WO 03/ 084043 PCT/ US03/ 05191 DEVI CE FOR HANDLI NG FLAT PANELS IN A VACUUM
BACKGROUND OF THE INVENTION 1. Field of the Invention The present

i nventi orwoaBases3to a robot for handling 5 flat panels arhisazoiibgui d
crystal displays during processing of such panels in a vacuum 1In
particular the robot systemof this invention operates in a vacuum using-
linear notion. 2. Brief Description of Related Devel opnents 10 Many
different- types of robots exist for use in the processing of

sem conductor and ot her conponents in an evacuated environnment. These
robots generally haﬁvﬂ O AR e FER‘i'e?RﬂJ?LﬁhtﬁhA”VEEUQﬁCUV within a
confined area, i.e., within a "vacuum chanb I's 15 desirable
therefore, to construct the noving el enents of the robot in a manner which
limts the operational area (foot print) of the robot. This is generally
acconplished by providing rotating and translating |inkages which nove the
wor k pi ece hBRGEGROBND OFf EBHEOINVENTI@GNough a path in which the work piece
i s picked up, processed and returned for transport. The processing of

sem conductors v nultkple process steps, such as, the deposit
of a filmon~a 9 Egt?gtghs EHEH?%§P vapor deposition (CVD), the photo 25
etching of - the f|In1 heatlng cooling and cl eaning. WO 03/084043

PCT/ US03/ 0519fe Jrdeent odassntpenatrelsted etgerer abbpt peof onrmdilinger

vacuumin a sEeC|aI|zed process chanber. ,Because of thg .
5 at panels such as 1liquid crystal displays during

processing of such panels in a vacuum. In particular the
robot system of this invention operates in a vacuum using

linear motion.
2. Brief Description of Related Developments

10 Many different- types of robots exist for wuse in the
processing of semiconductor and other components in an
evacuated environment. These <robots generally have
multiple axes of movement which must occur within a
confined area, i.e., within a wvacuum chamber. It is

15 desirable therefore, to construct the moviné elements.qf
the robot in a manner which limits the operatienal area
(foot print) of the robot. This is generally
accomplished by providing rotating and translating
linkages which move the work piece holder (end effector) -

20 thro'ugh a path in Which the work piece is picked up,

processed and returned for transport.

The processing of semiconductors often involves multiple-
process steps, such as, the deposit of a film on a
substrate by chemical vapor deposition (CVD), the photo

25 etching of the film, heatlng, cooling and cleaning.



need for inproved efficiency of each process, batch processing of

sem conduct or substrates has generally been 5 used for substrate
processi g0 0308843 s because, for each process step, the pcaassyosabanber
must be vented, the substrate |oaded, the chanber sealed and punped to
vacuum After processing, the steps are reversed. 10 To inprove the process
efficiency, a cluster of processing chanbers are arranged around a
substrate tThespprocelsanbepevatitngs zoastgendsal iy pekpymedndenderacuum

One or nore | oad | ock chanbers are gconnected through slit valves to the
transport ch3yfFE™ fglﬁes?%%fballai&qé RIS RS set P@Ea’d?esﬁgst‘: es to

be processedeclne fo@Ssehbesvaie Sefiyesssyt b hedpd didesy thed ont
end delivery transport of the system A [oad [ock constructed to

accommmodat e paolesgiset ofs semizonduohrri subssrapese asNgensreddydPeemwned

in co n wth .t subj plication. The,di.scl.osure of the 1925
oot Be b Ror R oRRD LB e ng " rhli B0 4 8° et atloel "ok BR G ¢
nmanner cycli pgolce®es Sitep/ ednecthbrobes® chiagbel GRldt Y eNCyemsedy The em

t hroughput. The process_ and transport chanbers are naintai ned continuously

under  vacuufibgrREConlpadkd. | odlel ochambesy cisealethe andad PumpeR r &eei ves
the substratgs [fgyoe RE‘BE‘ESg‘Eﬁc@EE?ffA be*gg. £ %eﬂgdﬁ{}é’%&&‘? transport
i) p fle Fronf &

chanber and vented'to atno ere. portrs an seal ed and.
the load lock is punped to 'a vacuum consistent with the transport and
procesiiong Cg'gnbeirn?provw\}% 03{: 240%3roice¥susogég?é?éncy, a cluster of
processing chambers are arranged around a éubstfate
transport chamber which is constructed to be kept under -
vacuum. -~ One or more load lock chambers are connected
. through slit valves to the transport chamber.
15
The load locks accommodate cassettes of substrates to be
processed. The cassettes are delivered to the load lock
by the front end delivery transport of the system. A
load lock constructed to accommodate such cagsétteé is.
20 shown in U.S. Patent No. 5,664,925 owned in common with
the subject applicétion. The disclosure of the ‘925
patent 1is incorporated herein by reference, in its

entirety.

25 In this manner cycling times are reduced, while
significantly increasing system throughput.  The process
and transport chambers are maintained continuously undez;:
vacuum, while only the load lock is cycled. The load
lock receives the substrates to be processed after being

30 sealed from the transport chamber and. vented‘ . to
atmosphere. The front end port is than sealed and the
load lock is pumped to a wvacuum consistent with the

transport and processing chambers.



