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-1- REI NFORCED SEM CONDUGTOR WAFER HOLDER BACKGROUND GM[M&I\@ 5\|/|06 562
Field of the Invention This invention relates generally t auétﬁ ﬁ
waf er hol ders used in the storage, transportation and proms;‘ A ]996
sem conductor wafers. Mre particularly, it-y-elates to a hernetically

seal-abl e purgabl e cassette used for containing sem conductor wafers during

processing, transportation and storage having recess-formng pairs for 10
supporting sem conduct or REINFORCEDTREMIQONDIUGTOR WARER RQLPER| nventi on

hel ps reduce warpage during thearaRouvkD @qutﬂg)lhﬁﬁﬁm and cooling

process that is used in nmaking the cassette, and-during use of the
cassette. 1. Discussion of theteribiepdiofsthe Inveptdanion of
sem conductor waf erehisedinveastiom edlates ygeneaalawi ltonnsamlconahetor

presence of gany, cﬁf%l rllr%alt&élﬁ]eﬁs \éapg He Stidradl sci agxg'.ﬂda}n on a

envi r onnent |s e produc on of “sem corfductors ers
t hensel ves. HWQ&F%Q senicopducter rifers 20 %@F?lﬁﬁﬁtﬁ)ﬂﬁbmfhr it

various techni Qieragés t8 HSEecha *1? HeH1 T Put S e WasE8tUECused
today, is to prow de a cassette for, | di ng the sem condu tor wafers which

meet  Seni conducdi®F EPR n%n&%tcé’mdé!cé:qrnt ?Pﬁ&?ﬁongPr&SEM Profcefgapds.
The SEM st andaiimspoiitiat iope ant eabrags Vhahing roceps+porming palirsi for

inter.chang ble, sta dardl zed ,co ers suitable f st andar di,.zed

processi ng @asééﬁ W%t a“ﬁ&%"&'ﬁ@b"rﬁ%"chyﬁﬁ?ﬁ "i nt g#"?%cé’a(ﬁ\ﬁ%—s P& ekPfas
been proposed lm:'emt:t inventiod Bedpsnyeduice s@meae idutigyy the. prstlc
4,532,970 and 4, rﬁ%?ﬁ@nv‘%{ﬁ o] o l0Tex] | Hg&&e n
the sem conduct 0 ers nd't[% S E s&)sc?jenl?@abcasseétgt;eeﬁe{e:t ?jh§ if
standards is pradddg fhelcaszetle, \ond ¢‘ﬁrm‘3c%§§ efr Phepeasse ﬁ@d The
SM F pod or box keeps the cagset i stk B 'S (€88 PE1RTAL€l es during

transportation and stor%P The god or 35-box also isolates the wafers from
t he operat%? The oduction semiconductor wafers requires an
: extremely clean environment. The presence of any small
particles, vapors or static discharge in the environment is
! damaging to the production of semiconductors, and the *
wafers themselves. In an effort to combat airborne
20 particle problems, various techniques are in use today.

The most common technique in use today, is to provide
a cassette for holding the semiconductor wafers which meet
Semiconductor Equipment and Materials International (SEMI)
standards. The SEMI standards recite specifications with
25 the purpose of defining interchangeable, standardized
containers suitable for standardized processing cassettes.
A standardized mechanical interface (SMIF) system has been
proposed by Hewlett-Packard Company as disclosed in U.S.
Pat. Nos. 4,532,970 and 4,534,389 with the purpose of

30 reducing particle fluxes on the semiconductor wafers.
In the SMIF system, a cassette meeting SEMI standards
is placed inside a clean Work In Process (WIP) box or pod.
The SMIF pod or box keeps the cassette and wafers free of
particles during transportation and storage. The pod or

35 box also isolates the wafers from the operator. The
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sem cond er cassette, the wafers, and the inside of r pod
nmust al | %b%’?g@fzof particles damagi ng to the sem conduct or manu?ac 6l%)ri ng
process. The SMF pods or boxes are used during processing in 5 either a
general clean roomenvironnent or a clean mni- environnent (i.e.: under
a canopy). Once in a clean environnent, {1 SM F boxes or pods are opened
for renoval of the cassette and for processing of the vvafers Thi s can be

done in a cl eangSRYisARIE Yy watca%@&%@ ”%ﬁb”ﬁa&g’?s n&aéﬁﬁt iﬁs@ﬁe of

waf ers. During the aut onat ed rocesmﬂg sem conduct or
robotic arm of tR® BP¥ &K tBRFE @ VB§ @W@%ferga#?%% ‘FMEGQ to
cassette and rewénﬁeﬂheoﬁaﬁeﬁsseﬂamteesut&nghpltbcaeeper position. To

prevent damage to t 5 ndu fers [enpve

returned to the casglg?% sgst §afol5’ a:.ﬁ] %%fs%? %Lgfoﬁﬁ??b'f‘ﬁ‘l $n
position a Pl ureitherom mlmcummtmomasmmronm&r @ma@ tcleam amindgrs
pr e- progr anmed éﬂ&?x&flﬁ eAb! qRIELd DPROGLRSS a Qﬂinopy) FOr o Ph€ a Eﬁggn

wafer's 20 horizontal alignnent_and the wafer S tilt is pr e- pr.ogramre
into the aut onesRRYATRARRRIL fthe NLF PRxes39F | pods rﬁ?ﬂeﬂpﬁﬁe‘an59§ rempNal
exact |ocation ¢p tisecassstieand fidre provessidgcbor thaf waser¥ienTRisceas

waf ers inside t etid e, S vi der, or

slot-formn spll;la‘gerag?%ar‘?‘é'l sauacig&g %HHQS"L‘%%I g'ql%a& Waf er"g’L %?%%i’e?%r H’ﬁed
di stance fa8m cassetteror Wiﬁé:sdl stance is also known by the robotic arm
During.the nol di ng pﬁ@@ﬁﬁ !ﬁﬁdah‘ioﬁlt‘aedt 'iﬁ-d&%%%. her%ﬁé”é&ﬂi&éﬁdﬁétbge

cassette, these recess- form ng_Pgal rs causi ng t
wafers to tilt eFde & t@%?‘a‘?re? 9f eﬂb? OBFS GiPﬁt G"PIJre LaRQ¥AR cbhe
processi ng toolwafe¥s feonyeant indedfed cdssettdEnd returns Othe i po6téssed

wafer s ti 1t edherE e Pl \ont BSs PS8 SHEGRVENE Ghlage to Ehe
crash int 016he sesiconductepy wafexs,nghwn deeiwyrsgovad and eetiuned to
vaf er. the cassette by the robotic arm, the cassette mnust
uniformly position a plurality of wafers within the
cassette according to parameters pre-programmed into the
automated process tool. For example, each wafer's
20 horizontal alignment and the wafer's tilt is pre-programmed
into the automated processing tool. The robotic arm then
advances to this exact location to remove or return the

semiconductor wafers.
When placing wafers inside the cassette, a recess-
25 forming pair or divider or slot-forming spacer means
supports and seﬁarates the wafers a predetermined distance
from each other. This distance is also known by the
robotic arm. During the molding process used to make the
cassette and during use of the cassette, these recess-
30 forming pairs may warp thereby causing the wafers to tilt
outside the parameters pre-programmed into the automated
processing tool. To remove the wafer, the robotic arm
aligns itself within the cassette according to the pre-
programmed parameters. If the wafer is tilted or not in
35 horizontal alignment, the robotic arm may crash into the
wafer, thereby damaging or destroying the semiconductor

wafer.



-3- Likew se, when replacing the wafer, if the divider has warped and

t her.ef ore wep98a2i3kn t he pre-programed position, the wafer peyUSes/@Es862 or
Lrash agai nst the warped divider. This danage or destruction to the

sem conductor wafers can 5 prove costly. Therefore, there is a need for a
standard acceptabl e cassette having dividers that do not effect wafer
transfer when warpage occurs. The warp and shrink of the recess-formng
pairs may be caused by several factors incledi=ng: -the pol yner conpound 10
used, the selected press paraneters for the plastic injection nold,

part design, the total , vol une of each recess form ng pair, the thickness of
the cassette sides, ahikewisgo whan Feplacipg: thet wa ﬂ-’p 1%#%@4—‘915%&138

f: be{ filled {eswﬂﬁpelﬁ(lﬁd dhéﬁef&eplzagnaadzﬁpthél fiﬂ- :mmit & ﬂo‘s;txon,
plastic injectio rocess_is very d icu no S
Even when runni ngh gg ?dgﬂye§§rﬁpﬁh°ﬁ IEOSH A9 “t?aq'fﬁﬂﬁ é'ﬁ'[g)eéf dfvfder.
significant per c&i&Mger@ﬂdbMim ‘ltmvmgvasqmbqhdncimxs wafeérsiccamwt
fall within e a ece f r Si

