ELEVATOR LI NEAR MOTOR DRI VE FIELD OF THE I NVENTION [0 1] This invention
relates to a system and nethod for handling and processing substrates such
as magnetic disks, and nore specifically to a system and nethod for

i nproved novenent of a substrate carrier in a substrate processing system
usi ng magnetic conduits. BACKGROUND CF THE | NVENTION [2] Substrate
processi ng, such as the formation of nagnetic disks, is a conplex and
conplicated process. Large, custom zed equipnment is required to carry out

t he nunerous uni que steps of coating a substrate with nultiple |ayers, then
heati ng and cooling the SHBEVMAKQ@R INDHARMOTOR PRIVEsSi ng substrates

usual |y have a large footprint, and require a significant anmount of space

to operate. Additionally, thegy ﬁﬁ%ﬂeﬁl?gﬁ F%\ermoperat ed in high-tech

cl ean roons, which are expenswe to bui mal ntain. Therefore, it is

advant agggHs tﬂfsnﬁ%h%g gég& SRy d;kt a?nﬁtnpertl'xd?jtfof’{l] arfdl}fi m&%;lﬁ%gﬁe%&gé@ ng

machi nes.” [ 3] 0 |rrprove t he pr cessing s at whi ch

each substrate umﬁcgdlglﬁsf gb |c%tssg)d ﬁcala’zt% ! son‘eﬁﬁﬂ}og%%r ﬁp?&eﬁf t he

equi prenti<h engl ng, since
many processing ste have a nini m 1 .eg uired tinme that a rtlc L ar
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substrate. Many inprovenents have therefore focused on the steps in the

rocess that add no value, such as the tine to nove a substrate

[02] Substrate processing, such as the formation of magnetic disks, is a complex and
complicated process. Large, customized equipment is required to carry out the numerous
unique steps of coating a substrate with mulﬁple layers, then heating and cooling the
substrate. Machines for processing substrates usually have a large footprint, and require a
significant amount of space to operate. Additionally, the machines need to be operated in
high-tech clean rooms, which are expensive to build and maintain. Therefore, it is

advantageous to reduce the overall footprint of the substrate processing machines.

[03] It is also desired to improve the processing speed at which each substrate unit is
fabricated so as to maximize the value of the equipment. Improving the processing speed is
somewhat challenging, since many processing steps have a minimum required time that a
particular coating must be applied, heated, or cooled in order to properly coat a substrate.
Many improvements have therefore focused on the steps in the process that add no value,

such as the time required to move a substrate from one step to the next.



[4] To this end, current technol ogy, such as the 200 Lean(r) system

manuf actured by Intevac, Inc. of Santa Clara, California, has devel oped
nuner ous solutions to reduce the overall footprint of the machine. The 200
Lean(r) is described in further detail in U S. Pat. No. 6,919, 001
(hereafter "the '001 patent"), the disclosure of which is incorporated
herein in its entirety. One inprovenent is the stackable configuration of
processi ng chanbers, which allows for double the anmount of steps to be

per f or meqo4]n Imalthistehd, capaneedhagiopy,adcipastie 006 Lyan®Tsystenvmasufsuisd bat e from
one stack of processing chanbers to another, elevators are configured on

ei ther siigevgf 1dcher Saned €Btal Calil¥fa thﬁ@dé\kd:llﬁkﬂ atife@0s solifions@aeddas thbe end of
one stack of chanbers. Numerous ot her i nprovenents, not relevant to this

di scussi Qf, raﬁrf@otgljnﬁ%f%slﬁédh%d The 200 € earf®® & deadrfell in fulrfbr de‘%ﬁh@g' pfpal
Pat ent Publication No. WO 2006/ 026886 Al (hereafter "the '886 publication")

I d

chamber s NAToPoFURFERL Ghe 3%?%*“’2 BY SRR SR oGl nBIEAERCD! 1O
one. stacks t‘éﬁt'niefyit%e“m%?%%hﬂ'e?ﬁ@ o sghekpon i L ARy RaFBRTAALE, o
for the transg{tl)jrt of the substirate arrlers li[‘ﬁq} The rmvement of tlhe
subst r at &llpws &H“Qegl?t%‘iquéf KPS &R %P‘H&’rg’ﬁgf’b b sppes LeqUiEd BreYIOUsi bed i n

the '001 patent and ' 886 publication, also require the use of a carrier to
support flisemeesiubsirae framjane siggkef PREessiga chaebahioranethsr, cleNoBA? i er nust be
designed to tightly grip only the outer edges of the substrate, so as not

t o i nt er feenfigured on ¢ither sidavf thg systane esmese thasubstratenice it redghesdhe enckof imgs a
somewhat flinsy hold on the substrate. A slight bunp to the carrier from
any di r egtackbf eubersk Nusherdusetisau rmproztmentsitnoofeldviast toaliis discyssioegare pisng t he
entire machi ne

described in the ‘001 patent.

[05] International Patent Publication No. WO 2006/026886 A1 (hereafter “the ‘886
publication™) also describes a substrate processing system with two stacks of processing
chambers. Much like the 200 Lean® system described in the ‘001 patent, the ‘886
publication describes a lift module to transport a substrate from one stack to the next, and the

use of magnetic means, i.e., linear motor, for the transport of the substrate carriers.

[06] The movement of the substrate through a substrate processing system, such as those
described in the ‘001 patent and ‘886 publication, also require the use of a carrier to support
the substrate as it moves through the chambers. The carrier must be designed to tightly grip
only the outer edges of the substrate, so as not to interfere with the coating processes. As a

result, the carrier has a somewhat flimsy hold on the substrate. A slight bump to the carrier
from any direction could knock the substrate out of the carrier, requiring the entire machine
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to be stopped and serviced. It is therefore desirable to mnimze any
turbul ence on the carrier as it passes through the substrate processing
system Notably, acceleration forces in the direction perpendicular to the
surface of the substrate nust be mnimzed. However, this concern nust be
bal anced with the need to i nprove processi ng speed, since the faster the
process noves, the nore likely it is for quick novenents to knock the
substrate off its carrier. [07] Therefore, what is needed is an inproved
subst r at go p¢ siopsedliang s&ryRe@Ntlidwhtrefora desirable tpnniasa ang thiboienéeoon thenarviat ue
added activities, prevents turbulence on the carrier and substrate, and

si npl i fi @8 itfaGePRERHILOSubIRME E'ﬁ)cédam sybhisih Aotathg aeegdtation fotge b thevel s in a
stackabl e system S RY OF THE I NVENTION [8] The foll owi ng summary of

the i nvengi i i i i hic s 4 d i of sone
Qlthg&P)él a{tﬁ&%é\g%hlgteg) th® sEAE bf the sbsPUiedRus? b0 AthifiHAdelowerBd S

aspects an of the invention. This sunmary is not an extensive

; £ the i ™ R o Ccul arl
Ctent 1 1y <Rss b he Rl B fheBe Wi hptdve piodiing PeEDSfie bt RO BUTY
scope of the inventj

p on. | sol.e.purppse is to present s concepts of the

i nvent i oPTPGSSHMEYS quoé%ih?%}‘ %1%@?8ulggaoﬁ’8@e?t8t wcﬁ@}eesuggfaé? ?tgb[ 5P
description that is presented below. [9] Enbodi nents of the present
i nventi ofa#bvi de for a substrate processing systemw th a nmagnetic conduit
configuration to inprove the novenent of a substrate carrier within the
system In one aspect, the configuration of magnetic conduits specifically
provides for fast, secure novenent of a carrier in an el evator subsystem of
t he subst0ZAt e Thewtes svhag isnesdeels by ingovegl subsfrase processing $ystem that magfimizast
magnetic forces created by a linear notor, permtting the

processing time for non-value added activities, prevents turbulence on the carrier and

substrate, and simplifies the process of moving the substrate between multiple levels in a

stackable system.

