘ff r by

addi ng exterlor ri bs, changing the top cover structure or using nore rigid
materi al s.

TH NVENTI '
The present inventi od#e@P @%W%%Mhiﬂ@?%‘f%%'b‘ %‘&Fﬂ by 3@y
such as seni congg 105 irévent the OwslY ¢¥ithe thpCdRérshy ribs, ihg the top

sealingly connected to two end walls to forma generally rect angul ar
interior wafer @evmmmorausmmmreg;dmmahand a bottom cover are
renovably attached to the container to protect the wafers during shipping
and storage and provide access to the vvaf ers’ for proceSS| ng The wafers are
securely held in place .in the car SUMMY ] NTIO

accommodating flexing

The present invention is a shipping container for safely storing artlcles such as
sennconductor wafers. The shipping container has two sidewalls sealingly connected to
two end walls to form a generally rectangular interior wafer confinement area. A top
cover and a bottom cover are removably attached to the container to protect the wafers
during shipping and storage and provide access to the wafers for processing. The wafers
are securely held in place in the carrier by a cushioning means for accommodaﬁng flexing
of the covers to prevent damage to the wafers. Furthermore, the wafers are locked into
place to prevent contamination by the wafers generating particles in the wafer
confinement area by rubbing against the carrier. The cﬁshioning means for -
accommodating the flexing bf the cover utilizes the flexing of the cover to support and
suspend the wafers in the wafer confinement area. The cushioning means comprises
structure in the top cover and a plurality of wafer engagement portions extending

~ inwardly into the container. The wafer engagement portions each have edge portions
which are aligned in a convex arcuate shape with respect to a centerline of the camer
Thearcuateshapemayalsobeformedbyanmmalarcuateshapemthecoverofthe ,
shipping device or an arcuate shaped fin extending from the cover of the shipping device.

 The cushioning means has a configuration to compress when engaged by the wafer to
secure the wafer while spacing it from the top cover. The cushioning means may have a
continuous' wafer engaging edge along the length of the fin or it may be separated into
wafer engaging tabs or fingers, each tab or finger individually engaging a wafer. The
bottom cover may also have a cushioning means engaging and spacing the wafers from
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of the covers to prevent damage to the wafers. Furthernore, the wafers are
-l ocked into place to prevent contam nation by the wafers generating )
particles in the wafer confinenent area by rubbing against the carrier. The
“cushi oni ng rwevgsrar accommodating the flexing of the covepcmusddmas the .
flexing of the cover to support and suspend the wafers in the wafer
confinenent area. The cushi oni ng neans conprises structure in the top cover

and a pl ur althe hottoin eeseer The gtrctuneof theocushionipg ancans o thy hottomradiver is desigasde

cont ai ner. t i .have ttions which are
aligned in gg&ﬁwm%#ﬁtﬁgﬁgﬁ% %‘%%‘?’ﬁehe of the
carrier. The arcuate shape may al so be formed-by an initial arcuate shape
in the cover of the .shippi.ng device or an-arcuate shaped fin exiending from
the cover of the%’h‘?"zﬁﬁgm&g’ﬁs&’é‘._mm%b‘sﬂimwaﬁaﬁé‘ﬁﬂggﬁ%m&%ﬂm‘P Mt i on
t 0 ~conpr ess hefivdicaBaladifte Bp ddver ¥R\ Iivingh AREdHiRg nikany'fok Abconthddeifp Heking | t

fromthe top_cover. The cushi gni n&rrean.swng%/ have a continuous waf er l

engagi ng ed@ te eaversiand whichutilizes the;comery of theshipping; eontainer Soraf er
engaging ta ; ; th%nm&aj &S tb RhiR el 068 8] waf er .
The bottom ?%f\?@;“éra@ al ss,ﬁonpﬁgge a cus |5n| ng rtr*é_ans ené%g% andgggg%e?ng t he

waf er s fr omdamage or contamination, -2- VO
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PCT/ US96/ 09107 the bottom cover. The structure of the cushioning nmeans on

the bottom coxer A’h&aﬁ_fesbggeﬂye‘s&twﬁmiswmgrﬂeﬂ cm#prkiﬁlg avddhRirr Withm
rotating in fhe shippi evi ce, obj ect of .the present

i nvention i §ldP&“§FB‘E|B'&an? @m%&lﬁgfpé‘&ﬁfraﬂeﬁﬁglﬂﬁ %H wall and a TeEokils botka  on
the top covgbverddfiiny iatbttomGhal)i WafdtSepRaig rftsardt {l3h itiCsidd RN brOf

t he covers and which utilizes the flexibility of the covers of the shipping

cont ai ner f &plding the yafery in & spagedirelatiop to gach conductor wafers to mnimze
the |ikelihood of wafer damage or contam nation. _ '

_ _ Another feature of the present invention is a cushioning means on the top cover.
The cushioning means comprising a plurality of fins disposed longitudinaily along the top
cover and extending radially into the wafer confinement area. '

Another feature of the present invention is each fin may have a continuous wafer
engaging edge along the length of the fin. ' C

Another feature of the present invention is that each fin may be a row comprising \,
a plurality of separately extending cushioning_ tabs having a slot between each pair of
adjoining tabs forming a discontinnous wafer engaging edge having a substantially convex |
arcuate shape with respect to the centerline of the carrier. Each cushioning tab having a \
wafer engaging edge. ' B '

Another feature of the present invention is a structure in each fin on the top cover
designed to resiliently indent along a radius of the wafer at the wafer engagement portion.

- Another feature of the present invention is a second cushioning means on the

bottom cover having a wafer engaging edge. The cushioning means on the bottom cover
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A feature of the present invention is a wafer carrier conprising a
container with side and end walls, a renovable top cover defining a top
wal | and a renovabl e bottom cover defining a bottomwall. WAfer separating
ri bs are positi owedeéssmit he side walls for holding the wafers i PCI/uspeaveel
relation to each ot her. : Anot her feature of the present invention
i's a cushioning means on-the top cover. The cushlonlng means conprising a

plurality of fi MMMﬁ%MMMIWW%W botprm sover ext endi ng

radial ly into tha yah6hs tﬁ@;ﬁ %&;w&mcomduemmé\% of e 34fers. Of the
present invention IS eac I'n ave a continuous wafer engaging edge
al ong the length of the fin. Anot her feature of the present

i nvention is that eac is qmgﬂ' Ot |

separately extending W&%%fgﬁs&gggﬁcﬁ%@%& be .V\%H'e@ ié%%q]s(%étﬁmgfor
adjboj[ ni tn_g It?bs f sottoin e varﬁ?ﬁhwr?ta stumuﬁet hméleas &m'ma'glr?ﬁ oﬁdggatghfgvm_ memgbers, which is
substantial ly copvex arcuate sha re e centerline

carrier. Each c H"ﬁﬁﬁ‘éﬂ M@H@Qbﬁﬁ am“esscomprgtﬁ &iny

feature of " the Pch@&ﬂ&lilebﬂiﬂ%ﬂbf%doﬁmﬁ:eﬂdh&bﬂhﬁdh@aﬁdiﬁhhidtﬂeﬂ@xihé%fﬂi&ovaof
cover designed to resiliently indent along a radius of the wafer at the

waf er engagerrentﬂlpéhlpl"@ﬁdevme Anot her feature of the present invention
is a second cushioning neans on the bottom cover having a wafer engagi ng
edge. The cushi oning neans on the bottom cover

- 3- Another feature of the present invention is the positioning of the fins on the top

covertomaxnmzethecushmnmgeffectonthcwafers A top fin may be located along
the center of the top cover.

Another feature of the present invention is the fin may be formed integral with the
cover to minimize manufacturing costs. '

Another feature of the présent invention is the slot between tabs allows each tab to
flex individually when engaging a wafer and prevent the flexing of one tab from effecting
the alignment or engagement of other tabs with their respective wafers.

Another feature of the present invention is each fin may have the form of a bead
extending longitudinally on the inside of the cover.

Another feature of the present invention is that the edge of the fin or engagement
portions may take the form of a point, a bead or a flat surface.

Another feature of the present invention is the wafer engaging edge is spaced from
- the center line of the carrier by a radial distance. The radial distance progressively
increasing from the middle portion of the fin to the portions of the fin adjacent to the end
walls.
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PCT/ US96/ 09107 supporting the wafers and spacing the wafers fromthe
bott om cover while accommodating flexing of the bottomcover due to the
wei ght of thﬁvwaf ers. Anot her feature of the present invention is
t he cushi oni in the top or bottom cover may have a STV such
as a fin or row of engagi ng rrenbers which is deS|gned to be nor e

conpressi bl e at el féﬂtglné) |:§§9:ﬁtxﬁ‘\!neﬂﬁ l:m%ﬁﬁ

m ddl e portion of t contal ner - o accomcha? P&% ze he%eleem g of
the cover of oommlpwelﬂyﬁanlctapmoffmsmnnhg)lohglmcﬁmﬂyulmgahebbmmcmnt

I nvention is the positioni fins th er,

cushi oni ng eﬁ% fﬁ?ﬂ\ﬁ?‘é‘fé‘e%ﬂﬁ?%ﬁoﬁrr&m #@M&%‘#%W ﬁ’fer
of the top cavplace restraining rotdticrt bFthe fwaddrlir e of the present invention is the

fin may be fornmed integral with the cover to mnimze manufacturing costs.
Anot her feature of the present invention is the slot between tabs all ows

each tab to flex nginy fiudbd of thb Preséit GivEnfich B i ivifer ehg Fﬁ%@d gobnldpe flexing
of “one-tab fromeffecting the alignment or engagement of other tabs with

t hei r respecchshionjfgmeans on the bottom pNST heving amanguate gonvex shapedawand thevent i on
is each fin gBeRAYE &Qmm of a bead extending longitudinally on the

i nside of the cover. Anot her feature of the present invention is
that the edge of the fin or engagenent portlons may take the formof a
point, a bead or a flat surface.

.  DESC] i OF
FIG. 1 is a perspective view ofaplastic shipping container.

FIG 2isa perspecuve view of the shippmg container in exploded condition to
show the three pnnc:pal parts.

FIG. 3 is a sectional view through the skipping container, taken on a broken line

as indicated at 3:3 of FIG. 1, and wherein the break is taken at the centerline indicated by
dot-dash lines in FIG. 3 particularly indicating the tabs and elevation.

FIG. 3A is a sectional view through the shipping container taken on a broken line
as indicated at 3-3 of FIG. 1 particularly indicating the radial alignment of the fins in the
top cover.

FIG. 4 is an enlarged detail section view taken at approximately 4-4 of FIG. 2.

FIG. § is a sectional view taken at approximately 5-5 of FIG. 14.

FIG. 5A is a sectional view taken at approximately 5-5 of FIG. 14 showing an

* alternative embodiment of the wafer cushioning means.
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Anot her feature of the present invention is the wafer engagi ng edge is
spaced fromthe center line of the carrier by a radial distance. The radi al
di stance progressively increasing fromthe m ddl e portlon of the fin to the

portions of the Wow®esdfiacent to the end walls. : .. PCT/US96/09107
-4- - WD 96/ 39711 '
PCT/ US96/ 09107 Anot her feature of the present I nvention is the

cushi oni ng means on t FEGHIB isonsectional view taken at approximeptsly 5¢5 of BiG. r14showingsan

runni ng | ongi tUd'ag&Hﬁir Wﬁgﬁg W@ﬁycture of . each fin on
t he bottom cover designed to I’ESIDf)I ently ock the wafer in place

restrai lni ng. ro';]at | OP of the waf er_d_ _ _ Anot .her_. feature of thﬁ pr esent
cover having an-ar uaPio oin ok ReRoml vi, ki & 4DbloBbitly SEESERRY 4 B

BRI EF DESCRI PTI ChltéphativielfleniBodifieit-0f the wafer cushioning means.

FIG. 5D is 2 section view taken at approximately 5-5 of FIG. 14 showing an
alternative embodiment of the wafer cushioning means.

FIG. 6 is an enlarged détail section view taken at approximately at 6-6 of FIG. 5.

' FIG. 6A is an enlarged detail section view taken at approximately 6-6 of FIG. 5
illustrating a bead configuration of the fin. ™

FIG. 6B is an enlarged detail section view taken at approximately 6-6 of FIG. 5
illustrating a knife-shaped wafer engaging edge._'

FIG. 6C is an enlarged detail section view taken at approximately 6-6 of FIG. 5
illustrating a flat wafer engaging edge.

FIG. 6D is an enlarged detail section v1ew taken at apprbximately 6-6 of FIG. 5
illustrating a rounded wafer engaging edge.

