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‘wafers through various environments may expose the wafers to potential wafer damaging

15 contaminants. In order to shield the wafers from exposure to deleterious contaminants, the
wafers are housed in specialized containers that not only isolate the wafers from exterior
contaminants but also minimize the generation of contaminants. A common feature of these
containers includes a removable door or closure which seal or are sealed, such as by tape,

when closed.

20 As the number of circuits per unit area has increased in semiconductor wafers, each
circuit has correspondingly decreased in size making contaminants in the form particulates
more problematic. The size of particulates that can destroy a circuit has decreased and is
approaching the molecular level. Particulate control is necessary during all phases of
manufacturing, processing, transporting and storage of semiconduqtor wafers. The industry is

25  moving toward processing larger and larger wafers into semiconductors. Three hundred

millimeter (300mm) wafers are now commonplace.

Wafer carriers may be made of a variety of materials, which in almost all cases
comprises thermoplastics. Early containers including, enclosures and closures, were made of
highly moldable plastics such as polyethelene, see U.S. Patent No. 4,248,346. Other

30  containers held rigid h-bar carriers such as disclosed in U.S. Patent No. 5,273,159, while



30 containers held rigid h-bar carriers such as disclosed in U S. Patent
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polycarbonate of the housing portion that contacts the elastomeric seal may at times adhere to
the seal and inadvertently damage the seal. The constant opening and closing of the door may
move the seal out of position and introduce a protruding or dangling portion of the seal that
can inadvertently catch a piece of processing equipment, causing catastrophic wafer breakages

20  or can render the container unsealable.

Accordingly, a sealing arrangement is needed for wafer enclosures that enhances the
hermetic seal of the wafer enclosure and inhibits movement of the elastomeric seal. A wafer
enclosure sealing arrangement that addresses the aforementioned problems, as well as other

related problems, is therefore desirable.

25 SUMMARY OF THE INVENTION

A wafer container comprises a housing with a door frame, defining an opening for
insertion and removal of wafers, and a door for insertion into the door frame. The door
includes a wafer enclosure sealing arrangement for hermetically sealing the door with the door

frame of the housing.



insertion and renoval of wafers, and a door for insertion into the door
frame. The door includes a wafer enclosure sealing arrangenent for
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In a preferred embodiment the second cantilevered portion of the seal member has a

20 unflexed “normal” position and the door has a perimeter flange that extends around the
perimeter. The perimeter flange is positioned approximately at the tip of the second
cantilevered member thereby providing protection and isolation of said second cantilevered
member. The perimeter flange also may provide an engagement surface between the door and

housing.

25 An object and advantage of the invention is that the seal member (or gasket) is

securely captured on the door perimeter effectively preventing inadvertent dislocation.

An object and advantage of preferred embodiments of the invention is that the wafer
enclosure sealing arrangement inhibits lateral movement of an elastomeric seal member

beyond a perimeter of the door.



housi ng. 25 An object and advantage of the invention is that the seal
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FIG. 3 is an elevational view of part of the wafer enclosure door illustrating an

example embodiment of the wafer enclosure sealing arrangement of the present invention.

FIG. 4 1s a cross sectional view of a portion of the wafer enclosure door that engages a

15 seal member according to an example embodiment of the present invention.

FIG. 4A is a cross sectional view of an alternative embodiment of the wafer enclosure

door without a seal in place.

FIG. 5 is a cross sectional view of a further embodiment of a wafer enclosure door and

seal member of the present invention.

20 FIG. 6 is a cross-sectional view of the wafer enclosure door embodiment of FIG. 5

taken through a post.

FIG. 7 is a cross-sectional view of the wafer enclosure door embodiment of FIG. 5 in

engagement with a door.

DESCRIPTION OF THE PREFERRED EMBODIMENT

- 25 FIG. 1 illustrates a prior art front opening transport module 20 that is appropriate for
use with or as part of the instant invention. “Transport module” is a generic term for a

semiconductor wafer or reticle enclosure (or container) used for transporting, storing and/or
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member 26 operates to sealingly engage housing 22 when container 20 is closed.

Door 24 has an axis A1 and the closure portion has an axis A2. For proper insertion of
the door into the door frame, axis A1 and A2 should be aligned. When the door is inserted
into the door frame, the door thus moves in an axial direction. When "radial" is used herein, it

20  isintended to refer to direction or orientations which are normal to the axis Al or A2 and can
also include, with reference to seal member 26, any directions which are normal to that
particular portion of the seal member as opposed to a pure vector outwardly from the door

axis. Seal member 26 may also be referred to as a sealing gasket.