SUMMARY OF THE INVENTION

[08] The following summary of the invention is provided in order to provide a basic
understanding of some aspects and features of the invention. This summary is not an
extensive overview of the invention, and as such it is not intended to particularly identify key
or critical elements of the invention, or to delineate the scope of the invention. Its sole
purpose is to present some concepts of the invention in a simplified form as a prelude to the
more detailed description that is presented below.

[09] Embodiments of the present invention provide for a substrate processing system with
a magnetic conduit configuration to improve the movement of a substrate carrier within the
system. In one aspect, the configuration of magnetic conduits specifically provides for fast,
secure movement of a carrier in an elevator subsystem of the substrate processing system by

using magnetic conduits to redirect magnetic forces created by a linear motor, permitting the
3



| i near notor to be positioned outside of the systemand in a |ocation that
will not interfere with the novenent of the elevator. [10] According to
aspects of the invention, a systemfor transporting a substrate in a
substrate processing system having at | east one chanber is provided,
conprising: tracks positioned within the chanber; a substrate carrier
nmounted onto the tracks for transporting the substrate; a plurality of
magneti c el enents attached to the carrier; a linear notor; and a plurality
of magnetlingaran@diiothd posisibhdduuesiddeftthesstenhand in ndaratiomthat wilhobttifterferar r i er ,
wherein the magnetic conduit transmts the magnetic force fromthe |inear
not or t o Willthe alovemént lof tHele®dh@r.magneti ¢ coupling to transport the carrier
The linear notor nay be positioned outside of the chanbers. Each of the
magneti c emet. [ t intfl @lihkhc bl ock.
The nagnéf¢% con 3?@%0%§%9%g$ﬂfﬁn§%gg§é§9$ﬁgf%ggﬁgfﬁfﬁ%gﬁgﬁﬁ%s may be

“funnel * SQS%B%}ro&:Qﬁn%%gﬁe%g ﬁ&v?n%%l{t?%ggﬁk%gaxﬁgﬁgggﬂomd%%g@rriisﬁlﬁ: @ckb east two

_'_SU
| evel s of "processing rs, iTs sta on~top of a

second | evel.. The. syste further conprise an el evator .chanber .capabl e
ot ans GERHIPRE VAN s PP p SiHeBE cFEFEmoafief Rud e Bl MR L o
anot her. The systen1na¥ f%rther,c nprise el evat or. [ipear nmot or

posi t i ondke BHretEate@ Riyrakity of magneticalerpentnaitached i dhessarrierya ingap ey and dear
motor aligns with a series of adjacent magnetic conduits in the el evator
chanber, Pglllélilt)’tolﬁ aragnatie caadiistositiprndcherveendhg kinear metas apd thecagriepyhgrein
processi ng chanber into the el evator chanber. The series of adjacent
magnet i ¢ ticomagrietis coralypitftransrhigs thb enagagtbree dfonythie dinpay mater todhe ¢agrierftpom t he

el evat or chanber to a processing chanber. [11] According to other aspects
of the i rRwaR hametiatoupliay & wansporbdigsheier. Thalisabsbtaneyhegositionsipwsidd em i s
provi ded, conprising: an el evator chanber capable of sustaining a vacuum

at | east (@aR chhRB&S. E%fot@@&héﬂeﬂ@@lin@ﬂis&ﬁ@&o&?ﬁs@hﬁiégﬂétrpoé}ihalﬁﬁﬂ&fverWﬂerei n
the linear notor generates a nagnetic notive force; a novable carrier

conpri si ng. 3P LHEI%' The/mBéneABIRRIIE nfl?t %@Bgt’] ghap@d.?/ﬂié 1:n§ chi¥ cHRMAR hyBeevat or

base for noving the carrTer vertically; a plurality of pole pieces

att ached Lot Hen S8y FhoLuRARe pRIds FRHOMEAgNLNGIRADE fofir bl ledeiopm t he

| i near no nmagnet| C or subsystem may further

conprise a series of adjacent pol Leces. configur t coupl e the
carrier PFUFTSHY ‘iﬁﬁ@&?mﬁ%‘?ﬂb? sk ?%’ﬁFﬁgﬁkSﬁ A %Jﬁgg%%@ﬂﬁﬁ?‘cﬂQWé%nhway gui de
the carrier into the elevator chanber. The el eyator subsystem pay further
conpr i se furthes epmprissranielgvator ghamber ggpabls of ﬁ@nw&m&tg? cqiHerirerg ogg, F%s‘ qfﬁ@p
carrier into the elevator chanber. The plurality of pole pieces may be
posi t i onetdessingehambeninanetbel lhsfsystera naayr further compeise arveleyaierngan pefor
stability of the carrier by enhancing the gravitational forces on the
carri er. positiomal catgidesufals: etenatdrehfroberpwhéminghe Elevatetipser metoc hligrisarith he

| i near notor is located on a lateral wall of the elevator chanber while the
carrier isgricsfadjacent maghticRohduiBiie tRelevator thambraeiush that the eagnetid contluitshe

el evat or chanber between the linear notor and the plurality of pole pieces

may be a o fie i ®drifidin y?fao%ésisad chdABerViRto! thé@¥vaa& AhiBEN UMe sdi dFol e pi eces
may be de of a perneable, soft netal to mnimze the magnetic field | oss

e ! , i T D 400
cor ! os. st BBhetRpRA Ry ARuA Hetahiie Epui BEHRTaRiR R BRYDE ©  ce

a magnet ﬁtt ched to a.nehalLic bl ock.
chamber to a processing chamoer.

[11]  According to other aspects of the invention, an elevator subsystem in a substrate
processing system is provided, comprising: an elevator chamber capable of sustaining a

vacuum; at least one linear motor positioned outside the elevator chamber, wherein the linear
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[12] According to further aspects of the invention, a substrate processing
systemis provided, conprising: a series of processing chanbers; tracks
positioned within each of the chanbers; a substrate carrier nounted onto
the tracks for transporting the substrate anong the chanbers; a plurality
of magnetic elenents attached to the carrier; a |linear notor; and a
plurality of nmagnetic conduits positioned between the |inear notor and the
carrier, wherein the magnetic conduit transmts the magnetic force fromthe

| i near nuid6r geneiates aGmaghitiy mbtive forcead monatde edriier coppisingg fleralityaisport t he
carrier. The series of processing chanbers may conprise a first |evel of

adj acent £hHABRELIEMANS 2 eRRaNNGhdvaME klevhionBysa athovingib easiepoatitdliynas over
the first l'evel of adjacent chanbers. The substrate processing system nay

further tfpmr'ﬂ'y%? &ie ?c@é’ﬁfa@ﬁedctbmévaﬁﬁ%ﬁ&' £HdWbuIBIRPRAREID flelEfrGAtRd er
he f rsP ag

bet ween second |l evels of the processing chanbers. The

substrat i&ez(%ror{q&gfs {1 %%(%ﬁe%@e%ﬁoslrj FI%E %fev&gmvl\)ky%?elﬁ Hla? lﬁ?r\’ﬁ%f' E6mpridd&AerifDt Or

position utsrde o e eleva anber, erein the el evator |1 near
with a series_.of cent net i