o peodbleestIpeCoatitesdiY, tiedl £ R ACEACRY o dtigadin

results in an over abundanCe o unacceio

cassette nmanuf ac?ﬁ??ﬁﬁab;ﬁcé?ssset%ehﬂﬁliﬂgn bridars cEpakbq0 chokcteffect

i ncreases the toszafeﬁoefanﬁfdrpmdﬂcwaﬁﬁa & NBcélirgie nol di ng process.
Therefore, a need exigts for a s et,t % is not as_ readily iﬁﬁected 25

by the above |isted WaTp 2¥RA pFﬁg??ﬁ forning Reins A3y bs
cool i ng process.cédoesedr byt saverait edcp:msesmclg:dﬁng’ha:haafpeﬂymém&:mﬁide

must be i ndgyed yiL§ theharosﬁfg%w&' Ogéas#ggs é&gﬁd;&ﬁnh ag;ﬁfa{sdﬁ&f

a st andardi zed cassefte eX| ng o

with the processiRdertiepuairdd, opart: idgsign. H-tbﬁr tetal aedumsesofioteach
consistently i nde«cassassehiﬁgl Palibe %ﬁ@ethﬁ%a%& oF dhe/ Lddbdtite MRS

t ool . Therefore tt[}‘a H-har I's %a &?gabl ?met hod f or attalirgtpg ;{Legr
he

repeatability in angd
filled resins, control of warping and shrinking during the

15 plastic injection molding process is very difficult, if not
impossible. Even when running the mold press within
acceptable parameters, a significant percentage of molded
cassettes have warped dividers that do not fall within the
tolerances necessary for the wafer processing. This

20 results in an over abundance of warped, unacceptable
cassettes in the cassette manufacturing process. The
molding of unacceptable cassettes increases the total cost,
and production time of the molding process. Therefore, a
need exists for a cassette that is not as readily effected

25 by the above listed warp factors during the plastic
injection molding and cooling process.

To permit automated processing of the wafers, the
cassette must be indexed with the process tool. An H-bar
is formed on the outside of a standardized cassette, which

30 aids in the indexing of the cassette with the process tool.
However, over time the H-bar warps and does not
consistently index a cassette in the same location relative
to the process tool. Therefore, the H-bar is not a
dependable method for attaining high repeatability in

35 indexing the cassette to the process tool. :

During automated processing, the 'indexinq of the
cassette with the process tool must be performed in a clean



During automated processing, the indexing of the cassette with the process
t ool nustwigespetorned in a cl ean WO 95/ 32132 PCT/US95/06562

PCT/ US95/ 06562 -4- environment to prevent contam nation. I n
present manufacturing systems, the SMF pod or box must be opened. and the
cassette removed in such a way ‘that requires additional process tools and
st eps. The increase in 5 required steps and tools adds to the likelihood
that the process tool equipnent will be unibTe to interface with the
necessary renoval tools The increase in required steps also requires a

greater cycle td AR ca L1 D ss to 1

Furt her, when u5| ng %‘% 8 ﬁ‘}&tt h‘é‘ﬁ{:ﬂ%%ﬁ%n?%%ﬁht fohlue rocegg
t ool equi pnent mfmtmat@ SYREems cthe | SMIF opo herrbmivmlsbf behopened
standard cassetggy f kpi@ téﬁshatter Mbve@'iﬁeoshﬁ‘&i' a WAy de p%&u‘i"res

boxes are Iarge eayv, r|ng nore stora ace nd i rea5|ng t he
15 |ikelihood M‘l}%ﬁ es&anﬁﬂgi ’?\‘i- %grﬁﬂ%rs 0 rRasg,(din
Thesedpr obl |6ms requiteéd ostepsrranay teblsi mtdsng:d rumeleﬂkebihoodsuhitb&nes
or pods Elim I dyce u f
necessary cl earé%% %ﬁgﬁegﬁ%ﬁé’t"ﬁ N i cﬁé.ﬁﬁé‘[ﬁt #eé ggﬁ-,[@-f%?j% %gg’s&h

20 semn conductnecegsanys. remavak &aoks nvent I on -ever cones the d| sadvant ages
of the current manp é‘%g!x‘é&%re ag\S&a&iPaa ﬁé’%ﬁ Hkb ﬁd&%@ Iacglzley;ter

seal ed cassette@trggé can Bg‘ 3 an In%ﬁod?flé |:E$$§ese¥ c%%sette
may be i ndexed t dFPFe r Gasset I l=||Flen h&ool.
fol I owi ng abepsmmaﬁngméle Wiy baXSRIFppea bevibbkhgthee lpading heigheor

o ocese oo dhethd HrobRRRT EbSL ARTPRERE Y 1 TS HRGR 3P G110k
t hr ee- gr oove kifmiathe 8emovel|pbr.fng:l'leo ghagidante| gassetie fhomctbecbox wirt h
the process tOCLfod' T&bﬁ-s&uahtmg,p'ta&' %@ﬁra ﬁwwbbsxast QEQ 88 rges analn
the cassette rejative to process tool
heavy requiring more storage space and increasing the
15 1likelihood of _carpal tunnel damage to the handlers of boxes
~ or pods. These problems are all overcome by ‘eliminating
'the need to use SMIF boxes or pods. Elimination of the
boxes or pods also .reduces the amount of necessary clean-
up, thereby further reducing .the cost of processing
20 semiconductor wafers. N :
- The present invention overcomes the disadvantages of
'the current manufacturing system by providing a '
hermetically sealed cassette that can be purged with an
inert gas. '.l'his sealed cassette may be indexed directly.
25 onto the process tool, eliminating the following steps:
' opening ‘the sm:r box or pod, lowering the pod or box door
) sinultaneously with the cassette, and manipulating the
,cassette onto the process tool. The hermetically sealed
~cassette has one surface of a three-groove kinematic
30 coupling to positively locate the. cassette with the process
' tool. This coupling provides a- dependable method to
position the cassette relative to the process tool _w:..th a
high rate of repeatability. | -
- . Further, the cassette 1s smaller and about 20% to 50%
35 lighter than the SMIF box . or. pod. Hence, ‘there is a
reduced likelihood that handlers will suffer from carpal
tunnel. The reduced size eliminates the need that loading




high rate of repeatability. Further, the cassette is smaller and about 20%
to 50% 35 WQ9#2432 t han the SMF box or pod. Hence, there iBRCHUSQ662d

dikelihood that handlers wll suffer fromcarpal tunnel. The reduced size
elimnates the need that |-o0ading -5- height of the process tool

equi pment be | arge enough for the renoval of*%he standard cassette froma
SM F box or pod. Al'so, the required storage, transportation, and

positioning spacg_are . reduced. A tracki ystem proyided 5 on the outer
surface of the hgfr}gﬁtca‘? ygéiap’é'acﬁﬁésgng W&R@?ﬁe%&m% €Ropgh for
tracked i n an untheecmiimowad cofiathenstandand: caksettte fhem ar AMIPrbeki op,
storage or proc I ng e 1 C - Th ' . effe
of warpage, in?lsédi r_lgq.]iié;'-l @Ingg ag%gél Y%ﬁi%%’d %{%%ﬂg%?g\é&}gﬁdr &ha
waf er danage, caRogdtipningaspaceyapeoveduagda uhi fEackéngosystemcpravided
di ;/l derI Ior r egesonf wﬁad_ r&n_iﬁrsufdﬁsee bhetmdd Iﬁéﬂhﬁﬁfcﬂm_gﬁrséélédbéassette
integrally corregspondi ng, wi eag, ontoured regess-forning.pailt reduces
war page of the csﬁ?SHPegh?e‘Eﬁ e??ttﬁ %913’%5’?%8 gﬂr Fﬂg%gglngiﬂ gxgernal
i nj ecti on nol di ngnydsdopaentcooluningr ockls. THranspurmatbibnccestokage ngor
pair has a volu € oo | "g#te jor ribs, the
cassette sides Pﬁfgﬁ%gggﬁ% ﬁgn&i%t g%%ékg’eita\?\gghe‘gac r%{gc'e-ss-for m ng_pair,
and the volume of theThéri Aegative, efifects of warpage, S@Wgtﬁgﬂ-@e
! NVENgll ON Theo pgﬁae?ﬁate&;thekemtasaa bﬂvfﬁﬁg«gﬁﬂnﬂﬁ?ﬁegwgfééedgmﬁeé',a@&ﬁ be
purgabl e, casse fhat . ig conpatible w : stapdar an | a
reduced tendencyeﬁ WPﬁEﬁe%%g"mfﬁjtﬂ%G pELaLne BPVtﬂngéboFagpoangaﬁanr
spacer neans) tor2ftessaformimogngaim plidso.c the exddiviow| of ngxpepiessribs
The cassette has; o) ‘ﬁ-iq’ v | i n R
means for suppor%ﬁﬁﬁgigeﬁgfon%c (o]} %g'fie%?" gsvc\:nwt Elgﬁé?ﬁgééagggggg-?grﬁmg
purging means, aPpd¥ meduqesiMarRRgRNE, the (¢ortowrederncesantorning pair
ext endldng frosn t Bardfg Cther igYastides iafethion2Sn8ideng i P4t E881ing
engage process. The contoured recess-forming pair has a volume
dependent on the corresponding exterior ribs, the cassette
sides thickness, the distance between each recess~-forming
pair, and the volume of the perimeter lip.
20 SUMMARY OF THE INVENTION
The purpose of the present invention is to provide a
sealable, purgable, cassette that is compatible with SEMI
standards, and having a reduced tendency for the recess-
forming pairs (dividers, or slot-forming spacer means) to
25 warp during the plastic injection molding process. The
' cassette has at least one open end, a cover with a sealing
means, a means for supporting the semiconductor wafer's
within the cassette, a purging means, a positive indexing
means, a tracking means, and ribs extending from the
30 exterior sides of the cassette. The cover when engaged
forms a hermetic seal with the cassette. The cassette is
designed to securely support semiconductor wafer's within
the sealed cassette. The recess-forming pairs which
support the wafers are contoured to help eliminate the
35 negative effects of warpage of the recess-forming pairs
during the plastic injection molding process. The
contoured recess—-forming pairs also improve the ability of