Referring to FIGS. 2-4, door 24 includes a wafer enclosure sealing arrangement 50

25  disposed on interior surface 51 of the door. Door 24 further includes a set of wafer cushions
56 which provide a slightly biased constraint to the wafers when the door is in place. The
cushions may be attached suitably at the connection points 58 with plastic snap-in connectors.

The door enclosure portion may be configured such that the only contact between said
components is the seal to door frame engagement and the door guide to door frame contact.

30  Alternatively, supplemental stop portions may be provided in the enclosure portion to allow

the door to bottom out when the seal is appropriately flexed. A portion of the exterior door
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width of seal member 26 may be about 0.530 inches.

20 Referring more particularly to FIGS. 2, 3 and 4, the figures illustrate an example
embodiment of the wafer enclosure sealing arrangement of the present invention. In this
example embodiment, support member 53 is comprised of a plurality of protruding members
configured as posts 53.1 disposed between grooves 52 and 54 that protrude perpendicularly
from interior surface 51. Posts 53.1 engage with and protrude through a plurality of

25  corresponding apertures 26.9 in seal member 26 such that longitudinal or lateral movement of
seal member 26 is effectively inhibited. Posts 53.1 and apertures 26.9 are disposed along the
perimeter of door 24 (see FIG. 3). In this example embodiment, seal member 26 is L-shaped
with second leg portion 26.6 of the seal member configured to be longer than first leg portion
26.1. In another example embodiment, posts 53.1 are flanges 53.1 that can engage

30  corresponding slot apertures.
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stripping the seal member away from the door. In arelated embodiment, seal member 26 can
be placed on housing 22 along frame 23 as long as similar grooves 52 and 54 as well a support
member 53 is included on the door frame to secure or engage seal member 26 and avoid

20  stripping or slippage of the seal member.

Referring now to FIGS. 5, 6, and 7 another embodiment of enclosure sealing
arrangement 50 is illustrated which includes seal member 26 having a substantially L-shaped
configuration. In this example embodiment, first portion 26.1 is engaged in a groove 54 that
is formed within door frame 24. For further structural support portion 26.1 includes a portion

25  that protrudes in the direction of interior surface 51 as well as a two part upper surface 27.1
and 27.2 that not only provides additional structural strength but enhanced flexibility at
cantilevered portion 26.6. Upper surface 27.1 is parallel with, but not coplanar with, upper
surface 27.2. In this embodiment, cantilevered portion 26.6 also includes a head portion 26.8
that extends into or engages first groove 52 when the housing is fitted with door 24. With

30 respectto FIG. 6B, this embodiment member 53.1 is shown as having a height that is coplanar
with surface 27.1 of seal member 26. This example support member 53.1 provides lateral

support for seal member 26.



53 and seal nenber 26 which operate in conbination to provide a hernetic
seal between housing 22 and door 24. Enclosure sealing arrangenent 50

al | ows fowotohe4sor to be renmoved from housi ng 22 numer oRETIUSOIE3668$ t hout
the seal nenber being shifted fromits position. Unlike other prior art

designs, seal FIEM&Nystftes SnRRAMPR! ¢ a0dkfleborPEY thEBERhd PorttdhE2I9BF theYsedld
circunferential tension which can lead to the seal nenber slipping off or

br eaki ng nieneber 86.9rvtentihedook 24 ispgeled Sedgor framio @B ofBousingA2s Natebe sigetheddt hi n

d 24 i t id shifti t.rippi | f
the. door Poripridts o sl imeBterizay nodenieSlbrBRIo 52 3B MR R T EF Mousi ng
22 al ong dobPiRI dodr Hrame ARDstEspcd] Schak abdigwefcogo.and 54 as wel | a support

menber 53 is included on the door frane to secure or engage seal nenber 26
and avoid 20 stripping or sl

| i ppage of the seal nmenber. Referring nowto
FIGS. 55, 6, arld an CRATBRIREMboRRe bR Ma SIBETBLepP BEals iowafeércpaﬁgléﬁgwt 50

