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free of particulates and other contaminants. As a result, specialized containers or carriers

have been developed for use during processing, handling and transport of wafers. These
containers protect the wafers from physical and electrical hazards, and are sealable to

20  protect the wafers from contaminants.

Various configurations of door enclosures and latching mechanisms for sealable
wafer carriers are known in the art. Known latching mechanisms often use rotatable
actuating members. These actuating members may include a cam, But sometimes are
geared. The actuating member in such a mechanism is generally rotated robotically from

25  outside the carrier using a key having a substantially rectangular cross-section. The key is
inserted through an opening in the outer surface of the door and into a key slot formed in
the rotatable actuating member. Previously, key slots have generally been rectangular in

cross-section.

Tolerance must be provided between the key and the key slot in order to allow for

30 insertion of the key. When the key is rotated to cause rotation of the cam member, this
tolerance allows the key to rotate slightly within the key slot. The corners of the key bear
against the sides of the key slot and become the points where the rotational force of the

key is transmitted to the key slot and associated cam member. A relatively small area of
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agai nst the sides of the key slot and becone the points where the
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contact between a er ca
hourglass shape. The hourglass shape allows the flats of the key to bear against the key

slot sides rather than the corners of the key, allowing a larger area for force transmission

and correspondingly reduced material stress.

20 The interior surfaces of the key slot may be formed from hard, abrasion resistant
material such as polyether imide (PEI) plastic, reducing abrasion of material and
particulate generation. The key slot material may be electrically conductive to allow for
an electrical path to ground. Since rotation of the key within the key slot need not be as
closely restricted, a larger key slot with greater key to key slot tolerances can be used,

25  resulting in relatively easier key insertion, less component damage and less key jamming.

Accordingly, it is an object and advantage of the invention to reduce generation of
particulate matter resulting from contact between a key and a key slot in a wafer carrier

latch mechanism.

It is a further object and advantage of the invention to reduce key jamming and

30  resultant production inefficiencies.

It is a still further object and advantage of the invention to reduce key and key slot

damage resulting from insertion and removal of the key.
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| atch mechanism It is a further object and advantage of the invention to
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FIG 2 |s1 ngrspectl ve view of the wafer container door show ng the |atch
10 nmechant &t di sposed in the door. FI G 3 is a partial perspective view of
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Referring first to here 1s shown generally a wafer confainer 100.
Waf er slot.

FIG. 4 is a top plan view of a rectangular shaped key slot with a key disposed

within.

15 FIG. 5 is a top plan view of a rectangular shaped key slot with a key disposed

within after the key has been rotated as in use.

FIG. 6 is a top plan view of a currently most preferred embodiment of the

hourglass shaped key slot of the present invention.

FIG. 7 is a top plan view of another embodiment of the hourglass shaped key slot

20  of the present invention.

FIG. 8 is a top plan view of a further alternative embodiment of the hourglass

shaped key slot of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring first to FIG. 1, there is shown generally a wafer container 100. Wafer

25  container 100 has an enclosure portion 102, constructed of polycarbonate plastic, and
consisting of a top 104, a bottom 106, a pair of opposing sides 108 and 110, and a back

112. A door 114 completes the enclosure by enclosing the open front 116 of enclosure
portion 102, fitting into door recess 118. Wafer supports 120 (not shown) and 122 are
provided to support semi-conductor wafers within the enclosure. Kinematic coupling 124,

30  mounted to the exterior surface of enclosure bottom 106 is provided to facilitate automated

handling of the container during use and to provide a reference datum for locating the
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25 contai ner 100 has an encl osure portion 102, constructed of pol ycarbonate
pl astic, and consisting of a top 104, a bottom 106, a pair of opposing

si des 108wend/oigr82 and a back 112. A door 114 conpl et es Pha/USndbwsure by
encl osing the open front 116 of enclosure portion 102, fitting into door
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sem - conductor wafrers e encfosure. tit coupling 124,
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facilitate autonmated. h ling of the container during use and to provide a
ref er encéméi‘élﬁ‘ffﬁ??‘&mql%‘?{ YripgEse-3 Wo 03/ 059782 PCT/ US03/ 00964 wafers in
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FIG 2, the wafer carfrier door 114 of the present invention is shown. 5