forns a hernmetic seal with the cassette. The cassette is designed to
secur el y wopssems2seni conductor wafer's within the seal ed cBSHUPS®6562 The
recess-formng pairs which support the wafers are contoured to help
elimnate the 35 negative effects of warpage of the recess-forning pairs
during the plastic injection. nolding process. The contoured
recess-formng pairs also inprove the ability of a pre-programred
robotic armto transfer the wafers in and owg-of. an i ndexed cassette

wi t hout damagi ng or destroying the seniconductor wafers. The her matlcally
seal ed cassette allows direct indexing to sem.conductor wafer processing 5
equi pment Wi t houa phe-préduamned afokod ¢ resn f et transfer Heche omtexs n angd

container. The gagi Gisvay NYRuuA mw@wmﬁ@ %m&@@z@;mg--
i ndexi ng the cassette to the process: tool. "The g ns p03|t|ons
. the cassette rel heyeeniconduohor saferso| Fﬁeahﬂmﬁ- ?f“ Gregette

high rate of repgatabel idirect Windexted eto mmma&lwesswl

vol une of ine s,t0 b U e t Y/

a clean envi ong@%"?ﬁ? t‘ﬁiﬁﬂ%‘# c%hﬁuﬁgs}’u%ﬁ?%r e’Feac §i F?r%%ﬁéga&g Efe
provi ded for tracbntentke afisthet contaiver.t he'l‘heevoﬁéitiys ia‘dﬁ’émq means
external envi rongg%gf des-”ee %ﬁ%@ﬂdﬂl | RELtR6E BQS'iTnH%igﬂ Q‘Ihe tess e to

sides of the ssette ntegra r%_‘correspo,nd to conto g
recess-forning pihes. P#‘ﬁéeﬁél uk@’lof t ARG o DEaDns; oPﬁF §igner sthag
the ribs are depe&mt@ zeadti@fehew the pocddl tdol kiess pfeéi)setmanner

cassette si de d| st bet ach re m n voI

of the lip f:b géﬁ?elhg ethg C espeaqé 'ﬂd"&le cg@g 'lfe[ tHE
frame. To deter putgi\ng tmmbpamllowsya t4mall exoénmehe:ﬁ:aseertegean 15!3 be
broken'into a Pl W Y %g ‘F& eggggg&tél kepi-g¢iafrgh £5 clean
el enent of the cassetlt | ura o

cOr r esponding segnen
the volunes in tlex fé!ﬁfé#l % "s‘&%nm opd ‘Pﬁ@%o‘ﬁ?%ﬁgﬁd r'gtéggii‘%rﬂ?ﬁﬁs

pairs and the ri la'i-eab%od& eadeai— ‘efacilny A cassegteniithbutethenteall for
adjacent segpgnt VOLNIES:  oxfSrisl Env RS Of tReCTREHT rivs are
' positioned on the ' outer sides of the cassette and
' integrally correspond to contoured recess-forming pairs. |
The volumes of the contoured recess-forming pairs and the
ribs are dependent on each others volume, the thickness of
20 the cassette sides, the distance between each recess-
o forming pair, the volume of the lip forming the opening to
the cassette and the cassette bottom frame. To determine
volume dependency , the area of the cassette can be broken
into a plurality of smaller equal segments. Likewise, each
25 element of the cassette has a. plurality of corresponding
| 's'egments. Hence, the volumes in the corresponding segments
of the contoured recess-forming pairs and the ribs are
dependent on each others segment volume, and all adjacent .
segment volumes. 'l'he volume dependency of each segment
.30_ shifts the center of mass for each segment of the sidewall
towards the center of the sidewall. ‘This shift in the
center of mass for each segment further prevents the -
contoured recess-forming pairs from warping during the
plastic injection molding and cooling process. : |
35 It is accordingly a principal object of the present .
invention to provide a hermetically sealed cassette which
, meets SEMI standards.



30 shifts the center of mass for each segnment of the sidewall towards the
center of WHEIERE®nal . This shift in the center of mass f ACTHUIROESYnent
further prevents the contoured recess-formng pairs fromwarping during the
pl astic injection nolding and cooling process. 35 It is accordingly a
princi pal object of the present invention to provide a hernetically seal ed
cassette which neets SEM standards. -7- Anot her object of the present
invention is to provide a sinple flexible, I"dW cost, non-obtrusive cassette
for sem conductor wafers, that allows isolation control Anot her obj ect of

t he present invention pLLo a Anpt her obj ec
of tﬁe present mventf{é'ﬁqggrt?}’%?% %%a%&%aéég%e%g ’h’i‘?%‘gﬁmbelﬁl QREyvide
i ndexed with a paocEspleoflexihle; niloy-s@stanvienmoktrus iviecicagseteecytor
time to process Qeﬁ?&bﬁaﬂgﬂﬁioﬁa ggrsth%g al OWSAEQBK!E{'.J.QRJ Eghtg‘falt he

present ‘invention is to provid i fect exabl e cassette havin
means to positively ifBe ﬂﬁed&ﬁ%%t?% ‘F‘L‘F aR?W‘P% *‘h‘éﬁb\‘%@és&stﬂblp‘i?'t’%da

hi gh rate of §epaapabgably. chésettanot her object of the present invention

is to 15 provide a cgssgite that can.reduce the number rpocess tools
“and steps for senicongﬁ g%ﬁ T ehi8Sh 2t S rEf’§9?5r¥?¥ﬁn€iﬁ£c%s €°tBE°V1de
present inventioa ¢assetes dhate canckesdirecthyt indéwed ceitle| a ghrdcegs dtivohg
waf er processi ngiRy £! aLhBEnt Gthreie SMbE S r

cl ean roons, and ?hép ggh?lg%gﬁ ?%5253|ng steps Epﬁ&tﬁgﬁhsggé ebofggpdgg
pods requires. YEF°§H§Fh@rSBEﬁGQFdBFtPEe"be§Ent invention is to provide a

cassette thato r educesahbehéry oy éc%ﬂmhéfﬁrés&@t O{n;;é}etmekfgetgsgglo.}pde

store and transport,the 25 uct or ers in a clean enV|ron

Anot her obj ect of ‘%?‘i ?ﬁ%eﬁﬂ‘ﬂ%ﬁ?‘?? %e‘d‘%‘%&%e??ep

tracki ng system ihdexctalme hmassgtiterrelative to the process tool with a high
rate of repeatability.

Still another object of the. prasent invention is to

15 provide a cassette that can reduce the number of process
tools and steps for semiconductor wafer processing.

A further object of the present invention is to
provide a cassette that enhances reliability during wafer
processing by eliminating the need for SMIF boxes or pods,

20 large clean rooms, and the additional processing steps that
the use of boxes or pods requires.

Yet another object of the present invention is to
provide a cassette that reduces the overall weight and size
of the package used to store and transport the

25 semiconductor wafers in a clean environment.

Another object of the present invention is to provide
a cassette with a tracking system that can be implemented
outside of a clean environment.

Still a further object of the present invention is to

30 provide a cassette which improves the ability of the
robotic arm of automated processing equipment to remove and
replace semiconductor wafers from a cassette.

