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Thi s waf er support means nmay be provided with a path to ground for static
di ssi pation through a machine interface on the bottom of the container.

Such containers and suppor t BACKISR GUNIR ORWEHEANVENEOM ed, for exanple, in
U S. Pat. Nos. 5,788,082; 6,010,008; 6,216,874; and 6, 267,245, all owned

by the owner of this invention, these
The transformation of semi-conductor wafer disks into integrated circuit chips

often involves many steps where the disks are repeatedly processed, stored and
20  transported. The wafers must be transported from workstation to workstation and from
facility to facility. Wafer disks are brittle and are easily damaged by physical shock.
Also, build-up and discharge of static charges in the vicinity of semiconductor wafers can
be catastrophic. Due to the delicate nature of the wafers and their extreme value, it s vital
that they are properly protected throughout these procedures from contaminates, and

25  physical and electrical damage.

Specialized carriers or containers are used for handling, storing, and shipping
wafers. Such devices normally hold the wafers in axially aligned arrays with, for example,
twenty-five wafers in an array. A principal component of the containers is a means for
supporting the wafers during handling to protect against physical damage from shock and

30  vibration. This wafer support means may be provided with a path to ground for static
dissipation through a machine interface on the bottom of the container. Such containers
and support means are known and disclosed, for example, in U.S. Pat. Nos. 5,788,082;
6,010,008; 6,216,874; and 6,267,245, all owned by the owner of this invention, these
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the position of the wafer supports in the container is the result,
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cont ai ner wa
reference point for specifying the relative location of wafer disks for automated

processing. The walls of the container, especially the top of the container which is
25 connected to a robotic lifting flange, are susceptible to flexing and distortion when
carrying the weight of the container. This flexing and distortional movement is
transmitted to the wafer supports through their attachments. Stress and undesired shifting
in the position of the wafer supports in the container is the result, increasing the potential

for carrier-equipment tolerance mismatch and physical damage to the wafers.

30 Typically, wafer supports are rigidly attached to the wafer container. Most
commonly, threaded fasteners are inserted through an opening in the container wall and
threaded into the wafer supports. A problem, however, results from the fact that a small
amount of clearance must be allowed between the wafer support and the container walls in
order to allow insertion and positioning of the wafer support during assembly of the

35 container. This problem is exacerbated by the variations in dimension and warping of the
container enclosure and wafer support sometimes encountered in the injection molding
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support and precise positioning of the wafer disks for automated processing. At the same
time, the wafer support must be isolated from flexing of portions of the enclosure, and
ideally maintain an electrical path to ground. Also, the wafer support should be capable of
installation in a container without the need to allow excessive clearance for positioning of

25  the support.

SUMMARY OF THE INVENTION

The present invention includes a wafer container having an enclosure portion with
an open front for receiving and holding wafers and a door for closing the open front. The
enclosure portion has a closed top, a closed bottom, a pair of opposing closed sidewalls, a

30 closed back, and an open front. A pair of wafer supports is positioned inside the enclosure
portion, each wafer support having a top margin and a bottom margin and including a
plurality of shelves defining wafer seating positions. Each of the wafer supports is rigidly
attached to the closed bottom and resiliently attached to the closed top. The resilient
attachment of the wafer supports to the closed top may be made by a resiliently flexible

35  plastic connector extending between the closed top and the top margin of each of the wafer
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Cont ai ner<Sogen b feiilly SREOHEF 1cad Bh ORET 8L PAET,OIPPPER ltnionref Ypen
fronpoandne@bgel or wafer supports positioned at sides of the container
portion. A door closes the open front. In the invention, the top of each
waf er 25 support is attached with connectors that are oriented so as to at
| east parti al ITheipgesent inventeon addiesessthp postlems$ posertehbapreetous tvelfer fuppaitng or

nmovenent.  The geonetry .and materi.al of . . .
attacr}xm&? systems 1n g‘ont opening wafer containers. Such containers comprise an

enclosure portion with and open front and interior wafer supports positioned at sides of the
container portion. A door closes the open front. In the invention, the top of each wafer
25  support is attached with connectors that are oriented so as to at least partially isolate the
wafer supports from container shell flexing or movement. The geometry and material of
the connectors are selected so as to allow some flexure of the connector, while maintaining
enough stiffness so as to prevent excessive movement of the wafer support when fully

loaded with wafers.

30 When the container is in use, the connectors provide stability between the top of
the enclosure portion and the wafer supports in the lateral and forward-rearward
directions, yet resiliency with respect to the vertical directi(;n. When load is applied to the
top of the container, through the robotic lifting flange for example, the resulting deflection
of the container housing is taken up in the wafer support connectors. In addition, when the

35  wafer container is subjected to high temperature washing operations, the majority of any
differential thermal expansion between the wafer support and the container shell is taken
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mai ntai ning an electrical 20 path to ground to dissipate static charges.
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provi de a nethod for wafer container assenbly that does not require that
i nst al | atPreide a wafer support that has the desirable characteristic of maintaining an electrical

20 path to ground to dissipate static charges.

Another object and advantage of certain embodiments of the invention is to
provide a method for wafer container assembly that does not require that installation
clearance be pre-designed into an enclosure or wafer supports to allow for positioning of

wafer supports.

