WAFER CARRI ER - This invention relates to sem conductor ce55|ng
equi pnent. Mre specifically it relates to carriers for tranziggﬁgg

storimg sem conduct or wafers. As semi conductors have gﬁﬁﬁf}
in scale, that is, as the nunber of circuits per unit area has increased
particul ates have beconme nore of an issue. The size of particulate. that

can destroy a circuit has decreased and is approaching the nol ecul ar |evel.
Particul ate control i's necessary during,all phases of manufacturing,
processi ng, transporting, and storage o# sem conductor wafers. Particle

generation during insertion and renow¥FERGIARREEREr S i nto carriers and -from
novemrent of wafers in

Thig invention relates to semiconductor processing

equipment. More specifically it relates to carriers for
transporting and stozing semiconductor wafers.

As semiconductors have become larger in scale, that is, as
the number of circuits per unit area has increased, particulates
have become more of an issue. The size of particulates that can
destroy a circuit has decreased and is approaching the molecular
level. Particulate contrxol is necessary during all phasas 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 . Lo be minimized or avoided.

_ Build-up and discharge of static charges in the vicinity of
samiconductor wafers can be catastrophic. Static dissipation
capability is a highly desirable characteristic for wafer
carriexs. 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 intexfaces.

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
do not have adeguate static dissipative characteristics nor
desirable abrasion resistance.
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carriers during transport needs Lo be mnimzed or avoi ded.

Bui | d-up and di scharge of static charges in the vicinity of sem conductor
waf er s=can be catastrophic. Static dissipation capability is a highly
desirabl e characteristic for wafer carriers. Static charges may be

di ssipated by a path to ground through the carrier. Any parts that are
contacted by equi pnment or that may contact wafers or that nmay be touched by
operating personnel woul d benefit by a path2t© ground. Such parts of
carriers would include the wafer supports, robotic handles, and equi pnent

I nterfaces. Visibility of wafers within closed containers is highly

]gesi rablhe anfl Wab@rl&ﬂﬁif@ﬁ Mﬁ]cbax&eftérs Bmgﬂémttf'b&tﬁi@ﬁ.cﬁlﬂd aﬁl e
or suc contal ners SucC as carogonat e al e es|r I N Su

P rstio COPRIPRE Saapade 68 iR it A I edlhari A ethach nae ¢35

di ssi pat i veditmenaitorallyietebin Wuxiugh vanting icmdigsiansnce. :

Conventional ideal carrier materials with low particle
generation characteristics, dimensional stability, and other
desirabhle physical characteristics, such as polyetheretherketoné
(PEEK), are not transparent, are relatively expensive, and are
difficult to mold inte unitary large and complex shapes such as
carriers and containers.

Generally containers and carriers for storing and
transporting wafers have been designed to transport and hold
wafers in vertical planes. Such carriers are typically
‘configured for also allowing a carrier position with the wafers
in a horizontal position for processing and/or insertion and
removal of rhe wafers. In the horizontal pusition the wafers are
conventionally supported by ribs that form the wafer slots and
extend along the length of the interior sides of the carrier.

The carrier side is partially curved to follow the wafer edge
contour. Such carriers contact and support the wafers along two
arcs on or adjacent to the wafer edge. This type of support is
not conducive to uniform, consistent, and positive wafer location
relative to the wafer carriers and relative to associated
equipment. |

Additionally the ghift of conventional carriers from the
vertical transport position to the horizontal. insertion-removal-
process position can cause wafer rattle, wafer shifting, wafer
instability, particle generation and wafer damage.

The industry is evolving into processing progressively
larger wafers, i.e., 300mm in diameter, and consequently larger



Materials for wafer carriers also need to be rigid to prevent danmage to
wafers during transport and also need to be dinensionally stable through
varyi ng conditions. Conventional ideal carrier materials with | ow
particle generation characteristics, dinmensional stability, and other

desi rabl e physical characteristics, such as pol yetheretherketone (PEEK),
are not transparent, aré relatively expensiye;s and are difficult to nold
into unitary |arge and conpl ex shapes such as carriers and contai ners.
General |l y contai ners and carriers for storing and transporting wafers have

been desi gned to. tra Vp&)réon% 10005 de T 8L Pad g UG EL £ a il HERRed. SUMBrecver

carriers are-y
the 1ndustry is moving toward horizontal wafer drrangements in

carriers and containers. Increasing the size of the carriers has
exacerbated shrinkage and warpage difficulties during molding.
Increased depandence upon xobotics, particularly in the removal
and insertion of wafers intoc carxriers and containers, has made
tolerances all the more critical. What is needed is an optimally
inexpensive, low particle ganerating, static dissipative carrier
in which the wafers are stable, consistently and positively
positioned and are visible when enclosed.

According to the invention there is pravided a

wafer container comprising a container portion comprising:
2 generally rectangular upright frame, che frame having
a horizontal top frams member, a lower f£rame member
pa;allel to the top frame member, a pair of opposice
and upright side frame members extending bstween and
integral with the lower frame member and the top frame
ramber, said frame members defining the open front for
recei&ing wafers;

a substaatially horizontal top section integral Qi:h
and extending rearwardly from the top frame member;

a substantially horizontal lower base portion integral
with and extending rearwardly tron the lower frame
member,

a second moldad portion comprising a transparent plascic
shell, the shell connecting to the top panel portion,
connecting to the lower basc portion, and a haviag a U-
shaped section extending thercbetween,



configured for also allowng a carrier position with the wafers in a

hori zontal position for processing and/or insertion and renoval of the
wafers. In the horizontal position the wafers are conventionally supported
by ribs that formthe wafer slots and extend along the length of the
interior sides of the carrier. The carrier &ide is partially curved to
foll ow the wafer edge contour. Such carriers contact and support the wafers
along two arcs on or adjacent to the wafer edge. This type of support is
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first container portion preferably has a first molded
portion of a statiec dissipative material having an
upright dcor frame with integral planar top portion. An
integral bottom base portion with an eguipment interface
also preferably extends from the door frame. A second
molded portion preferably has a transparent shell which
commects to the door frame, to the planar top portion,
and to the bottom base portion. Separately molded wafer
support columns prefarably connect to the top planar
portion and to the bottom base portion and advantagecusly
include vertically arranged shelves with upwardly facing
projection providing minimal point or point region

contact with the wafers. The shelves advantageously

- 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. A
side handle engaging both the first molded portion and .
the second molded portiocn preferably operates to secure
the molded portions together. A robotic handle prefar-
ably connects to.the planar top portion. The xobotic
handle, the wafer shelves, the side handlee and the door
frame preferably have a conductive path to ground through
the machine interface.

—ju

An advantageous feature of the invention is that
wafer support is provided with minimal and secure wafer
contact by the carrier.

A further advantégecus feature of the invention
is that the container has a composite design which
allows optimal use of materials, such as the



carriers and containers for holding wafers are needed. Moreover t he

I ndustry is noving toward horizontal wafer arrangenents in carriers and
cont ai:-ners. Increasing the size of the carriers has exacer bat ed shrinkage
and warpage difficulties during nolding. | ncreased dependence upon
robotics, particularly in the renoval and insertion of wafers into
carriers and contai ners, has made toIeLa@pes all the nore critical. Wat
is needed is an optimally i nexpensive, |ow particle generating, static

di ssipative carrier in which the wafers are stable, consistently and
positivel y moposexpensivengbrasion Sfddistdren amd| ssacic dissipativeAccordi ng
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cont ai ner portlon CqurISIn%v gener al rect ul ar qht frane,
the franme gj:ont the wafers or eaulpment, c uqe o ess

expensive clear plastie, 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 perfoxrmance and minimize cost.

A further advantageous  feature of the invention is that the
composite construction minimlzes the negative effects asscciated
wirth molding large carriers such as warpage and s“blnkagﬂ

A further advantageous .feature of the invention is thatc all
critical parts may be conductively connected to ground through
the equipment interface portion of the carrier,

A further advancagaous- feature of the invention is that
wafers are pas51vely held in a specxflc seating pasition by the
suitably shaped shalves.