3 Arobotic transfer nechanismis nounted within the transport chanber and
operates to renove substrates from the |oad | ock and deliver themto the
sel ect ed wowsms®4d chanbers. After processing, the substr @cegsas/esipi cked
up. by the robot and transported to thesznext process chanber or to a |oad
| ock for renmoval fromthe transport chanber. |In sone instances, for timng
pur poses, these systens may enploy buffer stations which are adapted to
store .10 substrates either before loading or at other tinmes during the

transport of pth rage._ gh em. Th ste f_thig type
I's describe inQGEQEEEat%%?Egégy 5?%E§?§¥§ﬁa2%san$8§ﬁggﬁe 8E£§1P0b %Fb
transfer nmecbaahspo#b chambewnand Wperadtaiseio Nbemdvdidubddraeash fafomhi ch
is assigned to a owner -conmon to_this application. The disclosures of

t hese pat ent hgr d @R oloR)f atBE Keddivierpythemf Epetde i seleeted eprocssy. 20
As h Lo | ] d . i h
suc ssystSﬁg?éfsvseﬂfﬁe%gat@g%s?xﬁgé,eglggggﬁgggaegg gg&gélgﬁ\éac . suc

as liqurd cryst di spl ays nge o nerating the
requi red nobegmehe abbblie asub dtraatspdrredligio i tlse pnextesprogepsat khawbiedd n as
conpact a space,as possi.ble becones 25 significapt. As shown in the |inkage
systems of tfE tﬁbﬁvgoﬁgféPEﬁc%BrpﬁF@ﬁygi grQQngg SFapsPREitn§hembetges,

such as a SCARAsofE iWBthhB&s!obglt aimihgnkadpos=a5¢ tﬁ@&@aggrgtkﬂu Okl%le?

rotary drives to translate the end effector of the robot throug
desired-trajeopbey. buffer setetipmsancdsidht votg d diaplesdr abbe tstarse |

| i near, ,nove to obtaip the d sireg di.rectory because of, its . small foot
oo 1L B2, 00! 2L DL S ESLL"TofhERS! 8LYaRoERHER Pinkl autRl
the transport of the substrate through the system. The

A system of this type is described in U.S. Patent No.
5,882,413 and an example of a robotic transfer mechanism -
15 ' is shown in U.S. Patent No. 5,647,724, each of which is
assigned to a owner common to this applicatiqh. The
disclosures of these patents are incorporated herein by

reference in their entirety.

20 As such systems are wused for -‘larger and larger
semiconductor devices, such as J.iquid crystal displays
and the like, the challenge of generating the required
movement of the substrate through its processing path
within as compact a space as . possible becomes

25 significant. As shown in the 1linkage systems of - the
above referenced patents, a series of rotating linkages,
such as a SCARA, or two link robot arm 1inka§e, are
actuated through rotary drives to translate the end
effector of the robot through the desired trajectory. 1In

30 some instances it would be desirable to use 1linear
movement to obtain the desired direcfory because of its
small foot print. This may be ‘even more desAirable where

large substrates are being processed. An example of a



| arge substrates are being processed. An exanple of a WO 03/084043

PCT/ US03/ 05191 4 systemusing linear novenent is shown in U S. Patent No.
4, 715, 921wolm/opani i cul ar the enbodi ments of figures 4 anecCIi(sajozb1the
"921. patent illustrated |inear novenent , styl e nmechani sns. Linear

' mechani sns, however, are 5 generally kném to be dirty, in that
considerable particle contam nation may be generated by the |inear
bearings. angystkme writhgulirardmoteem@nhais ssiiowht ihSULBe Pateate Ng. this
invention to construct a robot 10 for use in processing generally |arger
substrates if: 5'1 r\?&&uum Iah e tisa ladd @P?e@!“gPd&E‘@E‘tFl rféfarfi"rSPFSﬁ |4n |ts

trajectory. f)“%ﬂe{hé’bi §51 - ?Bg%ﬁts F&Yﬁ%&'ag@dt qln%ra‘}vg:%%
havi ng an en ef or t 'S nmoun on T[inear bearings and 1s ca
driven. It istgléur ttdwha‘tfismts;.ect oLitéas | meehbndamse cdnm:telvaa:t, aaméoot :

system haV| |ven end effector which is, mpunted on ear

beari ng§ in PEﬁa ggt efPO8® afihat?on FFERYt hell | h&&Tt bé%ﬁrﬁﬁjise ®abl e
drive is mniai-gedie’ 20otAMHRL (3n Thiy NVENY éﬂ\‘sﬂé&e‘edﬂﬁﬁﬁnﬁh&a nVisHd QN s

directed to a robot systemfor transporting Ssubstrates processi ng
within. a vabeamingsasbdr cabilei snfll budieyt duive wechamisinsn with a batch 25
processing systemwi th nmultiple processing stations interconnected by a
central transport chanber. Substrates are delivered or picked up from an

external |oadi ng Y iRrgdEOUsh ©REsOinBhEibRadol eekstiiicth a GxsBex from
vacuum t o at nosphere by operation of 30 ap froprl ate slide valves. The
t ranspéPt neéREninEs &R processing generally larger substrates in a-

vacuum, where the end effector uses linear motion in '1ts
trajectory. Iﬁ is a further object of this invention to
provide a robot having an end effector that is mounted on
linear bearings and is cable driven. It is a further
15 object of this invention to construct a robot system
having a cable driven end effector which is mounted on
linear) bearings in which system contamination from the

linear bearings and cable drive is minimized.
20 SUMMARY OF THE INVENTION

The present invention .i’s directed to a robot system for

transporting substrates for processing within a wvacuum

chamber. It is illustrated in cbnjunction with a batch
25 proéessing system with multiple processing  stations
interconnected by a central transpoir:t; chamber.

Substrates are delivered or picked up from an external
loading station through one or more load locks which
cycle from <vacuum to atmosphere by operation of
30 appropriate slide valves. The transport t‘nechanism.‘of
this invention may also be designed to service a single

processing chamber.



this invention may al so be designed to service a single processing
chanber. WO 03/084043 PCT/US03/05191 5 The systemof this invention
utilizes worogost4body which extends. into the transport ekarmisesosand houses
a rotary drive nmechani sm and. conponent % such as wires and conduits
which are isolated fromthe vacuum- An axially 5 extended shaft is driven
by the drive nechani smand extends upward fromthe robot body. The shaft
is driven bghe ayistldny cfhdchie r bheénohoh oupi dvzee. avedbbobtabodyd whiadkar y
positioning. The housjng within the robot body is gener al ly mai ntai ned at
at nospheric §XEEREPe. 1M4P 18hgddikansiPtte Fldmbehoapds JionsSes peddAtaTrY o

support a |j eTs! fo ,on. o e shaft,:ghaut-
vertical axi E&g?&t %r%ﬁ%g%ﬂqheé?ﬁgéﬁﬁ%i [ o%uglgseﬁgl yk’ég%%r [ saglsd a
U- shaped conpondnt tshoeidsiichg aste chsdlbatnsd af sl the emgtosmr e fAar himlliynear:

15 notion drive syst.em. The U.shaped conponent. hqusing is fmounted on_the
Shars 0B heeEEBEREGERAEE riEn: oY RBE e TRV RS PR i

assenbly furgheenaBChiplRsa YRR @il LoNeE Eaéy.eff@ﬁteorsaa%im(y tich
el ongated wist sections. The wist sections are mounted for 20 |inear

nmoti on on |ibhesh baxriably widh izr erothbhond ter pyovidee vertheahxiand of
t he robot bod Since t.he end effectqrs are nonunt.ed.on th .shaped.
hous! ng. t heyoEaRY BOUSRIEAPE: | )& NS Bnd SOEr: (e GRS DO b
provi des a sigghefbiagt meficdded n hbe faeidyphdrief apreSsebé@l ef fepdor
system The U shaped conponent houses the drive mptors, control.
10 addition the robot body forms a pedestal to6 support a
linear motion assembly for rotation on the shaft aboﬁi_: a.

vertical axis of the robot body.

The linear motion assembly comprises a U-shaped component
housing which forms a sealed enclosure for the linear
15 motion drive system. The U-shaped component housing is
mounted on the shaft of the robot body for rotary motion
therewith. The linear motion assembly further includes
upper and lower end effectors supported on. elongatéd
wrist sections. The wrist sections are mounted for
20 linear motion on linear bearings which are oriented
transverse to the axis of the robot body. Since the end
effectorsAare mounted on the U-shaped housing, they can
be conveniently stacked one over the other, which
provides a significant reduction in the footprint of a

25 dual effector system.

The U-shaped component houses the drive motors, control
components, wires and conduits for the linear drive of
the linear motion assembly. Two leg sections support the
linear bearings 'in their transverse orientation, one

30 above the other. The linear drive motors, housed in each



conponents, wires and conduits for the linear drive of the |inear notion
assenbly. Two | eg sections support the |inear bearings in their transverse
ori ent at iwn,03088480 above the other. The |inear drive not®@C3/usapesed in
each WD 03/ 084043 PCT/ US03/ 05191 6 |leg s§ction, are nmechani cally connected
through a dynamic seal to a pulley and cable system which is connected to
drive the end effectors on the linear bearings. To mnimze contam nation,

a labyrinth skd secehms] racé edeShaii ¢AELPOts e &f ed NEnLbRGRT 2 DEFHERYS.
These seals operate to prevent particles fromthe cable and pulTey drive
system and t F€&% nk@r 2h@lileys andbreapter Frgtene whishuua chommesteddto

contam nati ngytiig syhst r . ppropriate, control,_al gorithns
execut abl e b%éﬂﬁeo m cro%lrjgce%fs]%é)s‘ o%a!t%éld fr:iﬁgt ﬁ]él ??ﬂgé’%%’%ﬂgtﬁ"r of tRe U

shaped housi nginintezendoat drthat sonan abel slept pitlcakkyl agd | vahserhetkaad
and unl oad substrates_to or frgma process chanber. In this manner, a
robot sydtemdls t PRl wREchthe s Lingate baastisige not | Ghese t AealEnear

moti on assemyye +AROUE ot B 0 dy.nvertical i f . the
| i near notion %Esrsenbl yoonri% he ‘%xi a%?fct:%ggrtgggﬁl b%l’%, Egiﬁgg -ﬁéneg{rh%}’i on
of the end efdwicteor syshemhard neke lhesaindgsea2hddRl EFomESGRISHAHAIN Ohe THE

DRAW NGS Thevi rg:vent i (}?n .S descd'i bed in nore de%%el owwth reference to
the attached ‘FXMhGIIRH Ard 63 patdng & SEXEE8y of a batch
processi ng system in which this invention may be used;
Through appropriate control algorithms executable by’
10 microprocessors located in the bridge portion of the U-
shaped housing, the end effectors can be reciprocélly
activated to load and unload substrates to or from a

process chamber.

In this manner, a robot system is constructed which
15 provides rotary motion of the linear motion assembly
about the axis of the robot body, vertical motion of the
linear motion assembly on the axis of the robot body, and
linear motion of the end effectors on the 1linear

bearings.
20 BRIEF DESCRIPTION OF THE DRAWINGS
The invention is described in more detail below with

reference to the attached drawing in which:

Figure 1 is a schematic view of a batch processing system‘

in which this inventioﬁ may be used;

25 Figure 2 is a schematic, perspective view of the robot

system of this invention;



25 Figure 2 is a schematic, perspective view of the robot systemof this

I nvention; WO 03/084043 PCT/US03/05191 7 Figure 3 is a schematic,

per spect iwe osiogwsdf the robot system of figure 2 show ngPaTiiSages19not i on
assenbly according to this invention; Figure 4 is close up view of detail
A of figure 3; 5 Figure 5 is a schematic, perspective view, of the cable
drive systemof this invention; Figure 6 is a close up view of detail B of
figure 5, Frgguee B ibsaaCcuclmmticscheapipect pes spdewi W vhewrobott he

| i near bearing drive conponents; and 10Q Figure 8 is a close upsgfﬁgggtail C

of figure 7.sYPESW LED PTRONSBRVWIPRE PREFERIERY EMSEHWENT ¥ring
to figure 2, : oM ShegLLive view of substrate transport
system robo?égégtagﬁé.ggo?ﬁllgn%g?pora(tgﬂllhg features of the present

i nvention. 15 Although. the present invention will be described "with

ref erence toFfigerentodsnehtsshupnviewtdt detaihgs, of tfigetewldd be
under st ood that- the present invention can be enbodied in nany alternate
fornms of enbgdi nent In _addition,, any suitable size,  shape _pr t of

el enent 8 or F?@uﬁﬁt??i’a?sacﬁﬁ}i?“}?ngSedpeﬁsp%‘B tVey SEEN. Fg? ctle’

t ransporti ngggydbst g?gegmf 8f tRLIOCLHGENPiIvh} hin a vacuum chanber is shown in
figure 2. it is illustrated for use in conjunction with a batch

processing system 21 System 21 is constructed with 25 nultipl e processing
stations 24 Fhgereofn8tadebgseaubceheyaPitfardbbr® ehafidire6 by neans of
appropriate

