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CONTACT This invention relate:; to seniconducpﬂ{Aﬁppgggfing equi pnent .
More specifically it relates to carriers for se waf ers. As

sem conduct ors have becone |arger in séale) that is,,as the nunber of
circuits per unit area has increased, particul ates have becone nore of an

i ssue. The size of particulates that can destroy a circmtlmmmmmmmmﬂmMFd
and is approaching the nolecular level. Particulate contro y
during all phases of nmanufacturing, processing) transporting, &gésstorage

of SeniCOW?EEROEAwﬁigﬁsWI?ﬁr@?ﬁ%ﬁﬁ%ﬁ@ﬁ@?iépn during insertion -and. renoval
Do i

of wafers 0 carriérs an nt “of wafers in carfi
tranSportﬂREEﬂﬁﬂhﬁ?%ﬁEEfﬂﬁlf@ﬂkﬁ?ﬂﬂﬂ avoi ded. Buil d-up anmmmﬂmmﬂmmmmmof
static charges 1nh the vicrnity ol sem conductor wafers can be Ggh@st r ophic.
Static dissipation capability is a highly desirable characteristic for

waf er carrier $higt dnventhangeslaBesbeocdsentipahadclyrappatkstangr ound
t hrough the.carrier.

ny partsthat are caon t ed _hy I nt. .or that nmay
contact REPEPIERF ¢ h °r§hfpﬁglfﬁﬁﬁhéﬁ By 58i?§9§n§gpgggg%§e %BSId benefit
by a pat bemdcgnduedorSwafersrts of carriers would include the wafer
supports, robotic handles, and equipnent interfaces. Visibility of wafers
wi thin closed containers is highly desirable and ma equiged by end

users. Transp&fefEMFHRNGUC oSt fgle P6F°§6cHaEHRFaPﬁegE?&§ucﬁ 3§ 15.. as

pol ycar bghat aunbere diedirdhlie s Berhahituakenl aaki dncrebsed, npaetichlacsech

b e M T R
destroy a circuit has decreased and is approaching the modecular
level. Particulate control is necessary during all phases of
manufacturing, processing, transporting, and storage of
semiconductor wafers. Particle generation during insertion and
removal of wafers into carriers and from movement of wafers in
carriers during transport needs is to be minimized or avoided.

Build-up and discharge of static charges in the vicinity of
semiconductor wafers can be catastrophic. Static dissipation
capability is a highly desirable characteristic for wafer
carriers. Static charges may be dissipated by a path to ground
through the carrier. Any parts that are contacted by equipment
or that may contact wafers or that may be touched by operating
personnel would benefit by a path to ground. Such parts of
carriers would include the wafer supports, robotic handles, and
equipment interfaces.

Visibility of wafers within closed containers is highly
desirable and may be required by end users. Transparent plastics
suitable for such containers, such as polycarbonates, are
desirable in that such plastic is low in cost but such plastics



Materials for wafer carriers also need to be rigid to prevent damage to

waf eks during transport and al so need to be di mgsAJ@EQdM st abl e t hrough
varying conditions. Conventional ideal carrier ith | ow particle
generation characteristics, dinensionalp stability, and other desirable
physi cal characteristics) such as pol yet heret herketone (PEEK), are not
transparent, are relatively expensive, and are difficult to nold into

uni tary 4arQee ang, & Ol §fa SHARET U] 13 AL CHa2RE LeRRLRI BEr forCeneral |y
containers and carriers.for storing and transporting wafers have been

desi gneddesi¥2lahe ppprashen AT e &% in vertical planes. Such carriers,
for exanple the Hbar carriers well known in the art (see FIG 18), are

typically configured . for also.allowng a carrier ition it he wafers
in a hori zon?%?gﬁﬁé?}?o#? ofat e occ‘.’érsns]l'gt’r‘]"gs gﬂ&/"of‘%eﬁgéﬂ !bgn ralrgfdlgl. R:roermval of
t he waf epseventt Gemhgei zomwaf eposiuryiony tthenspfoerts asmde adsiv aeidonal by
supported. ! i - r{Q t fief,cSl ots and extend

al ong thglﬁqéﬁé%ﬁ%ﬁfﬁgtfﬁ?&%ﬁ}glreééc'lhgia ﬁﬂe&ggr@ilern. The carrier side is
partially curved or angled to follow the wafer edge contour. Such carriers

ant aCfA\dg_n?_ Suaﬁféh;:ibﬁa%\@ﬁéé% ab DEWEhL. éfg\pnea:rél:ﬁalrs Wit&ﬁ%l@@ﬁ@{aﬁtﬁcﬂhﬁ Wa}c er
edge. i tional e shift, of, conventional carriers .from rtica

Cr amspor HCPBERELBN CHAFRELRGH ShTtal SIS bR g acane S5ERH on can
cause watlesirablleephyateanl shafadcuveyiseies, insttalid itolygrderiethergetenat i on
and waf er, ge i 0 i i I NG
processi r‘tsggr grgggi égﬁ é??a!?%%éh\a/\ﬁ‘?br%s{g]%éel. E §;30 J&#nﬁg(ﬁ)% :gal\r?eepe?hgln e
consequefAiEfiral§etocpifeistandntomenai Farge faid MR YRY wdREees Suetnééded.
Mor eover chke ikerdushay cohcAPMeRg. toward hori zontal wafer arrangenents in
carriers and containers. Increasing the size of the carriers has

exacer bat ed shri nkage and warpage difficulties during nolding. |Increased
dependence upGeneahdflycsopaainensaahq ¢arthers efvovadtanichg reetti on of
wafers i '&&%ﬁ%?k&%%g gﬁgeEQ”LQ{rQ%éen ha?és. 83t & zacljaﬁé“ﬁo@f e
critical. at i s néeded i s an optinal Iy 1nhexpensive, low particle