A further advantageous 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 advantageous feature of the invention is that
wafer guides are provided that are separate from the wafer
support shelves whereby tha guides provide easy visual assurance
that the contaiger and/or insertion equipment is properly
positioned before near full insertion and before the wafer comes
into contact with the ‘wafer support shelves and support beads.
This can facilitate alignment in that the wafer does not have to
be fully inserted to check the rough alignment.



a horizontal top franme nenber, a |ower frame nenber parallel to the
top frame nenber, a pair of opposite and upright side franme nenbers
ext endi ng bet ween and integral with the lower frane nmenber and the top
frame menber, said frame nmenbers defining the open front for

recei ving waf ers; a substantially horizontal top section integral

W th and extending rearwardly fromthe top frane nenber; a
substantially horizontal | ower base portroﬁ 'nt egral wi th and
extending rearwardly fromthe | ower frane menber, a second nol ded
portion conprising a transparent plastic shell, the shell connecting to the
top panel portion, connecting to the | ower base portion, and a having a U
shaped section extendi ng there between,

A further advantageous feature of the invention is that the
elongate beads facilitate easy molding. A nub reguires '
additional machining after molding or requires more complicated
and expensive molds. '

A further advantageous feature of a preferred embodiment of
the invention is that four point contact minimizes rocking of the
individual wafers and provides for greater variations in molding
while still maintaining consistent and positive wafer
positioning. '

A further advantageous feature of the invention is that the
door frame with rearwardly extending top and rearwardly extending
base portions joined to a U-shapad transparant shell provides &«
structurally strong carrier with approximately 270° of visikility
around the wafers and a.conductive pabth ground. -

Embodiments of the invention will now be described,
by way of example, with reference to the accompanying
drawings, of which:

FIG. 1 is a partially exploded perspective view of a
composite wafer container having a latchable door;

FIG. 2 is a front perspective view of a wafer
container with three wafer support columns. attached to a

U-shaped transparent shell;



-4- A wafer preferred container for transporting or hol ding wafers
in a horizontal axially aligned arrange- nent has m ninmal four point

regi ons of wafer support at the edge portion of the wafers. A preferred
enbodi ment has a first container portion and a cl oseabl e door. The first
container portion preferably has a first nolded portion of a static

di ssi pative material having an upright door franme with integral planar top
portion. An integral bottom base portion with an equi pment interface al so
preferably extends fromthe door franme. A second nol ded portion preferably
has a transparent shell which connects to th& door frame, to the planar top
portion, and to the bottom base portion. Separately nol ded wafer support
colums preferably connect to the top planar portion and to the bottom base
portion and advantageously include vertically arranged shelves wth
upwardly facing projection providing mninml point or point region contact
with the wafers. Fige shekvasradyapbagpedstive i WLéw et Vel irsidPsinilar to

the pr o] cot FoRE SRAPEG oo, ERELRERPRLS Rl U6 JEHFES M SRR

through the equxpment intexrface;

FIG. 4 is a front perspective view of a composite container
with side handles, a robotic flange, and a latched deor;

FIG. 5 is a fxront perspective view of an open wafer carrier
according to the invention:

FIG. 6 is & cross-sactional side elevational view of a
carrier;

FIG. 7 is a front parspective view of one emhcdiment of the
tirst 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; '

FI1G. 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;

FIG. 11 is a detail cross-sectional view of a connection
between the first molded portion and the second molded portion;

FIG. 12 is a perspective view of a wafer support column for
a wafer container;



si de handl e engagi ng both the first nolded portion and the second nol ded
portion preferably operates to secure the nol ded portions together. A
robotic handle prefer- ably connects to the planar top portion. The robotic

handl e,

the wafer shelves, the side handles and the door franme preferably

have a conductive path to ground through the machine interface. An
advant ageous feature of the invention is.tgat wafer support is provided
with mniml and secure wafer contact by the carrier. A further
advant ageous feature of the invention is that the container has a conposite
design which allows optinmal use of materials, such as the

FIG. 13 is a perspective view of a wafer support column for
the carrier of FIG. 53

FIG. 14 is a detail perspective view of a portion of a wafer
support columnj

FIG. 15 is a cross-sectional plan view of a wafer caxriex;

_ FIG. 16 is a cross-sectional view taken at line 16-16 of
FIG. 15; and

FIG. 17 is a plan view of an edge portion of a wafer
illustrating the minimal point wafer contact and supporc.

Referring to FIG. 1 a perspective view of a preferxed
embodiment of the horizontal wafexr carrier in place on eguipment

'33. FIGS. 2, 3, 4, and 5 show additional embodiments. The wafer

carriers are generally comprised of a contairer portion 26,
including wafer support columns 27, and a cooperating door 28.
The container portion 26 has a open front 30, a left side 32, a
back side 34, a right side 36, 2 top 38, and a bottomﬂéo. The
embodiments of FIGS. 1, 2, 2, and 4 have closed back sides and
closed left and right sides. The embodiment of FIG. 5 is a
generally cpen carrier with an cpen back and with the top ard
bottom connected by and supported by the wafer support columns -

Referring specifically to FIGS. 1, 4, and 6 the embodiments
shown therein, container portion 26 may ke molded of a first '
molded portion 50 and a second molded portion 52. As shown in
FIGS. 1 and 4, or may be molded of a single unitary molded
portion as shown in FIGS. 2 and 3. The first molded portiom 54,
which is shown in isolaticn in FIGS. 7 and 8, is comprised of a



nmore expensive abrasion resistant and static dissipative materials, for
exanpl e PEEK, for the portions of the container that contact the wafers or
equi ppent, and the use of |ess expensive clear plastic, such as

pol ycarbonate, for the structural support of the container and the
viewability of the wafers in, the container. Thus, nolding paraneters and
materi al selection may be chosen for each geparately nolded part to
optim ze performance and minim ze cost. A further advantageous
feature of the invention is that the conposite construction mnimzes the

negati ve effects associated with nDIdin%fIarge carriers such as warpage and
shrinkage. rectangulayideer fxame Sfcoish gabordzentade tPRy EFRMENPPECLRRL S8,

al | criticah paiSoffpPRglkonkitiicsll rapanpoiredone §oousd ahdoaghorbeontal
e carrier. . A further advantageous

equi prent ipterfa ortion. of
feature of ?ﬂ efr&i%ﬁ?cﬁPfE}??wé ‘wafers are passively held in a specific
seating position by the suitably shaped shel ves.

The upper frame portion 58 and the vertical frame portion

60, €2 have angled surfaces 66, 68, 70 for receiving and guiding
the door during closing. The lower frame portion 64 has a
substantially horizontal surface 72 best shown in FIG. 6. The
door frame 56 by way of the angled surfaces 66, 68, 70 and the
horizontal surface 72 receive the door 28 to close the open front
30. The door frame surfaces may have apertures or recesses 73 to
receive tongues 75 which are retractably extendable from the door
28. Extending rearwardly from the uppsr frame portion 58 is a
substantially horizontal top section 74. Extending rearwardly
from the lower frame portion €4 is a lower base po:cioa'76 having
- an equipment interface 82 which is shecwn configured as a

_kinematic coupling. A horizental tep section 74 has a_hqrizontal
edge portion 88 and the vergical frame portions €0, &2 have
vertical edge portions 92, 94. Similarly, tha lower base portion
76 has a lower horizontal edgeiéortion 56. The horizoncal top
section 74 may include engagement flanges 98 for attachment.of a
handle or robotic flange 100. As shown in FIG. 7, thg,horizoncal
top section 74 has a pair of slotted members 106, 208 which
correspond to the slotted members 110, 112 positioned on the
lower base portion 76. 8Said slotted members are sized and
configured to receive the wafer support columns 27. Extending
from the vertical frame portions 60, 62 axe a plurality of
elongate wafer guides 120. As best shown in FIGS. 4 and 8
additional features may be added to the first molded portion S0
to facilitate connection with the second molded portion 52 and to
facilitate the addition of side handles 128. Extending frxom the
horizontal top section 74 are hooked lugs 134 and inset into said
top section 74 are recesses 136. Attached to the lower base



A further advantageous feature of the invention is that the conposite
contai ner may be assenbled and finally secured together using the |ugs,

t ongues, and tabs associated with the side handl e. A further

advant ageous feature of the invention is that wafer guides are provided
that are separate fromthe wafer support shelves whereby the guides provide
easy visual assurance that the container-amnd/er insertion equipnent is

properly positioned before near full insertion and before the wafer cones
I nt o cont act mﬁth t he waf er support shelves and support beads. This can

facilitate aI| In_that, th f er, does not have to be fully inserted
to check th§°F %F BFTehils L 138" havVing’a recess 140 - 6-

Referring to FIG. 9 the second molded portion 52 configured
a8 a transparent plastic shell with a gently U-shaped curved
panel 150, an upper top panel portion 152, an upper edge portion
154 configured as a splayed lip, vertical side panels 156, 158
also having splayed lip portions 160, a lower horizontal splayed
lip 162 and a pair of outwardly extending side rejections 164,
166.