Another object of the present invention is to provide
a semiconductor wafer cassette that decreases the

35 1likelihood of damage or destruction to the wafer by the
robotic arm during the wafer dinsertion or extraction
process. |



~outside of a clean environment. Still a further object of the r esent

i nvent i oW 95/320330 provi de a cassette which inproves the M$?°®F2t he -
robotic arm of autonated processing equi pment to renove and repl ace

sem conductor wafers froma cassette. Another object of the present
“invention is to provide a seniconductor wafer cassette that decreases the
35 likelihood of damage or destruction to8Che wafer by the robotic arm
during the wafer insertion or extraction process. WD 95/32132 Another

obj ect of the prese t |nven i,on.is OVIde cassett.e _havi
recess-form ng pai r tls%ﬁgeerprrﬁasﬂ% dlnvtﬁr‘ﬁltfé} )lsf oq"g" ﬁfpopvcﬁcﬁ ng
and di vi di ng ssnmmette ata\nMerecelset-fdmmg peins (slatadidyming isppcer

plastic 5 'nlﬁﬁﬁﬁé”b{nﬂfqugfa ggoghkggrg;ﬁ§;§ﬁa(§¥u¥&rﬂ Wrpidorl %féB%I

present invention 1s cen SS fe Cassette s| '
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Figure 3 is a ingjéctieh modding ahd ceoiéngepvbceas.type shown in Figure 2,
showi ng the inner Siglg gl JHie dehe?d odjdicts¥ b Wi 1l Tekd Crad Gl otha
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advantages of the present invention,_ will be readily

15 apparent to those skilled in the art from a review of the
following detailed- descriptions of_the preferred embodiment
in conﬁunction'with*théfacooﬁpahyiﬁg*draviﬁgs and claims.

DESCRIPTION OF THE DRAWINGS |
Figure 1 is a perspective view of the cassette with
20 the cover and optional bottom aligned with the cassette.
_ Figure 2 is a perspective view of the semi-standard
cassette showing an enclosed hotton ‘and the H-bar side.
" Figure 3 is a sectional view of the cassette of the
type shown in Figure 2, showiig the inner side of the H-
25  bar, with the alternate preferred indexing spheres shown.
) Pigure 3-A is a oross-sectional view through line A-A
of Figure 3. I
Figure 4 is' a sectional view of the cassette of the
type shown in Fiqure 1, with the cover and optional botton

30 engaged and a wafer positioned ‘within the cassette.

' ‘Figure 4-B is’ a oross—sectional view through line B-B
of Figure 4, with the cover and’ bottom elevated from the
cassette. i '

Figure 5§ is a sectional end view of the cover of the

35 type shown in Figure 1, with the seal ‘removed.

Figure 6 is an end view of the cover of the type shown
in Figqure 1, with the seal removed.
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Figure 3-Ais a cross-sectional view through line A-A of Figure 3. Figure 4
IS a sectiwodsggpw of the cassette of the type shown in Fi gurieusbsosgeth t he
cover and optional bottom 30 engaged and a wafer positioned within the
cassette. Figure 4-B is a cross-sectional view through line B-B of Figure
4, with the cover and bottom el evated fromthe cassette. Figure 5is a
sectional end view of the cover of the 35 t49e shown in Figure 1, with the
seal renoved. Figure 6 is an end view of the cover of the type shown in
Figure 1, with the seal, renoved. Figure 7 is a perspective view of the
cassette, showing theFdgixe afd Bt idnReTSPECEIVS |Uﬁ9’d vwfh thee ecassette,

a tssam' f:oRdugltor shthiingoathealdoverxt gndi ﬁ@tilgﬁﬁlt moﬁﬂéﬁehll:ihg&& t\hﬁt‘,l"[x the
opti ona andl e [ | Xe n_e e.ca se e.
Figure 8 is a se r?tfqzc%’l er%%;f{] h%°€$€%{%5tgat?§?g?f§ga§ o8KRERELDE dfto
cassette, show nfheheassatteiandotheheptiional tandientand etiracking- heamsng
pairs, and wigh ra'ﬁﬁéehewa% @‘gﬁ}&%ﬁg%@g&épheres shown 10

Figure 9 is a cross-section Vi ew t I ne 9 of Fiqure 8. F| ure 10
is a cross-sectional ¥iignker fugHa i fe Bectdopalr yiew soir é’-&ﬁe aiterngte

crOSS-sec: ! ona: z@!éﬁdwgémlbédlﬂméldti%tl&hé)fcisswtﬁeg dﬁdﬂr@ 1&;¢slaner
cross-sectional Vi 0 ur,e re
enl arged secti on, igﬁoﬁnrtl gﬂg g'*’@fesghFoFﬂPﬁﬁug & TeERRFi %8?‘?189 pair ‘Sha”
sl ot-formng spa@ﬁjch&.heTaame)nﬂtxi ;:Im!:ﬁa,rm tinflexing ispherms sh‘xﬁm.Fl gure
Lo i a partigl side gheyatlgngl ~dhdEifl il thEliRC1308"8-0n

I NG e~ Sl

Figure 8, showi ng the'é er|or s ex romt € casSse
the cassette bei Fdamneyded W|th a three d| mensi onal grid.

Figure 10 is a cross-sectional view through line 10-10
of Figure 8.

Figure 11 is a cross—sectional view through line 11-11

15 of Figure 8.

Figure 12 is a cross-sectional view through line 12-12
of Figure 8.

Figure 13 is a greatly enlarged section, showing the
recess forming pairs (dividers or slot-forming spacer

20 means) and slots, of the view in Figure 12. '

Figure 14 is a partial side elevational view of a
cassette of the type shown in Figure 8, showing the
exterior ribs extending from the cassette side, with the
cassette being aligned with a three dimensional grid.

- 25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring first to 'Figﬁxh 1, there is indicated
generally the sealable semiconductor wafer cassette 10, a
cassette cover 24, a wafer 50, and an optional cassette
bottom door 18. |

30 The semiconductor wafer cassette 10 has a pair of
opposing side walls 12 and 13, a pair of end walls 14 and
16, an open top 20, and an optional open bottom 58. The
cassette cover 24 is designed to close and seal the open
top 20. The bottom door 18 is designed to close and seal
35 the optional open bottom 58.

Referring to Figures 2 and 3 the curved semiconductor

wafer supporting sidewalls 12 and 13 extend downward from



25 ' DETAI LED DESCRI PTI ON OF THE PREFFERRED EMBODI MENT Referring
first to AYQa¥2182 there is indicated generally the seal ablRCEE#SREWAuCt or
waf er cassette 10, a cassette cover 24, a wafer 50, and an optional .
cassette bottom door 18. 30 *  The sem conductor wafer cassette 10 has a-
pair .of opposing side walls 12 and 13, a pair of end walls 14 and 16, an
open top 20, and an optional open bottom 539= The cassette cover 24 is
designed to close and seal .the open top 20. The bottom door 18 is designed
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contact with t I r 48Orti l h
of the opti onalhfz bgﬁorjﬁadooﬁé %i;?ﬂg%f%%?gcggggﬁs gogﬂ?nér#aé;cgﬁt [ nuous
e
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to the end vvaII 14 an
« The cassette ‘may be constructed with a varying

15 number of recess-forming pairs, .. of course, without
deviating from the invention. : :

Forming the enclosed ends of the semiconductor vafer
cassette 10 are the end walls 14 and 16. - The end wall 14
forming an enclosed end of the semiconductor wafer cassette

20 10 has an optional processing handle 56 which extends
relatively perpendiculer to the end wall 14 and relatively
parallel to the open top 20 (see Figur_.e 7). The cassette
processing handle 56 forms a gripping surface. Also,
attached to the end well 14 is the optional cassette level

25 trecking systsm 54, allowing a semiconductor wafer cassette

' 10 %o ‘be tracked. during processing, transportation, and
storagc. Severel types of trecking systems may be used
including but not limited to: infrared encoders, radio

_ frequency transmitters, _and bar codes that interact with

30 bar code readers. _ ' -

Opposite the end wall 14 1s the H-bar end 16 that
forms the other enclosed end of the semiconductor wafer
cassette 10 (See Figure 2) ' H—har 41 extends from the
surface of the H-bar end that ellows the cassette 10 to be |

