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Background Information

[0003] The manufacture of integrated circuits (I.C.'s) begins with blank, unpatterned
semiconductor wafers. These wafers undergo a number of sometimes critical process steps
before being formed into the final I.C. form. A substandard wafer can affect the number of
usable 1.C.'s on a wafer, commonly referred to as yield. It is, therefore, desirable to have a
machine for testing wafers to ensure the wafers meet a customer's standards and to maximize

wafer yield.

[0004] The testing of wafers is often accomplished by an automated process, in which robots
continuously handle and test the wafers. Robotic testing and handling tends to be more efficient
than manual testing and handling of wafers, since robots can be much faster, more precise, and
less contaminating than human operators when handling wafers. In wafer handling processes,
wafers are typically transported using carriers such as wafer cassettes or wafer pods. Pods differ
from cassettes in that the pods typically are sealed to prevent contamination of the wafers

enclosed therein.

[0005] Previously, wafers having a diameter of 200 mm or 8 inches were commonly used in the
semiconductor industry for the manufacture of I.C.'s. More recently, 300 mm or 12-inch
diameter wafers have been introduced to allow a greater number of integrated circuits to be

produced from one wafer, thus lowering the cost of producing the I.C.'s. New equipment and



-2 procedures have been devel oped to handl e and process these new, | arger
waf ers. For exanple, new larger, standard wafer pods, commonly referred to
as Front wipeniaagt Uni fi ed Pods (FOUPs), have been devel operdr/uStiemessseal ed
pods provide a contam nation-free storage and transport environnent for
the wafers. To unload the wafers, the pod is positioned so that the wafers
are oriented horizontally, the front or of the pod is opened to a
contami nation-free environnment inside the testing equi pment, and a robot
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Nhterlq&§“g§h%qﬂﬁﬂhgaﬁl (SEM) standards control the mechanical interface
requirenents to naintain interchangeability and conpatibility between pod

manuf acturers and processi ng equi pnment sup Ilers [ 0008] Vari ous
enbodi rrent s of the invention confl guration, |ayout, and
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retr ath'uﬁgntas@éjce of the art systems. For example, the pod door opener is used for removing and
storing the pod door during wafer processing, permitting loading and unloading of the 300mm
wafers relative to the pod. The pod requires the use.of an apparatus to dock (or undock) the pod,
unlatch (or latch) the sealed door, and to hold the pod securely during processing of the wafers.
Further, the pod door opener provides a standard interface for mounting the pod to the wafer
processing equipment. Semiconductor Equipment and Materials International (SEMI) standards
control the mechanical interface requirements to maintain interchangeability and compatibility

between pod manufacturers and processing equipment suppliers.

[0008] Various embodiments of the invention are depicted in the configuration, layout, and
design of the equipment and systems described and illustrated in the accompanying figures. The
invention provides an efficient, unique, compact, highly reliable pod door opener (PDO). A
PDO, in accordance with the invention, is less complicated and more reliable than conventional
PDOs, operating within a significantly smaller total work volume by axially retracting and
lowering the pod door, instead of pivoting the pda.aocl)f about a transverse axis and then lowering

the door.



| owering the pod door, instead of pivoting the pod door about a transverse
axis and then lowering the door. WD 02/03431 PCT/ US01/20954 -3 [0009]

Thi s ful Iwoaubzasnt ed system recei ves conventi onal sem conBOTAUSE1/20834€r

seal ed pods containing up to thirteen or twenty-five wafers, the pod doors
i ncorporating two 90 degree door |atches. A robot or other transport

devi ce deposits the pod onto a seati ng_jnl ate of the receiving station,
which interfaces with a clean room of & sem conduct or wafer processing
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pneumatic cylin I’'s maln under  pressure u sto
be r et reabtmedd rdinbilitp and sypsllesitdthl opriampaloldnocat i ng pins interface
positively with the pod door. Once seal ed, the pod door is unlatched using
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/ y .
mount ed™ Fate e Rﬂ_ﬁids sraperlydoqated. lhe opd sxtgansiagedsand;sealed pgaingt ipraedssidei ng and
repair,equihtndn® A FRE plate using a compact pneumatic cylinder, which is maintained under

pressure until the pod is to be retracted. Suction cups with integral locating pins interface
positively with the pod door. Once sealed, the pod door is unlatched using a flat pack single
pneumatic cylinder to drive a dual output, double acting scotch yoke. A pneumatic cylinder,
riding on linear carriage ways, then retracts the door horizontally. A vertically disposed
electrical optic sensor confirms that the wafers have not extended beyond the plané of the door
and then the door is lowered along the vertical or Z axis, driven by an electric DC servo motor,
belt, and centrally disposed lead screw. Advantageously, the electrical and pneumatic control
systems may be mounted on the pod side of the interface, to facilitate troubleshooting and repair,

as required.