gener at i WgLexsatine vgirsdicpat Phanesds r i 8vCh nCkr £8r3 hef M feramke Gieabl-®arand
consi st edalytidd RN kvt RASthboAed ande WRIEh 18N M Zescydiecdingnst er of
any particl e%s on t carrier ﬁg the wafers.,. SU ~] AR~-C CF TH%}\F![NV | ON A
waf er coffPA e FaAeS0r EERGWORTNDI SRRG SRS F 1P ottt it &2 E8hSal 1y
al i gned amr angereontad mposimdbnf 6or poooess gy carsdt odr viadssrr tsigrparrtd at t he
edge porti fy t f . prefe d j t i ‘&?ﬂé j
portion ;r'r??f%g%cll .grs]sgéb ee”r §8F§'Thgkf ﬁ‘gt hggg?%%%? %or tllf(;ong h%lzé a fi rr?t e
mol ded p&anveRtgona ldivasuprersefphyi vébaaeer vafenaguide sinthak i fm ddww

frane w tnfdi edics RNkttt B2bhh0Bhe ANch§t 805 £l c ROt { PR PESE PiHdd UF
with an gg}w pnent, i nterface al so extends fromthe door frame. A second

] d
mol ded pdrtd SIRAEEE -a (ENSFEFART SAERI 1RNPRACEBRRECTST YR e DY e,
to the pléoldiow athgpavdfiean edgied coatbhe . bosuem basei pps t¢omtaSepatidtalpport
nol ded e t_C s connect to the top planar_ portion to the
bottom \tl)\gésheé 6’%"%%% a&ﬁﬁ@ﬁ CudéVerti cal F@%‘F‘F‘Eﬁg!’é% @Fleev gééé%/)vi Ef‘%;]%pwar dly
facing projection providing mniml point or point region contact with the

vafers. The shedyas; ddildeneaiser; r3t @RS chAveAt §hhST EclbEDeFOT PEER BHe
rearward rmve,rreag]'; of the wafers when sulpggorted,by t he E)rrl%ectl ons and to

prevent i¥RErtS PRI FORTAG P 58 gnhorigontgyl rtion-removal-

process position can cause wafer rattle, wafer shifting, wafer
instability, particle generation and wafer damage.



15 April 2002 ' 4 A side handl e engaging both the first nolded portion
and the second nol ded portion operates to secur§stf}5igded portions
together. A robotic handl e connects to the planarlg%b—pvr tion. The robotic
handl e) the wafer shelves the side handl es, and the door franme have a
conductive path to ground through the nmachine interface. An additional
enbodi nent is a conventional H bar wafer carrier with protrusions added to
the top sideraé lh&u%f?rlﬁblé‘d@Bvﬂb@hlﬂMtthﬁibﬁﬂiﬁj I;brd:gzresmameile/r is

positioned w t e _pl ane of e waf e n a hori on e
waf er s 868e61H.§ﬁFS¢ohfSCt %é&ﬁ“thé %%P$ %Fri)aqi; dﬁI W?Ht§$€ns on
the vaf enrgiedssand teatameeaadf@nvamld@ﬂﬂrwaﬁ¢ﬂﬁ|an&yneeﬂﬁds;tMQneqmwﬁer

SUpport che RhAVEEeY Wit Rom%”@bwéﬁé REFH4 En VRS Gfa CONt A adYerddie LanTier. A
further advantage acid feature of the conposite container enbodi ment of the

i nvent | GRTES SERaLNEHEOREAPBEFBe dERFEHRRRIIIWEND T} 7Rl O s DICH HE aIhsts
such aslemefemeeaxamsgé%%ab?aal aﬂrﬁﬁgesaaﬂt1@fmt5ésatd@rm§sncpminge

nat eri a or or t ortions._o t ont. al ont act
The waf AP TCASRAIRERECTERa PRE HOBoBT P oBRE b aNbTvEY i bar b e s ueh
as pol yeadhdmsteg)t ifomx Otfhua§taracunr-al cguppers @mdtch@nz:@m@merhmdmdfe

vi ewabi ldde indie af e h\BrEh@r?OQI:ﬂ!lnerWhJ@uﬁ ﬁ@é&é@%&%ﬁ@é@fﬁa@ﬂﬂ

mat eri al_ sel ecti.on may be chosen each separately polded part to
opt i i zeNFEMEESiHfee LoWd PRTSLRL2e YBBEEALANE yr SRR LG UVLFT SRR YR FRETiR%e of
the conmgesiwie i ReIfeeibagdiemeRbbok, t RAdI BYEBL s0Ent By tawd pdei COMPDSi te

constructian .m.ni he ne. atlve ef fect sociated wth nDId Iarge
OO S A e oA e o6 LRS! 8;aRRRE LSl L 00

advant agdearmrdrgurte d¢het wafeosposi t e cont ai ner enbodi ment of th-e
invention is that all critical parts may be conductively connected to
ground through the equipnment interface portion of the carrier. A further
advantage and feature of theSYMMARY QR THE JNVENEEON s are passively held in
a specific seating position by the suitable shaped shel ves. A further
advant age and, fe e. of, t. ntiqQn_i.s hat the, g it tal ner may
be assenbl eddA aaaé‘?%]a c1(%“':"’\slr(glcure %t t&&etrlﬁg? |nﬁ ofhlé ?%ga %%éggs? a!r?]d t abs
assoc|aﬂ@urwnQntaluaxqaﬂiyugiﬂgaed arrangement has minimal four point

regions of wafer support at the edge portion of the wafers. A

preferred embodiment has a first container portion and a
closeable door. The first container portion has a first molded
portion of a static dissipative material having an upright door
frame with integral planar top portion. An integral bottom base
portion with an equipment interface also extends from the door
frame. A second molded portion has a transparent shell which
connects to the door frame, to the planar top portion, and to the
bottom base portion. Separately molded wafer support columns
connect to the top planar portion and to the bottom base portion
and include vertically arranged shelves with upwardly facing
projection providing minimal point or point region contact with
the wafers. The shelves include wafer stops to interfere with
forward or rearward movement of the wafers when supported by the

projections and to prevent insertion beyond a seating position.