is illus i i rﬁg|]1éd g%qfr\é Hay i@l

L- shapedtﬂ’a@%)cﬁ?af%frlé;%dén. hgt l?%grﬁéélgg@np e lgﬁggél mgﬁtgs E?l %tﬁ&%(rggr tsﬁlgn E%’ 1lis
engaged ithe ma@rsaavtarabportions of the dbarineading globnesbaind 54 sswppard member $laridner
structural support portion 26.1 includes a portion_ 25 that protrudes in the

di r ect i orflagges ¥} ksandre meldedrempplygarbgpate. fhc wakepenshions cappaiably bedopedo7 1
and 27.2 th . : ' -addy t r t hanced
f1exibil iottfyﬁatag&élgﬁﬁe ‘3‘%%99%%%1?“. glr?ts‘%ée)s@@éh %% eg};e?ff?%tggﬁe‘ég’gg fpuEgKBar al | el

Wi t h,10butpohaétrafptetindéneWPTRE). Bl@ggsmeriolsedl atenby 2@canlbe foried of eiboines siich
cantil evered portion 26.6 al so includes a head portion 26.8 that extends
into or efgRle®  avatlablg farpeths Dypash Gomroratinns j 95 geaneri¢ jethylenepiopyleagsiene 4.

Wth 30 r - Nl grg? di ment menber 53.1 is shown as having
a hei ght Iﬁ%&?&e}ré§8§4agﬁlgggmv?nh?h§a§ur Sgtce 27.1 of seal nenber 26. This
exanpl e support nenber 53.1 provides |ateral support for seal nenber 26. 7
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the door and door frane are stopped, such as at an interface
made to the appended claims rather than to the foregoing description to indicate the scope of

the invention.



5 In an exanpl e enbodi nent, the main structural conponents of wafer
container 20, particularly the door frame, can be nolded of rigid plastic
such as pwbysastenate. Simlarly, the main structural poPCirarss2/sfe3t he door
i ncl udi ng grooves 52 and 54, support nenber 53 and flanges 53.1 can be

nol ded from pW@onate. The wafer cushions can suitably be formed of an
abr asi on resi onposite plastic such as pol yet heret herket one (PEEK)
and 10 polytetrafluorethyl ene (PTFE). El astoneric seal nenber 26 can be
formed of el adt onemswafee bneclasmird/sdabng arangeueint fobbluee dn @ doodthef Drpatripening

Cor poration, or generic ethyl enepropylenedjen mononer or simlar .
el ast omeMaeTFREIOPIS) L POTHiAR Of\t{)?%g’é%lorisﬁ(fé‘fﬁ Slghe e ROTRIR® s Gt hediaysing

specific W i.n r LI i atL.ri butes
R L U S R G L R T 2t e
considered in all respects as illustrative and not restrictive, reference
bei ng made t oatfiyet sapgyerispgsed abiorsa peripeter effparintesor wefape pedsidagr;descri pti on
to indicate the scope of the invention. 8 WO 03/042059 PCT/ US02/ 36638

CLAIMS: 1. A %E%“d%&g"‘)’f&ipﬁ’?i‘%ﬁ‘% & th@ T8 Bedtvelafll sPafd Wtedlf #Om Bk 2

front opening wafer” enclo , portion of an interior surfaCe of the
door adapenrunieteo of drt daxtr, thhdirktoarsli segondigmovesealapted to fbe sepdrated diycd sgppod, t he
waf er encl osure. seal.i ngv arrangenment conprising: a first groove di sposed

about a p¥MGeEdisPossd bsfveenths §18PVesuice of the door: a second groove
di sposed adjacent to the first groove and spaced laterally fromthe

perineter of theldealerictsba nidnitsr havidg 8 deaPpdrinaRpied aslbpfrRtiohdlljbiasarpar at ed
by a support nenber disposed between the grooves; and an el astoneric seal

menber hawtp g sgeendrageovsend puandigraprdihedgorandtayiog pssrand porties adented toibst o t he
o R B S Ml G A S8 RSSO BRI e

adapted to ovet rst groove,

wher ei N b8 neRseR s ddapted Wbedfeflefied i@ tle MEREEIvelupoRshalihg thetwafbreendRblrect ed
into the first groove upon sealing the wafer enclosure housing with the
door. housing with the door.

2. The wafer enclosure sealing arrangement of claim 1, wherein the support
member includes a plurality of protruding members that are adapted to engage with a plurality
of corresponding apertures in the seal member such that lateral movement of the seal member

is inhibited.

3. The wafer enclosure sealing arrangement of claim 1, wherein the second

portion of the seal member is adapted to be elongated and cantilevered from the first portion.