FIG. 7 is an enlarged detail section view taken at approximately 6-6 of FIG. 5
showing the tab bendingly engaging a wafer.

FIG. 8 is a section view taken at approximately 8-8 of FIG. 2.
FIG. 9 is an enlarged detail section view taken at approximately 9-9 of FIG. 8.

FIG. 10isa perspectiire drawing illustrating the wafer cushioning means on the
top cover engaging a wafer and crushing along a radius of the wafer.
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FIG 1 is a perspective view of a plastic shipping container. FI G
2 is a perspective view of the shipping container in exploded condition to
. show the three principal parts. FIG 3 is a sectional view through
t he shi ppi ng“-ﬁpgh,g‘;' yfp€r, taken on a broken line as indicat edncallt 335@ FI G
1, and wherein the break is taken at the centerline indicate ’%y %ltg;dash
lines in FIG 3 particularly indicating the tabs and el evati on.
FIG 3Ais a sectymnal ﬁh‘@engmughﬁm&lw 13419 9)F HI6KSD. On a

i cul ar?a

broken Iine as indicated at 3-3 of FIG 1 pa y indicating the radial
alignment of the fins in the top cover. FIG 4 is an enlarged

detail section vigns t19K8a ’ﬁe@ﬁ? cﬂ{yll@i&%gans 5is
a sectional view taken at iapgrom mat e ﬁh%wéfe% onthebottﬁé&r%A S
a secti onal engaging alwaferand:hepdiog nmmly 5-5 of FIG 14 show’ ng an:
al t'ernati ve enbodi ment of the wafer cushioning nmeans.
-5 -

. FIG. 131sanelevanona]v1ewofashxppmgcomamerhavmgas1deentrymth

horizontal orientation of the wafer.

FIG. 14 is a perspective view of a top cover.

Referring to FIGS. 1 and 2, the shipping container is indicated mgencral 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 stff but resiliently and flexibly yieldable plastic material, such
2s a thermoplastic elastomer known by its trademark Hytrel®, a registered trademark of
DuPont. The bottom cover 18 forms a bottom wall of container 15. The Hytrel
thermoplastic elastomer, in all of its grades, are block copolymers, consisting of a hard

- (crystalline) segment of polybutelyne terephthalate and a soft (amorphous) segmerit 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, pfoviding 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
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PCT/ US96/ 09107 FIG 5B is a sectional view taken at approxi mately
5-5 of FIG 14 showing an alternative enbodi ment of the wafer cushioning
means. WwOOsndrti i s a sectional view taken at approxi maPETUSI6/B1eN
FIG 14 show ng an alternative enbodi nent of the wafer cushioning neans.
FIG 5D is a section view taken at approximately 5-5 of FIG 14 show ng an

al ternative enbtﬂﬂr?@rﬂremomeﬂemy OF gchi QAT 149 shesplastic wafer carnigrd5 ig ip gngypy
enl arged detail @Wéﬁ id8 18AP20>, T8l 1Ednt 21 &ﬁe%fde%hﬁiaxﬁend walls

FIG 6Ais an e n vi'éw t aken at approximately 6-
FIG 5l Iustratmmm&ﬁﬂbdﬁammwe@hmmﬂrmwemmmhmlymms an

enl arged detail secti W en_at. a

illustrating a k‘ﬁ é“’gfﬁgﬁgﬁ \%é %S?&W&%M"ﬂﬁg%é%w%&?

enl arged detai | ﬁ@%fé?%aﬂi&?%dﬂiﬂ@ﬂ:@ ﬂﬁﬁ#ﬂf&xlﬂ‘miﬂieywﬁerﬁ:aﬁier%ﬁﬂfe wafers W may
illustrating a fI at vvafer enPagl ng edge 6D, is an enl arged

detail section IM“EF‘SPF@“M"I’PEQ?‘W TA%F gstems
rounded waf er e g 2‘“3 FI G 7 is an enlarged detail section
vi ew t aken at- apprOX| mat of FIG .

Referring to FIGS. 2 and 3, the sidewalls 19 and 20 have a multiplicity of upright
nbsorteeth24and25formedmtegrauythereofanddeﬁmngpocketsorslotszs 1
therebetween for recelvmg and retammg the semiconductor wafers W in spaced relation
with each other. The transparent polycarbonate of the sidewalls 19, 20 facilitate viewing
thewaferswdetermmethelrpresenceandlocanon The sidewalls 19 and 20 also have
rounded offset pomons 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 ourwardly 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
elong_ate and extend longitudinally along the sidewalls, substahtiaﬂy midway between the
ends of the sidewalls, substantially as illustrated in FIG. 1, Sidewall 19 has lower tab 39
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showi ng the tab bendi'ngl y engaging a wafer. - FIG 8 is a section
view taken at approximately 8-8 of FIG 2. FIG 9 is an enlarged-
detail section view taken at approxinmately 9-9 of FIG 8. FIG 10

IS a perspect).V. wing illustrating the wafer cushioning n the top
cover engagiﬁ@’?’%?er and crushing along a radius of the vﬁf%zlr’ S96/09107
-6 - WD 96/ 39711 _
PCT/ US96/ 09184y sidewall G ??&:ﬁﬂe
appr oxi mat el 11 11 of FI éqb b?ncﬁsﬂ EI G 15’ IS a erspegi[ul ve gl ew of
the wafer c |lmrmggcmmnsn32 an@S%ofﬁgmmand@ﬂgﬁmﬁya&mﬁmtpanﬂs B@ndi ng
outwardly. the E a | onf.gl.ner
havi ng a si nltry V\#tGﬁh%g ei(tﬁi’t Mn@n@l OW% 9@%?8 n Sidew ahalgFI G
14 I's a perspectlve view of a top cover.
The upper edge portions 19.1, 20.1 of the s:dewallsandtheupperedgepomons

21.1, 22loftheendwallsdeﬁneenlargedandomwardlyﬂnreduppernmpomons4l,

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 extendmg rim pomons 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.
These lower rim portions lie substantxally ina plane

Each of the foot panels 30 and 31 has an indcxing 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 portion 50 fllustrated in FIG. 2 may be defined
by an arc passing over mdexmg notch 49 and extendmg almost the entire length of lower
rim portions 45 and 46.

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
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to
FIGS. 1 and 2, the shipping container is indicated in general by nuneral 15
and conprises a wafer carrier 16, a top cover 17 ‘and a bottom cover 18.

The wafer carri erwbesasnpref erably nol ded of a substanti al |y ri gictnmsosos1o7
transparent plastic material, such as polycarbonate, although the wafer
carrier mght be nol ded of ot her conparabl e or equivalent plastics. The top

cover 17 and bottmw&mmmmm&fmmmymfsmm sroetimes

resiliently and flguldy ﬂﬁﬂ: ‘%%ﬁlng The
t her nopl astic el astorrer knovvn its tradenar tretPf , a regl stered

t rademar k of mpommmlmmmmdmmmmmmby

copol yrer &, consi oPRGHRS Wil BREThechiieR herter, Wi 8 el o 4 i o

terepht hal at e andeserscéritirdly 6 the Aokt 5e2€5E, 52, bacesy extehdoly @bnianyraabyseﬂxbehd

glycols. The particular material used in the top and bottom covers 17 and
18 has a hardnesswalhazmtmmfhéﬂfﬁange of 45 to 55 to 63, and the
material is elastic and has a sticky tack at the surface, providing for
maxi mum grip and mininumcreep of material and a high abrasion resistance.

In addition, the sti ffltmmmm|wmmmmmrzmlzzmmmwmgm

and sol vents. | wiie if G Skl pf ejabt BFTAREVARY 17 0! i ST SR 21 Rpy B2,

wal | s speci fi cal | well detheisidesrdlls; hase ﬂnmlakgedl@parﬂﬂﬂﬁwarﬂnqmﬂiomlvﬂm&éffwmbly
_22_The S|devvallsex%mdandun%0 and, endm oft%ecamerm 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
ﬁlltheent:respacesbetweenthesupportbarsSl 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 respectwely close the top opening 23 and bottom opening
36 thereof, establish a substantially hermetic sealing relations with respect to the carrier
to essentially prevent migration of air, moisture and contaminating particles either into o
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 -
subétanﬁally 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. In one successful example of the container, the wafers may |
‘have a diameter of approximate eight inches (20.3 cm) and the curvature of the panel 58

-10 -
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PCT/ US96/ 09107 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 %?97 of the sidewalls and end walls are in ok | Y

| i near rel ataqun ‘0"each other with respect to each ot her, ?};:/‘l?’?\% |nhg' pl ane
and defining the top opening 23 of the carrer facilitating |oading the

wafers Wint 168/ sibstarstially F6llowstthe! BhrOMtie ¥ thé) 6dgdf Paseld GO Fch life)\OfiR"
carrier 15. e, wafers Wmay be of the Bge used in senm conductor.
568

manuf act ur i rFgUBMCRA3 ikcalse suitedtn store G ingh »d¥glve inch (3Q cap) ox lasgestwafers.

Ref erring t gyh ' W -g?ﬁuﬁp htsb@licity of
upright ri bg)yor te talﬁq% andhg rmed |ﬁt'§g¢; 1y twgﬁggﬁgng
pocket's ‘or <onvex ipgersurfacer ¥ofacing ¢he open intexior 57 of the mafer carxieni ng t he

sem conductor wafers Win spaced rel ation w th each other. The transparent
pol ycarbonate of the sidewalls 19, 20 facilitate viewing the wafers to '

det_e(rjm'dne]c ]E heir ﬂhemmahﬂalgomsubmnﬁc?ﬁy'fhtdﬂ/\ﬂhﬁasi& eﬂngF&ﬁoné Sﬁ Gra\ée
rounded o t _porti 26 and .27 sha 0 conf or neral ly to the shape
of the waf eﬁ' 9&1 JE H@PE%WPWM%P&F@M G?D%i’@mm%ﬁ ti onal
waf er separ ajidewdlls Y9 and®80,36Nide sprivigine® ifi ithe Eoves] dnb Are'aiibsthrtiatky widSMEE the

relation to each other an -relation with res&e}ct to each other.

The si'dewal 198d edgepartions @éh%@ﬂl@m the end walls 24y P2 pf thesarrissn Jibe sy and
espect ] vl e portbE GEERGe Uiy Gone eppf yagt’pfiahs . F, AELRLE, i 2060l L
pl anar and Htae/eartienand cotyibuiedo majnisining thersubsBntially dierrostic sealrtetwped thener al | y
and 20. - e TRERRRERRGE ¥ ouer adge portions 32, 33, 34 and 35 of the
sidewal | s and end wal I's cooperate to define the bottom opening 36 of the
C o DotV ey DS, Qe bl P ol 5533 415 ¢
Ioke oo eeprecst Bmiei f ooty e oramci e g a0

noncontinuous wafer engaging edge 104 comprising a row 100 of resiliently flexible tabs

102 extending longitudinally along the partially cylindrical inner surface 59. As illustrated

. in FIG. 5, the rows 100 extend longitudinally along the top cover 17 and of the panel 58

so as to overlie and engage each of the wafers W with a wafer-engaging edge 104. The

rows 100 are spaced from each other. A center row 100 is mounted centrally -of the top

cover. The spacing of the rows 100 accommodate the flats of the wafers W. Each of the

rows 100 of tabs 102 has two end portions 106 and a middle portion 108. Each row 100

is substantially linear and attached to panel 58 along inner surface 59. The outer edge of

each row 100 is generally indicated by numeral 103 and its shape is defined by the wafer-

engaging edges 104 of adjacent tabs 102.