mot or al i gns. ' condui in. @? eyat or
chanber, Oga%ﬁcet“ﬁa?le Pﬁéewaﬁg'fﬁe@%c%ﬁa'ﬂﬁl? g'% ﬁfrkfé%to Re @%jera % ?’é)#oqilél oaaﬁlr)fgyn ut of
t he el evator chamber. BRI EF SCRI.PTI OF THE N 13] The
acconpanyFergsinesiiapysr angguids thg %arf‘?de'igr}lB? elewator 9??5@%\% %ﬁs"h"?{?{ é‘ﬂ’éyﬁ%{?t of
this specification, exenplify the enbodinents of the present invention and,
t oget her maytfrtherecompsiss 2 prries pf rada pijashedtoghg elgyaiordage to guidsthe AT iNtRci pl es
of the invention. The drawings are intended to illustrate major features of
t he exenphaelyvaterivhainbern The phiraity ppele picats roayreaprsitionghbeldw ag wigersidecootnot
intended to depict every feature of actual enbodi nents nor relative
di mensi onke @frridrize aslepinbhed thd aatsbitynf tienchrderdyrobandingwhe gravisatmhnel. forded 4]
Figure 1 is an illustration of a substrate processing systemaccording to
one enbo@RN¢arQér. A pbR\WRSEES MAY be formed in an “L” shape, such that the linear motor is

located on a lateral wall of the elevator chamber while the carrier is coupled to the pole

pieces on its underside. The wall of the elevator chamber between the linear motor and the

plurality of pole pieces may be a thin metallic material. The wall may be aluminum. The

pole pieces may be made of a permeable, soft metal to minimize the magnetic field loss

between the linear motor and the pole pieces. The pole pieces may be a 400 series stainless

steel or iron. Each of the magnetic elements may comprise a magnet attached to a metallic

block.

[12] According to further aspects of the invention, a substrate processing system is

provided, comprising: a series of processing chambers; tracks positioned within each of the

chambers; a substrate carrier mounted onto the tracks for transporting the substrate among

the chambers; a plurality of magnetic elements attached to the carrier; a linear motor; and a

plurality of magnetic conduits positioned between the linear motor and the carrier, wherein

the magnetic conduit transmits the magnetic force from the linear motor to the carrier to

5



[15] Figure 2 is a perspective viewillustration of a carrier, according to

one enbodi nent of the invention; [16] Figure 3 is a side-view
illustration of an enbodi ment of the nagnetic transport nechani smof the
invention; [17] Figure 4Ais an illustration of the ability of a magnetic

conduit, or pole piece, to directionally affect the path of a magnetic
reactant, in accordance wth one embodi ment of the present invention; [18]
Figure 4B is a further illustration of the ability of a pole piece to

di rect i ongdat/magredi€ todphiag patrinspbrt thervagieet THe seh@wfpidcessmgchanibugdnayanner, in
accordance with one enbodi nent of the present invention. [19] Figure 4Cis

an il usthablifa ffst (D8 dFabfatdnY cRimbBRrPAlde Ri&Bev ofladjfeht ealbky af fect the
path of a magnetic reactant, in accordance with one enbodi ment of the
present 'p'ayi‘tqlgltnédo&er the first level of adjacent chambers. The substrate processing system may

further comprise an elevator chamber capable of transporting the carrier between the first and

second levels of the processing chambers. The substrate processing system may further

comprise an elevator linear motor positioned outside of the elevator chamber, wherein the

elevator linear motor aligns with a series of adjacent magnetic conduits in the elevator

chamber, such that the magnetic conduits guide the carrier into and out of the elevator

chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[13] The accompanying drawings, which are incorporated in and constitute a part of this
specification, exemplify the embodiments of the present invention and, together with the
description, serve to explain and illustrate principles of the invention. The drawings are
intended to illustrate major features of the exemplary embodiments in a diagrammatic
manner. The drawings are not intended to depict every feature of actual embodiments nor

relative dimensions of the depicted elements, and are not drawn to scale.

[14] Figure 1 is an illustration of a substrate processing system according to one

embodiment of the invention;

[15] Figure 2 is a perspective view illustration of a carrier, according to one embodiment

of the invention;



[20] Figure 5 is an illustration of a carrier base magnetically interacting
with a linear notor, according to an enbodi nent of the present invention;
[21] Figure 6 is a detailed view of the enbodi nent of Figure 5; [22]
Figure 7 illustrates an el evator according to one aspect of the present
invention; and [23] Figure 8 is an enlarged view of an el evator and |inear
not or according to one aspect of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON

[16] Figure 3 is a side-view illustration of an embodiment of the magnetic transport

mechanism of the invention;
[17] Figure 4A is an illustration of the ability of a magnetic conduit, or pole piece, to
directionally affect the path of a magnetic reactant, in accordance with one embodiment of

the present invention;

[18] Figure 4B is a further illustration of the ability of a pole piece to directionally affect
the path of a magnetic reactant in a curved manner, in accordance with one embodiment of

the present invention.

[19] Figure 4C is an illustration of the ability of a pole piece to directionally affect the path

of a magnetic reactant, in accordance with one embodiment of the present invention.

[20] Figure 5 is an illustration of a carrier base magnetically interacting with a linear

motor, according to an embodiment of the present invention;

[21] Figure 6 is a detailed view of the embodiment of Figure 5;

[22] Figure 7 illustrates an elevator according to one aspect of the present invention; and

[23] Figure 8 is an enlarged view of an elevator and linear motor according to one aspect

of the present invention.



[24] Before the present invention is described, it is to be understood that
this invention is not limted to particul ar enbodi nents described, as such
may, of course, vary. It is also to be understood that the term nol ogy used
herein is for the purpose of describing particular enbodinents only, and is
not intended to be limting, since the scope of the present invention wll
be limted only by the appended clains. [25] Aspects of the present

i nvention provide for the use of magnetic conduits to inprove the tine
required to nove a SUDETAILEDDESCRIPTEONODLTHINENVEN&FIONO anot her on a
stacked, multi-level substrate processing system Less mechanical parts are
required[24] mMBédort R peeserit idvenitioh @ dedcriedyiaisao bs uhdeysd@hthatethid iovengiomisni mal |
shear magnetic forces nmust be broken when noving the carrier from an

adj oi ni NGPHARES S fatticaR ERBHdikRnBHeSriD¥d e sudhtash of coufelgliaryomab hiyo td e use
of the magnetic conduits, especially configured in adjacent arrangenents of

pol e pi eqRSersad it AR drhfo1dd)tusIPHEERNE fd?fthéﬁlﬁp&@%fﬂ&%riﬁi&%@%@&@l‘dﬁ t he

system reducing the risk of "a substrate being knocked a carrier.
[26] In %rr}x%oaﬁr%%gong)’, aﬁ&'fﬁ Hopﬁ%td&? th bﬂﬁnftih&,%ﬁ&%@s@o?@oﬁhg Elregenjt im@ﬁtior}f}o
substrat € processing’system conpri ses series of processing chanbers
102 for applyin arjqus, coatin ar processes to a substrate 103. The
substratéagﬁ¥@ wgﬁabgvgb%ﬂﬂﬁﬂﬁgﬁgmH§Unted to a carrier 104, as shown in
Figure 2, which connects with an outer edge of the substrate at only a few
points 106, so as to keep the majority of the substrate surface area
exposed for the coatings and other processing. The carrier also _has a
carrier HadHe Aosectsfithhipissenyinyenticn preYide &priles useiof magnsticepndpis te snprgye