25 In a preferred embodiment of the invention, the connectors are molded in one piece
with the wafer support. Generally, the maferial used for the connector will be the same
material used for the wafer support itself in order to maintain the desirable characteristics
allowed by that material, such as electrical conductivity and physical compatibility with
the wafer disk material. Polyetheretherketone (PEEK), particularly with carbon fiber fill,

30  has the desirable characteristics of electrical conductivity and physical compatibility and is
the currently preferred material. In a preferred embodiment, two connectors are used to

connect each wafer support with the enclosure at the top margin or edge of the wafer

support. A rigid method of attachment is used at the opposing margin of the wafer
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poi nted out in the appended § I EI DRAWNGS FIG 1 is
a perspective view of a typi = nsport contai ner.

FIG 2 is a top plan view of the wafer container show ng the wafer supports

20 di sposed i npidq i€ QpERhAEve vFév.be%ﬁh%&h%ﬁ&&ﬁﬂ@@&ﬂ@@%@ﬁ@%ﬂ9 the
attachnent of a wafer support at th

FIG. 2 is a top plan view of the wafer container showing the wafer supports

20  disposed in the container.

FIG. 3 is a cross-sectional view showing the attachment of a wafer support at the

enclosure top in a preferred embodiment of the invention.

FIG. 4 is a cross-sectional view of the attachment of the wafer support to the

enclosure bottom in one embodiment of the invention.
25 FIG. 5 is a transverse cross-sectional view of a wafer support connector.

FIG. 6 is a partial cross-sectional view showing an alternative embodiment of the

invention.

FIG. 7 is a partial cross-sectional view showing another alternative embodiment of

the invention.
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Each wafer supp Ity o s 124, tormng recesses
126, t hergebgrableinahideg asdloded top 18hal vlesed ottt ppara paigof dgposmfgeriostidsideswhen

20 108, 110, and a closed back 112. A door 114 completes the enclosure by enclosing the

open front 116 of enclosure portion 102. Door 114 fits into door recess 118. A pair of
wafer supports 120 (not shown) and 122 are provided in enclosure 102 to support semi-
conductor wafers. Each wafer support 120, 122 has a plurality of ribs 124, forming
recesses 126, thereby defining slots or shelves for supporting the wafer disks when

25 container 100 is in use. Each shelf defines a wafer seating position for a wafer.

Kinematic coupling 128, 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 wafers in the housing during processing. Kinematic
coupling 128 has three grooves 130 on the underside thereof, depicted in phantom in FIG.

30 1. Each groove 130 receives a corresponding upwardly projecting post (not shown) of a
piece of processing equipment, thereby enabling container 100 to be accurately and
securely positioned on the processing equipment. Further, kinematic coupling 128 may be
formed from electrically conducting material, such as conductive plastic, to form a part of

an electrical path-to-ground from the wafer supports. An example of a kinematic coupling

35 is described and depicted in more detail in U.S. Patent No. 6,821,674, previously

incorporated herein by reference.



25 container 100 is in use. Each shelf defines a wafer sezti Eg gggtgl on for

a wafer. Kinematic coupling 128, nounted to the exterior

encl osure bottom 106 is provided to facilitate automated handling of the
Lde a. reference datumfor |ocating the

t ai duri _and ,
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Furt her, Kinemati’c coup omelectrically conducting
mat erial, such as conductive plastic, to forma part of an electrical
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35 is described and depicted in nore detal . S. Patent
pr evildus|epordingies porappletl heths walfyr costainernc Any Trefeteriveyhe2€i 6oSmBedmdrit cor

lifting f% nge 132 is proyided on the exterior surface,of .enclosure top 104
and is pr %P]g}?& 2% §-él$fsl Igelion, # Jit S GRS iOh G 4ANStHIGTERR ST 9ol tina ner
100 duri n@obiSen x-BakOA heaid JRGCZ-hRA, M@dted G0 1RESFBELIAiRMe CHREUCTHeY §-aR]sARL 1 C

and may be_ el ectrical I%_ conductively connected wit h each wafer Support
120, 122.otepted feresprgbaly ém thgneansainerf iorthe direetéorcef mserpion esd remeval eif avafors

directions. of, x-v-z 10 coordi.nates_.as lLied to the wafer container. Any
r ef erencer}§ %ngrﬂé%%‘yl}t%nﬁrb\%n%ﬁ“flsd?v ilg?loarn[dia‘@ﬁ XIS I REBspdicy rrtgglﬁ GANSAY axi s
di r edsi onhe plax®, ndisioSiehtied Sttdall frof sil&td-SiHabF MR coafdHér. an X-axis, a y-axis
or a z-axis, relates to these coordinate axes. The y-axis is oriented
fore-and-aft in the container in the direction of insertion and renoval of
waf ers from thefermmgttailies. 2-6hepposekivafirssupports t20, 128cire Hepixted as shdysare

perpendicul ar fo.the z-axis d the y-axis, and is ariented. | rally
rom st detraved BubgetiBNSIEL RG-S hof el g SRiend Gouw HsiTisnchSiedi o)
suppor t s wlaléh cdm@nér e0dlapd chied MfougheyaRf Suppbrs PP3e Reuilidatly RRMIO pistic 102.
FIG 3 is a partial cross-sectional view at section 3-3 of wafer container