Referring to FIG. 3A, each fin 131 protrudes radially toward the centerline 134 in
" the open interior 57 of the container 15 to engage wafers W (shown in outline). Each

. _ fin 131 engages each wafer W and structurally yields to support the wafers W and
maintain a spaced relation between each wafer W and the panel 58. (see also FIGS. 7 and
* 10) It should be understood, the fins 131 illustrated as the tabs 102 of FIG. 5, are

resiliently flexible and will bend (FIG. 7) or compress axially along the tab axis A

-11-
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el ongate and extend longitudinally along the sidewalls, substantially

m dway between the ends of the sidewalls, substantially as illustrated in
FIG 1. Sidewall 19 has |ower tab 39 cn
-8 - Wﬁl . - PCT/US96/09107

PCT/ US96/ 09107 and sidewal | 20 has a | ower tab (not shown). These | ower
tabs protrude outwardly fromthe | ower edge portions 32 and 33 of the

si dewal | s and sp&mnﬁﬁm&maibaﬂxﬂgmhewmgedﬁﬁhammw I{EIG0k0). Trhe thbp 02 will

tab on sidewal |l 2D .is a.mrrar, fﬂ%‘%gf"d%

The upper  edge WH" f"glfﬁ‘%% t¥ anag H{eﬁ Y acegrmodate
portions 21.1, ﬁéﬁnﬁoﬁihettbﬁceml 1%ab lcashitii the evater| Wrdyeirlg ahipmenttandrstirygel | ar ed
upper rimportions 41, 42 on the sidewalls 19, 20 and rimportions 43, 44

on the end walls 21, 22, respectively.. The enlarged-upper rimportions

41-44 connect with eWrH@ng et 20ArY gBeMl yqecmﬁgulﬁrﬁﬁdhhwﬁmdth

extendi ng around the perlphery of the carrler 16, e., along both

si dewal | s. and emxtending into WisccoptainepHdr Facly tab,d03 has nmmm&mm Aqw|100
substantial ly i 1
wal s 21 and Zzaﬁqgo%g%nﬂdmangg]@?ﬁigﬁ% @5 f?héﬁqﬁal 0\%291 frap%of'}ﬂmg
portions 45, 46 the/rowal00 i Aefinedhyethe sloel95 (seei also Fith. ri)langealitenethtujallow each tab
ef fectively proyjde | ower por.t i round the, e eripher
carrier 16. Thei@g%ﬁﬂ;ﬁag?ang rYafeh @nﬂ W‘M Bﬁ TR agmg g8
tEach of the fooyopang ﬁo@be%Gw%adh&ibWﬁ%&@ﬂwﬁﬁWﬂﬁpéﬂéﬂﬁdoﬂW&hm
o
tabs 102. The wafer-engaging edge 104 is spaced from the cover 58 to engage and
cushion wafers W that may be stored in container 15.

* Continuing to refer to FIG. 5, the width of the tabs 102 measured from the panel
58 to the wafer engaging edge 104, may progressively increase and decrease along the
row 100. The tabs 102 in the middle portion 108 are generally wider than tabs 102
located in the end portion 106, Tabs 102 in the middle portion of the row 108 are
approximately 0.100 inches wide. Tabs 102 located at the end portion 106 are
approximately 0.050 inches. These measurements are intended to illustrate the relative
width of tabs along the middie 108 and .end 106 portions of the row, they are not meant

“to limit the scope of the invention. |

Contimuing to refer to FIG. 5, tabs 102 located along the middle portion of the
row 108 may be wider to allow the top cover 17 to flex and bow from the weight of
wafers in the container 15 and the restraining force of the tabs 102 pressing against the
wafers W. The wider tabs 102 located in the middle portion of the row 108 allow the top

- ‘cover 17 to flex while maintaining contact with each wafer W by a independent wafer
" engaging edge 104. ‘Under some conditions, it miay be necessary for the width of tab 102
to increase in a nonlinear fashion along the row 100 from the middle portion 108 to each
end poﬁion 106. |

-12 -



cooperate with indexing ribs or nedia in a processing nmachine for
accurately locating the wafer carrier 16 in such a processing nachi ne. The
two lower rimportions 45 and 46 on the foot panels 30 and 31 of the
sidewal I s 19 i verge upwardly as at 50 and pass-over i ing
not ch 49. The‘@gﬁg{%@gf portion 50 illustrated in FIG 2 my%ﬁgﬁ%ﬁ@d by
an arc passing over indexing notch 49 and extending al nost the entire

| engt h of | ower r'nw%m’ ; ' ' ¥ '-ﬁﬁl,sglg
recogni zed tggtm‘all pprd:sgrh];t'hé?’t eslélgOfA‘,aHﬂ S 5‘1’1%%11(?3?2‘(5%?%#3?3‘% et/
substanti al | i epterlingd theermtaigier (1 ds verpdmpontans to maintaining conaviieach 19
and 20. The %ﬂ?ﬁr"’@’uﬁtggtop%v% ﬁa@éxegfm%%lt-l\éﬁggéﬁ%mﬁfot- bars 51 .and 52
“fornmed integrally thereor and extending inté c e proxi fVC%OMH? upper i
and | ower edgadiwsot30. oTie Gfterledge O3 along eaghefirt 13ledefinesd codvex archatscshape’®Rith The
support bars 51 ve CO nar..Qut.er edges. Q. lie on a plane surface of a
" processing M&ﬁ&ﬁ@”ﬁ&?ﬁ&@%‘@%ﬁ%%%m&%ﬁﬂg@am er
and the waf eidefinied| byt 4 Hidial dis@inbe136: The REIA distnéd 360K Qeasifrbd SroffPGE icBifterlihé €

-9-* . WD 96/39711. . . 3 |
PCT/ US96/ 091334 of the cRmsainen 35 10 wafer sngaging; edae 104 of each finpl31. Hushowd heg

integrally t ' 5%@?&, EIE g;ee&?]&ﬂ- cdﬁuﬂg& i By
transversel ylﬁgﬁ'ﬁ%d?ggﬁgﬁs ar ??mEZ The fﬂﬁgggﬁr{g&cross ar155%xia?§%r°gte
| ocates the wdvaser um&mmmwsﬂ%mmmommwh

t he | ocating | : il et L OS DA 4 S gh . d
entirely to tlggs%gpg&@%%l%i&b%%néﬁ%%ﬁ%}ﬁm#&ﬁﬁ?ﬂss
the end wal | e&h fireto/e nger radial digtance 186.adjacent each end portion 106 (Big.f)aofteach/finr | y
not ed t hat b%P end-wal I's 21 and 22 have the fullheight

As illustrated in FIG. 5, the cushioning means 130 for accommodating flexing of
the top cover 17 has an outer edge 103. The shape of the outer edge 103 is defined by
the wafer engaging edges 104 of adjacent tabs 102 along a row 100. The tabs 102 may
have a common fin-like base as shown in FIG. 5.

Referring to FIG. SA, the cushioning means 130 for accommodating flexing of the
top cover 17 may further comprise a convex arcuate shape of the panel 58 with respect to
the centerline 134 of the container 15 forming the convex arcuate shape along the outer
edge 103 of each row 100. In this embodiment, each tab 102 may be approximately the
same width. The tabs 102 may individually extend from the panel 59 without the
common fin-like base as shown in FIG. 5. The darken line 135 in FIGS 5A, 5B and 5C
shows the portioning of the panel 58 when engaged with the wafers.

Referring to FIGS. 5 and 5A, each tab 102 is separated from adjacent tabs 102

" along the row 100 by a slot 105. The slots 105 and wafer engaging edges 104 of adjacent
. tabs define a discontinuous arcuate shaped outer edge 103 along each row 100.

Referring to FIG. 3A, a plurality of rows 100 of tabs 102 may be distributed
across the top cover 17 along the inner surface 59. A single row 100 may be centered

13-



which is the sane as the height of the sidewalls 19, 20; and the end walls
21 ‘and 22, as well as the sidewal l's, have the enl arged upper and lower rim
portions which effectively extend around the entire periphery of the
carrier 16. Thevmessalll 22 in particul ar has panel.portions 5BCIIS6R8107
whi th respectively extend upmardly fromthe indexing crossbar 54 to the

enl arged upper rimportion 44, and downwardly fromthe |ndeX|58 crossbhar 54

to the enl ar ged H9gdhe nngy Fface 5% baveen the alle 18 andsdQ., Rows 10Q of 1abs 102 may
portions 55 and ;i tel dispidc® beiwebs fhe &vb@@d‘ﬁﬂ\hbhﬂeiﬂd&ﬁﬁ&%lbﬁéf&&to§2

whi ch are forned |ntegrall of the end wal | he toRbcover

17 and the bott@mxd\?erAa lusteated) ipBIG. i Geand B ﬁmd%p@ﬂrb@mmihmolg&w

the carrier to 6 \fﬁ::nﬁm?!gﬁﬁlﬁlrfﬁ ég en| ng 23 and bottom openi ng 36
t her eof establlsi a substaniTal Ty her ??c sealing relations with respect
to the carrier to essentially prevent mgration of air, noisture and
containating particl I th r.out .of the |nt 7, of he
carrier wherein the %éf‘ﬁ &Fé?@@r&%&"#ﬁ Mf’?‘f& e@%{]o@t

cover 17 and botHatlseét @f ebrréspor fmﬂ%iaes 102! will enigagé astd aishian&%sﬁmwférywstmé
but resiliently flgm bly vyiel dabl e pI astic mterial, these top and bottom

covers 17, 18 @(’jthglt? ynaathtghﬂrmave rove, 100rmay,vary, from row to
essential | y pee'ro&ﬂi@a&% acfrﬂér?ﬁeﬁﬂ%e;éﬁﬁrsw dnﬂ'difféljeﬁlymﬂduﬁfs'd?glegriﬁﬂﬁo&) er

of the cover off the carrier ogr essi velﬂ/wceil sengagi ng t
remai nder of theovenids Arow l0Q«entered ialong panel 58 may tabs which/are shorter than the

Corbature cube: Shtipbnditt S ok ks R0 pidea REMEH B AL KV (O L B °,,

to be stored i npbitions 6D} 62 wwdﬁmoﬂmmaﬁemeshuhemmﬂfehmﬁmfehewmme

contai ner, the ers bhave a di a ter of approxi mate ei ght inches (20.3
cm) and the cur\\,’\%‘gtggx 'ﬂ@“ﬁ%\l @ |

- 10-

- Referring to FIGS. 5B and SC, the cushioning means 130 for accommodating
flexing of the top cover 17 may compnse a plurahty of fins 131 comprising a continuous
strip 138 extending from the inner surface 59 of panel 58. The continucus strip 138 has a
wafer engaging edge 104 spaced a radial distance 136 from the centerline 134 (FIG. 3A)
of the container 15 to form a convex Mm' shape as dmnbed abbve. This convex
arcuate shape accommodates flexing of the top cover 17 due to the wafers W bearing
agamst the cushxomng means and forcing it outwardly. As illustrated in FIG. 5B, the
panel 58, along the base of the fin 131, may have a cylmdncal shape being substaxmally
_parallel to the centerline 134 of the container 15 (FIG. 3A). The width of the fin 131
progressively decreases from the middle portion 108 to the end portion 106 to form the
convex arcuate shape of the dut_er edge 103 with respect to the centerline 134 of the
container 15 (FIG. 3A).

As shown in FIG 5C, the cusluomng means 130 for accommodatmg flexing of the
top éover 17 may include the panel 58 formed havmg a convex arcuate shape with respect
to the centerline 134 of the container 15 (FIG. 3A) when in a first unﬂexed position. As
illustrated in outline in FIG. 5C, the panel 58 may be substantially parallel to the

. -14-
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PCT/ US96/ 09107 appropriately substantially follows the curvature of the
edge of panels of such size. The container 15 is also suited to store 6
inch (15 cm, é"; Ive |nch (30 cm or larger wafers by making_ the conta| ner
an appropri at % UThe partially cylindrical panel 58 has BCHURRSANOTnner -
surface 59 facing the open interior 57 of the wafer carrier. The

9 (0L, e A S A R R

-~ ad] acent the ﬂqmilpasmsn.dewal | s 19 and 20, provide sprl ngi ness in the cover,
and are substantially wi der than the end edge portions 63, 64 which are-
adj acent the end walls 21, 22 of the carrier. The side edge portions 61-64
lie directly on thRefeiingto FIGESDPticicaslfiorify tearsO13b, foeaoc&mm%aﬂhig%étﬁhnyb?

carrier and contribute_fo nmaintalning the substantially herrretlc seal
e g8 131 and the panel.}

bet ween the cRPIPRFOVERA7 IRY QOMPrIss Y
cushi oni ng W%%EQM%%PW%WW frh e Eﬂb&{mkﬁleﬂ{em&*thé?oﬂ S

illdstrated as COTT?I‘I sing a .pl ural ity o ins 131, each fin
noncont i nuousCoYsF & megmséhqomnsmgoaﬂndh 183cfrerh th&amlddleent |y

nnor surf aocrdon 108 Bk e bl 469, 3 i Rl Sl BBl or o ™

| ongi t udi nal | 131ainay be changedhy varying the7steuctire br thechickness ofsthe $in 1. tTheover | i e

100 ar o Spaccrunbn dbah 11 fr Sckmimhduld he j-588 Rk ot Tomny Ao o

the top coverconiptise madmramﬂmwcmpdmssiﬂw baveth thilinesshe
wafers W Each f% t he ro 00 of _tabs,, 102 has end rtlons 106 and a
m ddl e porti offt déF"ﬂfS finc i fotay

panel 58 al ownﬂwsfaaﬁeenﬁ%acﬂaﬁﬂamcﬁfmm ﬁﬁqsh rOW 100 I S
general ly indicated by nuneral 103 and its shape is defined by the wafer-

engagi ng edges 104 of adjacent tabs 102. Referring to FIG 3A,

each fin 131 prot %"g ts tetld 434 . iy

interior 57 of the cont |ne? fé %ﬁ%&g‘g% gr@%@ﬁ‘#ﬁ ég%ﬁ%ge . Each
fin 131 engagwngagsathh wefdralV af\therwafer engaging pbitipn\132] ds t o support the wafers
Wand maintain a spaced rel ati on between each wafer Wand the panel 58.
(see also FIGS. 7 and 10) It should be understood, the fins 131 illustrated

as the tabs 102 ofAsshown5n FiGell, the thickness of the fin 131 may vary from a larger
thickness along the middle poruon 108 of the fin 131 to a smaller thickness along each
end portion 106 of thie fin 131. The compressibility of the fin 131 along the length of
the fin 131 maybevariedinemannerbychangingmésuucm:emamodiﬁedl-beamor
removing material in steps. The structural accommodatlon of the flexing of the top
cover 17 by changing the compresslbllny along the fin 131 may be used regardliess of
whether the fin 131 is a continuous strip 138 or a row 100 of tabs 102.

