LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD This is a
continuation-in-part of U S. Patent Application No. 10/892,394, filed July
16, 2004, which is a continuation-in-part of U S. Patent Application No.
10/ 871,528, filed June 21, 2004. BACKGROUND OF THE I NVENTION 1. Field of
the Invention [0001] The present invention relates to a |ithographic
apparatus and an associ ated device manufacturing nethod. 2. Description of
the Related Art [0002] Lithographic apparatus can be used, for exanple, in
t he manufacture of integrated. circuit . uc case, a patterning
device may be used to g Iﬁﬁ&@ﬁﬂéﬁé@%h{bgﬁﬂﬁn corresponding to
an individual |ayer ofDENVICE VEANUFACTUMRENG METHODaged onto a target
portion (e.g., conprising one or nore dies) on a substrate (silicon wafer)
t hat has been coated with a |layer of radiation-sensitive material (resist).
[0003] In general, a single substrate will contain a network of adjacent
target portions that are successively exposed. Known |ithographic apparatus
i ncl ude so-cal | ethis % £E8RRISatidiin/tirCf 1€8CPatbar Asilicaash Nen10/892, 894 dilat ed by
exposing an entire pattern onto the target portion in one go, and so-called
scanners, iy WhiZ2d04cubighisz gentingatien-srparsof [.5¢ Bateel Applisgtie® anni ng t he
pattern thrpu h 0] €611 min a given direction (the
"scanni ng" E\](%i ﬁg%’{li’%ng?ﬁ\%d?uggsa@hc ronously scanning the substrate parallel or
anti-parallel to this direction. [0004] The processing of substrates
requires that the substrates, destined for ?rocessi nlg, are supplied to the
ce

| i t hogr aphi ¢ appar at us anBAGHGROWYNBQE JIHHE INVENTIINcessed substrates are
removed frqmthg, P atus, tGeneraIIy, a track brings the substrates, which
are to be roee@iﬁ—ﬁ@'—é—l—%@%" oy g station. Fromthis | oading station, the -1
subst r at es [gypg] MOVER ReRnbinventor felithetodd GeREFphEt Apatated afi hi bireginrEhi C

apparatus, in )
device manufacturing method.

2. Description of the Related Art

[0002] Lithographic apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, a patterning device may be used to generate a
desired circuit pattern corresponding to an individual layer of the IC, and this pattern
can be imaged onto a target portion (e.g., comprising one or more dies) on a substrate

(silicon wafer) that has been coated with a layer of radiation-sensitive material (resist).

[0003) In general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known lithographic apparatus include so-called
steppers, in which each target portion is irradiated by exposing an entire pattern onto
the target portion in one go, and so-called scanners, in which each target portion is
irradiated by scanning the pattem through the projection beam in a given direction (the
“scanning’-direction) while synchronously scanning the substrate parallel or

anti-parallel to this direction.

[0004] The processing of substrates requires that the substrates, destined for
processing, are supplied to the lithographic apparatus and, after processing, the
processed substrates are removed from the apparatus. Generally, a track brings the

substrates, which are to be processed to a loading station. From this loading station, the
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whi ch the actual processing of the substrate takes place. [00051 Processed
substrates are then generally noved, one-by-one, fromthe processing unit
of the lithographic apparatus to a discharge station. A track generally
takes the processed substrates away fromthe di scharge station. 100061 O her
ways of supplying the substrates to the |ithographic apparatus and renoving
substrates fromthe |ithographi c apparatus are known to the person skilled
in the art, such as, for exanple, the use of a front opening unified pod.
The front opening wunified pod contains a plurality of substrates, and
supplies them one-by-one to the 1|oading station. [00071 I n known

| i t hogr aphiubstagtpasretmsvedaorcrnaieto thaiprodessing nansf erlithopgyaphis apparatas,ap  whi ch
is to be processed, froma.loadjng statiaon to the processing unit and for
transferri W@lobﬂ@%ﬁt‘@é@&céﬁfnﬁfbg‘b?g@@“ﬁedﬁﬁeﬁﬁ CBrocessing unit to a di scharge
station is provided. The known transfer unit conprises a | oading robot and

a_di schar gRupgPot prodked! easlidls! ARCIchalEerallySWRNEAAoRe-BYRED réin' ebe

processed, fromthe adi ng station processing unit of t

| i t hogr aphbmcessinanatitust. th highograptiaagmratabot a tisemrgaktegon.hd tragkogrmesdist
substrate fromthe processing unit .of the.l|thographic apparatus to the

di schar ge gaﬂ‘&%ﬁhsﬁ?ocﬁf@gg'ibs“*ﬁ aﬁ’ﬁéﬂ\f}}?‘q{*‘ﬁrﬁ]&b?gﬁgﬁaﬁg@etup is quite expensive,
and requires a relatively I|arge anount of space. SUVWARY OF THE | NVENTI ON

[00091 The gyobNCi hBSr Rhyd bE s@ﬁlﬁﬁﬁgtmé RUBYHatQANo @E IRERMBIRE ppstatus aadl ¥

described "herein, provi 3c’le for a” It hographi c apparatus having a transfer
unit that rendvisgssubsipaes from the dithogeiphid applagatesnar knewn te thet presdongkilted: inansf er

unit. In one enbodi nept, the i t hogpaphi c _appar at.us, co | SeS_a _processing
unit confi al?raétd S'fcgl aﬁ_ef}‘r' 8?‘?5‘3161 %ﬁggﬁﬁog Oﬁﬁ'@elggﬁ?%gmﬁﬁegggyc%’%ﬂﬁgabl e
obj ects, tQ{&ifRA Yol Sntnd R gluleAFPET ShiRGaRE, hid WPphas ithiin onéHyedel RRthe

provi des a beam of radiation, a’support structurée configured'to support a

-2 patt er nlaadingetatios. t hat i nparts a desired pattern to the beam of
radi ation, a substrate

[0007] In known lithographic apparatus, a transfer unit for transferring a substrate,
which is to be processed, from a loading station to the processing unit and for
transferring the processed substrate from the processing unit to a discharge station is
provided. The known transfer unit comprises a loading robot and a discharge robot.
The loading robot takes a substrate, which is to be processed, from the loading station
to the processing unit of the lithographic apparatus. The discharge robot then takes the
processed substrate from the processing unit of the lithographic apparatus to the

discharge station.

[0008] This known transfer unit setup is quite expensive, and requires a relatively

large amount of space.

SUMMARY OF THE INVENTION
[0009] The principles of the present invention, as embodied and broadly described
herein, provide for a lithographic apparatus having a transfer unit that is less expensive
and relatively smaller than the known transfer unit. In one embodiment, the
lithographic apparatus comprises a processing unit configured to perform a lithographic
process involving exchangeable objects, the processing unit comprising an illumination

system that provides a beam of radiation, a support structure configured to support a
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hol der configured to hold a substrate, and a projection systemconfigured to
project the patterned beamonto a target portion of the substrate. The
| it hographi c apparatus also includes a transfer unit conprising a single
robot. The single robot is configured to transfer a first exchangeabl e
object froma |oading station to the processing unit and to transfer a
second exchangeabl e object fromthe processing unit to a discharge station.
[ 0010] The exchangeabl e object can be a substrate, but also an other type of
object that needs to be exchanged every once in a while. By using only one
robot instead of the conventional two robots, the transfer unit becones
cheaper angattegsitip [desick ebat infpane a ddsPed phtiden eb eheabéam of redintdgta subspateses a
first object handler for transferring the first exchan eab%e obj?gﬁ&lpfrom

£ {0, pro

the | oadi ngolderganfgured te haldy %}@é@%tFnangereaH%P systet SARITY er for

transferri 0 edxt%%% ' trhie OMHeNER §3i #Biafsot O t he
di schar ge g%}fﬁ—&?n&%ﬁg] ggglgﬁbﬁ)gfgf?éa?%n (%f t he rg%gl[gﬁal F%\%\g arﬁlSO

ef fective anrthdeshatansfel yiniti copipeisinges sigale obo 3The mingleerobnbisdéandigliredtthe i r st
obj ect handler, is_coupled to a first ar nd the second object .handler is
coupl ed t oransfrcoligt grehangasRlerqbiect ?ré’ﬂhi‘ L ghséat‘é’é‘ctBﬁﬁe BIOGTS ‘Hﬂp?"{ﬁﬁt abl e
around an gy ' |3t £50QHL PRPLssingNRit b akidcARRkE safBement  of
the arns igﬁf&sg%rgafs}e%&%cfég!ﬁg&egreh@gtgﬁgﬁgggﬂ& e gi%j eS(S:!t . 1 0014] CAg%gr?taageousl y, at
| east one of the first armand the second armis noveable in a direction
whi ch i s afj0l16psThe gbeltanpedbdd bljegtaranl Heed sthsiratee buixilso ef ottwr dypaoof olijhet

introduction of this extra degree of freedam in the handlin f. th
exchangeabtét gefds de ge eﬁ?WﬁB‘gg"%ﬁ RAFT B Y"?’gﬁ'i Iﬁyl Ysine %ﬁy PF & d’E‘St?% the

moverment s @fe dheeRHENANIGRRE, the RheGEAmilHildmts Medfer dhl SeqiRRs 1dse g%afzfe. the

axis of rotation may be fixed relative to the processing unit. is results
in a very sinple and robust design of the robot, since only the rotation of
the arnms hdédlib Beefeeblyr tiel robiot cagngirized 6 ]firiabiesy dandlehr ftiansferrangnharfust he
second ar Mele aggeea[)lexo%?ecrt %rlo?rg {h\éeloéd?nge s?tgtri]onottoqg processing unit and a second object

handler for transferring the second exchangeable object from the processing unit to the

discharge station.

[0012] This configuration of the robot allows an effective and relatively simple

design.

[0013] In one embodiment, the first object handler is coupled to a first arm and the
second object handler is coupled to a second arm, the first arm and the second arm
being rotatable around an axis of rotation. In this embodiment, the rotational

movement of the arms 1s used to transfer exchangeable objects.

[0014] Advantageously, at least one of the first arm and the second arm is moveable
in a direction which is at least substantially parallel to the axis of rotation. The
introduction of this extra degree of freedom in the handling of the exchangeable objects
provides enhanced flexibility with respect to the movements of the exchangeable

objects.