100 and tearesstarhd dtghdovare aroldashipér thettop margig I38«aftwafer supppi| l82pindsatiagh
consgt o3 Sty s TRl 00 2 e 48 g

f ast eni nghdagised chddectdrd @341 B 6¢ and aeeadtaahment points for the connectors to fasten to

the top 104 of enclosure portion 102. Each of fastening bosses 144, 146 has a portion 148,

150, extending through apertures 152, 154 in enclosure top 104. Fasteners 156, 158, each

having washers 160, 162, extend into fastening bosses 144, 146, and secure wafer support

25 122 to enclosure top 104. Each connector 134, 136, has an extension portion 159, 161,

connecting the attachment points at fastening bosses 144, 146, and the attachment points at

respective fulcrums 140, 142. Thus, each of extension portions 159, 161, is configured as

an elongate leaf spring. The horizontal length of the extension portions designated on

FIG. 3 as D1 and D2 respectively, is preferably greater than the vertical length

30 dimensions, designated as D3 and D4 respectively. Fulcrums 140, 142, are spaced apart

along top margin 138 of wafer support 122 to provide resistance to rotation of wafer

support 122 about the z-axis, as well as resistance to lateral movement, which may also be

described as movement oriented along the x-x axis.

Opposing wafer support 120 is attached to container top 104 in identical fashion.

35 In addition, one or more of connectors 134, 136, on each wafer support 120, 122, may be



the ends of connectors-134, 136, and are attachnment points for tgi
connegtors, to fasten to the top 104 of encl osure portion1 = of
fasteni ng bosses 144, 146 has a portion 148, 150, extending through

152 54 | | 104... F 156, .138, . h havi
nmshers. 196 Coagey rieRad PR 88E 5700 pivice ditrE i or

support 2fr ikuppPordEldht W fdr® PupbBfted BRedinconnect or 134, 136, has an
extension portion 159, 161, connecting the attachnent points at fastening

bosses 144, 146, and the attachment points at respective fulcruns 140,
142. Thus, eacRGf4 sx4 gadiaburgseistdtonal WY, thi@kh sestioodfd gfittedatmshment of

I te | eaf [ The hor.i | t f.th ' ti
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Ful cruns 140, 142, are aced apart along top nmargin 138 of wafer support
122 t1® priestering besy $¢hnidé has a partion dA0.0F72extending Gppegh apez@resblidy 176,ein

z-axis, as || .as, resjst e.to |ateral nt ich na | so be .
oot bednsSirs RTioht T0f: EAFE ShSipuf SosR d of LS TRkeny sty FEads Minhgisor
120 is atdoaph®fl12® Cameaérsanrs! g0, M washelenB2 Crd4, ferfeid Gfto fastenind KRdsHst i on,
one or nore of connectors 134, 136, on each wafer support 120, 122, may be

8 4 11 Mhp42006 thersbyciecniang Waferongnett M2 tp eweraiee battomt H6 snbkinenfatignge

132 to prQvi ctiicay ' r . r n h fers ..
supportecf%ﬁ@r?geiq%% FTg%lr C?‘;&gm%‘!ér %\E&c?&g@%g?%gnglﬁav?gév %hdrl\%ﬁngﬁlaggct I on
4-4 a6 t heupliigdDaemninitizes Wafetincs Wiankidg 3@ ZhatcohieetionC his i BIRb toVvilie6.

Waf er support 122 has fasteni ng bosses 164, 166, which nmay be nolded into
bot t om méAgtncal eendyetivigy for e gopBeqtionp2  Each 10 fastening boss 164, 166 has
a portion 170, 172 extending through apertures 174, 176, in enclosure

bottom 106. E fast enj S 166 Le | rect contacts
ki nematic coﬁg{gl‘ r153§51§gt.1- ﬂ%ﬁé}? %ﬁé&géfﬁéﬁ %‘gfgh wg%cﬁlglvlvagﬁeéffgto%y? %ISSXPP%I}G end
i nt o f astcomadepriiods S¥otabllponhéflor 13acHae ymschchiphéignoraétt iof fnepiOatoud thé ‘1o

encl osure bottom 106 and kinenatic coupling 124. The direct contact
bet ween PasENINECIBPAIER 40 1l “a-9'G @xis 4 nlhug; Fﬂ@%a%qneeqtsr sod et by wish anpvidthi zes

‘('-:g'nggg{‘ic%ext?%/rél‘f%irg&t&ﬁé’e# @%ﬁﬁ‘gﬁ?ﬁ%ﬁ_ﬁ&i“o&d aRdiepih BhmfalR Reafe il B WiGA!
Consequently, connector 134 is relatively stiff in resisting lateral, side-to-side movement
of wafer support 122 in the x-axis direction, but is relatively flexible in allowing vertical
movement of enclosure top 104 relative to wafer support 122 in the z-axis direction. Thus,
wafer support 122 is resiliently isolated in the vertical z-axis direction from movement and

25  distortion of container top 104, and from z—axis distortion in container back 112 and
container sides 108 and 110. At the same time, the rigid connection of each wafer support
to container bottom 106 enables precise positioning of the supports and prevents
movement relative to the bottom, sides, back and front of the container. As previously
mentioned, the stiffness relative to movement in the lateral x-axis direction also provides

30  resistance to rotational movement of the wafer support about the z-axis.