Referring to FIG. 6, the cross section of the fin 131 is shown having a tapering
" shape. The fin is shown having a wide thickness adjacent the inside surface 59 of the
" panel 58 and a more narrow thickness spaced from the inside surface 59. It should be
understood, the fin 131 is directed inward along a radius 150 of the container 15 '
extending from the centerline 134 (FIG. 3A). |
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resiliently flexible and will bend (FIG 7) or conpress axially along the
tab axis A WO 96/ 39711 o L

PCT/ US96/ 09107 wi t hout substantial bendi ng where engaged with a wafer W
(FIG 10). The twiogB®nni || quickly regain its original shape tRCTMIS960H0T
contact with the wafer Wand accomnmodate flexing of the top cover 17 to
cushion the wafer Wduring shi pnment and storage. Referring to FIG

5 the tabs 102 are me GcGén@almlﬂﬂasmm 11 beadcshepentfla g Tha,besd

the container 57g, w&,gﬁ BA) AlRE Bedd B and
I's separated from ?J acent tabs ggﬁ% ot 1?51@ Th()a | engt h %? eg%(?{ tab
102 al ong the rowaftoéngagingedge 04 bﬂumsdasgtmmds(lm 42s0 FIG 4) and

calibrated to all ow each tab 102 to engage a single wafer Wwith a contact
portion 132 on the wafer-engagi ng edge 104. The slot 105 allows each tab

102 to engage a waf erReférring ¢ FIG) 6B,0the fig 134 de showalimavinig shlipeknifef sdge 444 agthey

edge 104 is spaced from}he cover 58 to engage and cushi on wafers Wt hat
may be stored i nWafsT engaging edge 104 Continuing to refer to FIG 5, the
wi dth of the tabs 102 neasured fromthe panel 58 to the wafer engaging edge
104, may progressi velgﬂfl ncrease and decrease al ong the row 100. The tabs

102 in the mddl e por edgp 104 issshowns 3 flat surface; 146

the end portion Hﬁm%f

approxi mately O. %@Fﬁ@%@%ﬂe\%éﬁ Wl%%ﬂﬂ? ﬂ{ehe en porl@ﬁ%%‘%%lso

are approxi mat eI(F:@ 3%0 Tirecfie431 Emnmmhmnéﬂmmlsmt(ﬂm%)tandtheﬂat

illustrate the re w dth t abs,. al ong .t he .m 0 end 1Q6

portions of the@ﬁcex Wﬁb rﬁ@?ﬁl“h’fég g@&é SAS ngmo%a

I nvention. crushing ofthefin 131 a radius of the wafer to resiliently engage and support the wafer
Ww.

RefemngtoF[G 6D thewaferengagmgedgethsshownasaroundededge
142spacedﬁomthemnersurface$9ofthepane158 The fin 131 is symmetrically
formed around the radius 150 (FIG. 3A).

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

The top cover 17 also has enlarged top cover rim pomons extendmg around the
entire periphery of the top cover and more specifically, the top cover has inwardly
- protruding enlarged top cover.rim portions 66, 67 extending along the side edge portions
61, 62 of the top cover; and has enlarged top cover rim portions 68, 69 extending along
the end edge portions 63, 64. 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
. substantially hermetic sealing relation. The rim portions 66-69 of the top cover 17 and
rim portions 41-44 of the carrier provide a snap fit for securing the top 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 top cover 17 is anchored onto the
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Continuing to refer to FIG 5, tabs 102 | ocated along the m ddle portion of
the row 108 may be wider to allow the top cover 17 to flex and bow fromthe
wei ght of wafers in the container 15 and the restraining force of the tabs
102 pressing mg@q the wafers W The w der tabs 102 Iocat ddI e
portion of the row b8 allow the top cover 17 to flex while mal n?é'&g?ng
contact with each wafer Wby a i ndependent wafer engagi ng edge 104 Under

sonme condi ti Qafrieri B Stha wﬁﬁ% ase
15 By e w 10 drhes f&r%ﬁ:ﬂgdth%e portlon gd]%

in a nonlinear fashlon along the ro fromthe m

each -end por tR&ir 166. - 12 -
WD 96/ 39711 S

PCT/ US96/ 09107 Referring to FIG 3A, the shape of the outer edge

103 of each fin 13opwovex 1r7@qodmsapaircnftttleparﬁmse70 i7ﬂavmﬂnpm&uﬁé1wmrdlﬁ'ﬁmr

17 i1ewes Eabpiip T LSt oY NofRE R im e o S5k g o1 '

The outer ed@erﬁbﬂmtﬁbshﬂsldﬂﬂi&bpd:ﬁﬁrﬂehh 6ffsey ealationOwith fespéR Ry t h
respect to the, centerline 134 of the container 15. The convex arcuate shape

is further ek the carmier 16; Skhe tabs 7Dgd1 aneuseful dn sompleting, clasing 36

measured fromhe (9 cofér 18" dntd'the carritdt 16 Ih'ise findd
edge 104 of eac%ﬁfl n 131. It should be undeﬂood%ﬁ t?gr“g are gﬁélgned

with the cent2hs|70nd mb@mm@lxmmmsm éauoaéh@ume:atqmmthas
therefore aI| WEMW A dbves id

di st ance progreSS| vel'y increase rom a poi ntaﬁ?om mat e to r'ﬁogdl e
portion 108 Gﬁvﬂg 13)mayf also have isymmetrically, located) tabs ond‘mapo:ﬂiontﬁénce 136 adj acent
each end portion 106 (Fig.5) of each fin :
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, iniﬁa]ly, ‘onto the rim portions of the side and

end walls using the palm or heel of the person’s hands. Then the side edge portions 61,

62 of the top cover are progressively pressed onto the rim portions 41, 42 at the sidewalls

of the carrier, until the entu'e rim portions 66 - 69 of thc cover have achieved and

compieted the snap fit onto the adjacent rim pomons 41 44 of the carrier.

For removmg 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 poitions 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 pai-ticular materials from which the carrier 16 and top 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.
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131. As illustrated in FIG 5, the cushioning neans 130 for
accommodati.ng fl exi ng of the top cover 17 has an outer edge 103. The
shape of the outer edge 103 is defined by the wafer engagi ng edges 104 of
adj acent tabs 1Qbdgzeng a row 100. The tabs 102 may have a CpeTDE6/09107
fin-1ike base as shown in FIG 5. ' Referring to FIG 5A the
cushi oni ng means 130 for accommodating flexing of the top cover 17 may
further conprise a cThebottoni caver ¢8 hhsgide edgetpostiona 72 land @ndvedge portigrsc?3 which

the centerline Iner f

al ong the out.erié%egg(' l%@d%ﬁ i%clﬁs' o#fﬁmwg?hﬁa@%y%gﬁ%ﬁ?ﬁ%
][my behapprox: rrﬂedbvetthdﬁdgepetttmsh ufﬂiehndtﬁhﬂshalk)&dmb srmyhucninwtdtwhﬂribueXtenﬂ
romthe panel 359 out the I n- e_bas in FIG The
darken'Iine 135@?@& & gubs g@%e ’E%"Bm %P%?Pé’%éié!d%
when engaged Wi gdiribgg vaf ers. Referring to FIGS. 5 and 5A, each

tab 102 is separated from adjacent tabs 102 along the row 100 by a sl ot
105. The-slots 105 and wafer engagi ng edges 104 of adjacent tabs define a

di sconti nbous arcuat ﬂ[ﬁ#ﬁp:ﬁﬂt g%lg!’ gﬁgﬁﬁ%ﬁ
Referring to FIG 3A'Phes urality Sﬁgrows a s%f@ws]&gglgmm
di stributed amrfns?GIdeﬁm::gtlmchommJﬁfmt interiorh ama559 A Aushioning

L\%Wgé?ggg?{ be cent elrss formed on the inner surface 76 of the bottom cover 18 to support andlspace

PCT/ US96/ 09107 the wafers from the bottom cylindrical panel 75.

Referring to FIG. 3A, a second cushioning means 130.1 for accommodating

flexing of the bottom cover 18 may comprise a bottom fin 148 extending longitudinally of

~ the bottom cover 18. In the embodiment shown in FIG. 10, two bottom fins 148 are
formed on the bottom cover 18 and have a shape (FIG. 12) designed to bend outwardly

 when engaged by the wafer to support the wafer' W and prevent the wafer from rotating.
Each bottom fin 148 on the bottom cover 18 has a wafer engaging edge 114 which is
spaced from the centerline 134 of the container 15 by a radial distance 136. Each bottom
fin 148 on the bottom cover 18 may, alternatively, be of similar shape to the fin 131 on
the top cover 17. The bottom fin 148 on the bottom cover 18 may have a wafer engaging
edge 114 of a similar shape as the fin 131 on the top cover 17. The wafer engaging edge
114 on the bottom fin 148 may have a flat shape 146 (FIG. 12) or may have a knife edge
shape (not shown) or a rounded edge 142 (Fig. 3A) as discussed above.

Contimuing to refer to FIG. 3A, the bottom fin 148 on the bottom cover 18 may
be a contimous strip 149 or a noncontinuous row 110 of resiliently flexible tabs 117 as
illustrated in FIG. 8. The second cushioning means 130.1 on the bottom cover 18 is

" illustrated in FIG. 8 as a plurality of fins 148 having a-noncontinuous wafer engaging
edge 114 forming a row 110 of resiliently flexible tabs 117. The tabs 117 on the bottom
cover 18 are substantially similar to the tabs 102 on the top cover 17. Continuing to refer
to FIG. 8, each fin 148 on the bottom cover 18 has two end portions 116 and a nmiddle
portion 118. Each fin 148 has a wafer engaging edge 114 which may have a convex
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along the inner surface 59 between the sidewalls 19 and 20. Rows 100 of
tabs 102 may al so be displ aced between the center row 100 and the side
portions 61, 62 of the top cover 17. As illustrated in FIG 6 and 7, fins
131 may be 'HWJ an)‘ nol ded with the top cover 17 to mnimze

manuf act uri ng co As illustrated in FIG 5, a sekCHys96/09107
corresponding tabs is |abeled 102 for reference. Each set of correspondlng

tabs 102 w | | zRp4a ?dé&ﬁhﬁ q@ﬂ@ b&%lg- j£!§| h
of the tabs 102 mgsg h o respectl &M_lggg rom rovxmwdﬁlr ow

to accomdattem%thewmﬂmpé% - SA)7 and di fferent armounts of flex in
the top cover 17. A row 100 centered al ong panel 58 may have tabs which are
shorter than the corresponding tabs of rows 100 dlsplaced bet ween t he

center row 100 ano[:bﬂtmuhgdercfertu%mmﬁbcbnd ddats £30.1 Fordi fference
i n tthe radi us of t rs d,the radi dri cal |nner '
surface 59. tgw&ﬂﬁtp%b% Lig t%f‘ﬂéiﬁ{}% imilasta 130
for accommdambmﬁsﬁéﬁffgﬂﬂarﬁflsbfferi&@mﬁﬁuﬁing 'c%@enalﬂs%aéukéeﬁ of
fins 131 corrprl Si n%bg continuous strip 138 ext endl gg fromthe I nner surface
59 of panel 5&0V&h mmdaﬁmmmcmlmm thercgniginer) 1% ththe moafer

(S:gﬁf:?ngr r i‘gl fdgag’h?a%convex ar cuat e ape ag&glggcr | gﬁg%%va;ké%ﬁvex

arcuat e shapefremdbermididie pertibh 418 toyeach emhpoﬂmp 136 (BIG.8). (Khis progtessivelpf er s W