Figure' 7 is a cut away, schematic, perspective. view of

the linear bearing drive components; and

10 Figure 8 is a close up of detail C of figure 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to figure 2, there is sghown a perspéctive view
of substrate transport system, robot system 100,
incorporating features of the present invention.
15 Although the present invention will be Adescribedz'with
reference to the embodiment shown in‘ the' drawings, it
should be understood that the present invention can be
embodied in many alternate forms of embodiments. In
addition, any suitable size, shape or type of elements or

20 inaterials could be used.

A robot system 100 for tfansporting substrates for
‘processing within a vacuum chamber is shown in figure 2.
It is illustrated for use in conjunction with a batch
processing system 21 System 21 is constructed w:.th
25 multiple pfocéssing stations 24 intgrconnected' by a
central transport"_‘ chamber 26 by means of appropriate
slide vélves 23. Substrates (not-shown) are delivered or.

picked up from an external loading station 29 through one



slide val ves 23. Substrates (not shown) are delivered or. picked up from
an external |oading station 29 through one WO 03/084043 PCT/ US03/ 05191 8
or nore |wed3loewks 22. which cycle fromvacuumto at nosplreraSoyoper ati on
of appropriate slide valves 23. The robgt system 100, of this invention
may al so be designed to service a single processing chanber. 5 The system
100 of this invention utilizes a robot body .1 which extends into the
transport ch8¥belO¥E ar@aloudesks rRatarRighi vEYREBhahrSM aN@ ¥¥Mpoként s

(not shown), Y Nty ol SQUTS;, g M ngs
conduits m?gﬁgngé?goﬁ%}t ecg‘o‘%%t?n{%eg\gagﬁyrﬁ%%? %i g_ge%q%w ?L%ﬁ‘tr?%nggort
chanmber 26. #heaxrelbody exgtseediobaftof ithisir ineenbyohhemalyi \eelsuecheni sm

wi thin robot body 1. Shaft 2 extends gvvard fromth %gttfjot body 1 and
supports a RESABPRY BPasREVIge FhElBEAF{PEOFESHI ¢ Fraxially,. as
shown by arrow 27, and in rotation, see arrow 28, to 15 provide verti cal

and rotary peskt isgRicRe Ofod NF NDAHY | DEvel¥ Bokeht Blifed | Ae2bbBB! beayassenbl y
200, is generally described herein, as including dual end effectors 10 and
11 for convehiehcextengserimticorthe tt sdmsparthechreyksl t AGt and hotpes0 a
applications_a_ _singlg .end effector woul.d suffice. Th n ffect 0 and
11. are desi 68581}’0 CﬁfolI‘ﬁE srﬁ%%}f?lyt%‘g agg acr?gmffe l}rsl ngn?t?a%g%g%?'oglﬁ%
substrate fogg,PBREeeSidtorsd,| ickeRrdIDigrtedsoral)| Wiz, aml tatithd to
mounting 25 bracket 3 and conprises a U-shaped drive conponent housing 4.
Housi ng 4 iswB&RBt r ®X%ed heQlakedn &ppay |y vacuum maintained in

10 transport chamber 26. An axially extended shaft 2 is
driven by the drive mechanism within robot body 1. Shaft -
2 extends upward from the robot body 1 and supports a
mounting bracket 3. The shaft 2 is driven both axially,
as shown by arrow 27, and in rotation, see arrOW‘ZB; t.o

15 providel vertical and rotary positioning of the mounting
bracket 3.

A linear motion assembly 200, is generally described
herein, as including dual end effectors 10 and 11 for
convenience of operation, it should be noted that in many
20 applications a single end effector would suffice. The
end effectors 10 and 11 are designed to hold substrates
50 and 51 during transport of the _substrate for

processing.

A linear motion assembly 200 is attached to mounting
25 bracket 3 and comprises a U-shaped | drive component’
housing 4. Housing 4 is constiructed having an upper leg
section 6..and a lower leg section 7 interconnected by a
bridge section 5. The housing 4 forms a rigid support .
structure for the transport elements of the linear métion

30 assembly 2.00 and is hollow to provide an interior



section 6 and a lower |leg section 7 interconnected by a bridge section 5.
The housing 4 forns a rigid support structure for the transport el enents
of the |iweaws/smwis on 30, assenbly 200 and is hollow to pr@¢rdSoaasipnt eri or
WO 03/084043 PCT/US03/05191 9 enclosure 52 for the linear drive system
The interior enclosure 52 forned by the ?J—shaped housing 4 is constructed
as a seal ed pressure vessel isolated fromthe vacuum of transport chanber

26 by dynani cerseBdbsud 8nd ficr ShEi Niréapdaatvat psplsr e bypgonpeetigp to
the robot body 1. Such isolation is needed to all'ow dependabl e operation
of the drive $REWNRSUEHJ 83nt £ermedonpynethe ofU-shepeadt i Vizosyingnss Siece

the U sh d [ | ted the. nounti bracket 3,
Lhe entire 10 THcnrcted 48! 80ectied BRBRRLES e T 1 PO Bt Rar EPGRy iR
axi al notion vacwaoe cflancengpobt achomse? 726Nl 28ndhec | B8RS BT EAA is

assenbly_ 200 further includes upper and |ower end effectors 10 and 11
respect ivel y. PepfRkairRfl a1 atngrRhare by cormestppor tted Whe wrobot sbetdions