*Afurther feature and advantage of the invention is that the wafer contact
wi th.the protrusions or beads reduce accunul atiq rild¥obi cul ate matter on
the wafers by mnimzing the.transferring of su | ate matter by

m nimzing the wafer contact with the darrier. A further feature and
advantage of the invention is that the protrusions or extensions on the top
side of the wafer guides nmay be forned in a variety of configurations. A

further A eatay eail adrlasy ebra phef eired pebadinpotténtaeditivention is

that m ni nal point. conta m nim zes roc dual . waf ers and
o ovi Gedqand Rdasd Btioh SpErAtRs 85 s e LA, pPthdn PEFHITAS

consi st erdgettiteposiA inadatdfe haposict iconnegtsThe chet btanadi ne}nsp@ntt@n be
mai nt ai gk Hdie d MR OfidGaR0! LiSh9as agneotpaEeHaha)the SRAI ER:

| ength of the contact area on convention wafér gu Anri| 2002 6
BRI EF DEStRr Hirame drvHR BRAAUNES V|| gath e areaﬂtiu 5hr9u@§pFBae@achme

per spectiyesf£ye of a conposite wafer container having a |atchable door.
FIG 2 is a front perspective view of a wafer container with three wafer
support columms attached to a U shaped transparent shell. FIG 3 is a rear
perspective whmwaddizdanakiemquﬂﬂdmﬂ its0 at ehvehtEbGal2H-bthwpEasti c

J unper s éé’np{é’f“v?l ﬁ?&&&é{ W LN QUG *ageg%e”s@t tth%Eé?e F'G 4

is a front spe view of a conp05|te container wth si and| es,
robotic F¢ S%ﬁhl%h¢%uﬂhﬁﬂi%hﬁnﬂ -G eag viiera ifr pAcipépapecyi vl 9hém1of

an open yB4Rs @ﬂrﬁh@rw@ﬁ:@@é dunga iy i nine rir@hgelklfc EnkSwafers have

Cr 0Ss- sec [el] si de el evat,i o view of .a ¢ rr e
t fha contact wf%h éke carﬁqet by t beads or protrusions on

the wafer guides.

A feature and advantage of the invention is that wafer

support is provided with minimal and secure wafer contact by the
carrier.

A further advantage and feature of the composite container
embodiment of the invention is that the composite design allows
optimal use of materials, such as the more expensive abrasion
resistant and static dissipative materials, for example PEEK, for
the portions of the container that contact the wafers or
equipment, and the use of less expensive clear plastic, such as
polycarbonate, for the structural support of the container and
the viewability of the wafers in the container. Thus, molding
parameters and material selection may be chosen for each

separately molded part to optimize performance and minimize cost.

A further advantage and feature of the composite container
embodiment of the invention is that the composite construction
minimizes the negative effects associated with molding large
carriers such as warpage and shrinkage.



"FIG 7 is a front perspective view of one enbodi nent of the first nol ded

portion of a wafer carrier. FIG 8 is a rear pergpﬁgEizqggviem/of a first
nol ded portion of one embodi ment of the wafer c G 9is a front

perspective view of the shell or second nol ded portion of one enbodi nent of
the wafer carrier. FIG 10 is a perspective view of a side handle for a
conposite carrier. 15 Auril 2002 7 FIG 11 is a detail cross-sectional

vi ew of a COanﬁgt:hﬁarbsh%ﬁeagaeaﬁhr%&aafgigegf PORL | QK ¢ b SyRcOiie 1ol ded

portion. FIG erspective view o fer support colum for a
waf er cembadimentrpé, the |1§V8n}§ép§péét Fhat vablv oF 1 ol ot RABLHIAY DI um

for the c%ahlc@ﬁv@flyFbGnnéc teliGroldrbena €Biéudh PENSPEGhipwent einvdr tace
portion ofta waf 2 t%ﬁpport .colum. FIG 15 is a cross-sectional plan view
of a waP&F “¢&ry iPer G3TfdSTs a cross-sectional view taken at |ine 1G 1G

of FIG 15. FIG 17 is a plan view of an edge portion of a wafer

Il Tustrating 2 B Pl MBlaRAcRlyeahel reR0hA6! oBNEnSUPRPEAEion is that
wafers are passively held in a specific seating position by the
suitable shaped shelves.

A further advantage and feature of the invention is that the
composite container may be assembled and finally secured together

using the lugs, tongues, and tabs associated with the side
handle. .

A further feature and advantage of the invention is that the
wafer contact with the protrusions or beads reduce accumulation
of particulate matter on the wafers by minimizing the
transferring of such particulate matter by minimizing the wafer
contact with the carrier.

A further feature and advantage of the invention is that the

protrusions or extensions on the top side of the wafer guides may
be formed in a variety of configurations.

A further feature and advantage of a preferred embodiment of
the invention is that minimal point contact minimizes rocking of
the individual wafers and provides for greater variations in
molding while still maintaining consistent and positive wafer
positioning. The critical dimension to be maintained is tho top
of the protrusions as compared to the entire length of the
contact area on convention wafer guides.