Tust et od | e vifil Ufiiol T2 Al e Wiyl pidhe b B e Bl o 148,

have a cyli ndwntltwspaﬂn&pehetlmttug cOuESISot drpdreyateshape bﬁtheihmélh%yliﬂiﬁc&r dnGB7§-34

of the cont a| 3A th of, th fin esswe

decr eases f'ro &"ﬁﬁ%ﬂ%ﬁgi\%g{‘ él' ﬁr‘f' “Fd‘"ﬂbﬁﬁﬁ"ﬁ@
convex ar cuatthe $dppdtiveP 7 ilswsted & FR3ISD Me%&*boﬁ&ﬁ%ﬁér 18%n4 yhﬁ‘avﬁeil?]di{o{d ne
134 of the contai ner 15 (7FI G, .3A hown in FIG

cushi oni ng rre‘afﬁfgd!l aadvﬁhmaatthﬁlgmmwmmmwa@t

i ncl ude the Qﬂimieﬁ&n W Bsm% 1&1‘?&%&
t he centerl ine 13 f f%?go%?g%ﬂﬁﬁq%%@ en 1n a E?lst unfi exed
position. As 13 adiarent-each endhpertion LHeof the !ﬁg 148ren qbahettommme

substantlally parallel to the

Continuing to refer to FIG. 3A, the second cushioning means 130.1 for

" accommodating flexing of the bottom cover 18 may also include a structure on the bottom
fin 148 on the bottom cover 18 to change the compressibility of the fin 131 from a highly
compressible design adjacent the middle portion 118 and a less comprdssible design _
adjacent each end portion 116. The bottom fins 148 on the bottom cover 18 work with
the fins 131 on the top cover 17 to suspend the wafers in the container 15 between the
wafer engaging edges 104, 114 during shipment and storage while equally distributing the
retaining force across all the wafers W and allowmg for bowing or flexing of either or
both of the covers 17, 18.

Referring to FIG. 3A, it should be understood as the bottom cover 18 is applied to
the carrier 16, the wafer erigaging edge 114 of each fin 148 on the bottom cover 18 will
engage each wafer W and lift it from its resting position along the sidewalls 19 and 20.
The wafer W will be suspended between the bottom fins 148 on the bottom cover 18 and
the fins 131 on the top cover 17. '
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PCT/ US96/ 09107 centerline 13 (FI G- 3A) when the container 15 is | oaded
with wafers Win a second fl exed position. Referring to FIG 5D,
t he cushi oni ng wepesmes30 for accommodating the flexing of the peRuSyeNsior 17
may- conprise a fin 131 and the panel 58 fornmed substantially parallel to
the centerline 134 (not shown in this view. In this enbodinent, the

flexing of the top dRefenring o FIG.a8,ctbersetand dushjoning-mesins d390. rlefosamm:nudatmg t he

fin 131 fromt

enbodi nent, thgﬁco ress%| ty 019§t'%% w%ﬁgﬂ%angeaﬂ%éﬂyl A%to
the structure oresistfiexity ofdthe bettom cover 1Bias tIidSbottoi‘hmven!;&mmhgi tocthe gartigp 1601
accomodating t Xin he COVer rise ghanging
et ckness. ofte b Afnabio o 98 e et i SRR 638 8RR e
progressi vel y osiddisgortiod lmmﬁﬁmttbﬁdﬁé&dbﬁh%ﬂtpbﬁﬁn]ﬂg di’feaﬁﬁﬁﬁ‘ 118 Bn

131 to a smaller thickness adjacent, each end portlon 106 of each f

Referring to Fitge bagom Pﬁ%’ffllsn Alternativelyy, ther bgomespver 1/ mﬂhﬂvea%(l’mlfy@f)npress

t ‘th v%

|(r)1 IeZIn%agil tehe mﬁ%g%gtlo ?E%g?smay va ?“rg‘ri%gél arger W&

al ong the m ddlf@lpéhbmweolsmoﬁmr(ﬂﬁfmmhacmreﬁ t Bachksupparting oibol 12
each end por {1 9 p30feid) o' 4P 144 B 42 boud oW Y. G b 114 ¥Rkl W bover

al ong the | engt
18toreducebowmgorflexmgwhenwafersWaremsemdmtothecontamer15and

engaged with the cushioning means 130 for accommodating flexing of the cover.

Referring to Fig 12, each bottom fin 148 has an outside wall surface 152 formed
substantially vertical from the bottom panel 75. Each bottom fin 148 also has an inside
wall surface 154 formed at an acute angle to the vertical outside wall surface 152. The
inside wall surfaces 154 on the two bottom fins 148 are opposing to each other. The
wafer engaging edge 114 on the bottom fin 148 extends between the outside wall surface
152 and the inside wall surface 154 to engage the wafer. This structure of the bottom fin
148 allows the wafer engaging portion 132 to force the bottom fin 148 to bend outwardly
over the outside wall surface 152. This outwardly bending locks the wafer W from
rotating in the container 15 whllespacmgthewaferWﬁ'omthebottompanelﬁand
accommodating flexing of the bottom cover 18.

| ‘The bottom cover 18 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 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 a substantially hermetic sealiné relation to retain the bottom cover on the wafer
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the fin 131 may be varied in a manner by changing the structure to a
nodi fied |-beamor renoving material in steps. The structural acconmodati on
of the flexing of the top cover 17 by changing the conpressibility along

the fin 131 ed regardl ess of whether the fin 131 ig ,lgaE}H pHous
strip 138 or a row’qgo of tabs 102. Referring to |:|<§‘ € Cross
section of the fin 131 is shown having a tapering shape. The fin is shown
- having a wi decdriiérc KeSamasbintics 78-81N6T the'Bétthen Sovef andthe i ipoftivns RG4S lof #e and

a nore narrow thickness spaced fromthhl nsi d@ﬁ urface 5 |'t, shoul d be
under st ood, t Fa{TIgT00mpLisg refch £9verds retanesd on the wafer

t 15 ing t
cont ai ner Mggg%wm&%ﬁ&wmﬁg@& for'holding the bottom cover

PCT/ US96/ 0910qn the carrier. Referring to FIG 6A, the fin 131 is shown having a
bead shape 140. The bead shape 140 is symmetrical along the radius 150
(FIG 3A). The bead shape 140 has a wafer engagi ng edge 104 illustrated as
a curved surface mesubstanﬁaHyhexﬁmhemﬂbgtmmﬂie@mﬁB,IGtahdtﬁdnpmmmhom

havi ng ‘a shar kn| 44 at t er_en i.ng edge .104, .

Ref erring to ]%Clgtp °§3§Pé°r"°’é‘ éﬁlaﬁgoé'ﬁﬁﬁg?% @W%&M‘é@eé qatpgpdout

surface 146 of the container 15, and prevents the carrier from burping or sucking as atmosphenc
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 portioﬁs 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. Bottom cover 18 may also have a pair of
symmetrically located tabs on the side edge portion 72 opposite tab portion 82 and 83.

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 @u, and the
bottom cover 18 may thereby be progressively disengaged from the eniarged 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 substantially 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, portions 78.1, 79.1 of the rim portions 78, 79 extending along
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on the end of the fin 131 directed radially inward into the container 15
aleng radius 150 (Fig. 3A). The fin 131 is symetrical around the radius
150 (FIG 3A) and the flat surface 146 is generally perpendicular to the
radi us 150 (Fl GVO38B9TID acconmpdat e crushing of the fin 131 a RCIAISAE09AS7 t he
waf-er to resiliently engage and support the wafer W Referring to

FIG 6D, the wafer, eE&agl ng edge 104 is shown as _a ro nde dge 14 spaced
from the i nner W& sifeedgeoragns 7zo ﬁ%mc""%émfflﬁ °‘fts°

formed around trkRaindd dfShel Btckt béver B toconfo}iheomwpe/@maioﬂiowsoaf

a multiplicity of deformations or stacking offsets 65 formed in the panel

58 to facilitattke gmuw%%w@%ﬁmeu@fdh@pw dhe ¥imoportions on the Wafmr
top cover 17 al @&Pﬂm
entire peri phecji/&'g?gﬁ%ggfop cover an m)$r4:ed ?pt@%lédt ally, ?Egi ?%p@é%\i;‘

I nwardly protrudi ng enI arged top cover rimportions 66, 67 extending aI ong
the side edge porti 62 of t he top cov s enl.a .cover
rimportions 68, 69 |1(§r?é’°t‘??8 W@&@?W%Wp& t he
top cover 17 '%uWhl %MMW@MW%WW(MM&%%GQS fghoe
and enbrace the rimportions 41-4 the carrier 16 I n substanti al
hermetic seali ﬁMH%M@Wm Similasly, fhe tap_eoyern}7 @WW@&?@?“‘L& ipd
rimportions 4 &ﬁ" %pffb Frtidnk of Bie ew&@g@ op
cover 17 onto?he carrler The interfitting rlmportlotﬁlg 66-69 o *1

cover and the raroungdhe pmphemofzthe top comer Mﬁéﬂwi@sd%qﬂd'épméiemﬂﬂans

by which the t chored onto the

by whi Ut 55 thh fop Soved

Referring to FIG. 13, the container 15 is intended to be used with its end wall 22

with the H-bar 54 engaged with an interface on processing equipment. The top cover 17
thus in use may have different orientations than that shown in FIG. 1 such as where the
top cover 17 and bottom cover 18 are vertically positioned as in FIG. 13. In this
orientation the wafers (not shown) are horjzontally orientated and the top cover 17 is
functionally a side cover 17.1.

“The use of the terms top, end, bottom, and side in the claims are used only for
purposes of showing the relative positioning of the elements of the invention with respect
toeachotherandarenotmbexmerpretedmrcsmctﬂxcscopeofthedmmsthhrespect
to differently onented containers 15

The present invention may be embodied in otlwrspecxfic forms without departing
from the spirit or essenﬁal atttibntes thereof, and it is therefore desired that the present
_ embodiment be considered in all respects as illus&étive and not restrictive, reference
- bemg made to the appended claims rathér than fo the foregoing description to indicate the
| ~ scope of the invention. '
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WD 96/ 39711 _
PCT/ US96/ 09107 carrier 16, i.e., there i s no ot her latching device for
hol ding the top cover 17 onto the carrier Top cover 17 al so

orton 67 ol BB | 00 { ui ﬁlllllﬂllﬂmﬁmlﬂ o oor i on BCPRRRREIA.

portion 62 adjacent the ends of thettdp #ovér to be in offset relation with

respect to tQarLrirg W 38 on the carrier 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 nmay be nanual |y

squeezed t ong rd t g@ ? %9;? kB ur e that- application of the
bottom cover is conp{le ed ﬁnan ﬁn{%ﬁg‘gsﬂﬁg has been finished. Top
cover 17 may al so have symTetrl cally located tabs on rimportion 66:

Al though technici gns usin con n 6 dev vari ous cedur es
of applying and r¥novih Eﬂ'ﬂaw |‘ﬁ¥¥%%‘£¥ﬁ“§~ %opo\gﬂgaw
successful to fi r@twkmmwmﬁammoﬂwmw% of
the” side and end wal | s The two corners of the topﬁ&over K‘ﬁ e pressed

initially, onto timoyghle mrqomfsalmsmedsqdde%mb tmgqmlév

or heel of the p%ﬁﬁ&’l Hfé?ﬂ Enetd%?
top cover are progressive pressed onto the rim pormns 41, 42 at. ta*:fh

sidewal | s of the qudethemimrhmwﬂermpmp@mwm the swafes supperts -
cover have achiey, t{aﬁgl Rshifsle e wateR . Q@?ﬁ%?cent rim
portions 41 - 44‘%@ e carrier. g oerrerma\S/lfa?]g op cover 17, a
corner portion, such as adjacent rimportions 67 and 69, are lifted off the
adj acent rim portj.ons 42, 44 of th nd. t cor.ner of the
top cover is fleﬂ)d uﬁ%PB|°§V“'Fﬁ§’p g&ﬁ%ﬂg F@BP&/ g@’bar at ed.
by lifting on thehtﬂaaiedmewﬂmukaﬁmﬁxmuemmhéwmtmwmfcbﬁmefmm

portions 41 - 44 of the carrie The partigcu]ar materials from
whi ch the carri erilf¥% wptcsﬁeréfmsrwméwe %mgverfnnﬂercmnpnsedofawafer

cushioning means for engaging each wafer and for accommodatmg the outward
ﬂexmg of the top cover.

2. The container of claim 1, the cushioning means further comprising a plurality of
fins extending longitudinally on the inside of the top cover, a wafer engaging edge on
each fin spaced from the top cover.

