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WO 2006/026886 PCT/CH2005/000534 1 SUBSTRATE PROCESSING

SYSTEM FIELD OF THE INVENTION This invention relates to a system
Wqﬁg(}gggﬁg}%es fqr handl_lng and 5.manufactur|.ng subst‘rateﬁjla%g 3&09)(%%53 4

shaped information carrier, especially magnetic hard discs. Moré

particularly the invention re- lates to a transport arrangement for

substrates in vacuum W%% netic holding and driving

device. 10 BACKGRS ROERIT GRPARD RELATED ART

For the treatment of substrates in vacuum, e. g. the coating with a

rrefIEpligi: oflaxgrséxds a well proven principle to transport the substrates
_through a linear assembly of evacuated process cham- bers. The term

TG b BURT EhAM BEF RESnS At Te 5¥E 50 &Sh BF A5FE8G T £5 (FeadRe and
mangysteiminde sréduced $7ressane zondpared watredtioSpheric. pressurger,

espaPEAlEIN REGRESS chayphes s fyocessdneduls Means.a seetion of @& on re-

1attersea%té£‘e§tt59/§gm irr%ten]greéjntoecgggglgog physical or chemical con- dition of
asubstrate, e. g, heafing. cooling. cleaning. efehing. fFeating with gaded e

aildopbtlReraanstdifcds 668N S B B5 8¢ ¥4%hows a vacuum treatment
system for e. g. disc shaped substrates wherein, in a stacked

BackIREORENR 3SECONHENRLPTAREPSRSSIRgSRLiNS is positioned above a

first level of processing stations. Workpieces are fed into the row of
POt h e dSiRg T Rbn o D% ELATES dR oRE TR &hd Sat (¥ eREPGHEHE TR 2
nulliffed toithe othérievel dand tken mevedrtwogh theiotharirevt of pregessrt

theStations s thareby-allawing & Wsshapedpath obthe.carighshroughthe cham-

peraPPR[ ttus. AIternatlve%to this "vertical U" a horizontal "U" could be

Fealized With two oS SFBrocas SR StationsS&itle By $775138 Brodks@cuum

EregfatRins MEF e othérs eBnipRse sratiFgrsrtishylith atmospheric

pressure. The term process chamber or process module means a section
of a treatment system intended to change a physical or chemical con-
dition of a substrate, e. g. heating, cooling} cleaning, etching,

treating with gases or other substances, coating.

Us 5,658,114 shows a vacuum treatment system for e. g. disc shaped
substrates wherein, in a stacked relationship, a second level of
processing stations is positioned above a first level of processing
stations. Workpieces are fed intc the row of processing stations on
carriers on cne level and, at the end of one row, 1lifted to the
other level and then moved throgh the other row of process stations,
thereby allowing a U-shaped path ¢f the carriers through the appara-
tus. Alternatively to this “vertical U" a horizontal “U* could be
realized with two rows of processing stations side by side.

Process stations may, amongst others comprige coating stations,

heating and/or cooling stations, load and unload locks.

The basic problem for this type of subseguent in-line processing is
the wvacuuwm compliant transport from chamber to chamber. The sub-~
strates are typlcally held by a carrier. In simple approaches the

carriers are plaged on a series of mechanically driven rollers. The



heating and/or cooling stations, load and unload locks. The basic problem
for this type of subsequent in-line processing is the vacuum compliant
transport from chamber to chamber. The sub 35 strates are typically held
by a carrier.,In simple approaches the carriers are placed on a series of
mechanically driven rollers. The 2 n3otor units at atmosphere are

mowﬂnaﬁﬁacg_toatbeargue@mme alagumheiéheéby vacuta feed throughs othe
vadYnagnefic coypling.. Qnly the friction hetween cariersajls and rollgfs i ng.