[0011] In one aspect, the invention relates to a pod door opener including a door opening
mechanism, a bulkhead having a seal plane and defining an aperture through which the door of a
pod passes when removed by the door opening mechanism, and a work volume for the door
opening mechanism. The work volume has a height, width, and depth, and the depth does not

exceed about 80 mm from the seal plane. In various embodiments, the width does not exceed



[0011] In one aspect, the invention relates to a pod door opener including
a door opening nechanism a bul khead having a seal plane and defining an
apert ur e woopesygbl whi ch the door of a pod passes when renpeedSiy20d3¥e door
openi ng nmechani sm and a work volune for the door opening nmechanism The
wor k vol unme has a height, width, and depth, and the depth does not exceed
about 80 mmfromthe seal plane. In varjous enbodinents, the w dth does not
exceed WD 02/ 03431 PCT/ US01/ 20954 -4-. about 400 mm generally
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mechani,sm f or spi ng .t he pod.door, and aratus fo ensi ng the
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nechanitB®eefacl udes a door interface pl ate coupled to the pod door opener,
at | east one door key latch coupled to the interface plate, a
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bi - di recti onal ropul si on device can be an el ectronechani cal system an
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and the bulkhead. The door key latch mechanism includes a door interface plate coupled to the
pod door opener, at least one door key latch coupled to the interface plate, a bi-directional
propulsion device coupled to the interface plate, and a yoke coupled between the door key latch
and the bi-directional propulsion device. The yoke translates a linear motion from the bi-
directional propulsion device to a rotary motion on the door key latch. The bi-directional
propulsion device can be an electromechanical system, an hydraulic system, a pneumatic system,
or combinations thereof. The apparatus for sensing placement and position of the pod can
include, for example, at least one flag and at least one sensing devices, such as be a proximity

switch, a limit switch, an optical sensor, or similar device.

[0014] In another aspect, the invention relates to a kinematic tool interface system for use with a
pod door opener. The kinematic tool interface system includes a lower interface, at least one
kinematic pin, and a seismic anchoring device. The lower interface includes a kinematic shelf
and at least one support bracket. The kinematic shelf and support bracket can be coupled rigidly

to a wafer processing tool. The kinematic pin is diéposed on the kinematic shelf and is



or conbi nations thereof. The apparatus for sensing placenent and position
of the pod can include, for exanple, at |east one flag and at | east one
sensi ng e bvexr3l such as be a proximty switch, alimt B@rwséi2095% opti cal
sensor, or simlar device. [0014] In another aspect, the invention rel ates
to a kinematic tool interface systemfor use with a pod door opener. The
kinematic tool interface systemincludes a |ower interface, at |east one

ki nematic pin, and a seismc anchoring device. The lower interface includes
a ki nermdeipendaelmdbrfadjtmaﬁleamﬂi gasige @mtéic&nptwrcborbmd&etpncﬂ'hell kindgawmt i ¢ shel f
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shel f. one enbodi nent, the kinematic -tool interface system includes at
| east 3 " upper interface for securing the pod door opener to the
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acconpanyi ng draw ngs, and the clains. Furthernore e ‘under st ood
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views. Also, the drawi ngs are not necessarily to scale, enphasis instead

generally being placed Upo%riekbé?éﬁ;ﬁidrﬁ&th@%rﬁ?v Rl pl es of the invention.
In the foll owi ng descriptiofl, vartous enpoarnments of the present invention
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| A-1D ay g isonetri r|o art pod dogor opene 2B are
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of the enbodi men t he pod goor opener shown in %t

various embodiments of the present 1nvent10n are described with reference to the followmg

drawings in which:

FIGS. 1A-1D are isometric views of a prior art pod door opener;

FIGS. 2A-2B are schematic top and side views of one embodiment of a pod door opener
in accordance with the invention;

FIG. 2C is a schematic view of a seal plane of the embodiment of the pod door opener
shown in FIGS. 2A-2B;

FIG. 3 is an isometric view of the pod side of another embodiment of a pod door opener
in accordance with the invention;

FIG. 4 is an isometric view of the equipment side of the pod door opener of FIG. 3;
FIGS. 5A-5D are isometric views of a pod latching and drive system in accordance with
the invention;

FIGS. 6A-6B are isometric views of a pod door chucking and retraction system in
accordance with the invention;

FIG. 6C is a cross-sectional view of one door key latch of FIG. 6A taken along line 6C-
6C;

FIG. 7 is an isometric view of a vertical positioning system in accordance with the

invention;



FIG 3 is an isonetric view of the pod side of another enbodi nent of a pod
door opener in accordance with the invention; FIG 4 is an isonetric view
of the eoqopresss: side of the pod door opener of FIG 3; PCBBS01RMED are

i sometric views of a pod latching and drive systemin accordance with the
I nvention; FIGS. 6A-6B are isonetric views of a pod door chucking and
retraction systemin accordance with the invention; FIG 6Cis a
cross-sectional view of one door key latch of FIG 6A taken along line 6C

6C, FIG 7 IHGaBAIiSuiRiati€ vidwedy aﬁafoparav&gﬁmadvoméé df@léhf‘ﬁ RYSHEBel Wiith the.
accordance with the invention; W 02/03431 PCT/US01/20954 -6 FIG 8A is
schemati c vilBV§0§Plan operator pinch avoi dance systemin accordance with the
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| sometri c vitdws abdngdive 88¥8B¢li nent of a kinematic tool interface systemin
accordance w he_invention; FIG 9C is a cross-sectional view of an
ey
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pod to dock to a vvafer@tprocesm ng tool while providing a continuous, clean
envi ronnent Ihigriaggagysien alsFiive§ A andnl oaded from the pod by an
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panel - 11 accordance with the invention.