12 and 15 13 yespeckj,uel V. shqwn _j | gure 2. W i.St ections
12 and 13 are mwount g{égfﬁor' lls?’%ggrgar%ot iq(%n, Iiaésg Jés%om‘ﬁewo byagrfg‘(")'w 9§bep aﬁﬁﬁear
bearings 34 wpedtntaran ofi dheeditinensuetses t antihecitiro1of cémigoriémes . ogody.
As shown in figures 4 and 5, the. ,wist section 12 is 20 connected to the
| i near beari ﬁd’%é’fﬁ"%ﬁﬁ?fﬁ‘sa p&imcs the dhehaped, eampenent heaping
bearings 34 aonsgists@bportead¥edrhgarmdithd A Sbééci@@ 49, MU ednEQhe
slidi ng]&mthn in bearing blocks 42 and 43 1 n this configuration, the
end ef fit or dimear gntaimierasserhlac kP is mounted for both rotary and

axial motion in accordance with arrows 27 and 28.

The linear motion assembly 200 further includes upper and
lower end effectors 10 and 11 respeétively; The' end
effectors are in turn supported on wrist sections 12 and
15 13 respectively, as best shown in figure'2.4) The wrist
sections 12 and 13 are mounted for linear motion; as
shown by arrow 29, on linear bearings 34 which are
oriented transverse to the axis of the robot body. As
shown in figures 4 and 5, the. wrist section 12 is
20 connected to the linear bearing 34 by means of a pair of
brackets 14 and 15.  Linear bearings 34 consist of
elongated bearing rails 44 and 45 mounted fof sliding
motion in Dbearing blocks 42 | and 43. In thié
configuration, the end effectors are conveniently stacked
25 one above the other, thereby obtaining a réduced

footprint.

For simplicity only the mounting and associated
components of the upper end effector 10 is described. It

should be undersﬁood that the lower end effector has a



25 one above the other, thereby obtaining a reduced footprint. For
sinplicity only the nounting and associ ated conponents of the upper end

ef fect or WO o3®seexscri bed. It should be understood that tireTIusw®0518Nd
effector has a WO 03/084043 PCT/US03/05191 10 structure and operation
simlar to that described for end effectbr 10. Each of the brackets 14 and
15 are constructed with 1- shaped portions 16 and 17. The flat section
formed by 5Ssthectege ehdt Bpetathonedinetiions thatndedbrPhodi f8raendrface
for attachnent to the bearing bl ocks 42 and 43, as best shown in figure 4.
Brackets 14 @REea50%r&0shaped. to provide slots 18 and 19 which
accommodate | abyrinth seal elenents 53 and 54, as shown in figure 6.

This 10 conbination of slots 18, 19 and seal elenents 53, 54 cooperate to
forma tort pateh y r{é&c ccggéﬁlrg DAY t y be
gener at ed byﬁ%ﬁ% iﬂa)jitfnetgtf?Tléi %ggﬁ‘%gés g% aar{gft#é %g& e drive. sefsist"gi?ntt'l%(r)r.E In
figures 4-6,shapedveosysoam 0 dwd e | iTkar fimti cectiomstartmed BYO i s
shown and i ncl udes forward and%_rﬁ_}/ers cables 59 and 60 which are

hel i cal Py woth@ 4TS Rpsths ¥ t §ACBi°RBy e YPdovd PPVt & n t he

helical W nghpgaof tbe GaltlLraachtl st&rtxenbéar&ﬁgatm% 041% g ayi,al .
shaft 62. Cables 59, 60. extend from capstan 61 20 around pulleys 63 and 64
to attach toagsopmettshowhotRsfbgurehdt aBrasketsed4t enr aSkers Hhaped 15 of
wists 12 and 13 ¢ ectively.  Both,of .the .cables 59 o_ar ttached to
capstan 61 s%otﬁé:tOV?L%% BT i gspi%daapwigc?hea%?ﬂ@?ogate TaByrinth

one C |
seal elements 53 and 54, as shown in figure 6. = This
10 combination of slots 18, 19 and seal elements 53, 54

cooperate to form a tortuous path and trap for any
particle contaminants that may be generated by the linear

bearings 34 and the cable drive system 60.

In figures 4-6, a drive system 300 for the linear motion
15 assembly 200 is shown aﬁd includes forward and reverse
cables 59 and 60 which are helically wound on a capstan
61. Capstan 61 may be grooved to maintain the helical
winding of the cable and is driven in rotation about an
axial shaft 62. Cables 59, 60. extend from capstan 61
20 around pulleys 63 and 64 to attach to connector blocks 65
that are secured to brackets 14 and 15 of wrists 12 and
13 respectively. Both of the cables 59, 60 are attached
to capstan 61 so that one cable is pi-cked up as the other
is pulled. Cables 59, 60 are pretensioned against a
25 stack of Belleville washers 66 at their connection to
block 65. Helical springs could also serve this purpose.
Appropriate fittings are used to connect the cables 59,
60 to block 65 and may include tension adjusttﬁents such‘

as adjustment screws 73 and 74.



Is pulled. Cables 59, 60 are pretensioned against a 25 stack of Belleville
washers 66 at their connection to block 65. Helical springs could also
serve thiwopanpwse. Appropriate fittings are used to conmertusohesignbl es
59, 60 to block, 65 and may include tension adjustnments such as

adj ust ment screws 73 and 74. WD 03/ 084043 PCT/ US03/ 05191 11 As shomn in
figures .7 and 8 Capstan 61 is driven by a notor 67 and controller

cont ai ned |n Q&Hé or % af ugh belt
69. Contr oI g act vat e %ar y%ng{v%tdn CE?GJ éj%%rgg7§%hr%r£€eﬁ Esgngoder
72. Since them:«apst@m andl cabheratsenblss | sontthhadt hin vatisinU-ehapednspor t

chanber 26 gnd the dr|ve el enent s 2@3 in the, pressure vessel of housing
4, a dynam cPeR3In854-s NeboTdéd FWﬂﬁa%hﬁﬁq ®2 58rpugBasseelt nf8ugh the