o ive the afccgele,rgtin aréd de-accelerating forces ontg the f?rriers. This th

T 1Esuit&in hatfow Timitdor Hhe maximum acéeleration of the carriers and
acqs long transperetifess perliforaiy the fiictioh ofthe BRitingaolerss- This
regenerates pasdicles inLthel vacutsm chamber xThereferecthie lvad of thef  the
cafailg ontq.the rollersysually.given: onlyby gravity.dssomelimese friction
o SPNANGEA,OF magnetie orees, LS, shilts the louan BDIEIS, M enamber

acceleration ﬁ'r]lt angthe artlcie generation to ajhlgher level. US ‘

Thergfe 0D 1S Rows W dRk COALING SySteth St thiskind. ARbtner d3roathfor "
onilye trangpertiisito drawsthrestanters dnithe ceaciumieharmber by magnetsthis
shmeveddnechanically-outside thachamber oncatresphere alongthend the

patépéfgr path..1his avaids vacyum feed throughg and;allgws dpcreased,; o«
accelerating forces on the carriers, but needs a complicated mechanical
“oletih GEForaling” nidgReti2B8 double-helix rods or belts capped with

magnets. Furthermore the precise positioning of the carriers becomes
rneemplicatedoIhe centrollimgrettitemechanics has:to overcomeithes in the
vaﬁg\@&lﬂé?@a%gﬁhgkhy@m of.the magnetic.forces, SUMMARY.QF Thper
on SYERLONONE Bopect O (NE,PIESERt AR RIOVIARS 2SURRIAIE coca-

processing system for the treatment of substrates in vacuum
throughs and allows increased accelerating forces on the
carriers, but needs a complicated mechanical set-up of rotating
magnetized double-helix rods or belts capped with magnets.
Furthermore the precise positioning of the carriers becomes

complicated. The controlling of the mechanics has to overcome the

backlash and the hysteresis of the magnetic forces.

SUMMARY OF THE INVENTION

One aspect o©f the present invention provides a substrate
processing system for the treatment of substrates 1n vacuum
comprising: & first linear assembly of process mcdules; a second
linear assembly of process modules, stacked above the flirst set
of process medules; at least one 1ift module allewing for the
transport from the first set to the second set; a travelling path
through the first and second set of process modules; a linear
synchronous motor arranged along said travelling path; at least
one substrate carrier with rails, said carrier in vertical
orientation being movable along said travelling path, said
substrate carrier being eguipped with at least tTwoe spaced apart
pieces of ferromagnetic material; a <transport system for said
substrate carrier with a lower row of rollers and a upper row of

rollers mounted in the process modules, said rollers interacting



comprising: a first linear assembly of process modules; a second linear
assembly of process modules, stacked above the first set of process
modules; at least one lift module allowing for the transport from the first
set to the second set; a travelling path through the first and second set of
process modules; a linear synchrorfdus motor arranged along said
witraveling path; atleastdopersuhstrateccarries withdals tsaidtcargief dnces of
Sa;}/grt@ﬂe%@e@?ﬂgﬁﬁ?ﬂ&gsmﬂ}@g@ @l@@gﬁﬁjd U@ewﬁgﬂ%ﬂf‘s S@E@ vertical
substrate carrier being equipped with at least two spaced apart pieces of
po?é‘r%?nnagnetic material; a transport system for said substrate carrier with
a lower row of rollers and a upper row of rollers mounted in the process
BROEEJ DESCRERG Tole OFi MBEACRAF 2¥GWith the rails of said substrate carrier
ri @ndhatteactive.farges.of; said lineat sypshranaus saetorhelding the easriers
Fiin VeEticaé!h %gitioey' nglc%lz DEg&%E%Tlogpggr-g@EDRVAMN§§OFigsgacked
“Shows a substrate carrier%r a linear drive i vacuum Fig. 2 shows a
LigaglanT toating apparat it o Stacked resifows of proce8Sing = 2°
bostatiomsscofhectedfby liftrnodedes-at dstherds e lefrliftnadaleahe- 1s
shihe first progess ehamberds . shown in opened condition. WO
2006/026886 PCT/C112005/000534 3 Fig. 3 shows a lift module for
elevating a substrate carrier from one line up/down to the other.
DETAILED DESCRIPTION 5 In a first, preferred embodiment the
transport system relies on rails (3, 5) fixed to the carrier (2) and rollers (4,