Description
[0017] One tool for use with contamination-free handling of wafers is a load port, also referred

to herein as a pod door opener (PDO). The load port allows a wafer carrier or pod to dock to a
wafer processing tool while providing a continuous, clean environment for wafers as they are
unloaded from the pod by an end-effector mechanism. One typical example of a prior art load
port is illustrated in FIGS. 1A-1C. In FIG. 1A, load port mechanism 10 includes a panel-11
having an equipment side 12 and a pod side 14. On the pod side 14 of panel 11, a pod 16 is
positioned on an unloading station 18 and includes one or more wafers. In some embodiments of
load port mechanisms, additional pods can be loaded in the mechanism 10 and can each be
moved into the unloading position once the wafers of pod 16 have been unloaded, processed, and

tested.

[0018] On the equipment side 12 of panel 11, the load port mechanism 10 includes an opening
22 in panel 11, which has approximately the same dimensions as a front door 24 of the pod 16.
The front door 24 is aligned with the opening 22, whereby contamination is prevented from
entering the clean environment on the equipment side 12 by exerting positive air pressure inside
the clean environment. Pod front door 24 includes several fastening mechanisms 26, such as
registration pins, door key latches, vacuum fasteners, and optionally, purge ports for the

introduction/withdrawal of gases from the pod 16.

[0019] The load port mechanism 10 also includes a door removing mechanism 30, which

includes a plate 32 and a support rod 34. The plate 32 and rod 34 are shown in a lowered



havi ng an equi pnrent side 12 and a pod side 14. On the pod side 14 of panel
11, a pod 16 is positioned on an unloading station 18 and i ncl udes, one or
nor e waf av@02/403a3s0ne enbodi nents of | oad port mnechani snspCrdditioessal pods
can be | oaded in the mechanism 10 and can each be noved into the unl oading
position once the wafers of pod 16 have been unl oaded, processed, and
tested. [0018] On the equi pnent side 1?79f panel 11, the |oad port
mechani sm 10 i ncludes an opening 22 in panel 11, which has approxi mately
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[0021] For purposes of semiconductor wafer processing with a pod, it is important to have a
system that can remove and replace automatically the sealed door of the pod. In the prior art
systems, the physical size and complexity of the pod door opener are cumbersome to the end
user and prone to malfunction and failure. Additionally, installation and alignment of prior art
systems to wafer processing equipment are difficult. The present PDO has been developed to
minimize weight and spatial volume requirements. It is also simpler to install and align to
semiconductor manufacturing equipment. All major subsystems have been developed in a
modular fashion, which reduces the overall éompié%it&r of the semiconductor wafer processing

equipment.

[0022] FIGS. 2A-2B depict top and side views, respectively, of a PDO 40 in accordance with the
invention. In the figures, the PDO 40 is attached to a wafer processing tool 46 by a bulkhead 42.
A pod 44 is shown installed on the PDO 40. The PDO 40 includes a variety of equipment and
subsystems that operate to open and remove a door from the pod 44. In part due to the modular

design, the aforementioned equipment and subsystems operate within a reduced work volume



processing station inside the clean environnent. The pod 16 renuains
stationary as the robot is noved to different elevations to take out the
waf ers. Weoradasi | oads the wafers into the pod in the spaEUs@ybd¥at t he
waf ers are unl oaded after the wafers have been tested or processed. [0021]
For purposes of sem conductor wafer processing with a pod, it is inportant
to have a systemthat can renove and r§pl ace automatically the seal ed door
of the pod. In the prior art systens, the physical size and conplexity of
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datum plane 1s the same as the tacial tump
Provisional Mechanical Specification for Boxes and Pods Used to Transport and Store 300mm

Wafers, the entireties of which are hereby incorporated herein by reference.

[0024] A system overview describing the operat{c‘)ﬁnA c;f 4various aspects of the invention will be
described next with respect to FIGS. 3 and 4. FIG. 3 illustrates the system components as
viewed from the opérator or pod side 53. This is the side from which thé pod 44 is loaded and
unloaded. The bulkhead 42 acts as the primary structural member for the entire system and is
durable and lightweight. The bulkhead 42 may be of a monocoque construction, such that the
outer skin absorbs substantially all of the stresses to which the body is subjected. This typically
entails the use of an outer structural frame with lightweight structural filler materials enclosed
within a thin membrane. In one embodiment, the bulkhead 42 is a thin singular plate to which
all subsystems and components are attached. The bulkhead 42 also provides a precise interface
surface to the wafer processing tool 46. This interface surface, or seal plane 50, is best seen in
FIG. 4 and prevents the migration of airborne contaminants from the operator or pod side 53 to

" the equipment side 51.



but with the pod in the docked position, and the bilateral datumplane is a
vertical plane that bisects the wafers and is perpendicular to both the
faci al amdohpeisapnt al datum pl anes. These datum pl anes aP€T/U801/10854
described in SEM standards nos. SEM E92-0200E Provisional Specification
for 300mm Li ght Wi ght and Conpact Box Opener/Loader to Tool -

I nteroperability Standard (Bolts/Li ght_)9_ SEM E15-0698 Specification for
Tool Load Port, SEM E15.1-0600 Provisional Specification for 300mm Tool
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that provides a sealing surface 61 for "the pod enclosure 44. This sealing
sur f ac &ugthet, gha goapactnatpieasf dre invérdiomajews farsubficient igomakevaeme tmproatises f r om

reachi r}goc{urlle?r c%g{%lec%tn%po%fentts.h ?&npa%geslslﬁbor% Igrcr)]\%des the required accessibility to all control

system components.