Door 114 208. ddeqianisaccayersei0f)l dnd 302 aze powvided tapsitect 1§0latchihg racabhnisgps 160
mechani sms 160 and 200. chani sm covers .300 and 302 ar rovid .0
protect t#Hd ?699[ %ﬂ%@%ﬁymﬁ% a&@éomaw&l%a ofh tﬁ%}‘% iaﬁ‘glgﬁﬁigﬁhﬁggg}:%‘g
cont am natLaRnARt: gh@i n and guide the | atching nechani sm conponents.
Referring nowto FIGs. 2 and 3, the operation of |atching nmechani sns 160

and 200 10 Cal@ef’@ﬁ'id%gg)% & PR 2 bid k! e o%eraﬁb@ g?laitc‘hh%‘ﬁ%haﬁisﬁﬁr%b%hd\ﬁbgw of

| at chi ng nmechani sm Latching arnms 162 and 164 each have a cam fol |l ower
portilén 166 twndhdeB8oade sheklG. Beltere iestyaged paitinh visanefietehirg machanisne 46R.
portions 172 .and 174, As wn.in FIG 2, . each of . | hi rme _162.and
64 has sHGHERARGS B eronod pack Raveys s o fRE roRtytion d58d pF Rt

fol I over QELEIOREH 48 bG8 VB8R pkRINE292 iaBd il M5 e Ak 8BowR tOFIKEYR; Sddhtof222
and 15 rotated, camfollower portions 166 and 168 slide al ong cam portions

172 and 1laghinpuasmsol 62t andl bbfabes olatehing pevtisarl707and 17} ¢hithagnd opposiGAied 164
t | at di al |. t endi i ng:.l.at chi ' 6 and
176t hrodtit AT GRutivin, 168 B AR Bach Yl P ROinsieIsRY kL 338 ° B0

received RyatédeasSBHRowBOporEBMMY6 ardl tdsaslidahiing@an pations E12 i I17g. thes tdoor
to be secured in place. 20 In FIGs. 4 and 5 is shown a top plan vig,w of a
rect angul the gwaped way mpwben170xnatehing ayms 212 Aadkodgare) Fapslated gadiglly, 220
has been Lnserted | jorfiUit7679d"19% Al Gifhgb 380 REENS2.
appl i ed. o%gdélﬁgreﬂegﬁé;{% laizfg}ngﬁﬁgmv\%&ﬁr? 6g>%gglggﬁlglltogglﬂaé%l{1%nﬁjfgor clarity,
Latching portions 176 and 178 are received by recesses (not shown) in the wafer carrier,

allowing the door to be secured in place.

20 In FIGs. 4 and 5 is shown a top plan view of a rectangular shaped key slot 222 with
key 220 inserted. In FIG. 4, key 220 has been inserted in key slot 222, but no rotational
force has been applied. Tolerance space 240, shown in exaggerated fashion for clarity,
surrounds key 220 and is provided to allow for insertion of key 220. As key 220 is rotated
as shown in FIG. 5, tolerance space 240 allows key 220 to rotate slightly in key slot 222,

25  causing key comers 224 and 226 to contact, and bear against, key slot sides 228 and 230.
Key corners 224 and 226 constitute a relatively small area, and the entire rotational force
transmitted by key 220 bears through them. In consequence, the stress levels in the key at
key corners 224 and 226, and in key slot sides 228 and 230 at the points of contact are
relatively high. The stress at key corners 224 and 226 is often high enough to cause slight

30  deformation of the corners resulting in sliding and friction with key slot sides 228 and 230.
The result is abrasion of material from key corners 224 and 226 and key slot walls 228 and
230, generating undesirable particulates that may contaminate wafer processing

operations.