[0015] Also, the position of the axis of rotation may be fixed relative to the
processing unit. This results in a very simple and robust design of the robot, since only

the rotation of the arms has to be controlled.
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in such a manner that they enclose a constant angle between them This
sinplifies the design of the robot even nore, since only one rotational
novenent has to be controlled. [0017] In known |ithographic apparatus,
usually an interferoneter unit is located close to substrate table that
receives the substrate fromthe transfer unit. Preferably, when the robot
is used to transfer substrates in the area of the substrate table and the
interferoneter unit, the shape of the arns is adapted so that they can pass
the interferometer. A general z-shape of the |ongitudinal section is found
to be suitable for the shape of the arns. [0018] In another enbodi nent, the
first obj efl0l18janbloesoven thet fimst macmﬂ:lthelsqmnd atTamadygre ﬁmderelﬁ@uplfecﬁdl@t@rcommn

robot arm which i s adapte ve t he rst. obj ect hand second
obj ect han#} %‘FE AdRapnes, fat eYﬁBéngeo%B%‘?faﬁ‘b Fg tl“[eﬁﬁi@i]mA Enﬁ”é‘agg &\?
| east one SR WirbBéd.
assenbl y aﬁ%&o@g& ftﬁ@&glﬁf%vg? %ﬁ%@%@%}ﬁ%&eﬁﬁtﬁgfgtﬁo to n‘f(l)l'? éz;\{alew}gl ative to the

robot arm [0020] Moreover, in this enbodi nent the first object handl er and
t he second[ﬂﬂbj?}scln Mllﬁhogambmppmmuwﬂym h-’éelxﬁmrpmetqaslg@frriﬂ jocated

Advant ageo the fir ect r.and.the,s con e andl er are
fixed rel ag]is %%tot YoSRA tes)t{lﬁgl?dt rﬁceéYf’é?fH ﬁﬁ‘ﬁﬁ frmi“htgf’ 151 g[;srggﬁabg%nst ant
angl e bet wggpn te@bof 10244 tdHbATE iBERated fEthe ra?éhS&fEﬂhe léﬁbétra@@fﬁb![d gRBthdocki ng
mechani smwhich are adapted to co-operate with a part of the processing

unit that imgerfeapeted ung, dhe rs;lanehef tbe(cahms\geaaﬂaptedbfcedhatf ey pesei pa&ﬁnthﬁg at

I t t _hand
i abl o aRTPaL c ESerel antarg i HaouRERSGaim Mpyia ke sPiuftls RS T
the procesg{eNfagitifithe hfid22] An aI ternative nmeasure for allow ng reliable and

accurate positioning of the exchangeable object relative to the processing
unit is to provide a conbination of wist assenbly and object handl ers,

whi ch combiltd8] ol ithtzteablodiznents the dirstiabjech bandlerand the sogend okiect bapstlerone
obj ect handl e oup]%d RS alc%h%gndro%%{ gltl'lll Vefucholstalagptgc'i? S%'e e ﬂps!t tobje-lc_p hZhdler

and the second object handler relative to the processing unit.

[0019] Advantageously, at least one object handler is coupled to a wrist assembly
which wrist assembly allows the object handler coupled thereto to rotate relative to the

robot arm.

[0020] Moreover, in this embodiment the first object handler and the second object
handler are both coupled to the wrist assembly. Advantageously, the first object
handler and the second object handler are fixed relative to each other in such a manner

that they enclose a constant angle between them.

[0021] Furthermore, the transfer unit comprises docking mechanism which are
adapted to co-operate with a part of the processing unit that is adapted to carry the
exchangeable object for positioning at least one object handler relative to the
processing unit. This allows a reliable and accurate positioning of the exchangeable

object relative to the processing unit.

[0022] An altemative measure for allowing reliable and accurate positioning of the
exchangeable object relative to the processing unit is to provide a combination of wrist

assembly and object handlers, which combination is detachable from the robot arm
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measure can al so be conbined with the docking nmechani sm as described in the
previ ous paragraph. [0023] According to a further enbodi nent, there is

provi ded a device manufacturing nethod conprising providing a substrate
that is at least partially covered by a |layer of radiation-sensitive
material, providing a beamof radiation via an illum nation system
configuring the beamof radiation with a desired pattern inits
cross-section based on a patterning device, projecting the patterned beam
of radiation onto a target portion of the substrate and transferring a
first exchangeabl e object froma |oading station to the processing unit and
transferri ngen as déesndnewbjean jaatiéreisgijsgoned reatith® ﬂxeopres&ishg umt.t Thiso a

di scharge station via a_ single robot 0024]. Al th spe reference may
be made i nMeATHE (@Rt ﬁ?‘b bteh%‘”ﬁ@é‘e VIR tt{ﬁ §° chmecj’ﬁg‘ﬁ el the

manuf acturﬁr ngggra e‘Eﬁ,hshoul d be understood that the I|thograph| C apparatus
descri bed herein ma;%* ave ot her applications, such as the manufacture of
integrated optical systens, guidance and detection patterns for magnetic

domai n  nef@23ks Ackonjirigitocr frsthat emibedirept tharChsprovidad ﬁrdeﬁflcmmguﬁ@mm%eads

etc. The skilled artisan w]ll ¢l e .th cont ext o

al t er nat i vEHIRS SO YesP f°§‘ﬁ‘§}%%§‘ﬂl§fe’ eath%t va f‘f;gst..wzz&.cogpreﬁgqye aﬁ'grr(é' n nay

be consi dergghiRs-SHARRY AT ﬂrbvﬂd dTBéd of B4R ¥i8LREINGHREDR 3RemOr
"target portion," respectively. [0 ] The substrate referred to herein may

be processedyfideingrthe beanaof eardla;bopomh @ desired ﬁmmematﬁmressasephm kased ongol t hat
typically a

L8ist) o Do e mpicPinb R pRlreo B R B n Ploa BT pBREn el Cour o

herei n may chguaRPhdE thahFersingha F6 @&B%geﬁb!@séﬁ“&tt %&ﬁ%mlﬂ'ggsth@&{ $o thglrt her,
the substrate may be processed nore than once, for exanplein order to

create a npracessingaymit andoransferringa se¢andtexchangaiiye phieet fremdhé prosessinganial so
refer to a sy st}rlate that alre gnt ains multiple processed |ayers.
[0026] The ‘¢ BFHENAT g%ﬁfﬁté?l}‘élﬁaséﬂ'?gé "985t used herein enconpass al | types of
el ectromagnetic radiation, including ultraviolet (W) radiation (e.g.,
having a {6024] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic
apparatus described herein may have other applications, such as the manufacture of
integrated optical systems, guidance and detection patterns for magnetic domain
memories, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled
artisan will appreciate that, in the context of such alternative applications, any use of
the terms “wafer” or “‘die” herein may be considered as synonymous with the more

general terms “substrate” or “target portion,” respectively.

[0025] The substrate referred to herein may be processed, before or afier exposure, in
for example a track (a tool that typically applies a layer of resist to a substrate and
develops the exposed resist) or a metrology or inspection tool. Where applicable, the
disclosure herein may be applied to such and other substrate processing tools. Further,
the substrate may be processed more than once, for example in order to create a multi-
layer IC, so that the term substrate used herein may also refer to a substrate that already

contains multiple processed layers.

[0026] The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g., having a
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wavel engt h of 365, 248, 193, 157 or 126 nm and extrene ultra-violet (EW)
radiation (e.g., having a wavelength in the range of 5-20 rim, as well as
particle beans, such as ion beans or electron beans. [0027] The term
"patterning device" used herein should be broadly interpreted as referring
to a device that can be used to inpart a projection beamwith a pattern in
its cross-section such as to create a pattern in a target portion of the
substrate. It should be noted that the pattern inparted to the projection
beam may not exactly correspond to the desired pattern in the target
portion of the substrate. Generally, the pattern inparted to the projection
beam wi | | wevd@aproen36s 2483, i16Tbal 26 wmnd bndaeterhaylan-violea(ElEV) rdidtionng
created in the target portion, such as an integrated circuit 0028] The
pat t er ni ng(e@ﬁ%’@%yab@eﬁgthn%mes@%oﬁ 20 Bty Vel as Eﬁ“?a‘ﬁrﬂtéfé‘n%f SUCHAt er ni ng

means i ncI ble mrror arrays, and programuabl e LCD
C! DS Boce AP AT

panel s. sks are we nown I n |lithography, and include nask types such as
bi nary, alternating phase-shift, and attenuated phase-shift, as well as

vari ous hy@oRa niis terty fpatterding @caiwpr msc;l‘ herepr dg:uédnbamreadhiz rint@rprauedaa}

e | oys a trlX arrang enent o mrrors an .be
e oY S ual Teing (ap BHea Nl 5oh be S (o TRaH LRl IR QR T ih S Balain it

different gltecdii@isuch!dd th it PpMifin mtmrge%h h%@twﬁmﬁepﬁtshsﬁm%

[ 0029] The support structure supports, 1.€ ears the wel ght of,
pat t er ni ngneted il the pattchohﬂpanddetophﬁ pexjerition bedamimay hot acamﬁy cdleq:wndd rtg on the

orientation of the atter means, the desi n of t raphi

appar at us, ¢ Sigs ; ﬁ pordjpuipf the yubptrat XQﬁB‘F {BM% %f%b rg?ﬂﬂ'&dt he
patterni ngtd@élg{jorié&m%e%n' WilPootf t8 a\ﬁa&%ﬁtﬁ%mtﬂ;% 1a§éfﬁﬂ‘ar&evﬁ:%'?)e91§ usi ng
mechani cal cla ng, vacuum or other clanping techniques, for exanple

el ect r ost atieated irathpitargetprdton, sacuamanciotegiatédorizcnitThe support structure may
be a frame or a table, for exanple, which nay be fixed or novable as

required a ensuethat the patterning device is_at esi red
posi ti on, ﬂg'rzsﬁhiﬁ‘bl ‘{eg‘fﬁeﬁ?yt%e t‘%ﬂS‘BPBﬁVEC i & %¥e§§¥? emExﬂH?e of the
terms "ret pgtedning meali® ﬁiéludé%@s'k@ ﬁf&%ranﬁ&b?@rﬁ%k&%&ﬁ?s YA QRYERMEatd hcbhe nore
general term "patterning device.

panels. Masks are well known in lithography, and include mask types such as binary,

alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask

types. An example of a programmable mirror array employs a matrix arrangement of

small mirrors, each of which can be individually tilted so as to reflect an incoming

radiation beam in different directions; in this manner, the reflected beam is patterned.

[0029] The support structure supports, i.e., bears the weight of, the pattering device.
It holds the patterning device in a way depending on the orientation of the patterning
means, the design of the lithographic apparatus, and other conditions, such as for
example whether or not the patterning means is held in a vacuum environment. The
support can be using mechanical clamping, vacuum, or other clamping techniques, for
example electrostatic clamping under vacuum conditions. The support structure may
be a frame or a table, for example, which may be fixed or movable as required and
which may ensure that the patterning device is at a desired position, for example with
respect to the projection system. Any use of the terms “reticle” or “mask” herein may

be considered synonymous with the more general term “patterning device.”