6) mounted in the vacuum chamber (7), e. g. laterally at the side wall. The
car-
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rier is aligned in vertical orientation and, with only rails and no rollers on

it, it provides a very slim cross-section. This allows 10 narrow transfer

_ n the process chamber for fast acting gate valy; .y
“@%@gg’%}ﬁitroke. The attractive force of the linear motor g?ﬁs@s t .é000334

rails (3, 5) of the carrier on the roller§ (4, 6). The lower row of rollers (3) in

. _the chamber has.a "gothic arc' (cqncave) cross-section. The adjacent rail
Fig 4 o?%??qcsulgrq%fsthé%élﬁﬁn ooﬁg%%\{ \iécl)éll% Snéug%ﬁ%ﬁ R %éjler ntIrom
one gosigonipvfeFtheccafferat e upper row of rollers (5) have a slightly

convex shape and the adjacent rails (6) are rectangular. This provides the
nzmﬂ&?éﬁyn‘é%rém'f’ﬂﬁ?taﬂon o_f the carrie_rs. 20 Ina fu_rthe_r embodiment the
carriers may be equipped with rollers interacting with fixedly mounted
in ?aﬁé?ﬁ%he%ﬁﬁ%ﬂgm?lﬁféﬁgﬁhﬁf TORSYEPRRA ravis 1By e Shhilgr
raiznd(the Bbldibgesind snokegametdanigm ead beoldedsad destribed:abedein
the IR EXtaRAedSHRstraty treatrgent systemsyvith fenecantirrsAal thehe car-

. number of vaguum capa 25 ble bearings in the rollers_ can thus bel
TieTodfcBY T T st’al%o?’%‘g?tl SR Ih&ThEAr oo With FEABkeE (8), TRy RetE (o] ©
rolbgscolls {10) i-nmopvedRat atvosp hekétinar stainkesy steel tFhaghailpys
nar pRced i some Milimetet distaneedothe-eadiemaand pie 3Qviding-they
gardH %s?efg ran. é@léxg%ﬁﬁ“&@?‘é{ﬁg the g NENG ADOVEs t?ﬁ the

trough preferably is arranged at or forming part of the side wall of the
LinBpEcESS BhatABERSPh&RFotigh S whll matefal SRRV 2 8lettficaPcoRGuEtivity ™S
(4, like staimdedswteck dold$ theladdy cuss réntstlow fdehigheegermtigrothic
arcieaUenckand speed of 1he SyNGie 33 RUs\Matol: The CayFier (2 s ar
ug).ped, with E%Leces %821) of ferro- magnetic material.in alldista,ntc,e , ¢
prOpriate fo tRE pEHAHIGI) St & STALGT poles (&) - Tha wRRderi g Haf ©
thegeacrakusbyThe et \WO20061026886 PG T/GHZDEE/0D0B34 ¥4 convex
shape and the adijacent rails {6) are rectangular. This provides the

shagg

exactly vertical orientation of the carriers.

In a further embodiment the carriers may be equipped with rollers
interacting with fixedly mounted rails in the vacuum chamber. Design
of rollers and rails may be similar and the holding and moving
mechanism can be used as described above. In extended substrate
treatment systems with few carriers only the number of vacuum capa-

ble bearings in the rollers can thus be reduced.

The stator part of the linear motor with Fe-yokes (8}, magnets (9)
and coils {10} is mounted at atmosphere in a stainless steel trough
{11}, placed in some Milliimeter distance to the carrier (2) and pro-
viding the vacuum separation. In accordance with the embodiments
above, the trough preferably i1s arranged at or forming part of the
side wall of the process chamber. The trough’'s wall material of low
electrical conductivity, like stainless steel, holds the eddy cur-
rents low for higher operation frequency and speed of the synchro-
nous motor. The carrier {2} is eguipped with pieces (12) of ferro-
magnetic material in a distance appropriate to the periodicity of