Referring to FIG. 11 a splayed lip 162 is shown in detail
connecting to an edge portion 96 of the first molded portion 50.
The joint is configured as a tongue in groove conncction 170.

Referring to FIG. 10 a perspective piece part figure of =
right handle 128 is portrayed. The side handle has a gripping
portion 174 connected by way of post 176, 178 to a handle base
180 configured as a strip. -The strip has a divided Y-shaped
portion 182 which has curved portions 184, 188 to wrap around the
curved top edge portion of the clear plastic shell and two
downwardly extending tabs 188, 130 that fit into the recesses 136
in the horizontal top section 74 of the firsc 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 base portion 76 of the first molded portion 50.

- The lower end 200 also has a slot 208 to engage and secure the
projection 164 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 ig strongly biased



A further advantageous feature of the invention is that the el ongate beads
facilitate easy nolding. A nub requires additional machining after nol ding
or requires nore conplicated and expensive nol ds. A further

advant ageous feature of a preferred . enbodi nent of the invention is that
four point contact mnimzes rocking of the individual wafers and provides
for greater variations in nolding while stinhl -mai ntai ning consistent and
positive wafer positioning. A further advantageous feature of the
invention is that the door frame with rearwardly extending top and

rearwardly gxtendingpbase Bortions éOlned to a U-shaped transparent shel
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reference to e act onE
molded porxrtion 50 and the second molded portion 52, and to

steadfastly hold the assembly together.

Referring to FIGS. 12, 13, 14, 15, and 16 wafer support
columns 27 are shown in two principle configurations. FIG. 13 is
a wafer support column suitable for the open carrier shown in
FIG. 5. FIG. 12 and 14 show a configuration of wafer suppcrt

‘ columns 27 suitable for use in the carrier embodiment of FIG. 1
and FIG. 4. Both wafer support columns 27 attach into their
respective carrier hy way of tabs 138 or lugs 134. Alternate
mechanical fastening means may also be utilized. Referring
particularly to FIGS. 12, 13, and 14, the wafer support column 27
is comprised of a plurality of shelves 220 which connect to a
vertical support member 222 and a rear post 225 with rear stops
228.° Upper and lower tongue portions or lugs'zza,-zzs'exten&
fxom the vertical support membar 222 and are secured with the
corresponding recesses or slotted members loé, 108, 110, 112. An
alternative configuration of wafer support columns 27 is shown in
FIGS. 2 and 3. These wafer support columns 27 are shown wich
direct attachment to the U-shaped panel 150 such as by screws
231. The wafer support columns of FIGS. 2 and 3 each have a
plurality of individual wafer supports or shelves 220, each shelf
having a single wafer engagement projection 230 configured as an
elongate bead. Note that wafer support columns may, in some
embodiments of the invention, ke integral with the container
portion and still provide many of the advantages and features

identified above.

Referring to FIGS. &, 14, 15, and 16, further details and
positioning of the wafer support columns 27 and shelves are
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of whi ch: FIG 1 is a partially expl oded perspective view

of a conbosite wafer—contai ner bayi ng a | atchabl e door; FIG 2 is a

front -perspective yjighettiHasBssAREacaiONt ai ner with three vvaf er
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col umms.
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'Iansparent shel | ;
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shown. Each shelf 236 has a corresponding opposite shelf 238 on
the opposite side of the carrier. The opposing wafer support
columns 27 with the opposing shelves are positioned on a center
line through the wafer parallel to the open front 30 and door
frame 56 and perpendicular to the direction 229 of insertion and
removal of the wafers W. To support for the wafers, each of the
bpposing shelves are spaced less than a wafer diameter D apart.
Each wafer guide 120 has an opposite wafer guide on the opposite
side of the container.

-12-

Referring to FIG. 6; 15, and 18, the space betwesen each
vertically adjacent pair of wafer guides and the distance across
the interior of the carrier defines a wafer insertion and removal
level and a wafer slot 244. Similarly, an insertion level and is
defined by the area between vertically adjacent wafer support
shelves 220. The wafer slot is further defined as the area
across the carxrier betwesen the vartical support members of the
wafer support columa. =ach shelf has a pair of upward facing
wafer engagement projections 230 configured as beads. A bead may
be a2 nub shaped generally as a partial sphere. as shown in FIG.
14 as element number 231, or a partial cylindrical rod with -
smooth ends alement number 230. Referring to FIG. 17, such
provide minimal point contact 24§ or minimal a brierated
substantially xadially oriented line contact 248 at the apex 233
of the projection apex contacts the underside or lower surface
235 of the wafer W at the edge portion 236. The elongate beads,
as shown, extend substantially radially inward. BEach wafer shelf
220 has a forward, that ig, toward the front,. wafer stop 232
configured as a vertical contact suxface that follows the
circumferential shape of the wafer W when the wafer is in the
wafer seating position as shown in FIG. 15. The foiwaxd wafer
stop 232 does not extend into the wafer insertion and removal
level but does interfere with movement outwardly of wafers seated



FIG 3 is a rear perspective viewof a carrier simlar to that of FIG 2,
with plastic junpers to provide a path to ground through the equi pnent

i nt erface; FIG 4 is a front perspective view of a conposite
container with side handles, a robotic flange, and a | atched door;

FIG 5 is a front perspective view of an open wafer carrier according to

the invention; FIG 6 is a cross-segsional side elevational view of
a carrier; FIG 7 is a front perspective view of one enbodi nent of
the first nolded portion of a wafer carrier; FIG 8 is a rear

per spective, vi ew of 2 first | ded partion .
_ in the wafex seating position. The distance N1 between the

corresponding forward wafer stops of each opposing wafer support
shelf is less than the diameter D of the wafer W.

Each support shelf has a rear wafexr stop 226 as part of the
reaxr post 225. The rear wafer stop extends upwardly to define the
rear limits of the wafer slot. The distance D2 between the
corresponding rear wafer stops 226 of each opposing wafer shelf
is less than the wafer diametexr D. The rear wafer stops 226
extend into the vertical elevation of the wafer slot. The reax
wafer stop 226 can also serve to guide the wafer upon insartien
into the wafer seating pcsition 237 as shown best in FIGS. 15 and

16.

The above identified cecmponents which are shown as part of
the first moldad poztion 50 may be unitarily molded and are thus
integral with each of said other parts. Similarly the sacond
molded portion 52 configureé as the clear plastic shell is- _
unitarily molded. The wafer support columns 27 will be formed of
a static dissipative, high abrasion resistant material. The side
handles and robotic flange will alsoc be molded of static :
dissipative material. Wich the first molded portion 50 also
formed of a static dissipative material, a conductive'pach to
ground is provided for the robotic flange, the side handles, and
the wafer shelves 220 and wafer support columas 27 through the
equipment interface which is part of the first molded portion 50
and which engages a grounded interface on the equipment. MNote
that the equipment intexface may ke three sphere-three groove
kinematic coupling as illustrated or a convention H-bar interface
or other suitable interfaces. As an alternative to directly
connecting each of the parts formed of static dissipative
material as shown in FIGS. 1, 4, and S5 the parts may be
conductively connected such as by conductive plastic jumpers 241



of one enbodi ment of the wafer carrier; FIG 9 is 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 handl e
for a conposite carrier; FIG 11 is a detail cross-sectional view of
a connection between the. first nolded portion and the second nol ded
portion; FIG 12 is a perspective wiiav-of a wafer support colum for

a wafer container;
suitably connected to Lhe parts as shown in FIG. 3.