[ 0030] The term "projection systenl used herein should be broadly
interpreted as enconpassing various types of projection system including
refractive optical systens, reflective optical systens, and catadioptric
optical systens, as appropriate for exanple for the exposure radiation

bei ng used, or for other factors such as the use of an imersion fluid or
the use of a vacuum Any use of the term"lens" herein may be considered as
synonynmous with the nore general term "projection system"” [0031] The

illum nation system nmay al so enconpass various types of optical conponents,
including refractive, reflective, and catadioptric optical conponents for

di recti ng, [00B6pi The tam tgrojectbh ispgemiaispd bpent sloulddanbroadly adiegprietsd, asand

such conponents nay also be referred to below, collecti.vely.or sinqularly,
as a | eneenCOmpeRsyE VA YRS G LA HOnYSER rdudiRg THIEACHYE QPHSALSYHE NG t wo
dual st : : : o

(dual stag egﬂge{%f;cgl s}ggﬁs[ %@cét@rﬂbgtglgi(c?ﬂgélgpstéﬂ@, £ apPRSpRi bR ckaRpRs) - 10

such "nmultiple hes the ional tables may be used in
paral | el , € the eppoatrermpdiatiepbeimgyuded, carfor ethepubctors supheas thanwse of sl es

while one or nore other tables_are being, used f exposure, . 100331 The
i t hogr aphlf@n%wrﬁ‘ﬂl sorrfé?“é‘? 8b ap@cymy 4%%5%%5‘&‘ hiF08 L BEEILRY |

| mrer sed ie?rf%ideirms% ISl R ifHPME trh 6 b¥ndPh1 98l egrageﬁw@yswﬂex, _€.g., water,
so as to fi a spacCe Detween the final elenment of the ‘projection system
and the substrate. Imersion liquids nmay al so be applied to other spaces in

t he |ithog{G03h] c Thppidlnatinaionf eystan amay ealso bencommpasst iveriouss kypesdof pticalr st

el ement of the projection system | tsion,techni gues ..are well knawn in
Che art 1 ofSTARFBRS Sird i TR Poisroaay o0t oaniopity et folfPopetie B ony e
DESCRI PTI Qifir&driniHEshRAYY NS chitsittdg E!EEngd}&ﬁbﬁ 8éark h8f | AYRALHOANWM kichnow be
descri bed, by way of exanple only, with reference to the acconpanying

schemati c domppmegss may also b refenredelofetgy. wglleatiotyrassngulayhybas & “lensli’ cat e
correspondi ng parts, and in which: [0035] Fig. 1 depicts a |lithographic

Chamat i calit3LnaRe et BRRT ot beiot e A Rl @ S0 bRt 2

substrate tables (and/or two or more mask tables). In such “multiple stage” machines

the additional tables may be used in parallel, or preparatory steps may be carried out on

one or more tables while one or more other tables are being used for exposure.

[0033] The lithographic apparatus may also be of a type wherein the substrate is
immersed in a liguid having a relatively high refractive index, e.g., water, so as to fill a
space between the final element of the projection system and the substrate. Immersion
liquids may also be applied to other spaces in the lithographic apparatus, for example,
between the mask and the first element of the projection system. Immersion techniques

are well known in the art for increasing the numerical aperture of projection systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying schematic drawings in which corresponding

reference symbols indicate corresponding parts, and in which:

[0035] Fig. 1 depicts a lithographic apparatus according to an embodiment of the

invention;



[0037] Fig. 3A, 3B, 3C, 3D, 3E schematically show the process of supplying
and discharging substrates using the enbodinent of Fig. 2; [0038] Fig. 4
schematically shows an el evational view of the enbodiment of Fig. 2; [0039]
Fig. 5 schematically shows a second enbodi nent of the invention; [0040] Fig.
6A, 6B, 6C, 6D schematically show the process of supplying and discharging
substrates using the enbodinent of Fig. 5; [0041] Fig. 7 is a schematic top
vi ew of an enbodi nent of a track interface having a stacked input/output

station to i tyat - I jt of an

lithogr aphi[@gipaﬁgt%%;h Q'F%%@fgl]g SE?%].E ggg%%ﬁ%ﬁg}n?%lgﬁﬁ/h%é 0\%\%}1 Blalt’ side view of the
enbodi ment [0637Fi Fig. 3A,[ 9BA3T, BDY 3E9schemeanalycshohy thehgresesa afosubplyingasidon of a
substrate buffer provided with air showers; and [0044] Fig. 10

schemat i caldisphaygingsubsteagmrisiigrthe pohodment effigt#at e buffer provided with
belts for carrying substrates and an air shower | ocated above the belts.

ransfer ol Do e BrERane Rant Fore i hena LT AR I B cont ex

of a lithographic apparatus for clarity, it will be appreciated that the
transf er undf39]aFigisschanatitallyaiiowea egoad embagipienedf the itehton; t echnol ogi es
and/or systens. It will also be appreciated that the transfer unit nmay be

enpl oyed f changeabl e obj.ects at her. than. the _di scl osed.substrate., [ 0046]
ouro 1 sdheffle RERTE8: B Bes o efbeatioalbhoun i BoGESact BRI, Bid
particul ar cﬁé&ﬁﬁ%lﬂé%ﬂ%st@itcsttﬂﬁ'lg ¥ eRbb@hent BEFigPPar at us conprises: -8 [0047]
an illumnation'system (i1llumnator) IL: for providing a projection beam PB

of radiation (e.g., UV or EW radiation). [0048] a first support structure
(e.g., a nd80di]atlig/ hislagshymmic tdpoview i jap enthodgngiof ertrackgntddsdedmving 4., a

Task) M and £onnl St L ARRLhLRE A SRR I b e B P L

posi tioni nd
lithographic apparatus;

[0042] Fig. 8 schematically shows a side view of the embodiment of Fig. 7;

[0043] Fig. 9 schematically shows a configuration of a substrate buffer provided with

air showers; and

[0044] Fig. 10 schematically shows a configuration of a substrate buffer provided

with belts for carrying substrates and an air shower located above the belts.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Although embodiments of the transfer unit of the present invention will be
described within the context of a lithographic apparatus for clarity, it will be
appreciated that the transfer unif, as disclosed, may be equally applied to other
technologies and/or systems. It will also be appreciated that the transfer unit may be

employed for exchangeable objects other than the disclosed substrate.

[0046] Figure 1 schematically depicts a lithographic apparatus according to a

particular embodiment of the invention. The apparatus comprises:



device with respect to item PL; [0049] a substrate table (e.g., a wafer

tabl e/ hol der) WI: for holding a substrate (e.g., a resist-coated wafer) W
and coupled to second positioning nmechanism PWfor accurately positioning
the substrate wth respect to itemPL; and [0050] a projection system
(e.g., areflective projection lens) PL: for imging a pattern inparted to
the projection beam PB by patterning device MA onto a target portion C
(e.g., conprising one or nore dies) of the substrate W [0051] As here
depicted, the apparatus is of a transm ssive type (e.g., enploying a

transm ssive mask). Alternatively, the apparatus may be of a reflective type
(e.g., or a progri@tagbbe mlummncezr nmsyermf (iripporasily efoer prodiding above) .

[0052] The illum nator IL rec m of _rad roma radiation
source SO The sd?fPl?é“%theaﬂTh 19 fﬁﬁi‘%&gﬁﬁc %B&h@u?ﬁ%’ﬁng]e separ at e
entities, for exanple when the source is a plasma di scharge source. In such

cases, the source fopefOl ﬁ,@nﬁq;}ewﬁr&&uref@rgm PRdsk QiplehBlder ) hoRrphi ¢

apparatus and the radiati'on beamis generally passed from the source SO to
the illuninator | Lsuppettinghatiemingficdice bl arimasky MAswrdosoupdadptol Bishg f or

exanpl e suitable collectin I. [or a ectral fil.ter. In
ot her cases the st P@l%g“ﬂg}éﬂl\l }@ﬁ pr pgirat R%gwgﬂfgaﬁ'ﬁt g exanpl e
when the source i sgid¥RliENfeépedt @Mem P1E source SO and the ill uni nat or | L,

may be referred to as a radi atlon syst ém [0053] The illumnator IL may

conpri se adj usting mechani smfor adjusting the ular intensity
distribution of t h[@%%]amsu@m!c tdbis/(e.gata W@&stabiﬁbof er) AT afgholdingmer -9

radi al extent (co ferredt ndaln ..respectively) of
the intensity di rswlr‘% %Fl%rgi i 5GSEUSPTS[G%I%#1880Wth C?‘I'RJ?# tgt %ecgg‘gn be

adj usted. The il oty nRCRMIISRSPW SR Nclilaie pobicioningf the adibatkdton,
referred to as the projection beam PB, having a desired uniformty and

intensity distribuvithrespectite gemyBlsgndect i on. [ 00541 The proj ection beam PB
is incident on the mask MA, which is held on the

[0050] a projection system (e.g., a reflective projection lens) PL: for
imaging a pattern imparted to the projection beam PB by patterning
device MA onto a target portion C (e.g., comprising one or more dies)

of the substrate W.

[0051}) As here depicted, the apparatus is of a transmissive type (e.g., employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g., or a

programmable mirror array of a type as referred to above).

[0052] The illuminator I receives a beam of radiation from a radiation source SO.
The source and the lithographic apparatus may be separate entities, for example when
the source is a plasma discharge source. In such cases, the source is not considered to
form part of the lithographic apparatus and the radiation beam is generally passed from
the source SO to the illuminator IL with the aid of a radiation collector comprising for
example suitable collecting mirrors and/or a spectral purity filter. In other cases the
source may be integral part of the apparatus, for example when the source is a mercury

lamp. The source SO and the illuminator IL, may be referred to as a radiation system.