wal | 10 71 ofg HQHéli‘QrAfssD&E@%QtéQalro@érﬂrsﬂé@igﬁ 8PURLPEr? 677" eM-cLBR

transport chanber 26. This is necessary for the proper operation of the
drive chnponemtedern78rder to avoid contam nation by residual manufacturing
oil on the cables 59 and 60. The cable material is 15 subjected to

cl eaning and el ectro-polishing to renove such residue. The residue oils

tend to give of g o] nt nan mhen undet pacu
| ubricate. t%ﬁn |ﬁ§§r8%83§$% QH& % ?%%ggge%gtW6ﬁ gg%uUﬁFEHaner
26, a non-outsgassaﬁgpbubrcnamberszaseﬂd eﬁeThfleybemémeﬁyst @fei $n the

particularly effective in :ﬁroce53|ng | ar ge panel s, such as LCD displ ays
which may Heresswreocvessalo afcROYsSHaay. 4The? sylmamify aluséd is -

provided for the shaft 62 as it passes through the wall
10 71 of housing 4. Dynamic seal 35 isolates housing 4 from
the transport chamber 26. This is mnecessary for the

proper operation of the drive components.

In order to avoid contamination by residual manufacturing
0oil on the cables 59 and 60. The cable material ié
15 subjected to cleaning and electro-polishing to remove
such residue. The residue oilé tend to give off gaseous
contaminants when used under vacuum. To lubricate the
linear bearings and cable for operation in vacuum chamber

26, a non-outgassing lubricant is used.

20 The subject system is particularly effective in
processing large pahels, such as LCD displays which may
be from 106 to 140 inches long. The system may be used
advantageously for smaller substrates as well. " The
system provides a robot transport mechanism which uses

25 linear motion  within a vacuum, while avoiding
contaminaﬁion of the wvacuum chamber. The linear motion

provides a compact motion foot print for the robot.

It should be understood that the foregoing description is
only illustrative of the invention. Various alternatives

30 and modifications can be devised by those skilled in the



advant ageously for snmaller substrates as well. The system provides a robot
transport mechani smwhich uses 25 linear notion within a vacuum while

avoi di ng womabsseihat i on of the vacuum chanber. The |i near PeOtUSes051pr ovi des
a conpact notion foot print for the robot. It should be understood that the
foregoi ng description is only illustrati%¥e of the invention. Various
alternatives 30 and nodifications can be devised by those skilled in the
WO 03/ 084043 ;RET/ 3503605184 1 A& FMokN dep@thi fro s i on.
Accordi ngly, lBt he present iﬁ\a;ﬁ%tl?%n f?‘s?hi (rﬁﬂeended t%tg%%'r acreﬂéa dslg%ﬁ'g't'

al t er nat i vestheodpregent origivandt ivar | iscdntemided fiad | embirblden 41k swape of

t he appended ains, .\WWD 03/ 08 PCT/ US03/ 05191 13 CLAI M5, \Wat Jj s
clainmed is: Tikﬂrpﬁﬁé‘gﬁsﬁot imc?ﬁqﬁé"g PH=t o1 alfEFSPTCRS. alfé'sll in a
vacuum chambgtithsai @hlel ReabeoF 8Reasppahli¥d €PADRESI Ng: a |inear bearing
mounted within said vacuum chanber; at |east one end effector for engagi ng
and supporting a substrate for transport, nmounted for |inear novenent on
said |inear bearing; a housing nmounted on the linear notion assenbly and
encl osing a pressure chanber, said pressure chanber being isolated from
sai d vacuum chanber; and a drive system nounted wi thin said housing and
operatively connected with said at | east one end effector



to cause novenent of said end effector, wherein said drive systemis
connected to said end effector through a dynamc seal, to maintain said
pressure wbhagioen4An isolation from said vacuum chanber. PCTASO3/Ear notion
assenbly for transporting substrates ing vacuum chanber, said |inear

noti on assenbly, as described in claim™ wherein said |inear bearing
further conprises: at |east one bearing rail fixed on said linear notion
assenbly; at |east one bearing bl ock aizaMsd to said at | east one end
effector and nounted for linear notion on said bearing rail; and WO

03/ 084043 PCT/US03/05191 14 a labyrinth seal constructed to trap particle
cont am nant sWhakei &t 64a2bpedai8d: | i near bearing. 3. A linear notion assenbly
for transporting substrates in a vacuum chanber, said |linear notion

assembly, . a3 dgSOf{Lat | fofldh MdscfRy ChBrSRndndiBeung. Gibitdiates

mai nt ai ned substantially at atnospheric,” pressure.. 4. A linear notion
assenbly for itr arspovétugmsubbbmbees isaidaculimedranbeetioni d dssem@lyhot i on
assenbly, as " desgribed in claim1, wherein said drive system further
conprises.: &§°FRPpLEAAIiounted on a shaft for rotation on said assenbly; a
cable helically wound on said capstan and connected at either end to said

at least one end gefifigeher begPihgahowheadt etEenstaNdr vheten, clvasbeng of

at least one end effector for engaging and
supporting a substrate for transport, mounted for linear

movement on said linear bearing;

a housing mounted on the linear motion assembly and
enclosing a pressure chamber, said pressure chamber being

isolated from said vacuum chamber; and

a drive system mounted within said housing and
operatively connected with said at least one end effector
to cause movement of said end effector, wherein said
drive system is connected to said end effector through a
dynamic seal, to maintain said pressure -chamber .in

isolation from said vacuum chamber.