surrounds key 220 and is provided to allow for insertion of key 220. As key
220 is rotated as shown in FIG 5, tolerance space 240 all ows key 220 to
rotate slwohsihs7sn key sl ot 222, 25 causing key corners 2PETASA3/@R64 t 0
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a center portion 332 and 334 that I's generally perpendi cular to key sl ot

ends 360 kgislael2? is @us\/farrm:q/b%twgmqemmomm 332 6nd 3d433Bosst ofikill &1 B aghi de
328, and ar‘i?'re%% B rth 131& dm%%g ?ellgé]igd QJas gn ﬁle r%l IVQ %ng%%ionfs rlpe 396 € a
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di sposed between outwardly angled portions 340 and 342. A narrawed port| on
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f skill | hased
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240, so t b6 awhd4R, leay t]?eZ&ﬂsaqL&hﬂy larg@cfbmeslmamﬁg amg,l dlosvs for tmintinldvey sabat 222
as shown, flat sj des 344 and 34 of key 220 bear ed . portions

336 and 3le¥elsahdhe aeat Pl eonfaqta Sfiding %%{lt%ﬁ 2 &gy z%\eli's Qéo?ﬁdag% i eEagted
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Thi s i ncr euseenenblamagschiriagkey tsetivduce key j anmi ng and

20 Particulate generation can be further reduced by lining key slot 222 with hard,
abrasion resistant material. It is currently preferred that the material used have a Rockwell
hardness of at least M105. The currently preferred material for this purpose is polyether
imide (PEI). Other preferred materials are PEEK or PPS. If such plastic material is used,
carbon fiber or other electrically conductive fill may be used to form an electrically

25  conductive key-slot that may be used as a portion of an electrical path to ground. Persons
of skill in the art will appreciate that any physically suitable abrasion resistant material

may be used as a key slot liner, including metallic material.

An alternative embodiment of the invention shown in FIG. 7. In this embodiment,

key slot sides 428 and 430 have an inwardly directed convex shape. As shown, the

30  convex shape allows flat sides 344 and 346 of key 220 to bear against key slot sides 428
and 430.

Yet another alternative embodiment of the invention is shown in FIG. 8. Key slot

sides 528 and 530 are made with an inwardly directed anticlinal shape. Opposing apexes
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conponent danmage during key insertion. 20 Particul ate generation can be
further reduced by lining key slot 222 with hard, abrasion resistant
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possi bl e @agh@are within the scope of the 5 invention. Additional objects,
advant ages, and novel features of the invention will be set forth in part
in the description which follows, and in part will becone apparent to those
skilled in the art upon exam nation of the follow ng or may be | earned by
practice of the invention. The objects and advantages of the invention may
be realized and attained by 10 neans of the instrunmentalities and

conbi nations particularly pointed out in the appended clainms. 6 WO

03/ 059782 PCT/ US03/ 00964 WHAT IS CLAIMED I S:



1. A wafer container conprising: an enclosure portion having at |east a
top, a bottom a pair of opposing sides, a back, an open front, and a door
to cl ose wbhesopgs2 front, said door conprising: a door chagsrgSoznmdeat | east
a first latching nmechanism said |atching mechanismconprising: at |east a
first latching r abl e actuating nenber coupled to said

| at ching arm @g&rlg{&i&%\ﬁgﬁgét uating nenber having a substantially

hour gl ass shaped key slot. 2. The container of claiml, wherein said
substantially Eourgﬁé@ CEFIRUBCIGYIPISISE has a pair of opposing sides and a

pair of opposing ends, each of said opposing pair of sides has a center
portion di spos®&d ehelpsieRortipn bryingpiglepstanipPed Rastom. hRalr 8 @PRIFNE Sidehtder

portion i gl Lrggﬁ%d%%b%ﬁmﬁdo@% xlop%g%gg%%hegaiwpﬁognrgp%i ng ends. 3.