[0053] The illuminator IL. may comprise adjusting mechanism for adjusting the

angular intensity distribution of the beam. Generally, at least the outer and/or inner
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mask table MI. Being reflected by the mask MA, the projection beam PB passes
t hrough the lens PL, which focuses the beamonto a target portion C of the
substrate W Wth the aid of the second positioning mechani sm PW and
position sensor IF2 (e.g., an interferonetric device), the substrate table
WI can be noved accurately, e.g., so as to position different target
portions Cin the path of the beamPB. Simlarly, the first positioning
mechani sm PM and position sensor |F1l can be used to accurately position the
mask MA with respect to the path of the beam PB, e.g., after nechani cal
retrieval froma mask library, or during a scan. In general, novenent of

t he obj ect rididll esteMT (contilon wefdriedb® mead-baterl antlt b-ihdve, acgpeaivedy)l ohghest r oke
nodul e and_a short-stroke . nodul e, which form part of the positioning

mechani sm PNERRHY SWnbugaavisr 2 pypil péane cof dhepfllymipatop ean pgsadipsitbed o a

scanner) tk . . act only,
or mmy be. Tt LA R eolilioney SalEbCHkfof reltlito 8 1 o BENdR A

al i gnment  PB; kavihg a ddBireainshifouhity nad mtaisitg diveitution ik s Bbss-Béktioh00551 The
depi cted apparatus can be used in the follow ng preferred nodes: 100561

step node: the mask table MI and t he substrate tahle WI' _are ke

essent i al | JO&ht i1Bsargiectpn peam B incdenen él?%mﬁabg’}*%’e‘ﬁfh’c‘% ‘Fﬁ\?ﬁ{ PR dh%ct i on

beamis prqjegct r A ) n il . i tatic

exposr e RS SIS, BelrlGRkoRPY BR MDA ORrbibptfon béim TEPhges

di rection skrotfiathedend FIf, ovtech fdcasqyehe pean owtn aCarganpdrbor Kpafabe substratesWe p
(jmts the size t he target

de, th ' .Si f th field
por 1 on C (BB 318 ok e RSP ERprEnE, P Y G PpERARCABHAL (48 Hhok
table Mr a"i‘&entfgﬁni%ﬂj?@ﬂé\%n?, RRLEsuie taﬁfeevl\)ﬁcé’aﬁ%dméyélﬁlfcﬁﬁﬁ%iz' Y g\WBh e 1

pattern inpart to the projection -10 beamis projecte to~a target
portion C (posidon diffsientgtaeged ypoaions C en plos path)of thhdewml RPBI t Simaladydiheefitst on of

t he substrate .table relative to.the mas able MI js determ ned.by the
(e raoni PPSLPTSE meppanispLY 10 Rocition SEPRF AL £41 B¢ pred Bracowataly Braiad on
system PL. glhm388MA with respect to the path of the beam PB, e.g., after mechanical retrieval

from a mask library, or during a scan. In general, movement of the object tables MT

and WT will be realized with the aid of a long-stroke module and a short-stroke
module, which form part of the positioning mechanism PM and PW. However, in the
case of a stepper (as opposed to a scanner) the mask table MT may be coupled to a
short stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned
using mask alignment marks M1, M2 and substrate alignment marks P1, P2.

[0055] The depicted apparatus can be used in the following preferred modes:

[0056]  step mode: the mask table MT and the substrate table WT
are kept essentially stationary, while an entire pattern imparted to the
projection beam is projected onto a target portion C in one go (i.e, a
single static exposure). The substrate table WT is then shifted in the X
and/or Y direction so that a different target portion C can be exposed.
In step mode, the maximum size of the exposure field limits the size of

the target portion C imaged in a single static exposure.

[0057] scan mode: the mask table MT and the substrate table WT

are scanned synchronously while a pattern imparted to the projection
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node, the maxi num size of the exposure field limts the width (in the
non-scanni ng direction) of the target portion in a single dynamc exposure,
whereas the |l ength of the scanning notion determ nes the height (in the
scanning direction) of the target portion. [0058] other node: the nmask table
MI is kept essentially stationary holding a programmabl e patterni ng device,
and the substrate table WI is noved or scanned while a pattern inparted to
the projection beamis projected onto a target portion C. In this node,
generally a pulsed radiation source is enployed and the programrabl e
patterning device is updated as required after each novenent of the
substrate tabl e Wheanmr isi projetede entosa dergst podionafli &itd,om snglealynamid ng a scan.

Thi s node of operation . can. be readil | .ed t.o, maskl ess |t aphy t hat
utilizes program®BP¥ Yat ¢ @PnY‘ﬂ%mB’eQ%{%zl?‘%gtb% oisth‘_él %Fg@%%ﬁl mrror
array of a type 3gafi6f & i€ndsR AOWET id S8 in&PBP tRAldeORReANRAGIn Vari ati ons
on the above described nodes of use or entirely different nodes of use may
al so be enpl oyed. 3n00BOge fFEivgrsalXhatdctesistics afshopre)astibodystemiPLofIntshan pr esent

i nvention, in which rocessing uni.f, 5 of a Lithographic. aratus is
provi ded for pr océggcfem SRS e?iF%heﬁ*Bo%%gf’fdgl"ggs et%ldgl_gBBrt tessed are
supplied to the prpgesshiife Wcktion)Pyr MRARSg&! pértiohrANE T Shgle Niyha@TPr i sing a
robot 10. In accordance wth a feature of the present invention, the sane
robot 10 al so t akexppsweewbadassibodength @f the agrapintg wotiohaetepnowedhs ng unit 5.

[0061] A track 50 .transports the substrat I, to be .processed to the
| ithographic appaheéganﬁZx%%%sctapglﬁgSigpftéorﬁﬁgﬁﬁtgrggts oéﬂgg‘ubst rates 1 away from
the lithographic - 11 apparatus, for exanple, to an etching device (not

shown) . The track [psgle! bimeF molibetheSHARUERE 88T s képt@sRytisifestafichady | oadi ng
station 30, which conprises a receiving unit 31 and a loading unit 32. The

recei ving unit 31 hodding eqepgramprblegiatiening dddes; and the subpteate table WT

is moved or scanned while a pattern imparted to the projection beam is
projected onto a target portion C. In this mode, generally a pulsed
radiation source is employed and the programmable patterning device
1s updated as required after each movement of the substrate table WT
or in between successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography that utilizes
programmable patterning device, such as a programmable mitror array

of a type as referred to above.

[0059] Combinations and/or variations on the above described modes of use or

entirely different modes of use may also be employed.

[0060]) Fig. 2 illustrates one embodiment of the present invention, in which a
processing unit 5 of a lithographic apparatus is provided for processing substrates 1.
The substrates 1 to be processed are supplied to the processing unit 5 by means of a
transfer unit comprising a robot 10. In accordance with a feature of the present
invention, the same robot 10 also takes processed substrates 1 away from the

processing unit 5.

[0061) A track 50 transports the substrates 1 to be processed to the lithographic

apparatus and transports the processed substrates 1 away from the lithographic

-11-



the track 50, while the loading unit 32 can | oad one of the substrates 1 to
the robot 10. [00621 The | oading station 30 can act as a buffer for the
supply of substrates 1 to the processing unit 5. This is particularly
advant ageous since the substrates 1 generally are delivered by the track 50
at irregular tinme intervals. By using the |oading station 30 as a buffer
the chance of a stand still of the processing unit 5 in case of an irregul ar
delivery of substrates | by the track 50 is reduced with respect to a system
wi t hout such a buffer. [0063] Preferably, the |loading station 30 is
provided with neans to prepare substrates | for processing. For exanple, a
pr e- al i gnnepyaratus, tfor exanysepooar eetlingolevitet(@ohshowmy.  Fheswackt 5O delivarethei ons of
the respective substrates 1 or the positi of .respective substrat 1.
Measuring SHOSHASS ngn%ﬁHPBWtPﬁb%6§§gﬁ%8 ngﬁoﬁ% @§’DHF5FﬁﬁfF§ﬁWPﬁ§Pﬂgﬁn be
used for Aghdlh %a%ir&t%ﬁ% BONIRY r&eitife uhR SNGhHINV@IUSAR §ahe sibdtatdsVieib an

obj ect handler of Tthe robot 10 and/or to the processing unit 5. [0064] The
means for pheepakisAgwhilsthsdoadingurit 82 carpload essdtile sebstratesd te dmprobsiel
tenperature stabilizing unit (TSU), which brings a substrate 1 to a

pr edet er m t rature..The te rature. sensitiv [PCES K n e

Pt ocessi noti?l SRRl iR FeSTRTLE, thfer FRTH PEPLEPLRRSTRE 1 dp b

substrate jrocBsidiSinigs. aThiRNPparfitualy a8labidebdsdihd@nhe BilistratcB @ gubatiyatee 1 can
S f y ; :

al ready be brought at or at least close to this predeterm ned tenperature.

[ 00651 Preflgliveintdby thedpakiSAgpt itegudardne axesvalsf By usingdbe doadingasiaty #bed

above takes a durin he, buff.ari of the substrate 1. | S_saves

val uabl e ppobggtegﬁﬁcgc %qif;a t"“i‘?elal SE'J‘r o%@@'gipﬁaceﬁﬂfl% L%HS[ {6%(%%8 2\{?? a{ﬁg?‘ é?r uni t
i's provi dedemr;f]akammg@ vbsiliadak 30 @rahiyd ¥ réspedt thaattehewithadidg
station 30 to the processing unit 5, and to take processed substrates 1 away

-12 from t Bduffebcessing unit 5 to a di scharge station 40. This transfer
process is illustrated in Fig. 3. 10067) The transfer unit has a single

robot 10, %Hﬁ%i‘ ﬁefglragw, ﬂ'l%qoﬁihg satibh 58ls [913*/1%8& with means to prepare substrates

1 for processing. For example, a pre-alignment unit can be provided for determining
respective dimensions of the respective substrates 1 or the position of respective
substrates 1. Measuring dimensions and/or the position provides information that can
be used for accurate positioning of the respective substrate relative to an object handler

of the robot 10 and/or to the processing unit 5.

[0064] The means for preparing a substrate 1 for processing can also comprise a
temperature stabilizing unit (TSU), which brings a substrate 1 to a predetermined
temperature. The temperature sensitive processes in the processing unit 5 preferably
has a predetermined temperature of the substrate 1. By using a temperature
stabilization unit, the substrate 1 can already be brought at or at least close to this

predetermined temperature.

[0065] Preferably, preparing the substrate 1 for processing as described above takes
place during the buffering of the substrate 1. This saves valuable processing time in the

processing unit 5.