Genarally a carrier or component is considered to be static

dissipative with a surface resistivity in the range of 10°
to 102 ohms per square. For a material to provide a conductive

path such as to ground resistances less than this may be'
appropriate. '

Significantly, the molding parameters and material selection
may be made for each sepafately molded part to optimize
performance and minimize c¢ost.
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- 8- FIG 13 is a perspective view of a wafer support colum for the

carrier of FIG 5; FIG 14 is a detail perspective view of a portion
of a wafer support col umm; FIG 15 is a cross-sectional plan view of
a wafer carrier: FIG 16 is a cross-sectional view taken at |ine
16-16 of FIG 15; and FIG 17 is a plan view of an edge porti.on of a
wafer illustrating the m nimal point vvafgrlgogt act ang=sEpperE—— ;
Referring to FIG 1 a perspective view of a preferred nﬁb@iﬁﬁp\%’fégﬁﬁ@“ﬁ

hori zont al fer carrier in place on equi pnent
x\:lilngms . p q p

1. A wafer container comprising a container portion comprising:
a generally rectangular upright E£xame, the frame having
a horizontal top frame member, a lower frame member
parallel to the top frame member, a pair of opposite
and upright side frame members extending between and
integral with the lower frame ‘member and the top frame
member, said frame members defining the cpen front for
receiving wafers; '

" a substantially horizontal top secticn integral with
and exteading rearwardly from the top frame member;

a substantially horizontal lower bass portion _i.nt:egral
with and extending rearwardly from tha lower frame
member,

‘an ‘additional meldsd portion domprising < Lransgareat plastic
shell, the shell connecting to the top panel llaorti_o.x::_,a
connecting to the lower base portion, and a having a.U-"
shaped section exrtending thérebetween, |

-
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22. FIGS. 2, 3, 4, and 5 show addl tonal enbodi ments. The wafer carriers
are generally conprised of a container portion 26, including wafer support
colums 27, and a cooperating door 28. The container portion 26 has a open
front 30, a left side 32, a back side 34, a right side #&m==s
bottom 40. The enbodi nents of FIGS. 1, 2, 3, and 4 havej
and closed left and right sides. The enbadiygnt of FIG
open carrier with an open back and with the top and bot o/ rect-ed h)
supported by the wafer support col umms. Ref erring speC|f|caIIy to
FIGS. 1, 4, and 6 the enbodi nents shown therein, container portion 26 may
be nol ded of2-a fiThs wadlege gopsainern 6 ahain %eé@h@h%lmwm%rﬁ 52. As
shOV\ﬂ in Fl @I;.Iurhlaltdr o Warery sigp BekdeidJa@gna sxweiwlwwzmw gy tion
as shown in st _npl de ortion ich i own in
a0l ation | pERee 235 6% 10Ber hipe oo, Lad valer "liible iRk
comprzsed of a pluvality of vertically arranged wafer contact
shelves, the wafer contact shelves of each c¢¢elumn aligned and
spacad to define a plurality of wvertically aligned substantially

horizontal and parallel wafer slots.

3. The wafer container of claim 2 wherein each column of wafer
support shelves are separately formed and wherein each wafer
support column is molded of static dissipative materxial.

4, The container ¢f ¢laim 2, wherein the rectanguiar frame, the
top portion, the bass porticn, and the wafer support columns, arxe
all formed of static dissipative material are conductively
connected and the transparent material is formed of nom-static
disgssipative materiazl.

S. The container of claim 1, wherein the waler container is
adapted to interface with related equipment, the related
equipment having an interface portion and whexein the lower base
portion of the wafer container further comprises an equipment
interface configured to engage with the interface porﬁion of the

related equipment.

6. The container of claim 2, further comprising a pair of
opposite and inwardly projecting vertical rows of wafer guides,
each of the guides spaced vertically and arranged to correspond
to each of the plurality of sloks, each slot corresponding to a
different wafer shelf, the rows of wafer guides respectively
positioned on each of the upright side frame members.

R O 0 R T'”ﬁ,’i‘m‘i"m"”md



rectaﬁgular door franme 56 with a horizontal top frame portion 58, a pair of
upright vertical frame portions 60, 62 and a horizontal |ower frame portion
64. . The upper franme portion 58 and the vertical f porti on 60, 62

have angl ed surfaces 66, 68, 70 for receiving and guidifgﬁié*“§°PM~

closing. The lower frame portion 64 has a substantiall iifﬁl ;g?fi A
S L4
-\%\:\‘

72 best shown in FIG 6. The door frane 66iby-way of t
66, 68, 70 and the horizontal surface 72 receive the door S =he
open front 30. The door franme surfaces nmay have apertures or recesses 7

to receive tongu 75 whig¢ch are.retractably extendable from the_door 28
Ext endi ng r armaﬁngc??Bﬁ??ﬁE ?&uéi‘%ﬂ' ﬁ&iﬁﬁHSn°§§hi§a§e§u8§PEﬁFFa?ﬁ?1f
hori zont al ©fpesebt vafie74suppoatte et v compaisiey mnompwhasdlynexténding bead

portion 64 Egracbgggét§g§qmﬂgrgdégbfgiﬂgagg@g a3 sequi pnent interface 82
which is shown configured as a Ki'nematic coupling. A horizontal top section

74 has a horizontal edge portion 68 and the vertical frame portions 60, 62
have vertic@l edfeepoortainednf ©Lais 5, wheyeinhéhieowsFebaseo poe t ¢omtFined

has a | overpPoghd Oph fbr CEGR LMY HAvaOa Li2clNEezeitahl! 88ge, wherein each
wafer slot has a wafer seating position, and wherein the wafer
container Has a plurality of wafer stops, each stop positioned
rearwardly of the upwardly extending beada, the wafer stop
configured and positioned to contact the wafers during inserction
of said wafers when said wafers are urged horizontally beyond the

wafer seating positioa.

9. The container of claim 2, wherein each wafer contact shelf

on each support column comprises a forwardly positioned upwardly
facing bead and a rearwardly positicned upwardly extending bead

for contacting and supporting a wafer.

10. The container of ¢laim 5 wherein cach of said contact keads
is elongate, is oriented substantially radially inward, and has a
length of less than 6 millimeters.

11. The container of claim 3, wherein the base portidn has a
bottom surface and includes an equipment interface, the first
molded portion is formed of static dissipative material, wherein
the container further provides a robotic flange formed of static
dissipative material and wherein the robotic flange, the wafer
support columns and the door frame have a conductive path to the
equipment interface.

12. The container of claim 1, furtherxr comprisipg a'pair of
handles connecting to the first molded portion and the second
molded portion securing said portions together.

Wy W i




section 74 may include engagenent flanges 98 for attachnent of a handle or
robotic flange 100. As shown in FIG 7, the.horizontal top section 74 has a
pair of slotted nmenbers 106, 108 which correspond to t he slotted nenbers
110, 112 positioned on the | ower base portion 76. jjSsd=stott etk—renk ers are
sized and configured to receive the wafer support ] '
fromthe vertical frame portions 60, 62 ar a_pIUJalltyPEPLéﬁbﬂgate
‘gui des 120. As best shown in FIGS. 4 and addi ti onal- features nay
to the first nolded portion 50 to facilitate connection with the second
nol ded portion 52 and to facilitate the addition of side handl es 128.

Ext endi ng f¥dm theafer sanxden dprsbolddng7vadeeshdokadhbuyzonBal amudi nset

|n¥L 8 sai d 1P H06F i g a@xaglCeRRSca3liapl hathRg hOsLbRe! QVER Ra8Sor, a
i i closed top, a closed bottom, a closed backside, a closed left
gide, and a closed right side, the containex comprising:

an upper portion extending substantially horizontally from
the front rearwardly over the wafers, a substantially
horizontal lower portion extending from the front rearwardly
under the wafers, a vertical left side member positioned at
the front and a vertical right side member positioned at the
front, the upper pcrtion, the lower portion, the vertical
right side member, and the vertical left side member all
integrally molded of static dissipative plastic,

a plurality of vertically aligned wafer supports at the left
side of the container and a plurality ¢f corresponding
vertically aligned wafer supports at the right side of the
container for supporting wafers subscantialiy horizontally
in an axially aligned arrangement,

a clear plastic shell that extends from the vertical left
side member around the left side, around the back side, and
around the right side to the vertical right side member, the
plastic shell joined to the top portion and to the bottom
portion.