35 indexed with the processing tool. Referring to Figures 3
and 3~A an optional plurality. of partial spheres 42 may
extend _from the H-bar end 16 a_]_.lowing precise, consistent




parallel to the open top 20 (see Figure 7). The cassette processi ng handl e
56 forms aWGISEMRAg surface. Al so, attached to the end waPCT/P$93Q656 e
optional cassette level 25 tracking system54, allow ng a sem conduct or
waf er cassette 10 to be tracked during processing, transportation, and
storage. Several types of tracking systensikay be used including but not
limted to: infrared encoders, radio frequency transmtters, and bar codes
that interact vvitQ 30. .bar. code readers. g)posme the end wa 14 is the
Hbar end 16 t 39t etdaple AnARXINE1 os& tohonae géﬁrésﬁdmr%ﬁafﬁ

cassette 10 (Setofmgone &yrfade oiffbartiteexygeoovel kifenleioucbapiing.t he
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surface of a thri %groove ki nemat| c coupl i ng. Kine
coupl i ng consi s?LigR 2Rg §89F58e§heTﬁP@€r§ﬁhePé%e aﬁq Fithin the other
triangle are 5 satfacéed TheoﬁﬁoSBuE&aee&ndrwm@w\dﬂﬁ:o desTit e, t Orhe

align and enga d surf.ac he tmo
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precisely ori enf-?ﬁg swfmas spelative rtbatthe othehe otiThis coﬁibﬂ.mg
coupling 1Qp argﬁwn ET r gl

the order of the s ace ?lan?\sﬁ’soﬂﬁagegg%ere and&gerg%ves Ckslif;e pre*erred
material for thHMs RTAMH GfooRe surfacer (tirishi ofs e asPhengs: cand
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ki nemati ¢ couplnitride fox @ iszoniae oDlﬂecouuséacbhes naterih ks nde alsodss
tool. Thhg argSedeRBthcit CdevPAEEhG® Ao NERE | IRvRRIEIRRT  NR1ERESC Mk
grooves or spheres may extend from the H-bar end wall 16,
to form one surface of the kinematic coupling surface 42.
The other surface is formed on the process tool. This
arrangement allows precise orientation between the cassette
20 and the process tool. In the alternate preferred
embodiment, the partial spheres 42 of the kinematic
coupling may replace the H-bar 41. '

Purging bores 53 extend through the H-bar end 16 at
predetermined locations. A purging means consisting of a
25 plurality of self sealing breather filters may extend from
the end wall 16 centered over the purging bores 53,
allowing the sealed seniconductor wafer cassette 10 to be
purged with particle-free air or an inert gas. 1In the
preferred embodiment, a .02 micron filter
30 polytetrafluoroethylene (PTFE) membrane is used. These
'~ filters may be sealed within a housing that in turn extends
through and seals with the purging bore 53. Other suitable
mechanisms can, of course, be used without deviating from
the invention. The purging bores 53, optional handle S6,
35 purging means, and tracking means 54 may alternatively be
attached to the cover 24 or bottom 18 of the semiconductor

wafer cassette without deviating from the invention..



20 and the process tool. In the alternate preferred enbodi nent,
the partivadogiisy es 42 of the kinematic coupling may repl cx/usesoésehar 41.
-Purging bores 53 extend-through the H bar end 16 at predeterm ned

| ocations. A purging nmeans consisting of a 25 -plurality of self sealing
breather filters may extend fromthe end wall - 16 centered over the purging
bores 53, allowi ng the seal ed sem conductor wafer cassette 10 to be purged
with particle-free air or an inert gas. _qb0 the preferred enbodi nment ,

a .02 m cron filter 30 polytetrafluoroethylene (PTFE) nmenmbrane is
used. These filters may be sealed within a housing that in turn extends
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cover. 24 is design open top 20. Recessed around t he

perinet er 18f (GRVeH R4 38 desi @@?%taﬁﬁgégég- hhe, opeRr ,Fop320.1he
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mat eri al s suc g’b?gsﬂ'gagPsrUgg r%/vﬁﬁ%u a’evfgﬁ% ééﬂ’ ﬁ\g i’%ﬁ%ﬁ%’%
Whien engaged, made cofercallapsiblen alastoman: t SOEmSi nat gredonte sealing
Engaging the peang, - of course the seal 23 ‘may be made of other

15 acceptable materials such as plastic or rubber without
deviating from the invention.' When engaged, the cover 24
rests on the cassette perimeter ledge 34. Engaging the
cover 24 with ‘the semiconductor wafer cassette open end 20
.engages the first and second sealing means creating a

20 hermetic seal. _' o

Without limitation, _the cover may be constructed with

a thickness about the same as the perimeter shoulder 32 so

that when the cover 24 engages with the cassette 10, a
relatively flat top surface is formed. . 'The cover may also

. 25 have a means for supporting the semiconductor wafers. This
means for support nay be positioned to align with the apex

of each recess-forming pair when the cover is engaged with

'the container. _ These supports would prevent movement of

the wafer during transportation. ~ The cover may be

30 constructed to engage with other surfaces of the cassette,
‘while still forming a hermetic seal without deviating from

. the invention. o

'l‘he present invention may be constructed with an
enclosed bottom .or with an open sealable bottom 58. In a

35 cassette 10 with an open sealable bottom 58, cassette
‘bottom inner shoulder 66 extends around the inside of the
optional cassette bottom frame 26, forming a third sealing



cover 24 with the sem conductor wafer cassette open end 20 engages the
first and sWO®E2B2al i ng means creating a 20 hernetic seal . PER{U§SYQ6562
Limtation, the cover nmay be constructed with a thickness about the sanme as
t'he perineter shoul der 32 so that when the cover 24 engages with the
cassette 10, a relatively flat top surface is formed. The cover may al so
25 have a neans for supporting the sem condygptor wafers. This neans for
support may be positioned to align with the apex of each recess-forn ng
pair when the cover is engaged with the container. These supports would
prevent novenentsuffade. waffhe doptiomalt rootyum t doo@n.18 hdw acosgeal w3
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in Figures 1 and 2 are, four vertlcal es 93 formthe corners
seni conduct 30 waFaPs8eBte 10, ; proydd roFr"Gli Yri &7 t PUBRAFE skBorkhe
to the cassettecashetterti cPhe evlettlaﬁleéageé Be\ceExiténd nupwardofiiom the
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In the alternate preferred. embod:unent, shown in
15 Figures 8-14, exterior ribs 100 a-t extend outwardly from
the curved semiconductor wafer supporting sidewalls 12 and
13 (see Figure 14). The exterior ribs 100 a-t extend
downward from the two opposing perimeter lip edges 28 and
30 to the cassette bottom frame 26. Each exterior rib
20 corresponds to a recess-forming pair (divider or slot
forming spacer means) 44 a-t and 46 a-t. The exterior ribs
100 a~t are integrally positioned directly opposite each
recess-forming pair on the exterior surface of the
sidewalls 12 and 13 (see Figures 9-11). The exterior ribs
25 100 a-t are integrally positioned to help prevent each
individual recess-forming pair from warping during the
plastic injection molding process. For explanatory and
comparative purposes, the cassette may be positioned over
: a three dimensional grid. The area of the cassette can be
30 broken into a plurality of smaller equal segments
corresponding to the grid. Hence, each element of the
cassette has a plurality of corresponding segments.
Further, each corresponding segment has a volume associated
to it. The segmented volumes of different elements (the
35 contoured recess-forming pairs, the perimeter lip, the side
walls, the exterior ribs and the cassette bottom frame) of

the cassette 10 may be compared (see Figure 13).



the curved sem conduct or wafer supporting sidewalls 12 and 13 igsee F| gure
14) . TWEO 9532432 or ribs 100 a-t extend downward from t he RGEY

perimeter lip edges 28 and 30 to the cassette bottom frane 26. Each
exterior rib 20 corresponds to a recess-fornmng pair (divider or slot
form ng spacer neans) 44 a-t and 46 a-t._.The exterior ribs 100 a-t are
integrally positioned directly opposite each recess-formng pair on the
exterior surface of the sidewalls 12 and 13 (see Figures 9-11). The
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segrrent o5t h@djapentnesemntsoisrmbéﬂtsﬂ ttwards the width center of
- the sidewall. This shift in center of mass helps prevent

warpage. o ' -
' 'I‘herefore, the addition of the exterior ribs 100 a-t,
together ‘with the proportionate adjustment of volumes,
20 helps prevent the recess-forming pairs 44 a-t and 46 a-t
from warping during the plastic injection molding and
cooling process. ‘A wafer placed in the slot 45 of a warped
recess-forming pair will have a wafer tilt. This wafer
tilt increases the likelihood ‘of the robotic arm of the
25 automated processing tool to either damage or destroy the
. wafer. Hence, the warped forming pair renders the cassette
useless. As a result of the addition of the exterior ribs

100 a-t, wafer tilt is reduced. N

To further prevent the recess-forming pairs from
30 warping ‘during the plastic injection molding process the
recess-forming pairs 44 a-t and 46 a-t may. be contoured
without deviating from SEMI standards. The recess-forming
pairs 44 a-t and 46 a-t are contoured three dimensionally
" such that the volume of a segment of the’ recess-forming
35 - pair is reduced when the total combined volume of all
' adjacent segments increases (see Figures 8 and 13) For
example, the volunme of each recess-forming pair segment



conbi nation of the ribs volume and all the surrounding 15 adjacent
segnents | V@B towards the width center of the sidewal | PCTUSASH68A2I f t
in center of mass hel ps prevent warpage. Therefore, the addition of the
exterior ribs 100 a-t, together with the proportionate adjustnent of
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formng pairs 44 a-t -t, closest tot axi s
sem conduct or weltlr, mRt therdltexnate npreferred, eahpdinent okher avapadk
that forma rel atoiedyr of each recess-forming pair has the general_

15 features of a modified ellipsoid with a flat region through
its middle portions (see Figures 8 and 13).

