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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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herein by reference. These references provide background information, as well as the
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providing paths to ground.

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.



25 alternate paths for the path to ground include the follow ng: 1) From
the robotic armoperating the door, for exanple, key receiving portions of
sai d ar mwoDlBoussko conducti ve conponents in the door such asTiuse2Bmeehi ng
mechanism to a conductive wafer restraint that is nounted on the door for

engagi ng the 2yaf eFsom 2hd\D0BINQ4nR2RAc, TSNS R 2Girricl) sifs| wratdoadoaBbiei ne
I nterface upon which the carrier sits, to _a conductive door .contactor

porti on GRek cAAiICRAstien Huf CPBACISR RIEOMOSEhaARIT When Hisofoor 45 FAVER 1At o
posi t1 0N ,08iblGn BRIGHEL, tolfle LRuEARMNER! G RAESh diédidiai nts on the door 3)

From t he I ne 1 nterface upon e carrier sits, to a noveable 5
conductive active wafer restraint attached within the enclosure portion, to
the wafers. 4p)Frofframehe srashine wier{agpaipan wych Hbe gawier siter toeg anpyeable he

key 1 BSelboaRBLd hARS vRlfer 1R EhirR ool S AHEN HRARBHELL YEHRATRARE Waerd 1 t he door
such as t'he Tatching nmechanism to a conductive contactor portion
extending fromthe door to an active wafer restraint nounted within the

encl osure por #) on. Frore thettobeticratmaropesaiingathst dorty fore cxamaples &6 Koy bised fi xed
conductive_ contactor_portion, or n | V Qnt.act.or tjo ted by
oo B RS B b onft L 4Bty 30 0E BGr BOA eGP E

or. conduc nmponent s nay

formed, hch@iaiploa condoctiveatcsanctbr pation exteiding Gont theldedr odnyaceive wafat al | i c
conposites, conductive filmcoated ceram cs, or conductive filminsert

nol ded p&FsiEREY mayHise vathia thelenclesuigionian. g aghive Wakeg sestrping may dejagtpated
enbogdj me t ' ' ' t . S
oot oty kg Pled AnabehR ok Rkl orbyPl vk SoRAUR ol Rh dppRiEE Pl
enbodi nmedtehing niebleanisnv efithe doot.s that a path to ground for the door may be
establ i shed before the wafers cone into contact with the wafer restraints

t her eby m ni mzi . | al t er 20
Chusi oy b ot e Snbligiye 13RSl TuBPHE Rk, RS BRI oMbl s
enbodi mepbwdef filled polymiets, ometalict Bamposites, conductive film coated ceramics, or

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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Description of the Figures Figure 1 is a perspective view of a front
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Fi gurg 2. ‘NSE 1oectl ve view of a door of a wafer carrier in accordance
with hem"gnf1 ftin herein. Figure 3 is a perspective view of a door
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and door of a wafer carrier wth portions cut away illustrating an
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of a portion of a wafer carrier illustrating a 15 further enbodi ment of
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encl osure portion of the wafer carrier of Figure 7 in accordance wth the
i nvent i osuitaiefos the doors illustrated herein.

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 have 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 characteristics 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
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illustrated. In this embodiment the enclosure portion has a movable wafer restraint
mechanism pivotally attached 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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restraint by sinply closing the door, or can be active to operate by
actuation of the latching nmechanism 199. Wen the door is noved into the
cl osure position, the door 30 actuation nmenber 198 engages with the
actuati on nenber to nove sane into an contact and restraining position
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 WO 03/045820 PCT/ US02/ 37926 be grounded by way of
actuati on nenber engagi ng the grounded el ongate wafer contacting nenber.
Thus the invention functions as follows: when the enclosure portion has a
waf er



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 ntwoasm4sgeounded by conpletion of a path to groundrogfusnz3dbe waf er
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essential attributes thereof, and it is, therefore, desired that the
present 10 enbodi nent be considered in all respects as illustrative and
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Featr af ndoPs Rl TR Blem LA AT Bvina Fo B b RE oo 8 et Bg pl e
cont ai neidodf vallﬂalamkéy V&‘é@diﬁlnﬁ ﬂ@lOfthBO&t&Jrnﬂods&ng ahdreldicRingMaiechanispd having
nonconductive plastic . e wafer container of claim2 wherein a
conduct i vencblcébfe PPEiops sTheradbperhanre gieundegolesny indussTtad g theakeyotlot tasagege
nmol di ng Y t t ends
Through Sy K33sEeifARRY Bl BBttt TR B AR Lo ARG PO,
portion with 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,
a wafer 2[ est rjeMvafep 'dRAIRE oFonSHE Wﬁeﬁhﬁ%bﬁ h¥hdif 3 Boritiad! prikardly ¥@f er
engagenen

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, Wwoa3e3g20 ecei ving portion conductively connect edcrasohsrnaf er
restraint. 8 WD 03/045820 PCT/ US02/37926 5. The wafer container of claimi4
wherei n she dane wadioRtines op tlafmei wiyeréianthedodroking iNgimadiydociéd/eonl asti c
and wherein the door is further conprised of a |atching . mecogani sm and
wherei n & PRt 1$onchive uplastiox frch e iR oligndoar ise futhep rompaisethaig? Hétgh‘é‘ﬁl sm
componenty e fon; ‘ﬁﬁt‘iWhefe‘?rPE?htﬂ% Rl 0120 1 '1%%& th‘gﬁih?%cWhﬁiE%nan
open front, a door noveable froma closed position ereby The door is
seal i ngl yompasinhg t he open front, to an open position whereby the door is
separated fromthe encl osure portion, the container portion conprising
plurality of shelves for holding a vertical stack of spaced horizontal

waf ers, and a groundabl e nmachine interface on a | ower side of the enclosure
portion, the wafer container further conprising a conductive connection
portion Bri dgidngyaliest ceaemnerheomptislg aih énelpgure mertagumethpoy ppenigplert dor door

is in the clgsed position, t.he con | O portion. fqrmng p
conduct i T VEERR HeB® §reltsil patiln, FHOREF thE oo e LlBR AGTLE hehlch Blpcto,
gr oundablag ope€ Pbsion MherdbgaRe Wbes kéaraled frohs therentidveure |pdsiith, piesedntaifier 7.