FIG 18 is a perspective view of a prior art wafer carrier. FIG 19 is a
perspective view of the left wafer guides of thqss' Wmoh of the wafer
carrier depicted in FIG 18. FIGS. 20A-D are top—ﬁhgﬁ—vrems of upper sides
of wafer gui des showi ng various enbodi gents of the invention. FIGS. 21A-D
are front views of the wafer guides of FIGS. 20A-D. FIGS. 22A-D are side
views of the wafer guides of FIGS. 20AD and 21A-D, nt al5 April 2002 8
FIGS. 23A-D are cross-s@RIEMIESCRIWT IONOOFaltaEe DRAWONGS an H-bar waf er
carrier show ng the wafer support at various insertion retraction
positions. FIG 24 is a cross-sectional view through |ine 24-24 of FIG
23D. DETAI LEFBPECQH FI <CATIr@N Refldiyr ingplicdled] Gerspegtp¥espéewi 96 @i ew of a
preferr é?ggggénwg |2 Al far LEh&r dbBPl ace on equi pnent
22. FIGeSéjO , 3, 4, afnéc? SEAs}ﬁ:oAv‘%qgéd%itlor?a egt%: ?‘r?é)r%t% .db'?'ﬁe wafer carriers
are generally conprised of a container. portion 26) including wafer support
]‘30' urm§027) iamEGa ;3@@@%&&;@: qsizélrsﬁd&n?)iyte VaRRL ﬁifnar wacngti) QBnZ@ihgg a«i@gen
ront a left_side a back side ri ght side a_to and a
bot t om 487 T BH BT WRTES ofS RS FEerchgl edd, R 2nansa s34 8R8% Bl des
and cl osglelkft and right sides. The enbodinent of FIG 5 is a generally
open carrier with an open back and with the top and bottom connected by and
supported by the wafer support columms. Referring specifically to FIGS 1,
4, and 6 the BHpod? nEht3 SPRFWMPIFRITHL Ve oHita 9dr apGAETART26 1ay 25e Lol ded
of a firschatDbEleRIEOrs| omnidl sk i & efimipk v e drpaideod parhAsoshewinin
FIGS. 1 gggoé OEhnB% bf gpAdeqlq;,_ single unitary nol ded portion as shown
in FIGS. %hS Th R ot et B8t T i on 50, which is shown in isolation
in FIGS. 7 and 8, is conprised of a rectangular door frame 56 with a
horizontal topr&rafe; POALEPENEGhelshddi v MW PH av @iohipodli tlel @R tRQhkkONS

@, & and a horizontal |ower franme portion 64.
wgth sgde handles, a roboticr%lange, and a latched door.

FIG. S5 is a front perspective view of an open wafer carrier
according to the invention.

FIG. 6 is a cross-sectional side elevational view of a
carrier.

FIG. 7 is a front perspective view of one embodiment of the
first molded portion of a wafer carrier.

FIG. 8 is a rear perspective view of a first molded portion
of one embodiment of the wafer carrier.

FIG. 9 is a front perspective view of the shell or second
molded portion of one embodiment of the wafer carrier.

FIG. 10 is a perspective view of a side handle for a
composite carrier.



15'Anril '2002 9 The upper frane portion 58 and the vertical franme portion
60, 62 have angled surfaces GG 68, 70 for receiygggriaﬁgzgui di ng the door
during closing. The | ower frame portion 4 has ally horizonta
surface 72 best shown in FIG G The ddor frane 56 by way of the angled
surfaces 6G 68, 70 and the horizontal surface 72 receive the door 28 to

cl ose the open front 30. The door frame surfaces may have apertures or
recesses 73 tBIGecdilvést andeesilVSowds cisarEianat) aciteablof extoomdgisite ofy om t he
door 28. i r r [ [ :

Subst ani PEE TS Hor TS ontl ot An e T S R e e P AR AR e

| ower franme portion 64 is a | ower base portion 76 having an equi pnent
interface 82 whichiRs ishawbeesepét gived & oo Kifefmid:e amddngolAmn for
hori zontal ¢t sectigon_74 has a horizontal edge portion 88 and the verti cal
frame poPtV8%§r669néle§5e vertical edge portions 92, 94. Simlarly) the

| oner base portion 76 has a | ower horizontal edge portion 9G The

hori zontal to ChirOR 7 j t A taghyrent
of a handl e o?lggbéﬁigsféa§g§5§§%?9g§ gﬂ%ﬁﬁ@?ﬁgkﬁég@ggﬁgﬁgﬁﬂQS?gbntaI top
section 'the KaAFrdeFaiof EECs| 6tted nenbers 106, 108 which correspond to the
slotted nenbers 110, 112 positioned on the | ower base portion 76. Said
slotted nenbers are si.zed and configured to receive.the wafer support

Col urms 27, EXREdiAg 1Fr GriEh@LycPEF ERFCF iRy KO (T brfb R T4 & & wafer
pl ur al i t yuppoeltomgdtmmwaf er gui des 120. As best shown in FIGS. 4 and 8
additional features may be added to the first nolded portion 50 to
facilitate connection with the second nolded portion 52 and to facilitate
the addition &Gide Hén@ €¥0fsgseckienal nglan ovd et ho? i W aICa%dp Yect i on
74 are hooked lugs 134 and inset into said top section 74 are recesses: 136

. Attached to I r. base portion 76.are taps, 138 hayin recess 140.
Referring (o B 98 BE SotoRaonePacaoBor For S EgM A bt B oo o BF
transpar élG plidstic shell with a gently U shaped curved 15 Auril 2002 10
panel 150, an upper top panel portion 152, an upper edge portion 154
configured as a splayed lip, vertical side panels 156, 158 al so having

apl ayed |ip pdrkq o’ 1602 ®LeswdieoPLtz8Rt 8AI8pPaYRHOR| PE 1B WERF a pair of
out war dl yi kit fithp i e meindalallons 1h64watbh. cBetgEL| At Suppéxrt 11 a
splayed lip 162 is shown in detail connecting to an edge portion 96 of the
first nol ded portion 50. The joint is configured as a tongue in groove
connection 17®IG Relfferys g persple@til® iper sfiest pyeopi ece paféer feamrieenf a
right handle 128 is portrayed. The side handl e has a gripping portion 174

connect ed by may of &ost 17G 178 to a handl e. ,
FIG. 19 is a perspective view of the left wafer guides of

the sidewall of the wafer carrier depicted in FIG. 18.