[0066] A transfer unit is provided to take the substrates 1 one-by-one away from the

loading station 30 to the processing unit 5, and to take processed substrates 1 away
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handler 11 (Fig. 4). The first object handler 11 engages a first substrate
la at the |loading station 30. 10068) Preferably, in the |oading unit 32,
the rel evant substrate | is supported by one or nore pins 7, which are
adapted to nove the first substrate la in a direction which is
substantially perpendicular to a plane defined by a |ithographic pattern
present on the relevant substrate 1. [00691 I n one enbodi nent, the pins 7
lift the first substrate la when the first object handler 11 approaches
(Fig. 3D). The first object handler 11 is then positioned below the first
substrate la. The pins 7 then lower the first substrate la so that the first
substrat e |feong thegsoteassing @nitdoio a dischiaigestationj4dc tTHiaaihsder rocess QOiflostratede r obot
10 of the transfer unit also conprises a second object handler 21. Wen a
first substfat®e’la is | oaded onto the first object handler 11, the second
object handler 21 is enpty (Fig 3D). [00711 The robot 10 then noves the

second obj qg6e7anHeafandfer uRitt B AGALIE FSHIAA OV Rikichdis prévide®WIGES FrAGbRE L S
provi des a second substrate |b, has been processed by the processing

i C
unit 5 (Fi drasdlpr 1THEIS ébonbho birscabjevamandler 21 engages iliest swhetratederad the
Substrate Hb 'Fing%Qg Advant ageousl y, al so the processing unit 5 is
provided\M? n% e Qvnch are adapted to nove the second substrate Ib in a
direction which is substantially perpendicular to the plane containing the

pattern of [bie8)Ssfefadly it thd Ba®RE unkEROtheTERYant tshigstidites is/suppbited Be of€CONd
substrate | b before the second object handler 21 approaches. After the

lifting of armeorspistT athich areipdaptad tgmeye the firesubsand adppclitectionwdichris 21 i s
posi ti oned sggzlst%a{l]lgﬁae?}ﬁe%ﬁﬂqlﬁ Yhgt @{eedé ed Egeacgfgggraggfcrbﬁgtetng@%ﬁ g meecond

substrate | e second substrate | e sectond
obj ect hangleeint 2dbstrade31.[ 00721 The robot 10 then noves the second substrate
| b away fromthe processing unit 5 and noves the first substrate |a towards

t he processi n(%)dunit 5 (Fig, 3B). After  positioning the first substrate 1 a
relative tdOPOH Jrowessamhagiment: ths ping, & 1idy thedirgt wbetiate dawhengthe first object

handler 11 approaches (Fig. 3D). The first object handler 11 is then positioned below
the first substrate 1la. The pins 7 then lower the first substrate 1a so that the first

substrate 1a comes to lie upon the first object handler 11.

[0070] The robot 10 of the transfer unit also comprises a second object handler 21.
When a first substrate la is loaded onto the first object handler 11, the second object

handler 21 is empty (Fig 3D).

[0071] The robot 10 then moves the second object handler 21 to the processing unit 5.
The processing unit 5 provides a second substrate 1b, which has been processed by the
processing unit 5 (Fig 3E). The second object handler 21 takes over the second
substrate 1b (Fig. 3A). Advantageously, also the processing unit 5 is provided with
pins 7 which are adapted to move the second substrate 1b in a direction which is
substantially perpendicular to the plane containing the pattern of the substrate 1. In one
embodiment, the pins 7 lift the second substrate 1b before the second object handler 21
approaches. After the lifting of the substrate 1b by the pins 7, the second object
handler 21 is positioned below the second substrate 1b. The pins 7 then lower the
second substrate 1b so that the second substrate 1b comes to lie upon the second object

handler 21.

-13-



| oaded to the processing unit 5. [0073) Then, the robot 10 noves the second
substrate Ib to discharge station 40. Now, the first object handler 11 is
enpty (Fig. 3C). At the discharge station 40, the second substrate Ib is
removed fromthe second object handler 21, and delivered to the track 50.
Just like the | oading station 30, the discharge station 40 can act as a
buffer, if required. For renoving the second substrate Ib fromthe second
obj ect handler 21, pins 7 |like described before can be used: the second

obj ect handler 21 positions the second substrate |b above the pins 7, the
pins 7 rise and |ift the substrate | off the second object handler 21 and
the second [@RpcThaaoklitell thenimgoves kel senny siFitgte BlEﬁwa}'CfB)M)Ttheism second

bstrate | b, f d t _hand first object
handl or 3190 SATHOVS R ETT GHEHEE £ MY 56 rroctanng el ik 5. AR Pt o
lc. [00751 n&ﬂngh{eeﬁr@%y@ateﬁb}%l&th}eqs&hefﬁﬂ@%s%gulﬁlt5 2k FrafsuetraRIeaPl € in

a di rectio substantially perpendicular to the axis of rotation. Herewith,
t he obj ect Idudeditceths pracgssiigutibder ed t o engage the underside of the substrate
1. [00761 In the enbodi msnt of Fig. 2, the obj ect handl ers engage the

under si de subst 0 pos obj ect
handl er s e%%i Tﬁg ’S ﬁ’%‘t ioinoveﬁsﬂa% %et,\ﬁé Sub t@’tggb (ﬁsata%et FL}e %‘%3@ of the
substrate Ngw, thy fifRabfecPha@il&ULT 08B IFiLn glmmemlgch@rgmmh 40) €he
substrate 1. [00771 Also, in the enbodinent of Fig. 2, the robot 10

conpri ses aedondstbsirata lipisamaiosed Sewdhel sesond thecﬂh?éldfﬁr R4t anshjediereddadber 11

ot he secAiitk apntb iRbuft Bidife S8ob 36, HEERRp MRS 40 Bl e bur D C”

exanpl e of rijuired 2Fof fegndvity the sb@)ndrsﬁl@dﬁ@&dlbsﬁl&h thé@cohd objeoMiagider an, pidi s of
rotation 15a oriented substanti alé%etger pendi cularly to the plane of a

substrate 17 likgrdes¢ritied bsfars @m b@ Hs Second obisrlkandims 2d| rasgions the Jegery 1
Mor eover, JAfI \Tjﬁe‘%{i&)&e th% hér %ﬁlb% e’ A ﬁ‘ﬁ%elguﬁgst@& ti‘%f?ﬁl%o&gm?c{ m 22

are fi xed ST eac such a nmanner encl ose
constant ang|eet haidween, and the second object handler 21 is moved away (Flg 3E)

[0074] When the second substrate 1b is removed from the second object handler 21,
the first object handler 11 is moved to the loading station 30 to collect a third substrate
1c.

[0075] As an alternative, the object handlers 11, 21 can be moveable in a direction
substantially perpendicular to the axis of rotation. Herewith, the object handlers may

be lowered to engage the underside of the substrate 1.

[0076] In the embodiment of Fig. 2, the object handlers engage the underside of the
substrate 1. It is, however, also possible that the object handlers engage the substrate 1
in an other way, such as by the edge of the substrate 1 or by means of a suction cup

engaging on the top of the substrate 1.

[0077] Also, in the embodiment of Fig. 2, the robot 10 comprises a first arm 12 and a
second arm 22. The first object handler 11 is coupled to the first arm 12 and the second
object handler 21 is coupled to the second arm 22. Both arms 12,22 are rotatable
around hub 15. In the example of Fig. 2, the hub 15 is arranged such that it provides an
axis of rotation 15a oriented substantially perpendicularly to the plane of a substrate 1

which 1s present on one of the object handlers.
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them as seen in the direction parallel to the axis of rotation 15a. It is,
however, also possible that the arns 12,22 can rotate independently of each
other. In that case, their rotations can be in the sanme direction, or in
opposite directions. [0079] Furthernore, in the exanple of Fig. 2, the
position of the axis of rotation 15a is fixed relative to the processing
unit 5. Fixing the arnms 12,22 at a constant relative angle and fixing the
position of the axis of rotation 15a relative to the processing unit 5
reduces the degrees of freedomof the robot 10 as a whole. This reduction in
degrees of freedomleads to a sinple design of the robot 10 with just a few
novi ng par {@078hnMakecr, inltke mm@Dnggst?etﬂwﬁ@ﬁ agptldanidribe sasend apde2 8¢ can be

aceor i ng POoL HaaieaR G Bpban Y05 bt By chsiéed b ER BT e

fromthe | gaging ssémid MR diRclién pARIEN BARS 8ki8 Bf wiatio 1800 It Behdwars 2o of a
second substrate |'b fromthe processi ng unit 5 to the di scharge unit takes

pl ace subgpbssihle ahatthzmw @ann@me inggpendentinobeachyher; (1githacase shading t he
second arm 2 around.t rotation 0] On the other hand,
nore degr e&% atb?nsfcraﬁ #ﬁ?ﬁ?mﬁélr giqm, gﬁlmoﬂ?loge%récggg ‘realized in various

ways. Both arnms 12, 22 or at |least one of themcan be nmade noveable in a

direction téwte)i $uﬁtﬁ&‘&icﬁf8t1h&hé yxdvaglalolf Blg. 0 tHehmshionsofahe tois aff irotatidibasa Al so,
the hub 15 can be made noveable relative to the processing unit 5, and/or

one or bot hs fisedveslativeto theArasessingdenib R diveiasitee ames 1ha? at pepnstandigleivean be
vari ed. W%ﬁ%{% h%t){hn @Q@ﬁgu&% HeVald Gk G{an}éh?ﬁﬁ iath J%%‘%ﬂ@@%é@mg e 19 2

In this exa ra |ca paratus a

interfer OWEécﬁii:esﬁ@lefdegreeﬂeﬁﬁédﬂibﬁi ofyhé hﬂ)olDd)G la§ b Grholef Tmeralubtmrrmmgteabbé As
can be seen in Fig interferometer 60 is in _the way of the arns

12,22 of t ﬁ@ed@wadmo a@r@m@ﬁ%é@ phthrebti 10 witlyjust 3 &y m%rueﬂrw&s gl algnyi d
col Ii'si on, tﬁéﬁfonﬁfoﬁg% @ AnRHE 8 JJ&( 18 cﬁlba t\@clgh%l &B' zsqm'ar parts

at a differen anin at e onn
hori zont al fload Fip. 3 ths efbodimennaddogling to ﬂih |e3amp1¢ of Fie Zahaﬁaﬁs?ferZ&‘ it pass

the interferonmeter 60 during the rotation of the arns_12,22. Such an
adapt at i on sBpstiatpela from the loading station 30 to the processing unit 5 and the transfer of a
second substrate 1b from the processing unit 5 to the discharge unit takes place
substantially within a single revolution of the first arm 12 and the second arm 22

around the axis of rotation 15a.

[0080] On the other hand, more degrees of freedom may be desired. This can be
realized in various ways. Both arms 12,22, or at least one of them can be made
moveable in a direction that is substantially parallel to the axis of rotation 15a. Also,
the hub 15 can be made moveable relative to the processing unit 5, and/or one or both

arms 12,22 can be made extendable, so that their length can be varied.