The cont al ner erel n sal stanti al s shaped key

sl ot has a pai i si des, each of said pair of opposing sides
havi ng an invva%gp{)/r&%lp%%g?gd convex shape. 4. The container of claiml,

wherein said s i al | S . paj.r of
opposi ng si desgﬁg%%ﬁtﬂ(g?[ létélln g%&#@@b%%@%&é%?ﬁ@gg ﬁgfo?]ngﬁ’gn ‘nwar dl y
directed antick&ggﬁa§g§q%bh%gaThe ontai ner of claim1l, wherein said key

slot is formed from abrasion® resistant naterial. 6. The container of claim

1, wherein said_ke lot i.s formed fr | ectricall conducti.ve terial.
7 Aater contdt REpRcEmiiferRETRL coLAR BLERL G AR RS B,

top, a bohfefber Ravdd 4 sEfstRANRDShOGRiRSpedieyiaetk, an open front, and a door
to close the open front, said door conprising: a door chassis; and at | east

a first |atchipg nmeghanrbstdines of BlalAatic MnREITREIANbSAIEARNTHIuSEING shapdd k&ast a
first latching arm and 7 WD 03/ 059782 PCT/ US03/ 00964 a rotatabl e actuating

nmenber co#lpt ke a prisef eppoaing lyideg ard arpais af appasing widh.ccaglh piisaid apposing pair of
sides has a center portion disposed between two outwardly angled portions, and said

center portion is oriented substantially perpendicular to said opposing ends.

3. The container of claim 1, wherein said substantially hourglass shaped key
slot has a pair of opposing sides, each of said pair of opposing sides having an inwardly

directed convex shape.

4, The container of claim 1, wherein said substantially hourglass shaped key
slot has a pair of opposing sides, each of said pair of opposing sides having an inwardly

directed anticlinal shape.

5. The container of claim 1, wherein said key slot is formed from abrasion
resistant material.
6. The container of claim 1, wherein said key slot is formed from electrically

conductive material.
7. A wafer container comprising:

an enclosure portion having at least a top, a bottom, a pair of opposing sides, a

back, an open front, and a door to close the open front, said door comprising:
a door chassis; and
at least a first latching mechanism, said latching mechanism comprising:

at least a first latching arm; and



menber having a substantially hourglass shaped key slot, said substantially
hour gl ass shaped key sl ot having a pair of opposing sides and a pair of
opposi ng wods/0598ch of said opposing pair of sides has aPCEniSes/0(esti on
di sposed between two outwardly angled portions, and said center portion

ori ented substapith@bleVacREHRE BRI Bufif RAISH RRIOSS Ach, s&AdStatddle dating
container of claim7, wherein said key slot is fornmed from abrasi on

resi st antmpmber having & sufistantialty ioweglassfshepesli keyr slowhssidisnbstaritidllik dypusgless i s
formed fr me(ijﬁctriggl I.lgg conductive ma,tderia . 10. fA wafer%_g}gnta'n r .
conpri si NG PEhCOhUPHATHES PBAY 6 APRAVIH IS L4 e 8T PRROSIE t%%ho B r of
Opposi Ng §ipdeihg Pair RACHKdesARasOR Ednich Qbirtion Mikpds&OBEtwlen HveS ButhvaedlpR@Bledr ont ,
sai d door conprising: a door chassis; and at least a first latching .
nmechani srporsensy angt i sentee pprionsoneberh Fibstangally serncadisulap t jspisk oppesiagi ng
arm and rotatabl e actuating nmenber coupled to said latching arm said
rotatabl e actuating nenber having a substantially hourglass shaped key

o o 2at SUbskant! bl 4ogESL i 10K HiLa] HRN Ry i

di rect ed geRMvaxmategge. 11. The container of claim 10, wherein said key sl ot
is forned fromabrasion resistant material. 12. The contai ner of claim 10,

