WO 03/ 072460 PCT/ US03/ 05282 WAFER CONTAI NER CUSHI ON SYSTEM Thi s
application clains the benefit under 35 U S.C 119(e) of U S. Provisional
Appl i cat iwo oBl072460/ 359, 814 filed on February 26, 2002, a ®qpyses/oizki ch is
incorporated 5 fully herein by reference. FIELD OF THE | NVENTI ON Thi s
invention rel ates to WAVaFFRICORTAINER €URRTONSYRTFMIt relates to front
opening wafer containers wth doors having wafer restraints. 10 BACKGROUND
OF THE INVENTION I n the processing of wafers into sem conductors,

particularly integrated circuit NUNETr QUS e I ned. and t he
o or s st ”of Pl Seforh st dhe PRAIRIRs 35 PR DI GBS, P RsieRs

wi thin aA;?@ibétidnYNb%d/f@,Sld B i A F €brivdrd Q65 3002 asdopp of WML (sSinbdtpbraldd be
protected during such transportati on and storage and i nmedi ate processing
steps? Melbeharpip bysefsfesstiduct or wafers have increased in size to being as

| arge as 300 nmin dianeter. Mdrreover, the density of circuits on such
wafers has dramatically increased. As a result, such wafers are
significantly nore expensive HEUDpOBTER INMENARI@NTrom contam nati on and/ or
breaking is critical., 20 Various aspects of the inventions herein are

particularly ddisignensiongelalesdo Wafer capress marepAECHar!y ihiriatesdp FoBORAIHE,
known as : i upifi and FOSBs (front opening

shi ppi ng %%%y@i#ﬁé&gﬁ&ﬁ%?%@ﬁ%fﬁgﬁégﬂ a?ie a container portion with
i ntedDor wafer supports for holding a stack of horizontal wafers in an

axi ally spaced arrangenent, | i i i ont ai ner portion.
Cont ai ner portion has a fﬂ&ﬁlgﬁggﬁfﬁbﬁ]@ﬁﬁﬁ&@m&iem on and renoval of
the wafers andp ahéig%cem PG afer8 ERY SSnieShdAcidRe pa\ﬂ@&ﬁirlyﬁ‘i}ﬂ_éﬁht@@rcikﬁig atch

and seal thereon. Such boxes are, for exanple, illustrated in U S. at ent

Nos. 6, 26InRads stgps 16y b, pesfozmed 1od;the wolas 608t oBemba trapaported | fagititywiei ch
are owned. the owner of. .this . |icati.on and are here i orated in
het r Cendreiit; A Sy inin A BrEREH G ifheRRe. BsBrgFicitos, AARET Rk
depi g§ed benprotegted Lduritipe sid§ Gandpofthoand istordgt Shdimnseiadte chrodessing Grapki C
pr ocessi g? g&w pment 25, and generally includes a container portion 20 and
a door 2XRecamly, semicandustorpypfersohavepingigasedningyies tor PeRg apdargg as 3H0a8m i paj v
of sides %ﬁ , Kasli . : . . 2:?@} defd nes
the open Tr oﬁr@lﬁ'9 %ﬁﬁg?‘% té%n ﬁsdﬁ'rzoefcfgl? glrté?rgg&ec?l\%g gééthﬁgdgggg#lcél . egggbﬁéai ner
portion rmyesnlyeueh rwdfetsi are Bignifidantdy f maregexpichsivdahed moteptng sam6 fromt he
interior of the ,conty ner af_Ol’tl on. stport

o g 1s critical.

contamination and/or bre

20 Various aspects of the inventions herein are particularly suitable for use with wafer
containers that are commonly known as FOUPs (front opening unified pod) and FOSBs
(front opening shipping boxes). These wafer containers have a container portion with
interior wafer supports for holding a stack of horizontal wafers in an axially spaced
arrangement in the interior of said container portion. Container portion has a front door

25  that allows insertion and removal of the wafers and a door sealingly engages onto the
wafer container to latch and seal thereon. Such boxes are, for example, illustrated in U.S.
Patent Nos. 6,267,245; 6,216,874; 6,206,196; 6,010,008; 5,944,194, all of which are
owned by the owner of this application and are hereby incorporated in their entireties by
reference herein. A generic prior art carrier is depicted in Fig. 1. The wafer container is

30 shown seated on automatic processing equipment 25, and generally includes a container
portion 20 and a door 22. The container portion 20 has an open front 24, a top 23, a pair
of sides 28, 29, a back side 32, and a bottom 34. A door frame 36 defines the open front
and is configured for receiving the door 22. The container portion may have a robotic
handling flange 42. Wafer supports 46 in the interior of the container portion support
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1 WD 03/072460 PCT/ US03/05282 wafers (not shown) that are aligned in a
hori zontal orientation in a stacked space array. The door has an outwardly
faci ng siwe 0307asd an inwardly facing side 52 and a peri plreTyusobes28iThe

peri phery 54 has latch slots 58 on the outwardly facing side. An exterior

panel 6 [ | Agi:pal : r overs
| at ch megv ﬁgér%?g%’g S?;g?)('%l P glag %\Nﬂggnggslg%i %ﬁzgﬂ%i t'6 ﬁ@{ltﬁg&ﬂgiyﬁgfagts(&gs aﬁc?nta at
have | at @he deobkassan owasthy facingrsidd$@ and/ aevwardlyi feting xide 5@ andta prriphbey | at ch

lots 58, 1y, t | illustrated in Fig. .| t
Front opShi ngesgapltin Tarsragh At kP8 ARy picifl site A oY Haper”
carries, ¢DOwRRAThAEEAht PRintiBalREGnEAl FARENVENhE ABor0Eovedd RidhORedianishe (M& er s

during shipping. "Such rotation is desirably avoided. 10 SUWARY OF THE

| NVENT| Oshowadsseciateh mathnie kiezvdlesg6% and thadibaes latdy memhessi (npt shevapianthisr ont
for receiviRg._ an emoval . of f rther .k ngl u 1t ushi on
systemt Pf‘e‘f’f”rju’(vﬁ}c?‘ze gen Oﬁlgf)a S IX@h\)ag fé?s é%s@?rgﬁrﬁléy’ %esagﬁelg?\gm%b ?'}l%ngtlg rf‘%'cl

