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retain static charges. Static buitj dup on carriers can cause sem conductor
pr OCessi r?aa gfaﬁp%ﬁtgﬁt resents very significant contamination problems. Contamination is

accepted as the single largest cause of yield loss in the semiconductor industry. As the

15 size of integrated circuitry has continued to be reduced, the size of particles which can

contaminate an integrated circuit has also become smaller, making minimization of

contaminants all the more critical.

Wafer Carriers configured as enclosures for holding wafers intermediate

processing steps are typically formed of numerous plastic components assembled together.

20  The industry accepted configuration for larger wafers, that is 300 mm wafers, is to have an
enclosure portion with a lower machine interface configured as a kinematic coupling, an

open front closeable by a door, and stacked wafer shelves on the inside sides of the
enclosure portion. A door with a pair of latching mechanisms sealingly closes the open

front and will typically have wafer restraints that contact and restrain the forward edge of

25  the wafers in the enclosure.

Conventional carriers used in the semiconductor industry may develop and retain
static charges. Static buildup on carriers can cause semiconductor processing equipment
to automatically shut down. It is desirable to have a carrier with static dissipation

characteristics to control static charges.
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20 Summary of the Invention

A front opening wafer carrier formed principally of plastic and comprising an
enclosure portion and a door has a path-to-ground with respect to the wafers effectuated
by the door. The base “ground” may be provided at the machine interface upon which the
carrier sits, or through the robotic arm that grasps, operates and moves the door. Several

25  alternate paths for the path to ground include the following:

1) From the robotic arm operating the door, for example, key receiving
portions of said arm, through conductive components in the door such as the latching
mechanism, to a conductive wafer restraint that is mounted on the door for engaging the

wafers.
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conductive film insert molded polymer components.

15 An object and advantage of preferred embodiments of the invention is that a path

to ground for the wafers is established through the door.

An object and advantage of preferred embodiments of the invention is that a path
to ground for the door may be established before the wafers come into contact with the
wafer restraints thereby minimizing the chance of a potential between the door and wafer

20  causing a static discharge.

An object and advantage of preferred embodiments of the invention is that
potential between the door and wafers is eliminated before the cushions mounted on the

door come into contact with the wafers.

An object and advantage of preferred embodiments of the invention is that

25  alternative or additional paths to ground are provided. The conventional path to ground
circuit is from the wafers through the column of wafer support shelves to the lower
machine interface which is grounded through contact with grounded equipment or support

base. The alternative circuits are as described above. These may be in lieu of or
supplemental to the conventional path and further provide the elimination of potential with

30 the wafer contacting components of the door.
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Figure 6 is a perspective view of an enclosure portion and door of a wafer carrier

with portions cut away illustrating an embodiment of the invention herein.

Figure‘ 7 is a plan cross-sectional view of a portion of a wafer carrier illustrating a

15  further embodiment of the invention.

Figure 8 is a perspective view with sections cut-away of an enclosure portion of

the wafer carrier of Figure 7 in accordance with the invention herein.

Detailed Description of Preferred Embodiments

Referring to Figs. 1, and 2, a wafer carrier according to the invention is illustrated

20  and is principally comprised of an enclosure portion 20 for holding wafers 22 and a door
24. The enclosure portion has a top 28 with a robotic lifting flange 29, a bottom 30 with a
machine interface piece 32, a pair of sides 34, 36, side handles 40, a door frame 44, an

open front 46, and a open interior 48. The door has an outside surface 56, and inside
surface 58, wafer restraints 60, latch compartments 64, 66, and key slots 68, 70. Robotic

25  arms 69 with keys for engaging the door are illustrated with dashed lines. The wafer
restraints when mounted on the door may be passive, that is, fixed on the door, or active,

as illustrated in 5,711,427, which is incorporated herein by reference.