This Sheet Has Been Rerlaced
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portion 76 are tabs 138 having a recess 140. Referring to FIG 9
t he second nol ded portion 52 configured as a transpar%«~.a_;_LL£_EpelI
with a gently U-shaped curved panel 150, an upper topi/pang gh

an upper edge portion 154 configured as a splayed |ip; @AﬂBEEN
panel s 156, 158 also having splayed lip portions 160, Fow .___ffgpntal
splayed 1lip 162 and a pair of outwardly. est endi ng side rejections 163

F 9yl

166. Referring to FIG 11 a splayed |lip 162 is shown in detai
connecting to an edge portion 96 of the first nolded portion 50. The joint
s configured as a tongue in groove connection 170, eferring to

FIG 10 a pérsplbe vafprecarpaer of elaimfly vhepgimihes cakar s Yyed.
The side hm&tﬁb&s aap@&hrpafneppesi.t@ry Ipids DoTweed eshgipoma yealfunpest okigb on

V/shaped pabero iBacintth RAELLEF|HER ey it fotiide icifiChe,

curved topuPes portien &P the lower poukion. sHes |SuRRPEHysolumns
conductively connected to the upper portion and the lower
portion, the support columns each having a plurality of
vertically arranged upwardly extending projections for
substantially point contact at each protrusion with the underside

of the wafers.

15. A wafer carrier or holding wafers in a substantially
horizontal arrangement, the wafers having a lower surface the
carrier having an open front, a backside, a top portion, a bottom
portion, a left side and a right side, the carrier further

comprising:

a pair of wafer support columns extending from the tep
portion te the botteom poxtion, one support column located at
the right side and one located at the left side, each wafer
support column comprised of a plurality of vertically
arrénged shelves, each shelf comprised of at least two .
upwardly extending beads for minimal contact with the lower
surface of a wafer at each bead, each shelf further having
an insertion level and a seating level for a wafer, whereby
a wafer may be inserted inte the carrier through the open
front at an insertion level and lowered to sit on the
upwardly extending beads at the seating level.

I
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downwar-dly extending tabs 188, 190 that fit into the recesses 136 in the
horizontal top section 74 of the first nolded portion 50. The horizontal
top ends 189, 191 of the side handle 128 al so have sid I-ans
194, 196 to engage with the lugs 134 al so positioned o Tﬁi i wcF
section 74. The lower end 200 of the side handle 128 his a r@EE* '

202 for the tab 138 on the | ower base portidah ¥6 of th TSt nol ded
portion 50 The |ower end 200 al so has a slot 208 to engage and secure the
projection 164 on the vertical side panel 156 of the clear plastic shel

The side hangie ToR | atdl HesrBeld o%éﬁ‘fr oL f Cohex80h' Yabh®holE £ Bldhes

comprised of a forward stop posxt;oned at the scating level at
least partially forward and inwardly of the upwardly extending
beads thereby interfering with the forward movement of a wafer
seated in said shelf, each shelf further having rearward stops
positicned rearwardly and inwardly of the upwardly extending
beads thereby interfering with the rearxward movement of a wafer
in said shelf, said forward stops not extending intc the
insertion level whereby the wafers may be inserted and removed at
the insertion level withoul interference with said forward stops.

17. The wafer carrier of claim 15 fuxrther comprising an
integrally molded outer transparent shell extending arouad aad
enclosing the left side, the backside and the right side.

18. The wafer carrier of claim 15 wherein the top portions,
bottom portion and the wafer support aolumns are separately
molded of static .dissipative ma*erlal and are mechanically

connected.

18. The wafer carrier of claim 18 wherein the wafer conrack
beads are clongate and are oriented inwardly. '

20. The wafer carriar of c¢laim 19 wherein each column of wafer
support shelves are formed separately from the outer shell and
wherein the columns are attached to the outer shell.

21. The wafer carrier of claim 1S further'comprising an
integrally molded cuter shell cowmprised of the top portion and
the bottom portion and extending around enclosing the left side,
the backside and the right side.

ThlS Sheet Has Been RT
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in the shape shown in FIG 10. This allows the handle to essentially be
snapped into place and to renmain fixed on the sides 32, 36 and top 38 of
the carrier, to engage both the first nol ded portion 50 and the second

nol ded portlon 52, and to steadfastly hold the assenbly together
Referring to FIGS. 12, 13, 14, 15, and 15 wafer support=cokuams
shown in two principle conflguratlons FF&R113 is a V\Hﬁ@rSfﬂﬂmmng_
suitable for the open carrier showmn in FIG S. FIG |12 anﬂEHléA@é’@W a
configuration of wafer support colunns 27 SU|tabIe

enbodi nent h.qwaf er. } c

their respegzl ve%(‘:larﬁglgerb %\5 e%f { c[;'salf'sg ginl%z#%g??izmﬁ §f Qhé%&

mechani cal ﬂ&s?&??ﬁ@tﬁéxngoﬁmg afxam tréimtquqez'e@h f @nd ﬁ@cbaFPF-EE}PaF-Fy to

F|I GS. I1t2 1@oraelel. &¢, Stz geav_\@é ﬁdlﬁ&%ﬂﬂ&ﬁd&@i‘iﬁl .| Wheee#Bhi aad aﬁrﬁlegz .
ural i o ves ich.cqnnect to a vertic an

2 rear post TSBSGF: hopgatide o SR sk Dot R B ER o AR pARE

lugs 22B, 2%etexfard.fsahdthecton thase poapion sevsyately? ameérér@@cﬁhed

W: t h thte COB’&ES?OEH&M ﬁﬁaeﬁéﬁﬁe@bf@ |a0t§t‘§@i@m%rs§p$$§velﬂﬂteiiﬂl, 1&ﬁer£sgh

alternative_cq i Q er S

and 3. Thes&™ ng egflslﬁ';plpo?tgh ]\r@?ﬁw”‘?}j Are §'h aF% akd EQR&GCEEVH&S

connected.

23. The wafer carrier of claim 22 wherein the wafers each having
a seating position on the respective shelves such that the
seating position is below the insertion level.

24. A composite wafer conLainer adapted to engage a grounded
interface on processing equipment, Lha container having an open
_interior, a front, a back, a left side, ¢ right sicde, a top and a

bottom, the containar comprls ng

a rectangular door frame defining an opening for encry and
removal of wafers frcm the container;

a transparent plastic non static dissipative shell having a
U-shape, the shell connected to the door frame;

at least two wafer support columns facing the interior of
the container, the support columns attached at the sides of
the container and formed of static dissipative material;

an equipment interface located on the bottom of the
container, the interface configured for ergaging the
processing equipment, the eguipment intexface formed of
static dissipative material; and

— This Sheet Has Been Replaced

L T




direct attachnent to the U shaped panel 150 such as by screws 231. The
waf er support columms of FIGS. 2 and 3 each have a plurality of individual
waf er_ supports or shelves 220, each shelf having a single wafer engagenent
.projection 230 configured as an el ongate bead. Note that wafer support
.colums may, in sonme enbodi nents of the invention, be |
‘contai ner portion and still provide nany- o2 t-he advaq/
i dentified above. Referring to FIGS. 6, 14, 15
details and positioning of the wafer support colums 2 he
-12- shown. f a Lr p '
dgﬁ‘%%{ﬁee% 8 io%é?; gﬁsg ggaaugwgew 885&&:

t he opposite si e M p I'ng Waf ér” support
equipment interfaca.

25. The carrier of claim 24 further comprising a robotic pickup
handle located on the equipment for facilitating robotic pickup,
the robotic pickup formed of static dissipative material and
conductively connected to the equipment interface, the door
frame, the wafer support structures, the equipment interface, are
conductively connected whereby a path to grouﬂd is provided for
said door frame, said wafer support structures, and said rcbotic

pickup handle.

26. The carrier of claim 24 wherein the door frame is formed of
static dissipative material and is conductively coanrected to the

equipment interface.

27. The carvier of claim 24 further comprising a pair of handles
attached to the left side and right side.respect: ively, the .
handles formed of static dissipative material and conductively
connected to the equ_pment interface.