f eat ur es afeOc@h@vh a6 fdnti dPefingr 300 finm GvaférotortdiferdS G&fetdlly, ainthge aygsnt 6y
rotation of said wafers. In a preferred enbodi nent, a stack of wafers in

the cont &FTHES. Hosansisralionts made fo preyprticnigkiotatiopfdbe wetere Aerargshibing pai r

of elas ok ' Ry d on a front surface of the door.
Addition§P§W{dt§éoﬁﬁqg?%§%§1 vvan%g'r springs extend outwardly fromthe door for
maki b first and | ast contact with the wafer edges as the door is seated
and renoved respectively. The |nsjde f f or 20 may utilize wafer
pockets in association wt @@M%gt%%gﬁaﬁ“éﬁgﬁ(ﬂﬁegral l'y nol ded or .
formed into thewdeeicoRaie} BSvind'a (cBRatHer paRlbnAHURAR @?éi"l Rbntl BPrdcBNATY 4D 1S
that the el astomeric cushions prevent fotation of the wafers in the wafer
cont ai nererhyva eff twaferyrfuppemigcludést h dmov evith hicgshior spstdrn dhagnatiliges fariniqueon,

the edges aof the wafers. 25 A further feature and advantage, of. t

nvent Lol BRI ST RO metsH BTN P OR P RER IR A0 IF ¢ hat
is fublyvwapasdedd groeniat abtafibh 0fGRIdORETRS. € i @ prefdedl dmbdd@emenahastacki &F pl ace
In the container portion as the elastoneric cushions are pulled away from

engagenentafes tim theeortainer pastige svithriiel f5ont\asgess exnpsed preciigagedoby ermaineff er s
to the %la?ﬁ%&%réu%hﬁﬂg g{oglgferia&lda Q'tnE]esnlg&%soft ﬁ'x% t(ﬁ%;'g Q{dd?ﬂiéﬁégg,?{l]é;}fetc{aﬂ%h' ¢

result o waf ers oW ng o0r ~as 00or 1s removed. A
further fwafrpeingsexeny antvagdlyffor hiee doorefol intkings fitshahd 1dse corgtactodith ke

el astoneric ] ] o
wafer edges as the door is seated and removed respectively. The inside face of the door

20 may utilize wafer pockets in association with the system that are integrally molded or
formed into the door housing.

A feature and advantage of the invention is that the elastomeric cushions prevent
rotation of the wafers in the wafer container by softly gripping, with a very high
coefficient of friction, the edges of the wafers.

25 A further feature and advantage of the invention is that, upon removal of the door
from a container portion that is fully loaded, the wafer springs operate to restrain the
wafers in place in the container portion as the elastomeric cushions are pulled away from
engagement with the wafer edges. This prevents the sticking of the wafers to the
elastomeric cushions and eliminates the potentially catastrophic result of the wafers

30 following the door as the door is being removed.

A further feature and advantage of the invention is that the use of the elastomeric
cushion minimizes wafer breakage and lowers the door closure force.

A further feature of the wafer carrier is a door that may utilize a dome shaped

configuration on the inside surface to provide maximum resistance of the door structure to
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cushion m nimzes wafer breakage and |owers the door closure force. A
further feature of the wafer carrier is a door that may utilize a done
shaped owofisguusii on on the inside surface to provide naPCHUSNS/@RBEt ance
of the door structure to 2 WD 03/072460 PCT/US03/05282 deformati on when

the door 1de&>9x‘[?18h<‘§ﬂ AL %et&%r %th{]lﬁfsﬁé Wt %&?a%rﬂ%&em (Q'F h@‘?i%r flé fh filed! ace

and in arestraining positio stac rs. réferre
enbodi merahek in & hestralining pcsttrcmowm theistacrod wiafiesl rprefeered lembddnrfems, tig doareel of

t he door rovidin sSses ﬁt% t. he for) i nsi.de.coners adj acent
to the dé 1§ BFPé’I“?P At EF?FﬁferéC'PﬁQa’il of the doge NETPAHES inyvazd £eresssipt saj d
panel gﬁ{ ﬁJuk Yndi @S rHss taﬁﬁg(‘ﬁﬁfts ltfe BGR petiPRerfiatla eﬁfpidg?mé iRdigd ﬁ%m%e;fahl?lher al

si des an he md-portion o peri pheral to and bottom of sai d door
furthér fsedt that sod plahé gtoenally $ow¢rd$ thehwafersarear dfe midepattions obtherrsrinberal a
pai r of V|t|es on e_out.war 'n id of t he door. The latch
cavities ?‘%F a‘?qe i dwq%ogtggpwmﬂ%%qiﬁé qﬂ??ﬁ 4295 menbers that extend
out the upper AQRgtHePRkurd 8t tHRhRoals thatdRe fBnOdf thdBoslQdWers Hate bﬁﬁi@ Bf latch
mechani sms are covered by a pair of door panels that utilize hooks that

attach t sayiHes perthqo neweardleofgemef&deh@f e slooan dhedptchenavidies demhregpivingpiost s
near the ¥ rtic ¢L.lon e t I e edge
and at t heelelmef ﬁlacglaﬁms il sec lllf)nr?mo s t‘P% e(;(poor \Ggghgvlfp %p&@%ﬂe pgg{sp%era?

resi 9pancf theoddernNdihe Gateh nicbiganidey are kBvaed b h patred dosnparis@atutilizb dooks
attachnment of the door panel at the peripheral edge utilizes hook 15

member s dhat pHackyieghe amerampew%sb@ dper and yurher altagh ¥ihpostsanepithe yreical
si de. ‘?@ﬁséchbn %@fl Eﬁ% %@ﬂgh@ﬁ&{;}hlgfa? s %ée‘?ﬁa WiheVeRidAl ﬁlflﬁsfe B of

utilized connect ge 0 at c approxinmate t m dportion
of the dale .dobr fpea\hdese saffnlesadamlmresmmé tbhbemﬁarigerofrthetdcairnt hsyaspeafemsl

di scl osed herein is that the yste nlflca Ies d on t he
waf ers t (FEIPOdImeNtn ?ﬁq iachgyeat 03 ‘i‘f’ ‘E@E%PI? g ak ﬂé‘?g é’FrEph F §oHY IZ"'érbfli
advankagggemiiié R WE hogre}%nh'f Fhichl extdh@ thiBBRIREY, Owldlé p&’?pl&?atl s{del tPresd fit par t