Thus, the wafer support configuration depicted isolates movement and distortion of
enclosure top 104 from wafer supports 120, 122, while also rigidly constraining the wafer
supports from lateral and rotational movement as described. Those of skill in the art will
recognize that an alternative embodiment of the invention, wherein fastening bosses 144,

35 146 are tumed 90 degrees relative to connectors 134, 136 so as to attach to side 110 of the



FIG 5 is a transverse cross-section through section 5-5 (if r
suppogt gqonnector 134. Notably, connector 134 has a nuch-Hi nt of
inertia about the "b- b" axis as conpared to the "a-a" axis. Thus, each

connector is .a flat bar with wi_dt h .20 ner al |. reater thap the, ..
Ehi clribasconingevilcHgt ARV fSFiGH SPBlaRdn Ay HOm. oPoH B gigid y.

connect Orlailr%éll | ?r&t‘%{iéﬁil\égﬁé&a tlak Heddpibb@Si sting lateral, side-to-side
novenent of wafer support 122 In the x-axis direction, but is relatively

flexible in allow ng vertical novenent of enclosure top 104 relative to
waf er support R2Rrming hbe @ HiGs 1dfr thet opmratiohihof the imxErtiors oppbe tundi2itdod.
resilientl isolated in the vertical z-axjs directi.on_.from novement d 25

di stor t i oW a5 LERPES AeY andpl 220mustahryPrecisRlyzRosinediBET FPIRSITR PEBIAal Yrer
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connect i on of "each wafer support ’?o cont ai ner bottom 106 enabl es precise
posi ti(oni wafeef by etomapydorafer prodegsingvmattinesnolnerthert words athe waftreupperthaid om

si des, back_ and front of the caontai ner. As Vi ouysl mepti oped,, t he
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provi des m{a’iQT ﬁf&ﬁ&{‘cﬁmﬁﬁ het @nkana KERer Qlippdie 100f 8id quPRer figiahout

the z-axis. the wafer support configuration depicted isolates |
nmovenent msttrioed sioits battono fnargndl68sfton meysmEolinf eashofdhethreaupise bysha pgid 122,

while also rigidly caonstraining e waf er upports fr | at.eral . and

rotat i ona?onﬁﬁa%%‘?plﬁgédfégiai ‘ed.Lﬁ’?hthé’ oefaci l?l%? T ﬁuﬁ’p?'ﬁgl r d\/\H}l is adlgni ze
that gn alb@sind Fém RIRAAHIPMen® fin HRExIaRETidcAbn, WheEIERS rdtaddreaiond thwsses
144, 35 146 are turned 90 degrees relative to connectors 134, 136 so as to

attach toaxs,ce thedeaffspting conmectorg i 3#4mi3@andemctedin HlGed., Theirpladyely lower eve

t he desired.simyltanepus.isol ati ¢ .l r
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oper at i Onhdfevehealldwe fér AldvemBntber disletish asflenclddite tors UPPOr¢lativiE2 B avafer1 22

nmust be preci seli posi tioned inside enclosure porti og 1%@ relati éﬂ? tg each

of the t hyupporxd30 and lg2arch distortignduey PeuRMpG P Mmsehapiealleading Bl of

the 1 méxgﬁﬁsigl)/. §HEIP VER el lisBHARE 354 AholRMRY BRSses! B BEAIBE] WP Seatt NE

waf er”“'supports an wat ers supported fherein nust be precisely |ocated,

| at er al | yspringrdonnedidry 13Ad136) sohthaf drie nottrdnsafittedite sefdrampprishl 20 add 122,

contal nerTheEl%(s:irI]iervlvc?ef g{ th%gepgo%gct%)%g ir‘fi1 Q}(nje %ez 1caltlsz-£xlig Id:%e{ion thus allows for greater
accuracy of positioning of wafer supports 120 and 122 in use, and in less stress occurring

in wafer supports 120 and 122, and in enclosure 102.

25 The invention may also generally include a method of constructing a wafer
container. Each wafer support 122 is positioned inside enclosure portion 102. Bottom
fastening bosses 164, 166 are inserted through apertures 174, 176, provided in enclosure
bottom 106, and are then fastened in place. Top fastening bosses 144, 146, are pressed
toward wafer supports 122, bending connectors 134, 136. When fastening bosses 144,

30 146, are aligned with apertures 152, 154 in enclosure top 104, the resilience of each
connector extends the fastening bosses through the aperture. The fastening bosses are then
fastened in place, securing the wafer support within the enclosure. An identical procedure

is then followed for wafer support 120.