3. The container of claim 2, each fin further compnsmg a row of tabs extending
longitudinally of the top cover, each tab having a wafer engaging edge.

4. Thecontamer ofcla1m2 eachﬁnfurthercompnsmgamlddle portion and two
end portions, the fin being variably compmsxble along its Jength, the fin adjacent the
‘middle portion being more compressible than the fin adjacent each end portion.

5. The container of claim 4 wherein the fin has a thickness, the thickness of the fin
progressively changing from a large thickness adjacent the middle portion of the fin to a
small thickness adjacent each end portion of the fin.
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generation of particulate is mnimzed as
applied onto the carrier.

17 - WO 90 3gPT - Pcrlusssmslo‘r
PCT/ US96/ 09107 The bottom cover 18 has side edge portions 72 and.

end edge portions 73 _which respectively underlie the’'|l ower, edge portions
32, 33 and 34, 85 of Thygontaipsr of.c WE‘@& oew&rmeag,é“&?? isegf { he

end walI's and S ipHRNRY lof beids! !dn@fmdxﬂal&oﬂéﬂgﬁwiﬁldé&iﬂﬁdﬁchv&Qﬂ%beads
substantially hermetic sealing relation between the bottom cover 18 and the

carrier 16. having amiemm edgpe and g centerling, ifsthe mmﬂwmemm edge

afer cont menahfiat B5hR rbARSRR, Bl o §SeeOE: B colftngf o

surface 76 of the botto'm cover 18 to support and space the wafers fromthe

bottom cylindri el rring.to Fl secand
cushi oni ng nean 130 M&gmﬁ?%‘ ?W‘% %g'%oqfttgﬁfm i‘%?%fy
conprise a bottmw&mem@wwwmjy of the bottom cover

In the enbodi nent shown in FIG 10, two bottomfins 148 are formed on the
bott om cover 18 and have a shape (FIG 12) designed to bend outwardly when

engaged by the gafer c]ﬁﬁ y\@}ﬁ&wn? irbﬁaté“’éﬁa?é of e Wafer
~rotating. Each bottoml n ?Q@ on ottom cover 18 has a wafefl engagi ng

edge 114 which mmebnmmm@mméhewmedm afdhe;eaveni ner 15 by a
radi al di stance 136. Each bottom

9. | The container of claim 8 wherein the convex arcuate. éhape of the wafer engaging

edge ofeachﬁnmformedbyeachﬁnhavmgawxdthdeﬁnedbetweenthewaferengagmg
- edge and the top cover, a middle portion of each fin and an end portion of each fin, the

w1dthofeachfinbemggreateradjacentthcm1ddleportmnandsmallerad_]acemeachend

portion.

10. The contamer of clmm 2 wherem the fin has a flat wafer engaging portion, the fin
compressing substantially without bending when engaged by a wafer in the carrier.

11.  The container of claim 7 wherein the wafers are substantially round, a radius in
the container extending from the centerline and intersecting each fin, each fin
symmetrically formed around the radius to engage the substantially round wafer by
compressing substantially without bending along the radis. |

gy

-
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fin 148 on the bottom cova%myﬂ'mvely, be of simlar shape to
the fin 131 on the top cove f| n 148 on the bottom cover 18
may have a wafer engaging e | l Bﬂﬂ | ar shape as the fin 131 on the

top cover 17. The vvaf er eng on the bottomfin 148 have a
flat shape 14W (’ 12) or may have a knife edge shape (notP HIﬂM’I r a
rounded edge 142 (Fig. 3A) as di scussed above. Continuing to refer

;'?r ::lpel4ngr iaieng(r?tc%%tl nuous row iweﬁgﬁ@nW@M‘& ous

il lustrated |wall:ltlit c\hiofing mnmndthumuomwdbemmﬂmh&mmmnttom

cover 18 is illustra ed|n FIG 8 a urali Qf fi 148 _havi.n
noncont i nuous ng b@‘ﬁfﬁrs?ﬁ?m&‘? 8“8’ g‘fl%ﬁw

flexible tabSnéaﬁonMdmhﬁwﬂthmmetvmemmmm drbtha tep Sovest anti al |y
sim:Jar to the tabs 102 on the top cover 17. Continuing to refer to FIG 8,
each fin 148 on the bottom cover 18 has two end portions 116 and a mniddle

portion 118. gach m&mmmwmm&&m&m have a
convex - WO 96/ 39711

PCT/ US96/ 09107 arcuate shape for accorrrmdatl ng erX| ng of the bottom cover

18 as di scus d a D%#’%E am]ﬁ]mqq
Continuing to refleq‘rﬁgto 6 i {%e&gee%on cus I offi ng: means W
accommodat i ndfufthercomprisihg atpairtoftbotiom dins spaced from edoh other andiexténdingst r uct ur e
simlar tot ni X 0 e .to
cover 17 as gﬁ%@é@@@y %g%ﬁ%&‘rvgﬂi %ﬁ@%@%ﬁéﬁ“ﬂm
134 of tEe Emi@mbmﬁﬁuyoembﬂ Wi pair ofboReh fins ddgieer tamprifing iiide Gvdllogivfabed
148 on the bg 1t'n(1)er¢ri] C%eazzute ggheesoﬁxlts\llexalldsur{ eafgswaferengagmg edge between the
outside wall surfaces and the inside wall surfaoes, whereby the bottom fins bend
outwardlyawayfromeachotherwhenengagedbythewafertosupportthewaferand

' spacethewaferﬁ'omthebotmmwall

15.  The container of claim 3 further comprising an outer edge on each fin defined by
the wafer engaging edge on each tab, the tabs spacmg the wafer ehgaging edge from the
top cover by a width, ‘2 middle portion of each fin, two end portions of each fin, the
width progressively decreasing from the middle portion of each fin to each end portion of
each fin.

16.  The container of claim 15 wherein the width of the tabs progressxvcly decreases in
anonlmearfashmnfmmthemddlepomontothe endporuonofeachfin

17.  The container of claim 15 further comprising a centerline of the container, the
" outer edge of each fin forms a convex arcuate shape with respect to the centerline of the

" container.

18.  The container of claim 2 wherein a center fin is positioned cemrally on
the cover between the side walls.

-25.



fromthe nmddle portion 118 to each~end ‘porti FIG 8). This
pregressively changi ng radi al distance 136 may be forned by an arcuate
shape of the bottomfin 148 with r “ l‘nmltmmom cover 18 or an
arcuat e shape ofweé bemsbntt om cyl i ndfﬂmﬂﬂ ﬂl h respect POETARS/09107
centerline 134 of the container 15. As di scudsed above with respect to the

top cover 17 illustrated in FIG 5D above, the bottom cover av
bot t om cyl i ndr i19al WMrmmmsh@%mmtﬁ? }‘Eg ‘QESW%Qf

from adj acent ts@ﬁuﬁgﬁ’&'ﬂﬁ gfmgaghcp%ﬁfgﬂgl n 148 to the portion
of the bottom I ndri cal pane acent each ‘end portion 116 of the
bottomfin 148 on the bottom panel Continuing to refer to FIG

3A, the second CUShI ni ng neans

bottom cover 18 rray | so |m&%%c{lure og@ﬁ?& ottom I'n 3% on t
bottom cover 18 to ¢hafibs, k Memevabletoteintover andarf retrowatile top]@!tetflocpro’adha@hssy
conpressi bl e design ,adj acent the_m ddLe portion 118 an S_conpres |bIe
desi gn adj acent eacher‘? WW% Eﬁgmlsh'&&ﬁf gg‘f &ﬁ]
cover 18 work W|th J%ln& swgmt@maeﬂﬁ sidesvali@ioer s

i n the container et ween t Ilhfer eng@al ng_edges 1Q4, 114 duri ngta

shi pnent and storagenmindheqfamlnﬁjm Risonting relationship g %Q‘B &heyss

all the wafers Wan lggv@g fto

t he covers 17, W&%ﬂ%s&@r“ ﬂg érmeﬁ)é’houl d be ung?}cg?%od
as the bottom cover tﬂﬁendswdhindmﬂewnlls,hhemmwenmhmmmmfé Sidewmalls
edge 114 of each fin 148.on.th f

and lift it fromité’“&@g‘?“ﬁg Mh’ﬁ ﬁB&%%ﬁﬁgﬁmﬁ%‘sfﬁ%
wafer Wwill be SUSI%ﬂQﬁﬁhaB@ﬁﬁ%ﬁﬂeﬁvh@nﬁahﬂwbnﬁemmmhmmm cover

18 and the fins 131 on the top cover 17.
- 19 - WO 96/ 39711 .

PCT/ US96/ 09107 b) a plurality of fins of resﬂlent compressible matenal on the top cover, each
| ﬁnextendmglongmdmnllyonﬂlemsldeoftheuopcover,theﬁnsspacedfrom
each other, each fin having a middle portion and two end portions, a wafer
engaging edge on each ﬁix, the wafer engaging edge spaced from the top cover,
the wafer engaging edge oﬁ each fin spaced from the centerline of the cqntaincr by
" a radial distance, the radial distance progressively decreasing from the middle

portion of each fin to the end portions of each fin to thereby position the wafer
engaging edge of each fin in a convex arcuate shape with respect to the centerline
of the container whefeby the wafers are engaged and cushioned in the container,
the fins compressing to balance the retaining force across each of the wafers while
accommodating flexing of the top cover.

20.  The device of claim 19 wherein the progressively changmg radial distance is
formed by an arcuate convex shape of the top cover with respect to the centerline of the

- container,

21.  The device of. claim 19 further comprising a width of the fin defined from the top
cover to the wafer engaging edge, the width of the fin progressively decreasing from the
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Referring to FIG 8, the seceﬁd—eu%hm&kﬁg—rﬁaﬁs 130. 1 for accommodati ng

fl exing of the bottom cover rise reinforcing on the bottom
cover 18 to resist flexing of“mﬂ” “ tﬂl 18 as the bottom cover 18
is applied to the carrier drical panel_75 ma h_f;lve a

t hi ckness whMWHh6AIMles from adj acent the m ddI e portion 118CHPS fin
148 to adj acent each end portion 116 of each fin 148 on the bottom cover

18. Altern Pmylg me&r porting
ribs 112 og&gdg? Gﬁgggﬁﬁtdygﬁ‘egﬁie’ ppor 11 &%Le‘%%g l%y/arlgdl y
fromthe bmeMWMCWMMer 15. Each
supporting rib 112 is parallel to a fin 148 on the bottom cover 18. This
rib 112 strengthens the bottom cover 18 to reduce bowi ng or flexing when

wafers W ar22.i nsmetmmfomm@mmmwsemmeﬂmmmth

cushi oni ng ne 30 fqr, acco dat | Xi of, the gover
Referri nggt?? ﬁ%’ "’@a %D ﬁg%x sa‘gmﬁt@ﬂﬂ@n&\&’g"m ace 152
for med 'subshmRbdtilubirs al6ng the Fin, b whifer %MW@&@MJ@, Each bottom fin 148

al so has an inside wall surface 154 formed at anacute ‘angle to the
vertical outside waII surface 152. The |n5| de waII surfaces 154 on the two

bott om fi nsyql48 t mﬁ"lﬁf ' méRd iaggzgﬁqg{%n% %4 on
t he bottoms%alln 1.% %gg 19 ween the outsi V@F sur ag‘{e} an e

i nsi de wal Iﬂmngeﬁ:thebﬁuomaomgdysbynbe waﬂemarempsn@dbm thedinstin ¢hebtopt om
fin 148 all wa n he bottomfin 148
to bend out%ﬁ%%@%ﬁh@#?ﬁ%%@%ﬁ% outwardl y bendi ng
| ocks the wafer Wfrom rotating in the container 15 while spacing the wafer

\{\éfromthe ott ES anqggﬁcommq%gzénrnigﬂmlﬁge}é @ I t he bot%}%g]:gg\rllgrthe

entire peri ﬂiﬁf uoxﬂﬁeﬁuéﬁ cAfihbét Bnd Qlighed With mercemsmsbfuﬁa:bhumei Phed e ltopn

cover conprises enlarged rimportions 78, 79 extending al ong the side .edge
portions 7 2cqyer istoa the comymTover and enbracing the rimportions 45, 46 of
the sidewalls 19, 20 of the carrier. The bottom cover al so enlarged bottom
cover rimportions 80, 81 extending along the end.ed ortions 73 of the
bott om cove?s. andl'lvrﬂﬂmemﬁglamﬁemmfonam &ﬁ‘ff) of; fthe; bpstonh d

\é\ﬁlb!sfa(rjlzlgl yina p%yﬂﬁmw %Ms Q%&égbﬁ@z}coveé 48 of

the waf er cthe finespiced fromnesch biher, awafenengaging edgenen euch finj) thermeafercengaging ng
rel ation toecf etain tﬁhe R]etbogomcover on the wafer.