4. The wafer enclosure sealing arrangement of claim 3, wherein the seal member
is L-shaped, the second portion of the seal member configured to be longer than the first

portion of the seal member.



2. The wafer enclosure sealing arrangenent of claim1, wherein the support
menber includes a plurality of protruding nenbers that are adapted to
engage wiwboaoplosr al ity of correspondi ng apertures in thecsash2/s@sber such
that |lateral novenent of the seal nmenber is inhibited. 3. The wafer

encl osure seald ng r I I L of

t he seal menbeslr' isafglgg\&%e‘r ?%)S‘g% S%@%g%%%%*%ﬁ’é%gg‘ﬁ{“??éﬁgﬁgﬁ’%?g‘fﬁi‘i“ﬁgﬁfi rst
porti on. membethichdt at leastaneftie: sreap cogisting aifi gesteand Adngdsahanpsotrudeapei n
the seal nember is L-shaped, the second portion of the seal nenber

confi gur éﬂ’@ﬁ‘%@teﬂ%ﬁj’éﬁacﬁﬁfathefiﬁ‘ér-fi rst portion of the seal nmenber. 9 WO
03/ 042059 PCT/ US02/ 36638 5. The wafer enclosure sealing arrangenent of
claim2, wherein the protruding nenbers include at |east one of the group
consi sting of posts and flanges that protrude up fromthe interior surface
of the door. 6. The _wafer encl osure sealing arrangeneni of clJaim 3, erein
the second pdrti oI WalFe SRlogrerSeAHBE SFARRFRY 04 Cf?é‘é‘dg’p?fl‘?rf”&nthgﬁﬁ

| at eral | ' ' : ' form
" hor met 1OFARR HHpscal B BARL AL P hcad el A 1 e O et
7. The wahedeabmehbaiané isadapted @ farmahgenetctseal wheh dierdobr anwthe enfer edvdosaral
menber i s configured to be recessed froma circunferential surface of the
door. 8. hpHEngarsngassdl osure sealing arrangement of claim 7, wherein the
seal nenber includes an upper surface that is substantially co-planar with
the interior surface of the door. 9. The wafer sealing arrangenent of
claim1, wherein the support nenber is adapted to laterally extend beyond
hal f of the |l ength qf the second portion of the seal nber 10. waf er
encl osur e seal’ nentie WAl eicssitas Bl g pR e UG R doBREre e L6 B o
door i ncliigitehufb’th b8 FocdiR@ fontlh EROSRAr AR AcPS hEBEG! O the interior
surface of the door, t?’ue waf er encl osure seal nenber conprising: a first
portion adapted to be frictionally inserted into a second groove, the
second

8. The wafer enclosure sealing arrangement of claim 7, wherein the seal member

includes an upper surface that is substantially co-planar with the interior surface of the door.

9. The wafer sealing arrangement of claim 1, wherein the support member is

adapted to laterally extend beyond half of the length of the second portion of the seal member.

10. A wafer enclosure seal member for use in a wafer enclosure door, the enclosure
door including a first groove disposed about a perimeter of the interior surface of the door, the

wafer enclosure seal member comprising:

a first portion adapted to be frictionally inserted into a second groove, the second

groove disposed adjacent to the first groove and spaced from the perimeter of the door; and

a second portion adapted to be disposed over the first groove and disposed over a
support member that separates the first and second grooves, wherein the second portion of the
seal member is adapted to be deflected into the first groove upon sealing a wafer enclosure

housing with the door.

10



groove di sposed adjacent to the first groove and spaced fromthe perineter
of the door; and a second portion adapted to be di sposed over the first
groove amiodBoposed over a support nenber that separates rha/dsnysde3and
second grooves, wherein the second portion of the seal nenber is adapted
to be deflected into the first groove upon sealing a wafer enclosure
housing with the door. 10 WD 03/ 042059 PCT/ US02/ 36638 11. The wafer sea

menber of cIa|n110 further includi a it es ad ted to
be engaged wi tih a G ‘?rtsﬁalé?er%tlﬁrlpgglﬂ%gé)%gib‘?rd'f\{?lﬁ%flﬁgph@%ﬁEPgaﬁ

pr ot rude g%nngr GBrr door
of the sggi;ﬂt%q%ﬁge@ I n;ﬁ}l1 bi't ed 1tyid2f %{a&\;}\gl? g??gﬁlcdlﬁ(;%ﬁggggﬁgé{lét@r%dﬁ of