FIGS. 20A-D are top plan views of upper sides of wafer
guides showing various embodiments of the invention.

FIGS. 21A-D are front views of the wafer guides of
FIGS. 20A-D.

FIGS. 22A-D are side views of the wafer guides of FIGS. 20A-
D and 21A-D.



base 180, configured as a strip. The strip has a divided Y-shaped portion 18
whi ch has curved portions 184, 186 to wap arourig ved top edge
portion of the clear plastic shell and two domwa'l'%&yi—&rb?endi ng tabs 188,
190 that fit into the recesses 13Gin 8he horizontal top section 74 of the
first nolded portion 50. The horizontal top ends 189, 191 of the side

handl e 128 al so have side engagenent portions 194, 196 to engage wth the

| ugs 134 al soFpesi t23%en are tdmam.dezmﬁoaialt oneswscifirom abovehehirowgh end

over b Bbr IR AR Che il Tl Ll BhpRiEs o BIRELER 070 200

al so hasnasstmomosett-m@hgag@cmvctmre the projection 176 on the vertical

si de panel 156 of the clear plastic shell. The side handle 128 is forned of
arigid yet resi I|entIy flexible plastic rraterlal such _t hat the handl e is
strongly bi asB¥Ci n24nks s%a‘b@%%o%F‘?irPrﬁlGVlﬁ)\’ W GRS hehaRdl e to

essenti afpky . bgisnapped into place and to remain f| xed on the sides 32) 36
and top 38 of the carrier, to engage both the first 15 Anril 2002 11

nol ded portion 50 and the second nol ded portion 52, and to steadfastly hold
the assenbly together. Ref errmupmmwmm 15, and 16 wafer
support colums 27 are shown in two princial configurations. FIG 13 is a
waf er support colum suitable for the open carrier showmm in FIG 5. FTG 12
and 14 show aREEAFFENPaEPORI®f hafdrPgRRFEiRY of7 shrefisreeor use in
the carrefboafiiedtnent tRé Ebﬁzén@&lﬂ W fer AcaxB_Qiérvmeﬂamaomft col ums 27

attach into. the| spe ar a 38 on

Al t er nat 8%8ﬂ5ﬂ| cg #@%r ng) é n’%’)’/w 31% elﬂsdll i zed—;1 ISe erdg%mr?élt ’
parti cul FheywadeE| c;rrie)rs 18rea@dn&nalh.e grerier i s ol ta CENAAELNEE | S
conpri Seﬂo‘i}fm%npbﬁr a&hEXuBEn&%QEeQ“éQﬁ%oPE Shelnves 220 aMy &h &ﬂjgﬁgfat

verti cal “suppart a rear post 225 with rear sto §1 Upper
and | onef°Psngle p3PF| Sﬁ§t6FnFEgE°§?B°n2%@ 58 eh PR INE Veétt ik dieupport
nmenber 223dand23re baekr eidkt B4t he edgnespdaei3g, recesses orasl at ted

menber s w L0 11 112, An_al ternat configurati o) er.%

col unms %%Q‘é:roe ?ﬁomqilhﬁ I“P%dlﬁe“?i £ i1"‘I“|§se glaf’er gupgrgdr tJ cﬁ%{mns are

shown wi tlecki isdcesarndc gdonedt befheamﬂsha@hﬁ phdes . 15the rbadingnts @fews

231. The pay efs %pa%ten%q)nwnépeﬁ Eéﬁlez A %&a&&mw&@ amd”v?idﬁ yuqa.f

i ndi vi dual” wafer supports or shélves 220, eacﬁhs hel = havi ng_a single wafer
engageneCRp A5 BRI SONREREFGUP¥I2RS BHPRPEREML Y bR, W?\ﬁﬂ% FYRROMaf er
support e@lwmss .y, in some enbodi nents of the invention, be integral with
the container portion and still provide many of the advant ages and features
identified above. Referring to FIGS. G 14, 15, and 1G further details and
posi ti oni ng ofRefleerniafespeejfdchldyl 6oNEIRT. ahd 4hehn@sé atlre sérved inkcts

hel f 2361A%, h t f
Che carr il T%%%S‘Zf’ﬁ%&?é‘%g‘s’%%%?°ﬁ o el B0 e e TR G

shel ves DL IRBIRITHAR P andent enecon@5mAmci?d poppian $2ne Mr%le@vmm
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Referring to FIG 6, 1~) and 1G the space between each vertically adjacent
pair .of wafer guides and the distance across thelsiﬂé ﬁ“(ﬂfg of the carrier
defines a wafer insertion and renoval |evel and ot 244. Simlary
an insertion level is defined by the area between vartically adjacent wafer
support shelves 220. The wafer slot is further defined as the area across
the carrier between the vertical support menbers of the wafer support
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shows an H-bar _wafer carrier 280 t plcal to the art. Such H_bar carriers
have two ori enR&EPBRANINCRNFER- t hefnreseernd npletedbposfiopmest corfépnepd
surfaces. abne peahtparehasplistyaf 1811 with UPIdedtl slaghapedr cargedent
with the wafers axially aligned wwth the axis of the wafers substantially
hori zontal. The second position has the wafers horizontal as the