[0026] All pod motions as well as the presence and placement functions are managed by a pod
drive 58. FIGS. 5A-5D illustrate the pod drive 58 and its components. The pod drive housing
64 provides structural support for the associated drive components and payload, as well as a rigid
and precise coupling to the bulkhead 42. The pod 44 is placed on a series of kinematic pins 54.
Three kinematic pins 54 are shown; however, the number and position of the kinematic pins 54
may vary to suit a particular application. The kinematic pins 54 are rigidly attached to a support
plate 65, which moves in a fore and aft direction to éécomplish pod 44 docking and undocking
functions. The fore and aft motions are accomplished by a pair of linear bearing devices 66
(FIG. 5B) and a bi-directional propulsion device 67 (FIG. 5C). The bi-directional propulsion
device 67 could be of electromechanical, pneumatic, or hydraulic form, for example a pneumatic
actuator. A rigid coupling 68 connects the propulsion device 67 and the support plate 65. Fore
and aft travel distances are adjusted by stops 69 and energy absorption devices 70 (FIG. 5C).

Sensing devices 76 are utilized to provide positional feedback to the control system. Sensing



pod 44 docks, door pins 59 and door key |atches 60 engage with
corresponding features in the renovable pod door. The door pins 59 provide
posi ti onaVoaweusacy and repeatability, which ensures proper/ustumiiing of

t he pod door. The door key latches 60 are rotated and the pod door is

ready for renmoval fromthe pod 44. Vacuum suction is provided coaxially
about the door pins 59 by suction cup§0§2, which aid in the door chucking
process. Once the pod door is properly "chucked, the door is retracted from
t he podiedit¢enntlcars foraxemett, inthelepr@omity ioplintitwititdlees not interfere with the
waf er transfer robotic apparatus.. Once the wafer transfer process is

conpl et[@027]tAepreivasls torddee pol 1:RMENT Kol @S HBd HMeBcurélgtin blage BRtheddndrSaticeady
for renpval fromthe PDO 40. Further, the conpact nature of the invention

al | ows PS4 uFhe Rodeddt samarally has prpgisims on shepwnsierside fopbeldings witbratfeahre located

conpon roQvi ' r [ L i hi.l it o all
contr ot A 3gry BEEER AR nelf uBRLUHTe 400G, LIRMUEEELCEETRLES tipbellPc2ence
and pl deenmhtTHewodaioh$7 & ®taRhege bi-dyectiopdl droghildived&8ece Fl B8 is i
illustrate the pod drive 58 and its conponents. The pod drive housin 64
provi dé8uRled fr-thg sEpPaLpIaEaS ang conddepd slssiramechagical, enewndion entxirayity form.
payl oa | (Wl I | i tQ..t kheadeA2. The
pod 44%&@%} %%J(ehgd%ﬁf ga@ %ngcehéa o} sie{if:sr%rl%}? |§SE: g?lﬁs"'l@%?s’ Qplt"#gjeﬁ% nemat ¢ pi ns 54
ar e shalemice$) cmmviziven tatras, ou atetarygnid! qooai davine. dh thehenbadiveertiilastjatedsin ¥4G. may

t it i cul ar, | i i.an. The kinematic pins 54 are rigidl
vary |t Bl bbetharoaRplical Lo The KinerstLc plos Shane rigidly’
aCCOW'ﬁr&heWnﬂﬂti&%‘ﬁr&éﬁﬂ%ﬁG@ dMRGOEK ich 1 ¥BEILEPRSthe PHE1AD 5. %‘éo%{;i&l Zing. )

notions are dcconplished by a pair of Iinear "bearing devices 66
and a bR-ispleeedt oamdle lomspportion nf thewiod dately 5T EhdhassCrdialriyel diialgirometliodnal

| sion . device 67 | d be of .el. hani i .
by aF aurP R pRgy” A il ine s, fu AbARER Fo P o a batF P s tiief g tia
connectife &id8vH1ORNUATERM §RMioCR i dsednd chife SPRRPbd Pitet §7 RRurmnf ey i@ inRd af t

travel distances are adjusted by stops 69 and energy absorption devices 70
(FI G 9Fopitionsdfnige a@d/{aé(élé T7is igfteuglatched sefes the priawyimd dowe) davined3 f eedback
toth | : t ' /03431 PC 4 .. - ' 76

can, 't 6P Ebhee PO ER STRNEL el Bt DhlG HEIREE RS o g Bh Rl

not ed, dehiee 68 ghokicibadiths poll ddtels57 theitgiodherdoss &g tiaiped] positioac erhempoti igtclk sMemat i ¢
pi ns 54, The pod 44 ﬂeneral | y _has provisjons_on the_underside_ for holding,
with a#sediape mipgral €ag 7xeonirol sysiem whisdy 1 conivnsierpith sersipg davices dfbvabl e

door. i ' .64bhg centrall | ocated. The pod latch 57 is
ﬁlr%\;ﬁlﬂéﬁdsﬁ Y1 febdiack ?@ﬁl@ sgst m. y

rotate I-directional propul'sion device 71 that is rigidly
[0028] The door chucking and retraction system 103, as illustrated in FIGS. 6A-6C, includes

three primary structural members and an assemblage of componeﬁts to provide the desired
motions. The door interface plate 77 is a thin-walled structural element used to support the door
latching and vacuum suction components. The support beam 79 is a structurally rigid member
used to support the door interface plate 77. The carriage 78 is the third structural member and

couples the door chucking and retraction system 103 to a vertical positioning system 104.