t hrough the chanbers 102 of the system 100. [27] As illustrated in Figure
2, the balsetii®Bqoiredcmrmoera subsrataandaeidrSroti ene lavel charmthpago atstagkdd i n t he
system (shown in other Figures). Wiile it is possible to use nagnetic
wheel s, haig-lékesubbeat protdBingrsgstaat [rBgnethagieal. pahs adasqriied eamoee gien, t he
use or linear notors for the transport systemlargely elimnates the need

for enharge: fid &t L18VhtdrBuBRBRIE afi@PhI¢ nffiaRll ShadrinfignaidfotRs aluet 1Rt Broken
control. The base 108 al so i ncorporates part of a magnetic transport

system t%%%ﬁ In)'owd%}hé b&rriexel%]ﬂ dh 38R nin@proBAERE CRarh bR S RPEILyARRERbEM | S

i mpl enen as alitneal notor used to transport the carrier between
chanbers apd.in nd o of . { . may be of a
rel uct ané%daﬂf/oﬁlgf.lﬁ 0 ‘?Sﬁtoﬁhéec a%@ﬁ%génﬁéﬁ%,?%glrall%?@g@ ?&n’irralaﬁqe ?%:m mat eri al ,
magnets, or both (112) are positi.aned on the b 108. .1 n ane. enbodi ment,
AR Y AR S N S o R R e T
112 are individual magnets. In yet o%henﬁggbodLnent el ements 112 are

i ndi vi duasdugingilq dskaiasuhgrnte beidgpactedourf aFMEFT [ 28] An enbodi nent of
the magnetic transport nmechanismis illustrated in Figure 3. In Figure 3, a
vacuum wal | separates the part of the machine that is in vacuum i.e., 124,
fromthe part of the machine that is in atnosphere, i.e., 122. The |inear

mot or 11(26]s $h dbneedspebtiofithictieveatiomsip ibrstatedvri FiguteHe a sabrstrateprac@ssing sjstsmon
tracks 114 provided in the vacuum side. Coupling of the nmagnetic energy to

nove the 100kémpfiseks 8 seid@\of gRitedijhgohgmberds 402 @l applyinpduiivss dohingsidri ch confi ne
and direct the magnetic field fromthe |inear notor 110 towards the

magnet i ¢ eQURLE Rt SHSFROT3. 1R @bsttdiCelias thedfystbMang & thb@fted thisarrioM10s, t he
| i near tor 110 is actuated it noves the coupled carrier base 108 from one

processi 39 sﬁM%g&Q Z?VOﬁ}ltcﬁ E6nnells witht 43 edge of the substrate at only a few points
106, so as to keep the majority of the substrate surface area exposed for the coatings and
other processing. The carrier also has a carrier base 108, which provides a method for the

carrier 104 to move through the chambers 102 of the system 100.
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out of the elevators. [29] To further provide for stable novenent al ong
the linear path of the substrate processing system in the enbodi nent
illustrated in Figure 3, the carrier base interacts with a series of rails
114 that run along the length of the processing chanbers and el evators. The
carrier base is configured with wheels 116 that roll along the rails and
keep the carrier noving in a straight line. In Figure 3 the notion of the
carrier 104 is into and out of the page, as indicated by the 0 q
indicators. [30] In one aspect of the invention, nmagnetic conduits are
used to extend and nodify where a reacting element of a linear notor (such

as the mggmpet ANihdGicadh Flghfe DARCHast 86815t dapid?d 0l RaOWHEs 116, Whichleagdpet he
magnetic coupling. In a typical configuration, the linear notor is situated

|
parallel [fo lfgnd %%ﬁvﬁi ﬁ%@i%? ; @\ﬁlil@_if@??%ﬁble {0 RB maghetRIVARELS,

conducting naterl e use gnetically soft material, such as

400 [ i nl t eel ir.on, th ' > '
i mear. moe P aReae I EAT PacPhaeligh AR aRRO it IRURE R ARARRB el
ustrate the gbi i%y of

t he magnetic conduits 118, .[31] Figures 4A - 4C il| .
the mondipoECRETISEaTlimitaisds B TorraRA v ot L Bl Heedg o ar
motors 110. In one enbodinent, the nmagnetic condui%; can be arranged in a
seri es ofangdeeelgsptianecontralg Thy base 10§ AlsodnepQraleEPLipie? MASNCHA HaPPPE SHiteBes 118
are extended and have various |engths, which cause a magnet noving al ong a
pat h 120 Naymdlhan this embhedmens| mpagretic srangwritechenismas immemededasadiieal as t he
arranged pol e pieces 118. The notor, such as a |linear notor 110, can be
separ at edndtooused hetrpep@t the earer hét®etryctmmbets and o and out of the elevators. The

linear motor may be of a reluctance type. To interact with the linear motor, magnetic

material, magnets, or both (112) are positioned on the base 108. In one embodiment,

elements 112 are made of magnetic material. In other embodiment elements 112 are

individual magnets. In yet other embodiment elements 112 are individual magnets attached

to magnetic material.

[28] An embodiment of the magnetic transport mechanism is illustrated in Figure 3. In '
Figure 3, a vacuum wall separates the part of the machine that is in vacuum, i.e., 124, from
the part of the machine that is in atmosphere, i.e., 122. The linear motor 110 is situated in the
atmosphere, while the carrier 104 rides on tracks 114 provided in the vacuum side. Coupling
of the magnetic energy to move the carrier is provided by magnetic field conduits 118, which
confine and direct the magnetic field from the linear motor 110 towards the magnetic
coupling elements 112 at the base of the carrier. Thus, when the linear motor 110 is actuated

it moves the coupled carrier base 108 from one processing chamber to another, or into and



shown) and still transmt the magnetic force to the pole pieces 118. If the
magnet is connected with a carrier, as in the substrate processing system

of the present enbodinent, the carrier and substrate will take the sane
path. Figure 4B illustrates how the pol e pieces 118 can be arranged to
cause a carrier to travel in a curved path 120, and Figure 4C illustrates

how a custom zed arrangenent of pole pieces 118 can cause the carrier path
120 to nove in a variety of directions, while using a linear notor having a
i near @yt enthealetators] 32] Figure 5 illustrates anot her enbodi ment wherein
the pole pieces 118 are in an "L" shape and are held by nmountings 152 to be
situated below the carrier base 108 as it travels through the substrate
processi ng system 100. The plurality of pole pieces 118 are positioned

bel ow t hgy ggq{o%gﬁer%‘;%\;l&efo? ?tﬁﬁl'e?ﬁov%ﬁ’ieﬁtsal&% tRONAGE Path b€ thRlsabittakd y Of the