Det ai |l ed Description of Preferred Enbodi nents Referring to Figs. 1, and 2,
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and a pair of link arms 93, 95 that ha\}e latching portions 98, 99 that extend out apertures

100 in the door housing. The cammed hub will typically be molded of plastic with carbon
20 filler to provide static dissipative characteﬁstics and has a pair of cam surfaces 104 that are
engaged by a cam followers 107 on the cammed hub. The cammed hub 91 also has a key
hole 110 for receiving the key 112 which would, pursuant to this embodiment of the
invention, be grounded and part of a robotic operating arm. Thus, in this embodiment, the
grounded key 112 is inserted into the key hole 110 and makes contact with the conductive
25  cammed hub. The cammed hub rotates on and contacts protrusion 113 as part of the
conductive piece of the door housing. The conductive wafer retainers either may directly
contact the conductive piece of the door housing or a conductive mounting receptacle 84.
When the door is placed on the enclosure portion by the robotic arm, the latching
mechanism is grounded by the key and when the wafer restraints contact the wafers they a
30 path-to-ground is provided. In an alternative embodiment the door housing may be made

of conductive plastic eliminating the conductive piece.

Referring to Fig. 6, an alternative means of providing a path-to-ground effectuated

by the door is illustrated. In this embodiment, the machine interface piece 32, is formed of

5
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facilitate bending duringand At §" SNHRYEIRA ciibblinldlf dreRREfHENSon is
illustrated. In this embodiment the enclosure portion has a movable wafer restraint
mechanism pivotally e(tttached to the enclosure portion and configured as a pivotal elongate

20 wafer contacting member 194. The wafer contacting member or wafer restraint pivots to
bring a wafer engaging portion 96 into restraining and conductive contact with the wafers

as illustrated in Fig. 8. The pivoting action of the wafer restraint is effected by an
actuation member 198 extending from the door and the conductive elongate wafer
contacting member rotates about a conductive pin 201 engaged in apertures 202 on

25  appropriate grounded support portions on the bottom of the wafer enclosure portion. A
similar pin receiving aperture may be on the top of the wafer enclosure. Depending on

the configuration of the wafer restraint, the actuation member can be passive, to actuate

the wafer restraint by simply closing the door, or can be active to operate by actuation of

the latching mechanism 199. When the door is moved into the closure position, the door

30  actuation member 198 engages with the actuation member to move same into an contact
and restraining position with the stack of wafers. In this embodiment, the further door

wafer restraints 204 may or may not be utilized. If utilized, the door wafer restraints may
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with the stack of wafers. In this enbodinent, the further door wafer
restraints 204 may or may not be utilized. If utilized, the door wafer
restraints may 6 WD 2003/045820 PCT/ US2002/ 037926 be grounded by way of
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stack or wafer positioned therein, the door is noved into place, either
manual ly or by 5 robotic neans. In the preferred enbodi nent, the wafer
restrai nt woaaoes/grssaonded by conpl etion of a path to grourrdCToes200203v926 waf er
restraints conme into contact with the wafers. The present invention may be
enbodied in other specific fornms without departing fromthe spirit or
essential attributes thereof, and it is, therefore, desired that the
present 10 enbodi nent be considered in all respects as illustrative and
not restrWetClaen:7 WO 2003/ 045820 PCT/ US2002/ 037926 We Claim 1. A wafer
cont ai ner conprising an enclosure portion with an open front, a door for
seal i ngl y; cl osj} [ : [ . L0 0N _conpri.si
pl ural i tyl'of s gvlg %%gg?lggﬁ&h‘%%bn%%ﬁ@%% 8(21%1812%5%}% %8%% O%to?{ag%foa'{l
waf ers, tseelinglprcldsing thg openl diont, e sontginedportieh eompasing dluthlifyasmeaeves for

y .of wafer engagenent  nenbers positioned

ot he adBIRB s efterabh Soct hiisRatsarnier, BOIAT dBking & Hoor ANGHEIO!
Crde of ¢ hater JEERNNGIRAAPIOMBAL WlaSe) vl MBI WA e g
mechani smbmabémgositionetlion itheedquoitibiiging, ander Rbshinghbcleanisno uhrdsidek exthirSthe
oot r ar ntddbt gisiedBN BN echitas Javias ey esunes BAIOn oa.a et Side afthe <
cont ai nerggek ®itRi M léey""i’éi‘a\E;)ﬁl'lr%~| dRRr dRoWshN gloiu§n% O%r{&ega[t%{ihggﬂa%}%nﬁﬁl having