[0029] As previously mentioned, the door chucking process involves the use of two rotary door
key latches 60, which are used to engage or disengage the removable pod door. The door key
latches 60 are rotated by a bi-directional propulsion device 76 that is rigidly coupled to the door
interface plate 77 and could be of electromechanical, pneumatic, or hydraulic form. A modified
scotch yoke translates the linear motion of the propulsion device 76 into the desired rotary latch
motion. The door key latch 60 is a precision component that rotates freely in a rigid bearing 80
that is fixed to the door interface plate 77. Attached to the end of the door latch key 60 is a yoke

81, which has an integral flag 82 that, in conjunction with a sensing device 83, provides



coupled to the support plate 65 and could be of el ectronmechanical,
pneumatic, or hydraulic form Several nethods of clanping may be used,
such as twoggt/es4sl anps, spring plates and roller devices, PCEUS@Erioyan armns,
or arotary pull down device. In the enbodinent illustrated in FIG 5D, a
rotary pull down device 63 is used. The rotary pull down device 63 includes
the previously nentioned propul sion quLce 71, which is coupled to the pod
| atch 57. A coaxial ring 72 is placed over the |ower portion of the pod
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yoke t VARSI Y berpapplisddta pyapisg deYice-he propul si on device 76 into the
desired rotary latch notion. The door key latch 60 is a precision
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sl ot 9QioRel B tr¥i¥tRe Bila horizontal plane (arrows A-A) by a pair of linear bearings 95 that are
attached to the carriage 78. A link 96 connects tﬁé‘ yoke 92 to the carriage 78 by bearings 97,
thereby enabling motion to occur only in the horizontal plane. Fore and aft travel distances are
limited by stops 98. This system effectively converts a vertical translation into a horizontal

translation, without the need for complex gearing or other apparatus.

[0032] Once retracted, the door 77 can be lowered to a stored position so that the door 77 does
not interfere with a robotic wafer transfer apparatus. One embodiment of a vertical positioning
system 104 is illustrated in FIG. 7 and is used to raise and lower the door chucking and retraction
system 103 along a vertical axis 126. The system 104 is rigidly attached to the bulkhead 42 by
an upper bearing housing 105 and a lower bearing housing 106. The upper bearing housing 105
holds a suppoﬂing bearing 107 for the upper end 108 of a leadscrew device 109. The lower
bearing housing 106 holds a pair of precision bearings 110, which provide rigidity in both the

axial and radial directions.

[0033] The door chucking and retraction system 103 is coupled to the vertical positioning system



An adjustable stop 86 is utilized to limt the phase of rotation of the
door key latch 60. [0030] As shown in FIG 6A, two door alignnent pins 59
are util iwed2/0331 previ ously descri bed, the door pins 59 pOyage /2034
correspondi ng features in the renovabl e pod door. In one enbodinent, the
door chucking and retraction system 103 uses two pins 59, one acting as a
primary orientation pin and the other a5 _a secondary orientation pin;
however, the nunber and |ocation of the pins 59 may vary, as necessary to
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posi t :c @t asdidid@ailate 122 dﬁ@gléigé’% slodps m?t Poditiet fz@rf}a;ambﬁ 3 agcompished byvasest a
transfer apparatus. One e iment of a vertic positionin system 104 is
1 Tust rilaedpd Whichs rigidlygtached ot Plaﬂwaql%fé_%éﬁdg?w&rl% 1S BRS8 0 HSERIn $eand

retracti.on,.Sysh @34along a vertical axis 126. The system 104 is rigidly
attacheIj tgct%e gtqﬂa%head 42 by an upper bearing housing 105 and a | ower

pear i ngObo $3fref Rlerp % EheRER AL Bt s do R i R Bl kel
bear i ngpdidieainpeydiem. Mohdsg thepadre a@luided eclestoping bigaddvings othddbheanpiophlsnovi de

rigidity in both the axial and radial,6 directions. [0033] The door, chucki ng
and r etdexices.eHCl g knasr glgairicanqipispmagnatisaliheouptsdiderices. saklies Pioviiang 2uiied B wo

02/ 0343151“11%%1' A2 89P4ith counterweights, cam driven systems, and hydraulic or pneumatic

actuators.

[0036] In order to prevent an operator from becoming pinched by the pod docking motion, a
pinch avoidance system 130 is provided. FIG.3 illustrates the orientation of the pinch avoidance
system 130 as implemented on the PDO 40. FIG. 8A illustrates one embodiment of the pinch
avoidance system 130. The system 130 includes a lightweight frame 131 that circumscribes the
pod docking opening 143 within the bulkhead 42. Tfan object should become trapped between
the pod 44 and the frame 131 when the pod 44 is being advanced, the frame 131 is pushed
toward the bulkhead 42 and a series switch circuit 132 opens. In one embodiment, there are four
switches 133 located about the frame 131, such that a force applied at any point along the frame
131 will open the switch circuit 132. The quantity and location of the switches 133 can be varied
to suit a particular application. The pod docking motion is reversed immediately upon the switch

circuit 132 changing to an open state.