carrier hancing 't ravitational forces acting on the carrier. That
is, by bendln t he, magn tlc flel
attract PREHEYRETEH t% fpedi egf‘hlﬁgtggéscgqg? é/l{rggetg g?'%ﬁg{ bz{gQLlﬁérB%ﬁﬁrﬁ}agnet ic
forces enhanc V|tat|on forc acting. on, the car
nmount i ngSeHEP %é‘?‘g lalgttgaé Fapalpng g’F hetht (gtstB prtoﬁeesglélﬁgmﬁers & c‘f%evagorc Egh er
wal |, elevator, etc. An enlarged view of hIS t tailing its
rel evant cefrigrbaneds sanfignred ayithawhes!s 1 6phaj el al@ng &ﬂr@qﬁﬁ $2®B provi de a
stabilizing magnetic force coupling to the carrier base 108 and_ prevent
unnecessangvingntastigigheling. Horfégye Aitd metomef thhrearriershd4ds infrgndsaps of {})‘ﬁt e (not
shown) becom ng di sl odged fromthe carrier 104. As illustrated in Figure 6,
el ement s phde agididatedibyitheIdl g nadgiogbs. 111 attached to nmagnetic material
bl ocks 113. [33] As in the other enbodinents, the use of the magnetic
couplings also enables the linear notor 110 to be nounted outside of the
processi ng chanbers in an atnosphere 122, 11 instead of the vacuum 124,
separate he | i near
motor 110°0h: SFae asgg%toﬁhﬁ”g%&?gﬁ RS el R FATRRRT B EmBlic) "0
contanlnatlon or Lnterfere fromt 10, 4 n
al t er nat VSHbBEFRAEC e‘f“fﬂ% ??ﬁ@%ﬁr "?P(S?rgf'uﬁ% ilberff]?%ﬁfglcf%e Q%rﬁ ats%?él eg%s?uum and
fornms a direct magnetic coupling with the carrler_ﬁ%g F@MT t he pole
pi eces c&gligomsler RPNy thg “taén"?t'r?tcé?f“%l&g R 2fvRieal cpptiguation,the fingay dn‘it?fe‘ﬁ form
a right angle to guide the magnetic field to properly interact wth_the
carrier. sﬁumﬁpargh?ﬁﬂ & themeasting clamenty push\ge anpgpeteiramtor ghweeIndaeiingdnaipyal.
movenent of the carrier during novenent between processing chanbers.

With the use of magnetically soft material, such as 400 series stainless steel or iron, the

magnetic forces created in the linear motor can be redirected to alternative angles and

locations using the magnetic conduits 118.

[31] Figures 4A — 4C illustrate the ability of the magnetic conduits 118 to redirect the
magnetic forces from the linear motors 110. In one embodiment, the magnetic conduits can
be arranged in a series of pole pieces 118, as illustrated in Figure 4A. The pole pieces 118
are extended and have various lengths, which cause a magnet moving along a path 120 by the
extended pole pieces 118 to move at the same angle as the arranged pole pieces 118. The

motor, such as a linear motor 110, can be separated from the pole pieces 118 by a wall (not
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[35] One application of the magnetic conduits is in an el evator subsystem
of a substrate processing system such as the el evator subsystem shown in
Figure 1. In one enbodinent, the el evator subsystem conprises an el evat or
chanber 126, which connects with a processi ng chanber 102 on the end of
both a first row 128 and second row 130 of processing chanbers. The

el evator subsystemis designed to nove a carrier and substrate from one row
to anot her for continued processing. By inplenenting the use of magnetic

condui t s shwhdfsal RafdmidheaidgaB@eftidttto Gfe s siecRdnsi Mghmbgngpiseces in the
el evat or chanber 126, a carrier can be |oaded into and transported within

the el eVQ:BHﬁecfeEl%hlee[ cakidt; adin IEPRILAERe hrolSAMgAPitEH off ThelpreRnCMBIdgHEROhe

outside the elevator chanber to provide the magnetic force for the pole

pieces to mye.d Qlﬁ)%tgﬁlé Erv';ialﬁ{ak% «Qafnl ?f)afﬁl. %’g@%g%% GIMATREE how 3R pdid St 118

illustrates one € an el evat according to the present

i nvention, ere t | i near nmotors 110a and r [.L si de of
the el ev é’f’%p/g i@angg%ﬁgwélﬁe e ig prave iR ag rev\?%% %tg q%g’sagld%?%]r{; %‘g\?@ ggté%) and
down on an el evatin nechanisn} ﬁuch as. an el evator shaft b ihain 312.

Tr acks 1@@%@8@6}1@%@@8&@%8 pole Pieeeslffean £8se s RS ReB 12 AR BO%G B 2 when
the el evator 132 places the elevator base 310 jn alignment with process
chanber s variewjof Hisections Whilgaising adineargnotgr havipg a,lipssr magev P#Bn, the pole

pi eces 118 cone into alignment with a corresponding |linear notor 110a or
110b. In this position, when the linear notor is energized its force field
is transmtted to the pole pieces 118 through the wall 134, so as to

t r anspor t[32]he Rguré b diustktds afodiedr efmbgdimenBwhérbinghe pdle piesescl 18see iqpndfL’r el evant
el ements within an el evator according to an enbodi nent of the invention,
Wit hout sha 4nd afd1R1dBy modmithgs 182 tdied situaied belaahe oartior babd @08 & ivirsvdd e. | n
this enbodinent the pole pieces 118 bend the field of the linear notor 110

at a 90 QQQB%&;%%ﬁ&tr%&qar@(!e%iﬁ@srs%hpim "the éﬁlﬁlﬁl@@d}fpzﬁé%i&@é 1 Pirepestidred are

positione erneath the carri‘er base 108, so"that the magnetic force

bei i L. . i i i h th
€110 U AR G LAULE R 0L oS TDLandd BelsBphAORE LR bPedliaHg the

pol e pi ec€ ofrm a et c cou a nmagnet or ‘magnetic
material 112 nount in the carrier.bas 08, Fi ] ' ates
he. specith EeyLARy Tores g o e ricts Tl S ny oG ot el Tilts (RRa T C
magnets 112 in the carrier base 108. The pole gigcgs 1%%§§§e.nqﬁnbeq onto a
rai | rouy theineappiotas sp &s togtisast theqnigetic elfmens aldhp paseed agter e "devat or
134 within the elevator chanber. The rails 114 are positioned on the rai
mount 136nagnatc foresy cakange thereravitational furesacting on e cagicr. the Paeningd§5%s ¢
enters the elevator chanber. The carrier base will therefore enter the
el evat or achattroked tb eEmeatspifdireecherben didhgasfchambdserillnelevaier, giegdn andprgidovi de a
poi nt of reference.

view of this embodiment detailing its relevant elements is illustrated in Figure 6. The pole

pieces 118 provide a stabilizing magnetic force coupling to the carrier base 108 and prevent

unnecessary turbulence, thereby minimizing the risk of the substrate (not shown) becoming

dislodged from the carrier 104. As illustrated in Figure 6, elements 112 are individual

magnets 111 attached to magnetic material blocks 113.

[33] As in the other embodiments, the use of the magnetic couplings also enables the
linear motor 110 to be mounted outside of the processing chambers in an atmosphere 122,

11



[38] Once the carrier has entered the el evator chanber, the elevator wll
rai se or |ower the back plate 138, depending on the needed novenent, and
the carrier base 108, now secured onto the rails 114, noves as well. Once
the el evator has reached the desired |l evel, the elevator stops, and the

| inear notor is activated so that the pole pieces 118 bend the magnetic
field to nove the carrier base 108 out of the el evator chanber and into the
adj acent processing chanber at the new level. [39] The extended pol e

desi gn alihggwd drie Jabinea12418emirsed by Bell 426t Withahynirmeraud wited indreompbsérde t he
el evator. The pole pieces extend the magnetic fields to properly interact