the stator poles (8). The wandering field generated by the stator
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attracts the ferromagnetic parts of the carrier and provides the ac-
celerating and de-accelerating forces. In the vicinity of the gate valves

quw%%@g process modules exists a travel length withoutpstafqrpR8ges34
To have at any position driving forces the carrier is 5 equipped with two

ferromagnetic parts in a distance Iar@er than the length without stator

att aag;'@é lonahe wravelling path. Thereferred.emhadiment deserdbed, e ac-

ove has the following advan- tages: 10 High acceleration forces:
celotatdidraidn FUB T SFaRLTENSPEETime dr 188s hanD 55 Séc BT’
valyecessweesitions isshewn. edst andgyristise positiomhglisranabled-byut
sta@leclgnic.conyol and glegtrorpagnetis-foscas,ing mechanicaldneying er is

o 25 EXisLin e giiving unit o feed-trquals st be plpcedinto e

agnetic parts 1n
er. eqmagneﬁcﬂe?d on atmospﬁere is pe%eriratlng
Lengfia nurvinaighatic whrambee svalege neratingforéés isiskthe vacuum.
The driving apparatus allows for going without permanent magnets

e TR0URLEA 0D e cauer, ThisoMdes sasyhagding and eleaning ab.e-
cRrriers without attractive forces between them. 20 No carrier drop or
tagsgbstrates drop in case of power loss. The perma- nent magnets

Hig:in_ta@dumed_ainith:e statoesf thediisaradrive hold the toafriersih posiierprt
eimdViioytcail eycreny. Furtheran.syaehroneis Jrapspeiofall cardaes.Ar and

independent carrier transport in sub- rougs of process modules carl be
Fash &0 REShPRsRAE: i Yok 28 8RS Cder cahBS Hosifishsd®t 274
elefidwpendently if wact proceBsThadicld. PANEIPIal e Fropbsethsdittion
dricﬁﬂgi ,gﬂi&. TUhE{BeliE@/éHb”QﬂHB@ﬁtﬁ' s begtranged at dae hottoraref the-pracestin-

C er with_rails_/. rall- 30 ers arranged in_a horizontal. pl H .
e P T Aot (A o I P E A e A e, A neric
chapify hage! fo PR &HANGE HRF aScemaiPaistafc¥2Thd yate valves

TheS@parating apparatus allows for going without permanent magnets
mounted on the carrier. This provides easy handling and cleaning of
the carriers without attractive forces between them.

No carrier drop or substrates drop in case of power loss. The perma-
nent magnets introduced in the stator of the linear drive hold the
carriers in pesition without coil current. Furtheron synchronou$
transport of all carriers or and independent carrier transport in
sub-groups of process modules can be easily accomplished. In conse-

quence carrier can be pesitioned independently in each process mod-

ule,

Principially the proposed solution ¢ould, in a further embodiment,
pe arranged at the bottom of the process chamber with rails / roll-
ers arranged in a horizontal plane. However, in order to aveid tilc-
ing of the substrate carriers on the rails/rollers, the rails have
to be arranged with a certain distance. The gate valves separating

the process chamber have to allow enough space for this broader car-

rier.

The carriers perform a round trip in the vacuum apparatus and the

lcad/unload of substrates from the clean room to the vacuum is at
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the process chamber have to allow enough space for this broader car-
rier. 35 The carriers perform a round trip in the vacuum apparatus and the

d&q@é%%og%% of substrates from the clean room to the vacuum «:j%gﬁy}(o?/ooasm

6 PCT/CH2005/000534 5 the end position of the apparatus In
a single module or in adjacent modules. To move the substrate carriers

tne 'O Q& lingar line of process modules fothe other afyrther vacuum .
transport mechanism is n cessary. EXIStIng sglu?lons nqrmaﬁy u.se
modydeshafitdiRVEriven S uksdges TR FESHS HRMPRfads afgtatges of

promwabﬁb_mimsved [CRTGS pandﬂesuﬁ_uiﬂdimited?spﬁﬁq @d‘ﬁhﬂ}ﬁ_aﬂskn@chaﬂiﬁ& is
necOE0ErAtIoR, ; I the solfion according.ta the, nvention fwo lings £13.,4§) of