26.  The device of claim 19 wherein the top cover is formed of a resilient flexible
material, a stacking structure on an outside surface of the top cover.

27.  The device of claim 19 wherein the top cover is formed of a resilient flexible
material having a thickness, the thickness of the top cover progressively decreasing from
adjacent the middle portion of each fin to the end pomon of each fin whereby the top
cover resists flexing, and the changing thickness of the top cover forms the progressxvely
changing radial distance.

28.  The device of claim 25 further comprising a convex arcuate shape of the wafer
engaging edge of each fin with respect to the centerline of the container, - the convex
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- 20 - - WD 96/ 39711 B
PCF/ US96/ 09107 carrier. The rim pert i 'ms.”g@]_@h tom cover and the
rimportions 45-48 of the wafer carridgf conmgﬁ_q\ﬂé%eé%ﬂ means by which

t he bottom covewogisgasmi ai ned on the CaEr-or it her q,(ﬂﬁg;s,moﬁo
suppl enmental | atching nmeans for hol ding the bottom cover on the carrier.
The substantially hernetic seal between the carrier 16 and the top and

bot t om cover s ancpatesbaper defiged by avadisiatistance Mwmwmmgwﬂmmwlﬁb

bt pi g or  su g hagey ki Y0l 1l g £ SORBBA i o S oy R

f:over 13 al lsthaimpmgi‘esalvdyIMam@frmd ; nhemﬁﬂlﬁg)zm&%gﬁaghrwm ﬁnhtothe
ongi t udi na on e edge portions and adj acent the rim
portion 79 of x{“ﬂh&@g M\Vg&m%% tab portions 82, 83 lie adjacent, but
in offset relation, with respect to the adjacent tab 40 on the | ower side
edge portion g& the wafer carrier so as to facilitate a person

si mul t aneous| $Pengdle Myention of claim 28 whesein ieacls battem fin is grientedsubst@giaiyd 40

cover ont 2”?he%ﬁ?ﬁ§??? MREE 0 B ) Rl hetendfog

carrier by | atherivaferto mmwsmommpﬁmwafuﬁhahecdmhe carrl er
16 i s 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 Ware already in the
carrier, the wafers will be lifted by the bottom cover 18 off the offset
porti ons 26; 27 of the sidewalls 19, 20. Bottom cover 18 may al so have a
pair of symetrically |ocated . tabs on the side edge portion 72 opposite tab
portion 82 and 83.

RN 1]

- This Sheet Has:Been Re ﬂ
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I n renoving the bottom cove romthe waf E[ carrier, one corner portion

of the bottom cover is flexe M‘ bed in connection with the
top cover, and the bottom cov m ) be progressively di sengaged
fromthe enl apge rlmporatlonsL4 486 of the wafer carr

renmovi ng the %@%ﬁver The rimportions 78- 81 of the bo#‘[elr&#gg)é?/‘g?
engage and enbrace the rimportions 45-48 of the wafer carrier and

establ i sh a3pubstradirthiher f0£ 50RAS Gnd SppinwhttsdndQhe RS ¥eRprdNge bot t om
cover 18 and the wafer carrier to prevent mgration of air, noisture and
particulate into or out-of the interior 57 of the wafer carrier. \Wereas

t he bottom cover im tlons
78.1, 79.1 of tha rlmportlonszég 9&%% WQM%WSPB{

- 21 - WOsidewalls apaced from each other, abottomwallseahnglyattachedtothemdewalls

out of the pl ancily upisad g Bl R tider Byoel dBanBheR A O1 1 O1C o

conformto the shape of the portions 50 of the ri'm portions 45, 46 which

di verge- out of t pl anes of. the r| Qrtl S op the wafer ca[rler and pass
over the index n che%“ﬂ@”?ﬁ %ﬁ’ Ppostion, whep, in-place,on fhe

The bottom cover codaimdrif %ﬁl&ﬂ@d’%ﬂﬂﬁﬁn viﬂgbd)%ﬁ@ﬂéx sition
protruding outwardly_all around the per g ery of th ottom cover except at

the tabs 82, 83 whemingplageranthe edponditian, thestop; qoxen l}avxmnmp

cover 17 has out q,gyf&g &kﬁ orpﬁrgefﬁéhﬂ?ﬂm%’(f from
t he edge portlong&oc?w?{ﬁﬁfg% cover ﬂ@ﬁk&\%@?n@éoun e periphery o%/ t he
top cover except meanstfoecushiopingthe Wafem)hqymz\mmdammqmszwbmmlemﬁWaﬂmd he
top cover. ef erri t neg 15 s i ed to
be used with itsa mg’%ﬁﬁ}%@dlﬁ’ g‘ﬁ’g W'{’%a%@‘&ﬁ{%@ e .on
processing equi padjadent the eniddle poiofrof the means for cusmomng the wafers and flexing a

smaller distance adjacent the end portions,

c) a wafer engaging edge on the means for cushioning the wafers forming an
arcuate shape when the top cover is in the first unflexed position, the wafer engaging
edge forming a substantially linear shape when the top cover is in the second flexed
position.

31. The container of claim 30 wherein the arcuate shape of the mans for cushioning
the wafers is formed by the shape of the top cover, the wafer engaging edge spaced from
the top cover by a width, the width being substantially similar adjacent the middle portion
and the end portions of the cushioning means. |

32. The container of claim 30 wherein the bottom wall is a removable bottom cover, a
pair of bottom fins extending longitudinally on the bottom cover, a wafer engaging edge
on each bottom fin, the wafer engaging edge on each bottom fin spaced from the bottom
cover and formed in an arcuate shape in a first unflexed position, the wafer engaging
edge forming a substantially linear shape when the bottom cover is in a second flexed

position.

-29-



thus in use may have different- Ol’lentaIIOHS tTihanmthat shown in FIG 1 such
as.where the top cover 17 and boftii 6 vertically positioned as
in FIG 13. In this orientation G IQB{J@'EMV\M) are horizontally
orientated and woxéizopicover 17 1s TdNQ si de cover I1HCTIUS96/09107
The use of the ternms top, end, bottom and side in the clains are used only
for purposes of show ng the reI ative positioning of the elenents of the

i nvention wit B33 espkhetcontsiner oficleiny 30 whereinythe aFvate;shapes e‘lpé?ing gxe
restrict the SgaePefthohndagl AbHMY b oovEoRPE widh, e Wilihiblrvesteiydic

contai ners 15 present "I nventi on may be enbodied in other
specific fornﬁhmn&hnum&ﬂmpmunnugﬂbmmdmunemspfﬁnwudwuwmisﬁﬂﬁal attributes
thereof, and’it is therefore desired that the present enbodi nent be
conS|dered in all-respects as illustrative and not restrictive, reference

bei ng made to 341e apRadERthet bftiain B2 firtdier compriting 4 biacking stomwture o dhectopEovern

Eozlznf“ Cz.it © thﬁmw Mo ﬁxedposmonmthrespecttothccontametwhenthe

PCT/ US96/ 091070y in i fibsf\it¥ieRed position and the second flexed position, the stacking
structure adjacent to the intersection of the sidewalls and end walls.

35.  The container of claim 34 wherein the stacking structure further comprises a
muluphcxty of stacking offsets formed on the top cover, the stackmg offsets having a
substantially flat surface, theﬂatsurfaceofeachstackmgoffsetmaplanarrelauonwuh
the other flat surfaces of other stacking offsets.

36. The container of claim 34 further comprising a plurality of side edge portions on
the bottom of the container for engaging the stacking offscts whereby a plurality of
containers may be stacked having the weight of stacked containers supported by the
sidewalls and end walls of the container mtenor wafer confinement area.

37. - The container of claim 30 wherein the cushioning means further comprising 2
plurality of rows of tabs extending from the top cover, each tab individually attached to
the interior wafer confinement area whereb’y each wafer is engaged by a single tab in
each row, ‘

38. The container of claim 37'further. comprising a compressibil_ity value of each tab,

the compressibility value of each tab progressively changing along the row and being
more compressible proximate to the end walls of the container.
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1. A container for wafers and the |ike conprising: a) a
contai ner having two sidewalls and two end walls, a bottomwall attached
to the sidewalls and the end walls to define an interior wafer confinenent
area, a woggpeakl e top cover sealingly attached to the ;&Bmg&ﬂﬁﬁglls
and the two end walls to provide access into the interior Wwa
confinenent area wherein the wafers arel/9 recei ved, the container
havi ng waf er supports on each sidewal |, the wafer supports

positioned for maintaining the wafers in a spaced-axial alignnent;

b) the top cover conprised of a flexible resilient material such that
when attached to the sidewalls and endwalls with the wafers in the
waf er confi nenent area, the top cover flexes outwardly, the top
cover further conprised of a wafer cushi oni ng neans for engagi ng
each waf er and for accommopdati ng the outward flexing of the top

cover. 2. The container of claim1, [ffhe cushi ng neans further
conprisiing a plurality of fins extending }ongi@&di %gn t he inside of
Ce

the top cover, a wafer engagi ng edge on gach fAn s romthe top cover.

3. The container of claim?2, each fin_f g2 conprising a row of tabs
extendi ng | ongitudinally t he t-gz""#*""z\ ‘H‘E.'HOg a waf er engagi ng
edge. 4, The copntai > \E U R OgRBI'i sing a

m ddl e portion tRS end Mt \QR\\ van é@'orrpressible
along its length, \hg finlad QN7 DAY NE®
conpressi bl e t &3 theTTEAd] acent ea N 23X The cont ai ner
of claim4 whereint)y has a thickn \< > n
progressi vel yg ‘aiﬂ{" a large thi NN EMNe portion
of the fin to afiSeedz D%, ad] nt each end portid X i n

FIG. |

SUBSTITUTE SHEET (RULE 26)



- 23 - 6. The container of claim1 wherein the cushioning neans
further conprises a plurality of beads extending‘longitudinally along the

i nside of the top cover, the beads having a wafer engagi ng edge, and a
centerline in WX688Mtai ner, the wafer engagi ng edge havi ng aPCIosusN9107

arcuate shape with respect to a centerling if t he cont ai ner. 7. The
container of claim2 further conprising a é nterline of the container, the
fins radially aligned with-a-centerline of the container. 8. " The
container of claim7 further conprising a conv arcuat e shape of the wafer
engagi ng edge on each fin with spect to the/C terllne of the cover. 9.
The container of claim8 wherein the R IRCLANE, fApe of the wafer
engagi ng edge of each f'65' S for : % ng a w dth defined

e portion of each

bet ween the wafer engagl\g ege
( belﬁa greater

fin and an end por tgZn of \ ek
adj acent the nyddle nor 1RO
The cont'ai ner 3
the fin conp
in the contain




11. The container of claim7 wherein the wafers are substantially round,
a radius in the container extending fromthe centerline and intersecting
each fin, each fin symmetrically formed around the radius to engage the
substantially rWo%3%Hier by conpressing substantially w t hordTASY609100
al ong the radi us. _ _

- 24- 12. The contai ner of algi m 1 further conprising a

cushi oning means on the bottomwall, the cushioning neans on the bottom
wal | extending into the interior vvaf er confinenent area to engage the

waf ers and suspend the wafers b&ve L hejcushioni ng means on the bottom

wal | and the wafer cu oni ng neays 49 e to ovesW  13. The cont ai ner
of claim 12 wherein t ottomvva abl,e’cover 5
ekl f/ 00" " ~ﬂ °
. | ml' 100 ) a g2
-—Il- ] “” AT
5 i \e
211 --||[ ,-=— 20
16
nlll' ' E_/
i | TH-25
| D57
&l =)
,' 20
|' / o7
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o~ .( 3l
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FIG.3

58+ 106 /'7

FIG. 4

SUBSTITUTE SHEET (RULE 26)