enbodi ments of FIGS. 1, 2, and 5. The wafer carrier 280 has a top side 281,
a bottom side 282, a back side 285, a left sidewall 300 and a right
sidewal | 400. The bottom side 282, includes a bottomor end wall 283 with
an H-shaped flange 284 which interfaces with wafer processing equi pnent
(not shown). Although the wafer carrier 280 is shown with the wafers in
vertical alignment in the figure, the conponents are identified with
reference to the orientation with the bottomor endwall 283 generally
hori zontal and the wafers substantially horizontal. FIG 19, shows a
section of the left side wall 300 of wafer carrier 280 as it woul d appear
fox the horizontal arrangenent of at |east one wafer. The left side wall
300 conprlses a plurallty of elongate mafer QU|des 310 whi ch extend
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FI GS. 20:-22 show orthographic views of segnents of wafer guides 310 which

i ncl ude various enbodi ments of protrusions or eﬁg%mzwo 1; 330.2;
330. 3; 330.4; and 330.5. 15 Auril 2002 15 FI are top views of

segnents of wafer guides 310 which shgg vari ous enbodi nents of protrusions
or extensions 330.1; 330.2; 330.3; 330.4; and 330.5. In FIG 201t, the
protrusion or extension 330.3 is arranged such that it substantially spans
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in the horizontal top section 74 of the first molded portion 50.
The horizontal top ends 189, 191 of the side handle 128 also have
side engagement portions 194, 196 to engage with the lugs 134
also positioned on the horizontal top section 74. The lower
end 200 of the side handle 128 has a receiving slot 202 for the
tab 138 on the lower hase portion 76 of the first molded
portion 50. The lower end 200 also has a slot 208 to engage and
secure the projection 176 on the vertical side panel 156 of the
clear plastic shell.

The side handle 128 is formed of a rigid yet resiliently
flexible plastic material such that the handle is strongly biased
in the shape shown in FIG. 10. This allows the handle to
essentially be snapped into place and to remain fixed on the
sides 32, 36 and top 38 of the carrier, to engage both the first



330.44; and 330.5 if desired without departing fromthe spirit and scope of
the i.nvention. FIGS. 22A-D are side views of thelgxﬁs el %ﬁgg des 310 depicted
in FIGS. 20A-D. As can be seen, the protrusions ons 330.1, 330.2,
330. 3, 330.4, and 330.5 project fromthe upper side 311 of the wafer guide
310. Note that FIG 22A is somewhat different than FIGS. 22B-Din that
protrusion or extension 330.3 generally traverses the width of the wafer
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conprises a renovabl e door on which is placed a H-bar carrier. FIG 26
depicts a transport type nodule 381 with a door §%& iloﬁoag an open front
385 with a renovable H bar carrier 280. FIG 27 g'eprlgt-m—box 389 for

ehcl osing and transporting H bar carriargs. All such containers are openable
for renoval of the wafer with the separate H bar carriers and all are
suitably appropriate for use with mninml contact features on the wafer
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wafer seating position as shown in FIG. 15. The forward wafer
stop 232 does not extend into the wafer insertion and removal
level but does interfere with movement outwardly of wafers seated
in the wafer seating position. The distance D1 between the
corresponding forward wafer stops of each opposing wafer support

shelf is less than the diameter D of the wafer W.



-205. The wafer carrier of claim4 wherein each wafer guide has a | ower
surface confronting the top surface of the vvaferls trﬂ% bfspectlve sl ot and
wherein the top surface is at an angle fromthe vva'fggr—p'pa-ne greater than
the slight angle of the upwardly facingasurface. 6. The wafer carrier of
claim1l further conprising a closed backside and wherein the wafer carrier
is configured as a container having a renovable front door. 7. A wafer
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FIGS. 20A-D are top views of segments of wafer guides 310
which show various embodiments of protrusions or
extensions 330.1; 330.2; 330.3; 330.4; and 330.5. In FIG. 20A,
the protrusion or extension 330.3 is arranged such that it
substantially spans the distance between the front edge 313 and
rear 314 of wafer guide 310G. As can be seen from the figure,
protrusion or extension 330.3 is generally elongate and
preferably orthogonal to the front edge 313 of wafer guide 310,
such that the longitudinal axis (not shown)} of protrusion or
extension 330.3 points inwardly towards the center of the wafer
carrier. In FIG. 20B, the protrusion or extension 330.4 1is
convexly shaped as a nub. Although the protrusion or
extension 330.4 is depicted midway between the front edge.313 and
the rear 314 of wafer guide 310, it is understood that protrusion
or extension 330.4 may be positioned closer to either the front
edge 313 or rear 314 without departing from the spirit and scope
of the invention. In FIG. 20C, there are two protrusions or
extensions 330.1 and 330.2 which are adjacent to each other along
an inwardly facing axis which extends from the front edge of the
wafer guide 310 towards the center of the wafer carrier.

FIG. 20D depicts an oval shaped protrusion or bead 330.5.

FIGS. 21A-D are front views of the wafer guides 310 depicted
in FIGS. 20A-D taken from the front edge 313 of the wafer
guide 310. As can be seen, the protrusions or extensions 330.2,
330.3, 330.4, and 330.5 project from the upper side 311 of the
wafer guide 310, while the lower side 312 of the wafer guide is
generally planar. Although the protrusions or extensions 300A-D
appear to project somewhat abruptly from the upper side 311 of
the wafer guide 310, this is only done to better illustrate the
invention. It is understood that the protrusions or extensions
may be provided with a smooth transition between the upper

side 311 and the protrusion or extensions 330.1; 330.2; 330.3;
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guide 310 from the front edge 313 to the rear.