wherein said key sl @he conthiabBO1hing M $heel st@kéyslotRNEHAS ASmN@tRficaly. 13.
A wafer container conprising: an enci osure portion having at |least a top, a

bottom acqraietiefmaigpdlsi ng si des, a back, an open front, and a door to
close the open front, said door conprising: a door chassis; and at |east a
first |atchi ngl@echarniaiay cangdigericampiising: mechani sm conprising: at |least a
first latching arm and 8 WD 03/ 059782 PCT/ US03/ 00964

an enclosure portion having at least a top, a bottom, a pair of opposing sides, a

back, an open front, and a door to close the open front, said door comprising:
a door chassis; and
at least a first latching mechanism, said latching mechanism comprising:
at least a first latching arm; and

a rotatable actuating member coupled to said latching arm, said rotatable actuating
member having a substantially hourglass shaped key slot said substantially hourglass
shaped key slot having a pair of opposing sides, each of said pair of opposing sides having

an inwardly directed convex shape.

11.  The container of claim 10, wherein said key slot is formed from abrasion

resistant material.

12.  The container of claim 10, wherein said key slot is formed from electrically
conductive material.
13. A wafer container comprising:

an enclosure portion having at least a top, a bottom, a pair of opposing sides, a

back, an open front, and a door to close the open front, said door comprising:
a door chassis; and
at least a first latching mechanism, said latching mechanism comprising:

at least a first latching arm; and



a rotatabl e actuating nmenber coupled to said |atching arm said rotatable
actuating nenber having a substantially hourglass shaped key slot said
subst ant iwblog/obosz gl ass shaped key sl ot having a pair of Poppsss/agesi des,
each of said pair of opposing sides having an inwardly directed anticlinal
shape. 14. The, cORLALREMalh ﬁ]!eﬁib@}é&l 1R GidaBRinth dBY s8iliQbtatabld Rl rom
abrasion resi stan. mat er | % é’ contai ner of claim13, wherein Said
key sl ot msmbelr hadng raosrulzstmuali}' dmzhtg;lrass cﬁhamrbkbyelq’rmaei |S@]:|>star111611y Aovieglass
transport ﬁ% |n r co encl sure on h Vi n si. a top,

a bot t om 5% i n&‘&’g’g’smﬁ St %cqi‘c B?frro 8PRO m§r? 65%88185 to

cl ose theaxplﬁa%r(ﬁ{rQﬂ&otecﬁ&ltf&hﬂél@ha nprising: a door chassis; and at |east a
first latching nechanism the |a chi ng mechani sm conprising: at |east a

first |atchingparm Tﬁ’éﬂéoxﬁalh@xt &t alie lga%éi%ﬁp@ﬁd q(@%’@io@‘i‘s YoriRd then bibdasidhng
arm the cam nmenber having a key slot, the key slot having a pair of
opposi ng ensdent mafedakey sl ot further havr ng a narrowed portion

internedi ate of the ends. 17. The contai ner of claim 16, wherein said key
sl ot is substahi.i al The bmuzigbrasfsclaighbl echereid saidkey slohisaforreed Femesilegtnieally,
wherein salng subst ntl ally hourgl ass shaped key slot has a pair of

opposi ng & Bglvgrmaﬁn alr of opposing ends, each of said opposing pair of
sides has a cegqt) on di sﬁ[gosed bet ween.two outwardly angl ed portions,
and said cent ﬁ”ir@SB? SPRRRCLTISNS al |y per pendicul ar to said
opposi ng ends. 19 The container of claim17, wherein said substan |aIIy
hour gl ass shap®H SRAQSUTE PEFIoRRavInEaf leaghta t9Bp 8NOHGTMs jaRAT 0L SRBPSEYE LSy 2pai r
of opposi fig g(éxfgﬁn%ﬂt %do?‘f@él@éé’the@bér?ﬁ%ﬁdsﬁﬁﬁb@ﬂ dod@risafgape. 20. The
contai ner o m 17 erel n said key slot is forned from abrasion

resi stant mat eﬁh&l)rchg%ss Thg container of claim17, wherein said key slot is
formed fromelectrica conductive material. 9

at least a first latching mechanism, the latching mechanism comprising:

at least a first latching arm; and

a rotatable cam member coupled with the latching arm, the cam member having 2
key slot, the key slot having a pair of opposing ends, said key slot further having a

narrowed portion intermediate of the ends.