cl ai m 11 fronhéresuppsrhmepibet suctii thay laterdb erayemiencfradehadodradshe smbmembehis gr oup
consi sting.of posts and flanges. 13. The wafer encl osure seal nenber of
clain110}%ﬂh@¥£in the second portion of the seal nenber is adapted to be
el ongated and cantilevered fromthe first portion. 14. The wafer enclosure
seal nenber of claim 13, wherein the second portion of the seal nenber

i ncl udes a head portion spaced Iaterally fromthe first portion. 15. The

waf er encl osur of ¢ er e ert S are

el ongat ed and 20 rl?ﬁéf’ra W‘?ﬂostuﬁeeseg]lé'egﬂ r@%@%‘% Lyl % %@&ngﬁgmg{fre
seal nem;ﬁau&fat@éa@t&el&,tha@%ﬁﬁb&s%tmgafﬁwtémﬂm ged.he first portion of the
seal nenb is not co-linear with op surface of the second portion of
the seal nenber. 17. A wafer enclosure conprising: a housing adapted for
carrying a plurality of wafers; and a door adapted to sealingly engage the
housi ng and i ncluding a wafer enclosure sealing arrangenent, 11 WO

03/ 042059 PCT/14S02/13£8&3er enclosure seal member of claim 10,wherein the second portion of

the seal member is adapted to be elongated and cantilevered from the first portion.

14.  The wafer enclosure seal member of claim 13, wherein the second portion of

the seal member includes a head portion spaced laterally from the first portion.

15. The wafer enclosure seal member of claim 11, wherein the apertures are

elongated and co-linear with the second groove.

16.  The wafer enclosure seal member of claim 10, wherein a top surface of the first
portion of the seal member is not co-linear with a top surface of the second portion of the seal

member.

17. A wafer enclosure comprising;:
a housing adapted for carrying a plurality of wafers; and

a door adapted to sealingly engage the housing and including a wafer enclosure sealing

arrangement,

11



t he wafer encl osure sealing arrangenent including: the first groove

di sposed about a perineter of an interior surface of the door; a second
groove diwpaesedroarj acent to the first groove and spaced | aCensht/36688 om t he
perimeter of the door, the first and second grooves adapted to be separated

by a support tWewhRr ertlicsResRalilcirr@gemtdndudayes; and an el astomeric seal
menber having a first portion adapted to be frictionally inserted into the

second grove and_.extend around the doar and_.having a seco rtion adapted
to be dispos %VE?DPW%‘@ﬂﬁﬁ&??mﬁﬁﬁfgpwgﬁﬂf6@5?“%“@“&?F§§q@$§%§e, wher ei n
the second portion of the seal nenber is adapted to be deflected into the

first groove upecorgiegbovedispedvadjecene rcthe SitstezroovetandispaceddaterallySronTthe waf er
encl osure of claim 17, wherein the support nenber includes a_ plurality of

posts t hRerigetsr o thn deprt Bedustayhiseandieroeves apted) tothe sPaisdrtysh SHIPCHY of
aperture emHQr?gﬁo%ﬁQkuﬂ%HQEg P&Q.&Qﬁt | at eral nmovenent of the seal nenber
ed. . e wafer enc

i's inhibi osure of claim 18, wherein the seal nenber
is L-shaped, the second portion of the seal menber configured to be
cantil evered lanreipstomengseal meeribher havipg atfirstrportadn adapted dabe frestionally mesertetine

waf er enclosure of, claiml7 wherei he seal,, menber further c rises a
nead por (HETACCHLER LI THACGEHE e fodtand ARAE R sesald PAFieparme) B ¢ he
first porgdp@8ed obér the support member and over the first groove, wherein the second portion of the

seal member is adapted to be deflected into the first groove upon sealing the wafer enclosure

with the door.

18.  The wafer enclosure of claim 17, wherein the support member includes a
plurality of posts that are adapted to be engaged with a plurality of corresponding of apertures

in the seal member such that lateral movement of the seal member is inhibited.

19. The wafer enclosure of claim 18, wherein the seal member is L-shaped, the
second portion of the seal member configured to be cantilevered longer than the first portion

of the seal member.

20.  The wafer enclosure of claim 17 wherein the seal member further comprises a

head portion disposed on the second portion and spaced laterally from the first portion.
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