In the preferred embodiment as depicted in FIGs. 1-5, connectors 134, 136, are
35 resiliently flexible plastic connectors. In one embodiment, the connectors are from 1 to 2
millimeters in thickness, 10-15 millimeters in width and from 35 to 55 millimeters in

10



restrained at its bottommargin 168 from novenment in-each !g hegbgéee axes
by the, rigi.d connection depicted in FIG 4. The top of eath upport
120 and 122 is rigidly 15 restrained from |l ateral novenent in the x-axis
direction, as well as rotation about the t- axis, by the leaf spring
connecPor Santleveriigngths Hdpeiered matermldor the qunaeetorsaand, whfer [sopmarts isicgitaint y

of the le ' n o] rt.cal i se oads |.n_the z-axis

i rect i on oo eleCRIE O 8l traly chicf ibeglBRE &Y sh S vealith secpiilp
104, rel atihsledihg avaheety ofufifferés thaerialed ditdehsioPdE RoflfigirafidrsO AndaaGReHt due
to mechani ca] | oading or thermal 20 expansion. Such novenent or distortion,
and associ™¥8¥Sstresses, is absorbed in the |eaf spring connectors 134,
136, so that it is not transmtted to wafer supports 120 and 122. The

resilience of t conn [ in the vertical, z-axis directian thus.
allows for gr e:}:ltES g?r%t%l%guffaédygggplﬁtgsaﬂ ?%?ﬁl?aﬁldeoelmmlg?ms‘iﬁ SHFEBH%% “Ql?ﬁelﬁzz
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encl osure 102. 25 The invention may al so generally include a nmethod of

const r uct ithig embpgiment, wafgx sunpert. | 22has forterang bogsenl 86,1188, farmsddi teomergin

i nsi de en S ' ; fastenin sses 1/4, 166 are .
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are then fasnépetossnl 0. aHmilddp, faagheni Ny iheBdiaslyldidpostdan pefuier E53S @kl
toward wafer supports 122, bending connectors 134, 136. Wen fastening
bosses 143’,“33%5 g fastendng |bogs, d §8. Resiligne mpamlker 1M)is enpeged, wathchesdyt s o6p

104, ke m&,inlmiT E%W}?R@ﬁili@ﬁ’tcrﬂergggngfgé:fs%mﬂﬁ%ﬁQﬂ?a%{?%viﬁfiﬁéa%ni%fbﬂ&&?& for ough

t he aperture. asteni ng are t ened I n place, securing
t he waf er Resifiptrmemberki190f h96,care |disposel betwveenl eojt | @hbnd egutefisteser liead L1198

Frao. 1 515 Rt uh et yertan of i | CEefieses Bl memhem Wiph Sothety
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in thickness,” 10-15 mllinmeters inh wd rom35 to 55 milineters in
10 11 Mayl20eswsll@atn wakey supgoshl2to whigh the dasterdrsme eonmdctedor t he connectors
and wafer supports is carbon fiber filled PEEK. O course, many other

enbodj rents of _the invention are possible, including variety of
di ff gdgﬁt mat el gjother BWaFesﬁlﬁI?f F’beﬁﬁe":‘ffsf (l)ﬁ%, l%én&”é’?lfeaﬁlﬁﬁ@n%/etwﬁﬁ Hsds.

underside of top 104 and fastening bosses 186, 188. When positioned as depicted,

resilient members 192 may function cooperatively with resilient members 190, 196 to
absorb any downward forces exerted on top 104 while providing further lateral stability to
wafer support 122. Moreover, in yet another similar embodiment, resilient members 192,

25 194, may be used without resilient members 190, 196,

Resilient members 190, 192, 194, and 196 may be a resiliently flexible plastic
connector structure or any structure with suitably resilient properties. In one embodiment,
these resilient members may be solidly formed from elastomeric material. As an
alternative, a resilient mechanism or machine component, such as a coil spring, may be

30  used.

Another alternative embodiment is depicted in FIG. 7. In this embodiment, a
resilient mechanism 198 is formed in top margin 138 of wafer support 122. Resilient
mechanism 198 has a fastening boss 200 for receiving a fastener 202. Fastener 202
extends through aperture 204 in top 104, and secures wafer support 122 to top 104 as

35  before. Any vertical deflection of top 104 is taken up in resilient mechanism 198 and is

11



For instance, FIG 6 depicts an alternative enbodi ment of the iny ion
whereign 10 one or nore'resilient nenbers are used at eac&lpﬁgﬁéﬂﬁ&éhnent
for the wafer supports. In this enbodi nent, wafer support 122 has fastening
bosses 186, 188, formed in top margin . .A138. Fastener 187 is slidingly

di sposdd it 6@@%%8‘5“?‘?15“8‘6“1 -afod ORsEntS iRt gne %Fé‘?’@nﬁgﬁgm%g? agye.
Simlarly suitasé q8ahiedtBl flekibd iptishie! sontlb@bOSEd nidy BOSlUsRerd it reGibaNdS
into fasteni ng boss 188. RESif?tnt menber 190 fg engaged aﬁth heaJelg%ﬂof
15 f ast endtechgismmueh a3 @il spamgar asolid elasoimerican¢mberngaged with head 197 of
fastener 191. Resilient nmenbers 190, 196, are disposed between top 104 and

each fastener d 5 197, .so that upward novenent .of top 104 conpresses
resilient nenbgﬁg‘ofég,theigér}mﬂ’ﬂ_@f‘ é‘h?"e g?lﬁﬁlpﬁ VRN FRECHCHEES H@g%lﬁli’ﬂ}ﬂ‘{i be
upwar dl y @bﬁsﬁ%@%flﬁﬁi@i‘ﬁgtth@@&ﬂethéfetﬂe tiQvenfish Pueas rﬂé@lg?}g\gdﬂr%éﬂlpﬁaﬁ’&k lofas