[0081] Fig. 4 shows an elevational view of the embodiment of Fig. 2. In this
example, the lithographic apparatus also comprises an interferometer 60 for
determining the position of the substrate table. As can be seen in Fig. 3, the
interferometer 60 is in the way of the arms 12,22 of the robot 10 as they perform their
rotation. In order to avoid collision, the arms 12,22 are generally z-shaped with two
horizontal parts at a different height and an intermediate part connecting the two
horizontal parts, as is shown in Fig. 4. This way, the arms 12,22 can pass the

interferometer 60 during the rotation of the arms 12,22, Such an adaptation of the
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shape of the arnms as descri bed above can al so be used when other objects are
in the way. [00821 Fig. 5 depicts a second enbodi nent of the present
invention. In this enbodinment a processing unit 5 is also provided for
processi ng substrates 1. The substrates 1 to be processed are supplied to
the processing unit 5 by nmeans of a transfer unit conprising a robot 110.
The sanme robot 110 al so takes processed substrates 1 away fromthe
processing unit 5. [00831 A track 50 transports substrates 1 which are to be
processed to the lithographic apparatus and transports processed substrates
1 away fromthe lithographic apparatus, for exanple to an etching device.

[ 0084] Theshapaaif thé€ atet ay desribbd abenestanatlss bd usadewhgn other bjeats| apadi the
station 30, which conprises a receiving unit 31 and a |loading unit 32. The
receiving ¥t 31 receives a substrate 1 fromthe track 50, while the

| oadi ng unit 32 Ioads a substrate 1 to the robot 110. The | oading station

30 can act eﬂfsg ffrd Qs tme&ﬂepéﬁﬁbéﬂméﬁeb%?rtﬁéeﬁreéenttlﬁvéﬂzﬁmprQﬁeﬁ@s ng
unit 5. Thi's par t1 cul arI y advant ageous since the substrates 1 generally

are deli veleeﬂio&h;mdnha proaedsingOumt Si lsrdgupmwdqdnﬁarlmomwagssub&&t@sil ngThﬁhe
| oadi ng st

_ 30 §S a buffer (?g)(r:ttérrence of atgltyand Sti er“.tr

processi ng$ trlateﬁ tp e prosesse arg ?pré?g‘ﬁ GEFTSTRTRE O S B LPFE 8 Bfira{l & track
i's reduced,GRM3AHREIN gé Potyt S8t end @esﬂfe Pdbot 346 213 keSS SrocedsOP 8RstiRregfier abl y,
the | oading station 30 is provided with neans to prepare a substrate 1 for

pr ocessi ngaway fvestheiphagssibpyueit 3i t h respect to the enbodi nent of Fig. 2.
[00861 A transfer unit is provided to take the substrates 1 one-by-one away

f th 30 to th t 5 d
ubst r at es 190Ehagh Fraf PrPansairbeh HRG 4% BlbateaRiR bR bR Go
This transi ?ﬁar@th@%ﬁ@ $rah§porks| psdesaddegibstrdles™| Gwa fro]imhet magllf pmctupphrah@s a
single robot” 110, which is provided with a first object andl er " 111. The

first obj eder examplecto anjetchingydeiées. a first substrate la at the | oading
station 30. -16

[0084] The track 50 delivers the substrates 1 one-by-one to a loading station 30,
which comprises a receiving unit 31 and a loading unit 32. The receiving unt 31
receives a substrate 1 from the track 50, while the loading unit 32 loads a substrate 1 to
the robot 110. The loading station 30 can act as a buffer for the supply of substrates 1
to the processing unit 5. This is particularly advantageous since the substrates 1
generally are delivered by the track 50 at irregular time intervals. By using the loading
station 30 as a buffer, the occurrence of a stand still of the processing unit in case of an
irregular delivery of substrate by the track is reduced compared with a system lacking

such a buffer.

[0085] Preferably, the loading station 30 is provided with means to prepare a

substrate 1 for processing, as described above with respect to the embodiment of Fig. 2.

[0086] A transfer unit is provided to take the subsirates 1 one-by-one away from the
loading station 30 to the processing unit 5, and to take processed substrates 1 away
from the processing unit 5 to a discharge station 40. This transfer process is illustrated
in Fig. 6. The transfer unit has a single robot 110, which is provided with a first object
handler 111. The first object handler 111 engages a first substrate 1a at the loading

station 30.
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[ 0087] The robot 110 of the transfer unit also conprises a second object
handl er 121. When a first substrate l1a is |oaded onto the first object
handl er 111, the second object handler 121 is enpty. The robot 110 then
noves the second object handler 121 to the processing unit 5. The
processing unit 5 provides a second substrate |Ib, which has been processed
by the processing unit 5. The second object handler 121 takes over the
second substrate | b. [0088] The second object handler 121 then noves the
second substrate |b away from the processing unit 5 and noves the first
substrate |la towards the processing unit 5. After positioning the first

substrate | | g4 ive t h rocessin nit . i . tig,1 ais
| oaded to J‘ﬁ’@&%&é@‘f"ﬁaléﬁﬁﬁ%ﬁfﬁ%%? a%ﬁé:r?m%?ﬁée&r?%{)cgpa%Rﬁéyng%?i&tlzé second
substrate pndnoa Histslitae B Btlbaled4iio thidwst dHject hafidier 0D, aké sdvandlobjectl1l is
enpty. At the discharge station 40, the second substrate |b is renmoved from

t he secondheijlect2inameipsy. Tha robgnd 1 Qéhanvaevey theysachad ppigskhamider 124de th ke t he

| oadi ng station.30. the discharge statio ffer .| isis
required. [pB?fSEﬁmgr H‘élttgbj gié%%ﬁ%ﬁ%?negr é&&fl, Oﬂ-@igggﬁ&g}g gtfo%é?tgrlbf ?‘r’l}lﬁglslglof t he
enbodi ment peén plokéssedby MeSsrocdshiag @it 50f THearebiDoged hundleat2 npikehevea st r at es
1 onto and fromthe object handlers can take place in a simlar way. [0091]
In an al t eserendpebstiafsot nent, which is not shown in the drawing, the first
object handler IlIl is arranged above the second object handler 121. The

first obi | . . o ! Ut
hssenbly 130088 A% Shockiy oS MR oy hPAAGRECHE SO BIAE 1D Ak BB ) |
t hi s enboditivepiocedsing wondiang moksahs dinstrybsigatofa sobartls aheprdcasshs phiade as

follows. The first object handler 11l collects a substrate la fromthe
| oadi ng st d¥fiesrpastioning, the, §pt substmate Hdnrelgsivestor Hie pIgceBinghypd| 2riberfist 121

towards th i | :0nd obj ect handl er 121 then engages a
second subgygsgﬁgeef%%\?\%dgﬂﬁglgpéo%gﬁn%lﬁ@gﬁ'arged fromthe processing unit 5.
Preferably, the second substrate |b is lifted by means of pins 7 so that

t he second [6d8% c tTheantheenbdi2l1 ¢ awven grgecoiie suhstyster Bt & Hisclxrge kation 40.
Now, the first object handler 111 is empty. At the discharge station 40, the second
substrate 1b is removed from the second object handler 121, and delivered to the track
50. Just like the loading station 30, the discharge station 40 can act as a buffer if this is

required.

[0090] The object handlers 111, 121 can be similar to those of the embodiment of
Fig. 2. Also, the way of loading and unloading the substrates 1 onto and from the

object handlers can take place in a similar way.

[0091] In an alternative embodiment, which is not shown in the drawing, the first
object handler 111 is arranged above the second object handler 121. The first object
handler 111 occupies a fixed position relative to the wrist assembly 127. The second

object handler 121 however is rotatable.

[0092] In this embodiment, the loading and discharging of substrates takes place as
follows. The first object handler 111 collects a substrate 1a from the loading station 30.
The robot 110 then moves the object handlers 111, 121 towards the processing unit 3.
The second object handler 121 then engages a second substrate 1b which is to be
discharged from the processing unit 5. Preferably, the second substrate 1b is lifted by

means of pins 7 so that the second object handler 121 can engage the substrate 1b at the
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-17 undersi de. When the substrate |b is engaged by the second object handl er
121, the pins 7 are retracted. [0093] Then, the second object handler 121
is rotated by the wist assenbly 127 away fromthe processing unit 5. The
robot 110 at this nonent does not nove the wist assenbly away fromthe
processing unit 5. The first substrate la can now be | oaded to the
processing unit 5. Preferably, this is done by lifting the pins 7 again,
this time to the extend that they lift the first substrate la off the first
obj ect handler 111. [0094] Then, the robot 110 noves the object handlers
111, 121 away fromthe processing unit 5, and brings the second substrate
b to the dimdefsalegéVhdmthicenbst@te s engafed by doresasdnd pbiscidrapdlgr A2hithe Bing hat

t he object handlers 111, 121 are positioned with respect to the processing
unit 5 in a ¥PEYIASction, so that they do not have to be positioned
separately. [0095] In the enbodi nent of Fig. 5, the object handlers 111, 121

are coupl edghosia THAMMRReEMAUDb;jEHE Rardl& 1 290% £iate® B thek fibtladSerhisty adaptvad to
nove the object handiers 111, 121 relative to the processing unit. [0096]

In the emboldémehe pofeessing ugit 3 h&heopphed t1 1R ahdhis momert dasgplobanavs he wmsit

assenbly 127 ich wist assenbl.y is. conpec, th t . The
wri st asse‘ﬁ‘ﬁ?%if‘?’agl o&éher%? ?ﬁsf%ﬁ u?)'*t%t %eotéﬁg[g%:ut%s%%ﬁd Iagfué ?\%Eealé%ﬁﬁgl ative
to the robohe dtdBessitPdunit 3. tHefeedIRhR 19Uofd By 1ifting {he finy $tagail] 864 tilend! er

111 and the second object handler are fixed relative to each other in such
a manner t hthe extang thahdleydidt the fiogi sulatmate karnff the firpfi abjeehpandierel Idbj ect handl ers
111, 121 are rotated together. [0097] In the enbodinent of Fig. 5, the robot

D1 > SRPSHDOTIRCAL SR IR mold I BBFEt AndBAN RN ST aRa0 £ RE! o€ O

cooperate oun i'S providéed ‘on processi ng

unit 5. Forpacdseinpaites, axa hainge tier @ovml subbsite dbao the tclrgd statibn am e
processing unit 5, it is ig&}ortant that the object handler 111, 121 . which
i s to handl &veniage pbthly pbedipent i thatithg eRjechbandiae 4L 17d aipiposigongdswith

posi tioned re@&g’e%{’“i@ttl?é }Sro\@egsﬁhgr Gf#&Ctn Elosiﬁ)é]g a@ﬁ'&{, hs%r that they do not have to be

positioned separately.

[0095) In the embodiment of Fig. 5, the object handlers 111, 121 are coupled to a
common robot arm 120, which robot arm 120 is adapted to move the object handlers

111, 121 relative to the processing unit.