, nonconductive plastic. e wafer containe erein a
conduct i wongueivs pastigrsswhérebrewhem a tghennddd dey froimsértegl inyo thaykegfslat ns engage

nmol di ng d,said conductiv i ece and wher ei e path to round extends

t hr ough §§F RAT R%n?ﬂ’gl&egwa% reﬂ{}%}/\%rgr‘&‘ﬁaf’é? éllgﬁé%‘f'}ﬁf”’fl GHYC RFUGARI osur e

portion wth an open front, a door for sealingly closing the open front,

the container portion conprising a plurality of shelves for holding a

vertical stack of spaced horizontal wafers, the door having a door housing,

2ng\§ggﬁ;n%'68t F B " Bathifddy &P Qﬂﬂﬁti %ﬁle%iﬁs&o'o% hvguts{r]lgaisptlo%g Ip%a%ﬁy V(\)@f er
nonconductive plastic.

3. The wafer container of claim 2 wherein a conductive piece is positioned in the
door housing by way of insert molding and said conductive piece and wherein the path to

ground extends through said conductive piece.

4. A wafer container comprising an enclosure portion with an open front, a door for
sealingly closing the open front, the container portion comprising a plurality of shelves for
holding a vertical stack of spaced horizontal wafers, the door having a door housing, a
wafer restraint formed of conductive plastic with a plurality of wafer engagement
members positioned on the door housing, and a latching mechanism contained within the
door housing, the latching mechanism having a key receiving portion, the key receiving

portion conductively connected to the wafer restraint.



menbers positioned on the door housing, and a | atchi ng nechani sm cont ai ned
within the door housing, the | atching nechani sm having a key receiving
portion, Woeokdyssmcei ving portion conductively connectrd/us2oedms79eaf er
restraint. 8 WO 2003/ 045820 PCT/ US2002/ 037926 5. The wafer container of
clai m 4 wher ei The Wefer ootainetist digini 4 whicteimtid dook Qba@: fsihardy Ao GORGIHCt | ve
pl astic and wherein the door is further conprised of a latching nechanism

and wher ¢t 1°8 fRdyclvs @lastinPndx vbpten the dlogh iat furbes comrasedoé g dejching
mechani s | it . ' Y re portion
W th an QnenapRaNaRtwnden’ MR B a Bl PuERl: (HRRh HFlE AR RALT LRy fin
door is swalpomghty cl osing the open front, to an open position whereby the
door is separated fromthe enclosure portion, the container portion
conprising plurality of shelves for holding a vertical stack of spaced
horizontal wafers, and a groundable machine interface on a | ower side of
the enclosure portion, the wafer container further conprising a conductive
connect i dn pordjwafehcoutgingy compriging anhenclatoor partiont With encépes urentparddoon

when the door.js.in the closed position, ihe.conpection, rtion _formng
part of alg‘g%er?giﬁcﬁr‘?lgea {)18?‘%1 Roéﬁﬁpovﬁedet&}f ﬁ’&ffof’r bgeﬁ%g ?’tcﬁ??lr{ét?'&op%lﬁé’?hé?s
and the gmospedaidskionBelirasy holdebf ACRPIMARA AR tHOShclbsird Portids, GbBaMiner
position. 7. The wafer container of claim®6, wherein the conductive

connect | driist comprisies phipky oTshelyesmferxhadiaigragvértionh stavk off spadeel boprontahd