to wafer support 122 to which the fasteners are conn n anot her
enbodifrensome ofith¢ presentbyrpeferrabenbddmentsegf the ipventiod. bEbwsedine sdope of the

under si de.of top.104 and stenin sses 186,. 188. Wien positiponed a

depi ct ed, mvlggg?rﬁse erﬁ@?ﬁfjeg%h’fﬁp%ﬁif?afcffﬂ@? iaﬂﬁ ﬂ&%&@?‘lafi‘i Vé‘ﬁ)?‘tﬁmir"ftﬁerr an f‘i"ent
menber s 182,exa@@ldsgivepbsor b any downward forces exerted on top 104 while
providing further lateral stability to wafer support 122. Mbreover, in yet
anot her simlar enbodi nent, resilient nenbers 192, 25 194, may be used

wi thout resilient nenmbers 190, 196. Resilient nenbers 190, 192, 194, and
196 may be a resiliently flexible plastic connector structure or any
structure with suitably resilient properties. In one enbodi nent, these
resilient menbers may be solidly formed fromelastoneric naterial. As an
alternative, a resilient nmechani smor machi ne conponent, such as a coi
spring, may be 30 used. Another alternative enbodinent is depicted in FIG
7. In this enbodinent, a resilient mechanism 198 is fornmed in top margin
138 of wafer support 122. Resilient mnechanism 198 has a fasteni ng boss 200
for receiving a fastener 202. Fastener 202 extends through aperture 204 in
top 104, and secures wafer support 122 to top 104 as 35 before. Any
vertical deflection of top 104 is taken up in resilient nmechani sm 198 and
is 11 11 May 2006 5 not transmitted to wafer support 122. O course,
resilient mechani sm 198 nmay be any
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suitable resiliently flexible plastic connector, or may be aﬂé Oég@é
suitably rgsilient nechanismsuch as a coil spring or a oneric
menber. Al though the description above contains nany specificities, these
shoul d not 5 limting the scope of the invention but as
merely pr%%&o{iﬁ%aﬁs‘ons of 10 sone of the presently preferred
enbodi nents of the invention. Thus, the scope of the invention is

determ ned by tihe ap&%@aﬁ{aﬂ{eﬁoﬁ@ﬁﬂﬁ ei r | egal equivalents, rather than
by the exanples given. 12 WHAT IS CLAIMED IS: | . A wafer container
conprising: 11 MaV 2006 an encl osure portion having at |least a top, a
bottom a pair anfenochposi pgtisn tesingaat 1&acl, topna bpeemf a gair, ofoohoeingt sidd| ase
t he open fbr nt; and_a pair of wafer supports positioned inside said

encl osur e %8 @P@H?ngﬁpﬁa\ﬂﬁ%‘r‘)d%ﬁ? OPRD FIy a plurality of vertically
stacked shelves for defining slots, each wafer support having a bottom

margin, a top ' ' " [ S r - in__the bottom
margi n, and a gﬁ E%iéﬁft g"“% L%ﬁg%#ﬁ%’Bﬁ%ﬁé}i@%%ﬁ)&%gﬁﬁa@%f%éﬁt g%qlr?%’r S?lrdl, VESn of
said | eakumpiisngamingva poralityi ofStericully] dadked shelivés fori défindigesloSy padr wafer
formng a fulcrum, and a second end having a fastening boss, the bottom

mar gi n of SWRROKt BayiRg adoEpmsmatean.ta 1P HATEIn dcpluEdity of £33 bossesoformsd dn

encl osure ' e i ' : : en| S 3 h ng
boss of ouRnbdloBfintiyli, 381 £oBki ol Iy Bl ThepRl o 1S RSmallf sadof B84 10
portion. ZIeafEpengsabheving arfirati erel joddedciith reaitl, whisr siygporic formiings a fglepunk, ardnat i C
coupling on he hottom of said enclosure portion, anpd erein each of said
pl ur al i tySgend sad daving ao@éts@gls %St %%Bts?lpdmr&mgﬁ Bty HATRACTS AR ¢
ext ends 1 Beikaiodlc BBRS Wi SaldtnblSyRqHoksh Blth sl fluralG! ATMiEniREbblal e
contacts said kinematic coupling. 3. "The wafer contalner of claim 2,

wher ei n e éastenofg tsmi df varheniddegfispring bemnp attadhied éntheitep obsapd emmjosusspbrianh of
said | eaf springs is made froman electrically conductive material. 4. The
N S ot eh DY, TR heeh coBgIeE o plattn 1 furiher comprising 5 Kinématié couping on

the bottom of said enclosure portion, and wherein each of said plurality of fastening bosses

in the bottom margin of each wafer support extends through an aperture in the bottom of

said enclosure portion and contacts said kinematic coupling.

3. The wafer container of claim 2, wherein each of said wafer supports, the
kinematic coupling, and each of said leaf springs is made from an electrically conductive

material.