in the description which follows, and in part will becone apparent to those
skill ed conndches and appmeecpmmwns)nreo}ﬁrefdndolf @tlllmd tegcameetathe lpdgé ehitheed by

practice.of, the. inventio g e nd advantages of the invention may
be real i 286" RAIF! 4R 8%‘%@66@3?‘%‘ ngahegﬁlﬁ (flﬂ’é instrunentalities and
conbi nati ons pardahgybad hdvaafighbetheoMifer festrdift SyBteANATIsclédeahbiin Bithdtlthe
DESCRI PTION OF THE DRAWNGS Fig. | is an exenplary view of a prior art
waf er corsygemeimposes significantly less load on the wafers than alternative wafer restraint
20  systems.
Additional objects, advantages, and novel features of the invention will be set forth

in part in the description which follows, and in part will become apparent to those skilled

in the art upon examination of the following or may be learned by practice of the

invention. The objects and advantages of the invention may be realized and attained by

25 means of the instrumentalities and combinations particularly pointed out in the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exemplary view of a prior art wafer container;
30 Fig. 2 is a perspective view of the outwardly facing or front side of a wafer
container door in accordance with the invention herein,;
Fig. 3 is a perspective view of the inwardly facing or backside of the wafer carrier
door of Fig. 2;
Fig. 4 is a detailed perspective view of the wafer restraint system,;
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30 Fig. 2 is a perspective view of the outwardly facing or front side of a
waf er contai ner door in accordance with the invention herein; Fig. 3 is a
per spect iwe ogioemeof the inwardly facing or backsi de of thecwafSesoszrier
door of Fig. 2; Fig. 4 is a detail ed perspective view of the wafer

restraint systgems ; Q0 RGViSO360 i j I ARot al
Cross-section esv%/s't§ ﬁ‘}é\gﬁ%ﬁél}%g?t? oon 5f a 80%?%%%‘883’5 a%o{(nﬁengagé&i}a\?éfr?g :
carri er; waifg.cab®rj s an enl arged, partial view of the door portion depicted

in Fig. 5 Fig. 6Ais a vertical cross-sectional view qf the_wafer
restraint sys;Fgﬂns&ﬂsiaﬁﬁnlaﬁqunggﬁ?livdﬁwB?thte OB loﬁﬁlaplﬁeﬁdﬁ i:‘tgost:ont act with
the wafers; Fipgg 6@Bislasveaiéa]?elloﬁ@§&ﬁbn&wﬁs@oﬁtﬁewa@a r@Jtraiﬁl§¥é6§ﬁ@ﬁﬁﬁ straint

systemduring insertion of the door and prior to contact with the wafers;

Fig. YA insediopafitheddorend psosieconiaat with theavalafser restraint system during

insertion of &hedoor, after the fers, have contacted the.wafer .springs
ona bef or et hd ER & HerRbhElerb S MRt nd Rifer FORRAT bier USSRl "%
i's a hor ioZ et dor &fidpEort6 ¢bhiat with theevafeser restraint system during
insertion of the door, after the wafers have contacted the wafer springs

and before t h&igudieisd vestical crostrinctian atithe Meafen ragfainhsystemdysing gisrtioniaf.  8A s
a verticgle doR TR B Igﬁiaﬁé PSR Pihe Wafer sBhiftks & %e?épe%etxbaf%ﬁqlaggor 15

i nserted an y seate Ig. I'S cross-section of the

waf en0r esvmpressedsiis elasonietib cidghdordpor inserted and fully seated; Fig. 9Ais
a vertical cross-section of the wafer restraint systemduring renmpval of
the door; 20 Hig 7Eo8 ailgonaomfawr%rﬂeamorwfdﬁgwg&‘etr?sgﬁ%ﬁ.‘/%t%dw&mw@g{lr ai nt

Syst em dWrCidoEPlne lieklhvERRfidoidd o whibrisprifCrATRIGER NG nilew t aken

at line 10- 10 of Fig. IS a cross-sectional view taken at |ine
11- 11 of chingressed the ePEDAletERuMESERI PTI ON OF THE PREFERRED ENMBODI MENT

R RN RN WL A Mt T = A R
104 awd afkerted and fully seated;
Fig. 8B is a horizontal cross-section of the wafer restraint system with the door
inserted and fully seated;
Fig. 9A is a vertical cross-section of the wafer restraint system during removal of
the door;
20 Fig. 9B is a horizontal cross-section of the wafer restraint system during removal
of the door;
Fig. 10 is a cross-sectional view taken at line 10-10 of Fig. 3.

Fig. 11 is a cross-sectional view taken at line 11-11 of Fig. 3.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to Figs. 2 and 3, a door 100 is depicted that includes particular
embodiments of the inventions herein. The door has an outwardly facing side 104 and an
inwardly facing side 106. Extending around the periphery 108 is a seal member 110. On
the inside surface is a wafer restraint system 114. On the outwardly facing side a pair of
30 latch mechanism panels 118, 120 cover latch mechanisms 122, 124. The door periphery
has slots 128 through which the latch members 130 extend to engage with latch
receptacles such as depicted in Fig. 1 with the numeral 59.
Referring to Figs. 3 and 4, details of a wafer restraint system illustrating preferred

embodiments of the invention are depicted. In this embodiment, there are three distinct

4



I nwardly facing side 106. Extending around the periphery 108 is a seal
menber 110. On the inside surface is a wafer restraint system 114. On the
out war dl ywbasimgesi de a pair of 30 | atch nechani sm panel sPLTRIS0L@ASTOVer

| at ch nmechani sns 122, 124. The door periphery has slots 128 through which

the latc v I : : .