14. The container of claim 12 wherein the cushioning nmeans on the bottom
wat | further conprising a pair of bottomfins spaced fromeach other and
extending longitudinally along the bottomwall, the pair of bottomfins
havi ng out si de W@pd393txr f aces bei ng substantially vertical, thecpasseootor
bottom fins further conprising inside |1 surfaces fornmed at an acute
angle to the outside wall surfaces, a er engagi ng edge between the
outside wall surfaces, and the inside wall surfaces, whereby the bottom
fins bend outwardly away from each ot her when engs ed by the wafer to

support the wafer an_r];pace t he waf frorggt he botPom wal! - 15. The
contai ner of claim rther conprisigng anyouter eNge o1l 4q ch fin defined
by the waf er engagi dge on each tap, the tab ' & waler engagi ng
edge fromthe top cdver "m"fﬂ"”-"‘obh i, two end
portions of each fin(Jhe //"- @ssiivel y dfifcreasilpd fidm ghe niddl e
portion of each flnj)-each g Dert1 On 01 eacrt f 6. Phe o': ai ner
of claim_15 wherein « he wi gg# pf t he tabs progresswely o.»“» es iy a
nonl i near fashion JJ omt wddl e portion to the end porti{n ac) f|n
17. The cont ai ‘ g 15 further conprising a centerl/ \

cont ai ner, the n i Py f each fin fornms a convex arcuate sh
respect to the \ "'pe of the container. 18. The cghtlai ner & ci al m 2
wherein a cent \\ I 4 positioned centrally on the coyér tetwee S|de

wal | s. \ / - -
g > g : ’ — O ‘.
3 . (Jl \
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/
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WD 96/ 39711 PCT/ US96/ 09107 19. A
device for storing and shi pping sem conductor wafers and the like, a
plurality of sem conductor .wafers in the device, the device conprising:

a) a cont ai N¥PINAIIhg two sidewal s and two end wal | s def i rROTUS6/09107
interior chanber, a renovabl e bot cover and a renovable top cover
to provi de access into the interi waf er confinenment chanber
wherein such wafers are received and stored, the container having
waf er separating ribs on each of the sidewalls to mai ntain the
wafers in a spaced and confronting relationship to each other, the

waf ers transversely oriented of the sidewalls, the top cover sealingly

attaching to the end walls and sidewalls, the bottom cover sealingly
attaching to the sidewalls ~ and end wal |l s whereby the interior wafer
confinement chanber is sealed to resist contanination from

envi ronnent al el enents outsi de of devj.ce;

pluratity of fins of resilit)9 comi)a Ssi wrsl aI58 lp@g top cove|7 each
fin extending longitudinallvijon thefinsidelot the tog coger the fi

Spaced from f‘““-‘"’"lv"h NI R0 A OO A NSO 2 RN O VR two end

gndNoi ng edge

=
= — e St A D W ----l--_—“-l—————

spaced fromthe c"“.‘?‘:m & e% r." |n
spaced fromthe cep \’- tPh@Bcdﬂal 2 b | Jance,
the radial dist A HFProe essively decreasiQg fromp J ddl e \ portion
of each fin to Ve “--_._..-.-..._=_....‘:.._.:...._r..:...:.:.'_--_-- t Wﬁer
engagi ng edge of ! fin ln A convex arcuate s ape w tiNrespect tWN\Lh

Cent er | | ne -1_-_ —~—— —w= T EwSe—ree ._.:.._ﬁ:v-.zinv

cushi oned ‘i n the contai ner, the 11 ns conpre55|ng 0 bal ance e
retaining force across each of the wafers while accommodat i ng
flexing of the top cover. °~ 20. The Fgagclaimw wherein the :
progressively changing radi al distance d by an arcuate convex shape
of the top cover with respect to the centerline of the container. .

pOI’tionS, a waf er "/ enaaaing edae o £ m-

17 | . 58 104 /

102

9 MNoa

FIG.6
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21. The device of claim19 further conprising a width of the fin defined
fromthe top cover to the wafer engagi ng edge, the width of the fin
progressively decreasing fromthe

- 26 - wo\wR#s1 39711 RCTnidv6/69109 107
m ddl e portion of the fin to each end portjon V\/nereby t he waf er engagi ng
edge has a convex arcuate shape with res @ to the centerline of the

cont ai ner. 22. The device of claim19 wherein each fin conprises a row
of conpresible tabs, each tab separated from an s acent tab by a slot, the
waf er engagi ng edge bei ng ont| S 0 th r eng g
portion on each tab. 23. 3?% rl_!i.“ﬁ k:eﬁere the ?aén
cover has a neangggar y %e
waf ers are suspende '

accomodat i ng f jexodfln e '=‘
wherein each fih'is .._r_gtedlnwardly Into the |nt=r|or waf er c@ : nt
chamber -and aligned f§i thithelcenterline of the con\a|ner mhen top o]

is on the contai = - —— ——

FIG. 5B o3 .'3°J
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25. The device of claim 23, the neans for accommodating the flexing of
the bottom cover further conprising a pair of fins extending |ongitudinally
al ong the bottom cover, the fins spaced fromeach other, a wafer engagi ng
edge on each fwaqoessamiwaf er engagi ng edge spaced fromthe bot petrusseeior

26. The device of claim 19 wherein the top cover is formed of a resilient
flexible material, a stacking structur&%n an outside surface of the top
cover. 27. The device of claim 19 wherein the top cover is formed of a

resilient flexible material having a thickness, the thickness of the top
cover progressively decreasing from adjacent the mddle portion of each fin
to the end portion of each fin whereby the top cover resists flexing, and

t he changi ng thickness of the top cover forns the progressively changi ng
radi al di stance. 28. The device of claim25 further conprising a convex
arcuat e shape of the wafer engagi ng edge of each fin with respect to the
centerline of the container, the convex

- 27« arcuat e shape defined by a radial distance between the
centerline of the container and the wafer engagi ng edge, each bottomfin
having a middle |§6rtion and two gpd portiorld® the radial.ﬂis ce
progressively ded{ieasi ng fromthe Yn ¢ t15 dt4eachl ot 4/ fippgt o the
end portions .?B e /

e
13

75
12

FI1G.9
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- 29. The device of claim 28 wherein each bottomfin is oriented
substantially vertically on the bottom cover whereby the bottomfin bends
outwardly when engagi ng the wafer to secure the wafer and resist rotation
of the wafer i nwolséssmnt ai ner. . ' PCT/US96/09107

8/9
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FIG.12
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-28 - 30. The container for storing ‘and shipping wafers and the

| i ke conpri sing: a) a container having two sidewalls sealingly
attached to two end walls, the sidewal | s spaced from each other, a
bottom wal | seaoossoyitatt ached to the sidewalls and t hecemdodmdidss t O
define an interior wafer confinement area, b) a renovabl e top

cover having a first unflexed position 4%en in place on the
container in an unl oaded condition, the top cover having a second fl exed
position when in place on the container in a |oaded condition, the
top cover having a neans for cushioning the wafers extending into
the interior wafer confinenent area, the “means for cushioning the
waf ers having an end portion adjacent each end wall and a mddle
portlon bet ween the end portions, the top cover flexing a greater distance
adj acént the middl e portion of the neans for cushioning the wafers and
flexing a smal | er di stance adj acent the end portions, c)
a waf er engagi ng edge on the means for [§ushioning the wafers forming an

]

4 h\
IS’"‘\, ~—L 7
17
22
1521

54
FIG.13.
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) , I 5. REPLACEM‘ENT SHEET
ar cuat e Shape when the top cover is in the first urf I exed &il origg(;p >

Qwafer engagj m‘“( a substant tally i near 3 tover
is in the ﬁmm i tion. _ ._.--e-—--—--—-"—"a"m eTein

the arcuat €*shape- of* t Re fans for cush|8 bt shi 2 5¢ s IRLREES
shape of the top cover, the wafer engag| ng edge spaced from the top cover

by a,w dt t he, wi dt el ubstantially, simlar acent .1 m ddl e

port bn a ﬁ‘?&%"g&%‘@gﬁg’iﬁq‘ K’Gﬂl'ﬂ@’% Me cont ai ner
of ¢ mﬁgﬁm@} VGiohe Beadsa pair of
bott Om f| ns ext end| n&nﬁ%ngl udin Fl hgr@'f Ee{%ottomtggsg?&‘ gﬁ?{/vaf er engagi ng

edge having acwafeotengaging edge, hﬂdmﬂteﬂmhe @onﬁgnroﬁleamﬂcr leogaging £dge spaced
fromthe bottomcover and fqQornmed in an arcu,ateztBEe in a first unfl exed
posi TAYAE & SRNVEX rAStuale, %’é thrgspect to acerjerling pfdhe ’Pﬁ“é?'ﬂ | i near shape when

the bottomcover is in a second fl exed p05|t|on
- 29 - WO 96/ 39711

PCT/ gS96/ ORtieddontaiger of dliien Qmﬁmrmpﬁsmg acentdflinetofrthe nonﬁamear theafins s hape
is formed by spacing the wafer engaging edge fromthe top cover by a width,
t he vmdialy sligoed withvaecsnterting of thergpnfaingh t he ni-ddl e portion to the end

portions of the cusiheni-ng means. 34. The contai ner of claim31 further
conprising a stacking structure on the top ¢oVer, the stacking structure

mai nt@i ni Mhéicoatiier 6P Elairh TfurthercoRSRARE atconvbearcuateshape ofittienwafes
engaging edge on each fin with respect to the centerline of the cover.

9. “The container of claim 8 wherein the convex arcuate shape of the wafer engaging
edge of each fin is formed by each fin having a width defined between the wafer engaging
edge and the top cover, a middle portion of each fin and an end portion of each fin, the
width of each fin being greater adjacent the middle portion and smaller adjacent each end
portion.

10.  The container of claim 2 wherein the fin has a flat wafer engaging portion, the fin

i i i i fer in the -casrer:
compressing substantially without bending when engaged by a wa comtainer
11.  The container of claim 7 wherein the wafers are substantially round, a radius in
the containcr extending from the centerline and intersecting each fin, each ﬁn
symmetrically formed around the radius to engage the substantially }'.eund wafer by
compressing substantially without bending along the radius.



_ ' RE:PLACEM'ENT SHEET ‘
cov'er isin d position and the second il exed ppgy §Lpn.i4y7 ‘a
st acKki ng str o the intersection of the i |mhwval.|“s' and-..end-

walls.’ 35. * The coﬁtafner of claim34 wherein the st Ceki-rg—STraeraTe

further conprises a multiplicity of sta i i e L
cover, the stacking offsets having a substantially flat surface, the flat
surface of each stacking offset in a planar relation with the other flat

fsur f Ateuate shaperdefined hyka mglilefdimnce begvéi.ﬁdthe céterlinerafthe cnntaix:)etlaad rtheaf i

cont AHst Hiieids, 8 ek hitam finchang  mmdis SorieR 898 o9 M pariga e
d

oyt FeatB SR toRic AP dRdite *@ﬁ%ﬁ@oﬂ@m@rﬁbﬁﬁg%@%@gﬁ%E%P*éﬁﬁﬁéhf

ar ea. end pottions 6fi eactobétimi€in. of cl ai m 30 wherein the cushi oni ng neans
further conprising a plurality of rows of tabs extending fromthe top

cover, each tab individually attached to the: interior waf er confi nerrent

db .tah
22ﬁ?a¥€§£e§¥=§§"’?m§§f‘ i B VB Pl HonE B BRchile SRRy, o7 cocn
tab, {érticslyBh RS bauémtdov&aw&ee{) uﬁ‘é\&&&;ﬁ*ﬁnpﬁét?ﬁg Safwate \Aa'ywﬁ@ﬂ@ﬂ%{]ggxga' ong the

row and being nore conpressible proximate to e end | I's of
cont atheewafer to secure thc wafer and resist rotation of the wafer in the container.  30-
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‘to prevent damage to the wafexs. Furthermore,

J The cushioning means extends from the top

-carrier. The arcuate shape may be formed by

(54) Title: WAFER CUSHIONS FOR WAFER SHIFPER
(57) Abstract

‘The present invention is a shipping con-
tainer for safely storing articles such as semi-
conductor wafers. The shipping container has
two sidewalls sealingly connected to two end

walls to form & generally rectaagular interior
wafer confinement area. A top cover and a

and storage and provide access to the wafers
for processing. The wafers are securely held
in place in the carrier by a cushioning means

the wafers are locked into place to prevent con-
tamination by the wafers generating particles in
the wafer confinement area by rubbing against
the carrier. The cushioning means for accom-
modating the flexing of the cover supports and
suspends wafers in the wafer confinement area.

cover and has a plurality of wafer engaging
edges. Each edge is formed in a convex ar-
cuate shape with respect to a centerline of the

an initial arcuate shape in the cover of the ship-
ping device or an arcuate shaped fin extending
from the cover of the shipping device. The
cushioning means has a configuration to com-

press when engaged by the wafer to secure the wafer while spacing it from the top cover. The cushioning means may have a continuous
wafer engaging edge along the length of the fin or it may be separated into wafer engaging tabs or fingers, each tab or finger individually
engaging a wafer., The bottom cover may also have a cushioning means engaging and spacing the wafers from the bottom cover. The
structure of the cushioning means on the bottom cover is designed 1o bend cutwandly to lock the wafers from rotating in the shipping device.