28. The carrier of claim 25 wherein the equipment interface, the
wafer support structures, the pickup handles are conductively
connected in part by ccnductive plastic jumpers.

o
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columhs 27 with the opposing shelves are positioned on a center line

t hrough the wafer parallel to the open front 30 and door franme 56 and
perpendi cular to the direction 229 of insertion and renoval of the wafers
‘W To support for the wafers, each of the opposing s _ eSS
.than a wafer dianmeter D apart. Each wafer guide 120 HpsughsQpprait el gr
‘gui de on the opposite side of the contai#e3s - ferrigepineebl G 6
15, and 16, the space between each vertically adjace ' f f
-and the distance across the interior of the carrier defi nes a waf er

I nsertion and renoval |evel and a wafer slot 244. Simlarly, aag?jé{;sertion

level and i29defneRmBysiie containar,daving: & CXPRT-ad KO8Nt Buphort
shel ves 2201eftiesidé grastight sifde tindr adbbicksddas the spshaivevscomprising

carrier bet 8&&?%1’8&# %ﬂsago%n”%@. EHE fa%u\&af €heSYBPEr 5i4) UK.

Each shel f as parr agenent pI‘QJ ections

confi gur ed Backhewtee. A a’t')“- hiy ide, ﬁ‘&é §h§p§ﬂ’ geﬁePﬁI"Fy aslﬁtf)‘é?'?f'a‘l’afer
sphere, as shoyort mﬁx&tﬂﬁeaaadwm&&ngumer :.ﬁ:&i:nou: afpaaifdatonydimelri cal

rod wi th sl hoeeds &%@e 21,230 20BREAT NG B8aELE aidsisaEiver ovi de
m ni mal poi ht™ cont act m ni ma nt|a ﬁrala éforlentedllne
contact 24gakeriml apk SPURFenthdnseaface BRTEIER £oRPES: Oft AeStRATHT si de
or |ower sudiseipA30refndtherin)f posbdbnticaedghepbotion @86szidecehvnipee
beads, for interfacing with processing equipment, the equipment
interface portion joined to the ¢leaxr plastic shell and formed of
a static dissipative material, a pickup handle attached to said
transparent plastic shell, said pickup handle formed of static
dissipative material, the equipment interface, the wafer support
structures, the pickup handle conducltively connected together.

T =

des

30. A wafer carrier comprising a fixst molded portion having a
first edge pertion, and protrusion adjacent said edge porticn, &
second molded portion having a second edge porticn and preotrusion
adjacent to said edge portion, the first molded portion and the \
second moléed portion configured to cooperate to form a centainer
porcion, a flexible member spanning between and engaging the
respective protrusions of the first molded portion and the second
molded portion thereby securing said molded portions tbggther.

31. The carrier of claim 30 wherein the flexible member
comprises a handle for carrying the carrier.

B —
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as shémn, extend substantially radially inward. Each wafer shelf 220 has a
forward, that is, toward the front,wafer stop 232 configured as a vertica

contast surface that follows the circunferential shape e € .
the wafer is in the wafer seating position,ggs _shown in d
waf er 'stop 232 does not extend into the ma? “insertio -
but does interfere with novenent outwardly of wafers seare

- 13 - in the wafer seating position. The di stance D1 between the

correspondi ng f ayanar ch e frer ?daﬁﬁiﬁ.e@f reachotBneg wafeebeinsapnorizontelfl is
less than the d'ﬁ{?tﬂuﬁﬂj Pgn\ﬂ%f S"rr!‘{r, the carrier having an open
front for receiving wafers, a pair of substantially
vertical side members, a substantially horizontal top
section and a substantially horizontal base portionm,
vherein the intermal surfaces of the vertical side
members include a plurality of substantially vertically
aligned wafer supports for supporting wafers |
substantially horizontally in an axially aligmed
arrangement.

33. A wafer carrier being substantially as herein
described having reference to Figure 1, Figure 2,
Figure 3, Pigure 4 or Figure 5 and Figures 6 to 17.

ThlS Sheet Has Been Replac
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The rear wafer stop extends upwardly to define the r -
slot.. The di stance D2 between.the correspondi ng rear stops 226 of
‘each opposing wafer shelf is less than the wafer dianmeter D. The rear wafer
'stops 226 extend into the vertical elevation of the wafer slot. The rear
waf er stop 226 can al so serve to guide t e 4vafer upon insertion into the

waf er seating position 237 as shown best in FIGS. 15 and 16. The
above identified conponents which are shown as part of the first nol ded
portion 50 may be unitarily nol ded an&ﬁﬂwfﬂ egral with each of said

other parts. Simlarly the second nol _dn 52 conCigured as the
clear plastic shell is. unitarily nol det. fer s t colums 27 will
be formed of a sPatwafed SSRpALRGE TN FFaRFPLXTING OF| Eggﬂinwae%%ﬁ AR the
si de handl eqhcxidontiadt axialapoelivndd alryankenentddsonisinal cfalixs poiati ve
material. Wth.he fi | g t 0 0 '

di ssi pative "‘rﬁ‘grn%af#r %Egg%dggﬁ?c\%\f p“a‘fﬁll}%o eglst?uﬁ> Q.:Eggﬂrgé' edt'?gfré:xf e A
robotic f| ampefezmeds egbofanenteshas i first, so0t Fvggzﬁéﬁ“ Vit er
support col wIrseablehdoogh tThe ciirguenntiadiner pogtibnchas s inshmclded

first nol de%@d}%&to#)@é 888e 101 S HI0AGS hatn2qBiCHal Hhg 412G r¥IgHY @oor
caul prent. LC ik’ 1o SOAP T nd ) S650TR Db L SEe AT itlef e
. 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 porticn, and to the
bottom base portion. Separately molded wafer support cclumns
connect to the top planar portion and to the bottom base portion
and include vertically arranged shelves with upwarxdly facing
projection providing minimal point or point regioa coatact with
‘ the wafers. The shelves include wafer stops to interfere with
' foxward or rearward movement of the wafers when suprported b_y the
pfojecéions and to prevent' insertion beyond a seating position.’
A side handle engaging both the fixst molded portion a_nd the
second molded portion operates to secure thc molded portiogs
together. A robotic handle connects to the planar top portien.
The robotic handle, the wafer shelves, the side handles, and the
door frame have a conductive path to ground through the machine |

interface.

Suggested drawing to accompany the Abstract: Figure 1
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" kinématic coupling as illustrated or a convention Hbar interface or other
suitable interfaces. As an alternative to directly connecting each of the
parts formed of static dissipative material as shown in FIGS. 1, 4, and 5
the parts may be conductively connected such as by conductive plastic
junpers 241 - 14 - suitably
connected to the parts as shown in FIG 3 Cenerally a carrier or
conponent is considered to be static digd“ﬂhtive with a surface resistivity
in the range of 10[err] to 10[err] ohns per square. For a material to
provi de a conductive

FiG. |
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path such as to ground resistances |ess than this may be appropriate.
Significantly, the nolding paraneters and material selection nay be made
for .each separately nolded part to optim ze performance and m nim ze cost.
CLAIM5 1. A wafer carrier for holding wafers in a substantially

hori zontal arrangenent, the wafers having a | ower surface, the carrier

havi ng an open front, a backside, a top portion, a bottom portion, a |eft
side and a right side, the carrier further conprising:

2/14
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a | éast two wafer support colums extending fromthe top portion to
the -bottom portion, one support colum | ocated at the right side and
one . located at the left side, each wafer support columm conprised of a
plurality of vertically arranged shelves defining a plurality of wafer
slots, each shel f conprised of at |east one upwardly extending bead
for m nimal contact with the |lower surface of a wafer at each

bead, each slot further having an insertion | evel and a seating | evel
for a wafer, whereby a wafer may be |n§§0 into the carrier through
the open front at an insertion and |owered to sit on the
upwar dl y extendi ng beads at the seating |evel. 2. The waf er
carrier of claiml, wherein each shelf has at |east two upwardly extendlng
beads. 3. The wafer carrier of clain11 further conprising an
integrally nol ded outer transparent and closing the left side, the
backsi de, and the right side. - mafer carrier of claiml, wherein
the top portion, 26
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bottom portion, and the wafer support colums are nol ded of static

di ssipative material and are connect ed. 5. The wafer carrier of claim
1, wherein the wafer contact beads are el ongate and are oriented inwardly.
16" 6. The wafer carrier of claiml1, wherein each colum of wafer
support shelves are forned separately fromthe outer shell and wherein the
colums are attached to the outer shell. 7. The wafer carrier of claim
1, further conprising an integrally nolded outer shell conprised of the top
portion and the bottom portion and extendVHé-around enclosing the left

si de,

FIG. 4




t he "backsi de, and the right side. 8. The wafer carrier of claim?7,
wherein each colum of shelves is separately forned.fromthe outer shel
and.each colum is formed of a static dissipative material, wherein the
carrier further conprises a bottom base portion having an equi prent