Wi th the JraenalchCmb®t B0 Risidd, baGbRg: VacuuRcandelcrdated WillERsd riskidTe el evat or,
when the back plate 138 is raised or |owered, the pole pieces 118 are noved
away fro ks : tly no other forces are
necessar3%§%ﬁ%%%§§g{?Egkﬁggiégwgﬂ??g%gHgﬁg??gd by the |inear notor. The

si npl e mechani cal notion of the pole pieces disengages the carrier fromthe
magnetic forces of the linear notor. This arrangenent elim nated the need
for an o Si netic force as disclosed in the : 886 publication cited
above. ﬁ%] Irf'ﬁ a‘gﬁg"%?)%‘ﬁ{’o 'fne'fth%e ﬁI‘Hf’/aé R3S © I‘%V“Bje‘?'ﬁlgﬂ SVAIHIREM ¢ pol e

pi eces are placed close to existing poles in the |inear notor, so as to

ni ni ni ze formgracdirest magnegic coppliag W ‘fbﬁge erTier bise cHewewEINGPYE PIREES PHEPS o
maxi m ze efficiency (i.e. lamnated pole pieces to linmt eddy current

| osses) . cpufigur¢dodnteranewithe thsdimearametor andetherfosms righé angle to giadathe magaeticr se as
sensors that detect nmagnetic fields. An Analog Hall Effect Sensor can be

pl aced atfiehite podpetiléntevattonittethe parrier. 14 copfigraiansuckeasthisheouldigrezeitc fiel d on
the other side of the pole piece, although sone loss in strength wll

resul t. undesired lateral movement of the carrier during movement between processing chambers.

[35] One application of the magnetic conduits is in an elevator subsystem of a substrate
processing system, such as the elevator subsystem shown in Figure 1. In one embodiment,
the elevator subsystem comprises an elevator chamber 126, which connects with a processing
chamber 102 on the end of both a first row 128 and second row 130 of processing chambers.
The elevator subsystem is designed to move a carrier and substrate from one row to another
for continued processing. By implementing the use of magnetic conduits in the form of an
arrangement of corresponding pole pieces in the elevator chamber 126, a carrier can be
loaded into and transported within the elevator chamber 126. A separate linear motor is then
configured outside the elevator chamber to provide the magnetic force for the pole pieces to

move the carrier into the elevator chamber.

[36] Figure 7 illustrates one embodiment of an elevator 132 according to the present

invention, where two linear motors 110a and 110b are positioned outside of the elevator

12



[42] Wile the disclosed enbodi nents are described in specific ternms, other
enbodi nents enconpassing principles of the invention are al so possible.
Further, operations nmay be set forth in a particular order. The order,
however, is but one exanple of the way that operations nay be provided.
OQperations may be rearranged, nodified, or elimnated in any particul ar

i npl ementation while still conformng to aspects of the invention.

Enbodi mrents within the scope of the present invention also include conputer
r eadabl e chmlba Wik 13darThy ielegator bdsa 3l 6 gravdsuirelr dosvnemLdnadiévating stechenismgns  or
data structures stored thereon. Such conputer-readabl e nedia my be any

avai | abl euepsli 2 did\ator SdF i&haiaGa3 s Fehcky 1 B SRINDIEPiedtd PSR Mackdes il
pur pose conputer. By way of exanple, and not limtation, such

conput er gﬁ&@@?%s@ 318 dheR 3R QORI 138 pRAM hBERA at5ERIRON 0 [AMPgnfabhRERA or ot her

optical disk storage, magnetic di sk storage or other magnetic storage

devi , i i y . j.red
evi ces, 0L A QAR SR HOINILGICTAR P UREY doiBRINY plk pRLQY A8IRRI ©

program e neans in rm oft comput er e | ucti1ons or data
structures _and which.,can be accessed by a ner. pur.pose .or speci al

pur pose dURBUBYRCAtY ‘WOac‘i?ggEPOlngnglé’S?ﬁr?%tST lﬂ)él oéé?{l%nﬂlbtglgr%o? @8?’, eﬁdﬁ%t her
various integrated circuit proc ing tools set forth hergin y, be yi ewed
as speci dNeYURYOLIS epeIRIZEd &5 g’.rce\/fﬁéﬁi 15 t?ﬂ“é‘?‘ﬁffgit%ﬁ‘eipé’?etﬂ“é‘ﬁéagp‘éﬂ‘ thepalli ded

over a network or another communications |ink or connection (either

har dwi r ed34asioras tetanspert the caeigbil®ht i on of hardwired or wireless) to a
conputer, the conputer properly views the connection as a conputer-readabl e
medi um Thus, any such a connection is properly terned a conputer-readabl e
medi um Conbi nati ons of the above should al so be included within the scope
of conpysAr - Feadadilmstmeds aclCampbfreleexe elanadntsevithis tn dievatonscowinytose, f or
exanpl e, instructions and data which cause a general purpose conputer,

speci al RHbHBETRNESNRAL IIREnti, WitBeRisBdbwREHIRONEl] P3N 66 Bt 1he liemirgstot DIOKr f orm a
certain function or group of functions. [43] Al directional references

(e.9., URRHIe. irﬂﬂﬁremb'éﬁi‘?@erngthe%gl@])’l‘@d'egilé 8drd thé ?Qﬁtof tHeQfnkWYahStor 11@%tavey d,

top, bottom above, below, et are only used for identification purposes

0o A RCAIEH e FBOETISH Tk il et o

i nvention, crea ar position,

orientation, or of, the inveption unless specifically set forth.in the
ol o e sriseBiee D Pdit A mErghe Fifk bnERnBRRR rort RegitedChebP iy {he
|ike) are to be construed broadly andfnay i ncl ude internedi ate nenbers

bet ween &apwmfedup Brough the pole picse AlRjtofarm pmagnetin conRliRe WER 88 %nent s. As
such, joinder references do not necessarily infer that two el enents are

di r ect | y magnetisomaterialdd2 impuniedde thewprier beset198 e Kigyred futher illustrates the

specific design of the pole pieces 118 and their interaction with the magnets 112 in the carrier
base 108. The pole pieces 118 are mounted onto a rail mount 136, which is connected with
the back plate 138 of the elevator 134 within the elevator chamber. The rails 114 are
positioned on the rail mount 136, and provide a horizontal guide for the carrier base 108 as it
enters the elevator chamber. The carrier base will therefore enter the elevator chamber from

a plane extending from behind the page, to provide a point of reference.
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[44] In sonme instances, conponents are described with reference to "ends"
havi ng a particular characteristic and/ or being connected to another part.
However, those skilled in the art will recognize that the present invention
is not [imted to conponents which termnate i medi ately beyond their

poi nts of connection with other parts. Thus, the term"end" should be
interpreted broadly, in a manner that includes areas adjacent, rearward,
forward of, or otherw se near the term nus of a particular elenent, link,
conponent[3gyreniRE ti catdit® hhd &tered theietevhiot eliumsiir,ithatleadtdr witltrhiee ocloneaihaed i n

t he above description or shown in the acconpanyi ng draw ngs shall be

i nter pretgdy e 1|3b}1§ép€§(§ih%§n 3l pbe®Adnd\RIinehd, Bhd thB Garrfeh BRg Q08 indwdRb@ed OF
structure may be made w thout departing fromthe spirit of the invention as

defined 3)21}(;8 g Cr)%ﬁrﬁﬁqﬁgve% L@WER: Onkémk NGHENR rémg@t&fdeﬁ%ﬁlq@\%l,itﬁe provi ded,