[0037] The pinch avoidance system 130 includes a number of components. The frame 131 is



-12 104 by a rolling nut 111. The rolling nut 111 is of a particular

desi gn, such that system msalignnent is conpensated for by a plurality of
el ast onewe obembi ngs 112. The el astoneric bushings 112 abpesDus@ropisbute to
snooth notion. A pair of |inear bearings 113 are attached to the bul khead
42 to provide a snooth, guided notion., The carriage 78 is coupled to the
linear bearings 113 by a clanp plate_3134. The vertical positioning system
104 is driven by a bi- directional rotary propul sion device 115, which

coul d h#adieddd dethudideat 42 iby alplupligofaticws 184, wiividpawideaigid conpling@34die 1 n one

enmbodi , device 115 is. a precisio | ectric not ith.an i.n-situ
Cont 1 olboipad 2o B ES eiigance ot R Sprfpedila: ASettfiafi bAICHBRBE SR tohed
to the mtimucfer@ﬁqbuﬁtﬁlc%%@%qesrigmyast&{mslfﬂmfeim,zig Q0BG Us al'bﬂwgtplziae
notor 115 is supported by a plate 119, which is rigidly attached 1o the

bul khedd84md apmayer 1 39 ginach, svhen dejrassed.diftstithe eqndadt slagd 49 e oftlee iypuating oot hed

drive | t and pul | ey, syst e - 2 r_belt tension is acconplished
by adj CUSTe PSRy RE T o R ERE miBite R Ra e EER Ao b
veri fi gaysied profilacsarslposkes 1Y antswirhi chanddl0121Rdy bovvirgbd ibthe ifGnt ¥31.
attached to the clanp plate 114. Sensors 125 are used to determ ne the

presenqgo3y] Adiehdrlidgroléthend Q3 okrro Y@t thl %1@ F?}@H&d&%&o&ﬁﬁ? B QBSisFhE

possibl'e to performthe desired functions o e verfica posi tioni ng
syst emimpleregtation of a kinenetigdoa datetifadesysiomi 15§ thatfresulie i ¢ ereatst Hegre¢ phear

Dr P S b BT G B oDl TRAER iy ! o
count ersyeb@ntsy, asGamieiéVRIFISESY A0D, iddleddlvd rugpéﬂ #d Wwai1eter@Ed T53, A61 UFhr S.

[0036] In order to prevent an-operator from becom ng pinched by the pod
docki ndoweriptsriaca 15 hinghdesy bingaatesholisksarand ge psmerosppaerd brackets 354. In this

illustr . I k I i S

ol oSt rhct e SEef a0 et B BiaPlc P30 BRI Rorn BT 2B Sumport
avoi danescksidte mreldgidlyldvapky sihe areldfichaiob udesfeeprbeghihpeddd A6 for anetutdl t hat
b cor S or baEpReTt St PRI n bbb aoehd o s thon e
pod 44 jisg ‘i&?’cﬂi@erﬁﬂ%ﬂ&%ﬁtdthetskl% xglrl%@ﬁnéléées'tﬁrel?kﬁ{% tic Pﬁl‘é%é. %E@lc&%lﬂéﬂ@?ﬁls“z
and a series switoh ciréult 13 opens. I n one enbodinent, there are four

swi t chds$6h83indeeatiemt] yadapustatldhend heavesuff®ient sangh td pravida pitan,gell appyaved at any

oL UL L1 iRt bR 2 8 R e
appl i cabhfetedhe pod docking notion is reversed imediately upon the switch
[0039] The upper interface 153 is a spherical adjus,t‘ing device that conforms to the final position
of the lower interface 151. The upper interface lé 3 ‘is depicted in FIGS. 9C-9D, and includes an
upper interface housing 160 retained in the bulkhead 42 by a wave washer 162 and a retaining
ring 164. In the illustrated embodiment, the upper interface 153 allows freedom of movement in
the vertical plane (arrow B-B). Conformance to the lower interface 151 is enabled by a threaded
adjuster 166, which contacts a self-centering ring 168. The ring 168 and housing 160 are
adjusted by a cup 170. The resultant interaction of these components allows the upper interface

153 to conform to the final pitch, roll, and yaw position of the lower interface 151.

[0040] FIGS. 10A-H are wiring diagrams for various components of the pod door opener 40.
The wiring diagrams are for illustrative purposes only and will vary depending on the specific
configuration of any particular component/system of the pod door opener 40. FIG. 10Aisa
wiring diagram for a status display for use with a pod door opener 40. FIG. 10B is a wiring
diagram depicting the AC/DC power distribution of the pod door opener 40. FIG. 10C is a PDO

communications wiring diagram. FIG. 10D is a wiring diagram for a pneumatic interface for the



circuit 132 changing to an open state. [0037] The pinch avoi dance system
130 includes a nunber of conponents. The frame 131 is WO 02/ 03431

PCT/ USO1M209%d343t 13 attached to the bul khead 42 by a pl upal/iusgi/mbssscr ews
134, which provide rigid coupling to the bulkhead 42 as well as gui dance
for return springs 135. As best seen in FIG 8B, the switches 133 include
a mounting plate 136 rigidly attached g _the frame 131, a spacer 137, a
spring plate 138, and a bunper 139 which, when depressed, lifts the

cont actvaripurcoi®neiith/spdternbef o pod idngr opehat4d. 136, 101 éx etvirirgpiagrag fohthe
circuit.132. To faci]itate n cturabiljty and ingain physi cal
o of 11 einapAnskets P FIEN 06 Wi e disatuR 2on B P et OGP A b
frame 13#ing dl@R38ForAROpSEHrivaHER WRMRNG. PILELs LM iagthdlfs: @F vERRRIt pod
door opening systens is the ’inplenentation of a kinematic tool interface
syst empesitioringesystesdi0fts in a greater degree of interchangeability when

nmounti ng or disnounting the PDO 40. The kinematic tool interface system
150, a40041] d¥virg dagciibedrie@sin eubodipentnof thel @sveationy pipeill Enagppheneto thotessff ace