The decreased volume in the recess-forming pair
segments closest to the perimeter lips 28 and 30, further
allows a robotic arm of the processing tool easier access

20 to the semiconductor wafers. The decreased volume of the
recess-forming pair segments nearer to the cassette bottom
frame 26 increases the support surface for the wafer. An
increased support surface towards the bottom of the
cassette provides additional relief for the wafer. The

25 increased support surface also reduces the likelihood that
a robotic arm inserting a wafer completely into the slot 45
will damage or destroy the wafer.

Having described the constructional features of the
sealable, purgable semiconductory wafer cassette 10, the

30 mode of use will now be discussed. With a sealed clean
cassette containing semiconductor wafers, the operator of
the wafer processing equipment indexes the sealed
semiconductor wafer cassette 10 directly onto the
processing tool. To control the particles on the exterior

35 surface of the integrated cassette 10, the processing
equipment should provide a mini-environment that allows a
slight overpressure within the mini-environment to prevent




flat portion 104 of the recess-form ng pairs (see Figure 8). In the

al t er nat e W 8§38132%d enbodi nent the overal |l contour of eac PCTUSIB6562 o ri. ng
pair has the general 15 features of a nodified el I|p50|d with a flat
region through its mddle portions (see Figures -8 and 13). The decreased
volunme in the recess-fornm ng pair segnent-g 4 osest to the perineter |lips 28
and 30, further allows a robotic armof the processing tool easier access
20 to the semiconductor wafers. The decreased vol ume of the recess-form ng
pai r segments there¥teniorhenyironmentpfrementeming dntec the @leaan ndupport

surface for thenyptehmedl, In@ﬁsawl1suaﬂekbnﬁuh£aﬁas£0\a%%s PR i (8!
the cassette provides addi ti onal relief for the wafer. The 25 increased

support surfac®t&l %@Ye%c%‘%etm??%%}’i‘%owlthat a robotic arminserting a
waf er conpletely irtivet heassettdS 10| Imajanage dindasdd ohddizowtadly Hatd ng

descri bed the onal of .t he |.ab l e
sem conduct%or &&fp?a{ré%‘gi ett d&ﬁéﬁﬁ‘rﬁa% rr%de gﬁguse]p%elfg%\r%vbbe sss(:eljtéts,eed

Wth a seal ed @Fbentation: t c Then,aianiPRPA’SH inth kel r withens suctdagp@ng or
of the wafer WM'MQ‘ﬂyealibﬂgeiﬁ& é ﬁlﬂﬁ U Sfeaf £

cassette 10 directly onto the roc SSi n To control the partrcles on
the exterior 3@‘355%?98@1& %Jajs%”éit'f% the pracgpgcroslyfo
equi pnent shoutrempvevine eoveri 2QDV| Nem:enhmha:healdma Pricgidsses may

over pressyre hi Vi me ext er
envi Iroonrreg't f\r,%%n eﬁ?{e Frgér nt oHt ht[éﬁgl e%énm{rﬁ?ox?é&ée‘%% r c??rarrfeél,t6 Efﬁﬁhﬁ erd
m ni - envi ronnmsnetteal soAfter dalyocthe desired opracegsescshave thesn

The cassette pei@oﬁ&d,bﬁhe' RRPeRd 241013 ZERéR| teseRied bye'éﬁgﬁllrﬁb the

-dependi ng on t he preferred cassette orientati

processi ng t ooFPHRFh 24&uMih akheCRRASEERNS | |?§r§¢?ﬁ?\§ aﬁ&dsﬁgag% t he
cassette coverdfﬂcoﬁbﬁnﬁﬁngeme mumldwmah¢mﬁm the puetden.tod to

renove th(isc Ovﬁermetic I\éeexatl fchbme cij G‘be wee CeeSpseers:|.1|1ma'léle1:' ‘shoulder 32,
‘the ledge 34 and the cover s seal 23, -

The cassette may then be.transported to other process

stations, stored or otherwise transported. During storage,

- the cassette may be purged with an inert gas utilizing two

20 .02 micron filter PTFE membranes providing a ‘clean

environment for éemigonductor wafers 50. When the active

‘purge is removed, the sealed cassette 10 will maintain the

inert gas purge for severalfhpurs; This method allows the

semiconductor wafers to be safely stored and transported in

25 an unfriendly external ‘environment.  Also, during

' . processing, transportation or storage, the optional

_tracking system 54 may be used to track the cassette in an

external environment. The optional hindlefss_on the end

wall 14 of the cassette 10 facilitates loading and

30 unloading a cassette into process equipment and storage

areas. . R

~ This ”ihventidn' has been  described herein in

considerable detail in order to comply with the Patent

Statutes and to provide those skilled in the art with the

35 informatidn needed to'apply“the novel principles and to

construct and use such specialized components as are

required, However, it is’ to be understood ‘that the



10 be perforned on the sem conductor wafers wthin the cassette.
After cal | wanes/a2¢32 red processes have been perforned, the coRGHUSHOPS2t hen
+ eseal ed by engaging the cover 24 wth the cassette's perineter |edge
34, discontinuing the vacuum and di sengagi ng the suction. A 15 hernmetic
seal is fornmed between the perineter shoul dev-32, the | edge 34 and the
cover's seal 23. The cassette nmay then be transported to other process
stations, stored or otherwi.se transported. During storage, the cassette
may be purged mnﬁeanipner¢§xgabeut¢ar:zi¢© ons Jdoy specifiicedly f@ifferemtrE
menbranes provg ﬂﬁneﬁ‘t &nd HeBlbed, Oﬁ%nthﬁﬁrvﬁﬁﬂbﬁenﬂé!&i?ic%i%é 5Qor.xﬁe

When the active e |s remgved, the seal ed cassette Wil maintain t

inert gas purge2PotOs&he aainment dﬁﬁ%&%ﬁa?ﬂﬁi?H?Eﬁﬁ%??m?%%ﬂ?@%ﬁﬂ%ctB?“
wafers to be sabel ycﬁompadswa twitismot t dpartihg drominthécadope &t ethél

envi r onnent ng processing, transportation or storage,
t he optlcnuﬁ t?%WEPégs y%Fg§$g4 may be used to track the cassette in an

external environment. The optional handle 56 on the end wall 14 of the
cassette 10 facilitates l|oading and 30 wunloading a cassette into
process equi pment and storage areas. This invention has been described
herein in considerable detail in order to conply with the Patent Statutes
and to provide those skilled in the art with the 35 information needed to
apply the novel principles and to construct and use such specialized
conponents as are required.. However, it is to be understood that the
-17- invention can be carried out by specifically different equi pnent and
devi ces, and that various nodifications, both as to the equi pnent details
and operating procedures, can be acconplished w thout departing fromthe
scope of the 5 invention itself.



-18- CLAIMS 1. A cassette for securely cont ai ni ng semi conductor wafers
conpri si Rgo 9e318Nt ai ner havi ng spaced parallel solid si dePGTANINGS2.
opposed interior surfaces, an open top end, and including a lip extendlngf
peripheratfy aroumdsaid open top end, a plurallty er

mean opposing interior surfaces fOfﬁhQQmﬁuﬂ&ﬁ&ﬁk&le@f
ali gﬁﬂlmﬂgj'lﬁuu ﬁs to support sem conduct or MferSMMI NFmrﬁ

formag spa are configured to fagg+itate auto n and
renoval of wafers supported in said slots wherein d to ach

slot-form ng spacer means near the open top end is inarrower in width than,
and extends fromone of said interior sChATM8s |ess than, a 15 -

rel ativel y | ower- m[lddl eABort [ gacggsﬁgg sl oggor-m- ggcﬁiaappr ma@@ﬁtaﬂnj_ngThe
cassette as recl In claim 1 furth er Corrpr|5| ng -exterior. ribs

ext endi ng domﬁmﬂ-GP?dPF-Gﬁ‘FsHPJeFPpCQHBrEJ &PPadi ng outwardly from opposing
exterior surfaces @af a@ntainer hawdngol spaeedesparanem ceibdesnchaving

tte bott f d t
et h BRpasR AP SRR, fa“?ﬁrﬂ%‘gﬁs‘g‘? e, BRPoLhELEddng,
each of said al diip osxteiyikmcperma 3y arpupdssaide apen oprend, a

cont ai ni ng se }tyo ot-fo £68P" IndaHb alieﬁéé' 6o aayang
spaced par al I S|8 aV| ng opposedp

I nf erior iurf £ n h |
end, and incl mm;mgu @ﬁmlW%?%k@%ﬂ‘V}ga?oﬂ g oﬁg agggng d, a
plurality of %la\ﬁdiqre% £266s PR rsuppert nsomdbpnductorapmcfafs, whereinn

sai d opposing i ur f ces f «Ra t
Co suppor 10 Sieaghaiot EoRRRnY Sobliel Mdlihd abel chhtiphied £0°4a51T14318" ©
fromsaid lip aml:cmaiaeﬂ;eﬁ.nsebmipnmamhcnemmabr Af uUPﬁgraut%RHV-% &ﬁ

apex from an @glgﬁ'ﬁht%”face of 'said solid sides of said 35

cont ai ner, wher apex of each of sald exterjor, ribs is substan |aIIy
aligned with the ar?ex oﬂg’tﬁwee&Fl?&PHe as recit in claim 1 tuithed

comprising exterior ribs extending downwardly from said lip

15 and protruding outwardly from said sides of said container
- to a cassette bottom frame, . wher'e'by'_ said exterior ribs
integrally correspond to said slot-forming spacer means to
prevent warpage of each of said corresponding slot-forming
spacer means. ' _ o _ _

20 3. An enclosure for - securely containing

semiconductor wafers comprising: '

| a container having spaced parallel sides having
opposed interior surfaces, an open top end, and including

a lip extending peripherally around said open top end, a

25 plurality of dividers aligned on said opposing interior
surfaces forming a plurality of parallel slots to support
semiconductor wafers, and exterior ribs extending
downwardly from said lip and protruding outwardly from said

~ sides of said container to a cassette bottom frame, whereby
30 said exterior ribs integrally correspond to said dividers
to prevent warpage of each of said corresponding dividers.