encl osur t] t t . of. 1h oqr, and .encl.gsure.porti on when the
Goor 15 e W' Wl uiehin nleliBee (R R0TEER AR PR BN GRIBHE pethon e
vaf er contabmesntaferciuathen GompHigiced Boriduveting Bénr@&ﬁ&ﬂTﬂ&ﬁBﬁ BEdERE HepPenadhd 1S
operative]y connected to the latch mechanism 9. e waf er cont ai ner of

clai m 7 Wo8F énd theenclesiie ppitiva Whsihihet droriis 1 ithe glosed peritionidhe camebctipe

encl osur &R ki c%ﬁg I i I r raint .actuated by
said co uctr% vdgﬂlclz%#ggel??gra epléttﬁﬁgp%égé \élﬁgﬂlﬁoé\% ﬁibﬁg‘gg tgec B %Iaﬁ%egfti on.
10. The wafléhe grontdrbiremacfincingdr fic® wivbe thei dook einphy 6lb@dd posfiien. restraint is
noveabl e between an obstructing position and a nonobstructing position
Wth respect to insertion

7. The wafer container of claim 6, wherein the conductive connection portion
comprises an arm extending from one of the door and enclosure portion to the other of the

door and enclosure portion when the door is in the closed position.

8. The wafer container of claim 7, the wafer container of claim 6, wherein the arm

extends from the door and is operatively connected to the latch mechanism.

9. The wafer container of claim 7 wherein the conductive connector is fixed to the
door and the enclosure portion further comprises a pivotal wafer restraint actuated by said

conductive connector when the door is moved into the closed position.

10.  The wafer container of claim 9 wherein the pivotal wafer restraint is moveable
between an obstructing position and a nonobstructing position with respect to insertion

and removal of wafers from the plurality of shelves.

9



and renoval of wafers fromthe plurality of shelves. 9 WD 2003/ 045820

PCT/ US2002/ 037926 11. A nethod of providing a path to ground through the
door of awgefoes/o4set ai ner, the wafer container conpri sipgy/eswesrasur e
portion with a open front for insertion and renoval of wafers and a door
for sealingly closing the open front, the door having a wafer restraint
for restraining wafers held in the enclosure portion, the nethod conprising

the steps, of: , form a_copduct i circuit thraou t he door to the fer

Fostr ai nt 8ot Aroriat I STty § bhia arid hesigh ke te AR B cui
to the wafgfer c@ftai NMophising & RHAMsRET RrBok RAth dofen! FoAPYSdinkéHidn anel 0sed
position and before the wafer restraints engage the wafers, and noving the

door i nt oremewalcoiowalees and i dgop fondsaliegly closingdhe oprtieliomatherdopebavieg aveafer
engage th fers.' 12. T hpd. of claim 11  further conprising the step
of Soomp! deriatTE resifing MRETE LRRE e GrBlePlyt dtorteth yBs el fopTiihe B oo

key into @edeayf: receiving portion of the door. 13. The nethod of claim 11,
further conprising the step of conpleting the conductive <circuit with

ground by utiljizing a bridgi ng.condyctiye_ conponent extendi ng.between the
door and a gr o{?ﬁlﬁfg& BSPPAEHIVEF CiFgH g’é‘ﬁ"tgéi ther dogsto; B, W ?r?sr?g“%t gingf
claim 13, cdndttth®ple®idpri sing the step of actuating a wafer restraint
pivotally mounted in the enclosure portion with the bridgi ng conductive

conponent. 15. A nmethod of providi.ng.a path to ground through the door of a
e Sharcon B ciredic o s Ao TGMERAS o GERB DGFRrE offe t

waf er cont ai net°™MR'A

a open frapid ﬁbvéd‘ﬁ@d&i:ltgﬁbecﬂﬂﬁ%ti&l%ﬁ‘%fqr@the B Bst@iifs 2GR thd Rhrs€ahy N9l Y

cl osing the open front, waf er cont ai ner aving a wa restrarnt for
restraining wafers placed in the enclosure portion, the nmethod conprising
the steps of . WOVi® thedapnmbpihy Hosyresesition ydwrashy the grounded wafer restraints

engage the wafers.'