it is un that each intervening value, to the tenth of the unit of
the lower limt unle the context clear i.ct ates. i Wegn the
upper and'§'GiRESOPY ﬁp?%&lm{eﬁrarp&%ﬁ&g&\gge Jgﬁl&&éﬁ%lgélteg%sggh\(gprE&?trlllte glfa éenl ng
value in that stated range, s, enc assed within the invention. The upper
and | owerfllql‘ijl e pQvedne ?‘H@%‘g’aé‘?‘rﬁﬁ ‘é‘}toggﬁﬁzega%\é\f‘ai &éﬁ%ﬁﬁl&%@wdjﬂ‘éenf ncl uded in
the smaller ranges is al so enconpassed within the invention, subject to any
speci fi cdirpspsungehagbgr #tiths #ew fvelhe stated range. Were the stated range

i ncl udes one or both of the limts, ranges excluding either or both of
those included limts are also included in the invention. [46] Unless
defined otherw se, all technical and scientific terns used herein have the
same nearBolg aheernmninl poladaimnsdlowd theylinearematbrsap Bk s@tignagkin 4 locatianhe art to
which this invention bel ongs. Al though any nmethods and materials simlar or

equi val ergutdide thée18at6e SihieipdROpiRE extBndths nitlgaetidafteldisie properly eeractawith the or
testing of the present invention, the preferred nethods and materials are

now descrj bagic AhleriRUtabifcalh fiTafRR! WHRAGH R leRivatoR Mhen IEOBRR pRiCIBSIST ei n by
reference to disclose and describe the methods and/or materials in

connect i qp: W ' | Gt o | 46 the 1k 4d mbio tinde noted

t hat as ﬁglé é}ﬂ?%ﬁ&glﬁég (|9r61 B%’é%]-éé gl%pajéﬁglggl cﬁ’i&ns ) tfﬁ'e nsi nrgr;lul zrir f’olr1 n "a",

d?(r:]t ét 22 %8P$§gﬁwtf§/31%| olﬁ(ljeer'\ f(‘))rlcgsrae}le nerc%];s%yetrc])to%pgs%l thie %aénﬂ:?ic R\ &&ref !)}?ﬁlrelli}/lear
motor. The simple mechanical motion of the pole pieces disengages the carrier from the

magnetic forces of the linear motor. This arrangement eliminated the need for an opposing

magnetic force as disclosed in the ‘886 publication cited above.

[40] In one aspect of the invention, very permeable magnetic pole pieces are placed close
to existing poles in the linear motor, so as to minimize magnetic field losses. The pole pieces
should be designed to maximize efficiency (i.e. laminated pole pieces to limit eddy current

losses).

[41] In another embodiment, the pole pieces are used in reverse as sensors that detect
magnetic fields. An Analog Hall Effect Sensor can be placed at one of the extended pole

14



[ 48] The publications discussed herein are provided solely for their

di sclosure prior to the filing date of the present application. Nothing
herein is to be construed as an adm ssion that the present invention is not
entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different fromthe actual
publication dates which may need to be i ndependently confirmed. [49] As
will be apparent to those of skill in the art upon reading this disclosure,
each of tfieeito ehiadl itcbuadgnetid fielid wanhsotleside dielt prieipictd, ahoughsdmb&rseim has

di screte conmponents and features which may be readily separated from or
conbi ned spehdth Wilgrdsglat ures of any of the other several enbodinments w thout
departing fromthe scope or spirit of the present invention. [50] The
figures shown herein are not necessarily drawmn to scale, with sone
conponents and features being exaggerated for clarity. WHAT IS CLAIMED | S:

[42] While the disclosed embodiments are described in specific terms, other embodiments
encompassing principles of the invention are also possible. Further, operations may be set
forth in a particular order. The order, however, is but one example of the way that operations
may be provided. Operations may be rearranged, modified, or eliminated in any particular
implementation while still conforming to aspects of the invention. Embodiments within the
scope of the present invention also include computer readable media for carrying or having
computer-executable instructions or data structures stored thereon. Such computer-readable
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, DVD, CD ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium which can be
used to carry or store desired program code means in the form of computer-executable
instructions or data structures and which can be accessed by a general purpose or special
purpose computer. A focused ion beam tool, electron beam tool, and other various
integrated circuit processing tools set forth herein may be viewed as special purpose
computers.  When information is transferred or provided over a network or another
communications link or connection (either hardwired, wireless, or a combination of
hardwired or wireless) to a computer, the computer properly views the connection as a
computer-readable medium. Thus, any such a connection is properly termed a computer-
readable medium. Combinations of the above should also be included within the scope of
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1. Asystemfor transporting a substrate in a substrate processing system
havi ng at | east one chanber, conprising: tracks positioned wthin the
chanber; a substrate carrier nmounted onto the tracks for transporting the
substrate; a plurality of magnetic el enents attached to the carrier; a
| i near notor; a plurality of magnetic conduits positioned between the
| inear notor and the carrier, wherein the nagnetic conduit transmts the
magnetic force fromthe |inear notor to the carrier to create magnetic
coupl i ng dothputedicddatle mBéiacar Coputer-executable T3Guctiont ecomprise) dom ekampheer ei n
the linear notor is positioned outside of the chanbers.

instructions and data which cause a general purpose computer, special purpose computer, or

special purpose processing device to perform a certain function or group of functions.

[43] All directional references (e.g., upper, lower, upward, downward, left, right, leftward,
rightward, top, bottom, above, below, etc. are only used for identification purposes to aid the
reader’s understanding of the embodiments of the present invention, and do not create
limitations, particularly as to the position, orientation, or use of the invention unless
specifically set forth in the claims. Joinder references (e.g., attached, coupled, connected,
and the like) are to be construed broadly and may include intermediate members between a
connection of elements and relative movement between elements. As such, joinder
references do not necessarily infer that two elements are directly connected and in fixed

relation to each other.

[44] In some instances, components are described with reference to "ends" having a
particular characteristic and/or being connected to another part. However, those skilled in the
art will recognize that the present invention is not limited to components which terminate
immediately beyond their points of connection with other parts. Thus, the term "end" should
be interpreted broadly, in a manner that includes areas adjacent, rearward, forward of, or
otherwise near the terminus of a particular element, link, component, member or the like. It
is intended that all matter contained in the above description or shown in the accompanying

drawings shall be interpreted as illustrative only and not limiting. Changes in detail or
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3. The systemof claim2, wherein each of the magnetic el enents conprises a

magnet positioned over a netallic block. 4. The system of claiml,
wherein the magnetic conduits are "L" shaped. 5. The system of claim
1, wherein the magnetic conduits are "funnel" shaped. 6. The system

of claim1l, wherein the substrate processing systemconprises at |east two
| evel s of processing chanbers, with a first | evel stacked on top of a
second | evel . 7. The systemof claim6, further conprising an

el evat or shatikemaydpahdde without deping from thbepicianf therinfenvion anelefisadein hé t he
processi ng chanber to another. 19

appended claims.

[45] Where arange of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges is also encompassed within the
invention, subject to any specifically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding either or both of those included

limits are also included in the invention.

[46] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by

reference to disclose and describe the methods and/or materials in connection with which the

publications are cited.

[47] It must be noted that as used herein and in the appended claims, the singular forms

“a”, “an”, and “the” include plural referents unless the context clearly dictates otherwise.
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8. The systemof claim7, further conprising an el evator |inear notor
positioned outside of the el evator chanber, wherein the elevator |inear
notor aligns with a series of adjacent magnetic conduits in the el evator
chanber, such that the nagnetic conduits guide the carrier froma
processi ng chanber into the el evator chanber. 9. The system of claim
8, wherein the series of adjacent nmagnetic conduits is further capabl e of
guiding the carrier fromthe el evator chanber to a processing chanber. 10.
An el evat @8] sulisymibtecations dissusksl eadie aperppoddsi sodely fattiedin discdogord [giorgo then

el evat or chanber capabl e of sustaining a vacuum at | east one |inear
not or  posfifidgdueslofaté flesknt hfiRicali@y alathing Mardheis to BhesBirled 3&inlad@s3ionimdtOr

generates a nagnetic notive force; a nmovable carrier conprising a plurality
of magnet ¢ ,rRd&HB R eRtion is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.