4. The wafer container of claim 3, wherein the electrically conductive material

is an electrically conductive plastic.
5. A wafer container comprising:

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

opposing closed sides, a closed back, an open front, a door to close the open front; and

a pair of wafer supports positioned inside said enclosure portion, said wafer
supports forming a plurality of vertically stacked shelves for defining wafer slots, each

wafer support having a bottom margin and a top margin, said top margin being resiliently

13




5. A wafer container conprising: an enclosure portion havi ng Et a@ﬁét a
cl osed top, a closed bottom a pair of opposing closed si a sed

back, an open front, a door to cI ose the open front; and a pair of wafer

supports |t|oned i d opure tion .. d_waf er

fornming a ’bgl‘?ﬂsgltptsxiudo I%‘“e‘ffqpcﬁ B4 sef‘ﬁc?ﬁ'ga Pg%é?'?fesgidf g&t%fmﬂﬁ?gb é-l'g“ilp"ot s,
each waf gfxed WPRRE Elob@VbdttbnRobQiid exbisatdpsttiond a top nmargin, said top
margin being resiliently 13 k 11 May 2006 fastened to said closed top of

said enclosure portion, said bottommargin being rigidly fixed to said
cl osed bott om ofhesabiydeahcivafursppaont tis aﬁgidlyhms&biyleéeﬁﬂmvmbwn@mpipoa tlafesal
rigidly restraine ' re-and-aft

t | t | .. di
di rection, 1raﬁH)naag‘%r,ef a“}rg)%‘?"rréglgflﬂ%‘ﬁ 3?\5?1'&? \rflgre'f'tbol rgi%é{ﬁg‘l’ Bjselﬁ"g OﬁlgFtpOBthon’ and

wher eby eagh wmﬁe%sf cALIPRAf: shﬁpar@fslrkélﬁa{tiyylsbﬁfehq&cﬁﬂ distetiibAiaad flitiveverfichi
rel ative vertical® novement of said top of said enclosure portion. 6. The

waf er conmmvnmenmfsaidiuomoﬁﬁalﬂ@mlhwepolm@m sing a kinematic coupling, said
ki nemati c coupling being disposed on said closed bottom of said encl osure

portion, and wherel n each wafer support irectly. secured to sa
ki nemati c coupl® ng. The g&%ﬁ%‘?‘%%ﬁ&&%ér %B‘?dheélcé’ g W@P‘ﬁu‘éﬁﬂﬂ&g’sal d

waf er SUPRAG G erhdlf cdﬁppﬁg%f HGHitd Bﬂ’saﬁnﬂoé‘eﬂcﬁbt@h 8R54lq lef@bsut P poRsth, | S

made from an ect rically”conductive material . The wafer contai ner of
claim7, wh@mﬁemrt trehetafert suppark i%ﬂlmoﬂyium«btormtddﬂnqhatzq ®uphng| ectrically
conductive plastic. 9. A wafer container conprising: an enclosure portion

having at least a to a bottom a air of qQpposing s back open
front, and a ddor tdheIwafer contaiBeie ?lﬁ‘%ﬁ "‘g‘ E%\?Fa%? b\é‘i"gr‘”"g‘?fp%@??gs ‘the

posi t i one P f

sai d pai r%r“eﬂﬁh? %Ohélﬁlégort?ﬁgfs%%wgﬁ%%@&%ﬁ%g?ﬁ%&g%H:?ﬁgftl gcggﬁ&hveer
support i snateripldly restrained fromlateral novenent, fore-and aft

novenent, and vertical novenent relative to the encl osure portion, and so

that each wafer support is resiliently_isolate omdlstor i gn and
rel ati ve movendnt of g{qjextqgﬁta@}cr§zp i 7, wherein t eeectnca ly conductive material

is an electrically conductive plastic.

9. A wafer container comprising:

1

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,
a pair of wafer supports positioned inside the enclosure portion; and

means for attaching each of said pair of wafer supports to said enclosure portion so
that each wafer support is rigidly restrained from lateral movement, fore-and aft
movement, and vertical movement relative to the enclosure portion, and so that each wafer
support is resiliently isolated from distortion and relative movement of said top of said

enclosure portion.

10.  The wafer container of claim 9, wherein each wafer support has a top
margin and a bottom margin, wherein the bottom margin of each of said wafer supports is
rigidly attached to said bottom of said enclosure portion, and wherein the top margin of

each of said wafer supports is resiliently attached to said top of said enclosure portion.

14



encl osure portion. 10. The wafer container of claim?9, V\/ne[g':g egﬁﬁiwafer
support has a top margin and a bottom margin, wherein th rgi n of

each of said wafer supports is rigidly attached to said bottom of said
encl osure portion, and wherein the top margin of each of said wafer
supports is resiliently attached to said top of said enclosure portion. 14 -
11 May 2006 11. The wafer container of claim 10, wherein each of said wafer
supports and each of said plurality of leaf springs is nade from

el ectrically condubt i vEeprafertdoptaingpof ctaim 1dafshereimoeach iofiesid wfafer sagipart9and .
wher ei n each f . . rai n in, wherein
the bottom ng%%oﬁ'éa&?b‘l %@H%@%%@g%%{%poﬂd%&q °@?§?%ﬁ“3&%%n@£a%ﬁ‘ed to said
bottom of said enclosure portion, and wherein the top margin of each wafer

support is resili¥at | yharwafementaiger pfecladm Savikerein;sach wads sepnoighesi (s of
sai d encl osygy %&ae&oﬁﬁnm@l,@ﬁéﬁaﬂ_tﬁgb&ﬁaﬂﬂn b éach s%f@affff;@ﬁ‘)&t fer