I nterface, said bottom base portion separately formed fromthe outer shel
and formed of a static dissipative mat 113l , wherein each colum of shelves
and the bottom base are conductively corinected. 9. The wafer carrier of
claim1l1, wherein the wafers to be cag;g$d y the wafer carrier each have a
circunferential edge, wherein each wafer’ sTot _hgs a wafer seating position,

and wherein the mafgéa -’Lﬁgr’ggs a pluraliyy oOf pea¥dard.wafer stops, each
stop positioned rea %g‘,,gﬂﬂ,, upwar dl y extending~beats, the wafer stop
configured and positi gied to contact the wafersfon’t heir circunferenti al
edge to prevent each wWgPer from noving beyond iks respedi yBdeating

posi tion. 10. The wgfer carrier of claim9, further conpnising a
plurality of forward ‘Qfer stops, each stop positioned fggfhardly of the

upwardly extendi ng beays to prevent the each wafer fro-&%nnrm]27
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forward when seat ed. 11. The wafer carrier of claim1, wherein the
backside is open, the left side is open except for one of the support
colums and the right side is open except for one of the support col umms.
17 12. A wafer carrier for holding wafers in a substantially horizontal
arrangenent, the wafers having a | ower surface, the carrier having an open
front, a closed backside, a closed top portion, a closed bottom portion, a
closed left side, a closed right side, and a door to close the open front,

the carrier further conprising: &/igast two wafer support colums
extending fromthe top portion to the bottom portion, one support
columm | ocated at ~ the right side and one |ocated at the left side,

each waf er

FIG. 7
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support ‘col um conprised of a plurality of vertically arranged shel ves-

defining a plurality of wafer slots, each shel f conprised of at | east
one.upwardly extendi ng bead for m ninmal contact with the | ower surface
of a wafer at each bead, each slot further having an insertion |evel
and a seating level for a wafer, whereby a wafer nmay be inserted

into the carrier through the open front at an insertion | evel and

| owered to sit on the upwardly extendi ng beads at the seating |evel.

- 18- 13. A wafer carrier for holdinlﬁﬁgers in a horizontal and axially
aligned array, the carrier having a fr27 with a door, a

FIG. 8
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cloSed top, a closed bottom a closed backside, a closed left side, and a

closed right side, the container conprising: an upper portion
extendi ng substantially horizontally from the front rearwardly over the
waf ers, a substantially hori zontal |ower portion extending fromthe
front rearwardly under the wafers, a vertical |left side nenber

posi tioned at the front and a vertical right side nenber positioned at
t he front , the upper portion, the %yégr portion, the verti cal

right side menber, and the vertical |ef de nenber all integrally
nol ded of static dissipative plastic, a plurality of vertically

al i gned waf er supports at the left side of the container and a
plurality of corresponding vertically aligned wafer supports at the
right side of the cont ai ner for sugaortlng waf ers substantially

hori zontal Iy in an axially aligned G.a enent a clear plastic
shel |l that extends fromthe vertica}é‘eft si de nmenber around the |eft
side, around the back side, and 45 nd the right side to the vertical

right side menber, the pl_gSde=er= peoele top portjponsand to
the bottom ’ \
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por t'i on. 19 14. The wafer
carrier of claim13 wherein the wafer supports conprise a pair of
oppoesitely positioned support columms, one on each side of the carrier,
each support colum extending fromthe upper portion to the |ower portion,
t he support colums conductively connected to the upper portion and the

| ower portion, the support colums each 8 ng a plurality of vertically
arranged upwardly extendi ng projections for substantially point contact at
each protrusion with the underside of the wafers.

FIG. 11



15. A wafer carrier or holding wafers in a substantially horizontal
arrangenent, the wafers having a |l ower surface the carrier having an open
fropt, a backside, a top portion, a bottomportion, a left side and a right

side, the carrier further conprising: a pair of wafer support

col ums extending fromthe top portion to the bottom portion, one
support colum | ocated at the right side and one |ocated at the |eft

si de, each wafer support columm conprised of a plurality of vertically
arranged shel ves, each shelf conprisedlﬁyﬁ4t | east two upwar dl y
extendi ng beads for mnimal contact with the | ower surface of a wafer
at each bead, each shelf further having an insertion level and a
seating level for a wafer; whereby Mﬁégr may be inserted into the
carrier through the open front athG-i ertion level and |lowered to

sit on the upwar dl y extendi ng beads at the s%gééng | evel .
28




- 20 - 16. The wafer carrier of claim15, wherein each shelf is furthe,
~conprised of a forward stop positioned at the seating |evel at | east
partially forward and inwardly of the upwardly extending beads thereby
interfering with the forward novencnt of a wafer seated in said shelf,
each shelf further having rearward stops positioned rearwardly and
i nwardly of the upwardly extending beads thereby interfering wth the
rearward novenent of a wafer in said shelf, said forward stops not
extending into the insertion |evel wherehy the wafers nmay be inserted and
removed at the insertion |evel without /i Xérference with said forward
st ops. 17. The wafer carrier of claim15 further conprising a
integrally nol ded .outer transparent shell extending around and enclosing
the left side, the backside and the Fl@htIBi de.
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18. *The wafer carrier of claim15 wherein the top portions, bottom portion
and the wafer support colums are separately nolded of static dissipative
mat erial and are mechanically connected. 19. The wafer carrier of
claim 18 wherein the wafer contact beads are clongate and are oriented

I nwar dl y. 20. The wafer carrier of claim19 wherein each colum of wafer
support shelves are forned separately fromthe outer shell and wherein the
columms are attached to the outer shell. 21. The wafer carrier of claim
15 further conprising an integrally gg%@gd outer shell conprised of the
top portion and the bottom portion an xt endi ng around enclosing the left
side, ‘the backside and the right side.

FIG. 14
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- 21 - I 22. The wafer carrier of claim21 wherein each col um of _

- shelves is separately formed fromthe outer shell and each colum is forned
of @ static dissipative material, wherein the carrier further conprises a
bott om base portion having an equi pment interface, said bottom base portion
separately fornmed fromthe outer shell and fornmed of a static dissipative
material, wherein each colum of shelves and the bottom base are
conductivel y connect ed. 23. The wafer carrier of claim22 wherein the
waf ers each having a seating position on the respective shel ves such that
the seating position is below the insdﬁ?ﬁbn | evel . 24. A conposite wafer
contai ner adapted to engage a grounded I nterface on processing equi pnent,
t he contai ner having an open interior, a front, a back, a left side, a
right side, a top and a

FIG. 15
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bottom the container conprising a rectangul ar door franme defining

an ;opening for entry and renoval of wafers fromthe container;

a tgansparent plastic non static dissipative shell having a U shape,
t he shell connected to the door frane; at |east two wafer support
columms facing the interior of t he contai ner, the support colums
attached at the sides of the container and forned of static

di ssipative material; an equi pnent interface |ocated on the bottom
of the container, the interface configured for engaging the
processi ng equi pnent, the equi pnent intk%/ e formed of static

di ssipative material; and

FIG. 16
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t hé waf er support col umms cohductively connected to the equi pnment -

I nterface. 25. The carrier of claim?24 further conprising a robotic
.plckup handl e Iocated on the equipnent for facilitating robotic plckup, t he
iroboti c pickup for of static d|SS|patrvé2nater|aI

connected to the eqU| ment interface, the ddRERBEEMEN SN S SO
structures, the equipnent interface, are conductlvely connected mhereby a

path to grou is provided f said door franme, said wafer
struct ures, gﬁUnsaldEFﬁgoFPE %%ﬁghﬁ%ﬂﬂlﬁprreégfn %R??ngzﬁ39ﬁ¥§rﬁ%ﬁ1°n
wherein t hetﬂGObpf)baﬁrEel slﬂeraﬁdth)é cdntier di SBheappesing erafer asupport

pondUCtiVel%oﬁﬂﬁﬂgc5gdw&9ht9ﬁé opposing shelves are positioned on a center
line through the wafer parallel to the opén front 30 and door .
frame 56 and perpendicular to the direction 229 of insertion and
removal of the wafers W. To support for the wafers; each of the
opposing shelves are spaced less than a wafer diameter D apért.
Each wafer guide 120 has an opposite wafer guide on the opposite

side of the container.