12.  The method of claim 11, further comprising the step of completing the conductive

circuit with ground by inserting a grounded key into a key receiving portion of the door.

13.  The method of claim 11, further comprising the step of completing the conductive
circuit with ground by utilizing a bridging conductive component extending between the

door and a grounded portion of the container portion.

14.  The method of claim 13, further comprising the step of actuating a wafer restraint

pivotally mounted in the enclosure portion with the bridging conductive component.

15. A method of providing a path to ground through the door of a wafer container, the
wafer container comprising an enclosure portion with a open front for insertion and
removal of wafers and a door for sealingly closing the open front, the wafer container
having a wafer restraint for restraining wafers placed in the enclosure portion, the method

comprising the steps of:

10



formng a conductive circuit through the door to the wafer restraints
utilizing conductive plastic, conpleting the conductive circuit to the

waf er reswoaiond/eé4ssdot h ground before the door is noved iRt G322
position and before the wafer restraints engage the wafers, and noving the

door int OfohhngCA O EtROSkdui OthroMpar 8B Yiobh® Gk ibTstle@stvdh rutiliefils! cdinBh@ive
engage the wafers. 16. The nethod of claim 15, further conprising the step

of conpl eﬁlﬁfﬁi}athe conductive circuit with ground by inserting a grounded
key into a key receiving portion of the door. 17. The nethod of claim 15,

further conpri simdetidpethet RBJREIVeTRIR! toNHe tRGerCrRiteHstk iwieh gfduh& Wetor¥i thd
ground by utilizing a bridging conductive conponent extendi ng between the

door and ¢eogivmatetingot elossd pisitioneendbefarr terwafor teptsaints ggagetibe wefanodndf
claim17, further conprising the step of actuating a wafer restraint

pi votal l'y rmunﬁ]gdin'g ][ihé hsoeigd %%Jél%sﬁ@rﬂoki@iﬁn‘%ﬁe'i’eﬂmg@’r@nﬁﬂfeﬂ%zﬁ&%@&:ﬁihﬁée

conponent. 19. waf er contai ner conprising an e sure portion wth an
open fr on¢ngage theoraferapveabl e from an open position whereby the door is
separated fromthe enclosure portion to a closed position whereby the door
is sealingly closing the open front, the container portion conprising a
plurality of shelves for holding a vertical stack of spaced horizontal
wafers, the wafer container including a path to ground circuit extending

t hr ough tonduthe metheddclasmcbberteas comprising fiee gap B cempletng thecdondugtivei s
open when_. 1.S11.0; P bt In t i.ng of the
door ef f etrei B2 brlaid P inskiseAFRuRET o FR HaEh B hdilpn CLRE et o
container of claim19 wherein the path to ground circuit extends through a
| at chi ng nechani sm contained in the door. 11

17.  The method of claim 15, further comprising the step of completing the conductive

circuit with ground by utilizing a bridging conductive component extending between the

door and a grounded portion of the container portion.

18. The method of claim 17, further comprising the step of actuating a wafer restraint

pivotally mounted in the enclosure portion with the bridging conductive component.

19. A wafer container comprising an enclosure portion with an open front, é door
moveable from an open position whereby the door is separated from the enclosure portion
to a closed position whereby the door is sealingly closing the open front, the container
portion comprising a plurality of shelves for holding a vertical stack of spaced horizontal
wafers, the wafer container including a path to ground circuit extending through
conductive plastic components and the path to ground circuit is open when the door is in
the open position and wherein the closing of the door effectuates the closing of the path to

ground circuit.

20.  The wafer container of claim 19 wherein the path to ground circuit extends through

a latching mechanism contained in the door.
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