4. An enclosure as recited in claim 3 in which said

dividers are contoured to allow o robotic arm of an
automated processing equipment easier access to

35 semiconductor wafers supported by said dividers.

'5. . An enclosure as recited in claim 3 in which said

dividers are contoured such that said recess-forming pairs
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-19- dividers in a direction perpendicular to the surfaces to inhibit

war page of waeebsnB2said dividers. 4. The cassette as recitpdruRosideddan 3

Fn vvhi ch %aidrdi vi ders— are_cont oured to allow a robotll c armof an 5~
pnent easi er access  Thid SkeerHs BaGRepIsed

aut rocessin

wafers sug ﬁl,ﬂﬂu'mﬂiﬂ ,HLW ders wherein a top portion Hlmm wilEL r

near the rrower in w dth-d9am, and ext I d
i nterior surface Iess %Yhan a rel atlvely | ower, m ddl e portion O 0

di vi der. 5. ette S rec;lte clala?3 in which said dividers are
cont our ed such t etffﬁ"' $edCR “EF'Pé'cf" &% LIRasLes: vheme varpags of
when war page of maj diiviidbyss ooupss. wherein a top portion of each divider

near the open 15 .o t h.than, and nds
froma said interior surf&ggq%%g‘“?‘ﬁg as %@F‘&F%é’?&cﬂm 4 el gﬁﬁ

of the divider, dimidenst aym purther ofcharaatierizsd neucht hbhcassaat k:e'oss-
bottom franesi s SATLIOHE 551 Ea‘i’ddhﬂv‘iﬁigfeﬁﬁ-@ e6ntetel ¢red %&b%ﬁg

surface | ess tha porti-on of the, divi

cassette as r ecﬁqﬁquy &a?ﬂ%e%%ﬁie?ﬂl&mﬁoﬂforﬁﬁiﬂt‘?bﬁi%r e&BﬁrﬂF§Fﬂand
near the casset idedydd=sws f iproportivHateertd n av diohbined sodume edds fazam

saldlnterlor S ess_than: ald m ddl e partion.of {he 25

di vider. 7. %éﬁ}acesé: tesggm?g Pfed ﬁaﬁ"il agﬁf’g"}ﬁ*&ﬂ?%ﬁ eIFRSARG | oA b
is furt her conpdeeasash ofiasaidseggmentedl smlahmtm-’raiugﬂda ascenter of
proportionajg t | Vv ngi c%}; ng s ai d
solid si desi sa?n(f% OCE@ £éta gbﬂggggé %Biﬁ%@ | ip arﬁdsal casse eLbo to%
frame, in order sestdion of, saddt Sidge af sadd santaineegnent and al | of

sai d surroundi ng adJ Faent ase@iRlbiurevacdreaiteal @hn eﬁaamcgr AgSRRiehNgaid

seament o 5314 gebilot! Uikp fre, ehebAERphiptlapSHlEh uats shbdat of
paral |l el sides imaidhnexterior rib is proportionate to a combined volume of
15 surrounding adjacent segments of said sides, said dividers,
said lip and said cassette bottom frame, thereby shifting
a center of mass of said rib segment and all of said
surrounding adjacent segments towards a center of a cross-
section of said sides.
20 8. A box for securely containing semiconductor
wafers comprising:
a container having spaced parallel sides having
opposed interior surfaces, an open top end, and including
a lip extending peripherally around said open top end, a
25 plurality of recess-forming pairs aligned on said opposing
interior surfaces forming a plurality of parallel slots to
support semiconductor wafers, and exterior ribs extending
downwardly from said lip and protruding outwardly from said
sides of said container to a cassette bottom frame, whereby
30 said exterior ribs integrally correspond to said recess-
forming pairs to prevent warpage of each of said
corresponding recess-forming pairs.
9. An enclosure as recited in claim 8 in which said
recess~forming pairs are contoured to allow a robotic arm
35 of an automated processing equipment easier access to
semiconductor wafers supported by said recess-forming
pairs.




opposi ng |nter|or surfaces, an open top end, and in
ext endi ng“ﬂb?ﬁ’%ﬁ@r ally ar ound said open top end, a
recess-formng pairs of di viders aligned on sai d op

711 # 8o MU

protrudlng out war'dl y ffo opp05|ng exteri G surface
container to a cassette bottom frane, whereby each

cl udi ng -20- alip
plurali ?WG*S95’06562
posing . interi-or surfaces

“)

m conductor wafers, and =

l&ul lots to support se
ng downwar, q)l_y from said lip and

s of said sides of said
exterior rib is further

compri sed such thaty ¢l sQBRHo1Rkutdl deC el ihd IBIN I MHIRKE Sl

combi ned 10 . Vol surroundlng adj-acent”
sai d divi der s,¥e888TEOrRing sPRITE 28R £

center of Wﬁs&ﬁeﬁ*fbﬁihée@m&ts aageal tontovred
segnent s towarci'}s a_center_of: at re%[iondl n%sgﬁq?n
9. The cassef % 3%" @m?%??'ﬁ <9 ar| 0,

are contoubed incrsdses anddecreases proporiionatec

rBB?FoﬁPPPﬁ

Shgments of said ggs

edsychethag §Hlﬂt a
?Hﬁwndumm%ny

[0) sSal
EiresdLtofaffy palx |
&op a0 comdiingede (yilpment

easi er access gp seﬁlconq grag%n\gaf egagﬁggggr.t edsg)ydsalégmfow Réh

pairs wherein a to rtio each-dr vi
i S narrower |rP¥WE£%€ teaﬁﬁcﬁﬁ?ﬁﬂdQnFrGﬁFﬁegaPﬂ

near-:the og}n top end 2

FRReLEBS %Fﬁﬂ@éq &fs

than a rel ati widgs | etvesaim ¢ohbineq! volutle twhrd 4 deentéﬁ ofha cavwe-t e

Sosert e bot L ARSHeR EELL Adel'SE LY Al
fromsaid interior surface |l ess than said mddle po
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1. A cassette for securely eontaining senmiconductor wafers conprising: a

cont ai ner hwo ssagaced parallel solid siges: having 5 opposed

interior surfaces, an open top:end, and i.zﬂcl bding a'lip exten“od:igrﬁgsgs’o‘5562

neripheral |y around said open top eAMENDE pﬁhﬂgﬁ ity of slot-forming spacer
’ el rates ved] by pieS TAkerEE Ria® BUvehd hi62 TRl d0 g8 lgky. of

3 alf| elriginalsclaimsupor relaged Byd p%gﬁgq_qg? 0%5 ;79%0

! pr means are configured to facilitate automated | hSerti

on and

spacer nmeans near the open top end is narrower in wdth than,
from onelof sAi dassétté ofor Eéarrely es6ontdning éémiconductoﬁ
The

| foneya Fbddl : | of the slot-form ng spacer neans. 2.
reci ?gﬁggi %o@?é}.lﬁ?ﬂq.f urther conprising exterior ribs extending

rom sai d2| Fpntainer having Eraced rphyaileln spbbdi sjdext havihg
20 opposed Jaitériel dutirdeasof a&f’i'dﬁéﬂ)rﬁ@;ﬁ Néfa lo ﬁ?cfﬁégﬁéﬁ
S 0OpposI a P

50 e, ereby each said exterior rib i te an i ghé

each said sl ot%oﬁﬁ%f%ﬂlﬁnmﬂ%q Yi dround  gaigs opgm "%S’?P send, a

sl ot - f o(r]I m ng sgabura&é&ys.offa. slof-formthie spuceeC heans ﬁ@m@i@a NGn dsaid

seni conduct or . . S_C LLSi Ng:. a _Gontain vj Ng space

paral lel solid ‘g?ﬁgglﬁg\,r“ﬁ%*%ﬁ%&%@?ﬁf&??&%&ﬁ% ‘ngalﬂ'ﬁ’,‘eﬁnd

i Inc| ;f! ng af | ij pPaxabiell Rloks im@?pwrmmmmmmamepoham slot-
repity o | . on

Dl O oppasi ng | LoHklsy fRcbhaBkbld aPd LENELJhYRE e Ae AP Edke uronatia

sai d opposing ipteri Of' surfaces and form ng

to support senitBRETEIOR ARFckemowad Rf cWRSers EURBQTRR nindemitarslgts

fromsaid |ip twhereisset ttopopépriowash réattmrslbudtaﬁmﬂﬂ&\'\@?ﬂdéxi Gnédns

apex from an exﬁ%i.orth%urgégg ftroom g%l d sol 'nd sides of said 3 _

cont ai ner, whereby t he apaenf CRheBf I aNBFToWEs Inp¥idth tbagmtjandy

al i gned with tHeXepasdsoffrome arie sof dsaiddiifitearior nsurticest Less than, a

per mmdi cul ar treldteivily AKierd hiddle portion of the slot-forming spacer
means.