2. A linear motion assembly for transporting substrates
in a vacuum chamber, said linear motion assembly, as
described in claim 1, wherein said linear bearing further

comprises:

at least one bearing rail fixed on said linear

motion assembly;

at least one bearing block attached to said at least
one end effector and mounted for linear motion on said

bearing rail; and



t he cable winds. around said capstan and the other end unw nds, causing
novenent of said at |east one. end effector on said |Iinear bearing; and
wher ei n swiod3@sd4ove systemis operatively connected to saiPdTAISa$/0519D cause
rotation of said capstan, 'wherein said shaft is. surrounded by a dynamc
seal as it extends through said housi nd4t o seal the pressure chanber of
said housing fromsaid vacuum chanber. 5. A linear notion assenbly for

transporting subst raiggmgilgp\éac%ggigg%lr%%rtru%@'bg I it%eart':-‘ ;;)ga@@:g@j_@l y, as

described in clai 4 sal IS connected-to at ‘| east one

end effectorc@atémﬂ;ﬁ@n@éd@eﬁ@ﬁww sdid tlHereashdeeiringai d cable is
pr et ensi oned agai nst sai spring. WO 03/084043 PCT/US03/05191 15 6. A

linear notion assenbly for' transporting substrates in, vacuu ha
said |inear ¥wotRPonlineahbngtier a§§§E‘PEHecf-qrn TrapsRA L iR, §P'H]S§5?g2§: i ve

system furthgr _coqpri.ses ol lers ang4 defotmitnt |thbiad ,d
pressure chatber® %c %ﬁobg?g‘glgéfehm%ﬁ‘cgr q%rﬁgﬁgpgﬁi ng Sﬁ%ﬁ r at g’ls" iﬁsa
vacuum chamb@escsibed r dnotchsient),y viwxysisi syl d apressurisodshaelehgis
central axis and being fixed in i d vacuum chanber, .said robot body
encl osi ng a.mamﬁ%ne%r‘%%%%?%n"ch% 3% PR A EEF T8 sai d vacuum

chanber; a first drive system for providing both rotary. and .translatory

moti on al ongyang apoillasainde 88hS astRinblYr ifer Sysheporoingedubsthikesai d

first pressure chanber; and '
in vacuum chamber, said linear motion assembly, as
described in claim 1, wherein said drxive syétem further

comprises:

a capstan mountedion a shaft for rotation on said

assembly;

a cable helically wound on said capstan and
connected at either end to said at 1least one end
effector, so that when the capstan rotates, one .end of
the cable winds around said capstan and the other:end
unwinds, causing movement of said at least one. end

effector on said linear bearing; and

wherein said drive system is operatively connected
to said shaft to cause rotation of said capstan, wherein
said éhaft is surrounded by a dynamic seal as it extends
through said housing to seal the pressure chamber of'said

housing from said vacuum chamber.

5. A lineér mo;ion assembly for transporting substrates
in vacuum chamber, said 1linear motion assembly, as
described in claim 4, wherein said cable is connected.to
said at least one end effector by means of a sprin§ and
further wherein said cable is pretensioned against said

spring.



a linear notion assenbly nounted on said robot assenbly within. said

vacuum chanber and bei ng operatively

for novenwoto3/os4ees ewi t h, said |inear notion assenbly furtRET/USODOFPI Si n
| i near bearing nmounted within said vacuum chanber; at |east one. end
effector for engaging and supporting a tubstrate for "transport, nount

for |inear

novenment on said |inear bearing; a housing nmounted on the

linear notiog agsemh¥aznthotadel Qs S eEORU tPRABHBEE i 8RR raRicd
second pressure chanber being isolated fromsaid vacuum chanber; and a
second dri veigyswveauwuntdwmmkierhi n sedidd Rdnsiary metd obperSiserbly  comsect ed

M e e A Kl e

cause aneneHFSSF

1

n Sal secon rev

g:
ed

is

connected toceapeierd ef f eehdrdinegughnd dynadiderseaountedmaiint aisaigai d
second pressure chanber in isolation fromsaid vacuum chanber. 8. A linear
noti on assenBEESEYES CRIEWEEi ng substrates in a vacuum chamber, said’
| i near notion assenbly, as described in claim?7, wherein said |linear

bearing. further co?&gééeg a S ONE DERELPE I RG | @g@%t sghdJ i near
noti on assemto7l'y; g*t east orsleS E‘le)g??ngoﬁl ogg a%t acﬁ“e% tso sal %{é | east one
end ef f ect or vardunp ghissthefror shiideapbobt asaemhlgacompheaingg rail; and a
| abyrinth seal constructed to trap particle

a robot body having a central axis and being fixed
in said vacuum chamber, said robot body enclosing a first
pressure chamber that is isolated from said vacuum
chamber;

a first drive system for providing both rotary and
trahslatory motion along and about said axis, said drive

system mounted within said first pressure chamber; and

a  linear motion assembly mounted on said robot
assembly within said vacuum chamber and being operatively
connected to said first drive system for movement
therewith, said linear motion assembly further

comprising:
a linear bearing mounted within said vacuum chamber;

at least one. end effector for engaging and
supporting a substrate for ‘transport, mounted for linear

movement on said linear bearing;

a housing mounted on the linear motion assembly and
enclosing a second pressure chamber, said second pressure

chamber being iéolatedAfrom said vacuum chamber; and

a second drive system mounted within said housing

and operatively connected with said at least one end .

connected to said first drive system

a



contam nants generated by said linear bearing. 9. A linear notion assenbly
for transporting substrates in a vacuum chanber, said |inear notion
assenbl y,we3/siwgxri bed in claim 7, wherein said pressurePChASO®0519E-

mai nt ai ned substantially at atnospheric pressure. 10. A linear notion
assenbly for transporting substrates iﬂi%acuun1chanber, said linear notion
assenbly, as described in claim7, wherein said drive systemfurther
conprises. & FE@é{:aﬂ PBURLSG O et JOrs4d abh@NeOfettbd, aheeshhy;, . a
cabl e hellcaF y wound on said capstan and connected at either ,end tq said
at | east onesand eetendor drivet hgysthen iFe capseakedot EPesSadfe BRE of WO
03/ 084043 PCTLUS03/05191 17 the, cabl.e w . sald ¢ an.apd st he
other end ufi ﬁﬂg?.r %EESPH Ro B 1Co¥g€%f'da%$uﬁ%%s€$g?leg§% gg%%glgtor on
said |inear PeatkQige aRdmwber ehnisol gt don VErow séeid ivvaapen atiander connect-ed
to said shaft to cause rotation of said capstan, wherein said shaft is
surrounded by a dynam c seal as it extends_ through said hou;&p% t% seal
the pressureBchdnbbinear s®Pgiono &SP Yonf S4i X oRERARTF LRINSHPSHERECR