dopi ot ed T B et etftiy AF ooy RRAARTE My (SpRRiad PREBUBLEIAMENES, |1 1 &
of a waf ehatpesentaiwidfersgtationm) wafbnistalaipe agd pimfezasador dohodiforent s of t he
invention are depicted. In . this enbodiment, there are thre istinct 4 WO
03/ 072460 PCT/STIPSTEY TG GPafedor aHTERS pLoTH dA0C i F Sxiend
syner gi stefrhily ubpWatdl e an ¥ fldl kR g stleCdttth® Bosle VIteSe chdhdns HRXRAL  Waf er
rotation, wafer breakage and m ni'm zes door closure force. The system may

i ncl ude @apata fixfticnhly icogagei the adghiofribe Waders and thergby @xrevent rotateant pL ghe y
upward al o t.he, i nwar dl cing side of the door. These,cushions function
PG partatds A ot BORERGY | TREShshios oty AT s from AR RS R Gt
prevent rsitadlé gt @e inhe widéredchtdifert RireARER] MYludidd) E5rCe @il EHgmoFdsthe
formed fromany el astoneric material suitable for use in _a wafer container

envi r onerelastamess, udhely Fsorurethanep| polybirleng| tgeaphthalags, apelyelefis, palygthyene
t hane, | : | | : '
i PR SRC SRR, X BBLAE, oo S BB SREbRRR oo,

pol yabhermoblaatide. 10 pol yam de. Adjacent to the el astoneric cushions are two
rows of corrugated portions 144 which have a plurality of teeth 146
defining a pl u%(!mep@ to theyghagtomssic kaiskions gre fwo rawg of fopmgated Pogigssdi4fent

the waf er ﬁﬁ?%&%@@@gﬁ sufﬁegfhawﬂa& ihg% @Rty aé%farf%}ﬁseocgayh%a%i Ald v

defines the i nwar ng surtface o he 1 nsi'de o oor. 15 Extending
verti cal lprefdoed anhimdireenterthof wafee tdetbr 146 aer owegod]l dethl dot pohad W9 ethat

fingers or, spri 50.. These, ar.e.preferab rigidly resilient fingers

oht o raupubRal Qefes g BrvaneS Grifl bty be iRk PR ket one (PERK)
The figncti oni ngt&Hdidd 9sicAlly 86wn dhé bmel o@ecdodrestd AW loF defletablb wifed he
restraint systemas 1llustrated in Figs. 6A, 613, 7A, 7B, 8A 8B, 9A, and

OB. The dingesmrfspriogs M Theseiare praferably igidlywediberd fingersophich maydfeanade

supports paositi.gn at the,si,des, of .t he contai rtd o t hen- funckions to
Toofery” BbtbA N o d5pRbEFapatnbARERE (PRERT TR iionli el LRSS
the el astdiibikct WaftRiredtiaddts isapedt of ther@styaintr ShasasSillubeatv@iieFigedga, 6B,0TAL he
el astoneric material as the door is renpved from the container portion to

prevent tHe 84afiEh Ky o8 | By AYtamh dunstions torfiss raissathe yafers off ahthegyefer
1T usfyr atsﬁpﬁ&r&sﬁfsﬁﬁﬁt 41AR8kid¥% §Phe! @Blinde rﬂ)ohﬂﬁ"l, Yigth! fufi@ons to “softly” cushion

the edge of the wafers and prevent wafer rotation with the elastomeric material, and
thirdly, releases the wafer edge from the elastomeric matenial as the door is removed from
the container portion to prevent the wafer from following the door.
Figs. 6A, 7A, 8A, and 9A illustrate cross-sectional views taken in the vertical
25 through the wafer restraint system and Figs. 6B, 7B, 8B, and 9B illustrate the
corresponding views taken in a horizontal cross-section. Referring first to Figs. 6A and
6B, these views illustrate the relative positioning of the wafers and wafer restraint system
as the door is being inserted into the door frame. The wafers are in their resting position
on the wafer supports 46 on the inside sides of the container portion. As illustrated, the
30 edges of the wafers 158 are confronting, but not yet engaging, the wafer restraint system.
Referring to Figs. 7A and 7B, the leading edge 158 of the wafers engages the
inclined surfaces or ramps 162 of the wafer teeth 146. As the door is moved inwardly into

position in the door frame the wafers ride up the ramps 162 and correspondingly deflect



25 through the wafer restraint systemand Figs. 6B, 713, 813, and 9B
illustrate the corresponding views taken in a horizontal cross-section.
Ref er ri ngwbiosst246@ Figs. 6A and 6B, these views ill ustrateTiusesoeBntive
positioning of the wafers and wafer restrai nt system as the door is being
I nserted The . [ irion on
tho. vt e NBSE AT e s0n &R JURRIR RS ik 150 bl Shb B ERE ol T
i 11 ust r atcemitactteh 812 redlias eﬁ%toiﬂb@w%ﬁﬂdirﬁl‘ﬂ(ﬁ&o&[rﬂ)}cdmﬁédﬂﬂidsng, but not yet
engagi ng, the wafer restraint system ferring.to Fi 7A and 7B, . the
 imide veer

I](caadlhng edge In&igss 84ed \ﬁ@f@?é’va@‘ﬁdéﬂé’é" Y seae I pockeds 448 ?%dﬁ?s 16ﬁ
t t
0 e Wgifle ﬁéf%g?n#% tgg etlﬂ?onﬂém:r whfdr BRMESh 1AYanE e WAk ISRH{?% {5@ard N the

door frane t ers ri up t ranps 162 and correspon def [ ect
WO 035 072‘41530d§ﬁé‘6teﬂ|8@3g80 8Aa32d StBndiumm‘t@thesipor thgs imtheffullyg ssatedifoitioAand the

Il lustrated | S. Vi ew, r es are not yet in contact with the
resili entd%gfé Ffi?ﬂng ﬂ&%@?ﬁ“ﬁﬁ”‘iﬁgﬁ? by dashed lines. In Figs. 8A and 8B
the wafer is ghawoaf sd oB SBaLGR the aEtlﬁfh e waIBCHehStht 4B oAdemBved fbin

engagenent with the el astoneric wafer cushion 140 and the wafer springs 150
are 5 fuh¢ goatddreet butiallyi e wadgxs avill beBeated wstor @me@l'ctsmnm‘muslmhedwn Ashe

fully se 05|t|on door fr.ame cl.osing the open,f t he
door” 71 gue QaBE 5, iy R s isto e, LSRR sfic R iR SRR e Mot i s
r erm\led fin@yatddhia E:ig09Af  Sifffaltahédulyatieywhfee sadgr B50Mvill akke @e@ﬂ@d t®Me0 the
el astoneric cushion 140. As the door is renoved the elastoneric cushion
wi || uncaepitiess shewnin Fig. Mandbe resiient glastomgsie cashion idxe i gfs configuration