2. The cassette as recited in claim 1 further
comprising exterior ribs extending downwardly from said lip
and protruding outwardly from opposing exterior surfaces of

20 said solid sides of said container to a cassette bottom
frame, whereby each 'said exterior rib is opposite and
aligned with each said slot-forming spacer means to inhibit
warpage of each of said slot-forming spacer means.

3. A cassette for securely containing semiconductor

25 wafers comprising:

a container having spaced parallel solid sides having
opposed interior surfaces, an open top end, and including
a lip extending peripherally arcund said open top end, a
plurality of dividers, each protruding inwardly to an apex

30 - on said opposing interior surfaces and forming a plurality
of parallel slots to support semiconductor wafers, and
exterior ribs extending downwardly from said lip to a
cassette bottom, each rib protruding outwardly to an apex
from an exterior surface from Baid solid sides of said

35 container, whereby the apex of each of said exterior ribs
is substantially aligned with the apex of one of said

This Sheet Has Been Replaced - -
MUHMINN  sweom s iomocz - VRN




I'e

inhibit warpage sai d:di: vrACﬁMEN'B SHEETG cassette as recited in
claim3 in which said dividers are IIowarﬂ_@ggsgg,mof an.
autorratéﬁo”’?ﬁ’%esﬁis etHa f@ﬂ,{e‘gg cdess to sem conductor ', =
waf ers supported b \M%e ‘Eo gortion of each divider

near the open top e

, jand extends from-a-sai d
I nterior surface |ess than a relLatlver | ower, mjddl e portlon of it he- 10

divider. 5. The cassette as recrted rmm—TttrarmsS=n which said divi dars are guk
contoured such that said slots do not effec copdu r fer i
when war pagedbviders dnviaddirestd@ns REFRH 4‘?’%\&‘{%’5 ggrt%b%néﬁeac%g 3‘1%\” der;

near the opepnlbpit warph§e €fleachnofrsabd dividedsh than, and ekt ends:
froma said |nter|or surface | ess t I |<yﬁymI3)V\@,r, mﬂ@hes@mtron;
of the divider, afd a %?t%?ﬁ?)%’sﬁ OJr?or% ci:"ateécgl‘\l%lsder %rﬁthe cass %
bot t om f rarredriviaersovmrel rcantiiratato afdleyt ehdFRIS aitf™ nf’ P

sugface |ess | 03g,5ghd 2rocegsing ddleauipmenty oleddieri visucess. oo

near the cassemdcopUGSAT HATS Wﬁr J3, éﬁﬁ%ﬂﬁﬁﬁﬁﬁif’%ﬁﬁdf‘“ om

from
sai d int er| .0k ﬁurﬁgf@iéﬁs%ﬁ haacnaldiwhdtﬁ enpart ithe obpeme Pop end is
di vi der .

e cassefte re nteetior ri b’
is further | cORTHONET S’t}bhw{"i% gi"?gg hﬂ? ?&'sal gl gfx%&éir ?%rgaﬂi £ &
proporti onat emaaecmabsneuauoa ursllagrivalyr dMeFngRadPALeRP §é‘8ﬁ‘eﬁlfs Bf said

sol I d sides, d@?l dividers, said lip and said cassette bottom
fie, in or

s‘hlft a center of nmass.,of said rih_seg l; gOf
sai d surroundi ng & acdite sagsests P&MF&Q'%&dcé‘Hté’ a&}ng rcﬁ‘rres on%a g

segment of sg ;gkgﬁﬂéféi ﬂgeéon&mred\ methatfsaldes&otsydgom&l mfr#g
sem conduct or

“parallel si d##%ﬂﬂ%‘%oﬁg% ?%P@ﬂs?re u#aggéﬁaﬁ Jﬁ\gf"&g %ﬂﬂﬁ.@érs

i ncl uding occurs wherein a top portion of each divider near %.‘R‘le oern
| 5 = top end is narrower in width than, and extends from a said

| interior surface less than, a relat:.vely lower middle

port:.on of the divider, and a bottom portlon of the divider

near the cassette bottom frame is narrower in width than,

and extends from said interior surface less than said

20 middle portion of the d1v1der. : . _
| 6. The cassette as reclted :Ln cla:.m 4 wherein a

. bottom port:l.on of each divider near the cassette bottom
frame is narrower in width than, and .exte_nds from  said
:mterior ‘surface less than said middle portion of the
25 divider. |
| 7. The cassette as recited in claim 3 in which each
exterior rib ijs further compr:.sed such that a segment of
said exterior rib is proport:.onate to a comb:.ned volume of
surrounding adj acent segments of said golid sides, said
30 dividers, said lip and said cassette bottom frame, in order
| to shift a center of mass of sa:Ld rib segment and all of
‘said surround:.ng adj acent segments towards a center of a
corresponding segment of said solid sides.

8. A cassette for securely conta:LnJ.ng semlconductor

35 : wafers compr:.s:.ng’ : '
a container having spaced parallel sides having
opposing interior surfaces, an open top end, and 1nc1ud1ng

—— T




(]
23 a lip extending perlpher ynd said open top end, a plurality of

recess- fowvmngsznmr |gned on said opposing i p&Ehkdissd’ f aces
formng a plurali ty ts _pg.support sem conductor vvalﬁers and

5 exterior r| ownwardly fromsaid |ip, and protrudlng
outwardly from opposi ng exter| or surfaces of said sides of said container

to a cassette bottom franme, whereby each exterior rib is further conprised
such that a segment of said:exterior rib is proportionate to a conbined 10

b and sard Cadih 18 ScBEhRER0! pARERRALS 5F, SBpedl Mate 33hdh Al ophR, '
said rib segnﬂ%ﬂlréﬁé-tal loHirecessstorningi ngixg a@erﬂi*sws;;emtalwmddgna

center of a C%ra&‘aspeﬁﬁbﬁﬂnée&rﬁﬂrx‘Sr Séhiifﬁbgﬁs fé‘éung a pluralfey ofhe
cassette as recit q.(f{_ln claim8.in which said recess-formng palrs dre

contoured to RATAHIEY oHAYS artR of SURPAER onBERICORARSERF ng"éﬁﬁFﬁmentand
easber access etm:e!émzcom'dbst oexuaﬁemgs ufpenvagdDy stirch r eneiss - NdpT aga

wh d d_ 20
e Marrover | RESCOHE, S0uerdly | rioh Shpdfll | dReBRIEs Beffded?) et
than a rel ati w@ig I%S qfdaaédpspnitgnner &8 & (tassktte 10otthon Examest e
as recited inyg E%éﬁygeiﬂ@ﬁrékﬁei’ﬂ?t £9R pRr Fhotnel Séﬁﬂrgbéhdgﬁgﬁeﬁh&h%

cassette bottom 25 frame IS narrower In Wi ends

from sai d i nt &EBENEPE Saiq extemiar Lk 1% mosswneﬁeotosa. gombingd:
10 volume of surrounding adjacent segments of said sides, said

dividers, said lip and said cassette bottom frame in order
to shift a center of mass of said rib segment and all of
said surrounding adjacent segments towards a center of a
corresponding segment of said sides.

15 9. The cassette as recited in claim 8 in which said
recess—-forming pairs are contoured to allow a robotic arm
of an automated processing equipment easier access to
semiconductor wafers supported by said recess-forming pairs
wherein a top portion of each divider near the open top end

20 is narrower in width than, and extends from a said interior
surface less than a relatively lower, middle portion of
said divider.

10. The cassette as recited in claim 9 wherein a
bottom portion of said divider near the cassette bottom

25 frame is narrower in width than, and extends from said
interior surface less than said middle portion of said
diviger.
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