| i near notiop_assenj or ortj S e § 8nVacsudprhpnbeys said
| i near nDtioﬁna§§enbf¥?%gsc£%@§§?fbé%Q%% ?Fg%%?ﬁoﬁ°3%§?ein said cable is
connect ed t odesairtlbetd Laasladme 7enaheiriedat saidy limsas deagingpfurghan

further wherein said cable is pretensioned against said spring.
comprises:

at least one bearing rail fixed on said linear

motion assembly}

at least one bearing block attached to said at least
one end effector and mounted for linear motion on said

bearing rail; and

a labyrinth seal constructed to trap particle

contaminants generated by said linear bearing.

9. A linear motion assembly for transporting substrates
in a vacuum chamber, said linear wmotion assembly, as
described in claim 7, wherein said pressure chamber is

maintained substantiélly at atmospheric pressure.

10. A linear motion assembly for transporting substrates
in vacuum chamber, said 1linear motion assembly, as
described in claim 7, wherein said drive system further

comprises:
a capstan mounted on a shaft for rotation on said
assembly;

a cable helically wound on said capstan and
connected at either end to said at least one end

effector, so that when the capstan rotates, oné end of;



12. Alinear notion assenbly for transporting substrates in vacuum
chanber, said linear notion assenbly, as described in claim7, wherein
sai d dri vwogpesens f urther conprises a controller and encederusomosived in.
said pressure chanber. 13. A linear notion assenbly for transporting
substrates in a vacuum chanber, said |ilfear notion assenbly ,conprising:
a U shaped housing having a pair of |leg sections and a bridge section,

sai d housi ng.punLed d Nysahd waound Shaiberpseahd HMAISERE US| 8842

pressure chanber, said pressure chanber being isolated fromsaid vacuum
chanber; a fumsind$peacabeitmgngnovmwargd @f oseidf s dleegt sevei oesdand

second linear_pearing separately noynted on the other of said-leg
sections; W%%%@54@P%}%§g§¥%ﬁgieaﬁ’§‘gﬁi r@’t‘fand second end effectors
for engaging and supporting a. substrate for transport, separately nounted

for linear novenbphepdisaisdild nBvdeaykoes; il rSpePiEi vEDPNdofibb¥eedyst ems
separately nounted w thin said housing and operatively connected with said
first and setongadfdsbpféctter sauespaatiatdlon ab saidecapsbenenvheredni d end

effectors, whereip,said.dri re ggp‘nﬁc ed t-0.said.r li.ve end
effectors t%?%ugﬁhgg{éyr%%ms\é&ggg%?{tegg%ﬁiant I'n sa('f %érgséﬁr gtcﬁggg%?g I n
i sol ation freprsedd yatduhoaobindeto ddal Athénpaespureoshasbepbby badd

transporting substrates in,a vacuum chanber, as described in claim13,
wherein  sai BORSERGLE YOR PR HA VRGHYR | Seamber. '
t11. A linear motion assembly for transporting substrates
in vacuum chamber, said 1linear motion assembly,'tas
described in claim‘loh wherein said cable ié connected to
said at least one end effector by means of a spring and

further wherein said cable is pretensioned against -said

spring.

12. A linear motion assembly for transporting substrates
in vacuum chamber, said 1linear motion assembly, as
described in cla%m 7, wherein said drive system further
comprises a. controller and encoder mounted in said

pressure chamber.

13. A linear motion assembly for transporting substrates
in a vacuum chamber, said linear motion ' assembly

‘comprising:

a U-shaped housing having a pair of leg sections and
a bridge section, said housing mounted in said vacuum
chamber, said housing enclosing a pressure chamber, said

pressure chamber being isolated from said vacuum chamber;

a first linear bearing mounted on one of said leg
sections and second linear beatring separately mounted on

the other of said leg sections;



a robot body having a central axis and fixed in said vacuum chanber, said
robot body encl osing a second pressure chanber that is isolated fromsaid
vacuum cwertbms404m third drive system for providi ng both pararsys/esel

transl atory notion along and about said axis, said third drive system
nmounted within said second pressure charnber; and . wherein said |inear
notion assenbly is nounted on said robot body in operative connection to

sai d second dri vetiwyst emardddor see¥AAENénd hesfPedtbrslStof | ENGAGIHAGL i
assenbly for transporting substrates in a vacuum chanber, as deScribed in

claim 13, wheUWRRPTSEY & sHRFEIahOuSPAg transpcshy eFep@atalyomounted s
above the ot t}%'r }(ﬁ}é’gﬁl nqe%ﬁ%mc% t?%cd %queflgggggrgeggfngs;pl ane of notion

above t he other sald ors.

first and second drive systems separately mounted
within said housing and operatively connected with said‘
first and second end effectors respectively to cause
movement of said end effectors, wherein said drive
systems are connected to said respective end effectors
through a dynamic seal, to maintain said pressure chamber

in isolation from said vacuum chamber.

14. A linear motion assembly for transporting substrates
in a vacuum chamber, as described in claim 13, wherein

said assembly further comprises:

a robot body having a central axis and fixed in said
vacuum chamber, said robot body enclosing a second
pressure chamber that is isolated . from said vacuum

chamber;

a third drive system for providing both rotary and
translatory motion along and about said axis, said third
drive system. mounted within said second pressure

chamber; and

. wherein said linear motion assembly is mounted on
said robot body in operative connection to said second

drive‘system for movement therewith.

15. A linear motion assembly for transporting substrates
in a vacuum chamber, as described in claim 13, wherein
said U-shaped housing is oriented so that one leg is
above the other so that one of said end effectors has a

plane of motion aboVe the other of said end effectors.