process modules (14), one stacked above the other, are connected at 10
sleggeenddby it S HB i e MEHAR MG thaicaR TRt @Bt
anddetiveted by therinedr erireridesdribed abeve o6 tekent olg afdtsrelteopath

of one line and then placed onto the roller path of the other line. 15 The

vertical_transport in the, lift modules (17, 18) is driven.hy a r io direct
oA s e e nhefh By it O R
ProgappHErBi £21). 14 kinORAtRSFKRAJRBOBRVADS tRERRSTicAF BriePRARSHBT 2t
thethegsippenhax dusing the (ota- tion.. The gieperbex{ad) CampHsesSthe car-

rie?‘%%'?e,t/iigﬂi_%‘i%&r S{g2) 2Qdhat &Pi%é‘éﬁﬁ%%@ﬁﬁ%@%%&?@e‘heis taken

erromagnetic pieces (12) in the carrier and similar magnet/iron yoke
O“taﬂ%y"stéz:%')"t}r?aeirgi%‘ﬁ‘ré’ﬁuﬁ%‘?vé%&?cé%ﬁa’fﬁ?ﬁ’th%%‘%% @yor ﬁ}/éesﬁftb}er
patof tife tineastdreze. L Tine. attractive and repulsive arrays (22, 23) comprise

an assembly of magnets (24) and iron yokes (25). 25
The wvertical transport in the lift modules (17, 18) is driven by a
rotational direct drive motor (1%). This motor rotates a lever (20)
that is connected to lift gripper box (21). A kinematics provides
always the vertical orientation of the gripper box during the rota-
tion. The gripper box (21} comprises magnet/iron voke arrays {22)
that give attractive forces on the ferromagnetic pieces (12) in the
carrier and similar magnet/iron ycoke arrays {23) that give a repul-
sive force against the poles (8) of the stator of the linear drive.
The attractive and repulsive arrays (22, 23) comprise an assembly of

magnets (24) and iron vokes (25},

The transfer of a carrier from one tramsport line to the other line
startg when the carrier ig brought te position by the linear drive.
By rotation of the motor (19} the 1ift gripper box {(21) is approach-
ing the carrier. The attractive force of the magnet arrays (Z2) onto
the ferromagnetic pieces (52) in the carrier is over-compengated by
the repulsive force of the magnet arrav{s) (23). The current through
the coils (10) adjacent to the approaching magnet array {(23) can ad-
just this force. Rings of Viton {or of another elastomere} fixed to
the lift gripper box are now settled smoothly intoc the appropriate
deepening in the carrier. This provides a well-defined position of
the carrier on the lift gripper without metallic contact. The car-

rier is released from the stator of the linear drive by applving an
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The transfer of a carrier from one transport line to the other line starts
when the carrier is brought to position by the linear drive. By rotation of

“Jg%m.% A 9) the lift gripper box (21) is approach- ing the gt TS 00534
attractive torce of the magnet arrays (22) onto 30 the ferromagnetic pieces
(12) in the carrier is over-compensafed by the repulsive force of the

app ORINSt AAY(S)(23)y, The.current thigyah the, ?“%é% hAdIAceN i,
aﬁ)proacﬁ'nllng magnet array (23) can ad- just this force. Rings of Viton (or of

ferramsgnstdiashinie?e) fikéd to- the IRTGlipher bbsedrd Ao Settidd sTigsRMy bY

the intythe appfopriateds deepeniagdn the)carsiencTais peopieledigular to the

p1raiellAefined position of sthe,carrier ppdhg lifi grippemuithout metallic
contact. The car- rier is released from the stator of the linear drive by
applying an WO 20061026886 PCT/CH20051000534 6 appropriate
aAlteursdntehthe edilstl Ol rtaegeneighisoriomtiethé rfetrsiradivaties picas
the (i&&b;:n@r&eroﬁﬁggﬂ@eth@al_if&?éim&rﬁbﬁztit@mgrﬁe;ic‘s f|%§&c;w&ﬁ may
arrays is maoved perpendicular to t ane of the rajls (3, 5) out of .
SRl C e g e O S e B
EielAhckEigE Gt e fiibar $Hofg B poSIte 1BRE MPEHPPET T ThidShit Hafdd
thefl@y ecoBsisicfdesromagoetic ke taateirat (€9 weakehherelymagnetiber