or - ror Ty skl B Mt R o e RS bRt BS ConeebieyBitared BBt aes
two br agkeidwikBdut dEPRtiks ROHPhE Gpisid ghd so%%f@ offhd iSHRRGA ! ThOAAEKBLS 154 are

rigidly coupled and are attached to a wafer processing tool 46 for

st r uct gmbodingantpare to bé censilerPdin 4l resieeta eh enlytibustiativk ambmd restrigheel f 152 are
a plurality of kinematic pins 156. In this enbodi nent, the system 150

i ncl ud¢e042hrebatks clemmdd is: pi ns 156. The kinematic pins 156 are

i ndependent|y adj ustabl e and have sufficient range to provide pitch, rol
and yaw adjustnents. A seismc anchoring device 158 is |ocked in place
once adjustnents have been conpleted. [0039] The upper interface 153 is a
spherical adjusting device that conforns to the final position of the

| ower interface 151. The upper interface 153 is depicted in FIGS. 9C 9D,
and includes an upper interface housing 160 retained in the bul khead 42 by
a wave washer 162 and a retaining ring 164. In the illustrated enbodi nent,
the upper interface 153 all ows freedom of novenent in the vertical plane
(arrow B-B). Conformance to the lower interface 151 is enabled by a

t hreaded adjuster 166, which contacts a self-centering ring 168. The ring
168 and housing 160 are adjusted by a cup 170. The resultant interaction
of these conponents allows the upper interface 153 to conformto the final
pitch, roll, and yaw position of the |Iower interface 151. [0040] FIGS. |
OA-H are wiring diagrans for various conponents of the pod door opener 40.



The wiring diagrans are for illustrative purposes only and will vary

dependi ng on the specific configuration of any particul ar conponent/system
of the pmodpm4sppener 40. FIG 1 OAis a wring diagranp¢ousa/®st us

di splay for use with a pod door opener 40. FIG 10Bis a wiring diagram
depi cting the AC/ DC power distribution of the pod door opener 40. FIG 10C
is a PDO comuni cations wiring di agrazg_Fl G 1 0Dis awring diagramfor

a pneumatic interface for the WD 02/ 03431 PCT/ US01/ 20954 -14 vari ous
conponent s/ systens of the pod door opeélaans 40. FIG 1 CEis a wiring diagram

for tha. pinchoddedrdpene coupiigingl43. FIG 10F is a wiring diagramfor a
FIMS plate. FIG | O5is a wring diagramfor the pod drive plate 58. FIG
10His a w r@ﬁ%(’fdipﬁglﬁlﬁr’ﬁlﬁfcéﬁmﬁlﬁe vertical positioning system 104. [0041]

Havi ng deSC“lRl gleﬁcﬁ’hﬁﬁhgﬁﬁﬁﬁ Pt @%ﬂ&ﬁeﬁ&{l%gﬁ %e{i'ﬁl?@{ﬂr h il 'Sdoobe'faalg&f’“e”t

to those of nar he ar d| menf's P ncor por at | ng
t he commakwhdnsmh@\&ﬁdayhheéoasrdmmnglnﬁachaﬁdnymtdhout departi ng fromthe
spirit and sco The descri bed re to

nmb
consi dered iV <IV°§ g’élttnv trbgfr’]%}ng me&‘%ﬁrﬁl%.wr%gh qu?“% ek ?18%‘”1‘?‘13042]
Wt | Sngl@iieshd e d%%%é%%%c?@’%’o%%&ﬁ%‘keﬁl e Clai s 17 A pod door

opener conprising: a door opening mechanism ad having a seal plane

and, detni N NheARBGE Hidhet BF QAN WLGH 00K BlesdoPOthecPARERT WIRRfI§TOVed

by the door ‘open I'sny and } oor G
rrechanthfrzorvwlleyeanmerédhenv}tdsaahalm a height, width, and depth, and the
depth does not exceed 80 nmfromthe seal plane. 2. The pod door opener of

clai m B, whengipadtdeer wl)éih%hoﬂa@lm NGihepif ERcthA@ J088 n@RREeal43Y mh V\% inefiyal |y
centered on the seal ane . The pod door opener of claim 1, erein the
hei ght Vaﬁwgllﬁé@nt@rﬁd@@dhmwl phpe.general ly vertically centered on the seal
pl ane. 4. The pod door opener of claiml1l, wherein the pod door opener is
confi guk ed tBlermdrdtOOI opener gbetiiso hdwvlztrein thvapceirdq@r opews iswpnfiguled thatoupttors t s
a work s\e/r?l%c%ﬁguctor water p%%gsrsmgpto& & permits a work volume for the door opening

mechanism to have a depth of up to about 100 mm.

5. The pod door opener of claim 1, wherein the pod door opener is configured to mount to a
semiconductor wafer processing tool that permits a work volume for the door opening

mechanism to have a width of up to about 414 mm.

6. The pod door opener of claim 1, wherein the door opening mechanism moves the pod

door in a horizontal direction and a vertical direction.

7. The pod door opener of claim 6, wherein the door opening mechanism comprises a door

retraction device.

8. The pod door opener of claim 7, wherein the door retraction device comprises a bi-
directional propulsion device selected from the group consisting of an electromechanical system,

an hydraulic system, and a pneumatic system.