conprising: formng an enclosure portion from pdlycarbonate p c, said
encl osur e poHgidbyrattached ity gpid, bettes e said prclesurs pratien, sod wbazeitathe &dprmarginofposi ng
cl osed side QS€ : 1 lrQsisng t he
open front;\,\@r#gi:l |arf1§ sgi.’pal{ra%?ﬁ%?eﬁtg%l@gggpﬁgs;%%%%?F’?é’%ioﬂg eﬁ%cg?oﬁ%i? waf er
supports in ticksemebmisnre so -as to define a plurality of wafer seating
positions therebetween; rigidly attaching each of the pair of wafer

supports to the bgtt o Qfnsd6r RRAMREM SwaRPnlditr bbBPidiNg: at t achi ng each of
the pair of wafer supports to the top of the enclosure. ~ 14. A wafer

contai ner conprising an encl osure.portion . with an en front. for receiving
and. hol di ng a pl dPERE §° EFElomupetE Gom FROProPBR: eBut t6 HEBBRRF Bt
the encl osuieingarddsedtopay cldgedbotions @ @air OP oppdsiR @Rusel 5iaéwA) a flodddibackyf
opposi ng cl osed | dewal | s, ta c) Qseﬂ?back and an open front, the enclosure
portion furtFeEPeR Sy iaﬁ%"‘éorﬁlaﬂflg 0R&’f%ﬁ’“t?supports positioned inside the
encl osure portion, each wafer support having a top margin and a bottom
mar gi n and conpr imxlding apyt efvedfetsppitsshel ves defi ni ng waf er

positioning the pair of wafer supports in the enclosure so as to define a plurality of

walfer seating positions therebetween;

rigidly attaching each of the pair of wafer supports to the bottom of the enclosure;

and
resiliently attaching each of the pair of wafer supi:orts to the top of the enclosure,

14, A wafer container comprising an enclosure portion with an open front for
receiving and holding a plurality of wafers and a door for closing the open front, thla
enclosure portion having a closed top, a closed bottom, a pair of opposing closed
sidewalls, a closed back, and an open front, the enclosure portion further 6omprising a
pair of wafer supports positioned inside the enclosure portion, each wafer support having
a top margin and a bottom margin and comprising a plurality of shelves defining wafer
seating positions, each of the wafer supports rigidly attached to the closed bottom and
resiliently attached to the closed top.

15.  The wafer container of claim 14, wherein each of the wafer supports is
resiliently attached to the closed top by a resiliently flexible plastic connector extending
between the closed top and the top margin of each of the wafer supports.
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seating positions, each of the wafer supports rigidly attaﬁhga tggaae
; » fer

cl oseqd bottomand resiliently attached to the closed top

contai ner of claim 14, wherein each of the wafer supports is resiliently
attached to the closed top by a resiliently flexible plastic _connectaor
extendi ng bet ween {The vferseantaingr ahalaimd 5 sherain gheh of thenrasiliontly Hlexibde er
supports. é?tié%‘oq% ctwﬁyha%g% e;ig nsi-gﬁe o%{)ﬁa fhat QA KM ﬁ{a%hmeljrtS oiﬁnﬁrtﬁé n
each of tR&TEETTEER y Tl exi TR pqas [ A ERReCt OT S Rave an extensi on

portion t{idtedeoshands aftachien paint actheBniferuppért,aindtwitereial sakieek témjont grésn
attachnment point at the wafer support, and wherein said extension portion

has a gr ebaset smaier basironial egynporah ol snsthdhy avertisal camperentcal conponent. 17.

The wafer container of claim 15, wherein each of the resiliently flexible

pl astic connectors ri.se a.f.lat . w.th _a wdth |1y 5.t han
Phe thi ckness M. EhE NaliigraiafepCRringe ybef RPRR B el Heslpid
waf er co n?l@étﬂﬁdforﬁfact@ﬂs%ﬂipﬁée aheba Witk asdddfgehtrallwgfeater Shippbe tlsickss and
resiliently attached to the closed top by a resiliently flexible plastic

connect or thedergtiygensmnllygreater thamthgavidth. eaf spring ext endi ng bet ween t he
closed top and the top margin of each of the wafer supports. 19. The wafer

container of claimJl4 erein.the fer supports are med.of a- .
conductive pl ai ic ih‘a %@r%ﬂ’“a’f’ﬂeo‘{%%(ﬁt 2‘8‘%@“ R gkgﬁ%gﬂf‘g HEPOTS K
conpr i sesredilich®y atdched hd BRec1bRUNBH bfa RstiRA GEXVR Phafd ddhnsftor vhidigRidd t he
waf er supports are resiliently attached to the closed top at the robotic
fl ange byassarcelnnigate leabspring extending betpvien thgl cdossd den and thertpp grassined each of

the wafer supports.

19.  The wafer container of claim 14, wherein the wafer supports are formed of
a conductive plastic and wherein the closed top of the enclosure portion comprises a
robotic flange formed of a conductive plastic and wherein the wafer supports are
resiliently attached to the closed top at the robotic flange by a conductive resiliently

flexible plastic spring member.
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