Si mul t an I i tion
25" shown GV g’ B VBt FordRlihRARaitiabct, il 28 RS bPGhet fuchith st

configur alBOQ:bntlmId t dmleiloct gﬂeaemmfsance‘ d2. Thisi effecadeldioptrates @o epavihe ktee t he
cushion finge 150, conti def f ect greater

Spl’l ngs or ue to n
di st ance caélnoq#r@néhff glastpipsrig B%‘&?nét which gay, @}fleh%w xwﬁa]bwrwee%ﬁ t he
el ast19rrerth&wsﬁéﬁﬁ&ﬂsfoumnghhmor%nﬁg %vxdaaltovﬁtrhsdfah M&#&gﬁhw R4S 3‘%‘?";5

the wafers fromfollow ng the door dtring the renova tion. The
t hen nmay domindbe fabevar ofireewisabe lowerstd h@thm rsgntgqndsnmrcmdthe GVaﬁ!TEBUp]Q}B'tSI 4fgas

position t he wafer suppqrts t ed the d

bl eq aettei, B e, gStBl dined el 1 ey 1 4BD. Beghallf sbien Qeliita #19han
t he el astRaRide@2GhA11the BRsOHEPC REshishs c%ﬁl \WNad sholindf FigtA0ARAd9B. I n
addition to the currently nost preferre enbodi ment i |l ustrated, t hose of

skill in 20 tihedditon g e cuygndy moseprefemed smbadineany ilbfstrated cthpse of skill in
conf igur %é %ﬁ Réﬁ‘aakht'iﬁte Lultvgt ”Fme%a?é co&%ﬁ{%% SBEEh%%B{e%'cQ&P e%ﬁ X it

p055| |l e WI scope o resen waf er
springs 1hé€ v&&lfﬁ%straﬁnﬂ:i;}gtenﬂ afmyodsfbler apthac et fppanyf thé Pedsent @veﬂtym For
example, the wafer springs 150 shown in Fig. 4 may be replaced by any other rigidly
resilient, non-sticky, structure, such as a single member with a “D” shaped cross-section.
In such an embodiment, the D-shaped member is oriented vertically with the curved
25  portion of the member facing into the carrier so as to confront the stack of wafers. In
another alternative embodiment, the pair of elastomeric wafer cushions 140, 142, may be
replaced by a single cushion member. Thus, the scope of the present invention may
include any arrangement, configuration or combination in a wafer carrier door having an
elastomeric wafer cushion element, a wafer positioning element such as the corrugated
30 portions 144 of the illustrated embodiments, and a spring functioning element for
disengaging the wafers from the elastomeric cushion.
Referring to Figs. 3, 10 and 11, another inventive aspect of the door is illustrated.
The door comprises a main panel portion 182 which connects to a peripheral wall portion

184 that extends around the door periphery that confronts and slides within the door frame
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resilient, non-sticky, structure, such as a single nenber with a "D' shaped
cross-section. In such an enbodi nent, the D shaped nenber is oriented
verti cal Iwowsmiessthhe curved 25 portion of the nenber faci n@cirntSo3/od282 carri er
so as to confront the stack of wafers. In another alternative enbodinent,
the pair QhSlAsd Bhﬁ)ﬂ]\,@]flé?{ saﬁd’&&rqyl%céégd hh%% ‘Tﬁé’nﬁﬁl 4)&981@ 18Y i
singl e cushion ne r. us, t scope of the present ent on may

i ncl ude aenessedrfeong dreefindnt 190 ff itlgmcm“amhe@mremiﬁ%a%,olrsn hS& Mmainqamcli er
door havin el astoneri c waf.er shi o eIe |t|on|
oot . SOLIPTLE anUGHER s and BB GG bpReds F o SRRCAeEroes &
embodi MenRkS pail] hpProdblids e fHACArEANInRImBkH AR Ne Jo@ﬁers dlﬁﬁagaﬁmg i hendaf ers
fromthe el astorrerl c cushion. Referri ngﬁato Figs. 3, 10 and 11, anot her

i nvenbi valomspa@rcuste shape toatween ¢arnars i tnebIlSS am‘eeléles)il%dﬂérasee@l a Wi n

panel porti 182, whi ch c nec h wal. | 4 hat

ext ends :ﬂlgoﬁg ﬁge &8‘6@8 PBhﬁOy fﬁ%atn? rggr’12?138 %%s&nsr@ é‘évgrvqxlﬁl X A r11nit Ye door
frame 6 pdfp 1 ACE S0 #HeGhd8% g@lferatl dBhGhipefratara feespettone ouigde 6@ d
door is recel ve t herein, The main panel portion 182 is recessed fromthe

front 190hesartiere Theytilizationied this genesal domed tgglenggin the genfigmsationsfithemam
portion §§a§8§&§ Sﬂbﬁlglrﬁ}ﬁ%dgé ShRaR: in Qseﬂ 8 rﬁ&gﬁh ¥trg{sg%:f?]t% filsdht V@“e%egtﬁ]({e

said rec arer approac ar ea er nedi at e

conmeny. Tdftise dddn eluetd maamgeamedlbyfthdmgmemmu&t\eafshmpmlhnsysemeh tleoner s
185 and 188 a as 185, 186, .as well as 185 and 187. The center
portion PESKSf W r?]“‘pt fEPNIAIger PAILIOR S t | oned i nwardly from t he peri pheral

portion 171, %félﬂggttbqagsarseamasﬂemeér éib&!i' AP EVehtR & RREEREE! ITHEs
outside of the carFier.”The utilization of this general doned tendency in

the confivgew af a owsefsecttlha thiigh ther dooe asd mgtfqya;aaier phowingeswaieg W fin plane in

i ncrease ruc t r.esi t he def ion 10 of .t oor due
Lo T oo b wal Bt srier 1T, Snt TectEeiani i T | EE b ookt Tad B ¢ b
st ack sof nadtRi indéth@ if ok asmeﬂhapeﬁ%t Fesn in Bﬁf@wu@mgwnﬁmpeﬁph@m vedh

anot her aspect of the invention is illustrated. This viewis a

cr osshsedtomnn 134 olligh dope Thodoqratchapes! coserr } 18- spann oas ghe lajedif mechapism pl ace
hook. por  26ind BRI R eHEL b 107 SPhe BOF R IRENER SDGRURIuc Bl &

aper t ur e cb8fedtdts t194. pSﬁctlplaeﬂhfeJctdmlnlay poBas |de§brib84 1ﬁfUI§16Pa®erNo T@El&jw
| at ch panel cover 118 spans over the latch mechanism 122 and connects at
the mi d- poraedoby the oymet wé tisorPPAicatip pRd dereby igrorperteds By rrelsrecp riBsks f i t
conn tore%tige?m%. Such connectors nay be as described in U S. Patent No.
6, 216, 874 ed by the owner of this application and hereby incorporated
by reference iThei desure connections at the press-fit connection 194 and the hook connection