9. The pod door opener of claim 6, wherein the door opening mechanism further comprises
a vertical positioning system, the vertical positioning system comprising: (

a lead screw;

a conformal rolling nut; and

an actuator.

10.  The pod door opener of claim 6, wherein the door opening mechanism further comprises

a vertical positioning system selected form the group consisting of a guided telescopic lift



mechani smto have a depth of up to about 100 mm 5. The pod door opener of
claim1, wherein the pod door opener is configured to nount to a

sem condweo oz/034af er processing tool that permts a work veCDsoi0ps4 he door
opening mechanismto have a width of up to about 414 nm 6. The pod door
opener of claim1l, wherein the door opening nmechani sm noves the pod door
in a horizontal direction and a verticgk _direction. 7. The pod door opener
of claim®6, wherein the door opening nmechani sm conprises a door retraction
devi ce.de8ice Tmlienqao dledtn'mrma)ipe neamadriveh aysterd, andipelrailic abtvatodoopneustatia e¢tuator,
device co ses irection r st on device selected fromthe

gr oup @qugfsnir}vr?gsygtpmaﬁn ngl@gpq}%@)hgﬁ-}pi&%u&egyzgtem an hydraulic system and
a pneunatl c system 9. The pad door opener of clai erein the door
openi ng lnec et Rosh dogr eprater ebstpin Sirth %W@HIF]@&@%@EW&%@S@%} em the
verti cag n{i)ggingl oning systemconprising: a lead screw, a conformal rolling
nut ; 8 ctuator. 10. The pod door opener of claim@®6, wherein the door
openi ng neckaaﬁnmmcbupitd@rthebuﬁhhézslesnd a vertical posi tioning system sel ected

formthe grou COI’ISI St.j i de I escop | i ft 02/ 03431
PCT/ US01/ 209% 4235t ofg sﬁ@ﬁ?ﬁ%éspoﬁe%ﬁ% B‘F ﬁé‘inFlaB Hscihead.cam dri ven system

an hydraulic_actuator, neumatl C act uator, a cable drive %a; and a
magnet i 1dal | yIheqpg dogr EE"?HCE@deIn STHYE ﬁw%mgmék%w@ra? 1ISFIGF ¢ her
corrpri i i .frame coupled to the
bul khe ; a%dﬁgﬁsﬁggél‘?k}%ﬁ%%g\lfm tcﬁﬁgales&lglggl be wee "the frame and the

bul khead. 12 dobhéntpdakeddate copdedto thé pcd dmcmobpna‘rurt her conprising a door key
| at ch mechanl m for t he d_door door key | atch nechani sm
conpri si ng: ?Péb‘?nq ﬁé%?gifé"q‘pqc’&?]@ag%ﬂ‘ﬁll%tarf? Ei #& pod door opener; at |east
one door Key, hiadifddti6RH Pkﬁﬁlsfi&l ddvecd Bl @&ﬁwﬁﬁt@ﬁﬁae Iﬁat'é' afdi r ecti onal
propul si on device couplfed to the interface plate; and
a yoke coupled between the door key latch and the bi- directional propulsion device for
translating a linear motion from the bi-directional propulsion device to a rotary motion on the

door key latch.

13.  The pod door opener of claim 12, wherein the bi-directional propulsion device is selected
from the group consisting of an electromechanical system, an hydraulic system, and a pneumatic

system.

14.  The pod door opener of claim 1, wherein the bulkhead comprises a monocoque

construction.

15.  The pod door opener of claim 1, further comprising a sensor for sensing placement and

position of the pod.

16. A kinematic tool interface system for use with a pod door opener, the kinematic tool
interface system comprising:

a lower interface including a kinematic shelf and at least one support bracket, wherein the
kinematic shelf and the at least one support bracket can be coupled rigidly to a wafer-processing
tool;

at least one kinematic pin disposed on the kinematic shelf, wherein the at least one
kinematic pin is independently adjustable and has a range sufficient to perform pitch, roll, and
yaw adjustments to the pod door opener; and

a seismic anchoring device disposed through an underside of the kinematic shelf.

17.  The kinematic tool interface system of claim 16 further comprising at least one upper



a yoke coupl ed between the door key |atch and the bi-directional propulsion
device for translating a linear notion fromthe bi-directional propulsion
device t w@orai4ary noti on on the door key |latch. 13. TheP@gD@S@@ps40pener
of claim 12, wherein the bi-directional propulsion device is selected from
the group consisting of an el ectronmechani cal system an hydraulic system
and a pneumatic system 14. The pod deer opener of claim1, wherein the
bul khead conpri ses a nonocoque construction. 15. The pod door opener of

cl ai m Inteffewet foesecounp thespodgloar spamsoto thowatepsocegsipg mokment and  position of
the pod. 16. A kinematic tool interface systemfor use with a pod door
opener, the kinematic tool interface systemconprising: a |lower interface
including a kinematic shelf and at | east one support bracket, wherein the
ki nemati c shelf and the at |east one support bracket can be coupled rigidly
to a wafer-processing tool; at |east one kinematic pin disposed on the
kinematic shelf, wherein the at | east one kinematic pin is independently
adj ust abl e and has a range sufficient to performpitch, roll, and yaw
adjustnments to the pod door opener; and a seism c anchoring device di sposed
t hrough an underside of the kinematic shelf. 17. The kinematic tool
interface systemof claim 16 further conprising at | east one upper WO

02/ 03431 PCT/ US01/ 20954 -17 interface for securing the pod door opener to
t he waf er-processing tool.