empdglddnes ate deviated,from %ﬁpgiémwn&gmﬁﬂat%@ Qtharehy

the field attracting the carrier is weakened. In a further embodiment the
maguRtit S CBRNpRYES yokeSHIERAP ShtPpeaRent hdbtE  Thig thay °F
theeVimean ovarconmpédnsatieh ofahielmiagndire fieldof wherlindar hiotorampaor
andn@ﬁée@ﬂdﬁw&fo&%ﬂ?tgg%ﬁm%#aéaiﬁnQEQ_:fiéﬂﬁl Eﬁ@l@arfri;@faaou%be cov-
chieved in regions other than thos v 15 er the ferromagnetic
e e s cavne T S e
conkEstor ot thaliieEar gayease from the stator of the linear drive,

wWith respect to figure 3, a 18(-degree turn of the motor (19) lifts
the carrier to the other transport line. A scoft approach to the
:ollers (4, 8) iz provided by the appropriate current management for
the coils {10) in the approached stator. The attractive force on the
ferromagnetic pieces {12) is reduced and the repulsive force on the
magnet arrays (23) is adjusted for a force on the lever (20) that is
in sum slightly repulsive. Then the motor (18) can settle softly the
carrier rails (3, 5} on the rollers (4, 6). For releasing the grip-
per (21) from the carrier {2} the attractive force on carrier to-
wards the stator is increased by a reversed current in the coils

(10) neighboring the ferromagnetic pleces {(12). Supported by the re-
pulsive force on the magnet arrays {23) the motor (19) can remove
the gripper from the carrier. The carrier is ready to be transported
by the linear motor in the next process station and the 1lift gripper
is ready to take over the next carrier waiting in the other line,
The magnetic forces of the magnet arrays (22 & 23) can be supported
and adjusted by additicnal coils on the iren vyokes {25).

Advantages of the 1ift module described above:
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With respect to figure 3, a 180-degree turn of the motor (19) lifts the
carrier to the other transport line. A soft approach to the 20 rollers (4, 6) is
wﬂ?&iﬁﬁgﬁ@é the appropriate current management for the cqils{(19hisi s34
approached stator. The attractive force on the ferromagnetic pieces (12)
is reduced and the repulsive force orf the magnet arrays (23) is adjusted
for a force on the lever. %0 that is in sum sli%htl repulsive. Then the
~ hStor (1% Gn BRttd Sy the 75 ¢Hier Fails (%Eyaé)l&ﬁ e toners (467"
Farreksasing teigrpr pesiedyfrarathblag it (nhecattendiverforeeronc
carienLto-wards thasiateidsdocreaseddy adensised garentindhe coils
(10) neighboring the ferromagnetic pieces (12). Su%%%rted b%/ the re-

es
~ ptide FoPEE AT i mad et SFAEER) %3%0%89( €& rethbve b filye?
geppenfromite carmierihe carrier is ready to be transported by the
_lipgar motar.jp;the pext process.statign angkihe lift gripper is ready to take
over the next carrier waiting in the other line. The magnetic forces of the
- nEReLAREY SIS &2 3PEANBE WP Poted &r8Kbsted by additional
—cqils onthairom-ygkes (283<3% Adariagasaktmiift mogkle descrinetks
ap_ﬁgy&: \é\czlobzoog{%%(asegg I?RCTAC%SSZOOS/OOOSM 7 - Low risk of particle
Eeneréi}lon Ph& Fetaliic contact between carrier and gripper, smooth
settling of carrier and gripper to the positions, only magnetic forces to
hold the carrier. - Simple mechanics - for transport only 180 degree turn,
no moved 5 mechanics for gripping - Fast operation by low accelerated
mass - Compatible with direct linear drive concept - No carrier drop in
case of power break down - holding forces provided by permanent
magnets