17.  The container of claim 16, wherein said key slot is substantially hourglass

shaped.

18.  The container of claim 17, wherein said substantially hourglass shaped key
slot has a pair of opposing sides and a pair of opposing ends, each of said opposing pair of
sides has a center portion disposed between two outwardly angled portions, and said

center portion is oriented substantially perpendicular to said opposing ends.

19.  The container of claim 17, wherein said substantially hourglass shaped key
slot has a pair of opposing sides, each of said pair of opposing sides having an inwardly

directed anticlinal shape.

20.  The container of claim 17, wherein said key slot is formed from abrasion

resistant material.

21.  The container of claim 17, wherein said key slot is formed from electrically

conductive material.



WO 03/ 059782 PCT/ US03/ 00964 22. A wafer container conprising: an encl osure
portion having at least a top, a bottom a pair of opposing sides, a back,
an open fwons/osesr a door to close the open front, said decr/usolmossi ng: a
door chassis; and at least a first latching nmechanism said |atching

mechani sm co te ﬁﬂ& | atching arm a rotatable actuating
menber coupl e to s%?vc?f{* tc |n}car£r11l1£ﬁ%| d rotatable actuating nenber

having a key s en o]
resul ting froﬁ#&%gkgﬁgé §§1m91§z§q&%kﬂ :% ég@higggr(ﬁaéﬁ;gM%n1saié key
slot. 23. bamemcrq:tah@om&randb dobatoral @4 thebiesmefiront ssaidddove @ospfisingr educi ng
generation of particulates resulting fromthe insertion, rotation and
renoval of a kedodrichasssamtl key sl ot conprises said key slot having
substantially an hourgl ass shape. 24. The container of claim 23, wherein

sai d subst ant ialidagt Hatik Ghesse mbap@iink e¥id 1stching ht®hanigaicomptisiapposi ng si des
and a pair of opposing ends, each of said opposing pair of sides has a
center portiontlsPoERMBineaih;t wo outwardly angled portions, and said
center portion oriented substantially perpendicular to said opposing ends.

25. The contai sﬂﬂftat%le%l:t%hﬂﬁg’—&em%ﬁécﬁipﬂbdst@' HiccHRAdMrma kAN rbatabl Asmtinbaped
key slot has a pair opposi ng sides, each of said pair of opposing sides

havi ng arrnﬁmhmhﬂll‘/ylgacqumte@dconvex shape 26. The contai ner of claim 23,
wherein said substantially hourglass shaped key slot has a pair of
opposi ng Si desme@adhr tﬂduslagcgelp@catnomcbf epodatagresildios T itheginsertipmvgtagion

di rect ed alatrgr%{,a Al aﬁ( y@rom sa1d key slot.

23. The container of claim 24, wherein said means for reducing generation of
particulates resulting from the insertion, rotation and removal of a key from said key slot

comprises said key slot having substantially an hourglass shape.

24, The container of claim 23, wherein said substantially hourglass shaped key
slot has a pair of opposing sides and a pair of opposing ends, each of said opposing pair of
sides has a center portion disposed between two outwardly angled portions, and said

center portion oriented substantially perpendicular to said opposing ends.

25.  The container of claim 23, wherein said substantially hourglass shaped key
slot has a pair of opposing sides, each of said pair of opposing sides having an inwardly

directed convex shape.

26. The container of claim 23, wherein said substantially hourglass shaped key
slot has a pair of opposing sides, each of said pair of opposing sides having an inwardly

directed anticlinal shape.
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