186 provide structural rigidity to the left and right side of the door providing a significant

improvement in rigidity that resists the force F provided by the stack of wafers when the

door is in place as illustrated in Fig. 5. Generally, the latch mechanism cover 118 will

25  subjected to a tensile of force upon application of the force F, in that the periphery is

anchored to the door frame. This aspect of the invention provided for much improved

resistance of this force by the latch cover panel 118 with little, if any, significant
deflection.

Although the present invention has been described with reference to preferred

30 embodiments, workers skilled in the art will recognize that changes may be made in form

and detail without departing from the spirit and scope of the invention.



20 entirety. The secure connections at the press-fit connection 194 and the
hook connection 186 provide structural rigidity to the left and right side
of the dowo opowMb@i ng a significant inprovenment in rigi dPCY/USha0528ESI St S
the force F provided by the stack of wafers when the door is in place as
illustrated in Fig. 5. Generally, the latch nechanismcover 118 wll| 25
subjected to a tensile of force upon application of the force F, in that
the periphery is anchored to the daggraAfMsne. This aspect of the invention
provi ded for much inproved resistance of this force by the |atch cover
panel 118hgtisclpimedis if any, significant deflection. Although the
present ihnvention I -\t SIMGE: eferred 30

enbodi marllts, V\Drke?‘saélg‘kl%?ﬁhet%ﬁ%lfo%ﬁ(gqgl taI%/]\lll'ulraﬁwr%ecognlstzcgmtB Fllg{ngbhanges may be
made in form and dat enclosute partibn depmgtdt iegast motop;) hdogtpms atpadndf sgpapmgof t he
invention. 7 WO 03/072460 PCT/US03/.05282 _CLAMS What is claimed is: 1. A
waf er container for hol &idfY aPpkndiapepenfrogafed s conprising: an encl osure

portion having at |£a8dr &idABor &aﬁ%ﬁl&%ﬁkagﬁbl@%ﬁh Q4id UALRSUR Portidri@sas B back,
and an open front; and a door, said doof sealingly engagablle wth said-

encl osure portion so as close thel apse fiohtamidening owefenradtraiat systpracomiresing:

restraint systemconprising: a _corrygated por.tion hayin | yral.ity of
teeth defining a plurality &CW@FE SERYY g?wﬁg gaRlprakipy gf g?ﬁbﬁ‘é’ﬁ}"&g 4
cushi ons for cushi oni ngpYurgNgagiatripbeketser i phery of each wafer when said
door is sealingly engaged with said enclosure portion; and a plurality of
resilient wafer springs adapra@ind elgstensywgshiens forwashieninglyrengaging the

el astomeri c cushion porgi i is._..dis i d.
encl osure portion. 2. T%éen%\ﬁ/}‘/gg]e&pec%ﬁt‘g?%gwhg Sséﬁda‘?on%?rll,g%%glgie}{ %ﬂ%ggidwbtgi r of
el ast oneri c cushions i ssaideadstee portdomaadt i oned so as to be defl ected by
the periphery of the wafer by a first distance when said door js engaged

with said enclosure portion, avxﬂé?*’é‘ﬂh°§é‘?séiier“éé’i’qf?re$ﬁnng§ve?fiél?te§r$?iq"ﬁﬁg%"e
adapted and positioned son 3l % df SR IRHHLPHhshRE REfSPRBEY sAl dbBEis

disengaged from said enclosure portion.

2. The wafer container of claim 1, wherein said pair of elastomeric cushions is
adapted and positioned so as to be deflected by the periphery of the wafer by a first
distance when said door is engaged with said enclosure portion, wherein said resilient
wafer springs are adapted and positioned so as to be deflected by the periphery of the
wafer by a second distance when said door is engaged with said enclosure portion, and

wherein said second distance is greater than said first distance.

3. The wafer container of claim 1, wherein said door comprises a main panel

portion surrounded by a peripheral wall portion.

4. The wafer container of claim 3, wherein said corrugated portion of said

wafer restraint is integrally formed in said main panel portion

5. The wafer container of claim 3, wherein said main panel portion has a
peripheral portion surrounding a center portion, and wherein said main panel portion is
dish shaped so that said center portion is positioned inwardly from said peripheral portion
when said door is engaged with said enclosure portion.
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waf er by a second distance when said door is engaged with said encl osure
portion, and wherein said second distance is greater than said first

di st ance.w@.03/0tg6onaf er contai ner of claim 1, wherein sai drPdDMISOZERRY | Ses a
mai n panel portion surrounded by a peripheral wall portion. 4. The wafer
contai ner of claim3, wherein said corrugated portion of said wafer
restraint is integrally forned in said nmain panel portion 5. The wafer
cont ai ne6. of cl ai mThe watfe@reentairsaiof claem 3, pherein ot peripherd svadl poptder jesemal

portion surroundin center, portiaon, and wherein. said nmain panel portion
"' di sh AEFBEE QR Rtel, Ane CRAREIR h SYAST oIS G Brros R T ERAL ISP S0
sai d_per RO hbhdAn covbr h\abﬁ% aéﬁér%h@rg%itﬁ 8 hebR dBAbnNYoltled fefki Naldofdbke
portion. 8 WO 03/072460 PCT/ US03/ 05282 6. The wafer contai ner of claimS3,

wher ei n gaitngeirigoddapted toengagsomaid aperthees said latgh srechamsth somerdurtherrhaiving and