10 8 CLAIMS i. A substrate processing system for the treatment of
substrates in vacuum comprising: afirst linear assembly of process
modules; a second linear assembly of process modules, stacked above
the first set of process modules; at least one lift module allowing for the
CLirahsport from the first set to the second set; a travelling path through the
first and second set of process modules; a linear synchronous motor
4 aHaS”l%d»»%'Q{‘Q E%icgjcgavellingsggtch' at gg%stcgge tsubsyate 1g’:arr,ier with

i. 3 S23 r WINen O L
rails, Sald' carrier in vertlcarflgorl ntation being mova%?e aﬁ)ng said

travelingiath, 1 saitesibstrateTdariiet béing equipped with at least two
spaced sapatt-Rigces Hf deromagnetic-materiaba:trapgport system for said
substrate catrier with a lower. rowfof r&l}lgrs and a uP%er row of roéler
mounted In the process modll}feg, s&id rofiers interacting fith the T2l
theafd sabstrate cdaries earbatettivesorces of said linear synchronous

maotor Lalding the carriersdniverticabpasitions 2. A substrate-pracessing

. sy§tem according to claim I, wherein gate valves are arranged between
the’ Iirst se i

& e second set; . :
procéss niodules. 37 A §abstiate Srocessing system according to one of
the precedingelaims) wiferewvthe hellefs mre modnted dmthe aracuum

pr&hamberatthe;side wall. 4. A substrate processing system according to

one of the . . ,
a linear synchronous motor arranged along saild travelling

path;

at least one substrate carrier with rails, said carrier in
vertical orientation being movable along said travelling path,
said substrate carrier being eguipped with at least two spaced
apart pieces of ferromagnetic material;

a transport system for said substrate carrier with a lower
row of rollers and a upper row of rollers mounted in the
process modules,

sald rellers interacting with the rails of sald substrate
carrier and attractive forces of said linear synchronous motor

holding the carriers in vertical position.

2. A substrate processing system according to claim 1, wherein

gate valves are arranged between process modules.

3. A substrate processing system according to one of ths
preceding claims, wherein the rclliers are mounted in the

vacuum chamber at the side wall.

4, A substrate processing system according to cne of the
preceding claims, wherein the rollers of the lower row of
rollers has a ‘gothic arc’ cross section and the adjacent

rall has a circular shape.



preceding claims, wherein the rollers of the lower row of rollers has a
“gothic arc' cross section and the adjacent rail has a circular shape. 9 5.
A substrate processing system according to one of the preceding claims,
wherein the rollers of the upper row of rollers have a slightly convex
- shafE A et aBfeett Falld &reSetiangGar J61a stbstife ProeBssing
systenedcearding i onedtthe preceding clainas owherein the-stater.part
of,the, linear, synchronous, motor hag a h¥99déa%%(§ﬁt %%Eeé}é?kaes nagnets,
and coils. 7. A substrate processing system according to one of:ﬁ'ue
pretediig efdifist herein the stator part of the linear synchronous motor
is mounted at atmosphere in a stainless steel trough. 8. A substrate

processi stem according to one of the preceding claims, wherein
‘ﬁdﬁ%%&ﬁ% &rrﬁﬁﬁééé%ggré%’astfoeﬁ% R AR LS a ber dRd a i
giPPEr G o 18 substrafe processing system aveording toelaimr8ar

wherein-the i gripper bex cemprisessatiractive and renulsives arrays with
an ggsgg}}{lg of magnets and iron yokes.

A substrate processing system according to one of the
preceding claims, wherein the stator part of the linear
synchronous motor is mounted at atmesphere in a stainliess

steel trough.

A substrate processing system according te one of the
preceding claims, wherein said 1ift module comprises a
rotational direct drive motor, a lever and a 1ift gripper

box.

A substrate processing system according to claim 8, wherein
the 1ift gripper box comprises attractive and repulsive

arrays with an assembly of magnets and iron vyokes.