[49] As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and
features which may be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirit of the present

invention.

[50] The figures shown herein are not necessarily drawn to scale, with some components

and features being exaggerated for clarity.
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a vertically-novabl e el evator base for noving the carrier vertically; and,
a plurality of pole pieces attached to the el evator base and coupling the
magnetic field fromthe |inear notor to the nagnetic el enents. 11.
The el evator subsystem of claim 10, further conprising a series of adjacent
pol e pieces configured to decouple the carrier froma linear notor in an
adj oi ni ng processi ng chanber and guide the carrier into the el evator

chanber. - 12. The elevator subsystemof claim1l, further conprising a
series ofwiHAT $S @iAIMED IS0 the el evator base to guide the carrier into the
el evat or chanber. 13. The el evator subsystem of claim 10, wherein

th I I f I
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gravitational forces on the carrier.
at least one chamber, comprising:

tracks positioned within the chamber;

a substrate carrier mounted onto the tracks for transporting the substrate;

a plurality of magnetic elements attached to the carrier;

a linear motor;

a plurality of magnetic conduits positioned between the linear motor and the carrier,
wherein the magnetic conduit transmits the magnetic force from the linear motor to the

carrier to create magnetic coupling to transport the carrier.

2. The system of claim 1, wherein the linear motor is positioned outside of the
chambers.
3. The system of claim 2, wherein each of the magnetic elements comprises a

magnet positioned over a metallic block.

4. The system of claim 1, wherein the magnetic conduits are “L” shaped.
5. The system of claim 1, wherein the magnetic conduits are “funnel” shaped.
6. The system of claim 1, wherein the substrate processing system comprises at

least two levels of processing chambers, with a first level stacked on top of a second level.

7. The system of claim 6, further comprising an elevator chamber capable of

transporting the carrier from one level of the processing chamber to another.
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14. The el evator subsystem of claim 13, wherein the pole pieces are forned
in an "L" shape, such that the linear notor is |located on a |ateral wall of
the el evator chamber while the carrier is coupled to the pole pieces on its
under si de. 15. The el evator subsystem of claim 10, wherein the wall
of the el evator chanber between the |linear notor and the plurality of pole
pieces is athin netallic material. 16. The el evator subsystem of
claim15, wherein the wall is alum num 17. The el evator subsystem

of claim 10, her eiThe kfigenpol Slaidh ECRBthar @nifidmgaih cevaer inedimotospfsitioned al  t o
m ni'm ze the magnetic field | oss between the Iinear notor and the pole

pi eces. outside ofltfe eldVgtof lcRMARER! whsHRRY the @vafor dindarMindtbr aViBeY Rith ot fgiepof e
pi eces are a 400 series stainless steel or iron. 19. The el evat or

subsyste @d_%g%ng gﬁ%‘ggkt}c?con\ﬁnﬁ{ ?{c&g leegéé'lét.o? feniiBerMB@AGhAGhE HRBRAISconaliid bHigs 2

magnet att a neta
the carrier from a processing chamber into the elevator chamber.
9. The system of claim 8, wherein the series of adjacent magnetic conduits is

further capable of guiding the carrier from the elevator chamber to a processing chamber.

10.  An elevator subsystem in a substrate processing system, comprising:

an elevator chamber capable of sustaining a vacuum;

at least one linear motor positioned outside the elevator chamber, wherein the linear
motor generates a magnetic motive force;

a movable carrier comprising a plurality of magnetic elements;

a vertically-movable elevator base for moving the carrier vertically; and,

a plurality of pole pieces attached to the elevator base and coupling the magnetic field

from the linear motor to the magnetic elements.

11.  The elevator subsystem of claim 10, further comprising a series of adjacent
pole pieces configured to decouple the carrier from a linear motor in an adjoining processing

chamber and guide the carrier into the elevator chamber.

12.  The elevator subsystem of claim 11, further comprising a series of rails

attached to the elevator base to guide the carrier into the elevator chamber.
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20. A substrate processing system conprising: a series of processing
chanbers; tracks positioned within each of the chanbers; a substrate
carrier nounted onto the tracks for transporting the substrate anong the
chanbers; a plurality of nagnetic elenents attached to the carrier; a

| i near notor; and,

13.  The elevator subsystem of claim 10, wherein the plurality of pole pieces are
positioned below the underside of the carrier so as to enhance the stability of the carrier by

enhancing the gravitational forces on the carrier.

14.  The elevator subsystem of claim 13, wherein the pole pieces are formed in an
“L” shape, such that the linear motor is located on a lateral wall of the elevator chamber

while the carrier is coupled to the pole pieces on its underside.

15.  The elevator subsystem of claim 10, wherein the wall of the elevator chamber

between the linear motor and the plurality of pole pieces is a thin metallic material.
16.  The elevator subsystem of claim 15, wherein the wall is aluminum.

17.  The elevator subsystem of claim 10, wherein the pole pieces are made of a
permeable, soft metal to minimize the magnetic field loss between the linear motor and the

pole pieces.

18.  The elevator subsystem of claim 17, wherein the pole pieces are a 400 series

stainless steel or iron.

19.  The elevator subsystem of claim 17, wherein each of the magnetic elements

comprises a magnet attached to a metallic block.

20. A substrate processing system, comprising:
a series of processing chambers;

tracks positioned within each of the chambers;
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a plurality of magnetic conduits positioned between the |inear notor and
the carrier, wherein the magnetic conduit transmts the nagnetic force from
the linear notor to the carrier to create magnetic coupling to transport
the carrier. 21. The substrate processing system of claim 20,
wherein the series of processing chanbers conprise a first |evel of

adj acent chanbers and a second | evel of adjacent chanbers positioned over
the first | evel of adjacent chanbers. 22. The substrate processing
system of cl aiaguBstratef darrid @fovndpnicsthe gacks fel teanapating theshiestrateapeadnigaho f
transporting the carrier between the first and second | evels of the
processi RYambagbers. 23. The substrate processing system of claim
22, further conprising an elevator linear notor positioned outside of the

el evator  chamejiura k) SF fia nétf&eelé?xllé?l‘t’saétﬁéhéd't@%rcamgror aligns with a series of
adj acent magnetic conduits in the el evator chamber, such that the magnetic

conduits QU|d%lﬁ£§18&5{5§5 into and out of the eIevator chanber.

a plurality of magnetic conduits positioned between the linear motor and the carrier,
wherein the magnetic conduit transmits the magnetic force from the linear motor to the
carrier to create magnetic coupling to transport the carrier.

21.  The substrate processing system of claim 20, wherein the series of processing
chambers comprise a first level of adjacent chambers and a second level of adjacent -

chambers positioned over the first level of adjacent chambers.

22.  The substrate processing system of claim 21, further comprising an elevator
chamber capable of transporting the carrier between the first and second levels of the

processing chambers.

23.  The substrate processing system of claim 22, further comprising an elevator
linear motor positioned outside of the elevator chamber, wherein the elevator linear motor
aligns with a series of adjacent magnetic conduits in the elevator chamber, such that the

magnetic conduits guide the carrier into and out of the elevator chamber.
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