The wafer container of claim@®6, wherein the conductive connection portion
conpri sePoRIPnHamREisingnRiuFAlity pbshadyes for helkling)agerticalistacke phsraced hereemal t o

the othety s ' a SBAhadHE nBRGhO MEARUn' 4 PR SR dRAbsrS pbitichlheC! 0Sed

posi tion. contalner of claim the wafer contal of claim
6, wher ewaférhventimer fetice rdmptisiamat doaddane condedti®nqoeticat bridging baweeacthed t o

the latch nechanism 9. The wafer container. of claim7 wherein the .
conduct | J8SCERhMe BIEIGRkrd PREE oghepae BbR iHhe e B mert Sty Beganprgion
further GOARK RERIR P/ of alcon@icive paft fodkdtindelrbiat S6tw¥n U Hafch FNdieEsl ve
connector when the door is noved into the closed position. 10. The wafer
cont ai nerndfhedraindablewhahaienntetfacepven the dearfisin theslasad pesifien. noveabl e

bet ween an obstructing position and a nonobstructing position with 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 renmoval of wafers fromthe plurality of shelves. 9 WO 03/045820

PCT/ US02/ 37926 11. A nethod of providing a path to ground through the door
of a waf ewowmensmsemer, the wafer container conprising an eQtlussusm®2@orti on
with a open front for insertion and removal 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 nmethod conprising the

Cectranild: ut 1Y PSR S aonitoe vt bl Rl b Fodr Biac sk B bE R cui o

to the wefsfr ¢qiingl BérEipidingd) a8’ @ldlsdukeportiont Wigh adegen fiSnimdorethsertion adcl osed
position and before the wafer restraints eng}gge the wafers, and noving the

door i nt semeval of sefre apba doerofer saakinglyclesies the SuerEantidieedoor Sayipgp rafer
engage tgg t%ﬁ%{%lsres&% g\%vfgﬁtﬁk?&’ 119fthecér?c'l({;§hflel%01{1§ﬁttﬂg Qcmjfzéngbﬂgréé H{% St eP

of conpleting t circuit wt insertin
key intosgpkef§ receiving portion of the door 13. The nmet hod of cl ai m 11
further conprising the step of conpleting the conductive circuit wth

door and a.or GURBE sPRdBRYE BuE AL HERY Tnd BORORT s, SRS R EShARER, £ "

claim 13,coﬁwchhepla@@¢rpr| sing the step of actuating a wafer restraint
pivotally rmounted i n the encl osure portl on with the br| dgl ng conductive

15. A d f
oo ai mepmoiGHins Yie PonRieBys St B BRLPof rab B S0 Sl B 01 7

a open fIdop# 1sfn@c5vekiri§t@ratd16§éd postion EMDYeEbreahe Wafce F@traint chgt@othe Warfers eali ngl y
closing the open front t he waf er container having a wafer restraint for

restraining waf ers %%gggts rgé%}qeﬁg%lzﬁsure Q/ﬁereﬁfﬂie érggnmt‘gggr Somor rising

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

waf er reswoasnss2oni t h ground before the door is noved i nPaTaSot/s™ed
position and before the wafer restraints engage the wafers, and noving the
door i nt gornfifg al oaductivp@ichit tirougtethelioot ke tigrwafed adtrivafsautilizéss comidnétive
engage the wafers. 16. The nethod of claim 15, further conprising the step
of conpl@#ﬁﬂ@ the conductive <circuit with ground by inserting a grounded
key into a key receiving portion of the door. 17. The nethod of claim 15,
further conpricemptihpehs temivefive oifqlietd thg wifer eeraust wide grauind defdre witteh
ground by utilizing a bridging._conductive conponent. extendi ng between the
door and dgogys AYEd dntp 3rlgssd pemitieandcbriersithvalsh Fastraints epsagq*héwr%gqrﬁ@adof
claim17, further conprising the step of actuating a wafer restraint
pivotally noumig®eng thet &toreme! ths GlRuRopdsitivh Whérbby iR QoistdNgafeordtigintsy e
conponent. 19. A wafer container conprising an enclosure portion with an
open frosngagg tiowafersoveabl 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

waf ers, the wafer contajner including a path to ground circuit extending
t hrough 1@ondddeimeth 8@? pln ég’néiﬁﬁ@n%@pﬁal&ths Sﬁgﬂ% CP%‘P&F% ‘%ﬂ@&%ﬁ“ﬁe i s
open when;: LS é{ﬁg Jole/ STREH 1=y ; i of the
door effgé%ﬁg@g%%dga cﬂlyggf né O?Blf{%ﬁg pat n?[g ﬁég}?&%?l{g% ?%IEIP?O ?E}%.%O'?'ﬁe waf er

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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