Referring to FIGS. 23A, 23B, 23C, and 23D, a cross-sectional
view of an H-bar wafer carrier is shown with the wafer carxrier in
the orientation with its H-bar end horizontal. This series of
figures demonstrates the feature in which the wafer is supported
exclusively by way of the protrusions 330.3 while in the carrier
in a wafer slot. In other words, at all positions in which the
wafer may rest in a horizontal position on the wafer shelf or
guide 310, said wafer is supported exclusively by the upwardly
extending protrusions 330.3 and thus has minimal contact with the
wafer carrier. As can be seen, the spacing between the
protrusions on the wafer guide varies to provide the continuous
support through all such positions. The spacing of such
protrusions 330.3 will be dependent upon the relative dimensions
of the wafer carrier and wafer along with the specific
configuration of the protrusions. That is, in a situation where
the protrusions are configured as a nub 330.4 as shown in FIG. 19
and displaced a distance from the inside front edge 313 of the
wafer guide, more such nubs will be required than where a

protrusion is an elongate bead 330.3 extending the full width of
the wafer guide.
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through which the wafer may be moved in and out of the carrier
without contacting the wafer guides so long as the wafer is
centered in the carrier. Note that as shown in FIG. 24, the top
surface 352 of the wafer guide is inclined slightly from the
plane of the seated wafer 290 and the lower surface 360 also is
inclined at a slightly greater angle from the horizontal plane of
the wafer 290. With the inclined top surface 352, the engagement
of the wafer 290 is at the lower corner 357 of the wafer at a
restricted point 364 on the protrusion 330.3. Where the top
surface 352 is parallel to the plane of the wafer in its seated
position, the engagement will be at a very limited slightly
larger limited segmented regicn. FIG. 24 illustrates that the
wafer during insertion and removal and when seated on the
protrusion 330.3 is separated from the upper or top side 311 of
the wafer guide by the thickness of the protrusion. Thus, any
particles on said top side 311 of the guide does not come in
contact with and, therefore, will typically not have the
opportunity to adhere to said wafer 290.

Referring to FIGS. 25, 26, and 27, three different
containers are depicted, all of which are known in the art and
are utilized in conjunction with H-bar carriers. FIG. 25 shows a
SMIF pod 378 type of carrier in which the bottom side 380
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| 98" 10%5§§propr1ate for use with minimal contact features on the wafer
guides of the H-bar carriersz.

The present invention may be embodied in other specific
forms without departing from the spirit or essential attributes
thereof, and it is therefore desired that the present embodiment
be considered in all respects as illustrative and not
restrictive, reference being made to the appended claims rather
than to the foregoing description to indicate the scope of the
invention.
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horizontally oriented wafers in an upright axis, the wafers
having a lower surface, the carrier having an open front, a left
side, a right side, a top portion, and a bottom portion, the
carrier further comprising:

a plurality of vertically arranged and horizontally
extending elongate wafer guides along each of the left
side and the right side defining a plurality of slots
for receiving wafers, wherein each wafer guide has a
substantially linear portion substantially parallel to
the wafer insertion direction and each wafer guide
further has a portion converging inwardly as each
wafer guide approaches the backside, each converging
portion contiguous with the respective linear portion,
the wafer guides, each guide having an upwardly facing
surface and comprised of a plurality of rounded
protrusions extending upwardly from said surface for
one of either point contact or radially extending
line contact with the lower surface of a wafer at each
,protrusion, each slot further having an insertion
level and a seating level for a wafer, whereby a wafer
may be inserted into the carrier through the open
front at an insertion level and lowered to sit on the
upwardly extending protrusions at the seating level in
a seating position, the protrusions on the top side of
each wafer guide being sufficient in number and
configured such that at all positions in which the
wafer may rest in a horizontal position in the wafer
slot on the wafer guides, such wafer is supported
exclusively by the upwardly extending protrusions at
the wafer’s lower surface when at the seating
position.

2. The wafer carrier of claim 1 further comprising an open
backside and wherein the bottom portion comprises a machine
interface configured as an h-bar.

3. The wafer carrier of claim 1 wherein the rounded
protrusions are elongate and extend inwardly.

4. The wafer carrier of claim 1 wherein the protrusions are
rounded and wherein each seated wafer has a wafer plane and
wherein the upwardly facing surface of each wafer guide is at a
slight angle with respect to said wafer plane.
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wafer carrier o aim 4 wherein each wafer guilde has a
lower surface confronting the top surface of the wafer in the
respective slot and wherein the top surface is at an angle from
the wafer plane greater than the slight angle of the upwardly
facing surface.

10

6. The wafer carrier of claim 1 further comprising a closed
backside and wherein the wafer carrier is configured as a
container having a removable front door.

7. A wafer carrier for holding substantially circular
horizontally oriented wafers in an upright axis, the wafers
having a lower surface, the carrier having an open front, a top
portion, and a bottom portion with an h-bar machine interface,
the carrier further comprising:

a right wafer support column and a left wafer support
column, each extending from the top portion to the
bottom portion, each wafer support column comprised of
a plurality of vertically arranged and horizontally
extending elongate wafer guides defining a plurality
of slots for receiving wafers, each guide having an
upwardly facing surface and comprised of a plurality
of rounded protrusions extending upwardly form said
surface for one of either minimal point contact or
radially extending line contact with the lower
surface of a wafer at each protrusion, each slot
further having an insertion level and a seating level
for a wafer, whereby a wafer may be inserted into the
carrier through the open front at an insertion level
and lowered to sit on the upwardly extending
protrusions at the seating level in a seating position
and wherein each seated wafer has a wafer plane and
wherein the upwardly facing surface of each wafer
guide is at a slight angle with respect to said wafer
plane.