[0096] In the embodiment of Fig. 5, the object handlers are coupled to a wrist
assembly 127, which wrist assembly is connectable to the robot arm 120. The wrist
assembly 127 allows rotation of the object handlers 111, 121 relative to the robot arm
120. In the example of Fig. 5, the first object handler 111 and the second object
handler are fixed relative to each other in such a manner that they enclose a constant

angle. This way, the object handlers 111, 121 are rotated together.

[0097] In the embodiment of Fig. 5, the robot comprises docking mechanism 125.
These docking mechanism 125 are adapted to cooperate with a counter element 126,
which 1is provided on the processing unit 5. For a reliable exchange from a substrate 1
to and/or from the processing unit 5, it is important that the object handler 111, 121
which is to handle the specific substrate 1 and the processing unit 5 are positioned

accurately with respect to one another.
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-18 [0098] This can be achieved by docking the robot 110 to the processing
unit 5. The docking nmechani sm 125 provide a kinematic coupling between the
wrist assenbly 127 and the processing unit 5. This coupling can be realized
by mechani cal nmeans, but also in a different way such as by eddy current
danping. In the exanple of Fig. 5, a docking nechanism 125 is provided
bel ow the wist assenbly 127 of the robot 110. However, the docking
mechani sm 125 can al so be arranged at a different position with respect to
the wist assenbly 127. [0099) In this exanple, the docking mechanism 125 is
provided with at |east one sem spherical projection 128. However, also

ot her nunbd#@98hr Timgrasbedichidved byrdsickingitbnzobbp $1@ tethsqresdssiag ks Hepends

for h d f : t of th t | d
Che. or oces SPRGHE AIEMIEn 15 sES G i B Rt e rhedt oS WA AL 177 157
appr oaches jhiehdHr86Q8iak: ﬁhﬁittsnithiécoafigﬂg@mké RalizeEeP@REismich? Mea@iBEt 4183 O

engagenent with the counter plate 6. The counter plate 126 i s provided
with at | edsta diffsranolverylogh #hby teddp|carrepodapings plonthe exampire of Fudj Bt i on

128 of the ckin chan 125...T ol g 129 an (o] i t hen
“Find" cackCORHEAEaREgy | T v SeeReenbry Hom P2 R B8P

handl ers  Howevie thé QoHRiROmeBIem&in® ) 25 BarPalts Bél i @ig¥ined di @eent @isRionalidt i ve
position with respect to the processing unit 5. [00101] In this enbodi nent,

it is advanewgeidaoshe west assrnblyild?. assenbly 127 is sonmewhat flexibly coupled
to the robot arm 120 with respect to the degrees of freedom related to the

ki nematic I RQ,,4.50 i . i . 1
position ch[ﬁ @ll esq%etgl}% TS rl% df)l? @gkslggré&glﬁl?i Siiv\\sllt ?Sh%%? I%gggﬁlﬁ %q‘lbagggﬁ

const r ai nedemispheridad Crofretion hi28. meHosetdratalion othwer yurtlbgs eer Ghageseeflahe i n

whi ch the kinematic coupling,_  between the wist assenbly 127 and the
processi ng Nipiretionsj K28yatei Ressiblere Mg depends oppioy hoyo manysdeggeaseofnfigedom e wi t h

respect to i | eVvi erm ned
bosr 1 on' baPBaisRESl wBhHs kAR 127 gDl U bl eRbRRBATT S R0 ¢
5 can al so be used in the enbodi nent of Fig. 2.

[00100] When the wrist assembly 127 approaches the processing unit 5, the docking

mechanism 125 comes into engagement with the counter plate 126. The counter plate
126 is provided with at least one hole 129, which hole 129 corresponds to the
projection 128 of the docking mechanism 125. The hole 129 and the projection 128
then “find” each other, and bring the wrist assembly 127 (which the object handlers
111, 121 coupled thereto) in a predetermined, accurate relative position with respect to

the processing unit 5.

[00101} In this embodiment, it is advantageous that the wrist assembly 127 is
somewhat flexibly coupled to the robot arm 120 with respect to the degrees of freedom
related to the kinematic coupling, so that it can be brought into the predetermined
position with respect to the processing unit 5 without becoming overly constrained. In
practice, this means that in every degree of freedom in which the kinematic coupling
between the wrist assembly 127 and the processing unit 5 is active, the wrist assembly

127 has to be moveable with respect to the robot arm.

[00102] This way of achieving a predetermined position between an object handler

111,121, 11, 21 and the processing unit 5 can also be used in the embodiment of Fig. 2.
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-19 In that case, a docking nmechanismhas to be provided on each arm 12, 22
or object handler It, 21. [00103) As described above, it is advantageous if
the wist assenbly 127 is flexibly coupled to the robot arm 120 when
docki ng nechanismare used to position the object handlers 111, 121
relative to the processing unit 5. However, it is also envisaged to

di sconnect the wist assenbly 127 (with the object handl ers coupl ed thereto)
fromthe robot arm 120 when the wist assenbly 127 is positioned relative
to the processing unit 5. This way, the relative position of the object
handl er 111, 121 with respect to the processing unit is not disturbed by

i nfl uences Ifirthah calse a dockingamechanism das o be providedaon gach afndd2022 oFiqpjecy
schenaticalggdfhgrﬁza track interface having a | oading station 30 and a
transfer uﬁ\ “het ding a robot 10.1 and a robot 10.2. The track interface
functions as an interface between the track 50 and the processing unit 5

and is conflogLuipdafdeseribéd @boved ithis HavRitOeoas iii/ihe Ywidsthatdnatle 12anigl ki th a
dual input unit, conprising, for exanple, a substrate receiving unit 31 and
a pre-al i grenpled o the robetsarmat) wher dogkirgmerhngisthite used e positien faspbject

Fro o (vdntmen | OF 20 aRhfE B MaOpt B IRLCE HLSIEE o€ R A PRBLRETY "

substrate tdaoknéodtiey WasEdssemBiyuR7 (dithhtha objedi hadidre ebupléditherad) £bini the ent
use of space is obtained. The substrate track  receijvi ng unit 31 and/or the
th

substrat e trrhetera Bonshenethe taist assemblnkd/ ippoptenaddetativg fhthg pregessing usit at i on
for bufferi s i : _ 0.
100108 11+ o i EePAhe FetaEle RGN 6 BeRRFAT Al b1 A2 ich kb0 el

unit 31 mayprbeessihgoatieds wadalistidbed diys ¢hfregeess frain die 46bothamevien, stdte as
situation according to Fig. 8 is preferred since it has the advantage that
cont ani nat i BAFaHER% | cl es swirling downwards do not come into the substrate
input path. In this regard, it is nentioned that it is of particular

oot RGP EGT AR 80,6s ISP el I GRaEE Ry b7
substrat e ttenpferahitrirciuding a robot 10.1 and a robot 10.2. The track interface functions as
an interface between the track 50 and the processing unit 5 and is configured as part of
a high-productivity substrate handler with a dual input unit, comprising, for example, a
substrate receiving unit 31 and a pre-aligner 132. A substrate track receiving unit 31 is
stacked vertically above the substrate track discharge station 40 as depicted in Fig. 8
(vertical stack of input/output substrate units in lithographic substrate track interface).
Thus, with a limited footprint, an efficient use of space is obtained. The substrate track
receiving unit 31 and/or the substrate track discharge station 40 may be provided with a

buffer station for buffering substrates between the processing unit 5 and the track 50.

[00105] 1t 1s noted that, as an alternative, the substrate track receiving unit 31 may be
located under the discharge station 40, however, the situation according to Fig. 8 is
preferred since it has the advantage that contamination particles swirling downwards do
not come into the substrate input path. In this regard, it is mentioned that it is of
particular interest to prevent contamination of substrates just before exposure in the

processing unit 5.

[00106] The receiving unit 31 may be equipped with a substrate temperature

conditioning function (chill plate or air shower) positioned next to the chill plate of the

-20-



condi tioning function (chill plate or air shower) positioned next to the
chill plate of the -20 pre-aligner 132. In this configuration, the
substrate can be forced to the required tenperature relatively fast which
will increase the throughput of the substrate handler. Thus, a substrate
track interface with parallel substrate conditioning and pre-alignnent
capability yielding a relatively high throughput is achieved. Note, however,
that it is also possible to feed substrates via an additional track flow
50.2 via the track to the pre- aligner 132 directly, such that a duo input
track interface is obtained. The processed substrates flow out via the
track accorﬂremj1gher ﬂBlZE tnathis £omfigusiod, tiOoteThteTer be doiced ribetht aequired

di to Fi trol bi net 134
omor ol "Sor Bt geBRely TR R an FrpeS e R e St ndle:
10.2 and f ofpgo ratsheé&dt@&aémtérka%v“q{h p%'&l&tl k¥sBate! anhﬁﬁmh{ga&iﬂ preiaﬁ@ﬁﬁeﬁ (see,

the dotted "arrows 50 .3 1n Fig. 7 indicating the Tl ow of
substr at es) cagabllmyjdleﬂdmg a rbhavehyriagik tfmm@pﬁatseacme@e Notetioresrenithdt ihishol der

136 whi ch c serv s.an in erface twee i.nterfa a Front
Gont ng. Uni AeRBowie RREpBs RlrRLeS AEA 1 ) KP A NSt 1 0L i HEdiet o Hereap
can feed SUQﬁ%’{)&?H@? d‘ix@cttl@%uEl'i@iﬁf al doSin @tcﬁack\’ihi%rfab@ 1§19$tﬂﬁéd 136 pthicisdamy be
done, for exa if the supply via the track .1, 50.2 is hindered.

[ 00108] As sihstaidy floermut gractte track a®0ph1$§iOUhetra¢iaﬂowﬁ@3track interface has
two input units, such as, for exanpl e, the receiving unit 31 and the

pre-aligner n dva equs t, the.receivin nit i's
Bau pped v 19787378 SRed WBMAPERERmE I B, TMo cmPatef 2 vl vt 138 15
case the twgrgviRdtwidh bbﬁrdﬁbﬁh@ré’&rﬁﬁcdﬂﬁoﬂ’%ﬁﬁbh@m foRTcofittb%inG 3h& rodoP1g.1 2nd
pre-alignnent. Thus, two substrates can be prepared for exposure in the

sane tine, tlﬁéraéldyfomcﬂnm‘allhhg the dlom fa@subﬁ@atgwstheatr@clmmfa@c (54w dhgyHoitad by a

A B S e

only one sihet ert&@Ret miP beSprblided dath bwidad 36f whith daflsefiy &9 aﬁQﬁl@H&celO 1,
10.2 (for exanple by renoving robot 10.1 and allocating its tasks to robot

10. 2) . Thi sbelaigen ﬂﬁe teaglst indgriasge and a Front Opening Unified Pod (FOUP) for
holding/transporting substrates. The FOUP can feed substrates to the frack interface

via the holder 136. This may be done, for example, if the supply via the track 50.1,
50.2 is hindered.