wherein th er. contai ner. _furthe onpris t | east one l.atch chani sm
Cover hadiME DR TFEReR, Snesiot AGLRTBEM 13f et mebPid dhver €ty
portion RgidngaiadRaptesortion DYGAGEpad-ft ofictisfLand By énkaligd sal@ Hoak ipdfidhover
further having a plurality of press-fit connectors, and wherein said |atch

nmechani sivithosaid apesugecured to said main panel portion by said press-fit
connectors and by engagi ng said hook portion wth said aperture. 7. A
waf er container for holding a plurality of wafers conprising: an enclosure
portion Waving at |Aew&afer aoitaiper for holdingm plaraiey of wifespagiridmg: si des, a back,
and an open front; and a door, said door sealingly engagable with said

encl osure portion s¥ g&clesyre pprion Raymeoydrast 2oleP, 2RPUREY i2RpHOHAPRASING

restraint system conpri gjfag:a a%kc@fdraﬂgygEﬁﬁoﬁp%&on having a plurality of
teeth defining a plurality o]? waf er pockets; an el astoneric cushion

portion for cushi om dgdrysadgegr saplinglyengagablchwith seid awbisuregfostiondreas ®ai d
door is sealingly engagegg ith said engl osure rtion;, and a resil.ient
spring portion for diseff&gi pé&ﬁ?n\ti\&‘?‘g?avm%wggéﬁf%@nﬁ)fs FRIEPIEUSHI on
portion when said door is di seagagattdigdeiion havidg aNshedity @f R defining-a The
waf er container of claim7, wherein said elastoneric cushion portion is
plurality of wafer pockets;
an elastomeric cushion portion for cushioningly engaging
the periphery of each wafer when said door is sealingly engaged
with said enclosure portion; and
a resilient spring portion for disengaging each wafer from

said elastomeric cushion portion when said door is disengaged from

said enclosure portion.

8. The wafer container of claim 7, wherein said elastomeric cushion portion is
adapted and positioned so as to be deflected by the periphery of the wafer by a first
distance when said door is engaged with said enclosure portion, wherein said resilient
spring portion is adapted and positioned so as to be deflected by the periphery of the wafer
by a second distance when said door is engaged with said enclosure portion, and wherein

said second distance is greater than said first distance.

9. The wafer container of claim 7, wherein said door comprises a main panel

portion surrounded by a peripheral wall portion.



adapted and positioned so as to be deflected by the periphery of the wafer
by a first distance when said door is engaged with said encl osure portion,
wher ei n swDMd30e=kd | ent  spring portion i s adapted and posipCirarsesio®e2 as to

be defl ected by the periphery of the wafer by a second distance when said

door is qpgaged W tiheSifet @GRS OF €1aiR 9! Whereinddat MWiRizied pofidinthfsgidond
distance is greater than said first distance. 9. The wafer container of

cl ai m 7, waterrmestrrintds ihtegsally Oompd inswid maipenanelnosion porti on surrounded by a
perlpheral wal | portion. 9 WO 03/072460 PCT/US03/05282 10. The wafer
container of claim9, wherein said corrugated portion of said wafer
restraintilis int egridel yafeprcorinien o:fa-jlaimrm,i whp@ire kaif ahiinopanll porfioe haafaer
contai ner of claim9, wherejin said nmain WPFL portion _has a erlrpheral
porti on PERPRAIAPAFEOR safe'ﬁmmaaarcpn@hporéwa, WEFTFI 5314 TARR PR RATIR AL i on

I's dish g asﬁasﬁed% ﬁ@@émé Bl Salﬁ[ggﬁ"sfnoﬁéh v k@S P 05 bﬂ&%&l'@érﬁ&pm

sai d peripheral portion I's engaged wth said enclosure

porti on. win sitdeloonissmgagendt witinsaid eficleduad porfipnwher ei n sai d peri pheral wall
portion has an aperture fornmed therein, and wherein the wafer container
further conprises at |east one |atch nmechani smcover having a periphery

with a hqok porti onrﬂe%feldc&nlf@ﬁ&ldf,clmlgi wHeRn saﬁ@? bl rmmgp&%@h@@aﬁ 0
engage sai d aperture, said | atch mechani’'sm cover her havi ng

plurali t)ﬂpolfturprfesscd theresmnarslcwbersin ﬁnndvamecmtmngraﬁmthma@@hpm wamashp@@ver

i s secur mai n .panel or ress fit.connecto nd by
engagi ngqgtﬁ‘g Bleﬁg%}%“ﬂ&f’wr Vlrﬁ? eﬁ' ‘gﬁﬁﬁﬁtf’lpg ofuo fpripgd erf(‘:lgh?aéé ﬁ%ak f or
hol di ng optid# Beihd MdPtedf @ipled P apdtung salNla®A Gha@hbfiemPRivEl fifthBENAvigE at

| east a top, a bottom a pair of opposing sides, a back, and an open

front; arfdplaralitoef pesas-t eennieciowsaland gihpreim gaigdeick ‘mgchpIgRiCQVeIne Seeuied to
por tion Ssgldal% fnh[i)an%l 31%0;1“% 9-#(? ?I‘JSE-?QICOM'[ g \éh(ﬁ] %g nﬁ@ ﬁ% S&larl‘ﬁ)toi( 0%01§y8t em
nmeans (6] gl of

conpri si ng: on| cushioningly eng e perip ery
each mafeﬁnHWmnmpﬁmﬁbdoor is sealingly engaged with said enclosure
portion; neans for positioning each wafer for engagenment by said
cushi oni ng neans; and

13. A wafer container for holding a plurality of wafers comprising:
an enclosure portion having at least a top, a bottom, a pair of opposing
sides, a back, and an open front; and
a door, said door sealingly engagable with said enclosure portion so as to
close the open front and having a wafer constraint system
comprising:
cushioning means for cushioningly engaging the periphery
of each wafer when said door is sealingly engaged with said
enclosure portion,;
means for positioning each wafer for engagement by said
cushioning means; and
means for disengaging each wafer from said cushioning

means when said door is disengaged from said enclosure portion.