8. A wafer container for holding substantially circular
horizontally oriented wafers in an upright axis, the wafers
having a lower surface, the container having an open front, a
closed top portion, a closed backside, a closed left side, a
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closed right side, and a closed bottom portion, the container

further comprising:

a right wafer support column and a left wafer support
column, each wafer support column comprised of a plurality
of vertically arranged and horizontally extending elongate
wafer guides defining a plurality of slots for receiving

4 wafers, each guide having an upwardly facing surface and
comprised of a plurality of rounded convex protrusions
extending upwardly from said surface for one of either
minimal point contact or radially extending line contact
with the lower surface of a wafer at each protrusion, each
slot further having an insertion level and a seating level
for a wafer, whereby a wafer may be inserted into the
container through the open front at an insertion level and
lowered to sit on the upwardly extending protrusions at the
seating level in a seating position, and wherein the
protrusions on the top side of each wafer guide being
sufficient in number and configured such that at all
positions in which the wafer may rest in a horizontal
position in the wafer slot on the wafer guides, such wafer
is supported exclusively by the upwardly extending
protrusions at the wafer’s lower surface when at the
seating position.

9., 1In a wafer carrier of the type for holding a plurality of
wafers, the wafer carrier having an open front for insertion and
removal of wafers, an open backside, a top side, a bottom side
with a h-bar flange, a left sidewall and a right sidewall, with
each of the right and left sidewalls having a plurality of
parallel, elongated, inwardly facing and substantially
horizontal wafer guides defining a plurality of wafer slots, the
plurality of wafer guides having an upper side and a lower side,
a substantially linear portion substantially parallel to the
wafer insertion direction and each wafer guide further has a
portion converging inwardly as each wafer guide approaches the
backside, each converging portion contiguous with the respective
linear portion, a plurality of rounded convex protrusions
projecting upwardly from the upper side of each of the wafer
guides for supporting wafers with minimal contact with the wafer
guides.

10. The wafer carrier of claim 9 wherein the carrier is
integrally molded.
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12. The wafer carrier of claim 9 wherein the protrusions are
elongate and generally oriented radially inward whereby each
protrusion provides minimal line contact with the wafer.

4 13. The wafer carrier of claim 10 wherein the protrusions are
rounded and wherein each seated wafer has a wafer plane and
wherein the upwardly facing surface of each wafer guide is at a
slight angle with respect to said wafer plane.

14. The wafer carrier of claim 13 wherein each wafer guide has
a lower surface confronting the top surface of the wafer in the
respective slot and wherein the top surface is at an angle from
the wafer plane greater than the slight angle of the upwardly
facing surface.

15. In a wafer container of the type for holding a plurality of
wafers, the wafer container having an open front for insertion
and removal of wafers, a backside, a top side, a bottom side, a
left side and a right side, with each of the right and left
sides having a plurality of parallel, elongated, inwardly facing
and substantially horizontal wafer guides defining a plurality
of wafer slots, the plurality of wafer guides having an upper
side and a lower side, the upper side of each wafer guide at a
slight argle from horizontal and at least two rounded
protrusicns projecting upwardly from the upper side of each of
the wafer guides for supporting wafers with minimal contact with
the wafer guides, each of the rounded protrusions having an apex
for contact with the wafer at the wafer’s edge portion.

16. The wafer container of claim 15 wherein the container has
an open backside.

17. The wafer container of claim 16 wherein the container is
integrally molded of static dissipative material.

18. In a wafer carrier of the type for holding a plurality of
wafers, the wafer carrier having an open front for insertion and
removal of wafers, an open backside, a top side, a bottom side
with a machine interface comprising an h-bar flange, a left
sidewall and a right sidewall, with each of the right and left
sidewalls having a plurality of wafer guides defining a
plurality of wafer slots, each wafer guide has a substantially
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linear portion substantially parallel to the wafer insertion
direction and each wafer guide further has a portion converging
inwardly as each wafer guide approaches the backside, each
converging portion contiguous with the respective linear
portion, the plurality of wafer guides having an upper side and
a lower side, the improvement comprising a plurality of rounded
protrusions, each having an apex, on the top side of each wafer
guide, with the protrusions being sufficient in number and
configured such that at all positions in which the wafer may
rest in a horizontal position in the wafer slot on the wafer
guides, such wafer is supported exclusively by the upwardly
extending protrusions at the wafer’s lower surface when at the
seating position.

19. The wafer carrier of claim 15 wherein the carrier is
integrally molded of static dissipative material.

20. A wafer container for holding substantially circular
horizontally oriented wafers in an upright axis, the wafers
having a lower surface, the container having an cpen front, a
closed top portion, a closed backside, a closed left side, a
closed right side, and a closed bottom portion, the container
further comprising:

a right wafer support column and a left wafer support column,
each wafer support column comprised of a plurality of vertically
arranged and horizontally extending elongate wafer guides
defining a plurality of slots for receiving wafers, each guide
having an upwardly facing surface at a slight angle downward
toward the interior of the container, the wafer guides comprised
of a plurality of rounded convex elongate protrusions extending
upwardly from said upwardly facing surface for minimal contact
contact with the lower surface of a wafer at each protrusion,
each slot further having an insertion level and a seating level
for a wafer, whereby a wafer may be inserted into the container
through the open front at an insertion level and lowered to sit
on the upwardly extending protrusions at the seating level in a
seating position.