Referring to FIG. 6, 15, and 16, the space betwesen each
vertically adjacent pair of wafer guides and the distance across
the interior of the carrier defines a wafer insertion and removal
level and a wafer slot 244. Similarly, an insertion level and is
defined byzﬁhe area between vertically adjacent wafer support
shelves 226?5 The wafer slot is further defined as the area
across the carrier between the vertical support members of the
wafer support column. Each shelf has a pair of upward facing
wafer engagement projections 230 configured as beads. A beaq.may
be a nub shaped generally as a partial sphere, as shown in FIG.
14 as element number 231, or a partial cylindrical rod with
smooth ends element number 230. Referring to FIG. 17, such
provide minimal point contact 246 or minimal a—kwierated-
substantially radially oriented line contact 248 at the apex 233
of the projection apex contacts the underside or lower surface
235 of the wafer W at the edge portion 236. The elongate beads,

: _ as shown, extend substantially radially inward. Each wafer shelf
E 220 has a forward, that is, toward the front,. wafer stop 232
| configured as a vertical contact surface that follows the
circumferential shape of the wafer W when the wafer is in the
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
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equi pment interface. 27. The carrier of claim24 further conprising a
pair of handl ' eft side and right side respectively, the
handl es forned of static dissipative material and conductively connected to
the equi pment ”"Jmmm:ﬂl" umzlﬂ" The carrier of claim25 wherein the

equi pnent inte suppor t 1& r uRReplasementSheetup Desember 1998
conductively cofinetted i*h pgarf by coqgﬂféége plastic junpers..

23

1. A wafer carrier for holding wafers in a substantially
horizontal arrangement, the wafers having a lower surface, the
carrier having an open front, albackside, a top portion, a bottom
portién. a left side and a right side, the carrier further
comprising:

a least two wafer support columns extending from the top
portion to the bottom portion, one support column located at
the right side and one located at the left side, each wafer
support column comprised of a plurality of vertically
arranged shelves defining a plurality of wafer slots, each
shelf comprised of at least one upwardly extending bead for
minimal contact with the lower surface of a wafer at each
bead, 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 éxtending beads at
the seating level. '

2. The wafer carrier of c¢laim 1, wherein each shelf has at
least two upwardly extending beads. '

3. The wafer carrier of claim 1, further COmprising'an
integrally molded outer transparent shell and closing the left
side, the backside, and the right side.

4. The wafer carrier of claim 1, wherein the top poftion,
bottom portion, and the wafer support columns are molded of
static dissipative material and are connected.

5. The wafer carrier of claim 1, wherein the wafer contact
beads are elongate and are oriented inwardly.
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29° ‘Afépnposite container having a front, a top, a bottom a left side, a
rlght side'and a baCKS|de the contai ner conprising a outer clear plastic

Ishel | ‘ext endin S|de the back side, the right side, and
the top, a pal?u " er support structures e ch facing the
: t G B LIS CE

||nter|or of sai centalners e waf er 3Bppojepiace - >3
‘d|SS|pat|ve material, an equi pnent interface portion forned of a statlc
di ssipative material positioned at the bottom of said container for

i nt er f aci ng 8 t h TR Mafar, saxgiissneft clakm dquwhereinieach feekumyrof ormfer

oi ned to tpploany ghelsidse aheel a t
Laterlal a I@Lﬁﬁ §?idle attacﬁggﬁsg §g§§§§F§%¥ gf%ﬁtt%fg%??%92ﬁ&¥ﬁl %%ﬁ

pi ckup handl QLS arespbkernednhpekhal outer el bnent

interface, the wafer support structures t he pi ckup handle conductively -
connected tegeth carrier c np a first nolded portion
havi ng a fI?gt e ge poagﬁ%l on, \%ﬁ% P% Eﬁ'ﬁ‘n%df“éﬁ%&sﬁ?'ﬂ?’é’o@’e"%oﬁ’%l on, a
second ol dédtesr@ldy melided @Mosheédlgeomprised af dtlpe otmmrspm.'mh caredht
to said edgghneoHottdm Tﬂ&t“ﬂdﬁhnﬁ“k%&@&ﬁ?ﬁéogfo&% RELSELLY aﬂ? et Isi.de,

henber spantitihy HRSKAIIF /o A0 g FAGRERE R8s pect  ve pr ot rus ons of ¢ he

first nolded portion and the second nol ded portion thereby securing said

pnlded portbqns HE&FEQ%%r carrier of claim 7, wherein each column of shelves
is separately formed from the outer shell and each column is
formed of a static dissipative material, wherein the carrier
further comprises a bottom base portion having an equipment
interface, said bottom base portion separately formed from the
outer shell and formed of a static dissipative material, wherein
each column of shelves and the bottom base are conductively
connected.

8. The wafer carrier of claim 1, wherein the wafers to be
carried by the wafer carrier each have a circumferential edge,
whereln each wafer slot has a wafer seeting position, and wherein
the wafer carrier has a plurality of rearward wafer stops, each
stop positioned rearwardly of the upwardly extending beads, the
wafer stop configured and positioned to contact the wafers on
their circumferential edge to prevent each wafer from moving
beyond its respective seating position.

- 10. The wafer carrier of claim 9, further comprising a plurality
of forward wafer stops, each stop positioned forwardly of the
upwardly extending beads to prevent the each wafer from moving
forward when seated.

11, The wafer carrier of claim 1, wherein the backside is open,
the left side is open except for one of the sypport columns and
the right side is open except for one of the support columns.
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31" The carrier of claim 30 wherein the flexible nenber conpri ses a handl e

I/vg][ e(r:azzglrPgrtIHHMﬁwumumwiml s; in a horizontal and axially ali Sﬁedsirrgy,

‘the carrier havind ah ofen®front for receivi waf ers, .a &Ei of
substantially vertical side menbers, aldubsisgRiacamentghects | &

7J

and a substapti ahl Walhati apkabrbase RO1ALNG wife¥<iih heubiemtdlaldy f aces

of the vertjcal S|ge menbers include a plyrality of sug-stantlall h

vertical ly BPFUAGHCAA! BFEERBRBPRE 1 Bhe SYBESHT | HAVARE & d MRk Shrtans., the

hori zont al | garrier havdhgyanl ogerdfaonengenehdsed backside, a closed top
portion, a closed bottom portion, a closed left side, a closed
right side, and a door to close the open front, the carrier
further comprising:

n

a least two wafer support columns extending from the top
portion to the bottom portion, one support columm located at
the right side and one located at the left side, each wafer
support column comprised of a plurality of vertically
arranged shelves defining a blurality of wafer slots, each.
shelf comprised of at least one upwardly extending bead for
minimal contact with the lower surface of a wafer at each
bead, each slot further having an insertion level and a
seating level for a wafer, whereby a wafer may be inserted
into the caxrrier through the open front at an insertion
level and lowered to sit on the upwardly extending beads at
the seating level.
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33." A%f:et carrier being substanti al | y as herein described having
reference to Figure 1, Figure 2, Figure 3, Figure 4 or Figure 5 and Figures

6 to 17.

.18 Replacement Sheet - 1 December 1998,

WAFER CARRIER

ABSTRACT

A wafer container for transporting or holding wafers in a
horizontal axially aligned arrangemenf 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 dootr
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 transpafent 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 portioh 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.

‘A side handle engaging both the first molded portion and the

second molded portion operates to secure the molded portions
together. A robotic handle connects to the planar top portion.
The robotic handle, the wafer shelves, the side handles, and the
door frame have a conductive path to ground through the machine

interface.

Suggested drawing to accompany the Abstract:‘ Figure 1
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