14. The wafer container of claim 13, wherein said cushioning means comprises
at least one cushion member formed from an elastomeric material, wherein said cushion
member is positioned and adapted so as to be deflected by the periphery of the wafer by a

first distance when said door is engaged with said enclosure portion, wherein said means
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means for di sengagi ng each wafer from said cushioning neans when said door
i s di sengaged fromsaid enclosure portion. 14. The wafer container of claim
13, wher evo osaidecushi oni ng nmeans conprises at |east onepPcudisbos2senber
formed froman el astoneric material, wherein said cushion nenber is

posi ti onger dgikshgagdaptetlpasesasediBeepad patbedvityeih Reidredilighepindportibe waf er
by a first distance V\,ﬂen said door is engaged with said encl osure portion,

wher ei n dapepitiangd and adnpigd 9F1sdq ba deflqetsr/ hy3bg pertwyy of the wafes by gg¢and
conpri sesy; o j I - ' A oresihier ' portion
s pos 1 CuRaitRieh S0 4Bt e Rk lei ARRIRLE TRich, AT WhERH Lo P

waf er by distare dngleatel thhmpaié findieistamed door is engaged with said encl osure
portion, and wherein said second distance is greater than said first

di stance. 15. The wafer container of claim 13, wherein said door conprises
a main pgrel  portigR vty QHBGRY oP¥lafin l@?,ﬁblﬁ%?@ih%hifd%b} c&ﬁ{)ﬁéegﬂ-mﬁ@ganwe

waf er container of claim15, wherein said neans for positioning onpri ses

a cor r uggogibnHumoandedybycf parpbetal Wall porigna plural ity of pockets, and wherein
said teeth are integrally fornmed in said main panel portion. 17. The wafer
contai ner of claim15, wherein said main panel portion has a peripheral

portion ggrroundi NTHR veaFer Rt bf eRim 35 AvNdeih b AéHnd f d@itﬂﬂﬁ%' portion
is dish shaped so that said center portion is positioned inwardly from
sai d per icomprads arormuigaiad piielity o4 tagt ings mwnghityeef packets,sad avhsrain saidir e
portion. .18. The waf.er. cont.ainer of claim.l5 wherein said peripheral wall
portion ﬁ%egh araer%ﬁtg girl?'lg?ngneﬂérﬁ%‘g%%%queﬁporgﬁ “further conprising at |east
one | atch nechani smcover having a periphery with a hook portion forned
therein, said hook portion being adapted to engage sajd aperture, said

| at ch medHani sm covide Wafer sentamgy phglaim pliSu mdieraiy said mawspane] portiep e or s,

and wher ¢j ) j q . .3g] i ael -

port i on EoPRZcpordf hufRERR STLARY ol BRFUREG Budhily Tl RIS s

wi t h sai dishpshapad . thiOsaid\cenéripottidrois poeisibnad mwagdls fionusad ipeyphetal\pafteons i n a
front ops\ﬂ;n waf er. contai ner c(ﬂn%aisi ng the steps of providing a front
openi ng B BISFEEAEFAVY HYS AHh SR OHortion conprising a top, a
bottom a pair of opposing sides, a back, and an open front, said wafer
container further including a door sealingly engagable with said enclosure
portion d8.as to cllhsevathecapanerf ofoglaim 15, wherein said peripheral wall portion has

an aperture formed therein, and further comprising at least one latch mechanism cover
having a periphery with a hook portion formed therein, said hook portion being adapted to
engage said aperture, said latch mechanism cover further having a plurality of press-fit
connectors, and wherein said latch mechanism cover is secured to said main panel portion

by said press-fit connectors and by engaging said hook portion with said aperture.

19. A method for restraining a plurality of wafers in a front opening wafer

container comprising the steps of:

providing a front opening wafer container having an enclosure portion
comprising a top, a bottom, a pair of opposing sides, a back, and an
open front, said wafer container further including a door sealingly
engagable with said enclosure portion so as to close the open front,
said door having an elastomeric cushion portion and a resilient

spring portion, said cushion portion and said spring portion each
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sai d door having an el astoneric cushion portion and a resilient spring
portion, said cushion portion and said spring portion each 11 WO 03/072460
PCT/ USO3/WB28@724psi ti oned so as to engage the wafers whemrcsaisd3/a2sr i s
engaged w th said enclosure portion; and engagi ng said door with said

encl osure portion, thergRy¥itidRéd 66tk RO ehgdgd the vaFéraPHdnCsatd! ABSIOR dBhsddoNn
agai nst the wafers by a first distance, and also thereby deflecting said

resilient spring portionvidysaidenclese poj¢srasdby a second di stance, said
second di stance bei I ea hap .. sait i i n . for
(?r%ggllngnéagc{ gé?r Wwith s%cfje %llg)ﬁlire gm?‘tgo% (iﬁerglép Heffécﬁﬁ% hsgl%r

di sengagi ng wafers onmeric wa estralnt shron i ront

openi ng wafer carrier caeigstdnidritocushidonJoeden agaifstalie dWafgs dyfd Gt digwaiceng
waf er container | oaded with a tEllérural ity of wafers and having an, encl osure
portion with an open fr d#d,alsosthgreiy deflecting spid reailient sormegortinn agdinsg the door

seal ingly engagabl e wi t R, 5ai.¢ a%%rﬂsdﬁtﬁn&oﬁéihg&oﬁﬁ d?s?arfc@bgihgi?ea'ié??hsﬂpe”

front, said door having an efastomeric cushion portion an resilient
spring portion, said cuafd fist qistahdeon positioned so as to be defl ected
against the wafers by a first distance when said door is engaged with said
encl osure portion, said spring portion positioned so as to be defl ected

agai nst johe waf er s\ QyeBod &P Mselbadif) St eRomahd HRWmdrk KALRTRG M N
said enclosure portion, said second distance being greater than said first

di st ance;cusimoh th & fronfaapenmgseifer cotar comprisipgitht siepsladsur e portion, thereby
undefl ecting said cushion portion and said spring portion. 12
providing a front opening wafer container loaded with a plurality of wafers
and having an enclosure portion with an open front, said wafer
container further including a door sealingly engagable with said
enclosure portion so as to close the open front, said door having an
elastomeric cushion portion and a resilient spring portion, said
cushion portion positioned so as to be deflected against the wafers
by a first distance when said door is engaged with said enclosure
portion, said spring portion positioned so as to be deflected against
the wafers by a second distance when said door is engaged with said
enclosure portion, said second distance being greater than said first
distance; and
disengaging said door from said enclosure portion, thereby undeflecting

said cushion portion and said spring portion.
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