[00108] As already mentioned, it is possible that the track interface has two input units,
such as, for example, the receiving unit 31 and the pre-aligner 132. In an advantageous
embodiment, the receiving unit 31 is equipped with a pre-alignment function (sensor
and rotation unit). In this case the two input units may be used in parallel for substrate
input and pre-alignment. Thus, two substrates can be prepared for exposure in the
same time, thereby virtually boosting the substrate handler throughput by a factor of

two relative to a conventional system having only one input unit.

[00109] In another embodiment of the track interface according to Fig. 7, only one
single robot 10 is provided instead of two (or more) robots 10.1, 10.2 (for example by
removing robot 10.1 and allocating its tasks to robot 10.2). This saves the cost of one

robot.
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robot. -21 [00110] In an enbodi nent of the track interface, nultiple
substrate positions 137.1, 137.2 are stacked vertically. The stacked
substrate positions forma substrate-buffer 138. The substrate-buffer 138
can be provided with air showers 139.1, 139.2, 139.3 (see Fig. 9) for
tenperature control of the substrates in the substrate-buffer. In the
exanple of Fig. 9 the substrates placed in the respective substrate
positions are sandw ched between the air showers. In this way the
tenperature control of the substrates placed in the substrate-buffer can be
performed according to pre-determned specifications relating to suitable

t enper at ur e§00d0] bube tembodimeny dfche taele snferdaden muldple pubsteate pagitions 1351, The

substrate-b r 138 can b ved, in vertical directi t - _di rection)
by neans of lf% %Z e gt[a% e“??ﬁf%}r)y‘ 1?5‘.3 Stf‘faﬁiée -ugjtg&%ﬁ@ O%ltoﬁé fé’g@hgpsggf’tét%ﬁh{f%e
substr at e- byfg eThel dthsfitedublet-198tcan MeNrdvided Sith aiGhowbat 1391 138IMt1S910. 1
and/or 10.2 <can pick a pre-selected substrate relatively easily and quickly

fromthe aséseifaged) fospmperatuse sonireli onthatsubsirates inj thecgbsteaterhullpior bptheat e

cont i gur ot 1 St g FleG it fubiclee DR BORHE pkbsPl e R ac By, A

substrate hag@weshed Baivéa] thd airhshoweds K ThnthBr wag ahé frefipeuan®lcon@elCof eing to
Fig. 7) air showers nmay be positioned both at the pre-ali?ner 132, and at
t he subst r asébstiaiediplased it theFubstradpbufisr cerdeqesformerhaeserding e nresdeatermingds

opt 1 ol coort R BARAE FoiEhr SUARE | Bioct il SYEHRF 18 hoREBe B 08 |

flow, the syhsbésaiguiod! ThesibstBteltufRb03S caile: mubat nal weraydt daettidi(the 2 cycl e
time roughly. ecl_ual s the tine needed for processi nZg a substrate in the
processi ng GHFeOR) byvpeass o dheydsstrokguneter pl ailhe |Z-stepkeraotonisan pasilor thef ace,

the heat e fihikcl e i h e cycle

times are r SRORAS BT 12835 b SettBtRe p U ok Phar T2 e tier To2

embodi ment  @hn pidkr agkeiseleted atbsthas ralatiedny icasly ah&cjuickly Jamh ahé 28RBS -
substrate position which is lifted to an appropriate height. Herewith a relatively high

throughput is obtained.

[00111] The configuration of Fig. 9 yields reduced floor space of the associated

substrate handler.

[00112] In the track interface (for example according to Fig. 7) air showers may be

positioned both at the pre-aligner 132, and at the substrate receive unit 31.

[00113] The gas flow on the substrate is preferably substantially perpendicular to the
substrate surface for an optimal cooling capacity. For example, in case of a
perpendicular gas/air flow, the substrate cooling time is about one substrate cycle time
(a cycle time roughly equals the time needed for processing a substrate in the
processing unit 5). When the gas flow is parallel to the substrate surface, the heat
exchange coefficient is lower, such that about ten substrate cycle times are required to

stabilize substrate temperature.

[00114]) An embodiment of a track interface has a vertical stack of gas/air showers.
The stack is provided with a first substrate position and a second substrate position for

buffering and substrate cooling. A substrate may be cooled from two sides by an air
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The stack is provided with a first substrate position and a second substrate
position for buffering and substrate cooling. A substrate may be cool ed
fromtwo sides by an air -22 flow fromthe air showers. This allows the
substrate to stay during a cycle tinme in the sane position as where the
track has delivered the substrate, hence reducing the work |oad of the
robot 10. Each substrate position may be used for substrate buffering in one
cycle, and for substrate cooling in the next cycle. 1001151 An enbodi nent of
a track interface which requires |l ess substrate cooling than the track
interface described in the precedi ng paragraph may be provided with an air
shower for fow fromotie sigshoverngThissildws die substrata b stexdaring azysiedime in e

t A furth I t
Whi ch showesanedestisy B 0aF ahe ap el BepURRaee B srraie B ns
137.1, 137. Rag 3%e5§oﬁmoa Hack 86bsiate fRAMAMAID used 6 subaedte beffb@gRbnRY
belts 141.1, 141. can be rotated according to the arrows 142. The

belts are pa:)@lﬂ de@lfmsuhstwﬂ@ccmhmgomﬁle(mmmﬁthes) 143. The protrusions (or
not ches) of the belts define substrate buffer positions 137.1, 137.2, 137.3

bet ween t he t i Ln..t he
ouberrat & pOORFslAn Eiodimestor 2R it B PGS RS il BB ko

substrate 'ﬁlerﬁaﬁ\(ﬁl@rfﬁé@déﬁﬁb&ﬂhﬁﬂfeﬁfr@ceﬁir@lﬁkagﬁ mayedd protiikd dvithl 4d ad ar e
rotated such that the track can deliver a new substrate on a new created

| oner subst shemer fersinly epolireo megla rmieeofptb% putiszptc 18 7 sehsiraly pesitiqm eArbrthey

rot ate and Ve,. new, ubst at es t.h t t 3 the
it “shover PITRUAT S Y ShOLERnL 8 SUG PR, I hEIRONGH FERL o ity
enbodi nent sstadketiN@bLtRAE rquﬁi&) fpasﬁﬁobseem desT7.2 bEIY Dhay @, fikéd aitishbwBe 139.
appreci ated that the invention may be ractl ced ot herwi se than as descri bed.

As such, tHbe gadkcisi fptm@hby Belirot41i lntléhéeﬁhlt:b c41} bg totaipd agaeuding toHie artews

cont U P RS AR e DEBERRT s bR

enbodi nent sn@tkespos Hiebetts dzifine rsubgtﬂa& ke Ipo@lhoﬂewr l B EBErR7. NBdteieen thEhus,
t he precedig‘g det ai |l ed descri Etl on is not meant  or intended to, in any way,

linit the i helEnkdloh 14123t Qely the fopsubplate posiianed inghe sehstrats position 137.3 1

temperature conditioned. After the top substrate is removed (to the subsirate stage), the
belts 141.1, 141.2 are rotated such that the track can deliver a new substrate on a new
created lower substrate position (for example position 137.1). Since the belts rotate and
move new substrates to the substrate cooling position 137.3 the air shower 139 can stay

in a fixed position.

[00116] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. As
such, the description is not intended to limit the invention. The configuration,
operation, and behavior of the present invention has been described with the
understanding that modifications and variations of the embodiments are possible, given
the level of detail present herein. Thus, the preceding detailed description is not meant
or intended to, in any way, limit the invention - rather the scope of the invention is

defined by the appended claims,
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defined by the appended clainms. -23 WHAT IS CLAIMED IS: 1. A lithographic
apparatus, conprising: (a) a processing unit configured to performa

| i t hographi ¢ process involving exchangeabl e objects, the processing unit
conprising: an illum nation systemthat conditions a beam of radiation; a
support structure configured to support a patterning device that inparts a
desired pattern to the beam of radiation; a substrate holder configured to
hol d a substrate; and a projection systemconfigured to project the

pat t er ned Wﬁﬂ?@%@ﬁ%mﬁﬁiﬂ%‘: portion of the substrate; and (b) a track
interface for exchangi ng exchangeabl e objects between a track and the

processing unit, the track interface including a transfer unit configured to
transfer a fi rst1 excn@l’l eabl E Oartlji‘i ect fromthe track via a substrate track
18]"5??@ K FH33HS AP t r ansfer a second exchangeabl e

receiving unit to t
obj ect fromthe procggsi ng prfiskingiuitdosilssd A RriorAGKiHbSEPRE GRocstat i on to
the track, wherein tﬁeﬁt r ack int egf ace  incl ydel%rt‘h_e Slljbs%?g?egt rack

recei vi ng unvalvingdxethaogeabbsobjettn the prokesdingsinitregmpsisiagi on, and wherein the

substrate track receiyvi. uni.t and the substrate tra i scharge station are
mutual Iy vertically 2 d{libapitian S%ﬁ%@ﬁaﬁﬁ%ﬁﬁ%‘ﬁﬁi@” SraPalr & ai m 1
wherein the substrat § dupaédf strlii®ERicvhRguredid support b pakt@didRRYRclthA imphed rat e

track discharge station. 3. The lithographic apparatus of Claim1, wherein
t he subst r at@esiredpdtern woibe beang olirddiatiand/ or t he substrate track di scharge

station include a buffer statign _canfigur to_buffer substrates between
the processing unit M%ftﬁaée E’?@E&‘fon?lﬁﬂreg% Réta'a Bt €and

a projection system configured to project the patterned beam onto a
target portion of the substrate; and

(b)  atrack interface for exchanging exchangeable objects between a
track and the processing unit, the track interface including a transfer unit configured to
transfer a first exchangeable object from the track via a substrate track receiving unit to
the processing unit and to transfer a second exchangeable object from the processing
unit via a substrate track discharge station to the track, wherein the track interface
includes the substrate track receiving unit and the substrate track discharge station, and
wherein the substrate track receiving unit and the substrate track discharge station are

mutually vertically stacked.

2. The lithographic apparatus of Claim 1, wherein the substrate track

receiving unit is stacked above the substrate track discharge station.
3. The lithographic apparatus of Claim 1, wherein the substrate track

receiving unit and/or the substrate track discharge station include a buffer station

configured to buffer substrates between the processing unit and the track.
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